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Plate 1 San Onofre Nuclear Generating Station Units 1, 2, and 3.

Plate 4B Rocky intertidal areas offshore San Onofre Nuclear Generating
Station.

Plate 2B-1 January 31, 1980, San Onofre inactive.

Due to SONGS inactivity, no discharge plume exists. The high level
of natural turbidity is due to high river discharge at San Onofre and San Mateo
Creeks. The large river discharge volume has inundated the sand spits that
nomally fom at the river mouths during periods of low river flow (see subse-
quent photographs). Sediment f.om San Onofre Creek hugs the downcoast shore (S)
under the influence of wave action before dispersing offshore near the SONGS
Plant.Turbidify caused by rip currents (RC) is evident. A density front (DF)
associated with the turbid plume can be detected at various locations offshore.
Movement of the plume upcoast is discerned by the turbid wake (W) associated with
the San Mateo kelp bed (K). Turbidity upcoast from San Mateo Point and also at
the San Onofre kelp bed is relatively minor.
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Plate 28-2 February 23, 1980, San Onofre in full operation.

Substantial turbidity is seen as a result of sedis.ent input (S) at
San Onofre ano San Mateo Creeks. Again, river discharge hugs the coast as it
proceeds in the downcoast direction until reaching the San Onofre vicinity.
Turbid plumes associated with rip currents (RC) are evident. A turbid mass of
water proceeds offshore as defined by the density fronts (DF). A nonturbid plune
exists at the San Onofre outfall indicating the non-turbid nature of the water at
the intake depth and location. The creation of this non-turbid plume at the
outfall (0) implies that only the surface water layer is highly turbid.

Plate 23-3 March 9, 1980 San Onofre fully operational.

As seen in previous photographs, the turbid water discharged by the
rivers (S) moves downcoast within the surf zone until it is dispersed offshore
near San Onofre. The San Onofre outfall (0) is discharging a turbid plume of
characteristic color in the upcoast direction. Thus, the wave-induced current
within the surf zone and the current at the outfall locat.fon are moving in
opposite directions. The large turbid plume generated by the river discharge and
rip current (RC) processes merges with the smaller plune of the outfall. The
turbid zone, in general, seems to be contained between the San Onofr.: outfall and
San Mateo Point.

Plate 2B-4 April 2,1980, San Onofre fully operation &l.

A turbid water mass associated with surf zone and rip current (RC)'

processes is evidt t with intense turbidity at San Mateo Point and just upcoast
of the San Onofre pier. The outfall (0) is visible as a small turbid streak
directed downcoast. The width of the surf zone increases just upstream of the San
Onofre pier due to the existence of the bathymetric bulge at this location. The
level of turbidity is very low upcoast af San Mateo Point. Much of the turbidity
that exists downcoast of San Mateo Point is generated by wave-induced resuspen-
sion within and near the surf zone at both San Mateo Point and the San Onof*e
bulge. The kelp beds (K) are visible but are not within the turbid plune as
defined by the density front (DF).

Plate 2B-5 July 10,1980, San Onofre pumps only, no heat.

The general level of surface turbidity is low relative to the
previous photographs. A turbid plume associated with the bulge is seen just off
the shore. Rip currents (RC) nearshore are observed. A turbid plume from the San
Onofre outfall (0) is evident, however, due to the lack of heated discharge, this
surface expression is devoid of thennal effects. The San Onofra kelp bed is seen
offshore.

Plate 2B-6 July 17,1980, San Onofre pumps only, no heat.

Very little surface turbidity is seen in this photograph. Surf
zone turbidity (RC) is at a low level. The turbidity associated with the
unheated discharge of the outfall (0) is barely visible. The kelp bed (K) is seen
offshore.

-
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SUMMARY

This report presents analyses and discussions of oceanographic and marine
biological studies conducted in 1980 and previous years near the San Onofre
Nuclear Generating Station (SONGS) located on the southern California coast-
line between the cities of San Clemente and Oceanside. Physical, chemical, and
biological data were analyzed to: 1) assess the operational effects of SONGS Unit
1; 2) detemine the effects of Units 2 and 3 construction; and 3) provide a
baseline for future assessment of the effects of Units P. and 3 once they become
operational .

These studies meet all requirements of the Nuclear Regulatory Commission -
Environmental Technical Specifications (ETS) for Unit 1 and Preoperational
Monitoring Program (PMP), as well as the California Regional Water Quality
Control Board, San Diego Region - National Pollutant Discharge Elimination System
(NPDES) pemit for receiving water and sediment monitoring of Units 1, 2, and 3,
and Construction Monitoring Program (CMP) for Units 2 and 3.

Unit I was only operational for four months of 1980 and was offline from
April through December. Offshore construction for Units 2 and 3 was finished in
April and the CMP was completed.after the end of the first quarter. In addition,
the second year of the formal PMP was completed in mid-1980.

The individual summaries below detail study findings of 1980 and previous
years under specific oceanographical and biological disciplines.

TEMPERATURE

Temperature studies have been conducted at San Onofre for the past 17
years. Bimonthly studies conducted from 1964 through 1968 documented temperature
conditions prior to Unit 1 operation. Similar temperature studies were conducted
from 1968 until 1975, as a portion of the Marine Environmental Monitoring
Program (MEM). These studies documented the themal effect of Unit 1 operation on
receiving water by temperature profile measurements at 32 stations, and infrared-
radiometer mapping.

Beginning in 1975, temperature measurements were obtained at 34 sampling
stations (similar to those sampled in the previous MEM studies) in accordance
with the Environmental Technical Specification Program (ETS) and data collection
at the surface, mid-depth, and bottom of two continuous temperature monitoring
stations was initiated. Temperature profile sampling locations were increased
to 51 stations in 1976. These temperature measurements fulfilled monitoring
requirements of NPDES pemits.

In May 1978, 23 additional offshore profiling stations were initiated as a
portion of the Preoperational Monitoring Program (PMP) for Units 2 and 3. An
additional continuous temperature sampling station was established in the pre-
operational study area near San Onofre kelp bed. In August 1979, continuous
bottom temperature measurements at five PMP benthic cobble stations were initi-
ated. Unit I was offline from 9 April 1980 through the end of the year. PMP
studies were continued until September 1980.

- - _ _ _ _ -
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These tempertture studies at San Onofre represent one of the largest data
bases pertaining to coastal generating stations. Results of these studies show:

1. Historically, sea surface temperature generally followed the annual cycle of
insol a tion, whil e the bottom temperature appeared to follow the annual
upwelling cycle, becoming cooler toward summer months when the upwelling
activity throughout the southern California area reached its annual peak,
and when vertical mixing was at a minimum due to temperature stratification.

2. The annual temperatura cycle during 1980 was somewhat different from
previous years, with winter and summer temperatures wamer than average
conditions and spring temperatures somewhat cooler than average conditions.

! 3. The complex time history of natural temperature observed at San Onofre was
the result of the interaction of several atmospheric and oceanographic
phenomena. The frequency of variations in natural temperature covered the
entire range of the frequency spectrum, from seasonal fluctuations to
fluctuations within a few hours. Fluctuations of various frequencies com-
bined to result in 10*'; changes in natural temperature within 30 days.
Short-tem fluctuations in natural temperature (periods of a day to a week)
were relatively small during the winter, on the order of 1.0*C and often
quite large during the summer, resulting in 4 to 5*C variations. Tidal
currents were responsible for diurnal fluctuations in temperature.

4. Localized upwelling conditions significantly affected natural temperatures
in the San Onofre area. When relatively strong winds associated with stoms
and/or atmospheric pressure systems blew from the northwest at San Onofre,
localized upwelling occurred and resulted in elimination of the themocline
and decreastd surface temperatures. These localized upwelling periods caused
surface temperatures to decrease by 2 to 4*C in one to two days. It required
three to four days for surface temperatures to return to previous levels
af ter these upwelling events.

5. Regional upwelling affected temperature throughout the southern California
area. Offshore circulation patterns transported portions of this upwelled
water mass inshore to the San Onofre area. This resulted in long-period
temperature fluctuations of approximately 30 days which corresponded to
regional upwelling indices. These long-period temperature responses were
usually characterized by a lag of from several days to 15 days.

6. Spatial variations caused natural surface taperature in the offshore
study area to vary between stations with the magnitude of this variation
ranging from 0.8 to 2.2*C (4*F). This was significant since the circulating
seawater system for Units 2 and 3 are designed with multiport diffusers to
avoid increasing surface temperature more than 2.2*C (4*F).'

t

7. Continuous temperature measurements at two locations,1000 and 2000 m
of fshore, revealed that surface temperature usually decreased with distance,

offshore during the first half of the year, and then increased with distance
of fshore during the second half of the year. No consistent pattern of

! temperature spatial distribution was apparent in the alongshore direction.
,

8. Results of continuous temperature measurereents revealed that simultaneous
temperature measurements at two locations can be significantly different

,

l
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depending on the amount of separation between locations. Daily, weekly, and
monthly mean temperatures between continuous temperature sampling locations

i

were often significantly different. Therefore, temperature measurements I
from far removed control locations may not accurately represent ambient
conditions for the area of the generating station.

9. Although absolute temperature between locations are not always similar, the
fluctuations in temperature between continuous sampling locations were often
similar. Low frequency (long duration) fluctuations were usually more
coherent than higher frequencies, with the exception of tidal frequencies.
Longshore coherency in continuous temperature records was usually greater
than offshore coherency.

10. The circulating cooling water system from Unit 1 produces a surface themal
plume approximately 3 to 4 m thick in the vicinity of the discharge. Temper-
atures within this plume range from 0.6 to 2.2*C above natural temperature.
The extent of the 1*F (0.6*) elevated temperature field has averaged 600
acres for the five-year period, 1976-1980. For the same period, the surface
area enclosed by the 4*F (2.2*C) elevated temperature field averaged 16
acres. Since 1976, the 4*F (2.2*C) elevated temperature field has been
observed to be less than 1 acre for 40% of the time.

11. During the past five years, the l'F elevated temperature field ranged from
less than 1 acre to 1800 acres. The large range of size in the plume's
elevated temperature field is due to the variability in the natural temper-
ature stratification, currents, and the rate of heat dissipation to the
ocean and the atmosphere.

12. Considering the large temporal (4 to 5'C) and spatial (0.5 to 2.0*C) vari-
ations of natural surface temperature observed throughout the study area,
the variability of temperature resulting from the Unit 1 themal discharge
(0.6 to 2.2*C) is relatively small, especially when the limited extent of
the 2.2*C (4*F) elevated temperature field is considered. Thus, the themal
impact of Unit 1 is considered negligible.

TURBIDITY

Turbidity studies have been conducted at San Onofre for the past 17 years.
Bimonthly studies conducted from 1964 through 1968 documented turbidity condi-
tions prior to Unit 1 operation. Similar studies were conducted from 1968 until
1975, as a portion of the Marine Enviromental Monitoring Program (MEM). These
studies documented the effect of Unit 1 operation on receiving water by light
transmittance profiles and Secchi disc measurements at 32 stations.

Beginning in 1975, turbidity measurements were obtained at 34 sampling
stations (similar to those sampled in tne previous MEM studies) in accordance
with the Environmental Technical Specification Program (ETS). Turbidity sampling
locations were increased to 51 stations in 1976. Tnese turbidity measurements
alsa fulfilled monitoring requirenents for NPDES pemits.

In May 1978, 23 additional uffshore profiling stations were added as a
portion of the Preoperatiensi Monitoring Program (PMP) for Units 2 and ?. Surface
and mid-depth water samples from 42 stations were collected and analyzed for
suspended and settleable solids. In August 1979, measurements of continuous near

!
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bottom light intensity and estimation of sedimentation rates at five PMP benthic
cobble stations were initiated. PMP studies were continued until September 1980.
A special turbidity study in the offshore area of Units 2 and 3 diffusers was
conducted weekly from March to September 1980. The study consisted of field
sampling of light transmittance, ambient light intensity, and suspended solids
concentrations at 20 stations throughout the study area.

These turbidity studies at San Onofre represent one of the largest data
bases pertaining to coastal generating stations. Results of these studies show:

1. Major sources of turbidity in the vicinity of San Onofre include the surf
zone, the offshore seabed, and terrestrial drainage.

2. The dominant natural processes affecting turbidity in the vicinity of the
generating station include rainfall and associated terrestrial drainage,
waves, currents, eddies, pl ankton density , and upwelling. Rainfall and
associated terrestrial drainage most directly affected ocean bottom light
i nte nsi ty.

3. Natural geological and topographic conditions inherent to the San Onofre
site favor the occurrence of high turbidity in waters as far as about 2 km
offshore in the area from San Mateo Point to approximately 1 km downcoast
of the generating station. Specific conditions responsible for this are: San
Mateo and San Onofre Creeks close to the site, the naturally protruding
shoreline in the vicinity of the generating station site and its reliefed
underwater topography, fine grain sediment deposits on the offshore seabed,
and the headland at San Mateo Point upcoast of the generating station.

4. Natural turbidity near the station is particularly high during the winter-
spring rainy season, when the turbid discharge from San Mateo and San
Onofre Creeks converges on the protruding shoreline, and is transported
about 500 m offshore by rip currents.

5. The protruding shoreline in the area from 1.3 km upcoast to 1.1 km downcoast
of Unit 1 collects turbid waters from adjacent surf zones by intercepting
the longshore currents. The intensified wave breaking action, due to a
convergent refraction of waves over the topographically reliefed offshore
seabed, also contributes to the occurrence of strong local turbidity
in this area of the surf zone. Thus, even without the contribution of flood
runof fs from the creeks, natural turbidity is usually higher in the surf
zone near San Onofre. Since the protruding shoreline configuration favors
rip current activity, the surf zone turbidity is readily transported to the
area offshore of the surf zone.

6. According to a conservative estimation of sediment resuspension, fine grain
bottom sediment on the offshore slope is stirred up into the water colunn by
wave action about 40% of the time at a depth of 6 m (20 ft), about 30% of
the time at 9 m (30 ft), about 20% of the time at 12 m (40 ft), and about
10% of the time at 15 m (50 f t). Suspended sediment concentration in the
near bottom layer of the water column is on the order of about 100 mg/ liter.
As a consequence, the offshore seabed (water depths of 3 to 15 m) is rels-
tively unstable, exhibiting an average of 0.3 m (1 ft) in sand level changes
in a year.
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7. The headland at San Mateo Point Interacts with impinging coastal currents to
produce a downdrift eddy, at times. Under prevailing southerly currents in
the study area, this eddy stretches to the offshore zone near the generating
station and brings turbidity from the upcoast surf zone to this area. This
eddy, though containing less turbidity than creek runoff or n ip currents, is
considered a significant additional source of natural turbidity due to its
persistent occurrence.

8. Natural turbidity conditions at San Onofre and vst coastal waters vary
extensively with time. Ambient light intensity generally followed a seasonal
cycle during 1980, with lowest light intensities during winter months and
highest intensities during summer months. Within this seasonal cycle,
several short-term fluctuations in the amount of turbidity were observed.
These fluctuations were due to rainfall, waves, and apwelling.

9. The most dominant feature of turbidity data collected at San Onofre was the
natural decrease in turbidity with distance offshore.

10. Unit 1 does not add to the turbidity of waters circulated through its
cooling water system, but redistributes the frequently more turbid bottom
and mid-depth waters to the surface. The circulating seawater system of Unit
1 created a distinguishable surface turbid plume only during periods of
intense natural vertical stratification of turbidity.

11. Turbidity caused by waves which resuspend bottom sediments in the nearshore
area had the greatest effect on water clarity in the vicinity of the Unit 1
discharge.

12. During 1980, the influence of the pime from 61L 1 was strictly local in
scope. As in previous years, influence of Unit 1 on the distribution of
turbidity was less than natural variablity of turbidity with space and time
in the nearshore coastal environment and therefore, the impact of Unit 1 on
turbidity was considered negligible.

WATER QUALITY

Dissolved oxygen (D0) and hydrogen ion concentration (pH) studies began at
San Onofre in 1967. These studies compared bimonthly measurements of surface
values in the vicinity of the discharge to a downcoast control station to deter-
mine the operational affects of Unit 1. These studies were initiated as a portion
of the Marine Enviromental Monitoring (MEM) program, and were included as a
portion of the Enviromental Technical Specification (ETS) program which began in
1975. Beginning in January 1977, vertical profiles of D0 and pH were collected
simultaneously with temperature and turbidity profiles at 51 stations. From May
1978 through July 1980, 23 additional vertical profiling stations were sampled"

bimonthly in conjunction with the Preoperational Monitoring Program (PMP) for
Units 2 and 3.

Quarterly monitoring of heavy metals in receiving waters and sediments
at four stations began in 1975 as a portion of ETS. From May 1978 to September
1980, five additional offshore Unit 2 and 3 sampling stations were added as a
portion of the PMP.
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Results of these studies show:

1. Surface waters at San Onofre are nomally at or slightly above the oxygen
saturation level (7 to 9 mg/ liter, depending on temperature and salinity)
due to the immense source of oxygen in the atmosphere and photosynthetic
activity.

2. During spring and summer, ve ~tical density stratification results in
decreased dissolved oxygen with depth by inhibiting the mixing of surface
and bottom waters. During the winter there is little or no density strati-
fication with depth and dissolved oxygen is relatively unifom throughout
the water column.

3. Upwelling conditions can over-ride denst 'y gradient boundaries when
strong offshore winds from the west-northwt t force wam surface water
offshore. The displaced surface water mass is replaced by the underlying
cooler, nutrient-rich bottom water, which wells up through the water column.
The biological and water quality characteristics ( ,uch as nutrients,
curbidity, 00, pH, COD, etc.) in this upwelled cool bottom water can be
significantly different from the displaced surface water mass.

4. Plankton blooms often affect the vertical distribution of dissolved oxygen.
Phytopl ankton often increase mid-depth dissolved oxygen concentrations
during daylight hours, by release of oxygen to the water as a by-product of
photosynthesis. During the past four years, evidence of phytoplankton blooms
were often observed in water quality profile data during the March and May
bimonthly surveys in the offshore study area for Units 2 and 3. Respiration
by high concentrations of zooplankton occasionally caused a sharp decrease
ia dissolved oxygen with depth.

5. Dissolved oxygen concentrations at the Unit 1 intake and discharge were not
depressed more than 10% from samples collected at the downcoast control,
and therefore the discharge was in compliance with State of California and
ETS specifications. Dissolved oxygen values at San Onofre were comparable to
naturally occurring values found throughout the southern California bight.
Surface dissolved oxygen concentrations were not significantly different
during bimonthly surveys when comparing inshore (10 m depth) to offshore (20
m depth) sampling stations.

6. The hydrogen ion concentration in southern California coastal waters varies
in a narrow band around a mean of :1pproximately 8.1. Natural ranges for pH
in the San Onofre area have been defined as 7.3 to 8.5, based on infomation

cathered from 1967 to 1973 (Allan Hancock Foundation 1975).

7. Vertical profile measurements taken at San Onofre show slight vertical
stratification of pH, with higher surface values and a general decrease in
pH with depth.

8. Hi storic ally, surface pH at San Onofre has been within the nomal range
observed in southern California. Unit 1 operation did not cause surface pH
to vary by more than 0.2 units, and therefore was in compliance with State
of California and ETS specifications. There were no consistent spatial
trends observed in on-offshore or longshore directions.
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9. A cumulative six-year study of copper, chromium, and nickel, has revealed no
apparent patterns of spatial or temporal distribution in the water column or
sediment sampl es. Sediment concentrations of copper, chromium, nickel ,
and iron exhibited no significant increase in the vicinity of the Unit i
discharge (Station X0) throughout the six-year study.

10. Titanium concentrations in receiving waters and ocean bottom sediments
showed no substantial increases in the Unit 1 or Units 2 and 3 sampling
areas since its initiation in 1978. Most all receiving water samples had
concentrations at or near the detection limit.

11. A measurable increase in water column iron concentrations throughout the
study area was observed in yearly mean values for the past four years.
Since the increase was observed throughout the area including control
sta tions, it is not due to the operational influence of the generating
station. The general increase in yearly mean iron concentrations in the
water column correlated to the general decrease in yearly mean percent light
transmittance from bimonthly surveys.

12. The concentrations of iron in the water column have generally followed the
seasonal pattern of turbidity in the San Onofre area since 1976. Increased
iron concentrations were Jsually observed during winter months when rainf all
and increased wave action increased the amount of suspended material in the
water column.

SEDIMENT 0 LOGY

Sedimentology studies associated with environmental investigations of San
Onofre intertidal and subtidal habitats have been conducted since 1963. Original
program visual substrate observations were supplemented by grab and core samples
in 1972. Replication of core samples in both the intertidal and subtidal areas
was increased to current levels in 1978. The purpose of the 1980 studies was to ,

detemine effects of San Onofre Units 2 and 3 construction, dredging and trestle
empl acement upon intertidal and subtidal sedimentary envirorinents. Quarterly
at five intertidal statio ns, five replicates at seven tidal elevations were
collected for sediment grain size analysis. In addition, beach profiles at
each station were detennined. On a quarterly basis core substrate samples were
collected for grain size and carbon analysis at 18 benthic stations. Benthic
stations were located at depths of 6, 9, and 15 m and sampling replication was
depth dependent.

1. Intertidal beach profile measurements showed only minor erosion or accretion
upcoast of the construction pad. Erosion and accretion tended to be greater
downcoast of the pad.

2. Grain size analysis of intertidal sediments revealed that the mean grain
si ze s, coarse fraction content, sorting, skewness, and kurtosis of the
samples were comparable to those reported in 1979. These properties indicate
that changes in the intertidal sediments since 1979 were caused by natural
winter storms.

3. Subtidal sedimentation rates were lowest and least variable at offshore
stations. The sedimentation rate was higher in 1980 than in 1979 and
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suggested that most changes in sea floor elevation were caused by lateral-
motion of the bottom sediments. The motion of the sediments was primarily
by traction along the bottom and only minor sediment transport was by sus-
pension. No correlation of sedimentation rate with high waves was evident.

4. Four subtidal sediment facies (sediment types defined on the basis of
distinctive physical or textural properties) corresponding to those recog-
nized in 1978 were observed: 1) a moderately sorted, very fine sand typical
of an inshore facies, 2) a poorly to very poorly sorted coarr silt group
representing an offshore mud facies, 3) a moderately well to poorly sorted
medium to fine sand recognized as a relict sand facies, and 4) a bimodal
fine to very fine sand that was poorly sorted. The distribution of these
facies was attributed to natural processes in the nearshore zone; no effect
of construction or dredging was evident.

5. Organic and carbonate carbon content of subtidal sediments exhibited no
consistent areal pattern. Modal carbon content values were similar to those
reported in 1979, out extreme values were substantially higher. Relict
sediment; tended to have high carbonate carbon and low organic carbon
content.

6. Intertidal and benthic sedimentology studies since 1978 revealed that
sediment regimes have attained equilibrium conditions, accommodating
construction and dredging influences. Hajor seasonal changes in these
conditions have resulted primarily from storms and natural fluctuations and
secondarily from the presente of the laydown pad which disrupted loregshore
sediment movement. Since the trestle has bcz, removed and dredging com-
pleted, subtidal conditions are expected to return to preconstruction
status. However, intertidal sediment regimes will probably remain at the
present equilibrium state until the laydown pad is removed.

ILANKTON

SCE plankton studies have been conducted at San Onofre since 1954. The early
semiannual surveys included surface samples taken by a towed net at 3-5 stations
and continued into 1975. From 1975 to mid-1978 Unit 1 operational samples were
taken himonthly at 7 stations throughout the 10-m (30-ft) depth water column with
a pump system. A two-year combined Units 2 and 3 preoperational and Unit 1 opera-
tional program was completed in mid-1980. Samples in this integrated program were
replicated on 3 days every 2 months at 17 stations. Stations were located at
depths of 10, 15, and 30 m (30, 50 and 100 ft).

1. The two-year Preoperational Monitoring Program (PMP) success.~ully concluded
the gathering of baseline data for evaluating the possible effects of future
operation of San Onofre Units 2 and 3 on plankton resources in the receiving
waters.

2. Examination of combined Unit 1 operational ETS and Units 2 and 3 preopera-
tional data revealed several recurring spatial patterns of plankton resources
in the San Gnofre region. There was a generally decreasing trend of zooplank-
ton abundance, and chlorophyll a, and phaeopigment concentrations proceeding
from inshore to offshore stations. Vertical stratification of zooplankton
abundance and chlorophyll a, concentration was greatest at the stations
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farthest offshore on the 30-m isobath, with greater concentration or abun-
dance most f t aquently in the lower depth stratum. Significant variability in
chlorophyll a and phaeopigment concentrations, and zooplankton abundance and
biomass was usually present among the three days of a single survey.

3. Over a period of six years, from 1975 to 1980, zooplankton abundance has
tended to be low in winter and summer, and high in spring or early summer.
Mean total zooplankton abundance in 1980, was lowest in July and highest in
May. Zooplankton total abundance was greater at the 10- and 15-m stations
than at the 30-m stations for the two-yea r comprehensive program. The
upcoast onshore-offshore reference transect near San Mateo Point generally
exhibited lower total abundance than other transects for the combined
operational /preoperational surveys.

4. Zooplankton species composition and rank order of abundance was similar from
1975 through 1980. Individual taxa generally exhibited spatial distributions
similar to the total abundance. Several taxa showed seasonal patterns of
abundance.

5. Zooplankton dry weight biomass, measured for the two-year combined study was
generally lowest in winter and highest in spring. The overall pattern of -
biomass distribution reflected that of total zooplankton abundance.

6. Over a si x-year period, plankton variables (zooplankton total abundance,
chlorophyll ~a, and phaeopigment concentrations) have generally exhibited
',1reater conceI1trations (abundance) in the lower depth stratum. The vertical
stratification of variables in 1980 was less distinct than previous years.
Little stratification at 10- and 15-m depth stations was present; et 30-m
stations, higher values of each vartable measured were generally found in the
upper stratum.

7. Chlorophyll a concentratior a reflection of phytoplankton abundance, is
generally lowest in winter r.d highest in spring. A pattern of increasing
chlorophyll a, concentration through the spring maximum followed by a decline !

through summer and fall was evident in 1980. This is consistent with general
seasonal patterns observed at San Onofre over the last six years.

8. Phaeopigment concentrations are the degradation products of chlorophyll and
may occur in high concentrations if the phytoplankton in an area has been
Irilled. During the last six years, phaeopigment concentrations have generally
paralleled the distribution of chlorophyll a. Phaeopigment concentrations
during 1980 were low throughout the year and generally reflectad the spatial
and temporal pattern described for chlorophyll a.

9. Phytopigment fluorescence ratios, the ratio of chlorophyll a_ and phaeopigment
concentrations, are one way of assessing the health of phytoplankton popula-
tions. These ratios, calculated for two years of combined Ur.it 1 ETS opera-
tional/ Units 2 and 3 preoperational studies, indicate that phytoplankton
stocks in the study area were in a healthy state during all surveys. Seasonal
fluctuation of this ratio reflected the seasonal cycle present for chloro-
phyll a.

!
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10. Periodic climatic patterns which affect local oceanographic phenomena, such
as upwelling and intrusion of offshore surface water,- influenced distribu-
tional patterns of plankton observed offshore of San Onofre from 1975 to
1900.

11. No patterns of plankton distribution or abundance (concentration) were
observed that could be related soley to the operation of San Onofre Unit 1.

12. More than five years of study indicates the inherent variability within the
planktonic comunity offshore of San Onofre exceeds any differences attribut-
able to Unit 1 operations.

SANDY M ERTIDAL

Sandy intertidal studies in the vicinity of San Onofre Nuclear Generating
Station have been ongeing since 1964. Early studies were performed as part of the
preoperational and later operational monitoring portion of the Marine Environ-
mental Monitoring (MEM) program for San Onofre Unit 1. These early studies
included scoop and shovel excavation sampling for biota. In 1974 the Sand
Disposal Monitoring (SDM) program introduced core sampling which was continued
under the 1976 through 1980 Construction Monitoring Program (CMP). The CMP
objectives were to determine if construction or dredging activities would have
a detrimental effect on the sandy intertidal comunity. The program was only
conducted in February 1980, since construction activities were teminated in
March. The program consisted of: 1) core sampling of infaunal organisms along
intertidal transects; 2) the determination of beach profiles ahng each transect
line; and 3) grain size analysis of scdiments adjacent to each sampling site.

The findings to date include:

1. Emerita analoga, the sand crab, has remained the most consistently abundant
organism in the sandy intertidal community since sampling began in 1964.

i

2. Emerita exhibit seasonal abundance fluctuations with high ntabers appearing
in spring when settlement of pelagic larvae occurs.

3. Sandy intertidal areas adjacent and distant to construction-related struc-
tures appear to be very similar in community composition and abundance.

4. Composition and density of the connunity was typical of previous winter
coll ections.

5. The community continued to be dominated by the sand crab Emerita with
the polychaete wom Hemipodus subdominant.

6. Sparseness of the comunity precluded detailed analysis.

7. No adverse effect on the sandy beach intertidal community by San Onofre has
been demonstrated and the community remains similar to that observea on
similar beaches throughout the southern California bight.

i
.
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INTERTIDAL COBBLE

Intertidal cobble studies have been conducted at San Onofre since 1963. These
studies have developed from the early qualitative sampling conducted annually
inte varterly quadrat sampling at uniform intervais conducted through 1974. The
Uni. ETS operational / Units 2 and 3 construction effects study conducted from
1975 through 1977 employed permanently positioned quadrats surveyed quarterly.
This program was substantially reduced in scope as findings from the ETS study
indicated that human activity such as clamming and natural processes such as sand
movement were the major factors influencing the intertidal cobble communities.
The resulting and currently existing observational study is conducted to maintain
continuity with the previous program.

1. Comparison of data collected at all cobble stations in 1980 surveys with
historical data indicated that the most abundant taxa in areal coverage were
those that have previously been reported as common in the geographical area
and noted in past studies of the station areas.

2. The observed variability in biota may be attributable to a ne e of factors
including natural seasonal differences in abundances of popues. ions due to
recruitment, mortality, and long-term fluctuations in populations.

3. Natural occurrences of sand accretion; longer term shifts in substrata
composition; human intervention resulting from recreational activities such
as tidepooling, clamming, and surfing activities; and unnatural occurrences
of erosive mats of debris caught at fixed quadrats, were the only directly
observable cmmunity altering factors in the intertidal cobble quairats.

4. Clamming activity was more frequent at the stations near San Onofre Unit 1
during the 1980 surveys than during 1979 surveys. This was comparable to the
amount of activity observed in years prior to 1979.

1

5. New areas of cobble surface were exposed to settlement of organisms, during
bcth winter and summer periods at all stations. Wave induced cobble movement,
changes in beach slope, fresh water runoff and sedimentation, accretion and
erosion of sand, size heterogeneity of cobble habitat components, and other
factors probably contributed to this change in substratum exposure.

6. The upcoast reference area was not within the +1*F (0.6*C) influence'of San
Onofre Unit I discharge during temperature surveys during 1980. Variation in
biological factors due to generating station operation was not discernible.

7. As previously noted (SCE 1980e), construction of San Onofre Units 2 and 3 may
have caused snme temporary changes in hiota of cob'le communities immediately
upcoast of the laydown pad, due to a greater Sendency for the area to be
inundated by sand.

8. Based on data collected, there was no evidence that the operation of . San
Onofre Unit I caused changes in the !Cte-tidal cobble biota. This is in
agreement with previous findings.

- . _____________ __- __ -
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SEDIMENT INFAUNA HABITAT

Marine Environmental Monitoring (MEM) of benthic communities near the San
Onofre Nuclear Generating Station began in 1963 and continued under this program
until 1973. Semiannual MEM diver observations were supplemented in 1969 with

'

infaunal core sampling. In 1974 the Sand Disposal Monitoring program (SDM) was,

initiated and infaunal sampling continued at three stations with increased repli-
cation. The Construction Monitoring Program (CMP) followed in 1976 when dredging
and offshore construction for Units 2 and 3 began. Infaunal sampling by coring
continued and sediment sampling for grain size and carbon content was initiated
at 18 stations. Replication of both biological and geological samples were
increased and dependent on water depth. The 1980 program was conducted only in
March and June, since construction was tenninated in March arid trestle structures
were removed in April . The subtidal Sfaunal program included: 1) replicate box
core sampling at stations near SONGS and in appropriate reference areas; and 2)
the determination of sediment movement, deposition rate, grain size analysis, and

,

carbon analysis at all sampling stations.'

1. Stations upcoast and immediately adjacent to the construction activities
for Units 2 and 3 and operational Unit 1 supported elevated numbers of
species and individuals compared to reference areas. These patterns appear
related to a combination of elevated sediment organics from San Onofre
Unit 1 operation and sediment accumul ation near the trestle associated
with construction Thibited longshore transport.

2. Stations downcoast and immediately adjacent to the construction areas
of Units 2 and 3 discharge and intake structures generally supported fewer
numbers of species and individuals than reference areas. These patterns
appear related to net errosion of sediment near the trestles associated
with construction structural impediments to longshore transport.

3. Species numbers increased proceeding offshore from the 6 to 15 m isobath
stations. This pattern was consistent with natural distributions observed
throughout the southern California bight and reported by other authors.

|

4. Benthic infaunal resul ts indicated that the comunity was dominated by
deposit feeding species.

5. Community distribution patterns were characterized by dominant taxonomic
| groups representing Annelida, Mollusc a, and Arthropoda and included the

following:

a. Groups of species which displ ayed distinct onshore-offshore patterns
corresponding to a depth gradient.

b. Groups of species whose distribution and highest abundances charac-
terized specific isobaths.

c. Species which were ubiquitous to all areas sampled.

6. Important factors associated with community distribution and abundance
patterns appeared to be water depth, sediment composition, water clarity,
sedimentatior., and organic carbon content of the sediment.

_.
l
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7. Ef fects of construction activities are not expected to persist since
dredging has ceased and structural impediments to longshore transport have
been removed. -

HARD BENTHOS

Benthic dive surveys evolved from qualitative su.veys in 1963 into semiquan-
titative assessments through 1974 The Unit 1 ETS operational / Units 2 and 3
construction effects study included nondestructive sampling in permanently marked

210-m2 (108-ft ) transects at 13 stations (5 ir, kelp forests) along the 10-m
(33-ft) depth contour from 1975-1980. Preoperational data for Units 2 and 3 were
collected at 10 additioaal offshore stations (8 in kelp forests) along the 12- to
14-m (39- to 46-ft) depth contours from mid-1978 through mid-1980. A quantitative
point contact technique was employed to sample macroorganisms and substrata
composition.

General

1. The two-year Preoperational Monitoring Program (PMP) successfully concluded
the gathering of baseline data for evaluating the possible effects of future
operation of San Onofre Units 2 and 3 on benthic resources in the receiving
waters.

2. An evaluation of the quantitative data collected at all sampling locations
strongly suggests four principal factors are responsible for the structure of
benthic communities in the vicinity of the San Onofre Nuclear Generating
Station. These factors, not necessarily in the order of importance, are depth
(which influences water motion and light), substrata stability, light
intensity, and biological interactions.

_

3. Analyses of data collected from 1975 through 1980 indicate no long-term
ecological effects have been associated with the operation of Unit 1 or the
construction of Units 2 and 3 at the inshore cobble stations, the kelp
stations, or the offshore cob 51e stations.

Inshore 10-m (33-ft) Cobble Habitat

1. Comparison of substrata composition at the inshore cobble stations during six
years of monitoring indicates that sand accretion and erosion due to unu-
sbally adverse meteorological or oceanographic conditions may occur rapidly
during a short period of time (e.g., three months). Displacement of sand
resulting in the exposure of the original cobble habitats may occur within
one year or take at least three years.

Kelp Forest Cobble Habitat and Offshore 14-m (46-ft) Cobble Habitat

1. The structure of the offshore San Mateo, San Onofre, and Barn Kelp forest
cobble communities appears to be primarily a function of substrata composi-
tion and stability, and secondarily, a function of competitive interactions
among organisms.

F
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2. Physical data including light, sediment deposition, and total organic carbon
collected between 1979 and 1980 indicates the San Onofre Kelp forest is spa-
tially heterogeneous, particularly with regard to light patterns. Similar
data collected in the San Matro Kelp forest and near the Barn Kelp forest
document the wide range of variability associated with these parameters in
the study area.

3. Substrata data collected at six sites within the San Onofre Kelp forest.

suggest this area is situated on an extensive plain of cobbles and boulders
covered with a comparatively thin (hence, dynamic) layer of sand. The
influence of the possible geological settino on the development of kelp
forest communities is not understood, however, the variable temporal pattern
of the San Onofre Kelp forest as indicated by substantial changes in
substrata composition and kelp canopy expansion and contraction during the
past six years must be closely associated with these predominant processes.

4. Storms of approximately the 30-50 year magnitude during winter 1980, similar
to those observed during the 1978 sampling period, resulted in a substantial
reduction of foliose algal cover at all PMP offshore cobble stations. The red
algae Rhodymenia spp. at the offshore cobble station located approximately
1,300 m (4,265 f t) downcoast of the Unit 2 diffuser in the San Onofre Kelp
forest exhibited considerable growth, in terms of percent cover, during the
1980 sampling period. A comparison of the distributional patterns of

i Rhodynenia suggests reduced light intensity, as a function of biological
overstory shading and/or natural turbidity, results in a favorable light
environment for growth of Rhodymenia.

FISH

Fish sampling offshore San Onofre began in 1963 and continued through 1972 as
semiquantitative visual observations by divers. Quantitative sa;npling techniques
startert as short term studies using gill nets and otter trawls in 1972 and 1973.,

' In 1975, the ETS program began .tsing multiple mesh gill nets at six stations
i located along the 9.1-m (30-f t) isobath near the Unit I discharge and at a dowr-

coast reference site. This sampling technique continued through 1980, and wa -
, augmented in 1978 by gill netting at an upcoast reference site and at complimen-'

tary of fshore (13. 7-m, 45-ft) stations. Otter trawl sampling was also added in
1378 and conducted in the three gill net areas at 6.1,12.2 , and 18.3-m (20 ,
40 , and 60-ft) depth contours through 1980. Fish collected in gill net and otter
trawl samples were identi fied to species, counted, measured, and sexed. More
detailed analyses, such as gonosomatic indices, were performed on queenfish and
white croaker which were the most abundant San Onofre species.

1. The fish community offshore San Onofre in 1980 as in the past was composed of
a diverse assemblage of demersal and water column fishes displaying a wide
variety of feeding habits.

| 2. The queenfish, Seriphus politus; white croaker, Genyonemus lineatus; walleye'

surfperch, Hyperprosopon argenteum; and white surfperch, Phanerodon furcatus
are ubiquitous throughout the area in both sand and co651e/ sand habitats.
Northern anchovy, Engraults mordax; queenfish; and white croaker are the
numerically dominant taxa. The California halibut, Paralichthys californicus,
and speckled sanddab, Citharichthys stigmaeus, are common in sand habitats.

!

T
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3. Spatial distributional variability appears related to type and stability of
substrata. Unstable substrata (i.e., sand) tends to support ephemeral
assemblages of fish relying on prey items in the water column, while hard
substrata (cobble) areas support a temporally pr2dictable assemblage of fish
displaying bottom feeding habits.

4 The treatment site near San Onofre Unit 1 did not contain unique fish groups
relative to the reference areas nor did a given species group numerically
dominate the treatment site. Thus, no significant differences in community
structure were observed between the treatment and reference sites.

5. Analysis of population abundances of queenfish and white croaker on the three
years of trawl data revealed onshore movement of adults from deep (> 30-m)
offsnore areas in late winter followed by movement up in the water column in
spring to avoid cold, upwelled bottom waters. During summer, both species
were concentrated at the shallow (6- to 12-m) inshore depths, indicating con-
tinued inshore movement by adults and recruitment of young-of-the-year. In
fall 'nd early winter (1978-1980), offshore movement by adults was observed
in a.sociation with unstable conditions in the water column influence? by
oceanic events such as storm activity while young-of-the-year over-winured
inshore.

6. Distinct seasonal variations in reproductive condition were observed for
queenfish and white croaker in all habitats. White croaker spawned prior to
or during movement to and from the deep (> 30-m) over-wintering habitat,
while queenfish after leaving the over-wintering grounds, spawned during the
spring through summer period. Reproductive condition of females caught near
the Unit 1 discharge was not different from other areas during 1980 as
observed in 1979.

7. Length frequency distributions of queenfish and white croaker caught with
gill nets and otter trawls were bimodal during most of each year. Young-of-
the-year (age 0+) and small adults (ages 1+ to 3+) composed the two modes
encountered in the sand habitats. Younger specimens composed a larger portion
of the catch in the shallow (6- to 12-m) depths than at the deeper (14- to
18-m) sampling sites. In cobble habitats the bimodal size frequency lacked
age 2+ white croaker and age 3+ queenfish which was related to the catch
efficiency of gill nets for adults.

8. Female queenfish and white croaker were more abundant than males along the
inshore (6 , 9 , and 12-m) isobaths of the sand and cobble habitats. Sex com-
position at the offshore (14- and 18-m) habitats was approximately equal to a
1:1 ratio.

9. The other species studied in detail (walleye surfperch, white surfperch,
northern anchovy, speckled sanddab, ard California halibut) did not show as
distinct seasonal abundance patterns, although white surfperch and northern
anchovy appeared to move on- and offshore with queenfish and white croaker.
White surfperch and walleye surfperch both fed or rested over sand and moved
to feed near kelp beds. California halibut were in the shallor area
apparently feeding on fodder fish concentrated there. Speckled sanddab
remained offshore apparently preferring the cooler waters and perhaps
avoiding predation by California halibut. Northern anchovy adults were
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distributed in large patchy schools mainly in the shallow sand habitat during
summer.1.arval anchovies ranged between shallow and deep sand habitats, and
were captured inshore in late winter when most other fish populations were
still offshore.

10. The fish community and populations in the San Onofre area did not appear to
be adversely affected by the discharge of Unit 1 cooling water since inten-
sive studies began in 1975.

FISH IWINGEMENT

impingement studies began at San Onofre in 1968 and continued through 1971
with qualitative evaluations of fish and invertebrates expressed in terms of
biomass. In 1972, heat treatment losses were monitored by biologists who iden-
tified fish to species, estimated losses as numbers of individuals, and deter-
mined total losses in terns of biomass. Beginning in 1974 and continuing to date,
impingement losses were quantified by fish species, number of individuals, and
size and sex of individuals of selected species.

1. An estimated total of 459,573 + 54,893 (1 standard deviation of the total)
Individuals weighting 21,799.85 + 3,372.56 kg (48,069 + 7,437 lbs) were
impinged under normal operationaf conditions by San OnoGe Unit 1 in 1980
during 152 days of operation. A total of 5,936 individuals weighing 400.89 kg
(884 lbs) were impinged in two heat treatments in 1980,

2. The numerically dominant ?)ecies impinged during normal flow were queenfish

d(70.1%),whitecroaker(8.4%),walleyesurfperch(7.2%),andwhitesurfperch1%). Walleye eurfperch, queenfish, white croaker, and white surfperch,
acconted 6 65.7%, 19.2%, 0.4%, and 0.2% of the total heat treatment catch
by numoer, respectively.

3. Analysis of length structure of queenfish, Seriphus politus, impinged by Unit
I was similar to that observed in 1979 and reflected the length structure of
queenfish caught offshore by trawls and gill nets.

4. Analysis of sex ratios for queenfish indicates that San Onofre Unit 1 did not
impinge a disproportionately large number of female queenfish relative to
their numbers in the receiving water. For queenfish, a pronounced shift from
female to male dominated impingement catch was observed for the first time
since 1978. The rearon for this shift to male dominated impingement catch is
presently unknown, since females were more numerous offshore during most
trawl and giil net surveys. Perhaps severe storn activity early in 1980
resulted in a change in the spatial distribution of males relative to females

, thereby increasing their susceptibility to impingement.
!

5. The 1980 estimate of total fish impinged by San Onofre Unit 1, including
queenfish, white croaker, walleye surfperch, and white surfperch, standar-
dized to the number of operational days betwee- January and July, indicates
that more fish were impinged in 1980 than during any of the five previous
years. The higher impingement rate in 1980 may ' ; salted from extremely
stormy conditions during the early part of the year.

6. Evaluation of monthly impingement catch for the past four years indicate that
highest impingement catches of *otal fish including queenfish, white croaker,

I
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walleye surfperch, and white surfperch occur from January through July. This
seasonality results from the co-occurrence of seasonal reproductive and move-
nent patterns, and oceanic disturbances such as storms and upwelling.

7. Total impingement from 1975 to 1980 has ranged from a low of 198,266 indivi-
duals (2,4,631 lbs) in 1976 to a high of 601,193 individuals (43,820 lbs) in
1978. Queenfish have numerically dominated the impingement catch for this
period and in combination with white croaker, walleye surfperch, and white
surfperch historically comprise the greatest percentage of the annual
impingement catch.

8. The major factors responsible for impingement at San Onofre Unit 1 appear
related to (1) the number of days of Unit 1 operation, (2) season in which
Unit 1 operation occurs, (3) oceanic disturbances M i.ne form of storms and
sporadic upwelling, and (4) seasonal movement and reproductive patterns of
seasonally abundant species such as queenfish, white croaker, walleye
surfperch, and white surfperch.

KELP

The kelp beds in the San Onofre region have been periodically monitored by
several groups over the past 70 years. Early methods included manual positioning
and soundings by boat in 1911 and cblique aerial photography in the 1950's. From
1963-1973 the beds were qualitatively examined in cordunction with San Onofre
Generating Station Unit 1 operational diving studies. Transplant experiments of
wam-water tolerant strains of Macrocystis were conducted by Dr. W. J. North in
the early 1970's. Since then, electronTc positioning and aerial photography
have documented fluctuations in canopy extents and surrounding hard substrate on
a quarterly basis. Additionally, hard benthic sampling transects as part of
Environmental Technical Specifications (ETS) for Unit 1 operational, Units 2 and
3 Construction Monitoring Program (CMP) and Preoperational Monitoring Programs
(PMP) have been located in or near the kelp beds within the period 1975-1980.
More recently (1979-1980), monthly nutrient and continuous light, temperature,
and sedimentation data were collected. Independent monitoring and extensive
experimental kelp studies examining cause-effect mechanisms have been perfomed
by the Marine Review Committee Kelp Project (1976-1980) oriented to predicting
the effects of Units 2 and 3 upon the San Onofre kelp bed.

1. Several periods of canopy deterioration have been documented in the San
Onofre region since 1911 including the period between July and December
1980.

2. Heavy deterioration was appannt in 1980 at Barn kelp 5.5 m downcoast of San
Onofro where the kelp canopy disappeared and the remaining kelp plants were
in various states of distress.

3. Observations made at San Mateo and San Onofre kelp beds suggested that
both canopies will recover at a faster rate than the Barn kelp bed assuning
favorable envirorsnental conditions exist.

4. Canopy deterioration and associated kelp plant distress resulted from
naturally occurring events.

i
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5. The exact cause of kelp bed deterioration is unknown; however, data suggests
that abnormally high surface and bottom water temperatures in August and
abnormally low levels of surface water nitrogen from May through December,
was partly responsible for kelp bed deterioration.

6. Kelp forests represent complex ecosystems within which light levels, temper-
ature, nutrients, stoms, and biological interrelationships play key roles
in determining development and regression.

7. Kelp forest in general are very unstable and can appear and disappear within
short periods of time. Well-documented examples have occurred throughout
southern California at Point Loma, Palos Verdes, and San Onofre.

8. Although much speculation has been advanced as to the cause of major
kelp declines, attempts to establish clear relationships between physical
measurements and responses of kelp plants are extremely difficult and have
not been successful .

9. Throughout southern California, stable kelp beds occur in regions of less
water motion on high relief cock substrate with a southern exposure. The
more unstable beds occur along exposed west-facing shorelines.

10. The San Onofre kelp bed is characterized by a low-relief substrate composed
primarily of cobble.

11. On a short-term basis, the three kelp bed canopies of the San Onofre area
vary independently.

12. The kelp beds of the San Onofre region as a whole can be described as
relatively short-lived and unstable.

CONCLUSIONS

The following general conclusions can be draw. from the findings of 1980 and
previous year's studies examining impacts of Unit 1 operation and construction of
Units 2 and 3. These statements and auxiliary findings were detailed above. In,

f all cases, effects of operation and construction on the marine comunities and
I resources of the San Onofre region were minimal and localized. No adverse effects

on the beneficial uses of the receiving waters were detected by these sampling
programs. Community and resource fluctuations following natural events such as
stoms were greater in magnitude than any effects attributed to the generating
station. The communities in the study area are adapted to an ever-changing
habitat, and their tolerance limits apparently fall well within the magnitude of
any plant-induced effects.

'
1
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Plate 1-1. San Onofre Nuclear Generating : otion, Units 1,2, and 3.

I

CHAPTER 1

INTRODUCTION

This report volume (Volume III) presents integrated analyses and interpre-
tations of data collected during oceanographic and marine biological studies
conducted in 1980 and previous yearsfor the Southern California Edison Company ;

(SCE) in the vicinity of the San Onofre Nuclear Generating Station. Volumes I
and 11 contain presentations of summary data and comprehensive raw data, respec-
tively. The studies met regulatory requirements of the Federal Nuclear Regulatory
Commission (NRC) and the Environmental Protec tion Agency (EPA) through the
Cali fornia Regional Water Quality Control Board-San Diego Region (CRWQCB-SDR)
admi ni strati on.

!

PURPOSE OF STUDIES

The primary study purpose was to cont.inue the collection of preoperational I
'

baseline data prior to the operation of Units 7 and 3. Secondary objectives
included a continuing assessment of Unit 1 operational effects and completion of
the Units 2 and 3 construction effects study.

REPORT ORGANIZATION AND APPROACH

Volume I was prepared to meet regulatory reporting requirements for sub-
mission of a data summary by 1 April 1980. The synopsis therein includes only '

that data required by the regulatory agencies.

Volume II includes a comprehensive presentation of all raw data collected
for SCE at San Onofre in 1980 and not reported elsewhere.

-__ . _ _ _ _ - _ _ - _ _ _ - - - - .
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! The chapters in this volume are organized by general study element (i.e.
temperature, water quali ty, fish, benthos, etc.). All objectives associated with
a particular element are addressed in that chapter.

Each chapter contains a separate introduction followed by a background of
the subject studies at San Onofre from inception through 1980. In order to
facilitate complete and timely review of major ideas, the overall discussion
follows the background which is then followed by the 1990 methods and results
detail.

DESCRIPTION OF THE STUDY /JEA

The San Onofre Nuclear Generating Station is located along the California
coastline at 33' 22.5'N and 117* 32.5'W between the citics of San Clemente and
Oceanside (Figure 1-1). The study area extends approximately 6.4 km (4 mi)
upcoast (NW), 11.5 km (7 mi) downcoast (SE), and 3.3 km (2 mi) offshore from
the generating station. This is an exposed coastal area of the Pacific Ocean
identified on hydrographic charts as the Gulf of Santa Catalina.

HISTORICAL BACKCROUND

A chronological summary of major SCE marine ecological programs at San
Onofre is found in Figure 1-2.i

Oceanographic and marine biological studies, referred to as the Marine
Environmental Monitoring (MEM), began in 1963 in the San Onofre area and were
reported on a semiannual basis to the CRWQCB until 1975 (Figure 1-2). In 1975,
the Unit 1 Environmental Technical Specification (ETS) program was implemented in
compliance with NRC requirements. In 1976, in accordance with the Federal Water
Pollution Control Act, the CRWQCB issued National Pollutant Discharge Elimina-
tion System (NPDES) pemits for San Onofre Units 1, 2, and 3 which included
marine monitoring programs to replace previous MEM requirements. The NPDES marine
monitoring requirements were essentially identicai to the ETS.

Studies of the effects of San Onofre Units 2 and 3 construction were
initiated in 1974 as required by tne CRWQCB. These studies focused on the impacts
of sand disposal onto the beach from onshore construction site excavations. These
studies, designated as the Sand Disposal Monitoring Program (SDM), continued
until December 1976. The emphasis then shif ted when dredging began for the
emplacement of the offshore portions of Units 2 and 3 cooling systems began.
Studies then focused on the offshore construction activities as set forth in the
CRWQCB Order No. 71-6, Technical Change No. 2. These studies are referred to as,

| the Construction Monitoring Program (CMP).

| In 1978, a Preoperational Monitoring Program (PMP) was initiated in com-
pliance e:ith requirements of the Nuclear Regulatory Commission. The PMP along
with other programs mentioned above, will provide a baseline of oceanographic
and marine biological data prior to the operation of Units 2 and 3. The PMP
was complementary to the Unit 1 NPDES /ETS program and essentially expanded the
study area further offshore into the area of Units 2 and 3 diffusers and added
control stations.

1980 PROGRAM DEVELOPMENTS

A schedule of activities accomplished in 1980 is presented in Table 1-1.
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MJ50 MJ50 MJSD MJSD MJSD MJSD MJSD
Program and Study Elements 1974 1975 1976 1977 1978 1979 1980

~-

(MEM)
Marine invironmental Monitoring'TatuFe, currents,OceanograpTiRTm6nthTyTape

turbidity, water quality 1964-XXXXXXXXXXX4
Biological - plankton, benthos, intertidai

Environmental Technical Specifications (ETS)/ NPDES
Oceanography - bimonthly temperature, tur)TdTEK

water quality, continuous temperature XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
?lelogical - plankton, hard benthos, kelp, gill

netting, ispingement

Sand Disposal StudL(SDS)
Keip, inTirTidal andTubtidal infaunal and XXXXXXXXXXXXXXXXXXX4
benthos

Construction Monitoring Program (CMP)
5edimentology, kelp, int unal (Intertidal and XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX(a

subtidal), intertidal special study

Preoperational Monitoring Program (PMP)
Oceanography - bTETy Temperature, turbidity,

mater quality, continuous temperature XXXXXXXXXXXXXXXXXX4
Biological - plankton, hard benthos, gill netting,

trawling, kelp, special study - ichthyoplankton
(78-mid 19)

Interim Studies /MPDES
Oceanography - continuous tesperature, aerial

turbidity photographs XXXX

Biological - trawling, kelp
,

316(b) Program
Biological - monthly larval entrainment, transit XXXXXXKXX4

loss detensination |

M = March J = June 5 = September D = December

Figure 1-2. Major southern California Edison San Onofre marine ecological pro-
grams.

Environmental Technical Specifications / National Pollutant Discharge Elimination
System

The Unit 1 operational study program continued throughout 1980.

The Federal Water Pollution Control Act 316(b) ichthyoplankton entrainment
inventory and loss study was completed in 1980 which meets the objective of
the ETS plankton entraiment study requirement. The ichthyoplankton ir tentory >

study report will be finalized in 1981 and submitted to the CRWQCB-SDR.

Preoperational Monitoring Program
_

The fomal PHP investigation which began in mid 1978 teminated in mid 1980
in accordance with NRC authorization following two complete years of baseline
data collection.

NPDES / Interim Program

In order to maintain continuity with pertinent pret perational study elements
(i.e. continuous temperature monitoring, turbidity studies, trawling, and kelp
programs), an interim monitoring program was initiated by SCE in mid 1980
coincident with temination of the PMP.

Construction Monitoring Program

The CMP investigation was suspended in March 1930 in accordance with
CRWQCB-SDR authorization as constructiel activity was completed. A study to
assess the effects of the temporary seawall removal will be initiated prior to
its removal, anticipated to be in 1984

l
i
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Table 1 1. 1980 data collection record.

De$INT 1 RIM ETS 4P015 CMP PMP Jan Feb Mar Apr May Jun Jul Aug Sep Oct hov

Oceanographic Surveys

Temperature Vertical Proflies 1 I X 8 13 14 9 10 5

Aerial Infrared Gadtometry X I 8 13 14 9 5

Surface Temperature Mapping 8 13 14 9 10 5

Shoreitne Temperature I a 8 13 14 9 10 5

Conttavous temperature matatenrece X X X 3 4 4.26 4.25 1 4 3 _ 4 1 3 9

TurStetty vertical Profiles X X X 8 13 14 9 10 5

Seccht Disc VisfB111ty X X X 8 13 14 9 10 5

Suspended and Settleable Sollds 13 14 9

Aerial Photographs of turbidity 1 8 13 14 9 5

Heavy Metals I X X 10 10 13 8 3

Otssolved Osygen 1 I I 8 13 14 9 10 5

Hydrogen Ion Concentration 1 1 I 8 13 14 9 10 5

Currents 7,8 12.13 13,14 8-9
Denstty Profiles 8 13 14 9 10 5

Saltnity Profiles 8 13 14 9 10 $

Biological Surveys

planton X X X 8.10.13 10-12 15-18* 19 16 5

Intertidal
Sand X 13-15

Cobole 13.14 14,15 19.20

Subtidal
Sand X 57 28-30

Cobble (f acluding help bedst X X X X 24 --10a 28-- 6 24 -----18 2 3----- 3

Fish
Gill hets I X X 26-27 23-24 25-26* 21-22 20-23 10-11

Otter Trawls N 26-17 23-24 25-26 21-22 20-23 10-11

Impingement **
normal Operation 1 I b b b b b b

Heat Treatments X X 13 23

Kelp Bed
hutrients 18 3 13 11 7 13 11 8 12 10 3 9

Ma ppi ng I lu-16 25 31

Qualitative AssessmentC 16 30 11

Photography X 9 13 18 8

SQL Density Assessa.rnt X 17-19

a survey required several days to complete.
6 Frequency greater than once/ week.
C Olvlag survey by Dr. Wheeler J. horth.
*Preoperettonal Monitoring Program terminated.

** SONGS of fline for refueling and repairs from 10 April through end of 1980. Circulators were on briefly from 12 June to 18 July.
Sampling continued ductng this period.

Note: humbers indicate sampling dates.

DESCRIPTION OF THE GENERATING STATION

San Onofre Unit 1 is an electrical generating facility utilizing a pressur-
ized water nuclear reactor which began commercial operation in 1968. San Onofre
Unit 1 is a base-load plant and is nomally operated at full capacity.
Electrical output of Unit 1 is 436 MW.

A once-through cooling system is used to cool the steam condensers. As
illustrated in Figure 1-3 and shown in Table 1-2, seawater is drawn from a point
907.4 m (2977 f t) offshore, located in approximately 8.2 m (27 ft) of water. The

~

offshore intake structure is fitted with a velocity cap which is designed to
reduce the entrapment of marine organisms and draws water horizontally from a
depth of 4 to 5 m. Af ter passage through the intake conduit and the condensers,
the cooling water travels through a discharge conduit which terminates in a
vertical discharge structure located 750.4 m (2,462 ft) offshore in approximately
7.6 m (25 f t) of water. The discharge results in a surface-oriented thermal

plume. Under nomal operating conditions, the temperature of the cooling watg/ min
r is

raised approximately 19'F across the condensers at a flow rate of 1,325 m
(350,620 gpm).
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ating Station Unites,1,2, and 3.
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Table 12. Circulating cooling water systern characteristics at San Onofre Nuclear
Generating station.

Unit 1 Units 2 and 3

Intake - Distance .. Ja Shoreline * 907.4 m (2977 ft) 970.2 m (3183 ft)
Flow Rate (gpm) 350.620 830,000 ea

*

Entrance Velocity 0.7 mps (2.2 fps) 0.5 mps (1.7 fps)
Bottom Material Sand Sand

Bottom Profile Mild slope Mild slope
Cap Dimensions 9.1 x 10.7 m (30 x 35 f t) 14.9 m (49 f t dia)
Cap Depth Below MLLW 3.5 m (11.5 ft) 3.7 m (23.4 f t)
Cap Height Above Bottom 4.7 m (15.5 ft) 5.4 m (17.9 ft)
Cap Overhang From Riser 1.3 m (4.3 ft) 2.2 m (7.3 ft)
Opening Height 1.2 m (4 ft) 2.1 m (7 ft)
Rip-rap Profile Low relief Mounded. Iow relief

Fipes - Of fshore Diameter and Yelocity 3.7 m/2.1 mps (12 f t/6.9 fps) 5.5 m/2.2 mps (18 ft/7.3 fps)
Length. Intake / Discharge 910.1/750.4 m (2986/2462 f t) 970.2/2510.9 m (3170/8238 ft

1889.8 m (6200 f t) (Unit 3)
Pump to Condenser Velocity 2.1 mps (6.8 fps) 2.1 mps (7.0 f ps)
Condenser to Screenwell 2.0 mps (6.7 fps) 2.1 aps (7.0 fps)

Time - Intake to Screenwell 7.2 min. 7.9 min.
Screenwell to Pump 1.0 min. 1.5 min.
Pump to Condenser 0.3 min. 0.6 min.
Condenser, to Outfall 6.4 min. 18.5, 13.3 min.

Screenwell Quiet Areas No Yes

Flow Pattern Straight and turbulent Angled and uniform
Screen Approach Velocity 0.5 mps (1.7 fps) 0.6 mps (2.0 fps)
Velocity Through Screen 1.2 mps (3.8 fps) 1.0 mps (3.0 fps)
Screen Number / Type 2-T r av . 7-Trav. each unit
Screen Mesh Opening 5/8 inches 3/8 inches
Trash Bar Opening 2.54 cm (1 in) 2.54 cm (1 in)

Pumps - Number and Type 2-Vert. 4-Vert. each
Submergence-ma rgi n 1.4 m (4.6 ft) 0.3 m (1 ft)

AT-degrees 21*F 19.1*F

Baseload or Peaking Base Base

Station Capacity (MW net) 436 1127 ea
Capacity Factor - 1980 19.8 Under Construction

AvailaN11ty - % of Time in 1980 23.2 Under Construction

Theoretical Yearly Flow (gals) 18.43 x 1010 43.6 x 1010 (ea)
10 (under Construction)Actual - 1980 Yearly Flow (gals) (approx.) 6.75 x 10

* Assuming a 45.7 m (150 f t) beach in front of the Units 2 4 ;s seawall (the distance from
the seawall to MHHW = 15.2 m + 15.2 m (50 f t + 50 f t) distance from seawall to MLLW
= 61 m + 30.5 m (200 f t t 100 f t)

-

,

The Unit 1 screenwell contains traveling screens and bar racks to remove
debris and entrapped marine organisms from the cooling water before it reaches
the pumps and steam condensers. Marine fouling growth in the cooling water system
is controlled through periodic heat treatments which are typically conducted at
intervals of from six to ten weeks. During heat treatme.its, the temperature of
the cooling water in the screenwell is raised to approximately 100*F for 1.75 hr.
At this time, all of the fish within the screenwell which have avoided impinge-
ment on the traveling screens during normal operation are killed by the higher
temperature and renved from the system.

San Onofre Units 2 and 3 are under construction and ere scheduled to begin
operation in 1931 and 1983, respectively. Each of the new units will have an
electrical output of 1127 MW. The once-through cooling system for each unit
will have a flow rate of 3,137 m3 min (830,000 gpm) and a nonnal operational/
temperature increase across the condensers of 19.1*F. As seen in Figure 1-3, the
intakes will be located 970.2 m (3,183 f t) offshore in 9.8 m (32 f t) of water.
Both units will have diffuser type discharges consisting of 63 ports spread over
a distance of 762 m (2,500 f t). The Unit 2 discharge diffuser will extend from
1,786.1 m (5,860 f t) to 2,510.9 m (8,238 ft) offshore and range in depth from
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11.9 m (39 f t) to 14.9 m (49 ft). The Unit 3 discharge diffuser will extend from
1,024.4 m (3,361 f t) to 1,889.8 m (6,200 f t) offshore and range in depth from 9.8
m (32 f t) to 11.6 m (38 f t).

GENERATING STATION OPERATION

Unit 1

The station was offline from 10 April through the end of 1980 due to prob-
lems associated with the steam generator which required extensive system repair.
The circulating pumps resumed operation briefly in June and July, and fish
impingement studies resumed during this period (detailed log in Vol. II).

An illustration depicting plant operation including mean daily megawatt
output (station load), implant AT ([*C] discharge temperature minus intake temper-
ature], and circulating water flow at SONGS Unit I during 1980 is presented in
Figure 1-4.

Units 2 and 3

Intermittent testing of Unit 2 circulating water pumps occurred af ter
March in 1980 (Figure 1-5). This - testing procedure was associated with startup
activities.

1

. _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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CHAPTER 2

OCEANOGRAPHY

INTRODUCTION

The oceanographic environment in the vicinity of San Onofre Nuclear
Generating Station is dynamic with physical and chemical features changing
constantly. This chapte" presents the results, analysis, and interpretation of
physical , chemical, and geological oceanographic measurements fer the San Onofre
environment. Parameters examined included temperature, turb idity, dissolved
oxygen, pH, selected heavy metals, beach and bottom sedimenc characteristics,'

beach slope, and deposition rates of suspended materials. In addition, wave,
nearshore current, nutrient, light intensity, air temperature, wind speed and
direction, and precipitation were obtained to aid in the definition of oceano-
graphic conditions and detemination of any San Onofre effects on the marine
environment.

!
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CHAPTER 2A

TEMPERATURE

INTRODUCTION

Temperature was extensively measured throughout the San Onofre area during
1980 primarily to complete the two year baseline study for Units 2 and 3.
This preoperational data base can subsequently be compared to results of studies
conducted during Units 2 and 3 operation in order to determine the thermal effect
of Units 2 and 3 and to evaluate the impact of that effect with respect to
natural background conditions.

Temperature measurements were also obtained and utilized in the continuing
study of operational effects of Unit 1. Unit 1 was not in operation from 9 April
1980 through the end of the year, and therefore, temperature measurements after
9 April 1980 represent natural conditions at San Onofre.

The temperature studies met all objectives and requirements of the Environ-
mental Technical Specifications (ETS) program for Unit 1 and the Preoperational
Monitoring Program (PMP) for Units 2 and 3 established by Nuclear Regulatory
Comission (NRC) as well as the monitoring required by National Polluant Dis-
charge Elimination System (NPDES) permit issued by California Regional Water
Quality Control Board, San Diego Region (CRWQCB, SDR).

This chapter presents: 1) a pertinent summary of data collected by SCE
studies in 1980; 2) an analysis of data to meet objectives; and 3) a descrip-
tion of temperature, its interaction with generating station activities, and a
perspective of temperature in the study area and the southern California area.

Previous volumes of tnis years annual report have presented all basic data
obtained in SCE studies. Volume I presented a summary of data required by
regulatory agencies and was submitted to the copropriate agencies on 31 March
1981 (SCE 1981a). Volume Il contains all basic raw data collected for SCE
programs during 1980, including the basic regulatory required data and additional
supplemental data obtained in order to fulfill objectives of the study (SCE
1981b).

BACKGROUND

In order to put 1980 studies in perspective, the following section presents
background information on temperature data collected at San Onofre during the
past 17 years. A brief history cf temperature studies conducted at San Onofre is
presented in Table 2A-1.

HISTORICAL STUDIES

Temperature studies relating to the generating station have been conducted
in the San Onofre area since mid-1963, approximately five and a half years prior
to operation of Unit 1. Preoperational water temperature studies for Unit 1
began in July 1963. Regular bimonthly oceanographic surveys were initiated in
1964, and 28 field surveys were conducted between May 1964 and December 1968.

--
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Table 2A 1. Time history of temperature measurements at San Onofre.

Tyges of Data 14ar e l it y/ Det ths
Toegerature StwJies Collecte1 Datee Inst r.smetstat Aun Frequency S tat ions Seug led

Malm P r wr ese

M4r ibe f hVirt.mPefst al
MErh 4 t QG 1hg

Un i t 1 Teat er at ure/ dept h 1% b l 964 tathytherougraph, B Asmethly 12 Bus f ece to but tum
Pregeret t< mal pr o f ile s mercury therarenetes

Un i t 1 Tengerat ure/Jeg*h im- 19 75 $at hyt herenr aph. Dasumthly 12 Sur f ace to bott<ne
ove rst ional trafiles mercury therameter

Aerial inf rased 19' J-1975 Inf rared Bloonthly. 3 Aree of *Init 1 Surfs e layer

matt ng r ahome ter flights /murvey dischargei

Env i ronment al
Tot.hnical
bg:er.if Acet49ne

Jnit I tenger ature/deg th 19 3 -1976 Tersistor ps d.e B aammthl y 34 Sur f ace to bot taan
profiles

1976-19seG nermistos p rede B1minthly 53 Eurrece to intraen

Aerial inf sere <J 197bl977 Inf r arei Quar ter ly. Aree of Unit 1 Sur f ace layer
masting radarmster 1-3 replicaten discharge

1977-1930 Inf r ared Etmanthly, Area of IJnit 1 Surf ace layer

r edirmaet er 1* 3 replicates discharge

Int e r t &4a1 197k 1977 Mercury thermumeter t ammthly 5/3 rerlicater Surf sone

t eater at ur es

1977-1960 Mercury therinteeter Bimonthly 11/3 rep 1Lcetes Surf sone

Cont inuous 19 3 -1990 ( ont inuousl y Continuous, Static,ns C25, Surf ace, 4 meters

teng eratus e record &ng hourly C22S neer-bot tom
peasurement s thermographs

Ing-Lant intake and 1975-1940 Seroi stor s continuous, Unit 1 intake
dLacharge hour ly and discharge

t esger at ur es condui t s

Preugerational
Dkm& tor ing Program

Units 2 atWS 1 Temperature /det th ly f e- 19MO Thermaster Frobe mismenthly 23 sus f ace to bottom
profiles

Cost inuous 1978-199u Continuously Cont i nuous. Stat Los y28 Eurf ace. 4.6 meters,

tengeretwee recordang hour l y 9.1 meters, near-

measurements t herausgraA bot tom

Continuous bot tum 1979-19feo Cont inuously Continuous, $ PNP hard Nearabot tces
t esgerature resording benthic hour ly bottte benthic

seasurement s eenming pootages st at ione

Aerial infrased 1974-19#0 Inf r ared Simonthly. Unite 2 and 3 Sur f ace layer
mapping redsometer 1-3 replicates dif f user area

Temperature profile measurements at 32 sampling stations were used to document
preaperational temperature conditions for Unit le This program of bimonthly
surveys, known as the Marine Environmental Monitoring Program (MEM), was con-
tinued after Unit 1 began full operation in 1968 until 1975e in addition to
the temperature profile measurements, infrared radiometer measurements were
obtained in order to map the surface extent of thermal field produced by the
circulating water system for Unit le Detailed results of the monitoring program
were reported in periodic progress reportse The results of these studies were
sumarized in the Thermal Effect Study, Final Summary Report (SCE 1973)e

Beginning in 1975, temperature measurements were continued as a portion of
the ETS monitoring programe Bimonthly temperature profiles at 34 stations
located in the twelve environmental surveillance zones were used to document
spatial variability in temperature throughout the San Onofre study areae Many of
the temperature profiling locations sampled in the ETS program were the same as
those used in the previous MEM programe Aerial infrared radiometer measurements
were obtained quarterly and used to map the surface extent of the thermal plume
from Unit le Continuous temperature - measurements at near surface, mid-depth
(4e5'm), and near bottom at two locations were initiated in late 1975e One

. . .. . . . .
.

. . _
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location was 610 m (2000 ft) away from the discharge. Data from this location
was used to determine effect of Unit 1 operation on receiving water temperature.
The other continuous temperature measurement station was located 6.7 km downcoast
from Unit 1 and was used to document natural conditions and variability of
tamperature. Shoreline temperature measurements were also obtained to determine
the shoreward extent of the thermal plume and to obtain temperature data at rocky
intertidal stations.

In 1976, the CRWQCB, SDR issued NPDES permits for Units 1, 2, and 3 which
included a temperature monitoring program similar to the ETS program. Tempera-
ture profiling station locations were increased to 51 stations to better define
temperature structure in the vicinity of the generating station. After March
1977, the frequency of infrared radiometer surveys were increased from quarterly
to bimonthly.

Temperature measurements at 23 additional offshore profiling stations were
initiated in 1978 as a portion of the Preoperational Monitoring Program (PMP)
required by the NRC to determine natural background conditions prior to operation
of Units 2 and 3. Bimonthly infrared radiometer (IR) flight coverage was extended
to document surface temperature conditions in the offshore area of Units 2 and 3
diffusers. Another continuous temperature station was established in the vicinity
of the diffusers for Units 2 and 3 in August 1978 to document natural temporal
variations prior to operation of Units 2 and 3.

Beginning in August 1979, a program to collect continuous bottom tempera-
ture, light intentity, and sedimentation data was initiated at five offshore hard
bottom PMP benthic locations throughout the San Onofre area. These temperature
measurements assist in ascertaining efiects of bottom temperature on growth in
hard bottom benthic and kelp comunities.

Temperature was also measured during biological sampling programs Vertical
profiles of temperature were obtained during plankton, ichthyoplankton, and fish
surveys in order to obtain temperature data for correlation with biological
characteristics. Surf temperatures were also obtained during intertidal sampling.
Bottom water and sediment temperatures were measured during quarterly benthic
infauna sampling surveys.

Inplant intake and discharge temperatures for Unit I have been measured at
the tsunami wall houriy since June 19/5 to monitor station operating conditions.

1980 STUDIES

During 1980, water temperature was measured by vertical temperature pro-
files, aerial infrared radiometer flights, shoreline bucket thermometers, and
continuous recording devices. Bimonthly temperature surveys conducted in January,
March, May, and July were for both the ETS and PMP studies. During each of these
bimonthly field surveys, profile measurements were taken at 74 sampling stations
(Figures 2A-1 and 2A-2), and one to three aerial infrared radiometer flights and
shoreline temperature measurement sets were obtained.

In August 1980, bimonthly temperature measurements for Units 2 and 3 PMP
were terminated after completion of the two-year data base. Operational effect
studies for Unit 1 were continued in accordance with ETS requirements during
the September and November surveys. Continuous tempera btre 'wasurements at
Station F2S near San Onofre kelp bed were continued. The program of continuous
temperature, light intensity, and sedimentation measurements at five hard bottom
PMP benthic locations was discontinued in early October 1980.
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Results of previous Unit 1 operational studies have been extensively docu-
mented in annual reports. Formal requests to delete ETS requirements were
submitted to the NRC in October 1980 based upon the accomplishment of the objec-
tives within the mandated scope.

DISCUSSION

Temperature is the physical oceanographic parameter most directly affected
by coastal generating stations which use ocean water for once-through cooling
of steam condensers. Since the most ostensible effect of San Onofre Nuclear
Generating Station on the marine environment is the discharge of large volumes of
heated water, temperature measurements are the most appropriate way to show the
area of influence of San Onofre. Temperature is also a good indicator of natural
phenomena in the marine environment and can be used to identify oceanographic
processes such as upwelling, storms, major currents, internal waves, and general
characteristics of water masses.

Temperature was extensively measured throughout the 70 km2 San Onofre
study area as part of the physical and biological monitoring programs. The
objectives of these studies were to: 1) establish preoperational baseline condi-
tions before operation of Units 2 and 3; 2) document large spatial and temporal
changes in temperature throughout the study area; 3) determine the horizontal and
vertical extent of the thermal plume from Unit 1; 4) determine the area of
influnce of Unit 1; 5) estimate the extent to which heated water from Unit I was
recirculated back into the intake of the circulation water system; and 6) provide
temperature data for the analysis and interpretation of biological findings.

NATURAL PROCESSES AFFECTING TEMPERATURE

The temperature observed at any moment in time is the result of a com-
bination of several atmospheric and oceanographic phenomena. These phenomena
include seasonal warming and cooling, upwelling, winds, storms, cloud cover,
rain, major currents, localized currents, tidal curent. transient eddies, waves,
internal waves, etc. The resulting temperature variations with time present a
complex pattern. The following presents a discussion of the major physical
processes affecting temperature.

Seasonal Trends

( Natural surface temperature follows a cyclic heat balance consistent with
' the seasonal variation in the amount of insolation. Natural temperatures are
t coolest in the winter months, when insolation is at a minimum, and increased
| in the spring and summer months as insolation i;tcreases. Natural temperature

generally decreases after its peak in summer.l

The amount of vertical stratification of temperature generally follows
the seasonal insolation patterns. During winter months, temperatures are rela-
tively uniform throughout the water column on the shallow continental shelf

. area. Increased insolation during spring and summer result in warmed surface

! temperatures and the formation of a thermocline, defined as a rapid decrease in
temperature with depth. The intensity of this thermocline generally increases

, in the spring and summer months and decreases in late summer and fall as surface
' waters are cooled and the depth range of the thermocline increases.

The presence of a thermocline limits vertical mixing between the warmer
surface watcrs and cooler bottom waters. Bottom waters do not follow the same
seasonal pattern of surface waters since the thermocline limits exchange between
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surface and bottom waters. Bottom waters generally become cooler in spring
and early sumer as a thermocline is established and intensifies. Bottom temper-
atures increase in late sumer and fall as the thermocline becomes deeper and
less intense.

Local Winds and Upwelling

With the exception of the annual warming and cooling cycle, wind and storm
associated upwelling results in the largest fluctuations of daily mean natural
temperature.

Upwelling occurs when relatively strong winds due to storms and/or atmos-
pheric pressure systems blow from the west or northwest. These winds create
surface currents which flow offshore. In coastal nearshore areas, cooler bottom
water rises up through the water column to replace the surface waters which have
been displaced offshore, resulting in a breakdown of thermal stratification of
receiving waters and reducing surface and bottom water temperatures.

During a one to two day episode of relatively strong upwelling winds,
surface temperatures are reduced by 2 to 4*C. It generally takes surface
temperature from three to four days to return to values prior to the occurrence
of upwelling.

Discrete short periods of' upwelling are observed at San Onofre when winds
from the west-northwest (300*T) blow for approximate 4 hrs or more with speeds of
10 mph or greater. Other than the periods when local winds at San Onofre were as
described above, the surface watef' temperature at San Onofre is not directly
affected to a significant extent by upwelling.

Offshore Circulation Patterns

The oceanic water mass adjacent to the southern California coast is pri-
marily af fected by the waters transported south by the California Current,
which is modified by a countercurrent (Davidson Current) and upwelling. These
major current regimes in the southern California area are illustrated in Figure
2A-3. The California Current flows southward along the coast of California
and is relatively close to the coast north of Point Conception. At Point Concep-
tion, the coastline makes an abrupt change to an east-west orientation and the
flow of water departs the coastline. South of Tanner and Corte:, bank the main
portion of the California Current curls toward land, and separates into two
branches; one branch, known as the Southern California Countercurrent, turns back
to the north between Santa Catalina Island and the Tanner-Cor tes bank area.
North of Santa Catalina Island, the Southern California Countercurrent turns
towards shore and then flows south along the Continental Shelf. Along the coast,
surface circulation from San Pedro to San Diego is complicated by the predomi-
nantly southern flow, a northerly current from the San Diego offshore region,
coastal geometry, and bottom topography. These California Current conditions are
shown as the Oceanic Period on Figure 2A-3a.

Although the California Current is present throughout the year, it is
modified by upwelling and the Davidson Current during certain times of the year.
Upwelling is prevalent along the offshore areas of the California coast generally
from March through July. Its effect on su-face water circulation is shown on
Figure 2A-3b. Regional upwelling in the offshore areas indirectly affect temper-
atures at San Onofre through transport by currents. Also, submarine ;anyons, such
as Newport, La Jolla, Scripps and others, can act as conduits to bring cold
bottom water to the surface very nearshore during upwelling periods. These cold
water spots over the canyons can be transported away from the canyons, causing
this cold dense bottom water to be trapped on the narrow Continental Shel f.
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During the winter months of November to February, thermal stratification,
and therefore density stratification, is greatly reduced due to decreased inso-
lation and mixing by storms. During this period, the Davidson Current surfaces.
The Davidson Current is a northward flowing current from the Coast of Baja
California, which is normally below a depth of 200 m during the rest of the year.
The circulation of surface waters in southern California during the Davidson
period is shown on Figure 2A-3c.

NATURAL TEMPERATURE CONDITIONS

The natural temperature cycle at San Onofre, based on the past 15 years, is
shown as monthly mean temperatures on Figure 2A-4. The annual temperature
cycle at San Onofre during 1980 was not typical of the average temperature
conditions as illustrated by the comparison of monthly mean surface temperature
at Station F2S to the monthly mean of surface temperatures at San Clemente Pier
fro.n 1965 through 1979. Natural surface temperature in January, February, a:1d
March 1980 was warmer (0.7 to 1.8*C) than the mean of the previous if years,
while in April and May 1980, natural temperature was similar to previous years.
In June and July 1980, monthly mean natural surface temperature was 1.3 and 1.1*C
cooler than the 15-year mean. During August 1980, monthly mean surface temper-
ature was 1.1*C warmer than the historical average. During the remainder of 1980,
monthly mean temperatures were similar to the 15-year mean. Seasonal trends of
natural temperature at San Onofre for 1980 can be characterized as having a warm
winter period, a relatively late spring for increasing temperature, and a rela-
tively warm suniner in August. The decrease in surface temperature during the late
summer and fall was typical of average conditions.

Temporal Trends

Temporal trends for surface and bottom temperatures are shown in the daily
averaged temperature records presented on Figures 2A-5 and 2A-6, respectively.
The 1980 annual cycle of surface temperature generally followed the regular
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Figure 2A-4. Comparison of monthly mean surface temperature during 1980 at San
Onofre to monthly mean surface temperature for the previous 15 years
at San Clemente pier.
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trend, consistent with the seasonal variation in the amount of insolation.
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peak in August. Within these seasonal trends, she-t-period warming and coolirg
trends were observed due to oceanographic and meteorological processes and
resulted in temperature changes of as much as 4 to 5*C.
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The bottom temperature followed a somewhat dif ferent trend from that
of sea ;urface temperature. Bottom temperature generally cooled from late spring
to early summer and subsequently warmed until October. In December and January,
bottom temperature remained essentially the same as at the surface, indicating
that during these two winter months the water column was well mixed from surface
to bottom.

The bottom temperature trends at the two shallow (10 m) stations, C2S L 1
C22S (Figure 2A-2), were quite similar to each other. However, the trend at the
deeper (15 m) station, F25 , varied somewhat from that of the two shallow
stai. ions. In particular, at Station F2S, temperature variations were smoother and
the range of fluctuations smaller than at the shallow stations.

Typical temperature structures in a shore-perpendicular section during the
sumer months are presented on Figure 2A-7. The data were taken along Line
2S (a shore-perpendicular ".ransect located just south of San Onofre) during
1979 and 1980. Summer temp 7ture along this transect was strongly characterized
by the presence of a ther.m .line, the result of surface heating from insolation
and bottom cooling from upwelling. A strong thermocline with a temperature
gradient of up to 3*C/m occurred during the month of July. The thermocline
appeared to stay in depths of 4 to 8 m blow the surface.

Vertical temperature structure in a shore-perpendicular section in fall,
winter, and late spring is shown on Figure 2A-8. Inshore waters in November and
January appeared well mixed, as expected. In May, ,igns of gradual warming at the
surface and gradual cooling at the bottom are evident, indicating that May was
a month of transition.

Temporal Variations

Spectral analysis of the four-year continuous data base revealed that
frequency of natural temperature variation spanned the entire range of the
frequency spectrum -- from seasonal fluctuations to fluctuations within a few
hours. Short-term fluctuations in winter were typically small (on the order of
1*C) and quite large (4-5'C) in summer. Diurnal and semi-diurnal temperature*

changes caused by tidal currents were detected in the data. Dominant variations
in surface and bottom temperature at Station C2S exhibited periodicities of
about 60 days, 37 days, 30 days, 20 days 10 days and 25 hours (SCE 1980). Other
than the 25-hour cycle which represents diurnal tidal cycles, relationships of
these various periodicities to known geophysical cycles are not readily clear,
but are due to a combination of oceanographic and meteorological processes.

i

Surface and bottom temperature records at Station F2S are compared on Figure
2A-9 with the upwelling index computed by Bakun (1980). The input data for the
computation of upwelling index was the six-hourly synoptic surface atmospheric -

pressure field prepared by Fleet Numerical Weather Central, and the upwelling
indices shown are daily averages in a 3 degree square centered at latitude 33*N
and longitude 1199 (near San Clemente Island, located approximately 80 miles
offshore of San Onofre). The upwelling index, as defined by Bakun (1975), is the
offshore directed component of Ekman transport expressed in cubic meters per
100 m (328 ft) of coastline, and is considered an indication of the rate of
upwelling of deeper waters to replace surface waters driven offshore by the
stress of the wind.

The regional upwelling processes were aperiodic, but exhibited durations of
10 to 30 days as well as numerous short pulses lasting a few to several days
(Figure 2A-9). Temperature fluctuations which appear to correspond to each of

__ _____ - _________ - -
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the upwelling pulses are marked with an arrow on Figure 2A-9. Local winds mea-
sured at San Onofre during these periods were of the upwelling type from the
northwest. It is evident that the temperature response to the upwelling pulse
cycles frequently occurred as abrupt cooling.

Following the peak cooling activity of the upwelling cycle, temperature
began a gradual rise to previous levels. This implies that the rebounding
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process may be due partly to heating from insolation of the water previously
upwelled and partly to the mixing with wamer ambient water, each a relatively
slow process. As compared with the generally slow process of rebounding at the
surface, rebound at the bottom occurred frequently as abrupt warming, exhibiting
solitary pulses.

Offshore upwelling events marked with asterisks y Figure 2A-9 were not
observed in local wind records at San Onofre, nor in the tempersture data,
indicating that the offshore upwelling indices are not always directly applicable
to the San Onofre area.

4Temperature fluctuations with periods around 30 days were well corre'ated
with upwelling cycles of .imilar periodicity, especially in the month of July.
The temperature response also appeared to exhibit a lag of several to about
15 days behind the upwelling cycle in June and August 1980 (Figure 2A-9).
The temperature response to upwelling excitation exhibited dependence on the
upwelling cycle frequency. The tempera'ure drop was usually around 4*C when
responding to short duration, local upwelling pulus, but as much as 7'C when
responding to a long (30-day) regional upwelling cycle.

Spatial Trends

Continuous temperature records at the surf ace of Stations C2S and F2S
revealed a small on-offshore statial trend which varied with time of year.
During January and February, there was no difference in the monthly means of
surface temperature at these two stations. Monthly mean surface temperatures at
the inshore station (C2S) in March, April, and May were slightly wa,mer (0.2 to
0.3*C) than at the offshore continuous temperature station (F2S). During the
remainder of the year, monthly mean surface temperature at the offshore station
was from 0.2 to 0.7*C warmer than the inshore stations. This spatial on-offshore
trend in surface temperature is apparently a normal seasonal pattern at San
Onofre, as a similar pattern was observed in 1979 monthly mean surface tempera-
ture records (SCE 1980). This seasonal pattern was also observed in results of
bimonthly measurements.

Alongshore spatial trends were observed during individual bimonthly surveys.
During some surveys, surface temperatures in the downcoast area were from 0.5 to
1.0*C warmer than those in the San Mateo Point area, while in other surveys this
pattern was reversed. No consistent alongshore temperature gradient was apparent
with time.

Spatial Variations >

The complicated circulation patterns create large spatial fluctuations in
surface temperature throughout southern California. To a continuous temperature
sampling location such as used at San Onofre, these large spatial variations
cause changes in temperature with time as nearshore circulation transports
different water masses past the sampling locations.

The complicated pattern of surface temperature distribution is illustrated
in a series of infrared satellite imagery shown on Figures 2A-10 through 2A-12.
These computer-enhanced images of surface temperature distributions during 14-16
Apr.il 1980 were obtained from the TIROS-N/NOAA Satellite. These figures also
illustrate how much the complex pattern changes in a day. The lighter areas
represent cold water and darker areas represent wamer waters.

Several of the longer period fluctuations observed in temperature at San
Onofre are also apparent in nther temperature records in the southern California

_ - _ _ _ _ _ _ _ _ _ _ _ ____
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Figure 2A-10. Computer enhanced satellite infrared imagery of surface temperature
offshore of southsrn California, April 14,1980.

area is shown on Figure 2A-13. Daily temperature observations were obtained at
0800 hrs at several piers throughout southern California. A comparison of these
temperature records from La Jolla, San Clemente, Balboa, and Zuma Beach Piers
shows that several of the longer period temperature variations (variations over
two weeks in duration) are similar, and that some of tne shorter duration temper-

I ature variations recorded at San Clemente Pier (the closest location to San
| Onof re, 8 km upcoa .t), appear quite similar to the tamperatures recorded at San

Onofre. The similarity of temperature records decreased with increasing separa-
,

| tion. La Jolla Pier is located approximately 62 km downcoast from San Onofre, and
|

Balboa and Zuma Reach Piers are located approximately 40 and 135 km upcoast of
San Onofre, respectively.'

According to the bimonthly temperature date i a shore-perpendicular section
along Line 25 in 1979 and 1980 (Figure 2A-7), maximum temperature difference
between the v armest surface temperature and the coldest bottom temperature varied
with season from 1 C in January 1979 to 8'C in July 1980. Maximum temperature
dif ference between surf ace and bottom waters was associated with the development
of a thermocline which effectively separated surface waters warmed by insolation
from bottom waters cooled by upwelling.

|
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Figure 2A-11. Compute enhanced satelhte infrared imagery of surf ace temperature
offshore of southern Cahfornia. April 15,1980.

1
i Compared with the pronounced spatial variation in the vertical, variations

ia the horizontal direction were much less. Between the shore-most station ( A25)
and the offshore-most s ta ti on (M25), the tempe ra ture difference at the sea
surface generally r nained less than 1*L in 1979 and 1980. Di f fe rence at the
bottom was somewhat larger, averaging 3.4*C in 1980 and 4.2 C in 19/9.

At preoperational sampling stations for Units 2 and 3, tha difference
between survey maximum and minimum natural su f ace temperatures varied from 0.8

i to 2.2*C during the four 1980 surveys. This was a significant spatial variation
| in natural temperature since the circulating seawater systems for Units 2 and 3
| are designed with multiport diffusers to avoid increasing surf ace temperatures

more than 2.2 C (4*F) at any locction more than 300 m (1000 ft) away from the
discharge. Therefore, the operation of Units 2 and 3 will not affect the surface
temperature more than the natural spatial variation observed during sume r
months.

INFLUENCE OF UNIT 1 ON TEMPT RATURE
-

Natural conditions which affect the size of the thermal field include
natural temperature stratificatio!), currents, rate of mixing in receiving waters,
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Figur. - 12. Computar enhanced satellite infrared imagery of surf ace temperature
offshore of southern California, April 16,1980.

tide height, and winds (IAEA 1974). Variation in natural temperature stratifi-
cation had the most significant effect on the surface area of the 1 and 4*F
elevated temperature fields ( SCE 1980). Aerial extent of the thermal field was
typically less during periods of natural temperature stratification with depth.

Winds, currents, and rate of heat dissipation also significantly affected
the surf ace area of the 1*F elevated temperatu. e field. The extent and area of
the field was generally small during periods of higher velocity currents and high
atmospheric heat dissipation.

Areas of Influence

The area of thermal influence of Unit 1 for 1976 through 1980 is illustrated
by the composite of areal extents of the 1*F and 4*F elevated temperature fields
shown on Figures 2A-14 and 2A-15. The surf ace area enclosed by the 1*F elevated
temperature field ranged from less than 1 acre to 1800 acres, and averaged 604
acres for the fi ve-yea r period. The surf ace area enclosed by the 4*F elevated
temperature field ranged from less than 1 acre to 230 acr es, averaging 16 acres.
The 4*F elevated ten.perature field was observed to be less than 1 acre 40L of the
time. The elevated temperature field extended horizontally farther alongshore

_ _ _ _ _ _ _ _ _ _ _ _ _ _. __ . _ _ _ _ _ _ _ _ _ _ _ __ . _ _ ____. ____ . _ _ _
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than offshore. The average extent of the l'F field was 1344 m upcoast,1088 m
downcoast, 618 m offshore, and 649 m inshore of the discharge for the past five
years. The average extent of the 4*F field was 123 m upcoast, 90 m downcoast,102
m offshore, and 90 m onshore.

I

! The area of thermal influence from Unit 1 is shown by the maximum observed
limits of the horizontal extent of the l'F and 4*F elevated temperature fields'

for 1976 through 1980 (Figures 2A-14 and 2A-15). The maximum observed limit
encloses all of the observed contcurs for that particular elevated temperature.

|
The 75% limit represents the maximum observed limit by 75% of the thermal fields.
This does not mean, however, that 75% of the fields were as large as the 75%
limit; which would be quite small in extent. Similarly, the 50% and 25% limits
represent the maximum extent enclosed by 50% and 25% of the thermal fields.

| The average surfact area of the l' and 4*F elevated temperature fields for
| January and March 1980 (455 and 13 acres, respecti"ely) were smaller than the
' average area for January and March of the four previous years (838 and 48 acres).

Since Unit I was only operational during the first two surveys of 1980, further
comparative analyses of 1980 data to historical data could not be conducted.

!

- _ _ _ _ _ - _ ~
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The vertical extent of the surface thermal field from Unit 1 for 1980 was
similar to historical results of surveys offshore of the generating station.

. The average depth of the 1*F thermal field for 1976 through 1980 was limited to
I approximately 4 m (13.1 ft) at stations within 150 m (500 ft) of the discharge

and to approxmately 3 m (10 ft) at stations within 300 m (1000 ft) of the dis-
charge. The warm water lens does not come in contact with the bottom except at
shallow nearshore stations.

Recirculation

One of the most comon parameters used in evaluating 4 thermal discharge is
the increase in temperature of the seawater as it circulates through the heat
exchanger of the cooling water system. This in-plant delta-t represents the
amount of waste heat discharged to the ocean. Unit I cooling water system is
designed to produce an in-plant delta-t of appr)ximately 12*C. Therefore, the
discharge temperature is theoretically 12*C warmer than the receiving water
temperature. However, due to the proximity of the intake and discharge structures
for Unit 1 (150 m separation), a portion of previously dischargea water can, at
times, be recirculated through the cooling water system when the intake withdraws
previously discharged warm water. This can result in a discharge temperature
which is warmer than the ambient temperature of receiving waters by more than the
in-plant delta-t would indf cate. Therefore, intake and discharge temperatures
were compared to an ambient teinperature to estimate the periods and amounts of
recirculation of previously discharged warm waters and to determine the actual
increase in temperature experience by the environment.

During periods of normal plant operation (1976 to 1980), intake temperatures
exceeded surface ambient temperatures by 1*C or more, 24% of the time. For intake,

! temperature to be 1.0*C warmer than ambient, 8% of the previously discharged
waters must be recirculated through the cooling water system. Yet, an absolute
determination of this type cannot be made since natural temperature varies 0.5 to

i 1.0*C spatially, as previously discussed.

In-plant intake temperatures were generally cooler than surface ambient
temperatures during the warmer months, when natural water column stratification
was present, and generally warmer during cooler months when stratification was
reduced or absent. From May through September, the surface waters were naturally,

warmer than mid-depth waters at the depth of the intake. This natural temperature
stratification tended to mask any differences between ambient and intake temper-
ature which would have reflected recirculation conditions. Also, this natural
stratification of temperature with depth from May to September would limit
exchange between waters above and below the themocline. Therefore, little
recirculation of previously dist.harged, warmed surface waters to mid-depth waters
withdrawn by the intake is expected during this period.

The differences between discharge and surface ambient temperatures were
greate. than the in-plant delta-t by as much as 1.4*C for short periods during
late fall and winter months. These data suggest partial recirculation of heated
water back into the intake during these periods. From measurements during winter
months, it was estimated that approximately 5 to 10% of previously discharged
waters were recirculated through the generating station.

This concludes the overall discussion. Detailed 1980 methods and results are
presented in sections that follow.

- - -. . _ _ _ .
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APPROACH

The fundamental purpose of temperature studies at San Onofre was to de' _r-
mine the thermal impact of the generating station cooling water systems on the
marine environment. In order to determine this thermal Impact, the changes in
water temperature were evaluated in light of natural temperature conditions.

An integrated study approach to sampling was used to fulfill the objectives
and the overall purpose of the study. This integrated study approach consisted
of intensive field measurements every two months to determine both natural
and plant induced spatial variations in temperature, continuous temperature
monitoring at a few locations to determine temporal variations in temperature,
and discrete temperature measurements in conjunction with biological sampling.

A detailed picture of temperature conditions throughout the study area
was obtained from bimonthly survey measurements including vertical temperature
profile, aerial infrared radiometer, and shoreline temperature measurements.

Surface, mid-depth, and bottom temperature was continuously measured at
three stations to determine temporal variations in temperatare due to natural
conditions and to the operation of Unit 1. Surface, mid-depth, and bottom
temperature was continuously measured at one location (Station C2S) 610 m (2000
ft) downcoast of Unit 1 discharge (Station X0) to document natural and plant
induced changes in temperature with time. A Unit 1 control station (Station
C22S), located beyond the influence of Ur.it 1, dccumented natural temporal
fluctuations of temperature. In the vicinity of Units 2 and 3 diffusers (Station
F2S), continuous temperature measurements documented natural variations in
temperature conditions prior to operation of Units 2 and 3. Continuous temper-
ature measurements at hard bottom benthic stations for PMP began in August
1979 and documented temperature conditions experienced by the benthic comunity.

I

Inplant intake and discharge temperature data were continuously recordcd by
SCE within the upper 3 ft of the intake and discharge conduits. Intake and
discharge temperature data were compared to ambient downcoast temperature (C22S,
surface) to estimate the extent to which previously discharged water is recir-
culated back into the intake of the circulating water system and determine the
increase in discharge temperature as a result of recirculation.

DATA SOURCES _

In addith a to information collected during SCE studies, other data sources
were utilized in the study of temperature at San Onofre. Other data sources used
included: 1) published historical data summacies pertaining to oceanographic
conditions in southerr Celifornia; 2) meteorological sumaries for California;
3) meteorological records at San Onofre; 4) daily surface temperatures from
locations throughout the southern CaF fornia area; 5) calculated upwelling
indices; and 6) infrared satellite imagery.

There is a vast amount of oceanographic data from the southern California
area available in the literature. Summaries of historical oceanographic data by
the Southern California Coastal Water Research Project (SCCWRP 1973) and the
State Water Pollution Control Board (SWPCB 1959) were used to characterize
oceanographic and temperature conditions throughout the southern California
area. Meteorological summaries from the N7tional Weather Service provided
information on wind speed and direction, air temperature, cloud cover, rainfall,
barometric pressure, relative humidity, and other meteorological conditions
(NOAA 1980). These teteorological summaries supplement continuous air temperature
and wind measurements collected at the generating station. Daily sea surface
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| temperatures from four locations thrc aghout the southern California area were
obtained from Scripps Institute of Oc eanography (IMR 1980). Upwelling indices
were obtained from the National Oceani: and Atmospheric Administration / National
Marine Fisheries Service (Bakun 1980), and are based on differences in atmos-
pheric pressure measured throughout the northeast Pacific Ocean. Infrared
satellite imagery of sea surface temperature throughout the southern California
area werc obtained from the Jet Propulsion Labr 'atory.

METHODS

This section presents a synopsis of the methods used in the investigation cf
temperature conditions. There were six basic types of temperature measurements
for this portion of the study including: 1) vertical temperature profiles;
2) continuous temperature monitoring; 3) aerial infrared radiometer measure-
ments; 4) shoreline temperature measurements; 5) continuous bottom temperature
measurements; and 6) continuous inplant intake and discharge temperatures.
A detailed description of methods is presented in the Brown and Caldwell Pro-
cedures Manual for Environmental Surveillance at San Onofre (BC 1978). The
methods and equipment utilized for temperature measurements in conjunction with
biological sampling are presented in the appropriate biological sections.

TEMPERATURE PROFILES

Vertical profile measurements were used to document the natural spatial
trends and variability of temperature for Units 2 and 3 and to document vertical
extent of the thermal field for Unit 1. Vertical profiles of temperature were
measured at 51 Unit 1 operational sampling stations and at 23 additional pre-
operational monito*ing stations for Units 2 and 3 (Figures 2A-1 and 2A-2)
during field surveys of 8 January,13 March,14 May, and 9 July 1900. The PMP
program was terminated in September 1980, after two years duration. Since Unit I
was of fline and the PMP was terminated, temperature profiles during the 10
September and 5 November 1980 surveys were obtained only at the 34 required
stations of the ETS program.

CONT!!iUGUS TEMPERATURE MONITORING

Continuous temperature measurements wera used to determine temporal trends
and variations in temperature prior to operation of Units 2 and 3 and to deter-
mine the tnermal effect of Unit 1 in light of the natural variability of temper-
ature. Continuous temperature measurements were also utilized as an indicator
parameter of ocer.nographic and meteorological phenomena such as upwelling,
storms, major current regimes, local eddies, etc.

Continuous temperature data were recorded hourly 7t three depths at Stations
C2S and C225, as outlined in ETS Section 3.1.1.a.(5). Station C25 was located in
Surveillance Zone OA, 610 m (2000 feet) downcoast of the Unit i discharge in 9 m
(30 feet) of water and Station C22S was located in Zone 6, 6710 m (22,000 feet)
downcoast of the Unit 1 discharge in 9 m (30 feet) of water. Continuous temper-
ature data was also recorded hourly at four depths at Station F2S as part of the
PMP for Units 2 and 3. Station F2S is located in Surveillance Zone OB, 610 m

; (2000 feet) downcoast and 915 m (3000 feet) offshore of Unit 1 discharge in 14 m
(45 feet) of water. These stations provided continuous temperature readings for
documentation of daily variation for near surface, mid-depth, and near bottom
waters in the vicinity of the existing Unit 1 discharge (C2S) and at a location
outside the influence of the existing thermal discharge (C225), and provide
baseline data in the vicinity of Units 2 and 3 discharges (F2S) prior to oper-
ation of those units.
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AERIAL INFRARED MEASUREMENTS

Infrared raritometer measurements, taken from an aircraft, were used to map
surface extent of the thermal field from Unit 1 and natural spatial variability
of temperature in the area of Units 2 and 3 diffusers. Aerial infrared mapping
surveys were conducted during the first four and the sixth bimonthly surveys in
conjunction with the temperature profiling surveys. During each of the infrared
radiometer surveys, up to three surface temperatbre mapping flights were
conducted during different tidal phases.

SHORELINE TEMPERATURE MEASUREMENTS

Shoreline temperatures were measured during bimonthly surveys in order to
determine the shoreward extent of the thermal plume from Unit 1. Measurements
were taken at five shoreline stations as outlined in ETS Section 3.1.1.a.(5),
plus an additional six stations (Figure 2A-2) in order to aid in determining
whether or not the elevated temperature field of Unit I came in contact with
the shoreline.

CONTINUOUS BOTTOM TEMPERATURE MEASUREMENTS

In August 1979, benthic sensing packages were deployed at five PMP benthic
cobble stations shown in Chapter SB. These benthic sensing packages were used
to continuously sample physical parameters important to the benthic consnunity
including temperature, ambient light intensity in the photosynthetic range, and
rate of sedimentation. The benthic packages were deployed until early October
1980.

RECIRCULATION ANALYSIS

Due to the proximity of the intake and discharge structures of the seawater
cooling system for Unit 1 (150 m: 500 ft separation), a portion of previously
discharged warmed water could he, at times, circulated through the station's
cooling water system. This woulu result in an increased discharge temperature.
Therefore, intake and discharge temperature were compared to an ocean ambient
temperature to determine the frequency and intensity of increased discharge
temperature due to recirculation.

RESULTS AND ANALYSES

This section presents an analysis of 1980 results in order to fulfill the
objectives of temperature studies at San Onofre.

The natural daily mean surface temperature recorded at Station F2S in
the vicinity of Units 2 and 3 diffusers is shown in Figure 2A-16. This record
exhibits a large range of temperature during 1980. For the first five months,
temperatures were generally between 15 and 17*C. From June through the middle of
August, temperature increased to approximately 24*C and then decreased to approx-
imately 19 to 20*C during September and the first half of October. Temperature
decreased to between 15 and 16*C in December.

With these seasonai trends, short period warming and cooling trends were
observed. Several of these short period trends resulted in large changes in
temperature, as much as 4 to 5'C.

Relatively strong west-northwest winds of the upwelling type (10-20 mph),
which were associated with storms on 1-2 April, 23-24 May, and 14-17 October

,
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Figure 2A 16. Daily mean natural surface temperature at San Onofre.

1980, resulted in rapid decreases in surface temperatures. Average daily surface
temperature decreased from 16.1*C on 31 March to 13.4*C on 2 April. Surface
temperature remained below 14*C from 3-5 April and then returned to 15'C by 7
April. After a storm on 20-22 April, clearing winds of 10 to 20 mph from the
west on 23-24 April also resulted in upwelling, which decreased average daily
temperatures from 16.9'C on 23 April to 13.3*C on 25 April. By 29 April, thermal
stratification was established and surface temperature had increased to 16.2*C.
On 14-15 October 1980, winds with speeds of 10 to 20 mph from the west resulted
in upwelling which reduced average surface temperature from 19.2*C on 14 October
to 17.7"C on 15 October.

During summer months, when thermal stratif.eation is grsatest, west and
northwest winds greatly affected the surface temperature. These winds were
usually less intense than those associated with winter storms (10-15 mph) and
occurred during strong afternoon sea breeze or were associated with larger
atmospheric pressure systems. On 9-10 July, afternoon winds from the west-
northwest (300*T) persisted for approximately five hours at speeds of 10 to
15 mph, and resulted in upwelling which reduced average daily surface temper-
atures from 20.3*C on 8 July to 16.1*C on 11 July 1980. Siinilar afternoon
winds on 15 July resulted in surface temperature decreasing 17.6*C to 15.6*C.
Strong winds (15-20 mph) on 20 August reduced daily average surface temperature
from 23.6*C on 19 August to 19.7'C on 21 August. On 24 August, 8 to 11 mph
winds for a period of 10 hours further reduced surface temperature to 17.4*C. On
26 Seotember, 10-15 mph winds from the west-northwest for six hours reduced
surface temperatures 18.7 to 17.1*C.

With the exception of the annual warming and cooling cycle, which resulted
in 8*C change in natural temperature over the year, wind and storm assnciated
upwelling resulted in the largest fluctuations of daily mean natural temperature.
Surface temperatures were rapidly reduced by 2 to 4*C by upwelling during a
1 to 2 day episode of relatively strong winds and it generally took surface
temperature from 3 to 4 days to warm back up to values prior to the occurrence of
upwelling.
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The magnitude and duration of temperature fluctuations exhibited a large
range of variability. These temperature fluctuations are illustrated on Figure
2A-17 which presents results of digital filtering of actual hourly surface
temperature measurements at Station F25 into three frequency bands. The top graph
in tha figure presents filter cyclic fluctuations of periods of greater than 60
days a.td therefore represents the annual temperature cycle at San Onofre during
1980. The second graph on Figure 2A-17 presents the filtered band of cyclic
fluctuations of periods of less than eight days. Some relatively large daily
temperature fluctuations are illustrated in these records. These short duration
temperature fluctuations were generally smallest (0.5 to 1.5'C) during winter
months, (January, February, November, and December) and increased in magnitude
to between 2 and 5'C during summer months. Previous analysis of current and
temperature data have shown that daily temperature fluctuations are well corre-
lated with tidal currents (BC 1979 and SCE 1980). During the srmer, other
temperature fluctuations with periods of 5 to 14 days, resulted in 2 to 4*C
temperature variations.

Results of digital filter of continuous temperature records from the
bottom sensor at Station F2S are shown in Figure 2A-18. Bottom temperature at
Station F25 followed a significantly different seasonal pattern from surface
temperature. Bottom water temperature cooled approximately 1.7'C during the
spring when a shallow thermocline was established and intensified. The seasonal
pattern shows that bottom water temperature was coolest in July and then warmed
to its seasonal peak during the middle of October. The shorter period fluctu-
ations in bottom water temperature (periodicities of less than 8 days) werc
generally much less than those observed in surface waters. Daily variations in
bottom water temperature were significantly less than surface waters. During
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Figure 2A 17 Continuous temperature data filtered into frequency bands for Station
F2S, surface,1980.
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winter and spring months, bottom water temperature had only small daily tempera-
ture fluctuations of generally less than 1*C. In August, several discrete periods
of relatively large daily fluctuations in bottom temperatures were observed,
which resulted in temperature deviations of from 2 to 8'C.

SPATIAL TRENDS AND VARIATIONS

Continuous temperature records at the surface of Station C2S and F2S reveal
a small on-offshore spatial trend which varies with time of the year. During
January and February, there was no difference in the monthly means of surface

temperature at these two stations. During March, April, and May, monthly (meansurface temperatures at the instore station (C25) were slightly warmer 0.2-
0.3*C) than at the offshore continuous temperature station (F2S). During the
remainder of the year, monthly mean surface temperature at the offshore station
was from 0.2 to 0.7'C warmer than the inshore stations.

There were also trends in the vertical stratification of temperature
with time. The stratification of temperature with depth followed the normal
seasonal pattern. The difference between monthly mean surface and bottom temper-
ature from the two continuous temperature stations in 9 m of water increased
from approximately 0.5'C in January to 4.0*C in July and then decreased to no
difference in December. A similar pattern was observed at the continuous temper-
ature station in 14 m of water except the largest monthly average stratification
occurred cne month later in August and was 6.9'C.

Vertical temperature profiles during bimonthly surveys were used to
document spatial trends and variability in the San Onofre area. Some spatial
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trends were observed in the on-offshore direction and alongshore. No on-offshore
trends were observed during the January and November surveys. Offshore waters*

were approximately 1.0*C and 0.2*C cooler than inshore waters during the March
and May surveys, respectively. During the July and September surveys, offshore
surface waters were approximately 1.0*C and 0.5*C warmer than nearshore waters,
respectively. During the March, May, and July surveys surface temperature in the
downcoast area were from 0.5 to 1.0*C wanner than those in the San Mateo Point
area. During the September and November surveys, this pattern reversed with
surface temperatures near San Mateo Point approximately 0.5*C warmer than
downcoast stations. These spatial trends and variations were affected to some
extent by the time required to obtain profile meas"rements at all sampling
stations, generally 4 to 5 hours. Nevertheless, M silar patterns to those
observed in results of profile measurements were obse ved in the results of
infrared radiometer flights which required less than an hour for mapping surface
temperature characteristics in the area.

H0RIZONTAL EXTENT OF THERMAL FIELD FROM UNIT 1

Aerial infrared mapping was used to determine the extent of the thermal
plume from Unit 1. A composite of the location of the l'F (0.6*C) and 4*F
(2.2*C) elevaten temperatures during infrared radiometer flights of 1980 are
shown on Figures 2A-19 and 2A-20, respectively. The areas of the 1 and 4*F
elevated temperature fields were determined for comparison to previous years.
Unit I was operational during only two surveys of 1980. Characteristics of
1 and 4*F elevated temperature fields, plant operating characteristics, and
meteorological conditions during each of the infrared flights are presented in
Table 2A-2.

The average area of the l'F elevated temperature field was 455 acres with a
range of 160 to 780 acres. Upcoast and downcoast extent of the thermal field
averaged approximately 900 m (3,000 ft) away from the point of discharge, and
offshore extent averaged approximately 800 m (2,600 ft). During periods of plant
operation, the l'F elevated temperature field came in contact with the shoreline
during each of the infrared flights of 1480.

The average area of the 4*F elevated temperature field was approximately
13 acres and ranged from not being observed during two IR flights to 31 acres in
extent. The horizontal extent of the 4*F elevated temperature. field away from
the point of discharge averaged approximately 100 m (330 ft) in all directions.
The 4*F elevated field did not come in contact with the shoreline.

The l'F elevated temperature fields were generally centered around the
discharge during 1980 and did not extend upcoast to the San Mateo kelp beds nor
offshore to the San Onofre kelp beds as shown on Figure 2A-19.

The 4*F elevated temperature field was non-existent or was confined to the
immediate area of the discharge as shown on Figure 2A-20.

VERTICAL EXTENT OF THERMAL FIELD FROM UNIT 1

The vertical extent of the l'F elevated field was limited to a depth of 3 to
4 m (10 to 13 ft) in the vicinity of the discharge and became shallower with
distance from the discharge. Since the wanned water in the discharged water is
buoyant compared to the surrounding waters, the thermal field appears as a
warm-water lens ininersed in the receiving waters. This warm water lens has its
greatest thickness at the point of discharge and becomes thinner with distance
from the discharge due tL buoyant spreading in the horizontal direction.

l
i
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Taue 2A 2. Characteristics of the 1*F and 4'F elevated ternperature fields for Unit 1
during 1980.

Natural
Wind Wind Ai r Surface

Heloht Speet. Direc tion Temperature Plant Load Temperature
Date Time (ft) (kn) (*T) (*F ) MW AT(*F) (*F)

Jan 8 0822-0901 3.0 4.3 145 58.7 447 22.5 59.0+0.5
1100-1132 4.0 6.3 175 60.1 446 22.5 60.170.2
1420-1451 3.4 7.2 150 59.5 447 22.5 59.7_T0.5

Mar 13 0900-0945 3.2 5.4 270 60.4 455 21.5 63.0+0.4
1256-1342 -0.8 7.0 015 64.2 453 21.4 63.5_TO.4

Thermal Field Thermal Field Horizontal Extent (m)b
Areaa (acres) 4*F l'F

Date 4*F l'F UC DC 15 05 UC DC ISC Os

Jan 8 16 780 230 150 30 150 1220 1310 750 1440
d 570 - - - - 820 1390 750 1250

31 515 20 245 200 400 1100 980 750 700

Mar 13 18 160 200 150 240 20 670 240 750 220
d 250 - - - - 790 490 750 370

KEY: UC=Upcoast DC=Downcoast IS= Inshore OS=0ffshore

a Surface area encloseo by the 4*F and 1*F elevated temperature field,
b Extent along the sea surface of the 4*F and l'F temperature contours as

measured from the point of discharge (XO).
c Thermal field came in contact with shoreline.
d No field observed.

RECIRCULATION

The comparison plots of the recirculation analysis presented in Volume I,
1980 (SCE 1981a) show that intake temperature was warmer than ocean ambient
temperature during the entire month of January and most of February and March.
Intake temperatures during January were generally 1*C warmer than ambient temper-
atures and in February and March were between 1 and 2*C warmer than the ambient
temperature. By April, enough thermal stratification was present to cause the
difference between intake and ambient temperatures to fluctuate about zero, and
have a slightly negative monthly mean (ambient surface temperature warmer than
intake temperature). The plant went off line on 9 April 1981 and discharge
temperature was similar to intake temperature during the rest of the year, with
the exception of periods when Unit 1 testing was conducted.
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Figure 2A 20. Composite 4*F elevated temperature fields from aerial infrared
measurements during 1980.
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CHAPliR 2B

TURBIDITY

INTRODUCTION

Turbidity was extensively measured throughout the San Onofre area during
1980 primarily to complete the two-year baseline study for Units 2 and 3.
This preoperational data base can subsequently be compared to results of studies
conducted during Units 2 and 3 operation in order to determine the effect of the
circulating seawater systems for Units 2 and 3 on water clarity, and to eval ste
the impact of that effect with respect to natural background conditions.

Turbidity measurements were also obtained and utilized in the continuing
study of operational effects of Unit 1. Unit I was not in operation from 9 April
1980 through the end of the year. Circulating seawater pumps for Unit I were
operated periodically when Unit I was offline. Unit 2 s circulating water
system was testea at low flow rates periodically during 1980 (See Chapter 1 for
circulating flow data).

The turbidity studies met all objectives and requirements of the Environ-
mental Technic.1 Sp(e::ifications (ETS) program for Unit 1 and the PreoperationalMonitoring Program PMP) for Units 2 and 3 established by the Nuclear Regulatory
Commission (NRC), as well as the monitoring required by the National Pollutant
Discharge E;imination System (NPDES) permit issued by the California Regional
Water Quality Control Board, San Diego Region (CRWQCB, SDR).

This chapt ( r presents: 1) a pertinent summary of data collected by SCE
studies in 1980; 2) an analysis of data to meet objectives; and 3) a description
of turbidity, its interaction with generating station activities, and a perspec-
tive of turbidity in the study area and the southern California area.

Previous volumes of this year's annual report have presented all basic
data obtained in SCE studies. Volume I presents a summary of data required by
regulatory agencies, and was submitted to the appropriate agencies on 31 March
1981 (SCE 1981a). Volume II contains all data collected for SCE programs during
1980, including the basic regulatory required data and additional supplemental
data obtained in order to fulfill objectives of the study (SCE 1981b).

BACKGROUND

In order to put 1980 studies in perspective, the following sectici presents
background information on turbidity data collected at San Onofre curing the
previous 17 years. A brief history of turbidity studies conducted ct San Onofre
is presented in Table 2B-1.

.

HISTORICAL STUDIES

Turbidity studies relating to the generating station have been conducted in
the San Onofre area since mid-1963, approximately five and a half years prior to
operation of Unit 1. Preoperational turbidity studies for Unit 1 began in 1963.
Regular bimonthly oceanographic field surveys were initiated in 1964, and
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Table 28-1. Time history of turbidity measurements at San Onofre.

Type of tate Esca16 t y/ tepths

f ateidity Studsee Col lect ed Dat e s Ir+st rontation l'requency 5t4 A Emmpled

major Programs

hasne Environmental
kni tor tog

Unit 1 Li sht t renema ttance/ 196 9- 196a Tr ansma ssumet e r , D amont h ly 12 surf ace to botton

Prevyerat 6onal Jetth 3 rofiles depth g. rube

secchi disc 1963-l % 8 secchi disc S tmonth ly 32 n/A

measurements

Un a t 1 Light te enemittance/ 1 % 8-1975 Traner t ssometer , biennthly 12 surf ace to bottom
Ogee st iona l depth profiles del 4h Probe

5ecchi disc 1965-1915 Secchi disc Blacathly 32 M/A

measur ement s

Env it onmen tal
Technical
Eget af acattur.s

Unit ! Light transmittance / 1975-19 4 Tr anmaa ssume tes- S amunt hly 34 Sur f ace to bottom
depth profiles

1976-19so Transmisscooter e noonth l y 51 surf ace to bottom

secchi dine 1975-19 % Secchi dasc Biskethly 34 N/A

measurement s

1974.-1940 secchi dase Bimont hly 51 N/A

Aerial photogresdiy 1975-1977 35 no f R color Quarterly %At 1 area surfacw waters

coer a

197?-1980 35 ase s1Je color Bisonthly Unit 1 area surf ace waters

camera

Freoperational
Monitoring Primyram

Units 2 and 3 Light transmittance / 1978-1980 Tr ansmis sameter ti. monthly 23 Sur f ace to bot t om

dog th profiles

continuous light 1979-1980 LIC05 PAR light Cont inuous, 5 PMy hard 1 meter from ocean
intensity senant , benthic hourly botte benthic bot tum

measurements sensing package st at ions

Spec t udies

Unit 1 Suspended solide 1978-1990 Submersible puse, Simonthly 29 stations Sur f ate, 4 meters

Ogerational analysed for
sospended and
set tleable
f ract ions

imite 2 antt S Suspended soalde 1978-1980 Subsersable gnaap. Simonthly 14 stations surface. 4 meters
Preagerational analysed for

sussensted and
set t leable
f ractions

Units 2 and 1 Light taansmittance/ 1980 Transmiseameter 22 weekly 20 stations surfare to bott4.s

Prooperational depth prot'iles surveys

Special Turbidity
study

Light attenuation / 19MO LIWR pas light 22 weekly 20 stations surf ace to bottom

depth profiles sensor, edsmarine surveys
photometer

Aesial photography 1980 Nigh reJonation 22 weekly San Onofre Surface waters
airborne camera surveys

Suspended solide 1980 submersible pump, 22 weekly 20 statione Surface to bottom
analysed for total serveys
and organic
f ractions

28 field surveys were c;nducted between May 1964 and December 1968e Light trans-
mittance profile measurements and Secchi disc observations at 32 sampling
stations were used to document preoperational turbidity conditions for Unit le
This program of bimonthly surveys, known as the Marine Environmental Monitoring
Program (MEM), required by CRWQCB, SDR, was continued af ter Unit 1 began full
operation in 1968 until 1975e

,
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Beginning in 1975, turbidity measurements were continued as a portion of the
ETS monitoring program. During bimonthly surveys, light transmittance profiles
and Secchi disc observations at 34 stations located in the twelva environmental
surveillance zones were used' to document spatial variability in turbidity
throughout the San Onofre study area. Many of the sampling stations used in
the ETS program were the same as those used in the previous MEM program. Aerial
color photographs were obtained quarterly and used to document visual surface
turbidity due to naturpl conditions, as well as to turbid plumes from Unit 1.

In 1976, the CRWQCB, SDR issued NPDES permits for Units 1, 2, and 3 which
included a turbidity monitoring program similar to the ETS program. Sampling
station locations were increased to 51 stations to better define turbidity
conditions in the vicinity of the generating station. Af ter March 1977, the
frequency of aerial color photographs was increased from quarterly to bimonthly.

Tt.rbidity measurements at 23 additional offshore profiling stations were
initiated in May 1978 as a portion of the PMP required by the NRC to determine
natural background conditions prior to operation of Units 2 and 3 and the effects
of construction of Units 2 and 3. The coverage of aerial photographs was extended
offshore to document surface turbidity ccnditions in the area of Units 2 and 3
diffusers. Beginning with the July 1978 bimonthly survey, water samples from the
surface and mid-depth (4 m) were collected at selected stations and analyzed for
the amount of suspended and settleable solids. The measurement also gave an
indication of the effects of construction of Units 2 and 3 on turbidity.

Beginning in August 1979, a program to collect continuous light intensity,
bottom temperature, and sedimentation data at the five offshore hard bottom PMP
benthic locations throughout the San Onofre area was initiated. These light
intensity measurements were used to ascertain effects of turbidity on light
intensity and growth in hard bottom benthic and telp consnunities.

Turbidity was also measured during biological sampling programs. For
example, vertical profiles of light transmittance were obtained during plankton
and fish surveys in order to obtain turbidity data for correlation with bio-
logical characteristics. Secchi disc depths and diver estimated underwater
visibility were recorded during quarterly sampling at benthic infauna stations.
Sediment settling tube data were also collected in conjunction with benthic
infaunal sampling at 18 stations during the past four years.

1980 STUDIES

During 1980, turbidity was measured by vertical profiles of light trans-
mittance, aerial color photography, Secchi disc observations, and ccntinuous near
bottom light intensity measuremeats. Bimonthly turbidity surveys conducted
in January, March, May, and July were for the ETS and PMP studies. During each
of these bimonthly field surveys, vertical profile measurements of light trans-
mittance and Secchi disc observations were taken at 74 sampling stations (Figures
2A-1 and 2A-2), and aerial photographs of turbidity were obtained.

In August 1980, bimonthly turbidity measurements for Units 2 and 3 PMP were
terminated after ccmpletion of the two-year data base. Construction activities
for the offshore portions of the circulating water systems of Units 2 and 3 were
completed in early 1980. The program of continuous temperature, light intensity,
and sedimentation measurements at the five hard bottom benthic stations was
discontinued in October 1980.

Studies of the operational effects of Unit I were continued in accordance
with ETS requirements during the Septeeiber and November surveys. This resulted

.- .
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in bimonthly measurements of light transmittance and Secchi di sc depths of
visibility at 34 stations, and quarterly aerial photographic flights. Suspended
solids sample collection was deleted after the Joly 1980 survey.

A special turbidits study was conducted from March to September 1980.
The study consisted of weekly field sampling at 20 stations in the vicinity'

of Units 2 and 3's discharge diffusers. Light transmi ttance, ambient light
intensity, and suspended solids concentrations were detemined for the entire
water column at each station. Field surveys coincided with aerial photographic
flights, as weather pemitted. This special study was conducted to document the
predischarge turbidity and light conditions in the Units 2 and 3 study area, and
to assess the amount and duration of decreased light intensity in the water
column near the Sen Onofre kelp bed.

Resul ts of previous studies have been extensively do:umented in annual
reports. Fomal requests to delete ETS requirements were submitted to the NRC in
October 1980 based 1pon the accomplishment of the objectives within the mandated
scope.

DISCUSSION

The operation of the circulating seawater system of Unit 1 affects the
distribaion of natural turbidity. Unit 1 does not create turbidity within the
cooling water system but rather redistributes mid-depth and bottom waters to
surface waters. Mid-depth and bottom waters in the inshore area of the Unit 1
intake are often more tt-hid than surface waters. When this condition exists,
turbid bottom water is distributed to the surface through the discharge plume.

,

The effect of the circulating seawater system for Units 2 and 3 on turbidity
is potentially greater than Unit 1 due to larger cooling water flows, the
displacement of usually more turbid mid-depth and bottom waters from nearshore to
offshore surface waters, and during >1ack current conditions, the potential
offshore flow induced by diffusers for Units 2 and 3.

Turbidity is important to biclogical communities as well as for aesthetic
reasons. Turbidity affects the amount of light available to plant and animal
con.munities and can therefore affect the productivity and diversity of marine
organisms. Turbidity has the greatest direct effect on kelp and other marine
pl ants by decreasing the amount .of light available for photosynthesis, but
can also affect other organisms through alterations to the food web.

Turbidity was extensively measured throughout the 70 km2 San Onofre study
area as part of the physical and biological raonitoring programs. The objectives

.
of turbidity studies were to: 1) establish preoperational baseline conditions

| before operation of Units 2 and 3; 2) docunent large spatial and temporal changes
' in turbidity throughout the study area; 3) detemine the horizontal and vertical

extent of the turbid plume fran Unit 1, when present, and 4) provide turbidity
data for the analysis and interpretation of biological findings.

SOURCES AND NATURAL PROCESSES AFFECTING TURBIDITYi

l

| There exist diverse sources of turbidity associated with natural physical
; procrsses which cornbine to impact background turbidity in the waters off San
! Onoi, e. Major sources of turbidity in the vicinity of the generating station
| include the surf zone, offshore subed, and terrestrial drainage. Major natural
- processes affecting turbidity in the San Onofre area include waves, local

currents, shoreline topography, offshore circulation patterns, and biological
ac tivity.

!
,

l

1

--



2B-5

Surf Zone

Waves and the associated nearshore circulation combine to affect the
distr'bution and intensity of turbidity in the surf zone. As energy in a breaking
wave is expended on the bottom, 1arge amounts of sediment are suspended in
the waters of the surf zone. Breaking waves generate longshore currents which
transport this intense turbidity parallel to shore inside of the surf zone.
Turbidity from the surf zone is eventually entrained into rip currents which
transport this turbidity offshore. The turbidity in these rip currents coalesces
into a single large turbidity mass outside the surf zone, which then diffuses and
expands with diminished speed to about 1 km offshore. This turbid mass is also
partly fed by resuspension of sediment from the local seabed by wave orbital
mo tion.

The protruding shoreline topography from 1.3 km upcoast to 1.1 km downcoast
of the generating station favors corrergence of waves which 'esults in increased
turbidity and str'onger and more numerous rip currents. Rese rip currents
frequently result in a large turbid zone offsMre of the bulo, which extends to
about 2 km of fshore. Table 28-2. Median diaeters of bottom sedimer.t

at benthic infauna stations,1979.

Offshore Sea Bed ,,,,,

oepth Feb May Aug Nov Annual
Sediment on the offshore seabed station (ft) 12-22 21 22 28-30 28-29 Mean

in the study area is composed of
very fine grain size sand. The ") |2 3 $ 3 68 h.N N,

median diameters of this sediment A3 50 3.99 3.86 3.87 3.98 3.93
recorded a+. benthic infauna stations 81 18 3.34 3.06 3.00 3.20 3.15
in 1979 are presented in Table 28-2. 82 30 3.57 3.54 3.63 3.90 3.66
The median was 3.60 phi (0.0825 mm) B3 50 4.24 4.09 4.13 4.05 4.13

for sediments from water depth ranging c1 20 3.43 3.41 3.19 2.85 3.22

from 4.5 to 15 m (15 to 50 f t). The $ $ 2j3 3j3 3j 3j4.4

sieve analysis of these materials
01 16 3.33 3.68 3.32 3.44 3.44

revealed extremely good sorting; oz 30 3.48 3.63 3.67 3.64 3.61
averaging about 0.60 in phi measure. 03 50 3.95 3.26 3.92 2.99 3.53

Undoubtedly, sediment exhibiting a El 15 3.48 3.44 3.35 3.60 3.47

median diameter this small would also E2 80 3.24 3.48 3.59 3.88 3.55
E3 50 2.80 3.21 3.43 3.44 3.22contain some non-negligible fractions
F1 16 3.33 3.26 3.28 3.37 3.11of silt * F2 27 3.49 3.75 3.65 3.57 3.62
F3 50 4.21 3.97 4.11 4.13 3.10

Because of its fine size, redi-
Phi P94ment in the offshore seabed is readily

resuspended by wave orbital motion as 2 0.250
well as by superimposed tidal and 3 0.125

4 0.0625wind-driven currents. The critical
water velocity required to resuspend Note: All values are in mean phi values over 3 to
thi s sediment from the seabed is 4 samples at each station

estimeted at about 20 cm/sec under a horizontal current (Vanoni, ed.1975), and

about 18 cm/sec under wave oroital motion (Horizawa and Watanabe 1967). These
velocities occur routinely in the study area (SCE 1980). The resepended sediment
is transported by existing currents, generally in an alongshore direction.

A quantitative measure of sediment suspension by wave action in the study
area was estimated. According to these estimations, bottom sediment in the off-
shore region of San Onofre is expected to remain in a state of resuspension about
40% of the time at a water depth of 6 m (20 ft), about 30% of the time at 9 m (30
ft), 20% of the time at 12 m (40 ft), and 10% of the time at 15 m (50 ft).

The sedimen'.ation chamber data obtained during the 1979 benthic infauna
surveys (SCE 1980) provides additional information on the resuspension of
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sediments. This data is sisnmarized in Table 28-3, presenting the amount of
settled solids in a 1 inch diameter tube maintained at an average height of 1 m
(3 f t) above the bottom and collected monthly at each of the 18 stations. This
data represents a time-integrated indicator of suspended sediment, which can be
approximated to equivalent average concentration of suspended se<11 ment using the
empirical relationship advanced by Horikawa (1978). The computed equivalent
concentration values are presented in Table 2B,4, along with a summary of
station-averaged sedimentation chamber data. The results show the occurrence
of significant levels of sediment suspension along the offshore slope bottom
waters out to a water depth of about 15 m (50 ft). The suspended sediment concen-
tration is higher (152.5 mg/ liter) along the shallowest Transect 1 (water depth
4.6 m: 15 ft), as compared with Transect 2 (56.5 mg/ liter, depth 9 m: 30 ft) and
Transect 3 (72.1 mg/ liter, depth 15 m: 50 f t). Suspended sediment concentrations
at 15 m of depth were higher than those at 9 m of depth. A maximum calculated
suspended sediment concentration was 700 mg/ liter, which corresponded to the
data for February 1978, along Transect 1.

Table 28 3. Weight of material krams dry weight) collected iri sedimentation
chambers (1" dia.) u benthic infauna stations during 1979.

STATION JAN FEB MAR APR MAY JUN JUL Puo SEP OC7 NOU DEC
-

A1 241.9 171.5 296.8 175.6 176.8 377.4 787.3 262.5 149.1 182.5 126.1 112.6

A2 122.0 69.6 69.2 75.5 78.4 88.5 94.6 99.9 44.7 58.1 66.6 77.7

A3 96.3 74.3 348.2 81.5 73.6 64.3 79.1 52.2 45.3 18.6 8.0 12.5

31 see 819.4 178.5 797.B 429.0 316.3 167.1 172.5 259.6 272.4 489.9 684.3

32 259.7 213.9 88.8 228.9 174.7 314.9 321.4 208.3 159.6 136.4 214.8 235.2

B3 128.6 182.1 65.1 85.3 111.4 63.9 58.3 68.3 79.9 2M.5 25.3 24.7

C1 ese 696.0 103.4 392.9 341.3 488.9 519.7 387.7 219.5 159.:t 361.5 491.7

C2 282.3 282.4 76.9 138.5 144.4 129.3 24.9 143.6 183.9 73.4 J8.1 Hl. 9

C3 179.4 159.8 184.3 115.1 *** 132.5 129.8 234.2 94.1 ese see 29.2

D1 234.8 384.5 236.3 427 6 216.7 255.0 189.5 429.3 287.5 559.5 392.7 578.1

D2 164.2 98.8 157.6 92.8 95.4 207.8 ese 347.8 tee.6 78.9 168.3 265.1

D3 162.8 136.7 52.3 19S.8 e** 93.5 97.1 103.7 101.2 56.4 91.9 59.3
i

E1 117.8 139.0 249.5 318.8 312.7 328.4 59.7 278.5 236.7 166.4 122.8 191.9

E2 163.1 65.7 266.3 94.1 296.3 73.8 96.8 91.7 84.4 59.6 98.4 68.7

E3 418.7 280.2 119.4 388.7 174.0 191.6 183.6 97.3 65.1 94.7 61.5 87.5

Fi 146.9 147.5 93.4 219.8 68.7 306.5 235.0 501.2 417.7 204.3 272.9 99.6

F2 135.3 112.6 118.0 143.6 111.7 168.8 102.4 236.8 136.4 78.6 133.8 91.9

r3 7s.e 55.s 115 9 57.9 76.5 44.e 61.6 424.s 77.1 41.8 43.4 5e.9

es Missing easa

Another important indication of the effect of the fine grain offshore
sediment on suspension is the observed range of sand level fluctuation. These
data, taken at the fixed stake stations during the 1979 benthic infauna surveys,
are stanmarized in Table 28-5. An average range of sand level fluctuation during
the entire record period was 31 cm (1 ft). A maximum range was 80 cm (2.6 ft),
recorded at Station C3 where the water depth was about 15 m (50 ft). The average
range was highest (42 cm: 1.4 f t) at stations in 9 m (30 f t) of water.

_ _ _ _ _
_ -
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Tahle 2s4. sedimentetion chember date for 1s79 and Terrestrial Drainage '

their corresponding suspended sediment
* * " * * " " * * ' ' " " -

Rainfall produces turbidity in
nearshore waters by introducing largestation a a e o- t r aver. ,.
amounts of terrestrial material in

an..i st. tion a r.p .e s.ai .t. tion cn r o.t. surface runoff. This runoff brings
l are., t quantities of fine grain sedi-

i res.: sos., .7 ros.7 rrs.: res.r
r is.4 rir.3 tir.: 16i.s tis.: iso.e iss.: ment into the San Onofre area. Major
2 n.s ss. 135.2 to4.s iri.e s3.4 tor.s sources of localized terrestrial4..r.,. iss.: rre.s rii.s ror.o 164.s 149.7 tis., gg g g gg g g gg

(*d '*1'at 5'8'''at Caac'at'* *'*" ia d'* kat 'da t'' Creeks, which are intermittent _ streams
0 0 0is0.4 r29.9 1 135.s s4.9 tr?.5 152.5

ro.: 66.3 ro.s ao.s si.e 39.s se.s near San Mateo Point. In addition to
a .'. Ni igj Uj Uj lyj lyj Ej these very local sources ,ihich produce

high levels of turbidity in the vici-
Table 2s-5. send level fluctuations measured from nity of the station, regional sources

fixed itates et benthic infoune steeions,197s. (Santa Ana River and San Juan Creek to
water the north, Santa Margarita and San
cepth Maximum Minimum oifference Luis Rey Creeks to the south) c n also

station (ft) (ca) (cm) (cm) increase the overall levels of turbi-
uity throughout the area. The amount"j |* [*5 Ik! s| of rainfall in southern Californian

A3 50 100 89.5 10.5 fluctuates Considerably from year to
B1 18 120 96 24 year, and it is not unusual for the
s2 30 90 73 17 yearly rainfall to vary by.a factor ofe3 50 105 85 20 three between any two given years. :c1 20 97 80 17 Precipitation during the rest of the
E$ $ !$ $ M year is essentially negligible.

N N IN $ $ As the flood season begins, the
D3 50 111.4 90 21.4 turbid discharge from the creeks
El 15 114 80 34 initially moves directly offshore from
E2 80 115 85 30 their outlets. As the coarse sedimentE3 50 115 100 .5 from the stream discharge accumulatesy j' }22j g off the outlet to form a bar, the3

F3 50 110 89.2 20.8 discharge is increasingly deflected in
the alongshore direction, emptying5"A" into the surf zone instead of directly

Station A B C D E F Average into the offshore zone. The tiirbid
discharge issuing from the river mouth

1 10 24 17 16 34 38 23 is then mostly transported laterally2 56 g 42 3g 3{ $ within the confines of the surf zone,
Average 26 20 57 26 26 30 31 extending into the offshore zone only

where rip currents occur. During the
flood seasen, between winter and spring, discharge from San Mateo and San Onofrethe dominant longshore current moves
southward. At this time, the turbid river
Creeks reaches the protruding shoreline at San Orufre, and is transported seaward
by well-developed rip currents at this location. Because the river discharge is
buoyant, the turbidity originating at the river mouths forms a surface layer and
spreads widely in the offshore zone.

Shoreline Topography

In the San Onofre area, unique geological and topographic conditions exist
which modify prevailing physical processes in such a manner as' to intensify
the natural turbidity level. These topographic features include a protruding
shoreline and the related offshore seabed in the vicinity of the generating
station, and the headland at San Mateo Point.

- . - . . .- -_ - - - . .
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The shoreline fronting the generating station extends about 200 m (650 ft)
beyond the adjacent shoreline over a distance of about 2 km of its frontage (from
1.3 km upcoast to 1.1 km downcoast). This protrusion is a natural formation, very
likely a remnant of the alluvial delta of the San Onofre and San Mateo Creek
systems. The protrusion is contiguous to a broad underwater relief extending
seaward to a water depth of about 9 m (30 ft) at a distance of about 1.5 km (0.9
mile) from the shoreline.

Innedtately off the protruding shoreline, the surf zone is very wide, and,

breaking waves are more frequent and intense there due to convergent wave refrac-
tion over the topographically reliefed underwatcr slope in front of it. This wave
convergence favors the occurrence of more numerous rip currents and higher
turbidity in the surf zone at this location. An inspection of aerial photographs
indicates that the turbidity being transported by the rip currents off San Onofre
extends as far as about 500 m (1640 ft) or more from the shoreline, whereas it is
only about half this length in areas away from the protrusion.

The convergent waves at the protruding shoreline also enhance the possi-
bility of sediment agitation on the seabcd due to intensi fiet orbital wave
motion. The turbidity in the water column from wave agitation generally remains
in the lower layer, usually within several feet above the seabed.

As the longshore rurrent from the adjacent shoreline arrives at the
protruding shoreline, toe current gains seaward momentum as it is deflected
offshore. Thus, not only locally generated turbidity, but also turbidity origi-
nating from the adjacent shoreline tends to be transported seaward off the
protrusion.

The headland of San Mateo Point, located about 3 km north of the generating
station, extends -bout 1000 m (3300 ft) bey 0nd the general trend cf the coast-
line. Its underwater projcction, believed to extend near the 30 f t isobath,
represents an additional seaward extension of approximately 1000 m. This topo-
graphy is substantial enough in size to present a major obstruction to coastal
currents operating in the broad nearshorg zone.

An important and recurrent phenomenon associated with the San Mateo Point
headland is the formation of a stationary eddy stretching south from this loca-
tion during the time of southerly flowing coastal currents. This eddy often
c eates a relatively stable turbid plume extending southward from the headland
for several kilometers alongshore. Turbidity supplied to this eddy from the
upcoast surf zone will be relatively slow to dissipate to the downdrift coast,r

| and may contribute to increased turbidity offshore of the generating station.

Offshore Circulation Patterns

Of fshore circulation patterns affect turbidity off San Onofre by introducing,

different water masses to the area. These water masses contain various levels oft

turbidity. Observed temporal variations of turbidity are partially due to these
water masses being transported to the study area. Typical offshore circulation
patterns for southern California are discussed in the temperature chapter and
presented on Figure 2A-3.

Circulation patterns during upwelling can significantly influence turbidity
in the San Onofre area. Regional upwelling can decrease local turoidity by
introducing clearer bottom waters from offshore into the area. On the other hand,
localized upwelling at San Onofre can increase turbidity throughout the water
column by introducing turbid nearshore bottom waters to surface waters.
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Biological Activity

The amount of turbidity in the water column directly affects the penetration
of natural light utilized by marine phytoplankton and algae. Conversely, the
concentration of plankton can be a major factor contributing to decreased water
clarity and depth of ambient light penetration. Plankton blooms offshore of San
Onofre can' cause significant spatial variations in water clarity throughout the
area due to their patchy distribution.

NATURAL TURBIDITY CONDITIONS

Turbidity throughout southern California was characterized by the California
State Water Pollution Control Board (SWPCB) in 1959. Yearly mean light extinction
coefficients are presented in Figure 28-1 for nearshore waters between Point
Conception and San Diego. Turbidity throughout the southern California bight
generally decreased uniformly with distance offshore (in,:reasing depth). Local
decreases in turbidity occur near peninsulas, points, and other coastal protru-
sions. Local increases in turbidity occur near coastal embayments and near areas
of terrestrial drainage.

Temporal Trends

Turbidity conditions off San Onofre ranged from extremely turbid to clear,
and were heavily influenced by seasonal fluctuations in rainfall, waves, and
winds. This seasonal cycle was characterized by high turbidity in winter when
waves and rainfall are greatest; variable turbidity during spring and sumer; and
a decrease in turbidity during the Davidson Current period in fall, before the
onset of winter storms.

Turbidity measurements during 1980 were consistent with those of previous
ye<*s, indicating the large variability in natural turbidity found in the
nearshore coastal environments. The dominant natural phenomena which affected
continuously measured bottom light intensity, in order of relative importance,
were: 1) rainfall; 2) wave intensity; 3) upwelling and local winds; and 4)
ambient surface light intensity.

Rainfall was the phenomena which most directly affected ocean bottom light
intensity. Decreases in light intensity at all stations were recorded during
occurrences of rainfall and subsequent storm water runoff. Periods of greatest
total rainfall and longest duration of rainfall corresponded to longer periods of
reduced bottom light intensity.

The wave energy impinging on the coastline is the second most important
factor affecting light inter.sity. Wave energy is closely associated with rainfall
as both precipitation and increased wave action are associated with local sto-ms.
In general, wave energies were greatest from January through April. During
periods when maximum significant wave height was greater than approximately 4 ft,
major decreases in bottom light intensity were observed.

Upwelling is a third phenomena which affects light intensity. Upwelling
follows a seasonal cycle, with maximum intensities occurring in May and June.
Upwelling winds occur frem roughly Mart.h through October in southern California.

3Periods when upwellirg .ndices of greater than 200 m /sec/100 m of coastline
persisted for 2 to 3 days correlated with long period decreases in light inten-
sity. This @ creased light intensity is probably due to increased wave intensity
associated with these winds and the upwelling of more turbid bottom waters to
surface waters in the nearshore area. Localized periods of downwelling, due to
winds from the southeast, resulted in increased light intensity at the bottom for
durations of from 2 to 10 days.

_ _ _ _ _ _ _
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Light intensity and temperature records at the benthic cobble stations were
nighly coherent among stations, which Indicates that the upwelling phenomena is
occurring over an area much larger than the San Onofre study area. Upwelling
events are persistent on approximately the same time scale as the winds creating
the upwelling. When upwelling decreases, light intensity and temperatu e records
return to their natural values within several days.

Temporal Variations

Natural turbidity conditions at San Onofre and most coastal waters vary
extensively with time. Significant variations in light transmittance from survey
to survey are evident in botn the 1979 and 1980 data, summarized on Figures
2B-2 and 28-3, which show percent light transmittance values in shore-parallel
(Line C) and shore-perpendicular (Line 25) transects, respectively. Light
transmittance during bimonthly surs eys of 1980 was significantly less than
observed in 1979 along the shore-parallel transect. A zone of high turbidity
(light transmittance less than 10%/m) was confined to the near.-bottom for
most of 1979. During 1980, the high turbidity zone was found to occupy the entire
water column for five of the six surveys. A similar pattern was observed in
the shore-perpendicular transects as shown an Figure 28-3. These differences
between 1979 and 1980 may be an artifact of the wave energy on sampling days for
bimonthly surveys.

A three-year comparison of surface light transmittance between 1978 and
1980 is sumarized in Figure 2B-4. In this figure, each plotted point represents
an average of all the recorded data along each of the designated lines for the
six bimonthly surveys of the resp 2ctive years, with the exception of 1980 in
whi c's there was only four surveys in the offshore area (January, March, May,
and July). Comparing 1976 and 1979, there appears to have been a transmittance
decline of about 15% m at the three offshore lines (H, J, and M); however,
nearshore lines were similar. Between 1979 and 1980, a similar decline affected
the nearshore lines (C, D, E, and F) as wel'..

Spatial Trends

The most dominant feature of turbidity data in 1980 was the natural decrease
in turbidity with distance offshore. This decrease was also evident in 1978 and
1979 (Figure 2B-4).

An interesting aspect in this trend for offshore decline in turbidity is the
presence of a transition zone in the vicinity of Lines E and F where the water
depth ranges between about 10 and 11 m (35 and 38 ft) (note the junction of the
two trend lines, Figure 2B-4). The decrease of turbidity with distance offshore
is distinctly more rapid inshore of this transition zone relative to offshore.

The normalized light attenuation coefficient plotted against water depth, as
shown in Figure 2B-5, indicates this transition zone more clearly. The normalized
light attenuation coefficient is the vertical light attenuation per unit meter of
water depth averaged for the given water column. It is apparent that the data
in Figure 2B-5 follow two distinct trends, with the transition occurring in
the vicinity of Line F. The following explanation are offered to account for
possible implications of this transition zone.

The underwater topography related to the protruding shoreline at San Onofre
extends to a point about 1400 m (4600 ft) from the shore where the water depth is
about 9m (30 ft). The suspended material over this topographic feature is
composed mainly of settleable solids, due to the close proximity to the seabed
and the surf zone. Offshore of the protrusion, the bottom depth increases and the

_ _ .__ _ - ._. _ , . _ _ _ _
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Figure 20-2. Percentlight transmittance in a shore parallel section along Line C,1979

and 1980.

suspended solids in the water column outweigh the settleable solids by a factor
of nearly two.

An inspection of a number of aerial photographs taken over the San Onofre
,

area indicate distinct boundaries of coastal turbidity occurring within about 1.5
km from the shoreline. This situation was even consistent during the heavily wet
years of 1973 anc: 1978.

_ _ _ _ _ _ _ _ _ _ _ _____ ________
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The eddy, which elongates southward from the Sc.: Mateo Point headland durits
periods of downcoast currents, entrains turbidity from the surf zone as well as
from the turbid discharge from the lochi creeks. An inspection of aerial photo-
graphs indicates that the offshore limit of this eddy usually terminates at the
30 ft isobath The point of transition (approximately 11 m) is where the bottom
slope changes. Offshore of this location, the bottom is relatively flat compared
to inshore, where depth decreases rapidly towa:d shore. The transition zone is
aiso where waves more frequently stir up bottom sediments as they approach the
shallower nearshore area.

The normalized light attenuation coefficients presented in Figure 28-5
were calculated using values measured throughout the water column, including
more turbid water near the seabed and relatively less turbid surface waters.
Therefore, this parameter is dependent on the depth of water cver which it is
integrated. At the deeper offshore stations, the amount of less turbid surface
waters is much greater than in the shallower inshore areas; therefore, the
normalized light attenuation coefficient is significantly larger. The main
source of turbidity in the offshore area is the seabed, as compared to the
nearshore area which includes input from the seabed as weil as the surf zone.
Therefore, the transition zone is due to the water depth of stations considered
and the greater amount of turbidity sources in the nearshore area.

The longshore distribution of su*f ace turbidity in the Unit 1 and Units 2
and 3 study areas is shown in Figures 28-6 and 28-7, respectively. These figures
show yearly averages of surface light transmittance for 1978, 1979, and 1980.
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At C-line stations, the light transmittance in 1980 generally decreased from
the two previous years. This decrease was particularly pronounced south of the
outfall location (X0) betwt an Stations CO, and C8S, where during the previous two
years the water had been somewhat less turbid than r. orth of Station CO. This
situation appears to have resulted from currents during 1978 and 1979 which
transported thermal and turbid plumes from Unit 1 upcoast of the discharge.
During the 1980 surveys, there was little or no current and turbid and thermal
plumes (during plant operation) were centered around the discharge.

At J-line stations in the offshore study area, the alongshore distribution
of turbidity was relatively stable as in the previous two years. However, the
average light transmittance in 1980 (based on four Eurveys), was about IC% loer
than 1979 (based on six surveys). Similarly, average light transmittance during
the six surveys of 1979 was less than similar averages for the six surveys during
1978.

Spat'al Variatitsn

Spatial variations in turbidity throughout the study area are well docu-
mented by bimonthly profile. and Secchi disc data presented in Volume 11 of
this report (SCE 1981b). The r atural variability of turbidity in the San Onofre
study area was large. Significant differences ire turbidity were cbserved with
distance offsbore, with turbidity generally greatest in the nearshore area where
changing bottom topography caused varying afrounts of breaker activity. This was
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particularly evident in the protuding shoreline area adjacent to the generating
station.

Spatial variations in the Units 2 and 3 study area were greatest when wucers4

were relatively clear off San Onofre, as typified by the January survey in 1980,
which reflects conditions prior to winter storms. Spatial variability was at a
minimum when waters were turbid throughout the study area (July 1980). 1

INFLUENCE OF UNIT 1 ON TURBIDITY

Unit 1 does not add to the turbidity of waters circulated through its
cooling system, but redistr4 utes the frequently more turbid bottom and mid-
depth waters to the surface. The spatial extent of discharged turbid waters is

i dependent on the natural gradient of turbidity with depth, sp'.cific gravity of
: the entrained particles, current speed and direction, ouoyanc) of the discharged
: plume, and capacity of wave energy to cause mixirig of the plume with surrounding
| waters.

Effects of the circulating water system for Unit 1 on turbidity is best
* viewed in light of four generalized regimes of turbidity conditions noted of the

study . area. The ff rst regime represents a condition of nearly isoturbid waters,

which is typical during winter conditions of heavy rainfall and increased wave
energies. During these conditions, waters throughout the water column are turbid
and entrained near bottom water is not appreciably more turbid than natural
surface waters; therefore, no distinguishable turbid surface plume from the Unit
1 discharge is apparent. Typical winter rainfall conditions were not represented
by the January 1980 bimonthly sorvey, but have been observed in previous years.

; The second regime exists during periods when there is definite vertical
'

stratification of turbidity with depth in the area of the Unit i ir.take and
discharge. During this con 11 tion, the effect of Unit 1 on turbidity can be'

distinguished from that of natural processes. Unit 1 withdraws turbid wsters
from mid-depth and near bottom and discharges them to less turbid surface.

! wters as a warm buoyant turbid plume. Entrainment of turbid near-bottom waters
by the vertical discharge jet from Unit 1 is also apparent during this condition.
The natural stratification of turbidity with depth during the 8 January bimonthlyi

j survey was ty;:ical of this regime. At stations in 9 m (30 ft) of depth, natural
turbidity varied between 21 and 22% light transmittance at the surface to less
than 10% rear the bottom. The turbid surface plume generated by Unit 1 extended

| from 1800 m upcoast to 1200 m downcoast (5900 and 3900 ft, respect:yely) of the
; discharge. Light transmittance was depressed by as n.Jch as 30% in the offshore

area (12 m) of the turbid plume where unaffected waters would have had liitt
; transmittance of approximately 40% per meter.

The third regime exists when the receiving waters are relatively clear
throughout the ~ water column. During thi., condition, no turbid surface plume is
created by the Unit i discharge. This. condition was observed during the November.

1978 bimonthly survey.
t

A fourth regime exists when there is significant turbid fresh water dis-
charged from San Onofre and San Mateo Creeks, and relatively small waves. During
these conditions, an intense turbid surface plume is created by the river
discharge. A patch of relatively clew surface water is caused by the Unit 1<

discharge which brings clearer bot % waters to the surface in the imediate4

! vicinity of the discharge,
t

Turbidity caused by waves which resuspend bottom sediments in the near-2

7
shore area had the greatest effect on water clarity in the area of the Unit 1

- - . -. - .- , - . , - . . . ,- -, - - , - - -.
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discharge. Significant wave heights of approximately 4 ft during the 13 March, 9
July, and 5 November 1980 surveys, created enough turbidity throughout the water
column within the Unit I rtudy area to mask turbid plumes due ts circulation of
cooling waters.

U'11t 1 water circulation pumps were operating at arproximately 0.04% of
their normal rate during the bimrnthly surveys of 14 May and 10 September 1980.
At this flow rate, no turbidity within the study area could be attributed to the
discharge of Unit 1 cooling waters. The lowest survey mean light transmittarce
occurred during the 14 May survey.

During 1980, Unit I was operated in either: 1) full mode (buoyant and
momentum discharge); 2) pumping mode only (momentum discharge); or 3) no puitping
mode. The description of the mode of plant operation is presented in Chapter 1.
Aerial photographs were taken during each of these modes, as shown in Plates 1

,

through 6 at the end of this chapter. The operational modes are designated in
the photugraphs with symbols T (= buoyant discharge), M (= momentum discharge), and
0 (=no pumping).

The rituation representing the non-pumping mode is shown in Plate 1, which
coincided with the time of heavy natural turbidity in the ambient water due
to the silt discharge from the local creeks, alasking the outfall structure from
view.

Platt.s 2, 3, and 4 show the situations during the full-mode oneration.
When the coastal water was heavily silted with the runoff from the nearby creeks
(Plate 2), it is evident that the turbidity in the ambient water is distinctly
greater than in the plume. The aerial extent cs well as the intensity of natural
turbidity is far greater as compared with the plume turbidity. A small patch of
less turbid water above the outfall, formed by a water rising with the buoyant
plume, indicates that only the surface water is highly turbid.

In Plates 3 and 4, taken after the silt discharge from the creeks has
diminished, the pluma turbidi ty is higher than in the surrounding watcr but
generally comparable to the turbidity being generated in the surf zone. In Plates
2, 3, and 4, the plume is relatively narrow (about 100 m), and only about i km
long.

The plume durir.g the pumping mode is shown in Plates 5 and 6. The main
difference between the two photos was that in Plate 5 relatively strong swell
activity arriving from the southerly direction wac stirring up the material on
the offsho.e seabed, making it readily entrainable by the discharge from the
outfall. This effect is shown by a turbid patch surrounding the outfall structure
in Plate 5. At this time, the plume was ' ton-buoyant and appeared to be causing
only a local disturbance close to the outfall. In Plate 6, the sea state was
milder with little apparent agitation of seabed material by waves. As a result,
the turbidity associated with the non-buoyant plume was apprecf ably lower than in
Plate 5, indicating that the non-t'uoyant plume alone had a limited capability to
entrain seabed material.

The influence of Unit 1 cooling water upon turbidity within the nearshore
environment is usually less than that of the natural processes. It is evident
that the natural variablity of turbidity within the necrshore waters is greater
than variations caused by the Ur.it i discharge.

This concludee. the overall discussion. Detailed 1980 methods and results are
presented in sections that follow.

_- _ _ _ _ _ _ _ _ _
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APPROACH

The fundamental purpose of tJrbidity studies at San Onofre was to determine
the effects of the cooling water systems on water clarity in the marine environ- '

ment. In order to determine the impact of the generating station, changes in i
distribution of turbidity must be evaluated in light of natural variations. At )
San Onofre and most coastal areas, natural turbidity conditions vary extensively
with time.

An integrated study approach to sampling was used to fulfill the objectives
and the overall purpose of the study. This integrated study approach consisted
of intense bimonthly field measurements to determine both natural and generating
station induced spatial variations in turbi di ty, continuous light intensity
measurements at the bottom to document natutal temporal variations and to deter-
mine how temporal changes in turbidity affect the amount of light available to
kelp and benthic communities, and discrete turbidity measurements in conjunction
with biological sampling.

A detailed picture of turbidity conditions throughout the study area
was obtained from bimonthly survey measurements including vertical profiles of
light transmittance, %cchi disc observations, aerial color photography, and
analysis of the amount of suspended solids in receiving waters.

Continuous measurement of the amount of photosynthetically active radiation
(PAR) reaching the bottom was used to document natural temporal fluctuations in
the amount of turbidity and its effect on the renetration of natural light in the
offshore area of Units 2 and 3.

DATA SOURCES

In addition to information collected during SCE studies, other data sources
were utilized in the study of turbidity at San Onofre. Other data sources used
included: 1) published historical data summaries pertaining to oceanographic
conditions in southern California; 2) meteorological sumaries for California;
3) stream flow data from San Onofre and San Mateo Creeks; 4) wave measurements
at Oceanside; 5) calculated upwelling indices; and 6) special turbidity studies
conducted by SCE.

There is a vast amount of oceanographic data from the southern California
area available in the literature. Summaries of historical oceanographic data by
tne Southern t alifornia Coastal Water Research Project (SCCWRP 1973) and the
State Water Polletion Control Board (SWPCB 1959) were used to characterize
oceanographic and turbidity conditions throughout the southern California area.
heteorological summaries from the National Weather Service provided information
on rainfall, storms, and other meteorological conditions (NOAA 1980). In the
past, stream flow data for the tso creeks in the study area (San Onofra and San
Mateo Creeks) were supplied by the United States Marine Corps, Water Resources
Division. Unfortunately the streTm gauge instrumentation was damaged by 1979
storms and no data is available on clow r. tes for 1980 in these creeks. Wave data
from measurements at Oceanside were cWind from the Nearshore Research Group of
the Institute of Marine Resources at. Scripps Institute of Oceanography (IMR
1980). Upwelling indices, calculated from differences in barometric pressure
from throughout the northeast Pacific Ocean, were obtained from the National
Oceanic and Atmospheric Administration / National Marine Fisheries Servica (Bakun
1980). Results of special turbidity stadies conducted by SCE are also utilized in
the analysis of turbidity.
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METHODS

This section presents a synopsis of the methods used in the investigation of
turbidity conditions. There were five basic types of turbidity measurements for
this portion of the study including: 1) vertical profiles of percent light
transmittance; 2) Secchi disc observations; 3) suspended and settleable solids
analysis; 4) aerial color photography; and 5) continuous measurement of light
intensity at the bottom. A detailed description of methods is presented in the
Brown and Caldwell Procedures Manual for Environmental Surveillance at San Onofre
(BC 1978). The methods and equipment utilized for turbidity measurements in
conjunction with biological sampilng are presented in the appropriate biological
sections.

LIGHT TRANSMITTANCE PROFILES

Vertical profile measurements of percent light transmittance along a
1 m path length were useo to document the natural spatial trends and variability
of turbidity for Units 2 and 3 PMP stations, and to document vertical and
horizontal extent of turbidity plumes from Unit 1. Vertical profiles of light
transmittance were measured at 51 Unit 1 operational samp'ing stations and
at 23 additional preoperational monitoring stations for Units 2 and 3 (Figures
2A-1 and 2A-2) during field surveys of 8 January,13 March,14 May, and 9 July
1980. The PMP progrem was terminated in September 1980, after two years duration.
Since Unit I was offline and the PMP was terminated, light transmittance profiles
during the 10 Septemt,er and 5 November 1980 surveys were obtained only at the 34
stations iequired by the ETS program.

SECCHI DISC

Secchi disc observations provided an index of the amount of water clarity by
determining the depth of extinction of reflected ambient light in the water
column. Secchi disc data were used as an aid in determining the distribution of
suspended solids and their effect on water clarity, and the transmission of
downwelling light through the water cdlumn. Secchi disc data also provided
measurements which were comparable with a large volrme of historical Secchi disc
data.

; SUSPENDED AND SETTLEABLE SOLIDS
|

Suspended and settleable solids were measured at 42 stations (28 Unit 1

| operational monitoring stations and 14 Units 2 and 3 preoperational monitoring
stations) during the first four 1980 bimonthly surveys in order to supplement
other turbidity data, and to relate light measurements to the actual amount of
suspended material.

AERIALPHOTOGRAPE

Color aerial photographs were obtained to show the distribution of natural
turbidity in the study area and to show the extent of turbid plumes from Unit I
when present. These color photographs also presented a visual analysis of the
effect of the turbid plumes on the aesthetics of the San Onofre area.

LIGHT INTENSITY AT BENTHIC STATIONS

Ambient light intensity reaching the bottom of the PMP hard bottom benthic
,

stations was continuously measured to determine how temporal variations in'

| turbidity affect the amount of light to benthic fauna and flora.
t

|
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Continuous ambient light intensity in the photosynethic range was measured
at the five paired PMP benthic statiers. One of these locatinns is within the
San Mateo kelp bed and two locations are in the San Onofre kelp bed, downcoast of
the diffuser for Unit 2. Continuous temperature and the amount of sedimention
were also measured at these locations. These measurements provided information
on the variability of turbidity in timo and space, and were used to determine how
turbidity affected light intensity available to the benthic community. Light
intensity was also measured onshore at the generating station to relate the
amount of light intensity available at the water's surface to that at the ocean
bottom.

RESULTS AND ANALYSIS

This section presents an analysis of 1980 results in order to fulfill the
objectives of turbidity studies at San Onofre.

Turbidity measurements during 1980 were consistent with those of previous
years, indicating the large variability in natural turbidity found in the
nearshore coastal environment. Turbidity conditions ranged from extremely turbid
to clear and were heavily influenced by seasonal fluctuations in rainfall, waves,
and winds. The greatest variations in turbidity occurred as localized natural
phenomena.

TEMPORAL TRENDS AND VARIATIONS

The penetration of natural light to the ocean bottom was measured at five
paired hard-bottom benthic stations from 1 January through 2 October 1980.
Results of these measurements are presented on Figure 28-8. Also presented are
simultaneously recorded bottom water temperatures.

Ambient light intensity reaching the water surface as measured onshore,

micro-Einsteins/m2sec) ycle during 1980, with lowest light intensities (1000followed a seasonal c
during the winter months and highest (greater than 2000

micro-Einsteins/m2sec) during the sunner months. Ambient light intensity de-
creased during storms and when coastal low clouds and fog were present.

Maximum daily light intensities reaching the ocean bottom at benthic
stations followed a complex pattern during 1980. Light intensities were generally
less than 50 micro-Einsteins/m2sec during the first few weeb of January i

intensities dropped to below 10 micro-Einsteins/mg80.After 12 January, light sec
until early March. Beginning in March light intensity fluctuated in a cyclic
manner, with rises and falls varying from one to three weeks in duration. Maximum
periods of light intensity were observed during the first and third weeks in July
at most statfor.s. Light intensity dropped to near zero at all stations on several
occasions, each of varying duration. General decreases of less than one weeks
duration occurred on the following dates; 1 April, 21. April, 28 April,12 May, 24
May,11 June, 29 June,12 August, and 10 September. Longer term light intensity
decreases, lasting from 7 to 21 days, occurred from 2 July through 15 July, 20
July through 2 August, and 20 August through 9 September.

.

An attempt was made to correlate the observed light intensities to natural
oceanographic and meteorological phenomena. The dominant natural phenomena
which affected bottom light intensities, in order of relative importance,
were: 1) rainfall, 2) wave intensity, 3) upwelling and local winds, and 4)
ambient surface light intensity. Records of these parameters during 1980 are
presented on Figure 2B-9.
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Rainfall was the phenomenon which most directly affected ocean bottom light
intensity. Decreases in light intensity at all stations were recorded during
occurrences of rainfall and subsequent storm water runoff. Periods of greatest
total rainfall and longest duration of rainfall corresponded to longer periods of
reduced bottom light intensities.

Storms during January, February, and March produced a total of over 17
inches of rain in the first 70 days of 1980 at Oceanside Marina located 27 km
downcoast of San Onofre. A simultaneous decrease in light intensity was observed
throughout the entire study area which lasted through 11 March 1980. Shorter
periods of rain were observed in late April (0.6 inches) and mid-May (1.1
inches), which corresponded to light intensity decreases of several days each. No
measurable rainfall was recorded between May and September.

The wave energy impinging on the coastline is another important factor
affecting light intensities. In general, wave energies were greatest from January
through April 1980. During periods when maximum significant wave height was
greater than approximately 4 feet, major decreases in bottom light intensity were
observed. These decreases were apparent on the following dates: 13-19 January,
29 January,13-22 February, 29 February, 3 March,18 March,1 April, 21 April,
13-15 May, 23-24 May, 3-4 July, and 5-6 August 1980.

Periods of decreased wave action correspond to increased light intensity.
During mid-April, early May, early and late June, and late August 1980, sustained
periods of wave heights of less than 4 ft corresponded to periods of maximum
recorded light intensity values. Sustained periods of relative calm allow finer
grains to settle out of the water column, which results in increased light
intensity at the bottom.

Upwelling is another phenomenon which affects light intensity. Upwelling is
a process by which nearshore surface waters are pushed offshore by sustained .
alongshore winds, and colder bottom waters are drawn towards the surface. In
southern California winds which blow downcoast can create upwelling if they are
of strong enough velocity for sustained periods. Upwelling indices, calculated
for the area offshore of San Diego (33*N 118*W) are presented on Figure 28-9.

During 1980, upwelling followed a seasonal cycle, with maximum intensities
occurring in May and June. Upwelling winds were persistent from roughly March
through Octpber in southern California. Periods when upwelling indices of greater
than 200 m3/sec/100 m of coastline persisted for 2 to 3 days correlated withI

| long period decreases in light intensity of 1-10 April,18-21 April, 5-9 May,
12-24 May, 11-20 June, 5-26 July, and 10-17 August 1980. This decreased light
intensity is probably due to 'acreased wave intensity associated with these winds
and the upwelling of more turbid bottom waters to surface waters in the nearshore
area. Localize periods of downwelling, due to winds from the southeast on 17 June
and 2 August resulted in increased light intensity at the bottom for periods of
10 and 2 days, respectively.

Light intensity and temperature records are nighly coherent among stations,
which indicates that the upwelling phenomenon is occurring over an area much
larger than the San Onofre study area. During local upwelling periods, bottom
temperature decreases as much as 2-3*C in or.e day were recorded throughout
the study area. Upwelling events were persistent on approximately the same time
scale as the winds creating the upwelling. When upwelling decreased, light
intensity and temperatur? records returned to their natural values within several
days.

Ocean bottom light intensity corresponds only slightly to surface ambient
light intensity. Ambient light irtensity genarally decreased when storm were

- _ _ _ _ _ _ _ _ _ __
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present. Other decreases occurred on overcast or foggy days. The relationship
between decreased surface ambient light and bottom l!ght intensities was not
apparent, however.

The effect Unit 2 cooling water system on light intensity was also inves-
tigated. There was no apparent relationship between pump flow through the Unit 2
diffuser and benthic light intensities, even at the benthic station located
within 300 m of the Unit 2 outfall diffuser. One of the four circulating water
pumps for Unit 2 was generally operating from March through September (see
Chapter 1).

SPATIAL TRENDS AND VARIATIONS

The most dominant feature of turbidity data collected at San Ono.re was the
natural decrease in surface water turbidity with distance offshore. This was due
to surface waters being further removed from the pric:ary source of turbidity,
the sediments. The yearly mean surface light transmittance int.reased from
approximately 5% at inshore A-line stations to approximately 40% at offshore
M-line stations as illustrated on Figure 2B-10. A similar increase in light
transmittance was observed at a depth of 4 m (13 ft). The yearly mean depth of
Secchi disc visibility increased with distance offshore from approximately 5 m
(16 ft) at inshore stations to nearly 8 m (26 ft) at offshore stations. Total

STATIJN LINE

_
A B XO C D e M _jo _ ,,

Y YYY Y Y Y Y Y Y

m - -13

O suarAce raAasiarTAact g2

O 4 ucTea Taas=mact } gg
$ SUMAct SuSF'cNDcD sOUDS

_ _ ,g
t, _ m 4ucTca suspeaocD scuos t s6" E

Ee o scccm ase

! O _,,
h

5 O B |
j<o - 0 0 N ug

O O Os e
: e

_, _ ,a
00 0 $, o

n - Q n O 9
-

o og g
~ $

,

9 9 9 *p
i h9i k1 I i i i i i i _,

ofSTANCE FROu QJTTALL (WETERS)

l I I | | | | i | I f I I i I
33 66 76 4Z Ai r of 26 o70 e4 0

soTTou oEPTu tuETEeSi

INSMORE 2 : OffSMORE

Figure 2810. On-offshore distribution of yearly mean surface and mid-depth (4 m)
light transmittance, suspended calids cc ncentration, and Secchi disc
values from stations on lines parallel to shore.

,



28-26

suspended solids decreased from nearly 7 mg/ liter along the inshore A line
stations to less than 3 mg/ liter along the offshore M-line stations.

This trend of decreasing turbidity with distance offshore was apparent by
comparing Figures 28-11 and 28-12. Yearly means of light transmittance were
between 10 and 15% at stations along the C-line (9 m: 30 ft of depth), and
between 32 and 38% at stations along the J-line (20 m: 66 f t of depth).
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"e longshore distribution of turbidity is illustrated by yearly mean light,

i transn..ctance values from bimonthly surveys presented in Figures 2B-11 and 28-12.
During these surveys, light transmittance generally decreased with distance
do" coast though only significantly between stations 600 m upcoast and 1200 m
downcoast (2000 and 4000 ft, respectively) of the discharge. Light transmittance
was approximately 5% less at Station C2S than at Station C2N. This trend was less
apparent further downcoast and among stations in deeper water.I

Turbidity generally increased with depth except during periods when heavy
rainfall was not accompanied by wave-induced mixing.

Spatial variations of turbidity at the San Onofre study area are well
documented by bimonthly profile and Secchi disc data presented in Volume II of
this report (SCE 1981b). The natural variability of turbidity in the San Onofre
study area we t large. Significant differences in turbidity were observed with
distance offshore, with turbidity generally greatest in the nearshore area where
changing bottom topography caused varying amounts of breaker activity.

The survey area means of surface light transmittance for Units 2 and 3
stations were highest in January (65% transmitta...e) and lowest in July (17%

!
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transmittance). The 8 January survey, was conducted just prior to the first
significant rain storm cf the winter of 1979-1980 and waters in the offshore
study area were very clear. Therefore, the largest range in light transmittance
at the surface (49%) was observed in January. The largest standard deviation
of light transmittance +15% from the mean of Units 2 and 3 stations was also
observed in January. The lowest mean surface light transmittance and standard
deviation was observed during the 9 July survey, when the mean was 19% and the
standard deviation was +6%. Similar patterns were observed at 4 m (13 ft) of
depth.

-

At Unit i samplina stations a similar pattern was observed. Highest mean
percent light transmittance, largest range, and greatest standard deviation
were observed during 8 January survey, and the lowest of these statistics
occurred during the 9 July survey.

INFLUENCE OF UNIT 1 ON TURBIDITY

During the 8 January bimonthly survey, there was natura! stratification of
turbidity with depth. At stations in 9 m (30 ft) of depth, natural turbidity
varied between 21 and 22% light transmittance at the surface to less than 10%
near the bottom. A turbid surface plume was created by Unit 1, and extended
1800 m (6000 ft) upcoast to 1200 m (4000 ft) downcoast of the discharge. Light
transmittance was depressed by as much as 30% in the offshore area of this turbid
pl ume , where ambient light transmittance would have been approximately 40%.

Turbidity caused by waves which resuspend bottom sediments in the near-
shore area had the greatest affect on water clarity in the area of the Unit 1
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discharge. Significant wave heights of approximately 4 feet during the 13 March,
9 July, and 5 November surveys, created enough turbidity throughout the water
column within the Unit 1 study area to mask turbid plumes due to circulation of
cooling waters. During these surveys, light transmittance at stations in 9 m (30
ft) of water generally decreased from betveen 1 and 22% at the surface to less
than 5% near the bottom. Aerial photographs, presented in Volume II (SCE 1981b),
show that wave turbulence generated significant turbidity plumes in the area
1800 m (6000 ft) upcoast and downcoast and 1800 m offshore of the station. Unit 1
did not produce a noticeable turbid plume during these surveys.

Unit 1 water circulation pumps were operating at approximately 0.04% of
their normal rate during the bimonthly surveys of 14 May and 10 September 1980.
At this flow rate, no turbidity within the study area could be attributed to the
discharge of Unit 1 cooling waters. The lowest survey mean light transmittance
occurred during the 14 May survey. Mean transmittance was slightly higher during
the 10 September survey. Light transmittance at stations in 9 m (30 ft) of depth
ranged from 0 to 18% at the surface and from 0 to 25% at mid-depth (4 m: 13 ft)
during the 14 May survey. Light transmittance values and ranges at these stations
were slightly higher during the 10 September survey. During these surveys,
turbidity was significantly affected by natural phenomena, such as winds in
excess of 10 mph, significant wave heights of 3 to 5 ft, precipitation of almost
one inch within one week prior to the May survey, and abundance of plankton
throughout the water column.

~

During 1980, the absence of cooling water flow through Unit 1 during the
time of greatest nearshore turbidity indicates that the influence of Unit 1
cooling water upon turbidity within the nearshore environment was less than
that of natural processes. It was also evident that the natural variability of
turbidity within the nearshore waters was greater than variations caused by the
Unit i discharge.

,
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| Plate 1. January 31,.1980. Sa_n Onof re inactive.
| Due to SONGS inactivity, no discharge plume exists. The high level of natural tur-

bidity is due to high river discharge at San Onofre and San Mateo Creeks. The large river
discharge volume has inundated the sand spits that normally form at the river mouths
during periods of low river flow (see subsequent p;Totographs). Sediment from San
Onofre Creek hugs thu downcoast shore 'S) under the influence of wave actior before
dispersing offshore near the SONGS Plant. Turbidity caused by rip currents (RC) is
evident. A density front (DF) associated with the turbid plume can be detected at various
locations offaiore. Movement of the plume upcoast is discerned by the turbid wake (W)
associated with the San Mateo kelp bed (K). Turbidity upcoast from San Mateo Point
anc also at the San Onof re kelp bed is relatively minor.
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Plate 2. Eebruary_23.19a0 San _Onqire_ifLid!LOpelatj9n.
Substantial turbidity is seen as a asult of se6iment input (S) at San Onofre and San

Mateo Creeks. Again, river discharg- hugs the coast as it proceeds in the downcoast
direction until reaching the San Onot., vicinity. Turbid plumes associated with rip rur-
rents (RC) are evident. A turbid mass of water proceeds offshore as defined by the
density fronts (DF). A nonturbid plume exists at Qe San Onofre outfall indicating the
non turbid nature of the water at the intake depth and location. The creation of this
non-turbid plume at the outfall (O) implies that only the surface water layer is highly
turbid.
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Plate 3. Marcit9d980.SaaOnofrelu!!y_ operational.
As seen in previous photographs, the turbid water discharged by the rivers (S) mov-

downcoast within the surf zone until it is dispersed offshore near San Onofre. The San
Onofre outfall (O) is discharging a turbid plume of characteristic color in the upcoasti

direction. Thus, the wave-induced current within the surf zone and the current at the
outfall location are moving in opposite directions. The large turbid plume generated by

I the river discharge and rip current (RC) processes merges with the smaller plume of the
I outfall. The turbid zone, in general, seems to be contained between the San Onofre

outfall and San Mateo Point.
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Plate 4. April 2.1980, San Onofre fully operational.
A turbid water mass associated with surf zone and rip current (RC) processes is evident

with intense turbidi.y at San Mateo Point and just upcoast of the San Onofre pier. The
outf all (O) is visible as a small turbid streak directed downcoast. The width of the surf
zone increases gust upstream of the San Onofre pier due to the existence of the bathy-
metric bulge at this location. The level of turbidity is very low upcoast of San Mateo
Point. Much of the turbidity that exists downcoast of San Mateo Point is generated by
wa'ee-induced resuspension within and near the surf zone at both San Mateo Point and
the San Onof re bul'r. T he kelp beds (K) are visible but are not within the turbid plume as
defined by the density front (DF).
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Plate 5. July _10J980,. San __ nofre_ pumps oni.y.ng_l_ eat.O
The general level of surface turbidity is low relative to the previous photographs. A

turbid plume associated with the bulge is seen just off the shore. Rip currents (RC)
nearshore are observed. A turbid plume from the San Onofre outfall (O) is evident,
however, due to the lack of heated discharge, this surface expression is devoid of thermal
effects. The San Onofre kelp bed is seen offshore.
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Plate 6. July 17,1980 San Onofre pumps only, no heat.
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visible. The kelp bed (K) ,s seen of f shore.
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CHAPTER 2C

WATER QUALITY

INTRODUCTION

The major water quality characteristics which were measured during the San
Onofre monitoring study included temperature, salini ty, density, dissolved
oxygen , pH, water transparency, nutrients, and heavy metals. The results of
temperature and turbidity studies are reported in Chapters 2A and 2B. This
chapter pertains to dissolved oxygen concentration (DC), hydrogen ion concen-
tration (pH), and heavy metals concentrations in the receiving waters and
sediments. Salinity and density data were used only in support of the other
studies conducted for San Onofre and are not discussed in detail in this report.

During 1980, water quality characteristics of dissolved oxygen, hydrogen ion
concentration, and specified heavy metals were investigated and evaluated in the
San Onofre area primarily to complete the two-year receiving water baseline study
for Units 2 and 3. These studies provide a predischarge data base of water
quality characteristics which can be compared to studies during operation of
Units 2 and 3 to detennine if these units significantly affect water quality. The
secondary objective of the 1980 water quality study at San Onofre was to continue
to increase the established data base on the operational effects of Unit 1, and
to assure natural dissolved oxygen and pH levels were maintained.

,

Water quality studie: met al1 objectives and, requirements of the Environ-
mental Technical Specifications (ETS) program for Unit 1 and the Preoperational
Monitoring Program (PMP) for Units 2 and 3 established by the Nuclear Regulatory
Comission (NRC), as well as monitcring required by the National Pollutant
Discharge Elimination System (NPDES) permit for Units 1, 2, and 3, issued by the
California Regional Water Quality Control Board, San Diego Region (CRWQCB,
SDR).

This chapter presents: 1) a pertinent summary of data collected by SCE
studies in 1980; 2) an analysis of data to meet objectives; and 3) a description
of water quality characteristics, their interaction with generating station
activities, and a perspective of water quality conditions in the study area and
the southern California area

Previous volumes of this year's annual report have presented all basic data
obtained in SCE studies. Volume I presents a sumary of data required by regula-
tory agencies, and was submitted to the appropriate agencies on 31 March 1981
(SCE 1981a). Volume II contains all basic raw data collected for SCE programs
during 1980, including the basic regulatory-required data and additional supple-
mental data obtained in order to fulfill objectives of the study (SCE 1981b).

BACKGROUND

In order to put 1980 studies in perspective, ene following section presentst background information on water quality data collected at San Onofre during
previous years, and then describes similar studies during 1980. A brief history
of water quality studies conducted at San Onofre is presented iii Table 2C-1.
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Tabla 2C 1. Time history of water quality measurements at san Onofre.

types of Data Ecce11ty/ Depths
water Quality studies Collected Dates Inst r ument at ion Frequency Stations sampled

Major Programe

Markne Environmental
Monitor ing

unat & Dissolved oxygen 1967-1968 uinkler titration simanthly 5 stations surface
Preoperational

Nydrogen ion 1967-1968 Polarographic pH Bimonthly 5 stations surf ace
concentration meter

Cwliform bacteria 1967-1968 Wratory Simonthly 5 stations Sur f ace
incubation

Currents 1967-1968 Current drogues

Unit 1 | Dissolved oxygen 1968-1972 Winkler titration, Bamonthly 3 stations sur face
Operational Martek dissolved

oxygen pree

Nydrogen ion 1968-!972 Polarographic pH Bimonthly * . cations Surf ace
concentrat ion meter, Martek pH

prube

Co11 form bacteria 1 % 8-1972 Laboratory Simonthly I stations Surf ace
incut etion

Current measurements 1968-1972 Curr at drogues,
cur ent meters

Environmental
Technical
Specifications

Unit 1 Dissolved oxygen 1975-1980 nortet dissolved Bimonth ly 3 statione ser f ace
oxygea probe

Nydrogen ion 1975-1900 Martek pu pree 41 monthly 1 stations surface
concentration

Heavy metals 1975-1978 SCUBA diver Quarterly 4 stations Mad-depth,
collection, stoisie aceiments
absorpt ion

slect rophotomet er

analysis

1978-1980 SCUBA diver timonthly 4 stations Mid-depth,
collection, atomic sediments
absorption spectre-
photameter analysis

Currents 1978-1979 In-situ current Bimonthly, station C2M 1 meter depth
meters 25 hr period

Prooperational
knitoring Progree

Units 2 and 1 Dissolved osygen 1978-1980 Martek dissolved Dimanthly 4 stations Surf ace
osygen probe

Nydrogen lom II7s-1980 nattet pH probe Bimonthly 4 stations Earf ace
concent r ation

Heavy metale 1978-1980 $ CUBA diver Simonthly 5 stations Mid-depth,
collection, sedament
atomic absorption
spectrophotometer
analysis

Currents 1978-19eo In-site current 31 monthly $tation N2N 1 and 7
meters meter depth

Special Studies

Unit 1 Chlorine reeldwn! 1975-1977 Amperometric timo ithly 6 stations Surf ace
Operational and demand titration plus inplant

Unita 2 and 3 total and residual 1990 Amperametric 3 times 8 stations Sur f ace
Freoperational chlorine titraties, d aring 1980

HISTORICAL STUDIES

In the spring of 1967, a water quality sampling program was initiated as
part of the Marine Environmental Monitoring Program (MEM) re:;uired by CRWQCB to
monitor the effect of Unit i on receidag waterse Surface water samples were *

taken in the vicinity of the outfall for detemination of dissolved oxygen

____
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concentrations. Natural ambient levels of D0 and pH were determined from samples
collected at the control station downcoast of the Unit 1 discharge.

Specifications relating to D0 and pH were based on results of earlier
research conducted throughout the southern California bight by the Allan Hancock
Foundation. Hi storically, surface dissolved oxygen concentrations have ranged
from 4.3 to 12.6 mg/* near San Onofre, with lowest concentrations in winter
and highest concentrations during spring ( Allan Hancock Foundation 1965; SCCWRP
1973). The natural pH range for the San Onofre study area, based on data measured
fran 1967 to 1973, has been defined as 7.3 to 8.5. Allan Hancock Foundation
(1965), reported a range of surface pH in the waters near San Onofre from 7.5 to
8.6, with an average of 8.1. Similar results were reported by SCWPCB (1959).

Beginning in 1975, water quality measurements were obtained as a portion of
the ETS monitoring program. The specifications for D0 and pH in this program were
identical to those established by the Water Quality Control Plan for Ocean Waters
of California. The Water Quality Control Plan states that the discharge shall
not, at any time, depress dissolved oxygen concentrations of receiving waters
more than 10% from that which occurs naturally, as measured with respect to a
suitable control station, and that the generating station shall not cause pH to
vary by more than 0.2 units from that which occurs naturally.

Sampling technique and analysis under the MEM program (1967-1975) consisted
of five dissolved oxygen and pH sampling stations, with subsequent analysis by
Winkler titration (Strickland and Parsons 1972) and a Corning Model 10 pH meter,
respectively. In 1975, under the ETS program, dissolved oxygen and pH sampling
was conducted bimonthly at 3 stations. In May 1978, the PMP was initiated and
included four additional stations for dissolved oxygen and pH sampling as pre-
sented in Table 2C-1. Fran 1977 through 1980, vertical profile measurenents of D0
and pH were collected simultaneously with temperature and turbidity profiles.

4

Monitoring of heavy metals concentrations in receiving waters and ti.e ocean
.,ottom sediments began in 1975 as part of the Unit 1 ETS program. Samples were
collected quarterly at four stations in the Unit 1 study area and analyzed for
copper, chromiun, nickel and iron concentrations. In May 1978, five sampling
locations were added in the Units 2 and 3 study area in compliance with PMP,
sampling frequency was changed to bimonthly, and samples were also analyzed for
titaniun.

1980 STUDIES

Water quality studies during 1980 were similar to previous years for the
first four bimonthly surveys. Vertical profile measurements of dissolved oxygen
and pH were obtained at 74 sampling stations along with temperature, light
transmittance, salinity, and density profile infonnation (Figures 2A-1 and 2A-2).
In August 1980, bimonthly water quality studies for Units 2 and 3 PMP were
terminated af ter completion of the two-year data base. Studies of the operational
effects of Unit I were continued in accordance with ETS requirements during the
September and November surveys. This resulted in measurenents of D0 and pH at 34
stations.

Heavy metal water column and sedfinent samples were collected bimonthly
and analyzed for copper, chromiun, nickel, iron, and titaniun concentrations.
Af ter the bimonthly survey in July 1980, the PMP program was terminated, as the
required two-year preoperational data base had been obtained. Since Unit 1 was
not operational after April 1980, the Unit I studies teere reduced to collect data
only at required stations.
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Results of previous studies have been extensively documented in previous
annual reports. Formal requests to delete ETS requirements were submitted to the
NRC in October 1980 based upon the accomplishment of the objectives within the
mandated scope.

DISCUSSION

Results of water quality parameters measured at San Onofre were typical of
the southern California nearshore marine environment. Dissolved oxygen, pH, and
heavy metals concentrations were measured in the San Onofre study area to docu-
ment background conditions prior to operation of Units 2 and 3 and to determine
effects of the Unit i discharge on water quality.

Factors affecting nearshore water quality characteristics include: 1) the
interaction of other water quality characteristics such as temperature, salinity,
density, and nutrients, and the effects of advective and nonadvective processes
on the distribution of these properties; and 2) biological activity in the
region, especially by planktonic organisms. Advective processes (currents)
produce flux of mass and of other properties by direct motion of seaw&ter.
Nonadvective processes, like diffusion, produce a flux in properties but not of
mass. The interaction of all these factors can cause large changes in the water
quality characteristics of the area.

DISSOLVED OXYGEN

The dissolved oxygen concent ation observed at any given time is affected by
the various sources and sinks of oxygen, and advection and diffusion processes.
The major sources of oxygen are the atmosphere and photosynthesis. The major
sinks of dissolved oxygen are respiration by marine organisms and the oxidation
of organic and inorganic material. Surface waters are normally at saturation
len1 due to the immense source of oxygen in the air and mixing by surface waves.
The solubility of oxygen is dependent upon temperature, salinity, and barometric
pressure. Since salinity is fairly uniform throughout the southern California
area, temperature has the greatest effect on the solubility of oxygen. Oxygen is
more soluble in colder waters, and less soluble in warmer waters.

! Plankton blooms affect the vertical distribution of dissolved oxygen.
! Phytoplankton often increase mid-depth dissolved oxygen concentrations during

daylight hours by release of oxygen to the water as a by-product of photosyn-y

thesis. During the past five years, these plankton blooms were of ten" observed
during the March and May bimonthly surveys in the offshore study area for Units 2
and 3. Blooms of zooplankton are ofter responsible for a sharp decrease in
dissolved oxygen with depth.

I Prominent changes in vertical stratification of dissolved oxygen become more
| evident in the warming trends of the stanmer months. As tne surface water layer is
: wanned, stratification of the w ter column increases. This creates a density
| difference between waters above and below the thermocline which limits mixing

between oxygen-rich surface waters and oxygen-depleted waters below the thermo-|

cline, resulting in a rapid decrease of D0 with depth below the thermocline.
Stratification of dissolved oxygen was most evident in measurements taken during
the May survey, where D0 decreased from 9 mg/ liter in surface waters to between 4
and 5 mg/ liter in bottom waters at downcoast stations which did not have plankton
blooms.

During periods when intense plankton blooms were absent, a gradual & crease
in dissolved oxygen concentration was observed with increasing depth. The

|

.. -
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vertical dissolved oxygen gradient was usually greater at Units 2 and 3 sampling
stations than at the inshore Unit I stations due to the increased depth offshore.
During spring and sumer, density stratification contributes to the vertical
dissolved oxygen gradient by inhibiting the mixing of surface and bottom waters.
During the winter there is little or no density stratification with depth and D0
is relatively uniform throughout the water column.

Upwelling conditions can over-ride density gradient boundries when strong
offshore winds from the west-northwest force warm surface water offshore. The
displaced surface water mass is replaced by the underlying deep nutrient-rich
bottom water which wells up through the water column. The biological and water
quality characteristics (such as nutrients, turbidity, 00, pH, COD, etc) in this
upwelled cool bottom water can be significantly different from the displaced
surface water mass. For example, two days prior to the 13 March 1980 survey,
upwelling indices (Bakun 1980) show signs of upwelling offshore of San Onofre.

Satellite imagery reveal increased upelling and decreased surface temper-
atures offshore of San Onofre between 12-16 March 1980. Continuous temperature
records at San Onofre also indicate a cooling trend ir the water column. These
processes coupled with phytoplankton blooms between 5 and 10 m of depth increased
dissolved oxygen concentrations in the offshore area.

Surface dissolved oxygen concentrations were not significantly different
during bimonthly surveys at either inshore or of fshore sampling stations.
During the last six years of monitoring, dissolved oxygen concentrations in the
vicinity of San Onofre have always been typical of nearshore waters of southern
California.

Historically, waters neighboring the San Onofre region contain dissolved
oxygen concentrations ranging from 4.3 mg/ liter in winter to 12.6 mg/ liter in
summer (Hancock 1965). Spatial variability was mostly controlled by nattrally
occurring processes, especially plankton blooms, although there was an appar-
entally small scale influence of localized entrainment in the vicinity of the
diffuser for Unit 2 due to circulating water flow.

Dissolved oxygen concentrations were not reduced by more than 10% due to the
operation of Unit 1, and are therefore in compli nce with ETS, NPDES, and SWQCB
requiremrats.

HYDROGEN ION CONCENTRATION

The hydrogen ion concentration (pH) in southern California coastal waters
varies in a very narrow band around a mean of approximately 8.1. Natural ranges
for pH in the San Onofre area base been defined as 7.3 to 8.5, based on infor-
mation gathered from 1967 to 1973 ( Allan Hancock Foundation 1975). The pH of
seawater is determined by the bicarbonate / carbonate / carbon dioxide balance in a
natural seawater buffer system. Changes in pH within the natural range are due
mainly to photosynthesis and respiration of marin organisms, which alter the
balance of carbon dioxide in the buffer system. Low pH values are reflected in
high concentrations of carbon dioxide and low concentrations of oxygen. It is
usual to find high concentrations of carbon dioxide and lower pH values where
respiration is the dominant process. Thus, a high degree of correlation is
expected between pH, D0, and photosynthesis.

Vertical profile measurements taken at San Onofre of ten show vertical
stratification of pH with depth, with higher surface values and a general

i decrease in pF with depth. This stratification is related to the vertical
stratification of dissolved carbon dioxide and oxygen as previously discussed.
Decreased dissolved o:.ygen concentrations are reflected by decreased pH values.

_
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Surface pH was within the normal range previously observed in the vicinity
of San Onofre. Surface pH was not altered by more than 0.2 units due to the
operation of Unit 1 and therefore is in compliance with ETS, NPDES, and SWQCB
requirements. There were no observed spatial variations among required sampling
stations offshore nor between inshore and offshore sampling stations.

HEAVY METALS

Heavy metals (such as copper, chromium, nickel, iron, and titanium) are
normal constitutents of receiving waters and ocean bottom sediments. Heavy
metals are derived from natural sources (weathering of pre-existing rock) and
man-influenced sources. The movement of heavy metals from a source to the site of
deposition is complex, and involves physical, chemical, and biological factors.
Heavy metals are important to marine life; at low concentrations, many are
essential to plant productivity, while at high concentra tions, they can be
inhibitory or toxic.

Heavy metals concentrations in mid-depth receiving water and ocean bottom
sediment samples have been determined at four required Unit 1 (inshore) stations
for the past six years, and for two years at five Units 2 and 3 preoperational
(offshore) stations. Results of the heavy metals monitoring for 1980 were pre-
sented in Volume II of the annual Operation Report (SCE 1981a).

Receiving Water Heavy Metals

Natural factors which increase concentrations of heavy metals in the water
column include: 1) surface runoff from rainfall and river runoff; 2) currents
which transport heavy metals from other areas; 3) upwelling, which brings heavy
metals to the study area from deeper offshore waters; and 4) resuspension
of sediment heavy metals during periods of high physical mixing between the
sediments and water column. The natural factors which decrease heavy metals
concentrations in the water column include: 1) heaty metals adhering to inorganic
ind organic particles which fall out of suspension in the water column (precipi-
tation); 2) assimilation by marine biota; and 3) current transport away from the
study area. Unit I and the construction of Units 2 and 3 may provide other
factors influencing the concentrations of heavy metals in the study area.

Receiving water heavy metals samples were analyzed for total copper,
chromium, iron, nickel, and titanium from 1976 to 1980. Prior to 1976, samples
were analyzed for dissolved heavy metals only. The analysis for total heavy
metals does not include filtration of samples to remove suspended particulates,
as does the dissolved heavy metals analysis, and is therefore sensitive to the;

total amount of suspended solids in the water sample. Heavy metals tend to
adhere to organic and inorganic particles in the water column, so that samples
containing larger amounts of particulates may have higher concentrations of
heavy metals. Of those heavy metals analyzed, iron is the most sensitive to thei

' presence of particulates, and copper is only somewhat sensitive. Chromium,
j nickel, and titanium are usually not affected.

The concentrations of iron have generally folicwed the pattern of turbidity
in the San Onofre area since 1976. Increased iron concentrations were usually
observed during winter months when rainfall and increased wave action increased
the amount of suspended material in the water column.

No persistent increase in receiving water concentrations of copper,
chromium, or nickel has been observed for the past six years. Concentration
levels of titanium have been consistently low and uniform for the past three
years of study.
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A measurable increase in receiving water iron concentration has been
observed in yearly mean values for 1978, 1979, and 1980 throughout the study
area, including the Unit 1 and Units 2 and 3 control stations 6700 m (22,000 ft)
downcoast. Since the increase of iron concentrations occurred throughout the San
Onofre study area, this increase is not directly attributable to any operational
influence of the generating station.

The general increase in water column iron concentrations throughout the
study area during bimonthly surveys of the past three years, correspond to a
general increase in turbidity observed for the same period ( see Figure 2B-4) The
highest receiving water iron concentrations were usually observed at the Unit 1
discharge station during the past four years. This station is the most inshore
heavy metals sampling station and generally has higher turbidity than the other
Unit 1 sampling stations. High turbidity in the area of the Unit 1 discharge is
due primarily to the influence of the following four factors as discussed in the
Turbidity ',hapter (Chapter 2B): 1) the shoreline bulge and offshore seabed off
San Onofre, 2) the downcoast eddy from the San Mateo headlands; 3) entrainment of
bottom waters by the Unit 1 discharge; and 4) offshore construction for Units 2
and 3.

The higher iron concentrations observed at the Unit 1 discharge station may
also have been due to Unit 1 operation and the construction for Units 2 and 3. A
temporary steel trestle for offshore construction of the seawater circulating
system for Units 2 and 3 was utilized from 1977 to 1900. This trestle may have
contributed to higher receiving water iron concentrations in the area of the
Unit 1 discharge through corrosive oxidation and scaling of ferrous metals.

Sediment Heavy Metals

In evaluating heavy metals in marine sediments, the origin, movement,
erosion, and deposition of the sediments must be considered. Each of these
components is influenced by natural phenomena, such as climate, topography ,
regional geology, and oceanographic conditions. The horizontal and vertical
distribution of heavy metals in ocean sr.diments are the result of several actions
and interactions which relate to the origin and evolution of marine sediments.

Seasonal variation of heavy metai concentrations offshore (Units 2 and 3) in
benthic sediments became apparent during parts of 1980. This seasonal variation
followed changes observed in sediment grain size distribution. For 1980, the
majority of grain sizes observed in the sediments for the offshore stations were
of a phi size of 3.5 and higher, representing very fine grain sediments. However,
the sediment grain size distributions measured at Stations J2S and J4S in March
were significantly different, having high percentages of granular sand (phi sizes
of 1.0 to -1.5) . This indicated that localized erosion had occurred at these
stations prior to the survey.

Wave energy is high during the winter months and is responsible for mass
transport of large volumes of coastal sand to offshore areas. Significant wave
energy prior to and during the 13 March survey was probably responsible for the
erosion of fine grain sediments at Stations J2S and J45.

Finer grain size particles have large surface area to volume ratios and
therefore provide for more absorption of heavy metals from the surrounding
seawater. This is why good correlation between grain size and heavy metals
concentration was observed. The heavy metal concentrations associated with coarse
grain size sediments in March at Stations J2S and J4S show generally lower
concentrations of all heavy metals.

_ _ _ - _ . _ _ _ _ _
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Temporal and spatial trends for inshore (Unit 1) stations are not as
easily discernable as for offshore stations (Units 2 and 3) due to increased
turbulence in the wave zone. There is a general increase in heavy metals concen-
trations in the sediments during the summer when wave affects on the sediments
are generally less.

The on-offshore trends of ocean bottom heavy metals concentrations corres-
pond to the increased effect of waves on sediments in shallower water. Higher
wave action at the shallower Unit 1 stations keeps colloidal sediment particles
suspended within the water column. These light weight particles remain srspended
until favorable conditions allow their settl ement to the bottom. Tavorable
conditions of this nature usually exist in offshore waters, whic's are less
subject to wave action on the bottom. Upon settlement tc the ocean bottom, the
fine grain particles consolidate.

Discharge pump flow rates for Unit 1 were near maximum during the January,
March, July, and September bimonthly surveys, with the exception of a half pump
load in May),and absent pumn flow in November. Data from the Unit 1 discharge
(Station X0 show that in November, when pu"ip flow was absent, the percentage
of small, finer colloidal particles increased at this station. The discharge
station generally had significantly larger grain sizes than the downcoast control
station. However, during November, the discharge station had finer grain size
than the downcoast control staticn. This was probably the result of no circu-
lating flow for a few weeks prior to sampling and lower wave activity.

The fine grain sediments, which are stirred up into the water column
by wave action, may be entrained to surface waters by the cooling water flow
and transported out of the discharge area by currents. Wave energy is usually
greater in the area of the discharge due to waves shoaling as they encounter the
protruding shoreline and the turbulent discharge bubble. During the rest of the
year, when pump flow existed for several days prior to sampling, somewhat lower
heavy metals concentrations and coarser grain sizes were observed at the dis-
charge (Station X0).

No persistent measurable increase in sediment concentrations of copper,
chromium, iron, or nickel were observed during the last six years of heavy metal
monitoring. Also there have been no persistent increases in sediment titanium
concentration during the last three years.

Since there has been no measurable consistent increase in heavy metals
concentrations in the ocean bottom sedimerits during the past six years, the
operation of Unit I has not effected the concentrations of heavy metals in the
environment.

This concludes the overall discussion. Detailed 1980 methods and results are
presented in sections that follow.

_

APPROACH

The approach for 1980 studies was to obtain measurements during bimonthly
j surveys as required by the regulatory agencies and to obtain additional water

quality information that would be helpful to the oceanographic and biological'

studies at San Onofre. The additional measurement of vertical profiles ofi

| salinity, density, dissolved oxygen, and pH simuitaneously with temperature and
j turbidity profiles provided detailed information of water quality characteristics
|
.

_ _ _ _ . _ _
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and identified various water masses which enter the San Onofre area. These water
quality profile measurements were also used to identify the vertical distribution
of plankton and their effect on water characteristics.

DATA SOURCES

In addition to information collectec by SCE at San Onofre during the past
15 years, other data sources were incorporated to provide useful background
information on water quality characteristics at San Onofre. The data sources
utilized include: 1) published historical data sununaries pertaining to oceano-
graphic conditions in the Southern California Bight; 2) meteorological summaries
for California; 3) published historical reports of oceanographic / biological
conditions in the San Onofre region; and 4) calculated upwelling indices.

Hi storical oceanogrMic data summaries published by the State Water
Pollution Control Board , /CB 195 f), Southern California Coastal Water Research
Project (SCCWRP 1973), and the Allan Hancock Foundation (HancocK 1965) were
researched to provide information on natural oceanographic conditions and
constituents throughout the southern California area. Climatological data from
the Naval Weather Service Department and the National Oceanic and Atmospheric
Administration (NOAA 1980) were used in assessing influence of meteorological
conditio1s on the San Onofre region. Upwelling indices, calculated from baro-
metric pressures from throughout the northeast Pacific Ocean, were obtained
from NOAA/ National Marine Fisheries Service to evaluate the effects of upwelling
on water quality characteristics (Bakun 1980). Results of other portions of 1980
studies conducted by SCE were also utilized in the analysis of dissolved oxygen,
hydrogen ion, and heavy metals concentrations.

METHODS

This section presents a synopsis of the methods used in the study of
dissolved oxygen, hydrogen ion concentrations, and heavy metals. Methods of data
collection included: 1) vertical profiles of dissolved oxygen and pH, 2) Winkler
titration of dissolved oxygen, and 3) atomic absorption spectrophotometry for
heavy metals. More detailed descriptions of methods are presented in the Brown
and Caldwell Procedures Manual for Environmental Surveillance at San Onofre (BC
1978).

DISSOLVEDOXpENANDHYDROGENIONCONCENTRATION

Vertical profile measurements of dissolved oxygen (00) and hydrogen ion
concentration (pH) were taken at 51 Unit 1 opc.a.!onal monitoring stations and 23
Unit 2 and 3 preoperational monitoring stations (Figures 2A-1 *nd 2A-2) during
the field surveys of 8 January,13 March,14 May, and 9 July 1980. During the 10
September and 5 November surveys, D0 and pH profiles were taken only at 34 Unit 1
stations in accordance with ETS requirements and temperature and turbidity
profiling. Measurements of surface D0 and pH at Unit 1 monitoring Stations CO,
X0, and C22S were required bimonthly by ETS Section 3.1.1.a.(3) and ETS Section
3.1.1.a.(7), respectively. Measurements of surface water D0 and pH at Units 2
and 3 monitoring Stations J2S, J2N, J4S, and F22S satisfied PMP requirements.

.

HEAVY METALS
-)

Monitoring of Unit I heavy metals concentrations in San Onofre receiving
waters and ocean bottom sediments was conducted in compliance with ETS Section
3.1.1.a.(2) and NPDES Permit No. CA0001228 (CRWQC, SDR Order No. 76-11). Units 2
and 3 monitoring was conducted in compliance with PMP requirements. Samples were
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collected bimonthly at Unit 1 Stations X0, D4N, D45, and C22S and at Units 2 and
3 Stations J0, J2S, J4S, J4N, and J22S (Figures 2A-1 and 2A-2). All samples were
analyzed for chromf un, copper, nickel, iron, and titaniun. The PMP heavy metal
sampling was tenninated after July 1980 as the required two-year data base had
been established. Heavy metals monitoring for ETS was changed to quarterly
surveys af ter July 1980, hence, no samples were collected during the September
survey.

RESULTS AND ANALYSIS

This section presents results of 1980 measurements of dissolved oxygen,
hydrogen ion concentration, and heavy metals.

DISSOLVED OXYGEN

Surface concentrations of dissolved oxygen were relatively unifonn over the
entire San Onofre study area with the exception of the 13 March and 10 September
surveys. Units 2 anc 3 (offshore) sta ions generally had higher dissolved oxygen
concentrations, perc ent saturation, and spatial variation in March. Surface
dissolved oxygen cuentrations at offshore stations ranged from a maximun of
10.3 mg/ liter in March to a minimum of 7.9 mg/ liter in January and May. Spatial
variability as greatest in March, when D0 concentrations ranged from 8.3 to 10.3
mg/ liter in the offshore study area, and least in January, when D0 concentrations
ranged from 7.0 to 8.2 mg/ liter.

Unit 1 operational (inshore) stations generally had highest surface dis-
solved oxygen concentrations and percent saturation in Ma rch, when surface
dissolved oxygen concentrations ranged from 8.6 to 10.0 mg/l iter. Greatest
spatial variation was observed in May, when surface 00 concentrations ranged from
7.9 to 10.6 mg/ liter. Lowest D0 concentrations at the inshore stations were
observed in September (7.1 mg/ liter). Least spatial variation occurred in Novem-
ber, when surface D0 concentrations ranged from 8.3 to 8.6 mg/ liter among inshore
stations.

HYDROGEN 10N CONCENTRATION

Hydrogen ion concentration (pH) varied only slightly at both inshore
and of fshore stations. Values of surface pH ranged from 8.1 to 8.4 units. Highest
pH values were observed in March and May, and lowest in July and September. There
was little spatial variability in either the inshore or offshore study areas, and
no distinct on-offshore or upcoast-downcoast trends were noted.

HEAVY METALS

Results of receiving water heavy metals analaysis are presented first,
followed by results of ocean bottom sediment analysis.

Receiving Waters

The range, mean, and standard deviation of heavy metds in the receiving
j waters and sediments at Units 2 and 3 stations during the past three years are
' presented in Table 2C-2.

Yearly means of offshore Units 2 and 3 receiving water heavy metals con-
centrations .for 1980 were relatively low for most metals and varied little

i between sampling sta tio ns. Nickel concentrations generally ranged from less
than 0.001 mg/ liter to 0.010 mg/l with the exception of the maximum concen-
trition of 0.074 mg/ liter which was measured at Station J4N in May. Copper

- _ ._ _ _. -- _ _ _ _ _ _ _ _ _ _ -
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Table 2C-2. summary of maximum minimum, and standard deviat on of heavyi
e

metals concent ations in receiving water and ocean bottom sediments for
operational stations from 1978-1%o.

PREDFDAylCoIAL 1mtTS 2 AfD 3

ItK11v1ms m41p ing/1)

Samp11a9 Stettee

metal Itse JO J2M J23 Jeu J48 J22S

Coger maas s:arvey 0.00Lehr.now '79 0.007Meay *10 0.0007/May '70 0.001/May '79 0.00Lhy.Jul '78 0.0d/Jul 'a0
man /Susvey 0.19 May '79 0.007/ hay '7e 0.010/ Esp '79 0.011/JM,moe '79 0.011/Jul.muy '79 0.10/Jul '79
heen 0.027 0.007 0.0065 0.0062 0.005 0.00'1
Std Dev 0.054 0.0 0.0050 0.0050 0.004 0.0062

Citromaan nsa/ Survey 0.0003/Jul '78 0.0006 shy '75 0.0004Meer '78 0.0007Msev '79 0.0004,hy '7e 0.00L1/sep 'is
ne a/Searvey 0.D11/Jd '79 0.000 thy '79 0.007/Js1 '79 0.005/Jul "9 0.004/JM '79 0.00e rJul * ?9
steen 20.0024 0.0006 >0.002 50.002 50.0018 50.002
5td Dew 0.00 5 0.0 0.0017 0.002 0.0014 S%s

tron nia/ Survey S.004/Sep '78 0.028Meay 'Y9 0.04/ lear '79 0.005/Isov '70 0.02/ur e '78 0.005/moe '7e ,

seen/survwy 0.2J/3eow '79 0.025.hy '78 0. 30sJan 'e0 0.27/leay ' 79 0.3 thy '79 626 7en '79
Jul '90

staan 0.12 0.029 0.15 0.12 0.13 0.13
Etd Dev 0.04 0. 0 0.09 0.09 0.09 0.00

nasket man / survey 50.001/her '79 c.00cLessy '?S 0.000 thy '70 0.0005/nesy '70 0.0007/how '76 <0.001/Jan-Jul '40

naa/5urvey 0.022.hy '79 0.0005Meay '79 0.026Meay '79 0.074.hy '80 0.02 Mao, '79 0.011/May '79
lesen 0.012 0.0005 50.01 S0.01 50.006 30.000

ste Dev 0.G19 0.0 0.02 0.02 0.006 0.015

vitaaium All mosauremente 40.1

SIDDEu"S M9/h )t

Samplin9 Statlan

netal item JO J2N J23 J4N J45 J22S

Cener uma/$urvey 1.6/hr 40 3.SMeay '?B 1.2,hr '90 2.9mer '90 0.7 hy '60 1.7/May '90

uses/ Survey 7.3/Jul '79 3.5.my '79 6.6/Jul '79 9.9 shy '70 7.0Miar '79 5. 3Meay ''9

noen 5.2 3.5 4.1 4.6 3.9s 3.73
ste Dev 1.12 0.0 1,62 1.90 1.54 0.84

Chramause Nan / Survey 12.0/5ep '79 121eay 'te 10,hy '70 ll'Jul '70 7.6/teay '75 0.3/60 875
man / Survey 21.0/May '79 12.0 'May "?9 23Meer '79 23/etey *7S 21/Jan '80 24 hy '90
moon 10.0 12 16.9 15.4 14.3 14.8
StJ Qew 3. 14 0.0 3.65 3.47 4.1 3.77

Irom mia/ Survey 6900/h1 '70 5400,hav '70 1240,hr '90 5400, % '79 2270Maar '80 a n0OMeev *7e
Itea/ Survey 12200/Js1 '79 Se00/hy '79 11eo0Meer '79 13000 ' hey "8 10200/Jul '79 ele 0Meay '79
leone 9247.5 5400 0019,3 8325.1 6629.3 6407.1
St4 Dev 1899.1 0. 0 2e04.9 2077.4 2273.1 1142.2

utchel nam / Survey S.tMeer '80 S.1Meay '78 1.3/ mar 'ed 3.2/har *eo 2.9Meay '76 5.5/how '70
sess/ Survey 11/mey "1 5.3/sesy '78 9.74 ear '79 12Meer '7s 10Maar '79 7.t hy '79
peome 0.2 5. 3 1.4 7.0 6.6 44

5td Dev 1.4 0.0 1.5 2.1 2.0 1.1

yttansun Itta/ Survey 240/Jul '79 540/neef '78 124/Isar '80 210/Jul '78 190/Jul '75 140/Jul '74
team / Survey 11101asy '90 540iMey '79 1150/hr '79 1130Meay *e0 1160Meer '79 11404esy 's0

seean 005.3 540 657.2 401.5 570.5 593.3
I std Dev 211.6 0.0 312.5 295.4 338.9 288.1

I
i

! concentrations ranged from 0.001 mg/ liter to 0.006 mg/ liter. During 1980, chro-
mim and titanium in the receiving waters were usually less than the detection
limite

i

i Iron concentrations in receiving water ; at PMP stations ranged from 0.06
mg/ liter to 0.23 mg/ liter. These iron corwntrations were similar to values
observed during the previous year and hist' ncal nearshore data from unfiltered
sampl es.

The raage, mean, and standard deviation of heavy metals at the Unit 1
(inshore) stations during the last three years are presented in Table 2C-3.
Receiving wat* cm,2r concentrations for inshore sampling stations in 1980
ranged from 0.001 mg/ liter to 0.021 mg/ liter with a yearly mean of 0.005 mg/
liter. The maximum copper concentrations in receiving waters occurred at the
discharge in November. During other surveys 9 copper concentrations at the
discharge were similar to other stations. Chromim concentrations at inshore
stations were always close to the detection limit, with a maximurn value of 0.003
mg/l at Station D4Se

Yearly meaa and maximum concentrations of iron in the inshore receiving
| waters were both highest at the point of discharge (Station X0). Iron concen-
| trations ranged from 0.09 mg/ liter to 0.71 mg/ liter. Receiving water iron

!
1

1
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Table 2C 3. Summwy of maxi num, minimum. and standard deviation of heavy .
metals concentrations in receiving water and ocean bottom sediments for
preoperational stations from 1978-1980.

UNIT 1 - OPERATIONAL

RECEIVING WATER (mg/1)

Sampling Station

Metal item XO. C22S D4N D4S

Copper Min / Survey 0.0007/ Mar'78 0.001/Jan,Nou '79 0.0004/May '78 0.0008/May '78
Max / Survey 0.066/Jul '79 0.013/ Mar '79 3.2/Jan '80 0.12/May '79
Mean 0.0093 0.004 0.006 0.009
StJ Dev 0.017 0.003 0.006 0.01

Chromium Min / Survey 0.0003/Sep '78 (0.001/Jan.Jul'80 0.0004/Sep '78 0.0001/May '78
Max / Survey 0.008/Jul '79 0.014/Jul '79 0.005/Jan '79

. >0.0026
0.011/Jul '79

Mean >0.0021 >0.0048 20.0019
Std Dev 0.0019 0.0096 0.0014 0.0026

Iron Min / Survey 0.005/Nov '78 0.0089/Nov '78 0.0047/Nov '78 0.018/Nov '78
Max / Survey 1.2/Jan '79 0.34/Jan '79 0.36/May '80 0.40/Sep '80
Mean 0.34 0.14 0.16 0.17
Std Dev 0.30 0.10 0.11 0.12

Nickel Min / Survey 0.0008/May'78 0.0012/*'ay'78 0.0006/May'78 0.0003/May '78
Max / Survey 0.048/Nov '79 0.029/Nov '79 0.074/Nov '79 0.017/May '79
Mean 0.009 20.006 0.012 >0.007
Std Dev 3.01 0.01 0.017 0.006

Titanium All seasurements <0.1

SEDIMENTS (mg/kg)

Sampling Statior.

Metal Item X0 C22S D4N D4S

Copper Min / Survey 3.3/Jul '80 1.0/Jan '79 0.025/Jun '79 1.2/Nov '80
Max / Survey 8.2/ Mar '79 5.9/Jul '78 8.8/ Mar '80 5.4/Jul '78
Mean 4.9 3.67 5.5 5.2
Std Dev 1.33 1.25 1.95 4.94

Chromium Min / Survey 8.0/Sep '78 3.0/May '79 9.2/ Mar '79 6.0/Nov '40
Max / Survey 17.0/May'80 23.0/May '80 25.0/May '80 44.0/ Mar -80
Mean 13.6 12.9 14.3 16.98
Std Dev 2.55 4.71 4.98 8.76

Iron Min / Survey 6400/Sep '78 1160/May '79 5190/Jan '80 2000/Nov '80
Max / Survey 14400/ Mar '79 9000/Jul '78 11900/Jul '80 28800/ Mar '81
Mean 8713.5 6190.5 9505.9 8241.8
Std Dev 2023.5 2143.3 3455.5 5771.1

Nickel Min / Survey 4.0/Jul '80 2.9/May '78 . 8/Nov '79 3.9/May '78
Max / Survey 11.0/ Mar '79 11/Jul '78 13/May '80 28/ Mar '80
Mean 7.2 6.1 7.9 8.5
Std Dev 2.0 2.0 2.7 5.4

Tita. tium Min / Survey 270/Sep '78 171/Jan '79 210/Jul '78 210/Nov '70
Max / Survey 1000/ Mar '79 969/May '80 1240/May '80 1190/May '80
Mean 485 541 638.5 624.4
Std Dev 281.2 217.4 294.7 315.6

concentrations at the discharge were higher than those at the control station
during all but the July survey. Maximum concentrations of iron, occurring at the
discharge, were three times greater than those measured at Stations C22S, D4N,
and 04S.

Concentrations of nickel in the receiving water ranged from less than
0.001 mg/ liter to 0.015 mg/ liter, with a yearly mean of 0.006 mg/ liter. Maximisn
nickel concentrations occurred at Station D4S during two surveys (10 March, 8
July) and this station also had the greatest yearly mean concentration.

All receiving water titanitsn concentrations were less than the detectable
limit (0.1 mg/ liter) for all sampling stations.
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Ocean Bottom Sediments

The rar.ge, mean, and standard dcviatica of heavy metals in the sediment at
Units 2 and 3 stations during the last three years are presented in Table 2C-2.
Sediment copper concentrations from offshore stations for Units 2 and 3 ranged
from 0.7 to 6.1 trg/kg with a yearly mean of 3.7 mg/kg for all stations conbined.
Concentrations of copper were slightly higher in January and July than during
other months. Chromium concentrations ranged from 7.9 to 24 mg/kg, with an annual
mean of 17 mg/kg.

Ocean bottom sediment iron concentrations in the of fshore study area
ranged from 1240 to 10,000 mg/kg, with a yearly mean of 7300 mg/kg. Sediment
concentrations of nickel ranged from 1.3 to 9.9 mg/kg, with an annual mean of 6.6
mg/kg. Titanium concentrations ranged from 201 to 1140 mg/kg, with a yearly mean
of 750 mg/kg. Sediment concentrations of chromiusi, iron, nickel, and titanium
were all lowest during March, ar.d were similar du.ing other months. <

,

The range, mean, and standard deviation of heavy metals in the ocean bottom
sediment at Unit 1 stations during the last three years are presented in Table
2C-2. Sediment cooper concentrations ranged from 1.2 to 24 mg/kg. The highest
value occurred at Statie D4S in March, and is nearly three times larger than
ar for 19D. The annual mean copper concentration was 5.8 mg/kg.

ce traticns ranged from 6 to 44 mg/kg, with an annual mean of 18Ct '

m9, ..nt iron concentrations ranged from 2000 to 28,800 mg/kg, with an
annual mean of 9880 mg/kg. Nickel concentrations ranged from 4.0 to 28 mg/kg,
. tith an annual mean of 9.0 mg/kg. Concentrations of titanium in the sediments
ranged from 352 to 1240 mg/kg, with a yearly mean of 752 mg/kg.

The maximum concentrations of copper, chromium, iron, and nickel in the

in> hora nu@ area were all observed at Station D4S in March. Concentrations of
these metals were similar during the remainfig surveys in 1980. Concentrations of
all sediment heavy metals at inshore stations were usually greater at Stations
D4N and D4S than at Stations X0 or C225.

LITERATURE CITED

Allan Hancock foundation.1965. An oce:nographic and bioiagical survey of
the southern California mainland shelf. State of California Resources
Agency, State Water Quality Control Board. Publ. 27.

Bakun, A. 1980. Coastal upwelling indices, daily and weekly means. National
Oceanic and Atmospheric Administration / National Marine Fisheries Service
Pacific Environmental Group, Monterey, California.

Brown and Caldwell (BC).1978. Manual of procedures for environmental technical
specifications and preoperational environmental monitoring at San Onofre
Nuclear Generating Station. Prepared for Southern California Edison Company,
August 1979. 250 pp.

Environmental Protection Agency. 1969. Chemistry laboratory manual, bottom
sediments. Great Lakes Region Comittee on Analytical Methods, December. PB
217-451.

National Oceanic and Atmospheric Administration, National Climatic Center.
1980. Climatological data. Vol. 84, Nos.1-12.

|

_



2C-14
i

Southern California Coastal Water Research Project.1973. Ecology of the Southern
California Bight: Implications for water quality management, SCCWRP TR 104,
March 1973, 531 pp.

Southern California Edison Company.1981a. San Onofre Nuclear Generating Station,
1980 annual operating report - environmental technical specifications Unit
1; national pollutant discharge elimination system Units 1, 2, and 3;
construction monitoring program Units 2 and 3; and preoperational monitoring
program units 2 and 3. Vol. I. Oceanographic and biological sunnary data
report. iiarch 1981. Prepared by Brown and.Caldwell Marine Sciences Division,
Lockheed Environmental Sciences, and Marine Biological Consultants, Inc.
81-AD-7. 65 pp.

Southern C411fornia Edison Company.1981b. San Onofre Nuclear Generating Station,
1980 annual operating report - environmental technical specifications Unit
1; national pollutant discharge elimination system Units 1, 2, and 3;
construction monitoring program Units 2 and 3; and preoperational monitoring
program units 2 and 3. Vol. II. Oceanographic and biological comprehensive
data supplement. Prepared by Brown and Caldwell Marine Sciences Division,
Lockheed Environmental Sciences, and Marine Biological Consultants, Inc.
81-RD-8. in progress.

State of California Water Pollution Control Board.1959. Oceanographic survey of
the Continental shelf area of southern California. State Water Pollution
Control Board, Sacramento, California. Publication No. 20.

Strickland, J.D.H., and T. R. Parsons.1972. A practical handbook of seawater
analysis, 2nd edition. Fisheries Research Board of Canada. 310 pp.

_ _ _



-. _

CHAPTER 2D

SEDIMENT 0 LOGY

INTRODUCTION

This chapter describes marine geological conditions near the San Onofre
Nuclear Generating Station (Figure 2D-1) cnd discusses the results of 1980 marine
sediment monitoring to determine effects resulting from construction and dredging
operations associated with pl acement of offshore cooling water conduits and
related structures for San Onofre Units 2 and 3 (Figure 2D-1). The program also
provides preoperational sedimentology data. The sediment monitoring program was
conducted in conjunction with the biological infaunal studies described in
Chapters 4A and SA. The study met regulatory requirements for the Construction
Monitoring Program (CMP).

The purpose of the present 1980 sediment monitoring was to 1) assess the
effects of sand dispersal during and after construction and dredging operations
associated with the addition of San Onofre Units 2 and 3 to the existing gener-
ating facility, and 2) to provide information on physical variables previously
identified as being major factors influencing the distribution and abundance of
benthic organisms.

Sedimentological investigations were conducted in both the intertidal and
subtidal nearshore envirorsnents adjacent to San Onofre. Data collected during
1980 e e presented in the stanmary data report (SCED 1981a) and the comprehensive
data report (SCE 1981b).

9ACKGROUND

PREVIOUS STUDIES

Environmental studies of San Onofre intertidal and subtidal areas began in
the fall of 1963 and nave continued through the construction and operation of
San Onofre Unit 1 (Table 2D-1). Early studies of the San Onofre area referred to
the sedimentary environment as sandy or cobble in the context of infauna or
epiflora substrates. No granulometric analyses were reported; the sand / cobble
ratio was reported for 1964,1965,1967,1968,1969,1970 and 1971. The sediment
at benthic Station A 2000 ft offshore and 2800 ft upcoast of the outfall was
reported to have abundant or little sand compared to cobble. Alternatively, only
the presence or 2;cnce of cobble was noted at benthic Stations B through F and
the Barn kelp and San Mateo kelp benthic stations. In 1972 and 1973, grain size
analyses were obtained for 8 sets of samples from 19 offshore stations.

The existence or absence of sand substrate was noted when benthic (subtidal)
and intertidal samples were collected for the Marine Envirorsnental Monitoring and
San Disposal Monitoring programs (Lockheed Center for Marine Research [LCMR]
1974, 1975, 1976). Mean percentages of sand at eight stations, two zones, and the
three kelp stations were reported monthly between April 1975 and November 1977
(LCMR 1977).

The first formal sedimentological sttrifes under the Construction Moni-
toring Program (CMP) began in 1976 and contiriued until 1980. In 1980, one sandy

.
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Table 2D-1. Chronolog'ical history of sCE-spon.ored studies producing sedimento-
logical information at the San Onofre site.

Major Programs Date Frequency Locality Replicates Type of Data CoIIected

Marine tnvironmental Monitoring
Unit 1 Preoperation 1963-66 Sestannual Offshore Vf sual observations 10 intertidal surveys. 21 intertidal

SONGS of substrate type surveys. Sand cobble ratto at benthic
Unit 1 Operation 1966-72 Unit 1. 5tation A; presence or absence of sand* *

or cobble at benthic 5tations B-F,

Barn kelp and San Mateo kelp.

Unit 1 Operation 1972 Ma r, Apr, Offshore Diver-obtained Granulemetric analyses of sediments
Jun,Aug, SONGS grab samples at 19 benthic stations.
Oct Unit 1

* ** 1973 Jan. Apr,
Jun

Marine Enviroruental Monitoring 1974 4/yr Offshore visual observations Mean 1 of sand at 8 stations in 2
*Semiannual Operating 1975 SONGS of substrate at benthic zones and 3 kelp stations

Sand Disposal Monitortag 1975 Ape,5ep. Units benthic (subtidal) *

Dec 2 & 3. Intertidal stations
" "* 1976 Feb Apr.

Sep,Dec

Construction Monitoring
*Program (CMP) 1976 77 4/yr at 18 Core samples Granulometric analyses of sediment

benthic obtained by dtver samples, intertidal and subtidal,
CMP and Preoperational stations of fshore '18 sed- plus organic and carbonate Carbon

monitoring Program (CMP) 1978 and 5 1 ment traps, 66 content on subtidal only,
of Units 2 and 3 intertidal benthic grain site,

stations 114 benthic carbon)
* ** 1979 and hand coring on

the beach (175
* "* 1980 Intertidal grain

size / quarter)

intertidal biological survey was conducted (February). Concurrent with biological
sampling, five replicate sediment samples were collected at seven intertidal
levels, from five stations. Grain size distribution characteristics were deter-
mined for these sampl es. In addition, beach profiles were recorded for each
station at the time of sampling. Since offshore dredging was completed in March
1980, no additional quarterly surveys were performed.

In 1980, benthic infaunal surveys were conducted in March and June. Biolog-
ical and sedimentological samples were collected at 18 stations with replication
dependent on water depth. Sediment samples were analyzed for grain size and
organic carbon content. In addition, monthly collections from sedimentation traps
were analyzed for the same time period. Since offshore dredging was completed in
March and all offshore trestle structures has been removed by April, the last
quarterly survey was conducted in June.

As part of the Preoperational Mont toring Program (PMP) LCMR recorded
certain physical / chemical environmental data including sediment accianulation
with their Benthic Sensing Package (BSP) at selected stations. The BSP data and
results are presented in Chapter SB.

HISTORY OF CONSTRUCTION

Preparation of the construction site for San Onofre Units 2 and 3 was ini-
tiated in March 1974. The construction site is located adjacent to and southeast

of San Onofre Unit 1.
.

Two contiguous trestles were constructed from July through Decerrber 1976
for the installation of the Unit 2 intake and discharge conduits. The trestles
extended approximately 1006 m offshore from the onshore staging area. After
the Unit 2 cooling water conduit installation was completed, the trestles were
removed and installed slightly downcoast for emplacement of cooling water con-
duits for San Onofre Unit 3. Th- trestles seaward of the intake structure of Unit

4
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3 were removed in 1979; the remaining portion of the Unit 3 trestle on the
discharge side was removed between 11 March and 30 April 1980 and the portion on
the intake side was removed between 4 September and 5 December 1980.

During San Onofre Units 2 and 3 site preparation, approximately 1,739,923
m3 of spoil material was excavgted from the bluff adjacent *n San 3nofre Unit 1
(SCE 1978). Nearly 1,571,725 m3 of the excavated material wm de';ogited on the
beach south of the construction site, while the remaining 168,19F W was depos-
ited as a pad behind sheet-pilings. The pad area was utilized .s a material
and equipment staging area during the construction of the offshoN conduits and
is being used for shop and office locations during plant sta.rtup and testing.
Eventually, the sheet-pilings will be removed and the fill ,s.terial allowed to be
distributed by wave action. Table 20 2. Volume and disposition of dispo$ed

Mad W W'a',Y,.h2Beginning in March 1977 and 0
continuing through Decqmber 1977,

$c'g'N NNnt pi $ nt"3 of dredge santaapproximately 215,222 m nearshore
material from conduit installation was
plactJ on the beach in front of the 1977

offshore wall of the construction Mar - 7,692

laydown pad (SCE, 1978). Monthly Apr - 11.842

volunes of sand deposiged on the beach fu5
'

N2- 1

ranged from 7,692 m in Marcn to Jul 7,248 19,603
363,763 m during August (Table Aug - 63,763

20-2). In addition to the dredge $ 2k$ j#jjz
ma te rial deposited on the beach, Nov 22,434 9.410

dredge material was used as conduit Dec - 25.800

backfill between July 1977 and Novem- 1978
3ber 1977 (69,314 m) and between Jan 8,334 16,171

January and December 1978 (Table reb 13,257

2D-2). Mar 22,089
Ap r 42,039

Dredge activity during 1978 was pj Q,@
high in the winter and spring (January aui 13,763
to May) with displ acement averaging Aug 11.010

3 6over 25,996 m / month (SCE 1979), and y 2.g3
,

decreased during the summer, fall, and so, . 8,182

early winter months (June to November) Dec 6,117 e,831

with a monthly average displacement of 197,
3just over 11,469 m . Dredge place-

ment activit! was considerably greater $ N',N'just inside the 6 m (19.6 ft) and 9 m Mar 27 242

(29.5 ft) isobaths (Figure 2D-2) . gr g.go
In 1978 and 1979, dredged mater- $ s', N Ik$2

*

ial was deposited inshore on the south Aug 40,281

side of the trestles for the Unit 3 sep 38,3s7

cooling conduit (Figure 2D-2) tn com- U $$
pensate for interruption of the Dec 8.719
natural sand transport path ty the

1980construction laydown pad on the
Jan 8,492

beach. ,_

The fi a. dredging activity consisted of a small amount of material (8,492
cubic yard ) deposited in January 1980 on the south side of the Unit 3 discharge
structure tenninus at a depth of 15 m (49.2 f t).

A summary of the dredge material displacement at San Onofre during 1977 to
May 1980 is presented in Table 2D-2 with the quantity, location, and time of
placement shown in Figure 2D-2.

i
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MARINE GErLOGICAL SETTING ''
once een iere

E E Y:

' ":'NThe San Onofre site is located on s .
i

a coastline oriented approximately
N55'W in a region where waves approach -

,
through directional windows between Januaav neo

the California coast and Santa Cata-
lina and San Clemente Islands. 8 -

/\
Westerly swells are the most frequent N
long-period waves to reach the site, o - .

" " " " ^ " " "but contributions come from sea waves
approaching the NW to WNW and from sea a' '

and swell from the SSE to SW. The wave ?,

climate in the vicinity of the San a
Onofre site is shown in Figure 50

, , , , , , , ,

20-3. These waves generate a net $
littoral transport toward the SE of 2, .

3 of sand per year W Wabout 100,000 yd
(State of California 1977). Other 5

* "

estimates (State of California 1976) una neo
are over twice that amount. The sand
moves through the li tto ral cells s -

extending from Dana Point to La p
Jolla Submarine Canyon (i nterrup .ed / - ,

o
by jetties at Camp Pendleton and ** vino

s -

/ s to ts to 25

f DA YS
,[' # %==.ee y Figure 2D-3. Daily maximum significant wave

** M height in the vicinity of the San'

{,a,=,a,,, [p7
,as Onofre Nuclear Generating Station

site from December 1979 throughf 8
3 '' q May 1960.

@ .., -Jf?
hN;\ r Oceanside). These rel ationships are

shown in Figure 2D-4 taken from State" " * " " * " " *

[[j ,, v' of California (1977). The ecurce oftos
N sediments within the littoral cell aresomos see '

'i, s -p San Juan Creek, San Mateo Creek, Sana*'

#
i

' / / Onofre Creek and other small streams,
'

| ,,,_r' /["/ and the cliffs and bluffs from Dana
' Point to San Onofre. The rock in the>'

,

- c- - m ' >f bluffs and cliffs are soft tertiary

p marine sandstones that weather to* - " "

provide an unknown, but probablyG - ,

significant amount of sand to the"'

(< -
,

littoral drift. The major supply of... _ :|'. .. .

= * ' - - " ' " ' sand to the littoral cel l is not
uniform or even periodic on a yearly

" basis. The streams debouch thei ri

Oa-oo . ,, 5 "''"' T ::.,, stored bedload of sediment only during'

Am floods induced by infrequent severe
O n,,,,,,,,, ,,,,, ,_. -~ u e ,

,,,,,

rainstoms..

ir y,x mo,o . , ,,iin
-

Sediments from the sources are
Fegure 2D4. Hates of longshore transport of sand in distributed Iaterally along the

the SONGS area (State of California )9 g) gg
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littoral drift. Wave action in the surf zone and shoreward winnows fine material
from the sediment, leaving sand and gravel fractions in the intertidal zone. The
suspended fine sediments are carried seaward by rip currents and tidal ebb flow
and probably to a lesser extent by wind-induced seaward currents. The pattern of
sediments in the area reflects the effects of these processes. Sand and coarser
material should occur in the intertidal zone; coarsest material is to be found
where available wave energy (proportional to toe square of the wave height) is e
maximum along the shore. Such places are at headlands where refraction concer-
trates wave energy or downcoast of a barrier to littoral drift where waves experid
energy in erosion rather than in maintaining suspended or tractive transport.

Becat.se of the turbulent energy at the point where waves break, the coarsest
offshore material is found there. The coarsest sediments on the beach occur wi
the winter berm because only the highest waves of the season can reach the berm
elevation and deposit sediment.

Seaward of the surf zone, deposition of finer material (fine sand, silt,
and under particularly quiescent conditions, floculated clays) occurs du. ing
the summer season. Seaward of about 10 m (32.8 ft), only the finest material
delivered by streams is deposited.

A seasonal shift in the offshore transfer of sediment occurs in response
to the changes in waves from summer (long low swell) to winter (short, high storm
waves). Winter storm waves tend to remove material from the littoral zone and
deposit it just seaward. Summer. swell, able to move sediment particles in deeper
water, gradually move the material shoreward. Such seasonal changes are usually
restricted to water depths less than 10 m. The entire process is complicated by
the natural irregularity of the coastline and bathymetric contours, and by
the variability of the wave climate. Also, the transport of suspended material
can be in a direction opposite to that of tractive transport (transport by
rolling, sliding, or bouncing along the bottem) at various points nonnal to the
coast under certain wave conditions (Komar 19M).

The onshore-offshore patterns of sediment movement caused by waves leads
; to a fractionation of sizes in the sediment. Coarse material is transported

tractively shoreward at rates proportional to their grain size, while fine
material is carried' seaward in suspension. The general sediment pattern is
expected to confonn to the effects of such a fractionation of sizes.

The actual pattern of sediments in the intertidal and subtidal zones
is a time-dependent result of all the processes described above. Variability in
sediment supply and in wavt energy can be expected to produce patchiness in the
pattern of sediments at San Onofre. The littoral drift at the site is among the
lowest estimated for littoral cells in California (it is 1/10 of the maximum
observed at Oxnard in Ventura County according to U.S. Army CERC 1973). This
coupled with the fact that the coastline is emergent, as indicate.1 by severr.1
elevated ancient strand (beach) lines onshore between Carlsbad and Cardif *-by-the
Sea (State of California 1960), suggests that a thick layer of recent marine
sediments (sands and silts) cannot be expected in the San Onofre area. Indeed,
the areas of cobbles observed offshare and mapped by the side-scan sonar tech-
nique, probably represent a substrate of extremely coarse material that is not
compleely buried by the modern sediment cover.

. __ .-
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DISCUSSION

INTERTIDAL ZONE

Beach Profile

Beach profile mesurements in 1980 indicated that the impoundment of beach
sand continued at the construction pad. A wide beach formed just upcoast of the
pad and sediments changed little during the year. Most impounded material was
effectively removed from transport by beach drift (lateral tractive transport of
sand in the swash-backwasn zone). Downcoast of the pad beach stability was
reduced, and erosion and accretion modified the intertidal zone in response
to changes in the direction of wave attack. Most changes in the intertidal
zone probably related to natural seasonal and episodic changes in the littoral
environment.

Beach Sedimer.t Characteristics

Granulometric and statistical analyses of intertidal sediments sampled
in 1930 pennitted the characterization of active processes in the intertidal
regime. Sediment properties developed by the analyses were typical of the inter-
tidal environment. The groin effect of the construction pad was evident in its
stabilization of statistical measurements of the sediments upcoast of the pad.

Analysis of intertidal sediment statistics for 1979 established the exis-
tence of four major intertidal sediment facies:

Facies I: A fine sand facies usually found at low elevations on the tran-
sect. It included those sediments that were actively worked by waves.

Facies II: A facies cl'aracterized by its coarse sand content the first
half of the year and by sorting in the last two quarters of the year.
The facies showed affinities 'with Facies I and III and was probably
transitional between them.

Facies III: A coarse sand facies characterized by the presence of pebble and
granule sizes in the first half of the year and by coarse to very
coarse sand the last half of the year.

Facies IV: A granule facies characterized by polymodality in the first
half of the year, but was unimodal with excess granules and very
coarse sand in the last half of the year.

Such subtle distinctions in sediment type were not discernible in the
February 1980 intertidal sediment samples. A coarse-to-medium sand existed at the
lowermost elevation on all transects except CC. Sediments along Transect AA were
particularly rich (5 to 27%) in gravel. These sediments probably represent Facies
II, III, and IV. No representative of the fine grained sediment facies (I) were
found.

Apparently, winter storms reworked tha beach sands and removed the fine
fraction leaving behind coarser sediment unan was observed in December 1979. The
finest sediment (a medfur. sand with average mean grain size of about 1.25 phi)
was found in Transect BB just upcoast of the construction pad. It is likely that
this sediment represents entrapment of beach drift by the pad.

. . _ - _ _ _ _ _ - _ - _ _ _ _ _ - _ _ _ - _ _
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Only one effect associated with construction at the San Onofre site was
evident: The extremely small variation of sediment statistics at Transect BB,
upcoast of the San Onofre 2 and 3 construction pad, was attributed to the groin
effect of the pad. Sediment at Transect BB was impounded by the pad and therefore
was not subject to the free littoral transport that occurred elsewhere near the
si te.

THE SUBTIDAL ZONE

Sedimentation Rates and Changes in Sea Floor Elevation

The sedimentation rate was generally highest and most variable at inshore (6
m,19.6 f t) stations, and lowest and least variable at offshore (15 m, 49.2 ft)
stations. Intermediate stations (9 m, 29.5 f t) exhibited intermediate rates.
Sedimentation rates were substantially higher in 1980 than in 1979. Sediment
rates apparently were related to factors that were not measured such as occurrence
and location of rip currents on the beach or stream runoff rates. Also, the lack
of grain size data on material retrieted from sediment traps prevented exnining
possible modes of transport of the trapped sediments.

Changes in sea floor elevation were often greater than those indicated by
the sedimentation in the traps positioned a meter or so above the sea floor,
indicating the sea floor erosion and accretion were caused by material moving
laterally along the bottom below the traps, presumably by the tractive effect of
passing waves. Most of the changes in sea floor elevation appear to have been
caused by winter storms.

The subtidal sediment facies identified in the 1978 and 1979 studies were
recognized in the 1980 study results. The differences noted in the present study
were caused by the use of mean versus sorting plots rather than factor analysis
to discriminate facies.

A general trend in the facies distribution was for fine sand facies to
occupy most inshore stations except at the upcoast Transect AA. Also, the
occurrence of relict sediment at Stations E3, C2, and D3 suggest that little
sediment was being introduced at those sites. This is consistent with the outer
limit of the littoral zone being between the 20 and 30 f t isobaths.

No effects of construction or of trestle removal was evident in the distri-
bution of subtidal sediment facies in March and May 1980.

The subtidal sediment facies identified in the 1978 and 1979 studies were
recognized in the 1980 study results. The differences noted in the present studyl

were caused by the use of mean versus sorting plots rather than factor analysis
to discriminate facies.

A general trend in the facies distribution was for fine sand facies to
occupy most inshore stations except at the upcoast Transect AA. Also, the
occurrence of relict sediment at Stations E3, 02, and D3 suggest that little
sediment was being introduced at those sites. This is consistent with the outer
1,imit of the littoral zone being between the 20 and 30 ft isobaths.

No effects of construction or of trestle removal was ev1 dent. in the distri-
bution of subtidal sediment facies in March and May 1980.

The measurement of inorganic carbon (carbonate) in sabtidal sediments was
! valuable as a discriminator of relict sediments. Orgaric carbon content of

j subtidal sediments, though probably important to the benthic infauna, provided no

.
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direct in formation regarding natural or artificial processes active in the
subtidal zone. Extreme values of organic carbon content, not previously observed,
were measured in 1980.

This concludes the overall discussion. Detailed 1980 methods and results are
presented in the sections that follow.

_______ _ ________ _ _____ _ ___ ____

APPROACH

To detect and evaluate the effects of construction for Units 2 and 3 on
intertidal and subtidal sediments at San Onofre, evidence of anomalous sediment
conditions attributable to construction effects was sought. Both the natural
state and construc tion-induced perturbations of the sediment environment are
dynamic in nature. They reflect the influence of the energy of water motion upon
the supply , transportation, and deposi tion of sedimentary mate rial s. It is
important to employ descriptive sediment measures that reflect the dynamics of
sedimentation so that the processes active in the environment are characterized.

The measures chosen were the sediment grain size population statistics found
in a sediment sample. The premise was that a discrete size distribution function
describes the aggregation of detrital sediment particles from its origin during
erosion of rocks, during transport, and at rest in a sedimentary deposit. The
conventional distribution function used in sedimentology is the log-normal model.
As used, it is a two-parameter function (characterized by mean and variance), but
actually it is a particular member of the general Weibull distribution, a three-
parameter function commonly used to describe the products of conininution. As an
aggregation of sediment particles is acted upon dynamically by agents of tran-
sport (fluviatil ?, aeolian, and marine), the aggregate's distribution function
changes. The sta tistical parameters that define the function reflect those
changes in ways ttat permit interpre+1ng the sedimentological processes active in
the environment. The parameters used ,'ere:

1. Mean Grain Size. This statistic sisnmarizes t'ie power available to move
sediment particles to and through the environment.

2. Coarse Fraction Percentage. The coarsest material in the sediment
reflects the maximum transportive or erosive energy affecting the envirortnent.
This measure was important because the most rapid sediment erosion transport
occurred during storm wave events. The coarse fraction thus provided a signifi-
cant estimate of the vigorousness of the wave climate in the littoral zone.

3. Sorting. This is a measure of the standard deviation of the particle
aggregation which reflects the combined effects of variability in the sizes of
sedimentary material supplied to the envirorinent and of the variability in the
energy transport. Highly turbulent flow in river flood water and in breaking
storm waves leads to poor sorting (high variability), while oscillatory motion
during periods of regular swell produces a well-sorted sediment.

4. Skewness. This measure of the asymmetry of the sediment size distribu-
tion reveiTs the presence or absence of extremely fine or coarse particles and
indicates an admixture of atypical materials to the sediment or an atypical
removal of extreme-sized grains. Skewness indicates selective processes operating
in the sedimentary environment by comparing the degree of sorting of coarse
materials to that of the fine fraction.
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5. Kurtosis. This measure of the peakedness of the size distribution
compares the degree of sorting of the central sizes to that of the extremes.
Normal distribution curves have a kurtosis value of Kg = 1.00. Platykurtotic
curves (Kg < 1.00) suggest the incomplete fusion of two or more distinctly
different sediment types. Values of Kg > 1.00 are leptokurtotic and thus indicate
the relative absence of size extremes resulting from selectivity in transport and
reworking of sediment deposits.

METHODS

Sediment characteristics of the intertidal and subtidal areas adjacent to
San Onofre were sampled during one quarterly survey in 1980 (SCE 1981 a-b).

Thirty-five intertidal sampling stations along 5 transects and 18 subtidal
stations along 6 transects were estabit 5ed (Figure 2D-1). Sampling was initiated
in December 1976, four months prior to cueencement of dredging, and continued
quarterly through May 1980. The results, analysis, and interpretations presented
herein are based on data collected during quarterly surveys conducted in 1979 and
1980. The results of prior sediment studies were presented in 1978,1979 and
1980 annual rcports (MBC 1978; SCE 1979,1980).

Because intertidal and subtidal environments at San Onofre were seen to
be distinctly different, with easily distinguishable abiotic and biotic charac-
cteristics, the sedimentology of the two environments was analyzed separately.

INTERTIDAL SEDIMENTS

Measurement of the beach profile, collection of samples for sediment grain
size analysis, and sampling of the intertidal biota were conducted along five
permanently established transects perpendicular to the shoreline (Figure 2D-1).'

Transects were located with respect to a reference transect situated midway
between the cooling water conduits of Units 2 and 3. Sample size, replication,
and spacing were determined from experiments designed to measure loss of infor-
mation limits for a minimal sampling pattern.

Estimates of wave period, height, and direction as well as water tempera-
tures were recorded at each transect.

Beach Profiles

Prior to the initiation of intertidal surveys, the +8 ft 2.4 m) tidal
elevation (from MLLW) at each transect was located by surveying from permanent
reference marks of known elevation.

During the quarterly survey, beach profiles were measured at each of
the transects. The profiles were made using a surveyor's self-leveling level.
Profiles were determined using pre-established reference marks located at each
transect, and were surveyed in from the reference mark to '1LLW. Sampling sites
were established at 1 ft (0.3 m) elevation intervals from +6 ft (1.8 m) to
MLLW.

Along each transect, core samples for sediment grain size analysis were
collected at 0, +1 (0.3 m), +2 (0.6 m), +3 (0.9 m), +4 (1.2 m), +5 (1.5 m), and
+6 ft (1.8 m) tidal elevations (MLLW). Five replicate samples were taken at
each intertidal l evel from each of the five beach transects. Sediment cores
were collected to a depth of 30 cm except when cobble prevented core penetration.
Material for the analysis was removed from the entire length of the core.
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Grain Size Analysis

Grain size distributions of each sample were detennined using a settling
tube similar to that described by Gibbs (1974). The device uses a differential
transformer to sense the load exerted by sediment as it settles and accumulates
in a pan near the base of the settling coltann. The strip chart output from
the load sensor was converted to a cumulative frequency plot of the sizes
of the particles constituting the samples. Sizes were reported in phi units
(phi = -log 2 diameter in millimeters).

Grain size data were converted to the cisnulative frequency of the occur-
rence of grain size classes. Statistical parameters (mean grain size sorting,
skewness, and kurtosis) of each grain size distribution were extracted using
ma'ent measures (Krtsnbein and Pettijohn 1938, Sharp and Fan 1973).

SUBTIDAL SEDIMENTS

Samples for sediment characterization and determination of sedimentation
rates were collected during subtidal
infaunal surveys conducted by divers
using SCUBA equipment. During eachg survey, permanent stations were
occupied at the 6, 9, and 15 m (19.6,
29.5, and 49.2 ft, respectively)

Y% isobaths along each of six transects
were occupied (Figure 2D-1). Three
transects were located upcoasc and
three downcoast at prescribed dis-
tances from a reference transect

M running midway between the cooling
0 water conduits of San Onofre Units 2

and 3. Three replicate samples weregg collected at 6 m isobath stations;
four replicate samples were taken at
the 9 and 15 m i sobath stations.

o

Each sample consisted of a single
core (minimum penetration depth 10
cm) Cores were collected adjacent to
the area of biological sampl ing .

m

J Grain Size Analysis
y
Q The sand and gravel grain size

distributions of each replicate sample
were detennined as described for theg // a 3

# intertidal sediment sampl es . The
; silt-clay distribution was determined

N by a hydrometer method based on thei
' h

se ttl ing rates of different sized-

s.s E particles and fluid density ( ASTM,'
-

;

4- I 5 C D422 1963).~

/ . jf _

Sedimentation Analysis
,

x

At each station, a sediment trap
- ;47 for determining deposition rates of'

suspended sediments was attached to a
Figure 2D 5. Subtidal sediment trap and monument

construction. monument as shown in Figure 20-5.
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The sediment traps used in the study were made from trin-wall ABS plastic
pipe 52 cm (20.4 in) long and with a diameter of 10.6 cm (4.2 in). A funnel,
recessed 4.5 cm (1.8 in) below the top of the trap with a 3.0 cm (1.2 in) opening
at its bottom, was installed to prevent resuspension and subsequent loss of
sediments during the collection period. Weaver (1978) has shown that resuspension
of trapped sediments is avoided if the tube length exceeds 4 times its diameter.
A clear plastic liner in which the sediments were collected was fitted inside the
trap housing. Quarterly, the height of the trap above the bottom was measured.
The height of the traps above the bottom was used to estimate the change in
elevation of the sea bed. The plastic liner and container contents were removed,
and returned to the laboratory for analysis. The amount of sediment collected in
each chamber was measured and reported as gm (dry wt)/m'/ time interval.

Organic Carbon Analysis

Organic carbon content of the sediments was measured to determine the.
amount of organic nutrients available to infaunal species. Samples for organic;

carbon analysis were collected from the sediments adjacent to each biological
i sampling station and frozen in the field. Three replicate samples were collected
,

| at the 6 m isobath stations and 8 replicates were taken at the 9 and 15 m isobath
stations. A total of 114 samples were taken each quarter. Samples were subse-'

quently analyzed with a LEC0 semi-automatic gasometric carbon analyzer according
! to the procedures described in Kolpack and Bell (1968). The organic fraction of

the total carbon content was detennined by subtracting the inorganic C-C03 value.
Results are expressed as percent dry weight.

DATA PRESENTATION'

Raw grain size analysis data, physical measurement data, and organic carbon
analysis data are included in Volume 1. Oceanographic Data (SCE 1980).

Sediments occurring in the intertidal and subtidal zones have been subjected
to several cycles of transport and deposition and have moved as tractive bed-

| load, in suspension or both. These cycles tend to segregate sediment types
I within the littoral zone, while at the same time integrating the effects of

extreme variability in the energy affecting the environment. As a consequence,
marine sediments tend to occur in facies, each of which is characterized by a
particular ensemble of values for the statistical properties of the size distri-
bution. The objectives of the sedimentology study were addressed by examining
naturally-occurring facies at the San Onofre site to allow recognition of
anomalous sediment conditions caused by construction activities.

RESULTS AND ANALYSES

The results of measurements and analyses of the geomorphic and sedimento-
logical properties of the San Onofre intertidal and subtidal zones are presented
with particular regard to those features that indicate: 1) natural conditions and
2) effects of construction.

| THE INTERTIDAL ZONE
l

| Beach Profiles

. One intertidal transect ( AA) was located about 1187 m upcoast (NW) of the
l San Onofre site and one (BB) was located just upcoast of the site. Three tran-

sects (CC, DD, and EE) were located downcoast (SE) of the site at distances of
236 m (774.3 f t) , 629 m (2063.7 ft), and 1187 m (3894.5 f t) (Figure 2D-1).

_ _ _ - _ _ _ _ _ _ _ _- _
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Topographic profiles were measured at each transect in December 1979 and in
February 1980. Data obtained from beach profile measurements are presented in
Table 2D-3. The profiles were plotted (Figure 20-6) to show the changes in beach
morphology during successive measurements.

The profiles indicated that little change from beach erosion or accretion
occurred at the San Onofre site except at Transect CC where the greatest change
in beach profiles occurred.

The changes in the profiles (Figure 20-6 and Table 2D-3) from November 1979
to January 1980 represent minor adjustments to the wave and wind regime during
the winter season. The changes in beach profiles from November 1978 to January
1980 (Figure 2D-7) are characterized by accretion at Transect BB and to a lesser
extent at Transects AA and DD. Transect EE showed the least change and Transect
CC showed most change at the berm and backshore, unlike the other transects.

Summarizing changes at the study site, the shore advanced upcoast (espe-
cially immediately upcoast) of the construction pad and retreated slightly at
Transect EE. In addition, the beach also retreated just downcoast of the pad.
Considerable advance occurred at Transect DD, 629 m (2063 f t) downcoast of the
construction pad. These net changes were interpreted as the effects of a groin-
like interruption of the natural southerly beach drift past the site. Sand was
impounded upcoast of the construction pad forming a broad backshore; erosion
downcoast caused fluctuation in the position of the shoreline. A slight net
regression downcoast of the site probably was related to the interruption of the
beach drift al so.

Pertinent changes in beach profile area (Figure 2D-8) included:

1. Profiles farthest from the San Onofre site (Transects AA and EE) showed
relatively little change in area from November 1978 to January 1980.

Table 2D-3. Beach characteristics.

Beach Upper Beach Slope Lower Beach Slope Beach y per Beach Slope Lower Beach Slope
Profil e Wtdth Cotangent Cotangent Profile Width Cotan 9ent Cotangent

2 2Area (f t ) (ft) of Slope Degrees of Slope Degrees Area (f t ) (ft) of Slope Degrees of Slope Degrees

1979 Transect AA Transect DD

Feb * - - - 1.9 27.8 - - - - 1.3 37.6
May 883.2 246.1 36.4 1.6 9.1 6.3 1126.4 380.6 7.4 7.7 20.4 2.8
Aug 855.7 311.7 18.9 3.0 15.1 3.3 777.3 252.6 8.1 7.0 11.3 5.1
Nov 909.5 347.8 26.6 2.2 14.9 3.8 977.7 347.8 8.6 6.6 17.2 3.3

1980
ret 817.3 259.2 30.8 1.9 12.6 4.5 889.2 236.2 7.7 7.4 10.3 5.6

1979 Transect BS Transect EE

Feb - - - - 2.7 20.3 - - -31.4 -1.8 1.5 33.7
May 1580.1 465.9 97.4 0.6 13.9 4.1 568.6 193.5 -31.4 -1.8 9.1 6.3
Aug 1617.2 456.1 148.1 0.4 11.6 4.9 668.3 246.1 -263.7 -0.2 10.6 5.4
Nov 1652.9 459.3 102.9 0.6 16.9 3.4 608.6 190.2 -40.9 -1.4 7.2 7.9

1980
ret 1666.4 511.8 182.8 0.03 11.7 4.9 59 3.5 200.1 -32.0 -1.79 9.1 6.3

1979 Transect CC

Feb - - - - 1.9 27.8
May 967.2 278.9 10.9 5.2 10.0 5.7
Aug 1336.0 452.8 17.4 3.3 16.2 3.5
Nov 753.9 253.9 9.7 5.9 15.0 3.8

1980
ret 1084.0 298.6 13.4 4.3 9.5 6.0

*not measured

_ _ _ _ _
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Figure 2D-6. Beach profiles at intertidal transects.

2. Profiles just downcoast from the site (Transects CC and DD) showed
l considerable variation in area.

3. Profile BB, just upcoast of the site, showed the least change in area
, from May 1979 to January 1980; the change from November 1978 to Jar.:wy 1980

suggests that the area increased asymptotically toward a maximum. The maximum
area cf this profile is almost twice that of the average area of the other

,
' pro fil es.
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Beach Sediment Characteristics

Statistical parameters calculated from grain size analyses of the intertidal
sediment samples were plotted (Figures 2D-9 through 2D-13). The mean grain size
of all replicates at each transect (elevations from 0 to +6 f t MLLW) are shown in
Figure 2D-9. Transect BB sediments showeo the least change from December 1979 to
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*

February 1980, whil e Transect AA r.o - -

sediments exhibited the most change. $ m.a=
*In general , variation in mean grain g

/osize was less at upper elevations (+4 = t.8
to +6 f t) than at 1ower eleyattons (0 ;$ TaaN*Ec7 oo

to +3 f t) , where the sediments were 3
***"8"*

situated in the zone of active wave as -

swash and backwash over half the time N
(mean tide level is 2.7 f t above
MLLW). The upper elevations were only 8 o'o

reached by waves during high tides or TaAN*ECT EE

periods of high waves (usually the
winter). There was no tendency for 58-

,,,,,
se

coarser mean grain sizes to occur at
high beach elevations in 1980. 7 ::
phenomena was observed in 1979, 'o- -

however, thus conforming to the "**".es.
expectation that rtarse sediments,

'8 ;
| would be transported and deposited at o , , , , ,

high beach elevations by high winter WTERHDAL ELEVADON (Feet, MLLW)
waves. Figure 2D-9. Mean grain size profiles by level.

Comparing February 1980 data with
that taken in December 1979 showed that the mean grain size at upper beach

,

elevations did not change appreciably. At lower elevations; however, the mean!

sediment grain size became coarser. This may be associated with stonns (waves 5
ft high or greater) that occurred in December 1979, January 1980, and February
1980.

|
The gravel content (grain diameter exceeding 2 mm, or -1 phi) of sediment

| samples (Figure 2D-10) indicated that variability in mean grain size at Transect
AA was caused by the presence of gravel in February 1980, but not in December!

l 1979. In all other cases the gravel content was low and varied little with
elevation. This suggested that most of the variability in mean grain size (Figure
2D-9) was caused by variation in the proportions of coarse, mediun, and fine
sand components.

!

|

_ _ . , , -
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Figure 2D.11. Sorting values by level.c/s
. AANsECT CC

$ A Sorting (Figure 2D-11) exhibited
3 0/8c by the intertidal sediment samples, , , , , , , , , ,

varied most at Transect AA in February
1980. Sediments from other transects

8 -

changed little with elevation and
were moderately to moderately-well

N sorted. Transect BB showed the least** variation in sorting with el evationy,,,,,,,,
and time (compared ta 1979 data) .

8 -
Generally. sorting appeared to be
somewhat improved with elevation above
the transect. In all cases the lowest
sorting was found at the 0 ft eleva-

8 ,

o , i a e s e tion. Sorting varied inversely with
NTERTOAL ELEVATION (feet. AELW1 gravel content, suggesting that gravel
Figure 2D-10. Gravel content by tevel. was introduced at Transect AA in

relatively unsorted sediments rather
than representing residual sediments

from which finer materials were winnowed by wave action.

Skewness values for the intertidal sediments sampled in February 1980
indicated (Figures 2D-12) that sediments at low tidal heights contained an excess
of coarse material (relative to a normal population). Sediments at the higher
transect elevations showed nearly normal distributions. This was consistent with
the removal of fines particles by wave action (winnowing). Sediment samples in
February 1980 were more skewed to the coarse particle size than observed in
December 1979. Skewness values of the sediments at all transects except AA were
within the range of values measured in 1979; the skewness of the sediments at
Transect AA tended to be slightly lower in value than measured in sediments there
in 1979. An excess of coar e material (winnowing of fines) seems to have occurred
at all elevations on Transect AA.

Kurtosis values (Figure 2D-13) reflected the trends identified by the
statistical parameters. Transect BB showed the least variation in kurtosi s
and Transect AA the most. Kurtosis tended to vary with elevation on Transects DD

_ _ - _ .
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Figure 2D-12. skewness values by level

and EE such that the sediments at'

high elevations had excesses of both extrm coarse and fine sizes. This also
corresponded to the effects of winnowing at le strand and indiscrivnant depo-

| sition of all suspended load toward the bem. The sediments along Transects BB
and CC showed no such trend; they were characterized by excess extreme sizes
at all elevations. No distinct trend in kurtosis was evident at Transect AA.

,

|

THE SUBTIDAL ZONE

Sedimentation Rates and Changes in Sea Floor Elevations

The weight of sediment acctsnulated in the sediment traps each month was
converted to monthly sedimentation rates and are presented as the uppermost of

,

the pair of curves in Figure 2D-14. The lower curves in Figure 2D-14 represent'

elevations of the seafloor measured with reference to a fixed elevation on each
trap.

The pair of curves were related by expressing the sedimentation rate in
terms of an equivalent amount of monthly sedimentation. Using 2.5 as the density
of dry sediment, 1 cm/ month cf sediment accianulation was equivalent to 833

2g/m / day of sedimentation. The equivalent acetsnulation scale was shown on the
right of the upper curve for each pair on Figure 2D-14.

1



SEA FLOOR SEA FLOOR SEDNENTATICN RATE (g/m2/ day) SEA FLOOR SEDMNTA TIOd
ELEVA TION (cnf ELEVA TION ELEVA TION (g/m2/ day) n

(cm) ~: Q c (cm) Ou u s , ,. .u u s .s m ,

kkkkk kk k k kE 2 ho kkkkk% $ $ kko kk h|E 2 8 o

p '|
. ('

[( :._
" -

a : #
!| : N e. \ = t
.*

o -

( *~

g: : u u

Eg o -

f f I

ss \
gj f,. n n- ,

e -
" ." "

. . . .

h ( <
it - -

, o .
- -

4= -
.

3g o -

tii[ *- -

) ) (
s

En ' ~

= -

.a
g n u u

z o - g

If. . ) .[ 'N ~[;. -

.

3h - m o
"

. - -" .m - . .

..C C C C i i C C
.

. .

**
C

*

SEDMNT ACCUMULATION EOtRVALENT SEDMNT ACCUHtKATION SEDNENT
AC DON(cm/montId (cm/ month)



2D-21

Table 2D-4. Net change in sea floor etevations, 22

, , , , haJanuary to March 1980.

Net Net ^8Station Change (ca) station Change (cm) ,,o_ any,, ,

REUCT "
A1 -24 01 -25 f.8 -

**
A2 -2 02 9
A3 -30 03 9 f.s _

ss

81 5 E1 -53 87 -

82 1 E2 -7 at

83 -21 E3 10 f.e - %

C1 -41 F1 -70 f.8-

C2 - 36 F2 1

C3 -8 F3 0 f.4 -

| w ,,,,, | ves,rrair | co est |
''# '

The net change in sea floor
elevations is shown in Table 2D-4. f2-

Overall effect of erosion was probably , , ,_
caused by winter storms.

f.0_ as
""The occurrence of high (>5 f t) , ,,

waves at the study site is shown in 4
_ u

nm,,, "Figure 2D-14. No consistent corre- E ** / n vent
" " S^"alation between stcru waves and adi- * / 'acuCr

mentation rate or change in sea floor E"'
' /'',

"
,,

elevation was detected. An epoch of $as -U-
* ' ,high sedimentation was measured at 3 ,, ,_ , , , , , , , , , , , ,

inshore stations (6 m) in February * " ARCH tee 0

1980, but no pattern of accurrence was 8 22
| ,,3A,,oj, _ l, SET /g,;,, *suggested. @ ,, ,_ ,SAAC |

,,,
I

Subtidal Sediments 2o- " * ' '
s -
"

Grain size data obtained for on. viro .:

subtidal sediments were plotted on a f8 - "'"C'
"

''mean grain size versus sorting coordi- ,,7_ ..

nate set to investigate sediment ,,

facies relationships comparable to f.e - % u

those developed in the 1978 and 1979 , , , . "
,

i studies (SCE 1980). "

| F.4 -

l Four sediment facies from sedi- " ven,, , ,.
"'uc' " 5'""ment samples collected in the subtidal ,,

zone during 1978 and 1979 were also F2-
, ,, ,,

! recognized in the 1980 subtidal , , , _ ,,

sediments. These facies were:
,','f& n

1. A variable facies of fine ,,_ , , , , , , , , ,
' ' ' ' " ' 'to very fine sand usually found at

shallow (6 m) or occasionally deeper as ,', ' ,,', ' j, ' ,g ' , , ' ,g ' ,,', g, ' y ' j, ' ,,,
(9 m) water depths. This facie; is the MEAN GRAw si2E ( d units )
lower right cluster of samples of Figure 2015. sorting versus mean plot of March
Figure 2D-15. and May 1980 intertid.: sediment

i mples.

2. A mixed facies of mud, i.e.
of silt and fine sand.*This ficies tended to occur at all depths and was charac-
terized by poor sorting. This is the upper right cluster on the mean grain size
versus sorting plots (Figure 20-15).

_ _ _ _
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3. A facies of coarse silt that tended to coalesce with Facies 2 and
usually occurred at the deepest (9 m) stations. Only sample D3 appeared to
resemble this facies; however, 03 was strongly bimodal and probably represented
a relict sample diluted with fines. Facies 2 and 3 are most likely indistin-
guishible on the mean grain size versus sorting plots.

4. A facies of mediun to coarse polymodal sand interpreted to be of
relict origin. This was represented by samples E3'and C2 (Figure 20-15).

The only samples that persistently 'etained sediment of the same facies
in both 1979 and 1980 were E3, C2, and 03 elelict sediments) and C1, D1, D2, and
F1 (shallow, fine sand facies).

The facies at each sample location persisted in most cases; however, the
nature of the sediments changed from March to May 1980. Moderately sorted
sediments became poorly sorted and the moderately well-sorted sediments became
only moderately sorted. This was interpreted as a response to fine materials
being introduced into the area between March and May. This probably repre-
sented a return of finer sediments after the cessation of winter storms.

OTHER PHYSICAL AND CHEMICAi. MEASUREMENTS

Sediment Organic and Carbonate Carbon

Samples collected from the upper 2 cm (0.8 in) of bottom sediments were
analyzed for total and carbonate carbon (C-C0 ). Total carbon is a general3
indicator of faunal or secondary productivity. The difference between total
carbon and C-C03 represents organic carbon, a measure organic nutrients avail-
able for benthic organisms. The carbonate fraction represents mostly CACO 3 in
the fonn of shell debris and formniniferal tests, and is frequently referred to
as inorganic carbon. Sediment C-C03 values may range substantially higher than
sediment organic carbon values.

Organic carbon values in contemporaneous sediments showed little variation
over a range from 0.05 to 1.65%; most values were near 0.15% (Table 2D-5) but
quite high (>1.0) vaues occurred in samples B1 and B2. There was no tendency for
the deepest (finest) sediments to have the highest values at each transect. Most
carbonate carbon values in contemporaneous subtidal sediments also showed
little variation over a range of 0 to 0.19%. There us no tendency for the
deepest stations to yield the highest values.

The relict sediments at Station Table 2D-5. Results of subtidal sediment carbon
*"# ' I"'* *" ''"E3 and D3 showed dramatically higher

values of carbonate carbon but not of 5t'ti " "*" "*# St**' " "'' "'1
organic Carbon.

Al .23/.08 .14/.03 D1 .11/.0+ .05/.05
A2 .38/.08 .62/.08 D2 .11/.08 .06/.16

The extreme values of organic A3 .23/.05 .24/.05 03 .13/2.04 .07/1.45
carbon and of carbonate carbon 81 1.09/.10 1.65/.12 E1 .12/.0+ .06/.04measured in March and May 1980 were 82 1.12/.19 .26/.08 E2 .14/.07 .09/.06
considerably higher than those mea- B3 .28/.08 .33/.07 E3 .13/.73 .08/.78
sured in 1979. No samples had both

c1 .13/.02 .09/.03 F1 .28/.05 .08/.02kinds of carbon in extreme percen- c2 .16/.18 .05/.04 r2 .70/.06 .33/.06
tages. Apparently relict sediments r., .06/.11 .15/.16 r3 .62/.05 .10/.04
were not sites for the concentration NOTE: Values in body of table are:of organic materials. 1 organic carbon /1 carbonate carbon
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CHAPTER 3

PLANKTON

INTRODUCTION

The plankton studies reported in this chapter were under investigation during
1980 primarily to complete data collection for the two-year Preoperational
Monitoring Program (PMP). This study was designed to establish baseline infor-
mation on plankton which can be compared to conditions that occur after San
Onofre Units 2 and 3 become operational. A second objective was the continuation
of the Unit 1 operational effects study. The studies conducted in 1980 met regu-
latory objectives and requirements of the Environmental Technical Specificationsi

(ETS), Preoperational Monitoring Program (PMP), and National Pollution Discharge
Elimination System (NPDES).

The purpose of this chapter is to 1) describe the species composition,
distribution, and abundance of plankton inhabiting the receiving waters offshore
of the generating statl ; 2) present a summary of data collected during 1980
pertinent to the evaluation of baseline data for the PMP and the Unit 1 effects
for the ETS and NPDES; 3) analyze this data to meet the objectives of the PMP,
ETS, and NPDES; and 4) develop a perspective of the planktonic communities and
populations offshore of San Onofre relative to those found in other areas of the
Southern California Bight.

All 1980 SCE biological and physical data used in this analysis were pre-
sented in Volumes I and II of the Annual Operating Report, San Onofre Nuclear
Generating Station (SCE 1981a,b). Volume I, which includes a brief summary of
only regulatory required data, was submitted to the requiring agencies on 31
March 1981 (SCE 1981a). Volume II contains all basic raw data collected for the
SCE programs to meet the objectives in 1980 including the basic regulatory
required data and additional supplementary data (SCE 1981b).

BACKGROUND

HISTORICAL REVIEW (1964-1979)

Table 3-1 shows a brief history of San Onofre plankton studies. The present
plankton studies in the San Onofre area have developed from a qualitative pre-
operational examination of plankton in 1964, followed by quantitative preopera-
tional and operational semiannual Marine Environmental %nitoring (MEM) plankton
studies conducted for Unit 1 between 1965 and 1975 for the California Regional
Water Quality Control Board, San Diego Region (Table 3-1). The s, ope of these
early plankton studies included collection of surface (0-2 m (0-5 ft)) zooplank-
ton samples with a net and surface phytoplankton with whole-water samples. The
data collected from 1965 to 1972 were summarized and reviewed by Barnett (1973),
Enright and McGowan (1973), and Dodson (1973). This review revealed that there
was an increase in abundance of many zooplankton taxa dur'ng periods of Unit 1
operation at all stations, including " controls". This inc aase was hypothesized
to have been "due to natural dynamic fluctuations in the zooplankton populations
or caused by the nuclear plant discharge operations" (Barnett 1973, Enright and
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Figure 3-1. ETS and PMP plankton receiving water station locations at San Onofre
Nuclear Generating Station.
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Table 31. Synok vi SCE plankton studies conducted offshore of San Onoffe ffom
1963 towous51900.

no. or no. or
$vrveys Total No. No. of Depth No. of Type of Data

* Year of Surveys $assitag Gear $tations St rat a Repitcates Collected

Zooplankton

MARINE ENVIRORMFNTAL MONITORING

(MER) PROGRAM
Unit 1 Preocerational Plaakten

Study 1%5-1966 . 2 s 1/2-n 333, mesh net 3 1 1 A

Unit 1 Transitional Plankton
Study 1967 2 1 1/2-m 333snesh net 3 1 1 A

Unit 1 Operational Plankton
$tudy 1%8-1969 2 3 1/2-n 363s mesh not 5 1 1 A

tmtt 1 Operational Plankton
Study 1970-1975 2 11 1/2-m 363 m mesh net 5 1 1 8

ENVIR0leqENTAL TECHNICAL

$PECIFICATIONS (175)
Untt 1 Plankton $tudy 6 19 pump with 202 m nesh .7 2 1-2 8

mid-1975 to mid-1980

Unit 1 Plankton Study 6 12 puso with 202snesh 7 2 6 C,0
mid-1978 to mid-19RO

Unit 1 Plankton $tudy mid-1980 6 3 pump witti 202s mesh 7 2 i C

Pef 0PERAfl0NAL MON!TORtWG PROGRAM (PMP)
units 2 4 3 Plankton $tudy 6 12 pump with 202, nesh 10 2 6 C,0

nid-1978 to nid-1980

MARINE REV!EW COMMITTEE (MC)
Unit 1 Environmental Effects, 12-24 59 pump with 202, nesh 5 3-6 1 C.M

Units 2 & 3 Baseline Data ;
and Predicted Operattonal

Effects 1976-1980

Phytoplankton .,

MAR [NE ENVIR0setENTAL MONITOR!NC
(MEM) PROGRAM

unit 1 Precoerational Plankton
Study 1%5-1966 1 2 whole water sample 2 1 1 E

Unit 1 Transitional Plankten
Study 1%7 1 1 whole water sample 2 1 1 E

Unit 1 Operattonal Plankton
Study 1%4-1975 1 7 whole water sample 2 1 1 E

ENVIR00sI[NTAL TECHNICAL
$PECIFICATIONS (ETS)

Unit 1 Plankton Study 1975-1978 6 19 whole water sasete 7 2 1-2 F,G

Unit 1 Plankton Study 1978-1980 6 12 whole veter sample 7 2 6 6

Unit 1 Plankton Study 1980 6 3 whole water sarole 7 2 1 G

PREOPERAf!0hAL seOle!TORittG PROGRAM (PMP) 6Units 2 4 3 Plankton Study 1978-1980 12 whole water sarole 10 2 6 G

MAR!NE REVIEW ColostiTEE (*C)
9 ass f ther filtered 5 3-6 1 G.M1unit 1 Environnental Effects, 12-24 59

Hntts 2 8 3 Baseline Data
and Predicted operational

E f fects 1976-1980

A . Abundance estimates, identification to genus or higher *
B - Abundance estinates, tdentification to spectes (began in 1972)
C . Identification and enumeration of selected species
D . Zooplankton dry weteht biomass determined for each sample
E . $pectes list and cell counts
F . Reistive abundance of phytoplankton species
G . Chlorophyll a and phaeoptgreat concentrations
88 - Nutrients

,. - - . - , ._



, - - - .-

3-4

McGowan 1973). Variability in abundance between stations decreased during opera-
tional periods. This was attributed to the turbulent mixing produced by the
discharge (Barnett 1973). Phytoplankton species composition and cell numbers were
similar between San Onofre and control stations (Dodson 1973) and variability in
abundance at all stations decreased during operational periods (Enright and
McGowan 1973). These studies continued until 1975. Analysis of the results
indicated that relative abundance did not differ significantly between stations
and attributed variations in abundance between sampling periods to natural fluc-
tuations in zooplankton abundance.

The NRC required ETS study began in May 1975 with the establishment of seven
stations spaced at increasing distances upcoast and downcoast from the San Onofre
Unit 1 intake / discharge line (Figure 3-1). This study was designed to assess
area-wide effects rather tlan nearfield intake / discharge effects. This program

' assessed the state of plankton resources upcoast and downcoast of San Onofre
along the 10-m isobath. Results of these studies indicated no measurable effect of
Unit 1 operation on these plankton resources over several years of study. In
April 1978 a prelimiwy sampling program was conducted to determine optimal
sample sizes and numbus of replicates for the combined ETS and PMP program. A
new program based on the results of this preliminary and the historical studies
was initiated in Joly 1978. This program monitored plankton resources from the
same area as the ETS program as well as areas further offshore and upcoast from
the generating station. Monitoring data for Unit I was continued and preopera-
tional baseline data was gathered for future assessment of Units 2 and 3 opera-
tions on plankton,

1980 STUDIES

The combined PMP and ETS plankton sampling (three days of sampling at 17 sta-
tions (Figure 3-1) on Day 1, and 14 stations on Days 2 and 3) was conducted on a
bimonthly sanpli.1g basis from January through May 1980. At this time the two-year
PMP was compleud. The ETS portion of this sampling (one day of sampling at 7
stations) was continued on a himonthly basis for the remainder of 1980. This
resulted in three combined PMP-ETS and three ETS sampling periods. Temperature
and percent light transmittance measurements, current estimates, and a ;ather
observations were also collected during all surveys.

Unit I was out of operation throughout much of 1980 due to steam generator
problems, and was operational during only the January and March 1980 plankton
surveys. Since the ETS operational objectives have been met and extensively docu-
mented in previous annual reports, formal requests to delete the ETS plankton
requirements were submitted to the NRC in February 1980 based upon accomplishment
of the objectives within the mandated scope. However, regulatory delays in
Nuclear Plant licensing matters have prevented change or termination of the
operational studies since the Three Mile Island incident and no NRC response had
been received by the end of 1980.

DISCUSSION

Physical and chemical factors in shallow, nearshore marine environments which
may affect the distribution and abundance of plankton include water temperature,
nutrients, turbidity, and currents. Water temperature genen'ly decreases with
depth. During the winter, temperature is fairly uniform du '.o the well mixed
nature of the water. In the summer, a shallow thernocline tablished due to3

solar heating. Mixed-layer winter temperatures are normally < range from 13
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to 17*C (35.4 to 62.6*F). Surface water temperatures in the summer may be 17 to
22*C (62.6 to 71.6*F), while temperatures at a depth of 10 m (33 ft) are two to
three degrees cooler (IRC 1973, LCMR 1976d, SCE 1979a). Nutrients are distributed
in a pattern with low concentrations at the surface which increase with depth.
During winter, nutrient values may be relatively uniform from the surface to the
bottom at 15-16 m (50- 51 ft) (SCE 1979c). Turbidity is due to suspended par-
ticles of sediment and organic detritus, as well as plankton. Turbidity in the
San Onofre area increases both nearshore and nearbottom (LCMR 1976d, SCE 1979a).
High turbidity in inshore coastal waters is largely due to increased turbulence
and wave action stirring up and suspending bottom materials (Raymont 1963).
Current speed offshore of San Onofre typically ranges from 5 to 40 cm/s (2.0 to
15.7 in./sec) and averages 10 cm/s (3.9 in./sec). These coastal cur. =tt vary in
direction and speed as a result of winds and tides (EQA and MBC 1973).

SPATIAL AND TEMPORAL PATTERN OF ZOOPLANKTON DISTRIBUTION

Total Zooplankton Abundance

Total abundance of organisms is a useful gross measure of spatial and tem-
poral changes of population size, although it does not take into account the

'taxonomic composition of the community.

The distribution of plankton is decidedly non-ranaom in nature (Barnes 1949;
Barnes and Marshall 1951; Cassie 1959). Much of the longshore variability in
zooplankton abundance may be attributed to natural patchiness in distribution.
Studies in other areas have shown that zooplankton is distributed in a patchy
manner even in relatively small areas (Cushing and Tunsate 1963; Mackas 1977;
Steele and Henderson 1977; Denman and Mackas 1978). Those factors which influence
the distribution of plankton are summarized by Stavn (1971) as follows: (1)
physical / chemical boundary conditions (i.e., gradients of nutrients, temperature,
salinity, light, temperature, food source), (2) advective effects (wind induced
transport and turbulence), (3) behavior (social) patterns, (4) reproductive
rates, and (5) factors determined by competition.

The vertical distribution of total zooplankton abundance in 1980 was somewhat
different from the general pattern seen in the San Onofre study area over the
last five years. In 1980, the total zooplankton abundance was greater in the
upper stratum than the lower for all surveys except November. This pattern is the
reverse of what has generally existed in the previous years around San Onofre
(LCMR 1977,1978; SCE 1979,1980e). The vertical distribution of total zooplank-
ton in 1980 appears unrelated to any physical or biological factor which would
help explain this trend. The vertical stratification of zooplankton was most
obvious at the 30-m (98-ft) stations for the combined ETS-PMP surveys and was
distinct only during September for the ETS surveys. A partial explanation for
the 1980 pattern of vertical distribution is that some taxa such as Podon
polyphemoides, Penillia avirostris, and acantharians, which occur seasonally and
tend to be more numerous in the upper stratum, were more abundant in 1980 than in
previous years.

Upcoast-downcoast transect differences showed no distinct pattern during
1980 with the exception of the consistently lower abundance recorded at San Mateo
Point stations. The lower abundance during the March sureey was responsible for
the only statistically significant transect difference during 1980. The lowest
zooplankton abundances for the January and May surveys also occurred at the San
Mateo Point stations. A similar pattern was also observed for 1978 and 1979 com-
bined ETS-PMP surveys (SCE 1980e). Since these stations were studied only for the
combined program, no data beyond the two-year combined program are available.
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A pattern of decreasing abundance with increasing distance from shore was
characteristic for all three combined ETS-PMP surveys of 1980. This pattern is
one which emerged early in the combined E15-PMP studies and has been a consistent
feature since its inception in 1978 (SCE 1979d,1980e). Similar onshore-offshore
gradients of abundance have been reported from the San Onofre area by MRC studies
(MRC 1979) and are a general feature of neritic zooplankton communities (Raymont
1963). Such patterns are attributable to greater food sources nearshore. In the
San Onofre study arua this is exemplified by the corresponding gradient of
decreasing chlorophyll a, concentration with increasing distance from shore.

The 1980 seasonal pattern of abundance, with peaks in May and September,
shows characteristics of several previous years. The occurrence of a spring maxi-
mum (March or May) is a feature of all previous years. A secondary fall peak was
also detected in some previous years. In previous years maximum abundance values

'were found in May (1975, 1976, 1978) and July (1977) with a second peak observed
four months later in September and November, respectively. During 1979 however,
maximum abundance was observed in March, followed six months later by a second
peak in September. Although extremely high chlorophyll a maxima occurred in July4

4 and September, concomitantly high numbers of zooplankton were not found.

Zooplankton Biomass

Biomass measurements of zooplank ton are based on the _ mass of the organisms
present, not on the number of the organisms present, as are abundance values. The
pattern exhibited by zooplankton bionass reflects the pattern described for total
abundance and is consistent with reselts of the two-year combined ETS-PMP study.
This is expected as long as the proportion of organisms of various sizes remains
about the same. If the proportion of either very large or very small organisms
changes, biomass will also change, even though the total abundance remains about
the same. Over the period of the combined ETS-PMP study, zooplankton biomass
showed a seasonal pattern in which surveys with high total abundance generally'

contained high biomass. Differences in the pattern of biomass and total abundance
among surveys may be attributed to differences in the size of organisms. Similar
to the results for total abundance, the onshore-offshore pattern of biomass
distribution for the entire two year ETS-PMP study generally exhibited a gradient
of decreasing biomass with increasing distance from shore. Vertical stratifica-
tion also corresponded to zooplankton abundance over the entire two-year study,
with the 30-m stations showing the greatest difference between strata. No con-
sistent upcoast-downcoast biomass differences were, detected for the San Onofre

; area over the two-year period.

Select Taxa

The rank order of select taxa in 1980, and annual mean abundance, is pre-i

sented in Table 3-2 together with similar data for previous years. Year to year
comparisons of rank order abundance reveal that the select taxa did not undergo
any major shifts in relative abundance that have not been observed before. The
differences which did occur reflect seasonal abundance peaks that seem to recur
without any evident periodicity. For example, Podon polyphemoides and Cor 7caeus
anglicus were more abundant in 1980 than most previous years due to the large,

abundance of each species during one survey. This elevated the annual mean abun-
dance of these taxa.

All of the designated select taxa occurred in plankton samples during 1980.
Since numerical abundance and widespread temporal occurrence were among criteria
used to designate select taxa, it would be unusual for any select taxon to be
absent on all surveys. Three of the select taxa were absent from one or more

. _ _ . - - . _
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Table 3-2. Rank order of abundance of select taxa collected cff San Onofre,f rom 1975
to 1980.

Rank Annual Mean (no./md)

Taxa 75i 76 77 78ti 79 805 75i 76 77 78tt 79 805

Acartia spp. copepodites 1 1 1 1 1 1 2105 797 1005 613 817 1473
Acartta tonsa 5 3 3 4 3 5 98 480 164 195 365 331
Penilia avirostris $% 2 4 8 11 14 % 523 151 84 43 10
Paracalanus parvus copepodites 3 9 2 2 2 2 127 89 2153 514 516 556
Sagitta spp. 2 7 5 9 6 6 148 98 118 72 239 319
Corycaeus anglicus 7 4 9 6 7 3 60 165 62 159 235 472
Cyphonautes larvae 8 6 6 10 8 9 56 102 114 72 129 172
Paracalanus parvus 9 5 8 3 4 7 55 108 87 209 333 295
Tahidocera trisponos copepodites 4 8 10 7 9 10 110 98 56 92 106 106
Podon polyphenoides 10 10 7 5 13 4 21 75 94 167 21 436
Tuterpina acutifrons 6 11 11 11 10 11 63 64 52 63 69 42
Clausocalanus spp. 6% l% %% 5 8 {$ $ 6% %% 298 179
Dithona oculata $ % % 66 12 13 % %% %% 6% 31 21
Cyprts larvae %% 6Q %$ 14 12 % bj %$ 6% 14 34

# Na surveys were conducted in January and March 1975.
tt January 1978 survey not completed due to persistently inclement weather.

First two surveys of year conducted as previous years. Last three surveys
added stations on 15-m and 30-m isohaths farther offshore.

5 First three surveys ETS-PMP. second three ETs only.
55 Taxon not present or not a major contributor to total in these years,

surveys: Podon polyphemoides (September and November); Penilia avirostris (March,
May, and July); and Oithona occulato (July). Two of these, P,. polyphemoides, and

_

P. avirostris have exhibited seasonal occurrence in the San Onofre area in pre-
vious years (SCE 1979d,1980e; LCMR 1976d,1977,1978) and the 1980 pattern is
consistent with this. Oithona occulata is not usually abundant and its absence in
July probably reflects the decreased sampling effort accompanying the conclusion
of the combined ETS-PMP study.

The increased abundance of some taxa such as Paracalanus parvus and Clauso-
calanus spp, during 1978-1980 may be attributed to adoption of the PMP sampling
design, which included stations farther offshore where these taxa comprise a
greater proportion of the community.

The results of the combined ETS-PMP studies conducted from mid-1978 through
mid-1980 agree with other studies of zooplankton in the San Onofre area (MRC
1979). The onshore-offshore zonation of species.dcscribed by the MRC studies is
consistent with the patterns exhibited by select taxa in the combined ETS-PMP
studies, even though the ETS-PMP study area did not extend as far offshore. Like
the chlorophyll, biciass, and total abundance, the distribution and abundance of
certain taxa, and the onshore-offshore zonation, may also be affected by periodic
oceanographic events that causes changes iri the water mass structure along the
coast (SCE 1980e).

SPATIAL AND TEMPORAL PATTERN OF PHYTOPIGMENT DISTRIBUTION

Chlorophyll a

Chlorophyll a exhibited a general pattern of seasonal, vertical, onshore-
offshore distribution, and upcoast-downcoast varition that was similar to ger,eral
patterns observed during previous years and reported for the Southern California
Bight. These patterns appear to be governed by local weather and oceanographic
events.

_ _
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The seasonal pattern of chlorophyll a seen during 1980 represents a classic
pattern observed in temperate coastal waters of southern California. This pattern

has generally been present throughout studies off San Onofre (Figure 3-2). The
presence of a winter low which increases to a late spring and early summer high,
then declines, is consistent with general local nutrient cycles. The spring bloom
is consistent with general patterns of spring upwelling which become less fre-
quent or cease during the sumer. The nutrient rich, upwelled water provides
nutrients for the phytoplankton and as the upwelling stops and nutrients are
depleted, the rnytoplankton and, therefore, chlorophyll a_ levels decline.

CMt0 0Posvt&
.

u_. . -,,

,

.s \ \
- *

t ,, s u'

\
'

2

; _ _- , __ ,

5 '# 3
3, ;

-

-6

i.l>l.lm . . ., I :|ii ll.1 1

'

d i ;l;i 2.
'

-

,,, , , , .,,, ,,, , , , ._
O^f,1, " ,o

fg Y.$.'.'.$ e

i, /\ -

nr .

, .

!= \ | ,j'

9 __ _ _ _ _ . _ . _ _ . . _ _ __ . _ . . . _ .._ J _. .3
f -r

i ,
,

a I '
.,,

_ k_ _k _ _ _ _

I . | _ o
''" '

,,, ,,, ,,,, ,,, ,,, ,_

Figure 12. Mean chlorophyll a and total rooplankton abundance by depth stratum for
each ETS and PMP survey from 1975 through 1980 with monthly mean
anornalies in sea surface height shown through 1979. PMP studies were
initiated in July 1978 and completed in May 1980.

The seasonal periodicity of phytoplankton peaks offshore of San Onofre over
long time periods, based on over five years of chlorophyll a data, appears also
to be closely related to certain oceanographic events. Toit (1976) has shown
diatom biomass, a major component of phytoplankton populations, to be correlated
to sea surface anomalies. Sea surface anomalies are short term deviations of mean
sea level from the long tern (approximately 50 years) mean sea level. Off
southern California, these deviations occur when shoreward movement of typically
offshore water masses " pile up" water against the coast creating positive
anomalies, or when intrusion of cool California Current water .nto the nearshore
region causes isostatic adjustments to sea level and the development of negative
sea level anomalies. Negative sea level anomalies brir.s nutrients into the
coastal zone and can result in diatom blooms. Chlorophyll a data from the San
Oncfre region shows a relationship to this parameter. The annual peak (s) in
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chlorophyll a concentration (September 1975, January 1976, May 1977, November
1978, and July and September 1979) occurred during or immediately following
periods of relatively low sea level values (SCE 1980b). Periods of prolonged
positive sea level anomaly such as July 1976 through January 1977 and September
1977 through March 1978 are associated with generally low chlorophyll a concen-
trations. Such anomalies are generally associated with surface water masses ori-
ginating from the west or south which are depleted of nutrients and therefore not
able to support high standing crops of phytoplankton.

The pattern of depth distribution of chlorophyll a in 1980 was consistent
with that of previous years' ETS and PMP results and wTth the findings of other
investi5ators (SCE 1980e; Barnett & Sertic 1978). Depth differences were smallest
or absent during periods of low chlorophyll a concentration and tended to be sig-
nificant when chlorophyll a concentrations were highest. This pattern corresponds
to general physical and chemical oceanographic events characteristic of southern
California coastal waters. Generally well mixed waters present during late fall
through early spring are nutrient depleted and result in low concentrations of
chlorophyll a in both upper 2nd lower strata with little or no difference between

-

the two. In spring and summer, the establishment of a thermocline and vertical
gradient of increasing nutrient concentrations with depth, combine to cause stra-

,

tification of phytoplankton during this period. This stratification is usually
characterized by a subsurface chlorophyll maximum (Cullen and Eppley 1981).

Since the beginning of the ETS San Onofre plankton monitoring programs in
1975, chlorophyll a_ concentrations have generally been greater in thc lower stra-
tum than in the upper stratum (SCE 1980e). Higher chlorophyll a_ concentrations in
the lower stratum may reflect greater overall phytoplankton concentration
(biomass or abundance), or a response of the phytoplankton to lower light inten-
sity in deeper water (Yentsch and Ryther 1957; Odum, McConnell, and Abbott 1958),
which results in more chlorophyll a in the phytoplankton cells. Phytoplankton
cells in the lower stratum may contain more chlorophyll a than those in the upper
stratum, even though the number of cells is similar.

A gradient of decreasing chlorophyll a concentrations with increased distance
from shore was generally observed in botEdepth strata for 1980 ETS-PMP surveys.
The difference was usually greatest between the 30-m stations and all inshore
stations. The significant differences in chlorophyll a_ concentration among iso-
baths observed for 1980 ETS-PMP surveys correspond to the general pattern ob-
served for the 1979 surveys, and for the three surveys incorporating an inshore /
offshore sampling design during 1978. The persistent onshore-offshore gradient of
chlorophyll a occurred in each survey and is characteristic of most nearshore
marine environments. This pattern has been shown to occur throughout the Southern
California Bight (Eppley, Sapienza, and Renger 1978) including nearby areas
upcoast (Dana Point) and downcoast (Del Mar) of San Onofre. Previous studies
(Barnett and Sertic 1978; Barnett et al.1980) have also demonstrated an onshore-
offshore gradient of chlorophyll a concentration in the San Onofre area;
therefore, there is no reason to exiect that this is other than a natural and
persistent phenomenon. A partial explanation for higher chlorophyll values
nearshore may be a function of increased turbidity nearshore (SCE 1980b) causing
lower light levels, and not necessarily greater abundances of phytoplankton.
Phytoplankton cells are known to compensate for low light by increasing the
amount of chlorophyll per cell (Odum, McConnell, and Abbott 1958).-

The lack of meaningful patterns among upcoast-downcoast transects in the'

combined ETS-PMP surveys and lack of any clear patterns in the upcoast-downcoast
variability during the ETS surveys, indicates that any such observed variability
is probably attributable to patchiness in the natural phytoplankton populations.

-_ ._.
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In other regions, patchiness in the distribution of phytoplankton over areas
similar in size to the San Onofre study area has been shown to be responsible for
much of the observed variability.

Phaeopigment

Phaeopigments are degredation products of chlorophyll. Therefore, the pattern
observed for spatial and temporal distribution of phaeopigment usually is similar
to that seen for chlorophy11 (Kawarada and Sano 1972). The pattern of phaeo-
pigment concentration during 1980 was similar to that present for chlorophyll a
although the amplitude of fluctuation over the course of the year was very smal1~
The generally low phaeopigment concentration, which is proportional to chloro-
phyll a concentrations over the year, may be attributed to the lack of any signi-

-

ficant sources of phaeopigment in the water column other than the normal amount
present in the normal cycle of synthesis and degradation that occurs in cells.
The absence of any high value of phaeopigment concentration shows that no
unhealthy phytoplankton populations were encountered. No significant depth,
isobath, or transect variations were present for phaeopigment concentration
during 1980. The pattern that existed may be attributed almost entirely to its
reflection of existing chlorophyll a_ concentrations.

Phytopigment Fluorescence Ratio

Phytopigment fluorescence ratios for phytoplankton samples collected off San
Onofre reveal that phytoplankton populations in the study area arc in a healthy
state. The ratio between the fluorescence of chlorophyll and phaeopigment water
samples can be used to assess the physiological state of phytoplankton popula-
tions. The ratio may vary between zero and 2.2. A ratio of approximately 1.7 is
regarded as typical of healthy phytoplankton stocks since even healthy popula-
tions have some phaeopigment present (APHA 1976). Ratios below 1.7 result from
greater amounts of phaeopigment being present than would be measured in phyto-
plankton stocks in an optimal physiological state without grazing by herbivores.
The mean ratios determined for San Onofre phytoplankton seldom declined below 1.5
and averaged between 1.6 and 1.7 rost of the year. The presence of occasional
ratios below 1.7 during the year probably reflects the fact that phaeopigment
enters the water column from degredation of chlorophyll in the digestive tract of
herbivorous zooplankton and not from the presence of dead or senescent phyto-
plankton cells. This background phaeopigment may artificially lower the ratio
observed in field studies. The slightly higher ratios seen for 15- and 30-m (50-
and 100-ft) isobaths for the combined ETS-PMP surveys may be attributed to
somewhat higher phaeo/igment concentrations at the inshore stations resulting
from suspended detrital plant material. Seasonally, the pattern of phytopigment
ratio corresponds to that of chlorophyll ~a. This may be attributed to more
actively growing cells in.the phytoplankton community during periods of optimal
growth. The ratio of phytopigment fluorescence indicated that phytoplankton
stocks were in a healthy condition during all 1980 surveys.

PLANKTON DISTRIBUTION IN RELATION TO OCEAN 0 GRAPHIC PROCESSES

The relatively high variance due to differences between days in zooplankton
and phytoplankton abundance seen in the San Onofre data (SCE 1979d, 1980e) repre-
sents one end of a spectrum of variability in time that extends to years and in
space that ranges in horizontal scale from meters to the area encompassing the
Southern California Bight and California Current.

The nearshore environment of the Southern California Bight in general, and
the San Onofre area in particular, while having a fauna and flora differing from
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that of the region beyond about 10 km (6.2 mi) (MRC 1979), is influenced by
of fshore physical and biotic factors present having a wide range of time and
space variability. The evidence for this is mostly circumstantial. The strength

,

i of flow of the California Current varies on time scales of seasons to several
years (Hickey 1979; Chelton 1980). This affects the net input of nutrients
(Bernal and McGowan, in press; Shulenberger and Haury, in prep.) and plankton
(Bernal 1979; Wickett 1967) into the Bight via the Southern California Eddy
(Brinton 1976; Owen 1980) and the seasonally occurring California Counter,

Current. This latter current can have a considerable effect on coastal biota
throughout the Bight because it is a elatively nearshore feature with direct
connections with both the offshore portions of the California Current and warmer

waters to the south. Intrusive water masses and eddies (Bernstein et al.1977;
Owen 19P0) with horizontal scales of hundreds of kilometers add variability in

i the current with time scales of weeks to months. The importance and magnitude of
smaller phenomena with shorter period (weeks or less) fluctuations have been
shown by several studies (e.g., Tont and Platt 1979).

,

Direct evidence for the connection between the nearshore and offshore regions
is limited. Work in the Southern California Bight by the Institute of Marine
Resources (Scripps Institution of Oceanography) is providing evidence of the link2

between variations in the very nearshore physical conditions and the nutrient and
productivity status for the entire Bight. Reid et al. (1958) .has shown the rela-
tionship between sea surface temperatures measured at Scripps Pier (La Jolla) and
both the mean temperature and standing stock of zooplankton over wide regions of
the California Current.

! A study by Bernal (1979) of the zooplankton biomass over the California
Current between 1949 and 1969 showed five long term (several months to several
years), discrete extremes. Lack of time-extensive nearshore studies prevents
meaningful comparison to these data. However, variations of plankton volumes
taken in Santa Monica Bay from 1957 to 1970 showed trends similar to those for
zooplankton biomass measured during the same period off southern California
(Anonymous 1973).

The documentation of the relationship between nearshore and offshore oceano-
graphic conditions is essential to the understanding of both long and short term

i changes in the nearshore region. Otherwise, permanent alterations of nearshore
I conditions due to anthropogenic causes cannot be distinguished from long term,
l quasi-periodic changes common to the California Current. The same is true for

understanding shorter term changes and in establishing accurate means for
seasonal and shorter period conditions. For example, Tont (1981) stresses the
fact that northwesterly winds and the resultant nearshore upwelling (time scales
of days to weeks) need not generate diatom blooms if the upwelled water had pre-
viously been advected in from nutrient-poor subtropical or offshore regions. Such

| anonalous water can be of large extent (hundreds of km) and would be expected to
! affect wide areas, including nearshore regions such as San Onofre, for weeks to

nonths.

f SAN ON0FRE UNIT 1 EFFECTS

During much of 1980 Unit I was not operational due to steam generating
problems. This affords an opportunity to consider the ETS objectives in terms of

* nearly six consecutive years of monitoring studies, ending with four consecutive
plankton surveys during which the unit was not operational. Comparison of data
collected during the period while the unit was not operational showed no dif-
ferences in composition, distribution, or abundance of any plankton variable <

hetween 1980 and previous years whes the unit was operational most of the year.

!

s
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A review of over LO years of data gathered as part of the MEM, ETS, and PMP
studies conductei off San Onofre and conclusions drawn by independent MRC studies,

has shown that the operation of Unit 1 has not significently affected the plank-
ton resources of the San Onofre area.

UNITS 2 AND 3 PRE 0PERATIONAL BASELINE OBJECTIVES

Successful completion of the Preoperational Monitoring Program in June 1980
provided additional data on the nature and extent of plankton resources in the
vicinity of San Onofre. Both phytoplankton and zooplankton were found to exhibit
normal spatial and temporal variation in the study area. The most distinct and
persistent patterns were the vertical str4tification of organisms with greater
abLndance or concentrations of zooplankton most often in the lower depth stratum,
and onshore-offshore gradients in which abundance or concentration of zooplankton
or phytopigment declined with distance from shore. Upcoast-downcoast distribution
showed no consistent or distinct patterns when significant differences were
detected. Temporal variation showed general gross recurrent patterns on a
seasonal basis. Considerable variation was frequently observable among the three
days of a single survey and may be attributed to the patchiness and temporal
variability inherent to plankton populations as they are slowly moved along the
coast by local currents.

This concludes the overall discussion. Detailed 1980 methods and results are
presented in sections that follow.

METHODS

A detailed description of station locations and field and laboratory method-
ology is given in combined ETS and PMP procedures (LES Procedures P-0-8/78). A
general review is presented below.

FIELD

Seventeen stations comprise the array of plankton sampling stations included
in the combined Unit 1 ETS and Units 2 and 3 PMP programs (Figure 3-1). These are
arranged in three longshore transects, each transect being oriented parallel to
the coastline. Each transect includes stations located directly offshore of San
Onofre Unit 1 and upcoast and downcoast stations. Eight stations (Stations 1-8)
lie along the 10-m (30-ft) isobath, five stations (Stations 9-13) lie along the
15-m (50-ft) isobath, and the remaining four (Stations 14-17) lie along the 30-m
(100-ft) isobath. The ETS stations (Stations 1-7) are located upcoast, downcoast,
and directly offshore of Unit 1 along the 10-m isobath. The required PMP stations

,
(Stations 10-13) are similarly located on the 15-m isobath (Figure 3-1).

i

Biological samples collected at these stations included zooplankton samples
i and whole-water samples for analysis of chlorophyll a and phaeopigment concentra-

tion. These were collected concurrently from two strata within the water column
at each station by use of a plankton pump system. The upper stratum extends from
the surface to the 5-m (16-ft) depth for the stations located along the 10-m
isohath, and from the surface to the 8-m (26-ft) depth at stations along the 15-
and 30-m isobaths. The lower stratun encompasses the depth interval from 5 to 10
m at the stations located on the 10-m isobath and from 8 m to the bottom for the
deeper stations. Within each of these strata, samples were stepwise integrated by
obtaining 0.33 m3 (11.6 ft ) of water at each 1-m (3.3-ft) depth interval within3

a stratun. Zooplankton samples were concentrated by filtering the water sampled

.-. . - _ -
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by the pump through a 202-gn mesh plankton net. A 450-ml (1-qt) whole-water
sample was obtained for analysis of chlorophy1' and phaeopigments by collecting
a small fraction of water prior to passage egh the plankton net. Two repli-
cate water samples and two replicate zooplankton samples were collected from each
stratum at each statiun. The first replicate was taken as the pump intake was
lowered and the second as it was raised. This procedure was repeated on tnree
days within a seven day period for each bimonthly survey during January, March,
and May, except that inshore Stations 2, 3, and 5 were not sampled on the second
and third days. During the remaining surveys, non-replicated sampling was con-
ducted on only one day at the seven ETS stations.

Physical data were collected concurrently with biological sampling. Tempera-
ture and percent light transmittance measurements were taken at 1-m intervals
using a Martek XMS temperature-transmissivity unit. During 1980, transmissivity-
depth profiles were obtained at selected stations during the January, March, and
May surveys. No transmissivity profiles were taken during the remaining surveys.
Temperature-depth profiles were obtained each time a station was sampled. Gross
current speed and direction of flow was estimated by deployment of a sub-surface
drogue for a measured length of time (15 min to I h) while each station was
occupied. Meteorological .i n fo rmati on , including cloud cover, wind, and sea
conditions, were obtained each time a station was occupied.

Plankton surveys were conducted on 8,10, and 13 January; 10-12 March; 15,
17, and 18 May; 19 July; 16 September; and 5 November 1980. During the January,
March, and May surveys all 17 stations were sampled in accordance with the com-
hined ETS and PMP sampling design. The two-year PMP terminated in June 1980,
therefore, surveys during July, September, and November were conducted only at
Stations 1-7 in accordance with the ETS.

LABORATORY

Phytoplankton populations were assessed by determining phytopigment con-
centrations from whole-water samples. These samples were glass-fiber filtered,
ground in acetone, and examined with a Turner Model 111 fluorometer for the
deternination of chlorophyll a and phaeopigment concentrations (Yentsch and
Menzel 1963, Strickland and Parsons 1972).

Assessment of zooplankton populations was conducted on the basis of identifi-
cation and enumeration of select zooplankton taxa and determination of total dry
weight biomass. Using properly selected zooplankton species, the time and expense
of sample processing can be reduced without an . accompanying loss of information
(Gardner 1977). Each of the taxa selected was numerically abundant, based on
three years of ETS data, and is a major component of the species composition and
trophic structure of the zooplankton community offshore of San Onofre (LCMR
1978). These select taxa consist of Penilia avirostris, Podon polyphemoides,
Acartia tonsa, Acartia spp. copepodites, Corycaeus anglicus, Euterpina acuti-
frons, Labidocera trispinosa copepodites, Oithona oculata, Paracalanus parvus,
Paracalanus parvus copepodites, Clausocalanus spp., all other copepods as an
aggregate, cypris larvae, cyphonautes larvae, Sagitta spp., and all other plank-
ton taxa as an aggregate. If an additional taxon was found to comprise more than
30% of the samples during a survey, it was also enumerated. Generally, zooplank-
ton abundances were sufficiently high that sample abundances were estimated from
subsamples obtained with a Stempel pipette. When abundances were very low a
Folsom plankton splitter was used and aliquots of the whole sample were
enumerated.

Zooplankton biomass was measured for each zooplankton sample collected during
the January, March, and May surveys. Biomass samples were filtered and dried at
60*C (140*F) for 24 h prior to weighing (Lovegrove 1966).

._.
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DATA ANALYSIS

Prior to analysis, plots of the raw data indicated that the data tended to be
skewed. In order to better meet the assumptions of normality and homogenity of
variance required by parametric tests, logarithmic transformations were made. A
log (x + 0.01) transformation was used in data sets which contained zeros. Means
and 90% confidence intervals were calculated for transformed total zooplankton
abundance, zooplankton dry weight biomass, chlorophyll -a, and phaeopigment
concentrations. Antilogs of these values were taken and the confidence intervals
and geometric means expressed in the original number scale. Up to six values (two
observations per day, for three days) were used for these determinations. These
calculations were performed for each station and survey.

' Analysis of variance (ANOVA) was used to test for significant differences
among stations and depths. Unless otherwise stated, all statistical differences
noted in the results section were at the P < 0.05 level. Onshore-offshore and

-

upcoast-downcoast distributions of zooplankton abundance, biomass, chlorophyll a,
and phaeopigment concentrations were examined. The ANOVA design developed for tIie
analyses was divided into two components. The main effects made up the factors
and their interactions which were of primary interest, while nested effects were
a result of the sampling scheme. The main effects consisted of depths (i.e., two
strata), transects (i.e., onshore-off;hore lines of stations), and isobaths
(i.e., lines of similar-depth stations). Two samples were taken each day for each
combination of main effects. These were considered to be duplicates and nested
within the day in which they were taken. The resulting fixed block design, with
day as the blocking factor, was used for all ANOVA's. This design allowed the
variability tetween empling days to be used to test for differences between the
other mai,n effects. Nncan's multiple range test (Steel and Torrie 1960) was used
to locate signi',jfcgptly different station groups. Analyses were carried out
separate y by supey since seasonal fluctuations could serve to confound other-8

wise meaningful r,esults.

RESULTS

In this section the results of analysis of data obtained during the three
combined ETS-PMP surveys and three ETS surveys conducted during 1980 as e pre _
sented. Each of the biological parameters examined for these studies is con-
sidered in terms of general spatial and temporaf patterns revealed by the
analyses. The following subsections present figures and tables which summarize
important results of statistical testing, along with general trends in the magni-
tude and distribution of the abundance and concentration data. Salient features
of each survey's data are noted, results of the ANOVA tests are presented, and

# attention is called to general temporal trends. Unless otherwise stated, sta-
tistical significance is at the P < 0.05 level.

The ANOVA design used for hypothesis testing for the three combined ETS-PMP
surveys takes into account the following important spatial variables: isobath on
which stations were located, depth stratum from which samples were collected, and
onshore-offshore orientation. The last factor considers upcoast versus downcoast
patterns, and treats onshore-offshore lines of stations as transects. For pur-
poses of hypothesis testing, stations were grouped into five transects as
depicted in Table 3-3. The factor " transect", measuring variation amoung groups
of onshore-offshore aligned stations, revealed fewer instances of significance
than other main effects measured. An important feature of tt'e ANOVA design
employed is the testing of fine-scale temporal variation. This was done using
duplicate samples collected a few minutes apart on the same day and nesting them
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within days. Between day variation was then used to test the primary factors. The
fact that nearly every analysis conducted showed a significant difference between
days of the survey demonstrates the highly transitory nature of the nearshore
planktonic populations off San Onofre. This feature was present for all of the
biological parameters studied and indicates that patchiness, as well as temporal
patterns of distribution, may greatly affect the interpretation of data collected
on a single day.

Table 3-3. Stations grouped by isobath and transect included in the statistical model em-
ployed in the analysis of variance of ETS/PMP data.

Stations

Isobath Transect Transect Transect Transect Transect
5 4 3 2 1

10 m 8 1 4 6 7

15 n 9 10 11 12 13

30 m 14 15 16 17

ZOOPLANKTON

Total zooplankton abundance, dry weight biomass, and abundance of select taxa
were examined for the zooplankton community offshore of San Onofre. Dry weight
biomass of zooplankton was conducted only for the three combined ETS-PMP surveys.
Mean total zooplankton abundance and biomass for the 1980 surveys are summarizeo
in Figure 3-3 by isobath and depth stratum.

Total Abundance

Overall mean total zooplankton abundance by survey exhibited a seasonal pat-
tern with one low and two peaks of high zooplankton abundance. Mean total aben-
dance was lowest in July and highest in May. The second seasonal peak, slightly
smaller than the May maximum, occurred in September. Figure 3-3 shows a pattern
! gradual increase in mean total zooplankton from January through May, followed

by the July minimum, the second peak in September, and a decline in November.

Results of analysis of variance for total zooplankton abundance are presented
in Table 3-4. Mean total abundance was significantly greater in the upper stratum
than the lower during January. In March and May.the analyses were complicated by
significant interaction between the depth and isobath factors. Study of the
interactions indicates a general pattern of greater abundance in the upper
stratum, obscured by an onshore-offshore gradient of total abundance. Figure 3-3
indicates that the general pattern of greater abundance in the upper stratum is
most evident at the 30-m stations. This general depth pattern also was present in
the July and September ETS surveys.

Mean total zooplankton abundance for the three combined ETS-PMP surveys
showed a pattern of decreasing abundance in an onsh3re-offshore direction pro-
ceeding from 10- to 15- to 30-m stations. This was significant in January, but
obscured by interaction with the depth factor in March and May. Study of the
interaction supports this general pattern as being significant, but obscured
because of depth differences.

In March the San Mateo Point transect had significantly lower mean abundance
than the other four transects, which were not significantly different from one
another. This pattern was also present in the other two combined ETS-PMP surveys

__
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Figure 3-3. Arithmetic means of total zooplankton abundance and concentration of
dry might biomass observed during 1980. Asterisk (*) indicates discon-
tinuation of deep strata (PMP) sampling.

iTable M. Results of analysis of variance (P < 0.06) and Duncan's multiple range tests
for 1900 ETS-PMP total rooplasekton data.

Survey
Source Jan Mar May

Main Effects

Depth (D) U)L tt tt

Transect (T) n.s. 2 3 1 4>5 n.s.
DxT n.s. n.s. n.s.
Isohath (I) 10>15>30 ft it
DxI n.s. $
TxI n.s. n.s. n.s.
DxTxI n.s. n.s. n.s.
Day n.s. n.s.**

Nested Effects

Duplicate n.s. n.s. **

Day x Duplicate n.s. n.s. n.s.

n.s. Not significant (P > 0.050)
** P < 0.01
t Duncan's test results are presented if the ANOVA result was significant

(P < 0.05). Factors are arranged in order of decreasing values from left
to right. Factors connected by underlines are not significantly different
(P > 0.05).

tt Main effect complicated by significant interaction of the depth and 4 0-
hath factors.

6 10L :00 15. '50 300 > 30L
$Q 10L :.0U L5. L5U > 300 > 30L

-. _ _ _ _ _ _
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although not strong enough to be statistically significant. No gen ral patterns
of upcoast-downcoast difference was noted for the three ETS surveys. The latter
did not include a station at San Mateo Point. A significant difference in total
abundance was detected only in January for the three combined ETS-PMP surveys of
three days duration.

Dry Weight Biomass

Zooplankton dry weight biomass determinations were conducted for the three
combined ETS-PMP surveys. The seasonal pattern depicted in Figure 3-3 indicates
that biomass was lowest in January with approximately equal values measured in
March and May.

Results of analysis of variance are presented in Table 3-5. No clear patterns
were detected because the significant interaction of the depth factor, with both
isobath and transect in January and March and with isobath in May, obscured the
relationship of biomass and any of these factors alone. Study of the interactions
indicates that biomass was generally greater at the 10- and 15-m stations than at
30-m stations and only at 30-m stations were depth differences significant, with
the greater biomass occurr.ing in the upper stratum. No discernible pattern was
evident from examination of the interactions involving transect as a factor. No
significant difference between biomass and any factor examiaed were detected in
May. In March and May, significant differences were detected among biomass values
measured for different days of a survey.

Table 3-5. Results of analysis of variance (P < 0.06) and Duncan's multiple range
test for 1980 ETS PMP tooplankton biomass data.

Survey
Source Jan Mar May

Main Effects

Depth (D)(T)
t t t

Transect t t n.s.
DxT r. . s . n.s. n.s.
Isobath (I) t t t

DxI ttt Q
TxI ti tt n.s.
DxTxI n.s. n.s. n.s.

*Day n.s. n.s.
,

Nested Effects

Duplicate n.s. n.s. n.s.
Day x Duplicate n.s. n.s. n.s.

(U) Upper; (L) Lower; (10) 10-m,0.050)(15)15-m,(30)30-mstationsn.s, Not significant (P >
P < 0.05=

t Main effect complicated by significant interaction.
tt The results of the Duncan's multiple range test did not indicate any

meaningful pattern.
ttt 100 10L 150 > 15L 300 > 30L

15L 10L 100 150 300 30L
j$ 15L 10L 100 15U > 300 > 30L

. .. .
.
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Abundance of Select Taxa

The mean survey abundance of each of the select taxa studied is presented in
Table 3-6. Seasonal patterns of abundance of most taxa fluctuated in the same
general pattern as the total zooplankton. This was especially true of the taxa
most frequently predominant in the samples, Acartia spp. ccpepodites, Acartia
tonsa, Paracalanus parvus, and P. parvus cepepodites. A few taxa were much more

~

abundant at certain times of the year, comprising a greater relative percentage
of the zooplankton at that time than during the remainder of the year. Clauso-
calanus spp. was more abundant in January than in other surveys, Corycaeus
anglicus was more abundant in March and September, Podon polyphemoldes was more
abundant in May and July, and cyphonautes larvae were more abundant in July and
November.

3Table 3-6. Mean abundance of select taxa (no/m ) by survey for 1980.

Annual
Mean

select Tasa Jan Mar May Jul sep Nov Total

Acartia spp. copepodites 475.0 608.3 2,350.8 156.2 4.654.6 590.6 1,4 72. 6
Acartta tons 4 150.3 302.9 357.4 6.0 1,007.0 160.6 330.7
Penillia avirostris 0.2 - - - 20.3 40.6 10.2
Paracalanus parvus copepodites 618.2 970.0 1,031.4 138.4 281.8 298.4 556.4
sagttta spp. 69.2 535.5 638.4 12.3 623.5 32.5 318.6
Corycaeus anglicus 281.8 1,223.1 345.2 18.8 94 2.1 23.3 472.4
Cyphonautes larvae 164.2 230.3 27.8 211.5 177.5 222.8 172.4
Paracalanus parvus 248.0 569.9 278.5 245.9 394.5 31.5 294.7
Lahidocera trispinosa copepodites 89.6 234.2 206.9 22.8 67.1 16.9 106.2
Podon polyphenoides 7.1 0.1 2,380.5 228.6 - - 436.0
Euterpina acutifrons 41.0 100.3 65.6 7.9 14.9 24.6 42.4
Clausocalanus spp. 836.9 38.4 16.7 11.9 69.9 97.4 178.5
Oithona occulata 84.1 1.2 0.5 - 0.8 39.3 21.0
Cypris larvae 4.3 64. 8 10.7 83.5 3.8 33.7 33.5
Other copepods 189.6 90.7 113.0 128.0 43.7 291.4 142.7

1.11 other tana combined 626.2 1,000.2 3.445.9 686.3 1,542.8 298.9 1,266.7

Total Zooplankton 3,885.8 5,%9.9 11,269.3 1,958.0 9,844.3 2,202.5 5,855.0

Exanination of results of analysis of variance for the three combined ETS-PMP
surveys, and study of results of ETS data indicates only a few distinctive trends
among the select taxa over the entire year. Two taxa, cypris larvae and Euterpina
acutifrons, were consistently more abundant in the lower depth stratum. Podon
polyphemoides tended to be more abundant in the upper stratum. No consistent
upcoast-downcoast variation was detected and this factor usually was not
significant. No taxon was generally more abundant at the 30-m stations and the
abundance of most select taxa usually was greatest at the 10- and 15-m stations
than at the 30-m stations.

PHYT 0 PLANKTON

Chlorophyll a,and phaeopigment concentrations, and the ratio of phytopigment
fluorescence were measured to monitor the magnitude and distribution of phyto-
plankton populations. Mean values of the variables are presented for each survey
by isobath and depth stratum in Figure 3-4.

Chlorophyll a

A distinct seasonal pattern of phytoplankton abundance was indicated by
chlorophyll a, concentrations. The mean concentration was lowest for the January
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Figure 34. Arithmetic means of concentrations of chlorophyH a, phaeopigments, and
phytopigment observed during 1980. Asterisk (*) indicates discontinuation
of deep strata (PMP) sampling.

survey and greatest for the May survey. Overall mean chlorophyll a concentrations
increased sharply from the January minimum to the May maximum 7 then gradually
declined through the remainder of the 1980 surveys.

Results of analysis of variance (ANOVA) on chlorophyll a data for the three
combined ETS-P ? surveys are shown in Table 3-7. Chlorophyll a_ concentrations
during January and March were not significantly different between upper and lower
depth strata. In May, significantly (P < 0.05) greater chlorophyll a_ concentra-

,

tions were measureti from the lower depth stratum along all three isobaths.
Inspection of data for ETS surveys reveals a distinct depth difference in July
with much greater chlorophyll a concentrations present in the lower depth
stratun. This pattern was also evident in September and November, but differences
between strata were not great. Differences in chlorophyll a concentration among
the three isobaths were not significant in January or March. In May, signifi-
cantly different concentrations of chlorophyll a were present on each isobath,
with a gradient of decreating concentration moviiig away from shore. Significant,

difference in chlorophyll a concentration among transects occurred only during
-~

the May survey. Results of Duncan's test showed no pattern to this difference.
No clear patterns of distribution of chlorophyll a, concentration among stations
was evident for the three ETS surveys. For the combined ETS-PMP surveys signifi-
cant differences among days within a survey were detected in March. A significant

*eraction between days and duplicate samples occurred for the January survey.
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Table 3 7. Results of analysis of variance (P < 0.05) and Duncan's mutliple range tests for
1980 ETSPMP chlorophyll a data

Survey
Source Jan Mar May

Main Effects

n.s. n.s. L>U
Depth (D)(T)Transect n.s. n.s. 45312
0xT n.s. n.s. n.s.
Isobath (I) n.s. n.s. 10>15>30
0xI n.s. n.s. n.s.
Tx! n.s. n.s.'

.

DxTxI n.s. n.s. n.s.
Day t

*** n.s.

Nested Effects

Duplicate t n.s. n.s.
Day x Duplicate n.s. n.s. f**

n.s. Not significant (P > 0.050)
* P < 0.05

P T 0.01**

P ? 0.001***

t Main effect complicated by siqnificant interaction with duplicate sanples.

Phaeopigment

The seasonal pattern of phaeopigment concentration observed during 1980 is
sunmarized in Figure 3-4. The lowest overall survey mean occurred in the combined
ETS-PMP survey of January, anu the highest phaeopigment concentration occurred in
the ETS survey of September. The mean phaeopigment concentrations for the
remaining four 1980 surveys had mean phaeopigment concentrations which were simi-
lar in magnitude and showed no clear seasonal trends.

Results of tha analyses of variance of the phaeopigment data are presented in
Table 3-8 for the three combin2d ETS-PMP surveys. No significant difference in
phaeopigment concentration between depth strata, among the three isobaths, or
among the five transects were detected. In both January and March, phaeopigment
concentrations among the days within tne survey were significantly different. The
phaeopigment concentrations measured during the three ETS surveys showed no con-
sistent pattern among the stations.

,

Phytopigment Fluorescence Ratio

The ratio of fluorescence of phytopigments before and after acidification was
used as a measure of the general physiological state of the phytoplankton com-
nunity off San Onofre. The results of these determinations are summarized by
depth stratum and isobath on Figure 3-4 for each survey. The seasonal cycle of
phytopigment fluorescence generally reflects the pattern described for chloro-
phyll a_ concentration. The lowest ratios were recorded in January and September,
and the highest in May and July. Depth patterns of phytopigment fluorescence
ratios indicate only slight differences to be present, but a consistent trend is
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Taue 3-8. 11esults of analysis of variance (P < 0.06) and Duncan's multiple range tests for
1980 ETS-PMP phaeopigment data.

Survey
Source Jan Mar May

Main Effer g

Depth (D) n.s. n.s. n.s.
Transect (T) n.s. n.s. n.s.
DxT n.s. n.s. n.s.
Isobath (I) n.s. n.s. n.s.
DxI n.s. n.s. n.s.
TxI n.s. n.s. n.s.
DxTx! n.s. n.s. n.s.

*** ***Day n.s.

Nested Effecy

D:<plicate 's. n.s. n.s..

Day x Duplicate n.s. n.s. n.s.

n.s. Not significant (P > 0.050)
* P < 0.05

P T 0.01**

P T 0.001***

;

evident. At 10-m stations the ratio was slightly greater in the lower stratum at
both the 15- and 30-m isobaths was greater in the upper stratum in January and
March, but greater in the lower stratum in May. For combined ETS-PMP surveys, an
onshore-offshore trend was distinct only in January when the ratio increased pro-
ceeding from 10- to 15- to 30-m stations. Ratios were about the same at all iso-
baths in March and May. Inspectica of data revealed no distinct or consistent
upcoast-downcoast patterns with respect to phytopigment ratios.
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CHAPTER 4

INTERTIDAL y

INTRODUCTION

The communities inhabiting the narrow boundary between land and sea whict 5
alternatively covered and left exposed by the tide are remarkably tolerant of
variations in their environment. Both an infaunal community and a rock epibiotal
car.munity are present in the intertidal zone near San Onofre Nuclear Generating
Station. Although both communities must deal with the same rigors imposed by
their intertidal presence, the species composing the two communities differ
considerably. In consequence, they are discussed separately below.

. _ _ _ _ .
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CHAPTER 4A

SANDY INTERTIDAL

INTRODUCTION

The sandy intertidal habitat at San Onofre was sampled in February 1980 to
complete the monitoring program associated with the construction of the Units 2

| and 3 outfall structures. Actual construction of the structures was completed in
1979, but related activities (i.e. removal of pier bents) continued into early|

i 1980. A special study will eventually be conducted to follow return of the
beach configuration to normal following removal of the construction laydowni

! pad and its seawall. The 1980 sandy intertidal studies met all objectives and
requirements of the Constuction Monitoring Program (CMP). The objectives of this
chapter are to: 1) present a summary of sandy intertidal data collected in 1980,
2) analyze this data to meet objectives, and 3) describe the sandy intertidal
resources, and placing their interaction with station activities in perspective.

Data collected in the single 1980 sandy intertidal survey were presented in,

l both the Summary and Comprehensive Data Reports (SCE 1981a,b).

BACKGROUND

HISTORICAL REVIEW

Table 4A-1 shows a brief history of San Onofre sandy intertidal studies.

Evaluation of the intertidal environment in the vicinity of San Onofre began
in 1963 providing baseline data prior to Unit 1 operation. Sampling of the sandy
intertidal biota was conducted 31 times with a variety of methods between 1963
and 1972. These efforts, part of the Marine Environmental Monitoring Program

i Table 4A-1. Chronological history of sCE-sponsored sandy intertidal studies at the
san Onofre site.

| Tidal
Samp1tng Number Heights

Major Prt* grams Data Gear et Surveys Sampled Locations Repitcates Type of Data Collected
(
j Marine Envirormental Monitoring

Unit ! Preoperational 1964-66 scoop 6 (Transect 5.5) low and 6 transects Maximum of Presence and qualitative
! 10 (Tnnsects aid tide within 1600m 2 spatial abundance estimates. Site
I 1,2,3,4,5) of Units 2 4 description and photographs.

|
3 conduit

| Unit 1 Operational 1967-74 shovel 17 (Transect None Presence and quantitative* *

enca. 5.5) abundance estimates. Site
vation 18 (Transects description and photographs.

1,2,3,4,5) Emerita size / frequency.

Sand Disposal Study
Predisposal 1974 core I verf able 5 transects 5 spatial Species counts, Emerita

tubes low in- from 900m N 3 temporal size / frequency. 5TC
tertidal to 9400m 5 descrfption.

Post disposal 1974-76 8 of Units 2* * * *

4 3 conduit
centerif ne

Construction Monitoring Program
Construction 1976-80 core 14 0 to +6' 5 transects 5 spattel Species counts. Emerita

tubes (MLLW) within 1900m size / frequency, grain size
of Units 2 4 sediments, beach profiles,
3 conduit temperature
center 11ne

_ _ - . - _ _ _ _ _ _ _ - _ _ _ _ _ _ _
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(MEM) were reviewed in detail by Given (1973). Sampling during the MEM involved
screening of small samples of sand (between 1 and 8 sters in volume) through a 1
mm mesh screen to separate out any infaunal orgh , isms. Although attempts were
made to identify beach inhabitants by surface inspt;ction within prescribed areas
(1/16 m2 in January 1968), this proved less satisfactory than excavation, and
was discontinued. Beginning in May 1967 and continuing to the end of the MEM,
sampling consisted of excavation of 1 m2 quadrats to a depth of 8 cm at two
intertidal positions along each transect. Samples were taken at low water and
halfway between low tide and the previous high tide mark. Tidal heights of the
samples were not determined. Sampling under the MEM continued until 1974.

Intertidal sampling continued in 1974 as part of the Sand Disposal Study
(SDS) to evaluate the effects of Units 2 and 3 construction. During the SDS
sampling was uniform and consisted of five lines of samples collected at 2 m (6
ft) intervals from the low tide line of the survey day. Five replicate cores were
collected along each line at 5 m (15 ft) intervals. Four of the five lines were
located at or below low water for the day. This procedure was repeated at each
station on three consecutive days during each quarterly survey. Tidal heights of
the samples were not determined. As construction activities moved of fshore, the
SDS evolved into the CMP. The EMP program involved sampling at five stations. A
transect line at each station was divided into seven intertidal heights at
one-foot intervals from +0.0 ft to +6.0 ft. Five replicate biological and
geological samples were collected at each intertidal level . Replication was
determined previously in a special study sponsored by SCE. After field screening
organisms and sediments were returned to the laboratory for identification and
grain size analysis respectively. At the time of sampling beach profiles were
recorded to assess changes in beach configuration. The MEM sampling transects
were not quite the same as those occupied in later studies, but at least one
transect (MEM 4, SDS 2, CMP BB) has been located in the same place since 1963.
All three programs were conducted in accordance with California Regional Water
Quality Control Board-San Diego Region (CRWQCB-SDR) requirements in force at the
time.

1980 SAMPLING

Only a single sandy intertidal sampling was conducted in 1980 since offshore,

construction ended and the CMP was completed after the first quarter (Table
1-1). As in previous CMP monitoring surveys, five transects (Figure 4A-1)
were occupied. Beach profiles and sediment grain size samples were taken with
the biological samples. Geophysical aspects of the sandy intertidal have been

| discussed in Chapter 2D of this volume.
I

j DISCUSSION

The sandy intertidal habitat at San Onofre is relatively dynamic. Regular
annual cycles of sand accretion and removal alternately cover and expose areas of
cobble in the lower part of the intertidal zone. The biota of this hard substrate
is addressed in the second part of this chapter. Much of this accretion and
removal represents transport of sand from subtidal areas onto the beach by summer
long-period swell s, and its removal by short-period storm waves during the
winter. Superimposed on this onshore-offshore cycle is longshore littoral drift;
movement of sediments along the coast by persistent nearshore curents. I lis
lateral transport moves an estimated 100,000 to 200,000 cubic yards of sedf aent
past the San Onofre site towards Oceanside each year (SCE 1980).

The organisms which inhabit this unstable habi at are well adapted to life
in a heavily stressed environment. All are highly shobile, and most are able to
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migrate in response to the twice daily rise and fall of the tide. Sampling of
the intertidal comunity in the MEM and SDS programs was therefore tied to an
ephemeral condition (i.e. " low tide") rather than a known tidal elevation with
respect of Mean Lower Low Water (MLLW) datum. This was replaced with a height
stratified sampling regime for the CMP to examine the vertical distribution of
the sandy beach fauna (SCE 1979, 1980).

The only consistent member of the coninunity over the entire period since
sempling began in 1963 has been the sand crab Emerita analoga. Emerita has been
the most abundant organism, as well as the most frequently encountered. Its
population exhibited a seasonal abundance cycle, with heavy spring settlement
of pelagic larvae. Few adults survive into the following spring. This species
forms the major energy pathway connecting the sandy intertidal fauna with other
portions of the nearshore marine ecosystem. Adult Emerita are choice prey of
several surf-zone fishes including California corbina. They are one of the
comercially harvested invertebrates used as fich bait, and as such are a cur-
rently exploited resource. Frey (1971) reported a commercial catch of roughly
four tons in 1967, almost double the 1963 total.

Much of the energy fixed by Emerita is probably channeled into reproduction.
Each female may produce thousands of eggs per brood, and may carry up to 5 broods
per season in southern California (Efford 1969). The large number of larvae
released are pelagic for approximately four and one-half months (Efford 1970).
Mortality through predation during this period is undoubtedly severe, and the
larvae serve as a food resource for planctivorous fishes.

The other members of the sandy intertidal comunity are similarly related to
the remainder of the marine ecosystem through predation on adults in situ and on
exported pelagic larvae by water column and benthic predators. Sahdy- intertidal
organisms are dependent in turn on the import of suspended particulate matter and
plankton on which Emerita and several other intertidal forms feed.

Many intertidal spW ve strongly dependent on the nature of the sedi-
ments they inhabit (SCE 1980), a.M tend to be patchily distributed. Sand crabs,
in addition to sediment-related putchiness, are strongly aggregative (Efford
1965). As a resul t, samples taken ' rom sandy beaches frequently contain no
organisms. During the MEM several of the sandy intertidal sampling sites were
termed " sand deserts"; a reflection of :he low population density observed there.
In the SDS program the majority of thf samples produced no organisms, producing
data matrices not suitable for analysis. In the CMP program the size of each
replicate was increased considerably to capture more organisms. This strategy was
generally successful, although during the winter quarter, when the sand crab
population was at its lowest ebb, few of the samples contained organisms.

The aggregating habit of sand crabs has tended to place perceived patterns
of distribution around San Onofre in doubt. A multivariate analysis based on the
1979 CMP data (SCE 1980) identified patterns of comunity distribution related to
beach configuration (i.e. width, slope) and sediment grain size. Despite this,
the community in an area obviously modified physically by presence of the sand
impoundment structure (lay-down pad) was not different than that observed at
other San Onofre sites. In the MEM Given 1973, Parr 1973) and in the SDS (Lock-
heed Aircraft Services 1974 and other subsequent reports) no consistent patterns
of comunity distribution were observed. Similarly, in CMP data (MBC 1978, SCE
1979, 1980, this report) no consistent trends have been evident. The composition
of the intertidal biota seemed determined by extrinsic factors (i.e. relative
" goodness" of the recruitment year as a function of long-term hydrographic and
meteorological trends) or by variations in sampling efficiency (whether a patch
of organisms was hit or missed). Coe (1956) examined at length long-term records
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of several intertidal and shallow subtidal organisms, concluding that major
population changes were usual, arhythmic, and produced by complex interactions of
a wide variety of factors. A series of recent investigations based on plankton
recorder data over a 25-year period (Colebrook 1978a,b; Reid 1977, 1978) has
indicated connections with very large scale meteorological events and trends,
as well as smaller scale atmospheric anomalies (Colebrook, Reid, and Coombs
1978), and both zooplankton and phytoplankton distribution and abundances. Such
connection may also be found in the eastern Pacific, once data are suitably
analyzed. Present analyses of sandy intertidal comunity distribution at San
Onofre indicate little or no involvement of the generating station. The actual
cause and effect relationships are not known, but no adverse affect on the sandy
intertidal comunity has thus far been demonstrated. The comuni.y at San Onofre
remains quite similar to that observed on similar beaches throughout the southern
California bight (Straughan 1977).

The sparsity of the sandy intertidal fauna in general, and the low popula-
tion levels typical of the San Onofre vicinity in February, severely limits the
interpretation of 1980 data. The implication that a real dif ference exists
between the comunity upcoast of the sand impoundnent structure and that down-
coast from it is not consistent with the conclusions of previous analyses based
on a much broader data base. Nothing in the February 1980 collection suggests
that the comunity was substantively different in winter 1980 when compared with
previous winter surveys.

The presence of the construction laydown pad at San Onofre does serve as a
physical impediment to long-shore sand transport. As such, it has modified the
structure of tSe beach, particularly on its upcoast side. Previous multivariate
analysis, however, failed to demonstrate that the sandy intertidal comunity was
seriously affected by these physical modifications. Thus, patterns discerned
from February 1980 data appear to be caused by sampling artifacts rather than
reflective of construction activity effects.

This concludes the overall discussion. Detailed 1980 methods and results are
presented in sections that follow,

l APPROACH

Monitoring of the sandy intertidal environment and comunity in 1980 was,
'

comparable in design and scope to that performed under the CMP beginning in
1976. Results of the February 1980 survey will be examined via classification,

' analysis, and the distribution of organisms compared with historical data. The
analysis and interpretation of 1980 data will be considerably less than in the
1979 report (SCE 1980) since only one survey was conducted.

In addition to the data collected in 1980, comparative CMP data from 1979
(SCE 1980), 1978 (SCE 1979), and 1976-1977 (MBC 1978) will be examined. Since

i data presented and discussed in these reports were collected using the same field
methods, they are directly comparable.

METHODS

Prior to the initiation of each intertidal survey, the +8 ft tidal elevation
for each transect was located by surveying from permanent benchmarks of known
elevation. All intertidal heights were recorded as feet above Mean Lower Low
Water (MLLW).
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of several intertidal and shallow subtidal organisms, concluding that major
population changes were usual, arhythmic, and produced by complex interactions of
a wide variety of factors. A series of recent investigations based on plankton
recorder data over a 25-year period (Colebrook 1978a,b; Reid 1977, 1978) has
indicated connections wita very laq;e scale meteorological events and trends,
as well as smaller scale atmospheric anomalies (Colebrook, Reid, and Coombs
1978), and both zooplankton and phytoplankton distribution and abundances. Such
connection may also be found in the eastern Pacific, once data are suitably
analyzed. Present analyses of sandy intertidal comunity distribution at San
Onofre it.dicate little or no involvement of the generating station. The actual

Samples were screened through a 1.0 mn mesh sieve in the field and retained
organisms were initially preserved in 10% buffered Formalin-seawater. Preserved
organisms were returned to the laboratory for identification. All specimens
were transferred to 70% isopropyl alcohol in the laboratory for permanent storage
as voucher specimens.

Along each transect, a core sample for sediment grain size analysis was
collecteo adjacent to each of the five replicate biological cores at each sampled
tidal elevation. Sediment cores were collected to a depth of 30 cm, except where
cobble would not allow core penetration. Water temperature, and estimates of wave
period, height, and direction were also recorded.

Grain size dis;tributions were determined by three complementary techniques.
Sediment particles in the gravel range (between -6 and -1 phi) were separated
into size classes by mechanical sieving through different sized meshes. The
retained portions were weighed and proportionally related to the total sample
weight. Sediment particles in the sand range (-1 to 4 phi) were evaluated with
the settling tube system described by Felix (1969) and Gibbs (1974). Input from
the two sources was combined and analyzed using moment measures (Krumbein and
Pettijohn 1938). A discussion of the phi scale, grain size statistical parameters,
and their derivation is presented in Chapter 2D, Sedimentology.

Data Analysis

Classification analysis consisted of two types of analysis. First, stations
were classified by their species composition and abundance (normal analysis),
resulting in the grouping of similar stations. Secondly, species were classified
by their occurrence and abundance at individual stations, which clustered species
with similar distribution patterns (inverse analysis). In both analyzes, the
flexible sorting strategy ( 8 =.25) was used to generate dendrograms from a
Safrenson's QS similarity matrix. Prior to the analyses, raw data were square
root transformed to reduce the effect of extremely skewed data points, and
standardized as a percentage of each species' maximum abundance (Smith 1976).

Results of the site and species classification analyses were combined into
two-way coincidence tables (Clifford and Stephenson,1975) using the symbolic

! format proposed by Smith (1976). These tables provided a basis for objective
detection of patterns in comunity distribution.

RESULTS/ ANALYSIS

Sandy intertidal sampling was performed between 13-15 February 1980. Com-
munity density was low as in previous winter collections. A total of 175 cores
yielded only 74 individuals representing 6 species (Table 4A-2), an average
of roughly 88/m2 The sand crab Emerita analoga constituted the majority of
individuals taken for the entire survey, and along each transect except BB. All
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the species recorded in February 1980 had been collected in one or more previous
surveys at San Onofre.

Table 4A 2. Sandy intertidal transect summary table for 1980 collections.

Transect Transect Transect Transect Transect All
AA B8 Cc 00 EE Transects

Fjbruary 1980

Number of Species 2 3 4 3 3 6
Number of individuals 7 5 14 22 26 74
Number of tmerita 5 2 11 19 20 58
% Individuals: Emerita 85.7 40.0 78.6 86.4 76.9 78.4
Species Diversity (H') 0.18 o.46 0.33 0.21 0.28 0.32

A regular pattern of increase in the number of species collected per tran-
sect with approach to the trestle centerline was observed in the February 1980
data. The number of species was small, however, and the pattern may have been
an artifact of the low density. The increased total number of individuals and
number of Emerita per transect with increasing distance from Transect BB (Table
4A-2) was probably a true attribute of the community, and not an artifact of low
comunity density.

Table 4A-3. Rank, perceat of collection total,
and percent replicate occurrence of Of the six species encountered,
sandy intertidal species, February three were represented by a single'880- specimen, and the fourth by two

Rank Specles % Cum % % Occur specimens. Only the comunity dominant
n s nn po W aete1 Emerita analoja 78.4 78.4 22.3

2 HemipodusTorealis 14.9 93.3 6.3 Hemipodus occurred in more than 5% of
Exctrolana lingulfrons 2.7 96.0 1.t the replicates. Together, these two'

4 N n a s zonata 1.4 97.4 0.6 species constituted over 90% of the

Na'kNc'aidt b 10 $ d 1980 collection (Table 4A-3). These'

4

same species have ranked first and
second in winter surveys of the comunity since 1977 (MBC 1978; SCE 1979,1980)
although their percentage contribution increased from 69% in March 1977 to 93% in
February 1980.

Community distribution patterns were examined with classification analysis
(Figure 4A-2). The five pooled replicates at each level of each transect were
considered a "statior" in the normal analysis, resulting in 35 stations for
classification. Station and species groups were serially designated with numbers
and letters, respectively. A letter denoting month of collection (F for r bruary)e
was added to each group to conform with previous usage.

The February 1980 normal analysis defined six groups of stations. Group 1F
(16 members) consisted of stations from all five transects that contained only
Emerita. The three stations in Group 2F were characterized by Emerita and one
of the constituent species of Group BF. All three stations in Group 3F were
upcoast of the construction laydown pad and contained only the subdominant worm
Hemipodus. Group 4F (5 stations) members had both Emerita ar.d Hemi odus, but
na other species. The six Group 5F stations contained no orcanisms, w 1 e the
two high intertidal stations in Group 6F contained only the isopod Excirolana
linguifrons.

Group formation was not closely related to tidal height in most cased,
although Group 6F contained only high intertidal sites. No station group was
restricted to a single transect, but distributional trends related to the
structure. All but two of 21 stations downcoast of the structure supported
Emerita, and the two where it was absent were in the high intertidal zone
of Transect CC. It is along the back beach above transect CC that excavated

_ _ _
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CHAPTER 4B

INTERTIDAL COBBLE

INTRODUCTION

The intertidal study was conducted during 1980 primarily to provide qualita-
tive information used to maintain continuity with previous required studies and
is not conducted to meet regulatory requirements. This chapter presents a his-
torical summary of studies conducted in the San Onofre cobble areas and a brief

,

| characterization of this intertidal' environment (Plate 4B-1). Data collection and
analysis methodologies are described and the results and analysis of 1980 data
are presented. The 1980 results are compared to results of previous San Gnofre
intertidal studies and discussed in relation to possible effects of San Onofre
Unit 1 operation. The 1980 biological data used in this Analysis Report are con-
tained in the Annual Operating Report, San Onofre Nuclear Generating Station,
Volume II, Comprehensive Data Supplement (SCE 1981b).

BACKGROUND

HISTORICAL REVIEW (1963-1979)

Studies of intertidal sand and cobble biota have been conducted in the vici-
nity of San Onofre since 1953 (Table 4B-1). The studies were usually conducted
quarterly during daylight low tides. The early studies varied considerably using
quadrats ranging from 0.04- to 1-m2 (0.43- to 10.8-ft ) area, sampling different2

locations, and using different sampling designs. Results of the early qualitative
Marine Environmental Monitoring (MEM) studies conducted from 1963 through 1972
were summarized and reviewed by Parr (1973) and Given (1973). Parr (1973) stated
that biological differences in the major cobble areas reflect differences in
substratum quality, exposure, and wave action. Given (1973) concluded that there

,
had been no long-term effect on cobble beach biota as a result of the construc-

| tion or operation of San Onofre Unit 1.
|

Studies continued from 1973 to 1975 in compliance with California Regional'

Water Quality Control Board, San Diego Region requirements for the San Onofre
Unit 1 MEM (LCMR 1974b,c,1975f), and San Onofre Units 2 and 3 Sand Disposal

i
Monitoring Program (SDMP; LCMR 1974a,1975a,b,c,d,e,1976a, b). The SDMP combined
both sand beach and rocky cobble intertidal data collection to investigate

i

| possible effects resulting from sand disposal and construction activities of San
Onofre Units 2 and 3. In November 1974, coordination of environmental monitoring'

programs resulted in formation of the San Onofre Unit 1 Environmental Technical
Specifications (ETS) Program that fulfilled both California Regional Water
Quality Control Board National Pollution Discharge Elimination System (NPDES) and
Nuclear Regulatory Commission (NRC) requirements as described in the ETS, Docket
No. 50-206.

The ETS intertidal field program began in February 1975 when a preliminary
survey was conducted to establish five permanent intertidal stations in cobble
areas (Figure 4B-1). Station locations were based on (1) available similar

, substrata and habitat types, (2) historical extent of the surface water thermal
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Table 4B-1. Synopsis of SCE rocky cobble intertidal studies conducted offshore of San
Onof re from 1963 through 1980.

he, o f Total No. Type of
Surveys Total No. Quadrat Quadrats/ No, of sanoi t nq Data
per fear af Surveys $1 re St at ion $t atioat Dest qn Collected

MAGIME ENVIRONP* ENTAL MONITORING
(Mim) P90rAAM

Heit 1 Preoperettonal Sanot tag
1963 1 1 - - 1 - A

1%4 2 2 0.In* 4 1 Randon ta's quadrats 8
1%4 1 1 0.04n d 3 1 Quadratt sampling 8
1965, Jan 1 1 0.06md 3 1 Quadrats sampling S
19A$, April 1 1 - - 2 - A
1%5 1 1 0.25, 3-5 2 uniform (5-n) intervals 8

0.5 or
1.>d

Unit 1 Transtttonal $ano11eq
1966 4 4 1.hd 2-4 2 Random intervals B
1967 4 4 1.hd - 2 untforn (5 or 10-m) intervals 8.J

Unit 1 Goerational $anpitnq
1 % 8-1973

^

3-4 20 1.rh d - ? Uni fore 5 or 10-n tatervals C
1974 4 3 1.md 1-9 3 Unif orn 5 or 10-n intervals C.K

$A90 011P05AL M041TORING P90rAAM
1974 1975 4 3 1.hd 2 2 Quadrats near MLLW C ,0,1,E
1975 1976 4 6 1.54 19 3 untform (5 or 10-m) intervals C ,0,1

ENvtRONMENTAL TECHNICAL $PECIFICATIONS
1975-1977 4 to 0.25n d 3 5 Fined quadrats 8 fised C ,0,E ,G, I

2-m wide hand transect

INTERIM OBSERVATIONAL PR0rAAM
1978-1980 3-4 11 0.25n d 3 5 Ftmed quadrats H.E .F . I ,0

A - Qualitative observations
8 - % cover or nunher; 10 to generic level
C - 1 cover or nureer; ID to species levei
0 - Beach neasurements
E - 1 sand
F - 1 rock
G - Tenperature

M - 1 cover or nunher n* two rest abu dant tasan
1 Pnotograpas
J - E scavat ton, to 5 in. Sporadic 11 cm (5 in) dies ta cohhle quadrats
t - 0.1.nd dig sancies to approminately 20 in death. Steved througn 1-rn nese screen.

Inf aunat. organisms identt fled to species and counted.
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field of the San Onofre Unit I cooling water discharge, (3) similar flora and
fauna, and (4) proximity to previously established intertidal stations studied
durinq past surveys. Surveys were conducted quarterly, tides permitting, until
nid-1977. Each station consisted of permanent markers defining a hand transect
encompassing intertidal ecological zones 3 and 4 (Ricketts and Calvin 1971) and
three 0.25-m2 quadrats parallel to the sand and cobble contact line in ecological
zone 4. All flora and fauna were identified and either counted or their percent
cover estimated in the quadrats while only larger organisms were recorded in the
2-m (6.6-ft) wide hand transect. Results of this study indicated that human acti-
vities such as clamming and tidepooling, the natural processes of sand and cobble
novement, and the seasonal variability of populations were the major factors in
changes in the intertidal environment.

Hunan activity (e.g., tide pooling, clan digging, walking in the intertidal,
and surfing) has substantially increased in the study area since the opening of
San Onofre State Beach in 1971. Due to ease of access, some intertidal station
areas are much more susceptibie to human activities than others (LCMR 1976d).
Thus, it is extremely difficult to separate the effect of human intervention from
any effect which may be caused by the operation of San Onofre Unit 1. This, in
conjunction with the conclusions of previous studies that there were no detec-
table effects resulting from the operation of San Onofre Unit 1, resulted in an
SCE request that the comprehensive intertidal sampling program he deleted from
the ETS. This request was approved by the Nuclear Regulatory Commission on 22
September 1977. The Observational Intertidal Study, a program of reduced scope
which is described below, was implemented to continue monitoring of the inter-
tidal cobble areas at San Onofre. The reduced program maintains continuity with
permanent station locations used during the ETS study.

1980 STUDY

Intertidal surveys were conducted quarterly at the ETS stations during 1980
except during the third quarter when there were no acceptable daylight low tides.
Information collected during 1980 included percent sand and exposed bare rock,
percent cover of the two most abundant organisms in each fixed quadrat, photo-
graphs of each fixed quadrat, distance and magnetic heading from the center
quadrat to the sand and cobble contact line, and general observations.

DISCUSSION

The intertidal cobble habitat in the vicinity of San Onofre is limited to
relatively small rocky areas interspersed among the larger areas of sand beachesa

(Plate 4B-1). In these areas, cobble occupies the lower ecological zones (3 and
4) and is conspicuous only during low tides. The areas at Stations 1 and 2,
upcoast of Unit 1 (Figure 4B-1), have generally exhibited the largest expanses of
cobble during past studies. The cobble habitats immediately upcoast (Station 3)
and downcoast (Stations 4 and 5) of Unit 1 exhibit smaller expanses of cobble
than Stations 1 and 2. The downcoast habitats have steeper beaches and generally
have a mixture of cobbles and boulders thinly covering a bedrock base.

The cobble habitats upcoast of Unit 1 (Stations 1, 2, and 3) are subject to
periodic exposure to fresh water and detritus / sediment burdened runoff from San
Mateo and San Onofre Creeks. The entire coastal intertidal area under considera-
tion is subject to moderate to heavy surf and shifting of cobble occurs con-
stantly due to natural phenomena and human activities. Sand moved by longshore
drif t of ten partially or totally covers the cobble areas for varying lengths of
tine. In general, the intertidal cobble environment is highly unstable; subject
to extensive substrata shifting, sand inundation, considerable natural tempera-
ture variation, desiccation, and salinity changes.
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Figure 4B-1 ETS intertidal station locations at San Onofre Nuclear Generating Station.
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Changes in density or percent cover of the abundant intertidal organisms
observed generally exhibited recognizable seasonal trends. Variations in the
abundance of a species within a station may be attributed to a variety of factors
including natural seasonal differences in abundance of populations due to
recruitment, long-term fluctuations in populations, and mortality.

The total number of abundant taxa within a survey for all stations combined
has consistently been greatest during the summer months. This was also true in
1980 when a total of eight taxa were observed in June. The minimum number of
abundant taxa observed during a survey was seven taxa in March and December. The
number of different abundant taxa recorded during sumer was greater due to the
establishment of the green algae Enteromorpha spp. on previously bare cobble
surfaces. This species colonizes in the spring when bare cobble becomes available
(Emerson 1975). Sargassum spp. also is more abundant in the warmer season, with
occasional survival of the stipe and lamellae into colder periods. Comparison of
1980 data with historical data from the San Onofre intertidal area indicated that
the abundant taxa were those that have been reported as common in the nearby
geographical area and previously noted at the intertidal stations (LCMR 1975b;
SCE 1980e).

Data for all stations during all surveys indicate that percent sand cover in
the fixed quadrats was generally higher during winter surveys and lower during
sumer surveys excluding the unnatural disturbances at the downcoast stations
during 1980 and the mild weather conditions prior to the December 1980 survey.
The high percentage of sand cover noted in March 1980 at Station 1 was due to the
diversion of San Mateo Creek from a naturally formed channel behind the beach
berm during severe storm run-off. This channel extended about 0.5 km (0.3 miles)
south and terminated at a small point of land, while sediment laden waters flowed
across the cobble patch where Station 1 fixed quadrats were located. The cobble
patch was covered with sand to depths approaching 1 m (3.3 ft). At other stations
during the same period there was no general increase in the percentage of sand
Cover.

Sand accretion and burial of intertidal cobble areas has frequently been
noted in reports in the San Onofre area since 1963. This process is probably
significant in defining or limiting the populations of intertidal organisms
(McKnight 1969; Connell 1972; SCE 1979b, 1980e). Organisms such as erect and
crustose coralline algae and Zonaria farlowii are able to persist in areas
affected by factors such as sand accretion and disturbance of the substratum
(Dahl 1971), whether by natural or human intervention, and are usually the most
abundant in the study areas. Increasing accretion of sand in the control area
upcoast of San Onofre (Station 1) in 1980, is followed by decreasing abundance of
macrobiota (MBC 1978). This phenomenon was obvious in the study area as indicated
by the reduced percentage of biota in quadrats with increasing sand cover (SCE
1981b).

The extension of the intertidal sand areas over the cobble beds imediately
upcoast of Unit 1 may also be related to the large fluctuations of beach profiles
noted at the Units 2 and 3 construction site near the laydown pad and the con-
struction trestles (SCE 1979d, 1980e). The sand accumulation immediately upcoast
of the pad is a consequence of a temporary structure obstructing normal longshore
drift. The effect may extend upcoast as far as the station 610 m (2,001 ft)
upcoast of the Unit 1 discharge line. The intertidal sand as indicated by the
sand and cobble contact line never covered the quadrats during 1980 as it did
during December of 1978 and 1970 (SCE 1979d, 1980e), but remained more extensive
than it was during surveys conducted prior to the construction of the laydown
pad.
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As sand cover is reduced through transport of winter sands or shifts in long-
shore current, new areas of cobble surface are usually exposed to settlement and
growth of intertidal organisms during the spring and summer (Enerson 1975) as at
the upcoast control station between March and June 1980. Photographs of fixed
quadrats taken during the March 1980 survey showed the presence of small cobble
with uncolonized surfaces exposed. Less bare cobble surfaces were present during
the June survey, except in the newly exposed cobble area at the upcoast control
station, indicating that much of the area .xposed by decreased sand cover and
shifted cobble had been colonized, by species such as Ulva and Enteronorpha.

Substratum instability may also be a major process affecting the distribution
and abundance of intertidal biota. The high number of different abundant taxa
observed between intertidal stations and seasons within stations, coupled with
the presence of bare cobbles during some surveys, indicates the possibility of
mortality or disruption of populations due to abrasion associated with moving
cobbles or burial by the overturning of cobbles. Similar results have been
observed in other studies (Osman 1977, 1978) which indicated that intermediate
sized cobble of 1 to 10 dm3 (0.04 to 0.35 ft ) are stable enough to establish a3

connunity, but not stable enough to allow a few taxa to establish dominance. This
seemed to be the situation near San Onofre.

Changes in cobble patches over a long time period have also been observed in
the intertidal stations. Among the more notable changes has been the general ero-
sion of portions of some cobble patches both in area and elevation. Following the
extensive excavation of two of the fixed quadrats in the downcoast cobble patch
closest to Unit 1 between the June and November 1978 surveys, a small channel
forned which emptied across an intertidal sand flat about 20 m (66 ft) upcoast of
the fixed quadrats. By the December 1980 survey, most small loose cobble had been
moved out of that channel, which was about 2 m (7 ft) wide and down to bedrock.
The channel now has affected all three fixed quadrats, with changes in the biota
a consequence of shifts in cobble substrata, currents, and percent sand on the
channel botton.

The cobble patch at the station 2,300 m (7,546 ft) downcoast also seems to be
lower as indicated by increasing exposure of the corner markers of the fixed
quadrats which are located on the high part of the cobble patch. Similar obser-
vations were made at the station 850 m (2,789 ft) upcoast during the February
1978 survey (SCE 1979b). Subsequent obseavations have indicated that the general
cobble level at this station has iu.orned to the level seen during previous

j years.

| Clanning or digging activity observed during 1980 showed an increase over
observed activity in 1979 and was comparable with the activity noted in years
prior to 1979 (Parr 1973; LCMR 1977b; SCE 1979d, 1980e). Severe local storms and

,

[ associated terrestrial runoff during 1978 and 1979 have been implicated in
reduced clam populations in the San Onofre area (Williams 1979), and were prob-
ably responsible for the reduced clamming activity during 1979. During 1980,,

however, human intervention and excavation activity was noted during all surveys,'

resulting in considerable localized disturbance of the habitat and associated
biota in some areas. Recolonization of biota in the disturbed areas at Stations
3, 4, and 5 was not complete by the December survey, when compared to surrounding
areas. Other human intervention such as tidepooling, people walking in the sta-
tion areas, and surfing was frequently noted at all stations (SCE 1980c,e).

Other unnatural disturbances of biota occurred at the downcoast stations
during 1980, when nats composed mostly of fishing line with some electrical wire,
fabric, and firehose fragments caught on corner markers of quadrats of the down-
coast stations. The scouring action of the mats resulted in exposure of higher
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percentages of bare rock and reduced biotal coverage. The mats were removed
during each survey, however, they reoccurred throughout the year, indicating that
the areas were used for surf-fishing, probably during periods of higher tides.

This concludes the overall discussion. Detailed 1980 methods and results are
presented in sections that follow.

METHODS

FIELD

A detailed description of intertidal cobble survey methods and station loca-
tion data is presented in the combined ETS and PMP procedures (LES Procedure EMP
46-5-5).

Station locations are shown in Figure 4B-1. Station 1, 3.1 km (1.9 mi)
upcoast of the San Onofre Unit I discharge -line, is outside the 1*F (0.6'C)
isotherm based on the predicted maximum upcoast-downcoast extent of the offshore
thermal plume and is considered to be a reference station; whereas Stations 2, 3,
4, and 5, located within the potential influence of the l'F isotherm, are con-
sidered to be test stations. Three equidistantly spaced 0. 25-m 2 (2.69-ft )2

quadrats, located within ecological Zone 4 (Ricketts and Calvin 1971), have been
permanently established along a line parallel to shore at each station.

Nondestructive sampling techniques were employed to survey the dominant
macroorganisms living on the surface of the substrata at each station. Biologists
visually estimated the percent cover of the two most abundant taxa, and the per-
cent cover of sand in each 0.25-m2 quadrat. General observations of the area were
recorded, such as uninhabited cobble substrata and disturbances of the habitat
(e.g., excavations left by clam diggers) which may have affected the biota within
the fixed quadrats. Photographs (35-mm slides) of each fixed quadrat were taken
during each survey using natural light. All field work was conducted in daylight
during low tides of at least -0.18 m (-0.6 ft) MLLW.

Surveys were conducted on 13 and 14 March, 14 and 15 June, and 19 and 20
December. There were no daylight low tides suitable for sampling during the third
calendar quarter.

RESULTS

A qualitative description of the 1980 biological and physical data is pre-
sented for each station. The mean percent sand and mean percent bare rock are
presented in Figures 4B-2 and 4B-3, respectively.

INTERTIDAL COBBLE STATION 1 - REFERENCE STATION
:

Observations recorded during the three 1980 surveys revealed that the major
human activity in the area was surfing. No excavations were noted near the fixed
quadrats and no clanmers were observed in the area. Activities of tidepoolers
resulted in some habitat disturbance (e.g., turning over cobbles) in this inter-
tidal cobble area.

Percent sand cover in the fixed quadrats ranged from 1 to 7% during the June
and December 19o0 surveys, and was 100% in all qu; drats during the March survey.
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The sand and cobble contact line was 11 m (36 ft) and 26 m (85 ft) shoreward of
the fixed quadrats during the June and December sampling periods but 12 m (39
ft) offshore during the March sampling period. Percent bare rock in the quadrats
ranged from 70-80% during the June survey and from 1 to 2% during the December
survey.

- -
- - _ _ _ _
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The most abundant taxa, based on percent cover, in the fixed quadrats during
1980 were a turf complex of small algae, Parvosilvosa (Neushul and Dahl 1967),
and a chlorophyte alga Enteromorpha spp. During two of the three surveys, the
erect coralline algae Corallina/Haliptylon complex was abundant in one quadrat.
The red algae Gelidium/Pterocladia complex was one of the two most abundant taxa
in one quadrat during the December survey.

INTERTIDAL COBBLE STATION 2

No excavations were noted in the vicinity of the fixed quadrats during the
1980 surveys, but clamming activity was noted in the area during the June survey.
The mair, human activity observed was tidepooling. Surfing and sport fishing
activities were also noted. The mean percent sand cover was low during all
surveys, with individual quadrats exhibiting a range from 2 to 25% sand cover.
More surface area of bare cobble was exposed during the March and December
surveys. The sand and cobble contact line was 28 m (92 ft) shoreward o' fixed
quadrat 2 in December, 9 m (30 ft) closer than during the March survey, arid 5 m
(16 ft) closer than during the June survey.

Zonaria .fa rl owli , Sargassum spp., and the erect coralline algae complex
Corallina/H;Iiptylon were usually among the two most abundant taxa in the Station
2 quadrr;s during 1980. Enteromorpha spp. was one of the two most abundant taxa
in all three quadrats only during the June survey. The two algal complexes,
Parvosilvosa and Gelidium spp., were abundant in the December survey. The
crustose alga Ralfsia spp. was reported as abundant in one quadrat during the
March 1980 survey.

INTERTIDAL COBBLE STATION 3

Clamming activities were noted during the three 1980 surveys and tidepooling,
fishing, and surfing activities were observed in the cobble area during the June
survey. Percent sand cover in the fixed quadrats varied from 0 to 15% during the
1980 surveys. The sand and cobble contact line was about 7 m shoreward of fixed
quadrat 2 during the December survey and was within 2 to 3 m (7 to 10 ft) of
quadrat 2 during the March and June surveys. Bare rock varieu from 1 to 5% expo-
sure during the 1980 surveys.

|

The Corallina/Haliptylon compir and Parvosilvosa were most frequently among
the two most abundant taxa in the fixed quadrats during all three surveys. The
chlorophyte algae Enteromorpha spp. was ene of the two most abundant algae during
the June survey. Zonaria farlowii was one of the two most abundant algae only in
one quadrat in the March 1980 survey.

INTERTIDAL COBBLE STATION 4

No clanmers were noted during the 1980 surveys, however, overturned boulders
and cobble, and exposed bedrock were evident in fixed quadrats 2 and 3 as in 1979
(SCE 1980e), possibly indicating that some continuing natural process and/or
clamming or tidepooling activity had occurred. Additional disturbance was caused
by mats of fishing line, wire, and cloth, and a piece of firchose that pivoted on
the corner markers and abraded the substrata. During the 1980 surveys, the per-
cent sand cover in the quadrats varied from 1 to 85%. The high sand cover esti-
mates were primarily composed of a thin layer of sand over bedrock in the exca-
vated quadrats. Percent bare rock varied from 20 to 85% during the surveys, with
the highest percentages of exposed rock occurring in disturbed quadrats 2 and 3.
The sand and cobble contact line was approximately 2,12, and 11 m shoreward of
fixed quadrat 2 during the March, June, and December surveys, respectively.
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The Corallina/Haliptylon and Parvosilvosa complexes were usually the most
abundant algae during all three - surveys. Phyllospadix spp. and unidentified
crustose coralline algae were recorded among the two most abundant taxa in the

; fixed quadrats during the March 1980 survey. Endocladia spp. was abundant in one
j quadrat during the June survey. Percent biotal cover ranged from 4 to 14% in -
; quadrats where the mats of debris were caught on the corner markers.

INTERTIDAL COBBLE STATION 5-

)
i Excavations indicating claming activity were noted in the cobble area during
i the 1980 surveys. Surfing and tidepooling activities were observed in the vicin-'

ity of Station 5 during the December and March surveys. The sand and cobble con-
tact line ranged from approximately 7 to 12 m (23 to 39 ft) shoreward of fixed'

I
quadrat 2 during the 1980 surveys. Fixed quadrat 3 had been disturbed apparently
from some excavation prior to the December survey. A continuing general erosion

-

of the cobble bed was indicated by increasing exposure of the corner markers of
all three fixed quadrats. At the time of the March sampling, fixed quadrat 2 was;

j being scraped by a mat of nylon line and wire which was pivoting on the corner
; markers - of the quadrat. The percent bare . rock was higher in this disturbed
j quadrat than in the other qu? drats, varying over the year from 4 to 45%.
.

! The Corallina/Haliptylon comp ex was one of the two most abundant algae in
! all quadrats during all surveys ranging from 5 to 35% cover. Parvosilvosa

increased in percent cover in all fixed quadrats from March to December until it
covered from 20 to 45%, while Phy11ospadix spp. decreased in percent cover from.I

! 50 to 10% in fixed quadrat 1 over the same period.

.,
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CHAPTER 5

SUBTIDAL

INTRODUCTION

The sea floor off San Onofre Nuclear Generating Station is composed of
a mosaic of sediments ranging in size from microscopic clay particles to boulders
several meters in diameter. The sediments are predominantly sandy, with some
admixture of silts and clays. Fields of dobble or cobble / boulder mixtures are

,

interspersed with the softer sediments throughout the San Onofre offshore area.
In consequence, the subtidal biota :s composed of both species adapted to live
between sediment particles (the infaunal community), and species adapted to life
on rocks (the epibiota of cobble and kelp beds). The requirements of the two
divisions of the subtidal benthic habitat are quite different, as are their
biotas. They are discussed separately.

|

]
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CHAPTER SA

SEDIMENT INFAUNAL HABITAT

INTRODUCTION

The benthic infaunal connunity was under investigation primarily to assess
potential environmental effects resulting from San Onofre Units 2 and 3 con-
struction activities. In addition, the data gathered functionally provide a
preoperational data base for future comparison with data collected during
plant operation. The studies met the regulatory requirements set forth by the
California Regional Water Quality Con!rol Board-San Diego Region (CRWQCE-SDR) for
a 3nstruction Monitoring Program (CMPs.

This chapter presents: 1) a synthesis of data collected during 1980
un+er the . CMP; 2) analyses and interpretation of the data; 3) discussion of
biotic composition and distribution in relation to San Onofre construction and
operation; and 4) provides a comparison with benthic comunities outside the
immediate San Onofre area for perspective.

Data collected during the 1980 field efforts was presented in sumarized
form (SCE 1981a) and in a comprehensive report (SCE 1981b).

BACKGROUND

A brief chronological history of environmental studies examining benthic
infauna at San Onofre is presented in Table SA-1.

Marine Environmental Monitoring (MEM) of benthic comunities examining
both rocky and sandy habitats in the vicinity of San Onofre began in 1963 and
continued under this program until 1973 (Environmental Quality Analysts and
Marine Biological Consultants 1973, Lockheed Aircraft Service V4). The studies
were performed semiannually except for three per year in 1969 ai. 1970. Surveil-
lance was primarily accomplished through diver observations at six stations and
was semiquantitative with Idditification of surficial organisms on rock and sand
substrate and abundance estinidtes (visibiliCy pennitting). With the exception of
substrate recordr, physical / chemical features of the organisms habitat remained
largely unexplored. Methods changed slightly through the years with a major
modi fication, the addition of limited (3 replicates) infaunal core sampling,
occurring in 1969. This change provided the first detailed examination of the
sediment infaunal comunity. The data collected generally provided long-term
surveillance records with continuity of time and sampling locations.

In 1974 the San Disposal Monitoring (SDM) program was initiated (Table SA-1)
and continued through 1976 (MBC 1975, 1977). The monitoring program complied with
specifications set forth by the CRWQCB-SDR order No. 71-6. Studies perfonned
under this program were designed to assess effects of sand spoil disposal re-
sulting from bluff excavation related to construction activities for San Onofre
Units 2 and 3. The number of stations sampled was five, of which three were
composed of sand substrate. Biological core replication was also increased from
three urder MEM to four per station. No sediment substrate samples for grain size
or organic carbon were collected. This program continued during the initial

___
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Table SA 1. Chronological history of sCE sponsored benthic infaunal rnonitoring at
the San Onofre site.

Major Programs Date Method Freq. Localth Replicates Type of Data Collected

Marine Environmental Monitoring Offshore
Unit 1 Preoperational 1963 Otver 2/yr Unit ! Otver observations. Samf quantitative, macro..

Aug 1966 Obser. Species identification. substrate records, no
vation sagles collected.

* *Unit 1 Operettonal 1967 69 6 sta. -

1969-73 * and tions 3 biological * and addition of Inf aunal samp1tng by coring*

core core tubes / sieve and ider.ttf fcation in laboratory.
samples station

Sand Disposal Monitoring Program
Predisposal surveys 1974 Otver 4/yr offshore 4 biological Benthic infaunal sampling by coring substrate
1st Postdisposal 1974 cores Units 243 cores / station records. surficial identification. Lab identifica.*

* * *2nd 1974-75 3 Stations tion of organisms >1.0 ime. enmeratton stre fre.
* * * *3rd 1975 quency of dominant species, no grain size or
* * * *4th 1975 cart.? data.
* * * * *5th 1976
* * * " *fth 1976
* * * * *sth 1976
* * * * *8ta 1976

Construction Monitorf ag
Progran (CMP) 1976-77 Offshore Core samples Inf aunal core sampling. Identification. enumera.* *

Units 283 3 bfological tion and blomass. Substrate grain size and
18 sta. 1 grain sfre carbon samples sediment trap data. water clarity
tions 1 carbon / and temperature.
including station.
upcoast.
downCoast
reference
areas.

09 and Preoperational 1978 * * * Min 5. maa * and Increase replication of biological and
Monitoring Program 1979 12 t40109 sedimentological samples

1980 fcal boa
cores. Min
3. man 4
grain size.
Min 3. man
8 sediment
organic
samples.

construction phases for Units 2 and 3, and was replaced by the Construction
Monitoring Program (CMP) once offshore dredging began.

In 1976 when offshore dredging activities associated with construction of
San Onofre Units 2 and 3 began, the Construction Monitoring Program (CMP) was
initiated. This program, mcndated by the CRWQCB-SDR for quantitative monitoring
and reporting, examined the environmental effects of dred
related sand dispersal on the benthic infaunal community (ge and constructionFigure SA-1). A new
sampling array with 18 stations offshore Units 2 and 3 as well as upcoast and
downcoast was established. Originally three biological, one grain size, and one
sediment organic carbon sample were collected at each station. The program was
improved through 1977-1978 with biological and physical / chemical replication
determined by state-of-the-art methods. Infaunal sampling at a station ranged
from 5 to 12 replicates depending on station depth. Grain size replication ranged
from three to four samples per station and organic carbon from three to eight
replicates per station, again depending on station depth.

1980 STUDIES

This report presents data and discussions resulting from surveys performed
under the CMP during March and June 1980. These were the final two surveys
conducted since offshore cer.:truction activities ceased in March 1980.

DISCUSSION

The San Onofre sublittoral zone is composed of both rocky and sandy
benthic habitats. The sandy soft bottom environment is extensive and supports a
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highly diverse community (MBC 1978, Diener and Parr 1977). The community is
composed primarily of invertebrate species from the phyla Mollusca, Annelida,
and Arthropoda. Not only do these species exhibit individual and population
characteristics, but they also serve an important functional role in the trophic
structure and flow of energy through the marine ecosystem. Sof t bottom benthic
organisms live in or on the bottom sediments and are intimately dependent on the
physical-chemical nature of this habitat for food and living space (Rhoads 1974).
Several authors have reported benthic organisms to be selective of sediment
grain size they live in or consume (Gray 1974, Johnson 1971, Lie and Kisker
1970). McCave (1974) also suggests that grain size is the most important factor
regul ating the distribution of benthic organisms; however, he also indicated
that sediment porosity, penneability, and oxygen content (all related to grain
size) may also be important factors controlling community composition. Bottom
stability, which is influenced by the nature of the sediments as well as biolog-
ical and physical environmental factors has also been cited as a key factor
controlling the composition and distribution of benthic communities (Oliver and
Slattery 1973, Rhoads and Young 1970). Since dredging and other construction
related activities (and structures) can modify the sediment environment, the
benthic infauna may be affected. Community composition and distribution features
are key factors to monitoring changes in benthic infauna since shifts in numbers
of species and individuals through time and space usually occur in response to
natural or man-induced environmental alteration.

NUMBER OF SPECIES AND IADIVIDUALS OF THE BENTHIC INFAUNAL COMMUNITY

The number of species and number of individuals are interrelated community
parameters. These features were examined at San Onofre quarterly on a station by
station basis during 1979 and 1980. The survey grid encompassed both reference
and treatment areas and provided a framawork within which construction and/or
operation induced changes in these features could be assessed.

The number of species was used in assessing diversity, in preference to an
index (e.g. Shannon-Weiner index), since it does not imply ecological importance
based on species abundance and can incorporate encrusting and colonial organisms
(Cody 1974, Hurlbert 1971, Planka 1966). The species numbers provided a biolog-
ically meaningf ul basis for interpreting diversity differences between areas
since the presence of a species implied its occupation of a multidimensional
niche f Hutchinson 1957). An area with greater species diversity reflected
more e icient use of available niches and/or an area with a greater number

'

of niche resources.

The dominant biotic pattern, which was not affected by construction of Units
2 and 3 or operation of Unit 1, was the greater number of species in deeper
water. These results were evident in 1978 and 1979 and persisted through 1980
(Figure SA-2) (SCE 1979,1980). This pattern is characteristic of exposed open
coast environments in the southern California bight such as San Onofre (Lie and
Kisker 1970, Diener and Parr 1977).

The mean number of species at reference and treatment stations was very
similar throughout the year. There was, however, generally lower numbers of
species recorded from stations upcoast of San Onofre compared to downcoast
stations (Figure SA-2).

During previous surveys (SCE 1979, 1980) Stations Al and E3 (see Table SA-2
for depth conversions metric to feet and station abbreviations) exhibited marked
shif ts in species composition and numbers of individuals. In 1979, Station Al
was radically modified by storm runoff exposing underlying rock substrate
while sweeping sof t sediments seaward. This resulted in periods with no "infaunal
community" at this site. These results were not repeated in 1980 and data

.__ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _
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80 obtained suggest the species composi-,
W CH tjon at Station Al is comparable to/(,

{8- ' , , _ - . that of other 6 m isobath stations,g
Station E3 also did not appear tog

-\ undergo the changes in communi tyeu_
4 composition or abundance recorded

f- _____,

'o- ~ during earlier surveys.

{0 N A pronounced seasonal pattern of
f,s,-_ AJ change in the number of species was

/\ found in previous years (SCE 1979,oa: [N 1980) and was again apparent in 1980.W ,, . . _ _ _ _ t s

,' N The greatest number of species wereg" -

4
7

N found during the June survey. Within a
g season, the 15 m isobath stations werem .

T._. 1 consistently the most diverse while
-

-

'8 ~ "" ,Q *-C j l inshore statians always supported the
o- ,; ;, ; fewest number of species.

,
oowncoast wcoasr

"" Patterns of species diversity were
Figure 5A 2. umbe o nthi n und

revealed in data from each quarterly. , ,y
survey (Figure SA-2) . Patterns of

higher and lower numbers of species upcoast and downcoast of Units 2 and 3 and
the discharge of Unit i recorded during 1978 and 1979 (SCE 1979,1980) were still
evident.

The mean number of individuals / liter recorded by depth during the quarterly
surveys is shown in Figure 5A-3. Trends in the annual mean number of individuals /
liter were fairly consistent between stations on the same transect with abun-
dances near the construction area either higher or lower than reference areas.

Individual Survey plots of mean number
Table SA 2. station depth abbreviations. of individuals / liter for each station
hP2 (Figure SA-3) reflected a pattern

("I "'I I***' similar to that observed for numbers
6 19.7 Al B1 C1 D1 El F1 of species. Treatment stations on the

9 and 15 m isobaths upcoast and
9 29.5 A2 B2 C2 D2 E2 F2

downcoast of the dredgeline supported
15 49.2 A3 B3 C3 03 E3 F3

compared to reference stations. This pattern was less evident at the 6 m sta-
tions. Reference stations on the same isobath generally contained similar annual
mean numbers of individuals / liter, suggesting limited effects from construction

,

or operation.

| The two community parameters discussed above are interdependent and strong
i similarities in their distributional patterns were expected. There appeared to be
l a relationship between biotic patterns and sediment patterns (see Chapter 2D,

Sedimentol ogy) . Natural longshore sediment transport processes appear to have
been modified by the presence of the construction related laydown pad and
trestles, and the pipeline emplacement. The result was net accretion of sediments
upcoast and adjacent to the construction activities, and erosion with limited
replacement downcoast of this area. Thus, patterns in numbers of species and
individuals previously noted, resulted from substrate modification associated
wi th construction activities. It is anticipated that these effects will not
persist since the barriers to normal longshore transport have been removed and
all dredging was completed. The slightly elevated level of organic carbon in the
sediments at treatment stations upcoast of the dredgeline and near the Unit 1
discharge appear to be related to Unit 1 operation, They may have resulted from
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the ev. pulsion of debris following heat #

tr%:tment as suggested by Diener and uAnew
# '

/3Parr (1977), or come from the depost-
tion of other debris carried by the so - * A''*~thermal discharge plume of Unit 1. '

,,

~~~
The patterns reflected by the o

number of individuals may in part M ,, |g ,m. ,

represent spactes life history adap- ''a ***: o y
tations to the envi ronment. Dynamic sto - UU|||*____. |\

""''''a - 8ienvironments of low predictability,
#"~ s' ',such as many in the southern Cali-
iso - [jfornia bight, generally favor species

with opportunistic li f e history |, ,

attributes (Grassle and Grassle 1974). I i

Such attributes typically include iso - | \
l

,,,_ f
jrapid growth and colonization rate,

high reproductive and mortality ,

{rates, high population density and so -

i ,

/
^

production, stoll individual size g ,,.
/

'

and biomass, and low standing crop s

(Grassle and Grassle 1974, Pianka ro -

/ \,,

1970, Sameoto 1968). Such species have / 1 N
populations whose density is subject ,/

"|
,,

N
to rapid fluctuation, and which often jso - e ^
suffer local extinction. The majority 5, / .

k
'of the species occupying the inshore .

/(6 m) stations at San Onofre (which ac - x

,, _
fexhibited high substrate dynamism) s

woul d be considered opportunists.
Co-

Additional factors associated , ^with substrate stability can influence DOWNCOAST UPCOAST
observed biotic patterns by affecting TRANSEcr
1arval recruitment. Many species Figure SA 3. Number of benthic infaunal indivi-
colonize from meroplanktonic recruits duais/ liter by depth, station and sur-

vey Period.transported into the San Onofre area
by currents and water masses. Sub-
strate selection by recruits is dependent on many factors including sedi-
ment texture (Crisp and Ryland 1960), substrate surface contour (Crisp and
Barnes 1954), and current strength and turbulence near the substrate (Crisp
1955, Crisp and Meadows 1963). All of these factors were influenced by the
construction-modified local patterns (i.e. near the trestle structures) of
accretion and erosion as well as operation of Unit 1 (i.e.near the discharge and
intake structures).

PA"F.RNS IN BENTHIC INFAUNAL C0lHUNITY DISTRIBUTION

Classification analysis of benthic infaunal data revealed several types of
community distributional patterns. All patterns were similar to the results from
1978 and 1979 (SCE 1979, 1980) and included: 1) clusters of stations whose
communities varied along a depth gradient, 2) groups of species whose distribu-
tion and highest abundance characterized specific isobaths, and 3) presence of
several ubiquitous species.

Normal analyses of data from both surveys revealed a distinct onshore-
offshore pattern of station similarity which corresponded to the depth gradient
(Table SA-3, Figures 5A-4 and SA-5). The results indicated that most stations on
an isobath (both reference and treatment statf ors) had similar faunal assemblages

_
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Table 5A 3. Key to abundance symbols and terms throughout the year. Comunities at
used in the two-my coincidence the 9 and 15 m stations were more
tab'" similar to each other than either wa:.

MaxiEmYoundance M N ms n bi m .
Descriptive Tene syna>oi

nip a n.too An important feature of the sta-
Meaim e 51- M tion classification dendrograms

$% $ 2fs was the high internal consistency
within a station group, (i.e. close

similarity of the stations with respect to community composition). Also, there
was a significant absence of intragroup divisions separating reference and
treatment stations. Further, no aberrant groups of stations appeared that were
totally distinct from the major groups above. These results suggest that commun-
ities within an isobath, while varying slightly, displayed a high degree of
internal consistency in the presence and abundance of dominant community members.

Although the normal classification analysis generally grouped stations
by depth, occasionally a station would be grouped outside of its respective
depth group (e.g. Stations B9 and C9 in station Group 1 of the March survey,
Station Al in station Group 1 in the June survey). Since station groups represent
stations with similar species composition, a shift in species makev.p must have
occurred'in which the faunal composition of the outlier station resembled
stations from a different isobath. An examination of the two-way table revealed
the changes in species composition which cccurred. This phenomenon was apparently
short-l ived, since stations which shifted group affinities returned to their
depth group in subsequent surveys. Major substrate differences in sediment size
and grain size distribution appear correlated with the observed biological
differences (Chapter 2D, Sedimentology) . The biological differences probably
represent responses to this habitat modification.

The species groups detennined from the inverse classification had abun-
dance patterns characterizing the various stations which persisted through the
year. However, between surveys, as some species additions and disappearances
occurred between surveys the comunities were modified slightly. Since a large
number of species were included in these analyses, subsequent discussions will
treat only a few of the species which displayed a particalar pattern. Species
patterns can be ascertained by examination of the two-way tables (Figures SA-4
through 5A-5).

The inshore 6 m isobath stations were characterized by species groups
with few species. Many of these, species are regular inhabitants having been
recorded at the same stations in 1978 and 1979 (SCE 1979, 1980). The species
listed below either were found exclusively at the 6m stations during most
seasons or exhibited their greatest relative abundance at these stations.
These species included: the polychaetes Scoloplos armiger, Spiophanes bombyx,
Magelona pitelkae, and Dispio uncinata; the amphipods Rhepoxyntus bicuspidatus
and Euhaustorius washington 1 anus; and the c< _:ean Leptocuma forsmani.

Species which were restricted to the 9 and 15 m isobath stations during most
seasons or which accurred in their highest relative abundances at these sta-
tions included: che polychaete Amastigos acutus, Owenia collaris, Mediomastus
ambiseta, Mediomastus acutus, Nephtys cornuta franciscana, Chaetozone setosa, and
Eustgallon spinosum; the estracod EuphilomEdes carcharodonta; the cumacean
Oxyurostylis pacifica; the mollusks Tellina modesta, Periploma discus, and Yoldia
scissurata; the amphipod Photis,macrotica and the ophiuroid Ophiophragmus urtica.

Most of the species encountered in the subtidal benthic collections dis-
played a definite distributional pattern and occured in as'.9blages which
characterized distinct depth regimes. Some species, however, were ubiquitous in
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the study area, although they may have occurred in high abundance at only one
'

depth. Among these species were: the polychaetes Spiophanes bombyx, Amastigos
acutus, and Spiophanes missionensis; the mollusk Tellina modesta; and the
amphipod Rhepoxynius epistomus.

The restricted patterns of distribution exhibited by many of the species
discussed above was not coincidental. Mr / occur throughout the southern
California bight and have been reported as inhabitants of similar microhabitats
(MBC 1980,1981a-c). Their site-specific distribution patterns are detemined by
physiological, food, and other microhabitat features. Once a suitable environ-
ment has been invaded, other factors such as interspecific and intraspecific
competition for limited resources become the key ) factors influencing localizedpatterns of distribution (Connell 1972, Dayton 1971.

In general, comunity composition and distributional patterns appear to have
been influenced by depth, sediment composition, sedimentation, and the organic
carbon content of the sediments. Depth was the only factor which was not influ-
enced by San Onofre Units 2 and 3 construction and Unit 1 operation. Comunity
analyses suggested that distributional patterns of characteristic benthic species
were not permanently altered by San Onofre construction and operation activities.
However, comunity parameters such as diversity, and number of individuals, were
modified at stations imediately adjacent (within 236 m) upcoast and downcoast of
the San Onofre Units 2 and 3 construction compared with reference stations. The
effects presumably were caused by the impediment of longshore sediment transport.
Effects of construction activitit:s on the benthic infauna are not expected to
persist now that construction-related trestles and other structural impediments
have been removed.

This concludes the overall discussion. Detailed 1980 methods and results are
presented in sections that follow.

APPROACH

Biological collections were made at stations located on six permanent
transects. Two of the transects were established as reference areas, one upcoast
and one downcoast, of the construction site. The remaining four treatment
transects flank the dredging axis for intake and diffuser lines.

The construction of Units 2 and 3 and the placement of intake and diffuser
lines offshore may represent potential sources of impact to the benthic infaunal
comunity. In addition, dredging and resulting sediment suspension related to
conduit installation, as well as disruption of longshore sediment transport by
construction trestles, impact the benthic habitat to some degree. The primary
goal of the CMP is to define the extent and severity of any impact on the benthic
infaunal comunity. Because Unit 1 is operating adjacent to construction activi-
ties, impacts caused by jetting, resuspension, and modification of sediments
(following heat treatment and expulsion of debris) by Unit 1 are also considered
here.

Environmental effects associated with construction of Units 2 and 3
or with operation of Unit 1 or both may be indicated by population or comunity
characteristics which differ markedly from the "nomal" characteristics exhibited
by organisms in reference areas. The data gathered during this investigation were
analyzed at various levels of complexity to determine any effects. The questions
addressed were:
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1. Are construction activities related to Units 2 and 3 or operation
of Unit 1 causing:

differences in community compositional characteristics, includinga.
taxonomic composition, species numbers or numbers of individuals
between trea uent and reference stations?

b, changes in benthic infaunal comunity distribution patterns normally
associated with the area offshore San Onofre?

DATA SOURCES

Data discussed in this report were obtained primarily from two sources.
The two quarterly surveys performed during 1980 and pr?vious studies of the same
program during the period 1976-1979 (MBC 1977, 1978, 1979).

METHODS

Data were collected during two quarters, March and June 1980. Biological
collections were made at stations located along the 6, 9, and 15 m isobaths of
six offshore transects. Two of the six transects were established as references,
one upcoast and one downcoast of the construction area. The remaining four
treatment transects flank the axis along the dredging and conduit emplacement
route (Figure SA-1). Selection of treatment (B, C, D, and E) and reference (A
and F) transects was based on the premise that all stations within 500 m (Tran-

! sects B,C,0,E) of an imaginary line halfway between the Units 2 ar.d 3 conduits
may be subject to perturbation during some portion of the construction period. '

Transects B and C flanked the intake and discharge ports of operating Unit 1. The
upcoast (A) and downcoast (F) reference transects were well outside this area of
potential construction influence. Comparisons between reference and treatment
areas were the basis for determining construction related impacts.

BIOLOGICAL SAMPLING

$ 4 At each station replicate 1 liter
sediment samples (10 cm x 10 cm x 10s

'

| cm) were removed by biologist-divers.^

\i ' ctoswr ~~ar Samples were collected adjacent to a
' s permanent monument using a hand-x

g _
operated box core (Figure SA-6).

'srasiuranon ~ mar , _

- 80" co"r" sary to adequately represent the
infaunal biota was determined from a' test collection and from analysis of

- " ' " * ' "
1977 data using information loss,k

| species accumulation, and percant,

Figure 5A-6. Diver-operated box corer. detectiole change measures as cri-
teri a. Optimum levels of effort and,

' information were detennined to be 6 replicates / station along the 6 m isobath (A1,
B1, ... F1), and 12 replicates / station along the 9 m and 15 m isobaths (A2, B2
... F2 and A3, B3 ... F3). Each sample was screened ttrough a 0.5 mm screen in
the field, and the retained fraction preserved in 10% formalin-seawater. In the
laboratory, samples were sorted and the species identified and enumerated.

Physical Measurements and Sediment Characteristic

strate to top of a permanent monument) ghts (i.e. vertical distance from sub-
At each station, sediment stake hei

were measured and were used to detect

. _-- - .
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changes in bottom height between surveys. The sediment flux, which reflected
.; .ttly depsition rates, was calculated from sediment trap collections. Sediment
traps at each station were positioned on top of the permanent monuments and
were replaced monthly. The contents were returned to the laboratory, oven
dried at 100*C for 24 hours, and their dry weight recorded (see Chapter 20,

Sedimentology) .

Sediment samples for total organic carbon determination and grain size
analysis were collected adjacent to the biological samples at each station.
At stations located along the 6 m isobath, three core samples were collected for
both sediment size and organic carbon analyses. For stations located along
and 15 m isobaths, four core samples were collected for sediment size analysis
and eight samples collected for organic carbon analyses. Total organic carbon
content was determined for each sample using a LEC0 gasometric carbon analyzer
(Bandy and Kolpack 1963). Grain size was determined by automatic settling tube
analyses of sand sized fractions, combined with sieving for gravel when necessary
(Gibbs 1974). Silt-clay fractions were analyzed using standard hydrometric
techniques (Folk 1974). Calculations for mean phi, skewness, kurtosis, and other
sediment descriptive characteristics followed standard formulae based on moment
measures (Folk 1974) (see Chapter 2D, Sedimentology).

Data Analysis

Analytical Rationale. Data analyses included both stati stical and non-
statistical treatments. Graphical methods of data reduction and presentation were
utilized in the examination of spatial and temporal patterns of species ntsnbers
and ntsnbers of individuals. Multivariate analytical techniques were enployed to
syntnesize community distribution patterns.

Multivariate Techniques. Classificatory procedures (Clifford and Stephenson
1975) were employed in the analysis of subtidal benthic infaunal data. Species
presence and abundance defined habitat areas. The operative assumption was that
optimal areas for a given species within an environment were inhabited by greater
abundances of that particular species. Areas with similar biota (both in species
composition and abundance) were assumed to provide similar microenvironments in
terms of physical-chemical features. Areas which supported modified species
assemblages were assumed to provide different or altered sets of environmental
features.

Two classification analyses were performed in which entities were grouped by
specific cantnon attributes. The sampling stations (entities) were classified by
the similarity of their species composition (attributes). This is termed " normal"
analysis by Clifford and Stephenson (1975). The " inverse" analysis classified the
species (entities) with respect to their distribution among the sampling stations
(attributes). Both analyses utilized all species that occurred at more than two
stations in a survey (quarter sampling) and/or with a mean abundance greater than
two individuals.

Classification analysis involves three basic procedures. The first is
the calculation of an inter-entity distance (similarity) matrix derived from
the " Bray-Curtis" index (Clifford and Stephenson 1975). The second procedure,

: commonly referred to as sorting, clusters the entities into a hierarchial
dendrogram. Dendrograms from both the normal and inverse analyses were combined
into a two-way coincidence table (Clifford and Stephenson 1975). The relative
abundance values of each species were replac*d by symbols (Suith 1976) and then
entered into the body of the two-way table, .ich displayed patterns of species
occurrences that were subsequently interpreteu.

Prior to analyses, data were square root transformed and standardized by the
species maximum to reduce the excessive influence of abundant species (Smith
1976).

_ _ _ - . . _. - __ _ . _ _ _ _ _ _ _ _ _
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RESULTS

1980 RESULTS

The infaunal community surveyed during this progrin was highly variable
among stations in terms of species composition and abundance. Over 14,800
infaunal organisms were collected during the two surveys including 318 taxa
representing 12 phyla. The total number of individuals ranged from a low of 2,409
in March to 12,480 in June. The total number of taxa recorded by survey followed
a similar trend and increased from a low of 193 in March to a high of 259 in
June. The majority of taxa were identified to species; however, some taxa were
identified at higher levels of classification. The number of taxa is an approxi-
mation of the true number of species because it includes both overestimations and
underestimations. Some specimens cannot be identified to species because of,

' immaturity, or fragmentation during sampling which results in overestimation
through introduction of " artificial" taxa (e.g. Tellina sp.). These small clams
were probably juveniles of T. modesta that had not developed the anatomical
characteristics which allow tfielr taxonomic separation from other Tellina species
known from the study area. Underestimation arises from two sources: unstable
taxonony currently under revision, e.g. Hemichordata, unid., and the necessity
for excessively time consuming laboratory treatments, such as serial sectioning,
which precludes species determinations, e.g. Nemertea, unid. Both sources intro-
duce taxa which may or may not represent more than one species. Although the
magnitude of overestimations and underestimations cannot be quantified, the
reported number of taxa is the closest approximation of species totals available
at this time.

The phyla Arthropoda, Annelida, and Mollusca accounted for 89% of all
the taxa collected (Table SA-4). These taxa included most major feeding types
and habitat requirements, although detailed natural history information is
lacking for a majority of the species.

DIVERSITY OF THE BENTHIC INFAUNAL COPEUNITY

The number of species reported per station represented the cumulative
number for all replicate 1 liter samples collected at that station. ( All
station abbreviations and depth conversion from metric to feet are presented
in Table SA-2 for convenience.) Since the optimal sample size was previously
detennined, the cumulative species diversity value reflected the total diversity
at a station.

Table SA-4. Phyletic composition of the benthic
I"''""*'*"'"'""D*Only taxa which were identified

to species level were used in diver- Phylum Number of Taxa Percent

si ty cal cul ations (a conservative
_

Anneitda 128 40.25approach). The only exceptions were Artnropoda 104 32.70i

l in cases of morphologically distinct Mollusca 50 15.72

taxa, representing undescribed $",$ '"' t* | dj
species. These taxa were assigned a Nemertea 7 2.20
morphotype designation, e.g. Ogyrides chordata 3 o.94
sp. A, and were included in the [c*,'*,$8 gh 2

,

species counts. strunculoidea 2 0.63
Nematoda 1 0.31

The number of species collected 8'**hi*P d' I 0*31

per station during each survey are Total Taxa 318

listed in Table SA-5 and are graph- Total Phyla 12

ically presented in Figure SA-2. The Totai percent = 100

_ _ _ _ _ _ _ _ ._ _
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number of species generally increased with increasing depth. The mean number
of species at all stations increased between the March and June surveys.

The mean number of species collected at 6 m reference stations ranged from a
low of 12.5 during March to a high of 22.5 species in June. The mean number of
species at 6 m treatment stations ranged from a low of 13.0 in March to a high of
36.0 in June. The mean number of species at 9 m reference stations ranged from
23.5 in March to 34.0 in June, while 9 m treatment station means ranged from 26.8
in March to 38.5 in June. The mean number of species recorded for the 15 m
reference stations ranged from 35.0 in March to 44.0 in Juae, and treatment
station values were 33.3 and 45.8 for March and June, re.spectively.

Annual mean number of species for all reference stations located on the
6 m isobath was 17.5, while the annual mean at treatment stations was 20.8.
The annual mean number of species collected at 9 m isobath reference stations was
28.8 and that for treatment stations was 33.9. At the 15 m isobath reference
stecions, the annual mean number of species was 39.5, while the treatment
stations on the same isobath had a mean of 29.0.

NUMBER OF INDIVIDUALS

The mean number of individuals / liter at a station generally increased
between March and June (Table SA-6, Figure SA-3). When annual isobath means for
reference and treatment areas are considered, the mean number of individuals /
liter was greater at the mid-depth (9 m) stations. The anrh mean values at
the reference stations were highest (30.5 individuals / liter) at the 9 m station

Table SA-5. Nurnber of benthic infauna species Table SA-6. Number of benthic infauna indivi-
by station and survey period. duals / liter by station and survey.

Survey Survey

Isobath Station March June Mean Isobath Station March June Mean

6m A 10 22 16.0 6m A 7 20 13.5
F 15 23 19.0 F 16 28 22.0

Reference i 12.5 22.5 17.5 Reference Y 11.5 24.0 17.75

8 12 28 20.0 B 14 32 23.0
C 15 35 25.0 C 32 48 40.0
0 17 19 18.0 0 25 36 30.5
E 8 32 20.0 E 19 38 28.5

Treatment i 13.0 26.0 20.75 Treatment i 22.5 38.5 30.5

9m A 18 28 23.0 9m A 5 55 30.0
F 29 40 34.5 F 21 41 31.0

Reference i 23.5 34.0 28.75 Reference Y 13.0 48.0 30.5

8 21 47 34.0 B 4 86 45.0
C 15 10 12.5 C 5 87 46.0
D 47 56 51.5 0 19 293 156.0
E 34 41 37.5 E 14 226 120.0

Treatment i 26.75 38.5 33.86 Treatment i 21.0 173.0 89.25

15 m A 25 19 22.0 15 m A 8 17 22.5
F 45 69 57.0 F 23 25 24.0

Reference i 35.0 44.0 39.5 Reference i 15.5 21.0 23.25

8 33 61 47.0 8 14 34 24.0
C 36 49 42.5 C 20 33 31.5
0 22 32 27.0 0 6 8 7.0
E 42 41 41.5 E 12 17 14.5

Treatment Y 33.25 45.75 29.0 Treatment i 13.0 23.0 69.25

-- ._-__ - . - _ . - _ _ . . _ _ - .



. - . - - _ - . _ _ . . - . . - _ --

P

5A-15

and declined to 23.3 and 17.8, respectively, for the 15 and 6 m stations. The
annual mean number of individuals / liter at the treatment stations ranged from
89.3 at the 9 m stations to 30.5 at the 6 m stations.

The mean number of individuals / liter at the 6 m reference stations ranged
; from 11.5 in March to 24.0 in June. The mean values at the treatment stations

ranged from 22.2 individuals / liter in March to 38.5 in June. The mean number of
individuals / liter collected at the 9 m reference stations ranged from 13.0 in
March to 48.0 in June, while treatment station values were 21.0 and 173.0,
respectively for March and June. Reference stations from the 15 m iscbath con-
tained mean numbers of individuals / liter of 15.5 in March and 21.0 in June. The
treatment station values ranged from 13.0 in March to 23.0 in June.

'

PATTERNS IN BENTHIC INFAUNAL COP 94 UNITY DISTRIBUTION

Interconnunity similarity analyses were performed separately for each survey
period using classificatory techniques (Clifford and Stephenson,1975).

i The classification analyses produced normal (station) and inverse (species)
dendrograms which were arranged in a two-way coincidence table. The nonnal
dendrograms cluster localities based on similarity of faunal composition. The
inverse dendrograms cluster species with similar distribution patterns among
stations. The two-way coincidence tables summarize faunal distributions with
symbols (Table SA-3) representing relative abundances based on the maximum
abundance for each species.

!

1 The site groups which result from the normal analysis are labelled with
! arabic numerals for easy reference in subsequent discussions of the similarity
; analysis results (Figures SA-4 and 5A-5). Species groups are similarly labeled

with letters. In order to interpret the species composition of a specific
group, it is necessary to refer directly to the two-way table (Figures SA-4
and SA-5).

March Data Classification'

The normal classification dendrogram from March contained one primary
division resulting in two groups (Figure SA-4). The two groups corresponded to
" shallow stations" and " deeper stations." Station Group 1 was composed pri-

| marily of 6 m (Table SA-2) isobath stations from Transects A through F, however,
9 m isobath stations from Transects B and C also clustered in this group.

' Station Group 2 included the remaining 9 m stations (A, D through F) and all 15 m
transect stations (A through F).

The inverse analysis from March produced five species groups (A though E,
Figure SA-4). Species Group A occurred at most 9 and 15 m isobath stations in

j high relative abundance. Species in this group included Mediomastus acutus and
Haplosco'oplos elongatus. Some of these species including Rhepoxyntus epistomus'

; and Nephyts caecoides were found at the shallower stations of Group 1 but in low
relative abundance. Species of Group B had a distribution similar to those of
Group A. These species including Rhepopxynius abronius, Lumbrineris tetraura, and,

Mediomastus californiensis were found at most 9 and 15 m stations in medium to
high abundance, however, their presence was rare in the shallow stations. No

'

representives from species Group C were found at 6 m isobath stations, but
selected species including Typosillis aciculata and Nereis procera were found in
high abundances at particular 15 m stations (e.g. Station F). Species from
Group D were ubiquitous to all depths with scattered representation among the
transects. Their relative abundances were variable, but for individual species1

'

such as Scoloplos armiger and Amastigos acutus high relative abundances were
.
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common. Hestonura coineau difficilis, Platyischnopus viscana, and Branchistoma
californiense composed species Group E and were only found at the 9 m station of
Transect C.

June Data Classification

The normal classification for the June data resulted in the fonnation of
three station groups roughly corresponding to the various isohaths sarapled
(Figure SA-5). Station Group 1 was composed of a mixture of stations from all
depths, including the 6 m station from Transect A, 9 m stations from Transects A
and C, and the 15 m isobath stations from Transects D and E. The 6 m isobath
Stations B through F comprised station Group 2. The remaining 9 and 15 m isobath
stations formed station Group 3.

Inverse analysis of the June data resulted in the fonnation of five species
groups ( A through E, Figure SA-5). Species from Group A characterized the 6 m
stations in high relative abundance, and occurred in some deeper stations in
lower numbers. Among the species in this group were Magelona pitelkai, Rhepox-
ynf us bicuspidatus, and Echaustorius washingtonianus. Group B species were found
at most 9 and 15 m isobath stations in high and nedium abundances. However, some
of these species including Madiomastus acutus and Owenia collaris were found
in lower abundances at many 6 m isobath stations. Species from Group C were
generally ubiquitous to stations a t all depths. Their relative abundances also
varied among the stations with mare exhibiting slightly higher numbers at 9 and
15 m stations. Group C species irgluded Gontada littorea, Micrura alaskensis,
Apoprionospio pygmaeus, and Haplosceoplos elongatus. The 9 and 15 m stations
were characterized by high and medium reTative abundances of Group D species.
Species from this group were rare at shallow stations, and when found were in
very low numbers. These species included Argissa hamatipes, Nephtys cornuta
franciscana and Paraprionosnio pinnata. Species Group E contained animals which
were confined to individual stations representing various depths. Several were
found only at the 15 m stations frcm Transects D and E including Goldfirgia
misakiana, Ophiophragmut urtica, and Foxiphalus obtusidens.
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CHAPTER SB

SUBTIDAL COBBLE - UNITS 1, 2, AND 3

INTRODUCTION

The hard benthos studies reported in this chapter for the area offshore the
San Onofre Nuclear Generating Station (SONGS) were under investigation in 1980
primarily to complete the two-year Preoperational Monitoring Program (PMP). This
program provides baseline data for determining the nature, extent, and signifi-
cance of the operational effect(s) of Units 2 and 3 on the species composition,
distribution, and abundance of macroorganisms associated with subtidal cobble
habitats. Secondary objectives included continuation of subtidal studies for the
Environmental Technical Specifications (ETS) and National Pollution Discharge
Elimination System (NPDES) to determine the operational effect(s) of Unit 1 on
the near-field benthic marine environment. These investigations were also
designed to assess the environmental effects of sediment dispersal on the near-
field cobble habitats within the San Onofre Kelp forest during construction and
dredging operations for the Units 2 and 3 intake and diffuser-discharge conduit
systems. This study meets the regulatory requirements for the ETS program, the
Construction Monitoring Program (CMP), the PMP, and the NPDES.

The purpose of this chapter is to present analyses and interpretations of the
1980 and previous years' data pertinent to each of the study elements and objec-
tives and to describe the benthic environment offshore of San Onofre. The 1980
biological and physical oceanographic data used in this analysis report were pre-
sented in the Annual Operating Report, San Onofre Nuclear Generating Station,
Volumes I and II (SCE 1981a,b). Volume I, which includes a brief summary of only
required regulatory data, was submitted to the requiring agencies on 31 March
1981 (SCE 1981a). Volume 11 contains all basic raw data collected for the SCE
programs to meet the 1980 objectives including the basic regulatory required data
and additional supplementary data (SCE 1981b). Additional data collected for each
study element during previous years was used to identify general temporal pat-
terns or trends.

BACKGROUND

HISTORICAL REVIEW (1963-1979)

Benthic biological studies of the marine environment at San Onofre began in
1963 and consisted of periodic monitoring studies which were basically qualita-
tive (Table SB-1). These became more quantitative as sampling methods improved.
An independent evaluation of the Marine Environmental Monitoring studies from
1964 through 1971 was presented by Given (1973) and Scanland (1973). They
concluded that the artificial substratum and relief associated with the Unit 1
discharge structure increased the numbers and species of benthic organisms in the
immediate vicinity of the discharge. No long-term detrimental effects attribu-
table to the operation of Unit 1 were identified. However, it was noted in an
early study (Given 1973) that two cobble stations, one adjacent to the discharge
and one located approximately 610 m (2,001 ft) downcoast of the discharge, were
buried by sand and covered with a fine layer of silt after the generating station

__
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Table 581. Synopsis of SCE hafd bottom subtidol studies conducted offshore of San
Onofre frofn 1963 through 1980.

no. or no. er
Total No. Samples No. of Sagi tag Sampi tag i pe of Dataf

Program of Surveys pee Year stations Area (ed) Areas / Station Collected

MARINE ENVitf>84 ENTAL MONITOR!%
(MEM) PR0r#AM
Pret tennary Survey 1963 1 t t t t A
Unit 1 Preoperational Benthic

Sanpit ag 1 % 4 1966 6 1-2 9 9 t A

Unit 1 Transttlanal Benthic
Saroling 1%6-1%F 2 2 46 t t A

Unit 1 Operettonal tenthic
Samoling 1 % 8-1975 12 2 7-9 1 3 5

SAND DISPOSAL MONITORIM P90rAAM
(SDMP) 1974-1976 9 4 5 4 2 random. 2 fised S

ENV!R0leqENTAL TECHNICAL

$Pitif tCAT10N5 (ETS) 1975-1980 23 4 11 (3) 10 10 flued C

CONSTRUCTION MONITORING PROGRAM
(CMP) 1976-1980 15 4 2 (2) 10 10 f tsed C

PREOPERATIONAL MONITOEING

PROGRAM (PMP) m14-1978 to nt4-1980 8 4 10 (8) 6. 0.125 1 f tsed. 4 random 0

BENTHIC SENSING PACKAGES
(B5P) mid-1979 to mid-1980 NA continuous 5" h4 NA E

MAAINE REVIEW C0m!TTEE (MRC)
selp Transect Studies 1979-1980 6 3 13 300 NA F

INTERIN KELP PR0rAAM (!KP)
Preltninary Survey 1980 1 3 6 720, 36, 30 12 random. 6 flued. 3 fined G

t Undertned
if At PMP stations
A . Qualttative observations with estimates of shundance of flora and fauna to species level over en undefined area.
9 . Visual estimates of 1 cover or abundance of flora and fauna to species tevel in a defined area.
C . Quantitative estimates of 1 sand. 5 rock,1 cover of flera and fauna to species level and abundance of soittery taverteerstes and

help by visual estimation also tegerature and vistbtitty estimates. Number in parentheses denotes nup6er of telp forest stations.
D . Quantitative estimates of 1 sand 1 rock.1 cover of flora and fauna to species level, and abundance of help and macrotavertebrates

by point contacts technique (300 potets in f tsed. 60 points in rendam). Also, tagerature and visiblitty estimates. Museer in
parentheses denotes number of help forest stations.

E . Estimates of total organic carbon and sediment deposition, temperature, and Itght penetration.
f . Estimates of help and dontaant grazer abundance, nutrients, tegerature. Itght penetration, sedimentation rates at San Onofre Eelp.
4. Esttmates of 1 tand,1 rock, abundance of dominant help and gearer spectes at San Onofre telp. (12 randam 10-m3 circular plots

are sareled at each site, 6 6-Ma quadrats at each MP site, and 310-m2 transects at ETS and CMP sttes, all located in the San
Onofre telp forest).

.
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began operation. Further, it was suggested that turbidity in the immediate proxi-
mity of the discharge reduced available light levels and inhibited algal growth
(Given 1973).

Semiquantitative data were collected from 1963 until March 1975 when the
existing Environmental Technical Specifications program was initiated. This
program implemented permanent survey stations distributed in distinct zones and
kelp beds (Figure 5B-1), taxonomic standardization, and consistent methods for
quantitative data collection. The CMP and PMP sampling programs evolved from the
ETS study design. These programs include giant kelp mapping using an electronic
positioning and side scan sonar system and studies of kelp plant condition
(general appearance, nitrogen content). The PMP study utilized previous ETS
analyses, field reconnaissance, and sampling experiments to develop a paired sta-
tion experimental design which employs a quantitative point contact sampling
technique.

The ETS benthic sampling element was not designed to identify biological
effects immediately adjacent to the Unit I discharge (very near-field effects),
but emphasizes monitoring a larger area near Unit 1 for potential far-field spa-
tial and/or temporal effects on organisms in these subtidal cobble-boulder habi-
tats (Figure 58-2). Therefore, no ETS stations occur closer than 500 m (1,640 ft)
from the Unit I discharge. The results, analyses, and interpretation of yearly
benthic survey data from 1975 to 1979 (LCMR 1976d,1977,1978, SCE 1979d,1980e)
have not identified or suggested any long-term spatial or temporal biological
effects associated with the operation of Unit 1. Similarly, the CMP data
collected during nine quarterly surveys conducted from December 1976 to December
1978 (MBC 1978, SCE 1979d) did not identify any changes in the San Onofre Kelp
forest macrobiota that could be associated with diffuser-discharge conduit
construction for San Onofre Units 2 and 3.

In terms of immediate near-field effects, Osman (1978) reported an increase
in invertebrate larval settlement on artificial hard substrata within 50 m (164
ft) of the Unit 1 discharge relative to areas further away. This increase was
attributed to alteration of natural currents by tne hydrodynamic entrainment of
surrounding water. This entrainment exposed the near-field hard substrata to
greater densities and subsequently greater settlement of larvae than would nor-
mally be expected under natural conditions.

Collection of physical and chemi(.a1 data (continuous light, continuous
temperature, sedimentation, and total organic carbon) was accomplished from
August 1979 to September 1980. These data documented the natural variations asso-
ciated with these parameters in the vicinity of each PMP benthic station.

1980 STUDIES

Winter storns prevented the majority of the PMP, ETS, and CMP stations from
being sampled during the first quarterly survey period (January-February). The
Benthic Sensing Packages were operational at each PMP station-pair and effec-
tively documented near bottom conditions (light attenuation, temperatures, sedi-
ment flux) during this period.

The three remaining quarterly ETS surveys (10-mE, 108-ft 2 transects at 13
stations; 5 located in 3 kelp forests) were completed on schedule. The second PMP
benthic survey (6-m 2, 64.6-ft2 quadrats at 10 stations; 6 located in 2 kelp
forests) was completed in June 1980. Collection of BSP data was terminated in
August 1980.

Since the Unit 1 ETS operational objectives have been met and extensively
documented in previous annual reports, formal requests to delete the ETS benthic

_
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Figure 5B-1. ETS, CMP, and PMP benthic station locations
at San Onofre 1% clear Generating Station.
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requirenents were submitted to the NRC ir. October 1980 based upon accomplishment
of the objectives within the mandated scope. However, regulatory delays in
Nuclear Plant licensing matters have prevented change or termination of the
operational studies since the Three Mile Island incident and no NRC response had
been received by the end of 1980. Unit I was out of operation throughout much of
1980 due to steam generation problems. Construction which could have affected the
benthic communities under study was essentially completed in 1979 and the regu-
latory study requirements were officially suspended in March 1980. The two-year
PMP study was completed in June 1980 as the objectives (i.e., a two-year baseline
study to provide information to evaluate the operational effects of Units 2 and
3) had been met.

Following completion of the PMP in June, an Interim Kelp Program (IKP) was
initiated in December to monitor kelp density, and physical and biological fac-
tors associated with kelp recruitment and growth in the San Onofre Kelp forest.
Diving biologists sample 'rganisms within random 10-m2 circular plots, located at
permanent sites previous; sampled during the ETS, CMP, and PMP studies in the
San Onofre Kelp forest. For sampling details see the Methods section of this
chapter.

DISCUSSION

Analysis of all ETS, PMP, and CMP subtidal data collected from 1975 to 1979
revealed that no significant environmental effects could be associated with the
operation of Unit 1 or the construction of Units 2 and 3 (SCE 1980e). Although
Unit I was not operational after April 1930, spatial and temporal changes of
benthic communities were within the range of variation noted during previous
years. Detailed interpretation of the monitoring data suggests that the benthic
community in the vicinity of the San Onofre Nuclear Generating Station is
strongly influenced by physical factors related to natural nearshore dynamics.

The area offshore San Onofre has been characterized as a region of moderate
to heavy wave action, usually accompanied by naturally turbid cffshore water con-
ditions (Chapter 2D, Given 1973). The region in the vicinity of San Onofre is
quite varied with respect to substrata composition. On hard substrata, the
natural processes of accretion and erosion of sand or silt can alter associated
biological populations (Connell 1972, Given 1973, Valentine 1973). The greatest
proportion of hard substrata offshore of San Onofre is unconsolidated cobble and
boulder with isolated areas of exposed bedrock and sandstone. The nearshore sub-
stratum within the San Onofre study area, from 5 km (3.1 mi) upcoast to 10 km
(6.2 mi) downcoast, consists of a heterogeneous mixture of boulder, cobble, and
sand. The proportions of boulder, cobble, and sand vary with location (IRC 1978).
The San Mateo Point region 5 km upcoast of Unit 1 consists of relatively stable
cobble and boulder substratum from the 18-m (59 ft) isubath to the shoreline
(Figure I-3, LCMR 1918). In contrast, the Don Light area 8 km (4.9 mi) downcoast
from Unit 1 is largely sand with isolated patches of cobble occurring on the 10
to 12-m (33- to 39-ft) isobath (IRC 1978; Figure I-5, LCMR 1978). The area
directly offshore of San Onofre is a mixture of all three substrata types (IRC
1978; MBC 1978; Figure SB-2).

HARD BENTH05 MARINE BIOLOGICAL SETTING, 1975-1980

Hard substrata habitats offshore of San Onofre have been studied, in detail,
on the inshore 10-m (33-ft) isobath (the approximate depth of the Unit 1 point
source discharge) within three major kelp forests (San Mateo, San Onofre, Barn),
and on the offshore 12- to 14-n (39- to 46-ft) isobath (the approximate depth of
the Unit 2 diffuser-discharge). This distribution of sampling sites has been used
to evaluate and compare within the limits of the overall program, the long term
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spatial and temporal effects of the Unit 1 discharge system on the hard substrata
environment as well as to study representative portions of the three major kelp
forests in the San Onofre area. Sampling sites en the 12- to 14-m isobath have
been studied to collect representative data or " operational conditions in the
nearfield San Onofre Kelp forest as well as at :orfield study sites. The general
results, significant ecological observations recorded at these sites between 1976
and 1980, and the conclusions associated with these studies are reviewed blow.

Inshore Cobble Habitats

The inshore cobble habitat has typically exhibited the greatest temporal and
spatial differences in community structure of all sampling sites since 1975 (LCMR
1976d,1977,1978; SCE 1979d,1980e). The differences associated with the inshore
cobble habitat have been most pronounced between stations located in Zone 0A near
the Unit 1 discharge and Zone 6, downcoast of the Unit I discharge. Comparison of
data collected between zones, until 1978, consiste6tly revealed that Zone 0A sup-
ported a greater diversity of organisms, principally because of a greater number
of red algae (LCMR 1978). In contrast, filter and suspension feeding inverte-
brates were the dominant organisms sampled in Zone 6 (LCMR 1978). These charac-
teristic differences in community structuce were maintained between 1975 and
1977, and were directly related to the distribution and composition of hard

substrata (LCMR 1978). Hard substrata in Zone 0A consisted of movable cobbles and
boulders and always exhibited greater percent occurrence than the low relief
sandstone and clay substra*a typical of the Zone 6 area (LCMR 1978). Stations in
Zone OA were located on a comparatively ',arge expanse of cobbles and boulders in
contrast to the stations in Zone 6 which were surrounded by sand. Apparently
localized turbidity associated with nearby sand plains in conjunction with the
lack of movable cobbles (that may physically disturb areas and create unihabited
space) resulted in the Zone 6 habitats being dominated by sessile invertebrates
(sensu Osman 1977; LCMR 1978; SCE 1979d).

During the first quarter of 1978 unusually severe storms and terrestrial
runoff resulted in. dramatic and catastrophic alterations to the nearshore cobble
habitat (SCE 1979d,1980e). At least two stations in both zones were buried with
sand and have remained covered since 1978 (Table 5B-2; SCE 1979d,1980e). This
resulted in the localized extinction of a substantial number of invertebrate and
algal communities. The rapid burial of the inshore as well as the offshore cobble
communities resulted in the mass mortality of at least one motile invertebrate,
the chestnut cowry, Cypraea spadicea (SCE 1979d).

The inshore study area has exhibited a transient nature varying from cobble
to sand and, in one instance, back to cobble as a consequence of sand accretion
and erosion (SCE 1979d, 1980e,1981b). These areas, however, have exhibited a
relatively stable nature before and after periods of major disturbances (i.e.,

j storms). Although biological interactions may be important factors regulating
community structure (Connell 1972; D- %n 1971,1973), establishment, mainten-
ance, and persistence of the inshore cobble habitat in this study area is most
assuredly regulated by sometimes short term, unpredictable physical factors
(i.e., oceanographic and meteorological conditions) associated with sand movement
(st=su Valentine 1973).

During this six year study period, although a few changes in the marine
environment within a locally restricted area have been related to construction
and operation of Unit 1 (Given 1973; Parr and Diener 1978; Osman 1978), this
study has never identified any long-term far-field ecological effects associated
with Unit 1 activity (LCMR 1975, 1976d, 1977, 1978; SCE 1979d. 1980e).

___ __
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Table 58-2. Percent hard substrata estimates recorded at each permanently established
ETS benthic station from 1976 to 1980.

ETS Station 1976 1977 1978
Number Jan May Aug ''e t Feb Apr Jun Nov Jant May Jul Oct

1 95.5 92.7 93.n 85.0 86.9 79.8 65.4 83.1 n.s. 84.0 79.1 91.8
2 94.7 76.0 87.3 86.0 85.5 73.5 64.0 69.0 n.s. 91.9 82.5 17.0
3 90.8 83.0 n.s. 65.5 72.0 64.0 74.5 68.2 n.s. 0.0 t 0.0 0.0t

4 91.5 79.0 78.0 43.0 50.0 69.0 64.5 56.4 n.s. n.s.it 0.0 0.05 55.5 52.1 31.5 41.5 46.5 52.5 41.5 53.8 n.s. n.s.it 7.1 24.16 75.0 74.5 64.0 61.5 62.5 73.5 75.0 78.4 n.s. n.s.tt 43.85 33.4
7 46.0 30.2 38.0 33.0 23.5 13.5 27.8 32.7 n.s. n.s.it o,o o,o
8 67.1 63.7 44.0 49.5 65.5 70.9 6t' . 5 62.1 n.s. n.s.it 72.05 64.0
9 (SMK) 95.2 96.7 93.2 87.0 94.7 92.3 94.0 91.3 90.9 93.0 94.7 94.9

10 50 ) 68.) 75.0 49.1 37.5 57.5 53.0 53.5 46.1 n.s. 46.0 48.7 73.011 BK 65.5 74.5 69.7 53.0 80.0 72.5 76.5 78.8 n.s. n.s.it 74.7 68.5

tid station 19/9 19su
Number Feb Apr Jul Oct Jant May Jul Oct

1 99.5 94.4 92.3 87.0 n.s. 86.0 75.7 80.5
2 64.0 46.0 42.5 23.3 n.s. 95.4 68.5 70.8
3 0.0 9.0 0.0 0.4 0.3 0.1 0.3 0.0
4 0.0 8.4 0.0 0.0 0.0 0.0 0.0 0.0
5 11.5 7. 5 22.0 21.7 21.2 0.0 0.0 0.3
6 57.8 52.5 31.0 43.0 52.0 56.0 40.0 56.0
7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
8 46.n 50.0 70.0 68.5 n.s. 39.5 57.5 59.0
9 (SMK) 91.4 91.5 95.0 95.5 92.8 96.6 92.0 94.0

10 (SOK) 71.0 81.0 53.5 58.0 n.s. 82.5 77.0 85.5
II (BK) 70.4 6R.0 74.1 66.5 71.0 81.5 74.0 75.3

n.s. Net sampled
t Storm period
it Stations burieo with sand

station lost and reestab11shed

.

Kelp Forest and Offshore Cobble Habitats

San Mateo, San Onofre, and Barn Kelp forests have been shown to be spatially
and temporally different during the past six years of study (SCE 1979d,1980e).
Specific differences are associated with substrata composition, biological
interactions, and kelp canopy expansion and contraction (SCE 1979d, 1980e). An
important factor associated with the characteristic features of each kelp forest
is substrata composition and stability. Comparison of substrata composition at
all kelp forests has shown the San Mateo Kelp forest to be remarkably stable
exhibiting the most hard substrata with the least amount of variability since
1976 (Table 5B-2; LCMR 1977,1978; SCE 1979d,1980e). Substrata composition at
Barn Kelp forest was also relatively stable until January 1978 when this station
was buried by sand (Table 5B-2; SCE 1979d). After another Barn Kelp station was
established during July 1978 in the same vicinity, the new station continued to
show substrata stability similar to the previous Barn Kelp site (Table 58-2; SCE
1980e). Consequently, the composition and stability of the substrata at the San
Mateo and Barn Kelp forests apparently contributes to the greater diversity and
more equitable distribution of organisms at these stations in comparison to the
San Onofre Kelp forest (LCMR 1977, 1978; SCE 1979d, 1980e, 19810).

Substrata composition and stability at San Onofre Kelp has exhibited major
changes including increases and decreases of approximately 307, sand cover per
square meter between some quarterly surveys (SCE 1979d,1980e).



~.

58-9

S* strata instability at San Onofre, in contrast to San Mateo and Barn Kelp
forests, is apparently related to the unique substrata composition characteristic
of the site (see Substrata Stability and Sediment Movement). Substrata at San
Onofre Kelp is composed of low ralief cobbles and boulders and there are substan-
tial sand lenses (ripple-pods, sensu Henry 1976) in the vicinity that frequently
result in sand scouring (SCE 1979d, 1980e).

The high abundance of unidentified crustose coralline algae noted at this
station in comparison to the other kelp stations indicates a functional adap-
tation to unstable areas which are periodically subjected to sand scour an1/or
burial (SCE 1980e). For example, encrusting coralline algae may undergo burial
for three ' a four months and still exhibit a pinkish color indicative of health
(SCE 1979d). Also, if hard substrata are available after substantial sand
scouring, coralline algae may act as rapid colonizers (Johansen and Austin 1970).
In some instances encrusting coralline algae have been obseved to grow faster
and over colonies of encrust 'ng ectoprocts at the sand-rock margin of boulders
(Gordon 197?). In general, it would a;) pear that areas characteristically domi-
nated by crustose coralline algae have been exposed to some type of physical or
biological disturbance. Similar observations regarding frequent sand scouring and
crustose coralline algal abundance have been made at the Del Mar Kelp forest
located approximately 50 km (31 mi) downcoast of tha San Onc fre Kelp forest
(Rosenthal, Clarke, ar.d Dayton 1974; Grigg 1975).

All kelp forests in the study area have exhibited canopy expansion and con-
traction; however, the Sai Onofre canopy has shown the most dramatic fluctuations
since 1971 (Chapter 7, Figure 7-2). Although dramatic changes in canopy areal
exent may be related to temporal changes in water column temperature and nutri-
ents (Chapter 7), successful Macrocystis recruitment to hud, stable substrata
and its subsequent develop...ent, given a suitable bottom environment (absence of
scour, burial, sufficient light), will also affect canopy configuration.

The conspicuous absence or low abundance of kelp plants at the offshore San
Onofre Kelp stations since the 1977 sampling period may also be related to insta-
bility of the substrata (LCMR 1978; SCE 1979d, 1980e). The presence of fine sedi-
ment can alter the chemical and physical microenvironment of settling Macrocystis
spores and prevent development (Devinny and Volse 1978). Additionally, develop-
ment of spo's may be interrupted by attachment to sand grains, burial, or, if
attached to substrata, may be damaged by scouring action (Devinny and Volse
1978). Because the San Onofre Kelp station as well as offshore cobble Station-
pair 18-19 have been subject to more sand scour than other kelp stations (SCE
1979d,1980e), it is hypothesized that recruitment of Macro.:ystis has been inhib-
ited by the physical microenvironment (sand scour).

The instability of small cobble may also result in mortality of juvenile
Macrocystis plants as described in SCE 1980e. Comparison of composition and
distribution of substrata at each kelp forest suggests that factors associated
with the physical movement of silt (turbidity), sand, or cobbles have been a pri-
mary mechanism regulating community structure at the San Onofre Kelp forest bet-
ween 1975 and 1980.

Offshore Cobble Habitats

Similar to the kelp forest stations, the offshore cobble stations also,

exhibit distinct differences among sites. However, these difference. do not
appear to be related as strongly to substrata dynamics as differences among the
kelp forest stations. With the exception of the burial of a large portion of
Station-pair 20-21, substrata composition at the offshore cobble stations has
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remained relatively stable (SCE 1979d,1980e,1981b). The principal difference
among these sites is the dominance of sessise invertebrate cover over algal cover
at Station-pair 12-13 in the San Mateo Kelp forest. This dominance pattern is
reversed at the remaining sites in the San Onofre Kelp forest. These relation-

'ships have persisted since 1979 (SCE 1980e), although storms substantially
reduced overall foliose algal cover at all offshore cobble stations during the
1980 sampling period (see Physical Factors, Light).

Light appears to be a significant factor associated with commerdty structure
at Station-pair 12-13. This is suggested by the substaatial reduction of algal
cover as the San Mateo Kelp forest canopy expanded over the sampling site in 1979
(SCE 1980e). Comunity structure at stations located in the San Onofre Kelp
forest, however, appears to oe related to a combination of factors including
light, physical disturbance, and possible predation by the white urchin,
Lytechirus spp. (SCE 1979d, 1980e).

100 location of the offshore cobble stations in deeper water than most of the
other sampling sites suggests that, at least in this study area, light intensity
in concert with biological factors becomes more important to community structure
as depth and physical stability of the environment increase. Factors that tend to
moderate )hysical instability (depth, stationary hard substrata) or reduce the
heterogeneity of the environr nt (presence of or total absence or a dense kelp
canopy) apparently result - reasonably predictable and sensitive biological'

comunities. This generaliz . ion is supported by the dramatic temporal and spa-
tial physical changes in community structure at cobble sites on the 10-m (33-ft)
isobath in comnarison to moderated biological changes at the kelp forests and the
offshore cobble habitats during storn periods in 1978 and 1980. The general
exception to this was the burial and loss of sampling sites at Barn Kelp and
Station-pair 20-21. The burial of these sites located on the 12- to 14-m (39- to
46-ft) isobaths approximately 14 km (8.7 mi) and 8 km (4.9 mi) downcoast of the
San Mateo and San Onofre Kelp forests, respectively, is further evidence of sign-
ficant oceanographic processes operating over a comparatively short distance
within the overall study ~

PHYSICAL FA: TORS

Substrata Stability and Sediment Movement

The hard bottom benthic stations are located on the 10-m (ETS stations) and
the 14-m (PMP stations) isobaths, and are distributed within the 16-km (9.9 mi)
distance between the San Mateo and Barn Xelp forests (Figure 5B-2). Considering
the distribt tion of these stations with regard to depth and distance from shore,
five years of quarterly substrata composition data (LCMR 1977, 1978; SCE 1979d,
1980e), and the significant aspects of meteorological conditions during this
period, there is substantial evidence that offshore (depths 10-14 m) sediment
movement in the vicinity of San Onofre is considerably more dynamic than
generally recognized.

In comparison to the send movement phenomena at San Onofre, results of a
three-year investigation mersuring changes in sand level on the La Jolla shelf
(depths of 6-21 m, 20-69 ft) concluded that although seasonal changes in sediment
deposition and erosion were evident on the 9.1-m (30-ft) isobath, the maximum
difference between summer and winter seasons was comparatively small (0.7 cm, 0,3
in.; Inman and Rusnak 1956). Similarily, an investigation studying patterns of
sedinent mcVement approximately 5 km (3.1 mi) north of La Jolla indicated that
changes in sand level on the 10-m isobath did not undergo any significant net
change during a fi ve-year study period (Aubrey 1979). Other observations
suggesting that insignificant changes in seasonal sediment accretion and erosion
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are characteristic of depths > 10 m have also been reported for other areas of
San Diego County (Berry 19775 Although these studies have evaluated seasonal
patterns of erosion and accretion in the nearshore environment (depths < 10 m),
they have also documented the relatively stable nature of offshore bottoms at
depths > 10 m.

Substrata composition recorded at the ETS subtidal benthic stations during
the past indicates the study area offshore San Onofre has been a temporally
dynamic as well as a heterogeneous assemblage of cobble, boulder, rockshelf, and
sand (Table 58-2). This dynamic state may be the result of abnormally severe
storms with high rainfall which result in significant sand deposition over rela-
tively large areas of hard substrata (cobble, boulder, rock speif). Storm acti-
vity in the absence of high rainfall may result in substantial erosion of sand
exposing underlying hard substrata.

Wainfall during 1976 and 1977 were representative of average years in San
Diego County (Pryde 1977). During this period the general trend at most ETS sta-
tions was sr.nd erosie, during winter follcwed by slight deposition in the fall
(Table 5B-2). During 1978, intense winter storms resulted in the southern
California area receiving over twice as much rainfall during the first four
nonths as would normally be expected during an average year (SCE 1979d). ETS
Stations 3-8 and 11 were subjected to significant sand accretion apparently as a
result of the abnormally high rainfall and subsequent runoff from San Mateo, San
Onofre, and Las Pulgas Creeks. Subsequent surveys at these sites indicated that
up to 1 m (3.3 ft) of sand was deposited over the sampling areas. Two of these
stations located on the 10-m isobath (Stations 3 and 4) have remained naarly 100
percent sand since 1978. Greater than fifty percent of the hard substrata at
Station 5 was buried as a result of the 1978 storms. During January 1980 severe
storms buried the remaining portion of hard substrata at Station 5. Station 7
was 100 percent sand during 1979 (SCE 1980e). This station was lost during 1980

,

and has been assumed to be 100% sand based an 1979 sampling data (SCE 1980e).'

Stations 6 and 8, originally located near Station 7, were never found after
,

extensive searches and were assumed to have been buried. Station 11 (Barn Kelp)
located on the 14-m isobath was also lost as a result of the 1978 storms. Diving
operations during early 1981 relocated the original Barn Kelp station. Sand in
the statinn area was in the process of eroding with approximately 50% of the
sampling area still buried. As detailed in the results, PMP Station-pair 20-21
located on the 14-m isobath was also the site of substantial sand accretion
during 1980.

Considerable sand erosion over a relatively short period has been documented
ETS Station 2 on the 10-m isobath (Table 5B-2). Percent hard substrata esti-

...ates at Station 2 during 1979 and 1980 reveal that high percentages of sand were
transported out of the sampling area after the 1978 and 1979 October surveys.
These observations seem paradoxical when considered with respect to substrata
composition data at Stations 1, 3, and 4 (Table SB-2), which are located nearby
(Figure 58-1). This region, however, is uncharacteristic of the general shoreline
because of a slightly elevated seabed in the offshore slope in front of San
Onofre where these stations are located (Figure 58-3, Chapter 2 - Turbidity).
Possibly, the location of these stations on this " bulge" differentially
influences sediment movement depending upon winter storms, rainfall, and cre"
sedinent discharge.

The substantial accretion and erosion of sand at the previously discussed

sites is evidence that considerable sand movement between 10 m and 14 m does
occur in the San Onofre vicinity. Analysis of this movement, at least from a five
year perspective when unusually heavy rainfall occurred, sucaasts the offshore

1
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movement of substantial volumes of sediment resulted from these storms. The accu-
mulation of sediment in local vernal streams was probably substantial (Berry
1977) because of the atypically low rainfall during the nine to ten year period
prior to the 1978 winter storms. Consequently, the contribution of stream bed
sediment to the nearshore area may be considered unusual.

In the San Onofre vicinity, hard substrata is a prerequisite for Macrocystis
development. The region between the 9- and 17-m (30- and 56-ft) isobaths on
reasonably stable hard substrata represents a good habitat for the development of
nearshore kelp forests in this area. This is demonstrated by the presence of the
existing San Mateo, San Onofre, and Barn Kelp forests. The persistence of these
kelp forests, however, is related to other variables including biological,
physical, and chemical factors. However, the fact remains that without stable
hard substrata, kelp forests will probably not establish and, in the event of
substrata instability (sand scour, sand movement, burial, cobble movement), kelp
forests may exhibit diff.Tential patterns >f canopy expansion / contraction as well
as recruitment and development of subcanopy populations.

Comparison of hard substrata estimates at San Mateo, San Onofre, and Barn
Kelp forests since 1976 reveal that these areas are substantially different. San
Mateo Kelp forest is situated on a rocky point consisting principally of cobbles
and boulders which have been stable at least since 1975 (LCMR 1976d, 1977, 1978;
SCE 1979d,1980e; Table 5B-2). Substrata composition at Barn Kelp is principally
basenent rock composed of sandstone sheets. The substrata is generally stable in
t';is area, however, a substantial lens of sand buried the original station during
storms in 1978.

In contrast to the stable substrata associated with the San Mateo Kelp
forest, substrata at the San Onofre Kelp station may be considered temporally
dynamic and seasonally unstable (Table 5B-2). Although substrata estimates at
Barn Kelp appear to be relatively consistent, this station was buried with sand
and subsequently lost during 1978 (Table 5B-2). In contrast to the considerable
variation during each year noted at San Onofre Kelp, the Barn Kelp station
exhibited complete burial followed by an apparently slow process of erosion.
Periods of maximum erosion and accretion at San Onofre have been associated with
late fall and winter sampling periods, respectively (Table SB-2). The influence
of the 1978 storm on sand movement at the San Onofre Kelp station is clear as

erosion was suppressed in spring 1978 in comparison to similar samplingsano
periods in 1976,1977,1979, and 1980 (Table 5B-2).

The episodic movement of sediment generally observed between the 14- and 10-m
ischaths and specifically within the San Onofre and Barn Kelp forests may be
explainable by the Shelf Depositional Model hypothesized for the San Diego
mainland shelf by Henry (1976). In this model, storms associated with "50 year
floods" result in the flushing of creeks, rivers, and estuaries that deposit
substantial volumes of sediment on the mainland shelf between the 15- and 90-m
(49- and 295-ft) isobaths. Sedinent accumulations up to 7 m (23 ft) thick have
been recorded offshore of San Onofre (Henry 1970). Tractive movement of this
sediment shoreward is facilitated by wave action. As the depth becomes shallower,
the increased wave action moves a wedge of coarser sediment shoreward. In depths
less than 20 m (66 ft) this sediment wedge begins to break up, both in thickness
and lateral extension, and exposes the underlying bedrock. The remaining
isolated, well sorted coarse sand components of the wedge are described as
" ripple-pods". These ripple-pods are then transported over the bedrock and into
the littoral zone. Eventually this sediment is transported by longshore movement
to submarine canyons where it is lost to the nearshore environment (Henry 1976).

-. _ _ _ _ _ _ _ _ . - _ _ _ _ _ _ _ _ _ _ _ _ _ _
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The demonstrated dynamic nature of the hard substrata in the San Onofre Kelp
forest in time and space suggests that the entire San Onofre Kelp forest may be
situated on an extensive plain of cobbles and boulders that may be periodically
and patchily covered by ripple-pods. The influence of this possible geological
setting on the subsequent development of kelp forest communities is not under-
stood, however, the variable nature of the San Onofre Kelp forest must be closely
associated with these predominant processess.

Light

The low light and Secci disc measurements recorded during the first five
months of 1980 are directly related to the severe storms (SDCFCD 1980) during
Janua ry, Februa ry, and March (Chapter 2). The turbidity resulting from the
offshore transport of terrestrial sediment due to flooding of the San Mateo and
San Onofre Creeks during this peried, had a substantial impact on foliose algal
cover, particularly at the offshor cobble stations located in the San Onofre
Kelp forest. Although sand burial and subsequent anoxia eliminated substantial
portions of hard benthos communities in other areas, reduced light intensity
(turbidity), possibly below the compensation point of many algae, is probably the
principal factor associated with the decrease (151%) of foliose algal cover at
the PMP stations in the San Onofre Kelp forest between October 1979 and May 1980.
In comparison, there was a 63% increase between October 1978 and April 1979
during a comparatively mild winter (SCE 1980e). Apparently turbidity and sand
scour acted in concert to substantially suppress benthic algal growth and/or
maintenance during this period. In contrast, sessile invertebrate populations
increased in abundance (87%) at the same stations between October 1979 and May
1980 in comparison to a 1% increase between October 1978 and April 1979 (SCE
1980e). The simultaneous decrease of foliose algal cover and increase of sessile
invertebrate cover demonstrates the possible significance and consequence of pro-
longed natural turbidity in the vicinity of the San Onofre Kelp forest.

Comparison of annual light regimes within the San Onofre Kelp forest, where
mean light intensity was usually greatest of all the PMP benthic stations between
1978 and 1980, and San Mateo Kelp forest indicates there were substantial dif-
ferences between canopy patchiness and density. A dense canopy over the sampling
areas in the San Mateo Kelp forest (Station-pair 12-13 and Station 9) during 1979
(SCE 1980e)and the first half of 1980 appears to have been an important factor
contributing to the maintenance of sessile invertebrate cover at these stations.
The dominance of sessile invertebrates at these stations has been typical of the
henthic community structure since 1978 (SCE 1979d,1980e). The reduction in light
intensity by overstory Macrocystis has been noted to inhibit the growth of under-
story algae in other studies resulting in the bottom flora appearing "conspicu-
ously sparse" (Neushul 1971). Controlled field eneriments in a Macrocystis
forest in southern California demonstrated that light reduction may have a
greater effect on basement story algae than does competition for available hard
substrata with sessile invertebrates (Foster 1975).

In contrast, foliose algal cover was the dominant component of benthic com-
munity structure at the offshore cobble stations in the San Onofre Kelp forest
during 1979 (SCE 1980e) and the first half of 1980. Apparently, because of the
patchy canopy associated with the San Onofre Kelp forest, there is a more hetero-
geneous distribution of the quality and quantity of light reaching the benthos
than at San Mateo or Barn Kelp forests. Consequently, not only is benthic algal
diversity greater in the San Onofre Kelp forest in comparison to San Mateo Kelp,
algal cover is also substantially greater.

Although the various light patterns associated with canopy or subcanopy
layering undoubtedly contribute to the diversity and growth of benthic algae in
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the San Onofre Kelp forest, unless uninhabited space is available for algal
spores to settle on, benthic algal diversity and cover will be comparatively low
as in San Mateo and Barn Kelp. Provision of uninhabited space generally occurs as
a result of disturbance, either physical (sand scour and erosion, cobble
abrasion) and/or biological (predation, senescence, death). Tha dynamic nature of
the substrata composition in the San Onofre Kelp forest has been discussed pre-
viously in this section (Substrata Stability and Sediment Movement) and previous
years (SCE 1979d, 1980e). Although biological disturbances were not as evident
during 1980 as in 1979, they are important (SCE 1980e) and are considered in a
later section (Biological Responses to Physical Change).

Sedi, mentation and Total Organic Carbon

Sedinent deposition at all sampling sites was influenced principally by wave
action and secondarily by the distribution and compositien of surrounding sand
and cobble-boulder substrata. The comparatively high composition of sand
surrounding Station-pairs 16-17 and 20-21 resulted in these sites showing com-
paratively high sedimentation during eacn sampling interval. In contrast,
Station-pair 12-13, located in San Mateo Kelp and surrounded predominately by
cobbles and boulders almost always exhibited lowest sediment deposition.

The composition of sediment deposited in the sedimentation collection cham-
bers appears to depend primarily on the amount of nearshore oceanographic activ-
ity during the sampling periods. During the 1980 winter storm period, material
sampled by the sedimentation chambers appears to have originated primarily from
the vicinity of the sampling sites and secondarily from terrestrial runoff.
During the benign oceanographic periods from September to December 1979 and May
through October 1980, material that accumulated in the sedimentation chambers
appears to have originated mostly from the water column rather than from the
surrounding area.

This hypothesis is supported by the significant negative relationship between
high sediment deposition and low TOC content at the BSP sites. In contrast, TOC
content was relatively high at all sites except Station-pair 20-21 during periods
of relatively low sedimentation. The fact that highest TOC estimates during the
late spring and summer of 1979 and 1980 were associated with Station-pairs 12-13,
14-15, and 18-19 as opposed to lower values recorded at Station-pairs 16-17 and
20-21, suggests nearby Macrocystis plants may be responsible for the compara-
tively higher TOC estimates during these periods. This appears reasonable since a
dense Macrocystis canopy was present over Station-pair 12-13 and scattered kelp
canopies were present near Station-pairs 14-15 and 18-19.

The fact that maximum TOC estimates (March) followed maximum sediment deposi-
tion (February) may be the result of finer, organic rich material of terrestrial
origin settling during March 1983. In contrast, TOC content during the period of
highest sediment deposition (Februa ry 1980) was comparatively low. This was
apparently associated with the collection of coarser, organic poor sediment
suspended from the surrounding sand plains by storm waves. Visual appearance of
sediment .ollected at Station-pair 20-21 during these contrasting sampling
periods also supports this hypothosis. Finer, darker sediment was collected
during the March sampling period as opposed to the coarser, lighter colored sedi-
nent collected during the February sampling interval.

BIOLOGICAL RESPONSES TO PHYSICAL CHANGE

The extreme biological responses to the physical environment are emphasized
by o /_^rences at two stations between October 1979 and May 1980. Recruitment at

_
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inshore cobble Station 2 in Zone OA during the 1980 sampling period was asso-
ciated with the erosion of the sand cover between October 1979 and May 1980 (SCE
1981b). Paradoxically, during the same period, inshore cobble Station 5 in Zone 6
underNent sand accretion that buried the rema:,:ing 21% of hard substrata.

The abundance of white coralline crust at Station 2 apparently reflects sand
erosion between October 1979 and May 1980. The presence of white coralline crust
probably represents the burial and subsequent death (anoxia, lack of light) of
pink crustose coralline algae. Historical data at this station indicates burial
of quadrats 6-10 occurred between July and October 1978 (SCE 1979d). The erosion
of significant proportions of sand exposed the white, and presumably dead,
crustose coralline algae. This uninhabited hard substrata was then colonized by
the solitary tunicate, Chelyosoma productum, as evidenced by the high densities
sampled during 1980 at Stations 1 and 2.

In contrast to the overall reduction of biological cover at Station-pair
18-19 noted during the 1980 sampling period, percent cover of the foliose red
alga Rhodymenia spp. increased between October 1979 and May 1980. The devel-
opment of P,nodynenta during an extended period of turbidity suggests it may be
adapted to this type of environmental perturbation. Evidence for this hypothesis
is suggested by examining its abundance in association with canopy and subcanopy
kelps sampled at the offshore cobble and kelp stations since 1978 (SCE 1979d,
1980e,1981b). The distribution of Rhodymenia has been positively correlated with
the presence of either surface canopy (Macrocystis) or lower story subcanopy kelp
(Pterygophora, Laminaria; SCE 1979d,1980e,1981b). Apparently these kelps modify
the local environment, principally by the attenuation of light to lavels
resulting in a favorable habitat for Rhodymenia.

Between August 1978 and October 1979, Rhodymenia cover in the San Onofre Kelp
forest was greatest at Station-pairs 14-15 and 16-17 where lower story kcips

; shaded portions of the benthos. In fact, greatest cover of this alga was con-
sistently sampled at Station-pair 16-17 where highest Pterygophora cover was
always recorded (SCE 1980e,1981b). In contrast, Rhodymenia cover at Station-pair
18-19, where mean light intensity was greatest between the August 1979 and
September 1980 sampling periods, was lowest among all offshore cobble stations
sampled between August 1978 and October 1979 (SCE 1979d, 1980e). The pattern of
decreasing Rhodymenia cover at all stations except Station-pair 18-19 may be
associated with light intensity levels below minimum requirements. Extended tur-
bidity conditions in conjunction with natural shading apparently reduced light
intensity to below minimum requirements for Rhodymenia at all offshore cobble
stations except Station-pair 18-19. In contrast, turbidity conditions at Station-
pair 18-19 apparently reduced light intensity to a favorable level for growth.
The fact that Rhodymenia cover exhibited a considerable increase at Station-pair
18-19 during a period of low light suggests a causative relationship between
reduced light intensity (shaded environments) and growth. Although Rhodymenia
appears adapted to shaded areas, there are probably other algae, possibly
Pterygophora, that may also be adapted to periodic low light conditions.

This concludes the overall discussion. Detailed 1980 methods and results are
presented in sections that follow.

APPROACH

i i

The various components of the hard benthos program (ETS, CMP, PMP) originated '
.

at different times for separate regulatory requirements and objectives.

-, . . .
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Consequently, there are differences in design and methodology. In order to
address the objectives of this report, data from all elements are considered.

Data analyses were oriented to identify the dominant and functionally
important benthic organisms associated with the inshore cobble, offshore cobble,
and offshore kelp habitats in the vit.inity of San Onofre. Functionally important
organisms are defined as those species of particular biological value because of
their growth forms (encrusting, erect, solitary, colonial), possible adaptations
to physical factors (sand scour, cobble movement, turbidity), or their trophic
level (carnivore, grazer, primary producer). The abundances and distributions of
these organisms are interpreted with respect to their functional adaptations to
habitat type. The hypothesis that community structure is strongly influenced by
the physical instability of the substrata in the area immediately offshore of San
Onofre is examined by comparing the community structure and abundance patterns of
dominant organisms in this area to that in areas of greater stability.

Benthic marine resources are defined as all subtidal macroorganisms occupying
hard substrata to a depth of approximately 14 m (46 ft). A list of these macro-
organisms and their relative importance with respect to .he San Onofre area was
presented and discussed in the Final Environmental Statement for San Onofre Units
2 and 3 (AEC 1973). The near-field vicinity of the Unit 1 discharge is defined as
a rectangular area which extends approximately 1 km (0.6 mi) upcoast and down-
coast of the Unit 1 discharge, and 0.5 km (0.3 mi) inshore and offshore of the
discharge. This rectangle includes ETS Benthic Stations 1, 2, 3, and 4 (Figure
58-2). The near-field vicinity of the Units 2 and 3 discL4rges is defined by a
rectangle whose boundaries extend 1 km upcoast and downcoast of a point located
between the terminus of the Unit 3 diffuser and the beginning of the Unit 2
diffuser, and inshore to the beginning of the Unit 3 diffuser and offshore 0.5 km
from the terminus of the Unit 2 diffuser (Figure 5B-2). The upcoast-downcoast
boundaries were determined by the predicted areal ex'.er.t of the thermal plume
(Koh et al.1974) and potential turbidity effects. During the summer of 1978 the
area acceptable for station locations within the onshore and offshore boundaries
was limited by the availability of hard substrata (IRC 1977,1978), by the extent
of the predicted thermal plume (Koh et al.1974), and by the construction activi-
ties associated with dredging and conduit installation for Units 2 and 3.

Collectively, all sampling stations have been assigned to one of three
groups. These groups include stations located on the nearshore isobath (10-12
m, 33-39 ft) stations on the o'fshore isobath (12-14 m, 39-46 ft) within areas of
previously or presently exist ing giant kelp canopies, and stations on the
offshore isobath without kelp canopies.

The collection and documentation of physical oceanographic data is an essen-
tial component of any complete benthic sampling program because physical and'

biological factors are interrelated and operate together to define the structure
of the benthic community. To acquire synoptic physical data, a Benthic Sensing
Package (BSP) was designed and installed during August 1979 to collect continuous
data on sediment and organic deposition, ambient bottom water temperature, and
photosynthetically active radiation reaching the benthos near each pair of sta-
tions located on the offshore isobath (Chapter 2).

METHODS

BIOLOGICAL DATA COLLECTION

A total of 23 subtidal stations are sampled quarterly for the ETS, CMP, and
PMP benthic studies. A map detailing the position of ar stations with respect to
San Onofre Units 1, 2, and 3 is presented in Figure 9 -1.
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The ETS study inc'uoes eight cobble stations located on the nearshore (10-m,
33-ft) isobath and three kelp beds on the offshore (14-m, 46-ft) isobath. These
eleven permanent stations, marked with surface buoys, were originally established
in areas of comparable substrata in February 1975 (LCMR 1975). For identification
purposes, the ETS inshore stations are numbered consecutively from upcoast to
downcoast. Stations 1 through 4 are located in Zone OA, near the Unit 1
discharge, and Stations 5 through 8 are located in the far-field reference area,
Zone 6 (Figure 5B-1). Similarly, the ETS offshore kelp stations are numbered 9,
10, and 11 and are located in the San Mateo, San Onofre, and Barn Kelp beds,
respectively. Two additional stations were established within the San Onofre Kelp
forest for the CMP study (MBC 1978). These are located a short distance upcoast
and downcoast of Station 10 (Figure 58-1). For this report the two CMP stations
are referred to as Stations 22 and 23 (previously labeled SOK-U and 50K-D,
respectively; MBC 1978).

Each permanent station for the ETS and CMP studies consisted of a band tran-
sect 10 m long and 1 m wide which was divided into ten,1-m2 (10.8-ft ) quadrats.2

When visibility was adequate, marine biologists identified and enumerated soli-
tary macroorganisms and made visual estimates of percent areal coverage of colo-
nial and encrusting macroorganisms in each of the ten quadrats at each station.
In order to maintain consistency in data recording, the type of data (i.e., enu-
meration or percent cover) to be reported for each organism was standardized and
indicated on preprinted plastic data sheets. The substratum characteristics and
relief of each quadrat were described. Measurements of surface and bottom water
temperatures, and observations of visibility and surge conditions were recorded.
In addition, the following information was collected on giant kelp (Macrocystis)
sporophytes within the band transects at the kelp stations: (1) number of stipes
2 m (7 ft) above the bottom on each individual kelp plant, (2) general condition
of the kelp plants (e.g., tattered fronds), and (3) kelp growth (e.g., small new
fronds with no fouling).

The PMP study was designed to collect baseline data on cobble communities
biota located on the 14-m isobath offshore of the ETS kelp stations. The sampling
design includes ten stations arranged in pairs distributed among two reference
areas and the area near the Units 2 and 3 diffuser-discharge lines within the
possible region of impact (Figures 58-1, SB-2). All stations were established on
cobble-houlder substrata with similar relief and communities on approximately the
14-m isobath (IRC 1977, SCE 1979d, 1980e). This design is oriented at identifying
and evaluating natural and/or discharge related changes assocf /;ed with the
cobble community prior to and after operation of Units 2 and 3. The labeling of
the PMP offshore cobble stations is an extension of the ETS identification system
with stations being numbered consecutively frc upcoast to downcoast. Station-
pair 12-13 is located in the upcoast reference area. Station-pairs 14-15 and
16-17 are located upcoast and downcoast of the diffuser-discharges, respectively,
and within the potential area of influence of the Units 2 and 3 diffuser-
discharges (Figure 5B-2). Station-pair 18-19 is located downcoast of Station-pair
16-17 within San Onofre Kelp. Station-pair 20-21 is located approximately 9 km
downcoast in the Don Light reference area (Figure 5B-1).

Each permanent PMP station is a rectangle measuring 2 m x 3 m (6.6 ft x 9.8
ft). Station-pairs are permanently marked with a surface buoy attached to an
anchor block. Each 6.0-m2 (64.6-ft ) station is sampled by a point contact tech-2

nique similar to methods utilized in terrettrial vegetation studies (Goodall
1952, Winkworth 1955, Greig-Smith 1957). Advantages of the point contact nethod
for use in marine ecological studies have been reviewed by Carter et al. (1979).
Collection of data utilizing this sampling technique was detailed previously (SCE
1979d,1980e).

--
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Benthic organisms at each offshore station were sampled in two ways to
collect data on temporal abundance patterns and spatial distribution. To collect
these data, diving biologists sampled each 6.0-m2 station with 300 evenly dis-
tributed points. Four 0.125-m2 (1.35-ft ) square quadrats were randomly located2

within the 6.0-m2 station area and sampled with 60 evenly distributed points to
examine small, c rypti c , clumped, or patchily distributed organisms. Data
collected at each point included substratum type and .macroorganisms present. Up
to three organism levels, indicating layering in the c4 munity, were recorded.
Data for both sampling methods were recorded on tau-specific data sheets.
Designated solitary or motile organisms not sampled by the point contact tech-
nique but observed to be conspicuous within the sampling area were enumerated.
Surface and bottom water temperature, visibility, and surge conditions were
recorded.

To effectively document the changing composition of substrata near the
stations, a wide area reconnaissance was conducted at each station-pair. This
included sampling four 30-m (98-ft) transects extending upcoast (300*), downcoast
(120*), inshore (030*), and offshore (210 ) from each station-pair. Each 30-m
transect line was divided into 100 equal sections by numbered placards. After
the transect line was positioned by the diver, the substratum under each placard
was identified as boulder, cobble, or sand. For the PMP study the following func-
tional definitions of substratum were employed for boulder and cobble. Boulder is
defined as hard substratum which is immovable by natural current conditions
and/or which measures 26 cm (10.2 in.) or greater in greatest linear dimension.
Cobble is defined as hard substratum whose greatest linear dimension ranges bet-
ween 1 and 26 cm and/or can be moved by natural bottom currents.

INTERIM KELP PROGRAM (IKP)

The IKP is an extension of the Unit 1 Environmental Technical Specification
(ETS) and Units 2 and 3 Preoperational Monitoring Progran (PMP) sampling designs
and methodologies. Accordingly, six permanent stations including ETS Station 10;
CMP Stations 22 and 23; and PMP Station-pairs 14-15, 16-17, and 18-19 (Figure
5B-2) are sampled three times annually.

At each of these permanent sampling sites, diving biologists collect the
following data in accordance with established procedures. Individual Macrocystis
pyrifera plants and the number of stipes associated with each plant ),2 m (6.6
f t) tall are counted. Notes on the general condition of kelp plants are recorded.
Additionally, the number of lower story brown algae (Pterygophora californica,
Laminaria farlowii, unidentified juvenile laminoids) and urchins (Strongylocen-
trotus spp.) are counted within the designated sampling areas. Substrata compost-
tion within these sampling areas is subjectively described. General oceanographic
observations on surface and bottom water temperatures, visibilities, and surge
conditions are also noted. All data are recorded on preprinted plastic data
sheets described in the prece0ures.

In addition to data collected at each fixed sampling site, between nine and
twelve randomly located 10-m2 (108-ft ) circular plots within a 30-m radius of2

each permanent station are sampled. Within each circular plot the following
sampling data are recorded on preprinted plastic data sheets. All Macrocystis
plants are separated into three general classes based on plant height, juvenile
plants (15-40 cm, 0.5-1.3 ft), subadult plants (41 cm-2 m,1.3-6.6 ft), and adult
plants (>2 m tall) and enumerated. Unidentified laminoids (5-15 cm, 2-6 in.) are
also counted. In the case of high density aggregations, the density of plants
< 40 cm (16 in.) tall are estimated by subsampling. The stipes of all plants > 2
m tall are counted. Additionally, the number of urchins (Strongylocentrotus spp.)

-___ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ -
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and lower story brown algae (Pterygophora and Laminaria) within each 10-m 2
samplin site are counted. Percent composition of cobble, boulder, and sand are
subjectively estimated at each site.

Organisms for all benthic surveys presented in this ct 4:er are defined as
those living on the exposed portions of the hard substrata. Organisms are iden-
tified to the lowest taxon possible in the field using non-destructive sampling
nethods. Other organisms that were less common or that could not be specifically
identified in the field were classified into higher taxonomic groups, such as
unidentified hydroids or ectoprocts. Descriptive as well as functional growth-
forms were also employed to identify taxa groups. For example, unidentified
ectoprocts may be encrusting or erect. Another growth-form classification was the
algal group of Parvosilvosa. This growth-form group included all minute algae ,

'forming dense patches of turf on hard substrata (Neushul and Dani 1967).

Quarterly ETS surveys were conducted during 1980 from 24 January-10 February,
28 April-2 June, 24 July-17 August, and 23 October-3 Novembe . Winter storms
during January, February, and March resulted in unfavorable diving conditions;
consequently only six ETS benthic stations were sampled during the first quar-
terly sampling period of 1980. As noted during 1979 (SCE 1930e) the area in the
vicinity o' ETS Station 7 remained covered with sand during the 1980 sampling

i

period. Saosequently, no biological data were collected at this station during i

1980. Construction Monitoring stations (CMP 22 and 23) were only sampled during I

the April-June period. The PMP benthic study was completed in June 1980. Although
the PMP sampling periods were scheduled quarterly, only the second quarterly sur-
vey was completed during 1980. Only two PMP stations were sampled during the
first 1980 sampling effort before it was terminated due to unfavorable diving
conditions. The second quarterly sampling was conducted from 7 May-2 June 1980.

The data losses associated with the ETS and PMP first quarterly survey period j
were reported to the Nuclear Regulatory Commission (NRC) by means of a 30-day '

non-routine report submitted in March 1980 in accordance with Administrative |

Control Section 5 of the ETS.

During December 17-19 a preliminary Interim Kelp Program survey was |

conducted. During this sampling period only the randomly sampling component was I
conducted at ETS Station 10. CMP Stations 22, 23, and PMP Station-pairs 14-15, |

16-17, and 18-19.

DATA ANALYSIS

Data collected during the 1980 sampling period were analyzed using non-
parametric and parametric techniques. Associations between organisms were com-
pared using Pearson's product-moment (r) and Spearman's rho (p) parametric and

.

nonparametric correlation coefficients (Sokal and Rohlf 1969), respectively. |

Three ETS stations (3, 4, and 5) were almost always 100 percent sand during
1980 (SCE 1981a) and Station ETS 7 was presumed to be 100 percent sand during
1980. These stations are not included in the analysis because the ETS prog am was
not designed to sample sand habitats. That these stations were once cobt'li habi-
tats but are now covered with sand is ecologically significant, and tU com-
ponent of spatial and temporal variability is considered in the discussion.

1

,

_ _ _ - _ _ - _ .
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RESULTS

The results are grouped into five categories based on sampling techniquer and I

types of data collected. These categories include 1) meteorological and omano-
graphic observations, 2) qualitative field observations, 3) analysis t f the
inshore cobble and offshore kelp stations, 4) analysis of data collected at the
offshore cobble habitats, and 5) analysis of density data for select orgaatsms in
the San Onofre Kelp forest. Presenting the results in this manner rathe? than by
study element (i.e, ETS, CMP, PMP) provides the best understanding of *;he physi-
cal and biological environment in the study area.

METEOROLOGICAL AND OCEAN 0 GRAPHIC OBSERVATIONS

Substantial precipitation (39.6 cm,15.6 in.) occurred in the San Onofre area
during the first three months of 1980. In the past 12 years, total rainfall
during January through March exceeded this level only in 1978.

Bottom temperature, bottom transmissivity, and water column Secchi disc
extinction depth were measured during bimonthly oceanographic data collection
near benthic stations in the San Onofre area (SCE 1981b). Mean bottom tempera-
tures were generally highest during the months of July and September (17.3*C,
63.1*F) and lowest during January (14.9*C, 58.8*F). Unusually warm mean surface
(26.0*C, 78.8*F) and bottom (23.2*C, 73.7*F) temperatures were recorded between
August 13 and 18 during the third quarterly ETS benthic survey (SCE 1981b). In
general, temperatures varied little among stations within sampling periods.
Bottom transmissivity ranged from 0 to 12% transmittance at most stations
throughout 1980. It was noticeably greater at all oceanographic stations during
the January survey in comparison to all subsequent surveys when bottom trans-
missivity was 1% or less. Secchi disc readings on the 10-m (33-ft) isobath were
generally greater at si;ations downcoast of Unit 1 (6,710-7,320 m; 22,014-24,015
ft) than at those near the discharge (610 m; 2,001 ft upcoast). Greatest vertical
water clarity was observed during September and October 1980 on the 10-m isobath.

Results of continuous light, sedimentation rate, and total organic carbon
(TOC) data collected at each Preoperational Monitoring Program (PMP) Benthic
Sensing Package (BSP) site since August 1979 are presented in Chapter 2 and sum-
marized in this section. Light intensity at all stations was lowest from December
1979 through February 1980 and highest during June. The substantially depressed
light levels recorded during the winter period were a direct result of winter
storms. During the thirteen month study period, mean light measurements were
greatest at Station-pairs 14-15, 16-17, and 18-19, all located in San Onofre
Kelp.

Distinct increases in sedimentation rates were apparent beginning in December
1979 and continuing through January 1980 when peak sedimentation rates were
recorded at all station-pairs (Figures 5B-3 and 58-4). These maximum values
recorded during the 1979 and 1980 wint9r period were correlated with the high
rainfall measured at the same time. Relatively high sedimentation rates at
Station-pairs 16-17 and 20-21 continued 'hrough March 1980 (Figures 58-3 and
SB-4).

Highest and lowest sedimentation rates, measured in grams / centimeter 2/ day
(q/cm2/d), were recorded at Station-pair 70-21 (4.84 g/cm2/d) during February
1980 and at Station-pair 12-13 (0.02 g/cm2/d) during December 1979, respectively
(Figure 5B-3). Minimum and maximum mean sedimentation rates for the study period
were recorded at Station-pairs 12-13 (0.07 g/cm2/d) and 20-21 (0.54 g/cm2/d).
Mean sedimentation rates for the study period at Station-pairs 14-15, 16-17, and
18-19, located in San Onofre Yelp, were 0.15, 0.31, and 0.15 g/cm 2/d,
respectively.
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Figure SB-3. Mean sedimentation rates (g/cm /d) Figure 584. Mean sedimentation rates (g/cm /d)

measured at Benthic Sensing Package measured at Benthic Sensing Package
(BSP) sites located near Station-pairs (BSP) sites located near Station-pairs

12-13 and 20-21 from August 1979 14-15,16-17, and 1819.
to September 1980.

Distinct increases in TOC estimates were also apparent during the March 1980
sampling period (Figures 58-5 and 5B-6). Mean TOC estimates were greatest in
March and lowest in January and February for all stations during the thirteen
month study period. Mean TOC estimates for all stations combined during November
and December 1979 were less than during the 1980 summer period (June through
August). Total organic carbon estimates during these periods were generally
highest at Station-pairs 12-13 and lowest at 20-21 (Figures SB-5 and SB-6).
Estimates of TOC from stations in San Onofre Kelp were more variable throughout
the study period with mean estimates usually bracketed by the values recorded at

' Station-pairs 12-13 and 20-21 (Figures 58-5 and 5B-6).
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Figure 58-5. Mean percent tet..' organic carbon Figure SB 6. Mean percent total organic carbon
(TOC) measured n Benthic Sensing (TOC) measured at Benthic Sensing

Package (BSP) sit a located near Package (BSP) sites located near

Station-pairs 12-1 and 20-21 from Station-pairs 14-15,16-17, and

August 1979 to September 1980. 1619 from August 1979 to
September 1980.

The periods of oeak TOC estimates were not coincident with peak periods of
sediment accumulation. Analysis of sedimentation rates and TOC estimates during
identical sampling periods (Figures SB-3 through 5B-6) reveals an inverse rela-
tionship among Station-pairs 12-13, 14-15, and 18-19 where high volumes of sedi-
ment were inversely correlated with low TOC estimates. High sedimentation rates
showed a significant negative ccrrelation with low TOC estimates during the 1979
and 1980 study period at these stations (n = 24; P < 0.01). In contrast, corre-
lation between sedimentation rates and TOC, estimates were not as great at
Station-pair 16-17 (P = 0.08) with no relationship indicated at Station-pair
20-21 (P = 0.99).

_
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FIELD OBSERVATIONS

Observations by field biologists documented comparatively unusual kelp cano-
pies and fouling of kelp blades during the 1980 study period (SCE 1981a). The San
Mateo Kelp canopy was unusually dense above Station 13 during January. During
October and November, the canopy at Barn Kelp was sparse, consisting of scattered
Macrocystis plants. During this period, some of the holdfasts of kelp plants in
the vicinity of the Barn Kelp transect appeared dead and/or decaying. Unusually
high mean surface and bottom temperatures (23.0*C, 73.4*F and 17.8'C, 58.4"F;
respectively) were recorded during July and August. During this period dense
hydroid and ectoproct fouling on attached and drifting blades of Macrocystis,
Pterygophora, and Laminaria was also observed. Heavily fouled drift Macrocystis
blades were observed in the ETS band transect at San Mateo Kelp during this
period. The dense fouli... Communities on drift Macrocystis blades suggest these
blades were originally a component of the surface canopy.

Recruitment of algae and sessile invertebrates was noted at inshore and
offshore cobble and kelp stations. Juvenile brown algae (Cystoseira/Halidrys)
were noted at Station 6 during January. Juvenile anthozoans (Muricea californica)
and solitary tunicates (Chelyosoma productum, Styela montereyensis) were noted at
various stations during May and Aust. Unidentified laminoids (possibly juvenile
Macrocystis) were observed at San Mateo Kelp during October.

INSHORE COBBLE AND 0FFSHORE KELP STATIONS

Substrata Composition

Inshore cobble stations not characterized as sand habitats during the 1980
study period were ETS Stations 1, 2, 6, and 8. As in 1979 (SCE 1980e), percent
cover estimates of hard substrata (cobble, boulder, rock shelf) were most similar
between stations within zones. These estimates were always greater in Zone 0A
than in Zone 6 and averaged 79.4% and 51.4% during 1980, respectively. Although
no distinct seasonal variations were evident at these stations, significant sand
erosion occurred at Station 2. Mean percent sand cover at this station decreased
from 76.7% to 4.6% between the October 1979 and May 1980 sampling periods (SCE
1980c,1981b).

Estimates of hard substrata percent cover at the kelp stations averaged 93.9%
at San Mateo Kelp, 81.6% at San Onofre Kelp, and 75.5% at Barn Kelp during 1980;
and 45.2% and 74.0% during the April-June survey at CMP Stations 22 and 23,
respectively. Estimates were consistently highest for San Mateo relp and showed
the least variability. Seasonal variation was not demonstrated at any kelp sta-
tion during the 1980 study period. There were, however, increases in hard
substrata averaging 10% at San Onofre and Barn Kelp between October 1979 (SCE
1980e) and May 1980 (SCE 1981b).

Abundant Taxa

The five most abundant enumerated and percent cover taxa and/or taxa assem-
hlages observed at the inshore cobble stations during 1980 are defined as the
abundant organisms (Tables SB-3 and 58-4). In general they are non-motile and
represent both the numerically dominant and functionally important organisms
associated with the inshore cobble habitat.

Abundant enumerated taxa at the inshore cobble stations included one alga and
14 invertebrate taxa (Table 5B-3), which accounted for 90% of all individuals
enumerated. Maximum number of individuals were recorded during July in both zones
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2Table 58-3. Density (number /m ) and rank order of abundance (value in parentheses) of
the five most abundant taxa enumerated at inshore cobble substratum sta-
tions during each 1980 survey.

Stations ". and 2t Stations 6 and 8
Abundant Taxa May Jul Oct Jan May Jul Oct

Anthooleura artemisia 0.1 0.2 0.1 0.0 0.0 0.0 0.0
Astranqia spp. 0.3 0.0 0.1 0.0 0.8(5) 0.8 1.0(5)
S elyosona productun 97.5(1 249.6 1) 147.9(1) 0.6 8.8L1 9.0 2) 0.1
Cystoseira/Halidrys 1.0(5 0.9 5) 1.0 5.7(1) 1.8 ;4 1.8 4) 1.8(3)
Diopatra ornata 3.9(3 2.2 4) 4.6(3) 2.0(5) 3.5L3 5.1 3) 8.1(2)

Molquia f9p.
-

0.5 0.1 0.2 0.0 0.4 0.1 0.3kelletia kelletii
0.0 0.0 0.0 2.2(?.5) 0.0 0.0 0.0

ruricea californica 2.f 9) 2.3(3) 3.2(4) 2.2(3.5) 8.3(2) 9.1(1) 9.0(1)
Muricea fruticosa 0.L 0.0 0.2 0.1 0.7 0.8 0.7
Fnuphid,unident. 0.2 0.4 0.0 4.0(2) 0.5 0, 2 1.5(4)
Pattria ninfata 0.3 0.2 0.0 0.0 0.0 0.? 0.0
Sabe11 aria cementattun 0.2 0.0 1.3(5) 0.1 0.0 0.0 0.0
Sche 11artd, unident. 0.2 0.0 0.1 0.6 0.1 0.2(5) 0.6
Spiochaetopterus costarun 0.2 0.5 0.5 0.6 0.4 0.9 0.7
Styela nonterevensis 4.6(2) 8.4(2) 6.4(2) 0.4 0.3 0.3 0.8

Total nunber o' individualsit 112.0 266.0 168.0 19.0 26.0 31.0 25.0f

Total indivjduals, top five taxa 6 109.0 263.0 163.0 16.0 23.0 25.0 21.0
Percent (%)96 97.3 98.9 97.0 84.2 88.5 80.6 84.0

i Stations 1and2werengtsampledduringtheJanuarysurveyduetopoorvisibilityandwinterstorms.tt Estinates based on 20 m of sampling area.
6 Total number of individuals accounted for by the five most abundant taxa.
66 Percent represented by the five nost abundant taxa.

2Table 584. Mean percent cover (%/m ) and rank order of abundance (value in parenthe-
ses) of the five most abundant taxa sampled at the inshore cobble sub-
stratum stations during each 1980 survey.

'

Stations 1 and 2i Stations 6 and 8
Abundant Taxa May Jul Oct Jan May Jul Oct

Acrosorium uncinatum 1.0 3.6(4) 2.2 0.0 0.0 0.0 0.0
Balanus spp. 1.4 0.9 2.9 1.8 2.6(5) 2.5(5) 1.9
Bryopsis corticulans 0.0 0.0 0.0 - 0.0 3.4(3) 0.0 0.1
Bryopsis hypnoides 0.0 0.0 0.3 2.5 2.4 4.7(3) 6.6(3)
Corallina/Haliptylon 0.6 0.5 0.6 11.7(1) 4.6(2) 4.8(2) 3.9(4)
Crustose cora111nes, unident. 5.6(3.5) 8.4(2) 3.2(5) 2.9(4.5) 1.0 0.6 1.6
Ectoprocts, unident. (encrusting) 8.9(1) 4.2(3) 22.0(1) 0.2 2.9(4) 2.7(4) 16.8(2)
Ectoprocts, unident. (erect) 2.8 2.9(5) 6.5(2) 5.2(2) 5.1(1) 9.3(1) 24.1(1)
Euherdnania claviformis 0.5 0.2 1.0 0.7 0.7 0.5 1.2
Lydroids,unident. 5.6(3.5) 1.8 3.9(3) 0.8 0.4 1.8 3.8(5)
teucilla nuttingi 0.4 0.8 0.6 0.6 0.7 0.5 0.9
Parvostivosa 7.4(2) 20.1(1) 3.5 5.0(3) 2.2 1.3 3.7
Pterocladia/Gelidium 0.6 0.2 0.4 2.9(4.5) 1.1 1.2 1.1
Rhodymenta spp. 4.4(5) 2.0 3.7(4) 1.2

'

O.8 1.2 0.6
Rhodophytes, unident. 0.5 1.7 0.7 2.3 1.1 0.6 0.6
White coralline crust 2.9 0.0 0.7 0.0 0.3 0.1 0.0

iiTotal biological covpr 47.0 52.0 54.0 $1.0 32.0 34.0 69.0
32.0 39.0 39.0 28.0 19.0 24.0 55.0Cover, abungnt taxa 3

Percent (1) 68.1 75.0 72.2 53.9 59.4 in., 79,7

.

t Stations 1 and 2 were nqt sampled during the January survey due to poor visibility and winter storms,
it Estimates based on 20 m' of sanpling area.

Total percent cover contributed by the five most abundant taxa.
6 Percent of the total biological cover accounted for by the five most abundant taxa.

1

%

~..



_

.

SB-24

with the greatest number of organisms consistently observed at Stations 1 and 2
(Zone OA) during 1980. Comparison of the total number of individuals of abundant
taxa recorded in each zone indicated that statistically greater numbers of indi-
viduals were observed in Zone 0A during 1980 (Mann-Whitney test, P 10.01).

The solitary tunicate Chelyosoma productum accounted for 90% of the total
number of. organisms observed in Zone UA. This organism was present in par-
ticularly high densities at Station 2 during May (98.1 individuals /m2; SCE
1981b). Sand cover at Station 2 decreased 72% between October 1979 and May 1980
(SCE 1980c,1981b) leaving a considerable amount of uninhabited hard substrata.
The presence of small individuals of Chelyosoma productum, Muricea californica,

,

and Styela montereyensis indicated that recruitment to the exposed hard substrata
occurred at Station 2 between October 1979 and May 1980. This recruitment patterns

was not observed at the cobble statione in Zone 6 (Table SB-3).

The ornate polychate, Diopatra ornata, and the sea fan, Muricea californica,
were the only taxa ranked among the five most abundant enumerated organisms
during all surveys in both zones. The distribution of Diopatra between zones was
consistent with observations during 1979 (SCE 1980e).

Percent cover taxa abundant at inshore cobble stations in Zones OA and 6
during 1980 included ten algae or algal assenblages and six invertebrates (Table
58-4). These taxa accounted for an average of 68% of the total biological cover
in both zones. No percent cover taxa were abundant in both zones during every
survey. Corallina/Haliptylon and erect ectoprocts were most abundant in Zone 6.
Encrusting ectoprocts revealed an opposite trend with higher abundances recorded
in Zone OA. Maximum biological cover was observed during October in both zones.
The total cover contributed by abundant organisms has not changed appreciably in
the last two years (SCE 1980e).

The five most abundant enumerated and percent cover taxa and/or taxa
assemblages observed at the kelp stations during 1980 are presented in Tables
5B-5 and 5B-6, respectively. These taxa are considered to represent the dominant
and functionally important organisms associated with the kelp forest habitat.

Abundant enraerated taxa included 1 alga and 19 invertebrate taxa (Table
5B-5). These taxa accounted for 76% of the total number of enumerated individuals
observed at all kelp stations during 1980. The greatest number of individuals
were consistently recorded at San Mateo Kelp (Station 9) with the exception of
Station 23 during May. The majority of individuals (85%) sampled at Station 23
was contributed by the solitary tunicate Chelyosoma productum. This species was
also the most abundant organism sampled at San Mateo Kelp, Barn Kelp, and Station
22 during all surveys, and at San Onofre Kelp (Station 10) during July and

, October. This preponderance of C. productun was also present in cobble areas
'

without kelp (Station 2) suggesting successful area-wide recruitment during
1979-1980. Recruitment of C. productum also corresponded with increased estimates

-

of hard substrata during May at San Onofre Kelp and Barn Kelp (Station 11).
Another solitary tunicate, Styela montereyensis, also occurred in high densities
at Stations 22, 23, and Barn Kelp. The presence of juvenile Styela spp. was noted
at several inshore cobble stations and kelp stations during 1980 (SCE 1981b).
Similar to previous results (SCE 1980e), the lower story kelp Pterygophora cali-
fornica was abundant only at Stations 22 and 23.

Abundant percent cover organisms observed at the offshore kelp stations
during 1980 included 9 algae and 6 invertebrate taxa (Table 58-6) which accounted
for 76% of the total biological cover. Total biological cover was greatest at San
Onofre Kelp averaging 108% during 1980. Biological cover was similar among Barn
Kelp, Station 22, and Station 23 averaging 50.5%, 59.0%, and 53.0%, respectively.
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2Table 58-5. Density (number /m ) and rank order of abundance (value in parentheses) of
the five most abundant taxa enumerated at each kelp station during each
1980 survey.

Station 9 Station 10
Ahundant Taxa 'Jan May Jul Oct May Jul Oct

Anthopleura artentsia 0.0 0.0 0.3 0.1 0.5 0.0 0.2
Anenone, unident. 0.4 0.0 0.0 0.0 0.2 0.1 0.0
Chelyosoma productun 15.5(1) 25.6(1) 119.3(1) 27.9(1) 0.3 9.4(1) 1.3(4)
Diocatra ornata 2.5 2.2 1.9(5) 2.6 1.0(4) 0.2 0.9(5)
Kelletia kelletti 1.0 1.5 0.8 0.9 0.9(5) 1.9(2) 0.4
Lytechinus spp. 2.6LS) 0.3 0.0 0.3 3.3(1) 0.5 0.3
Moiquia spp. 7.11 3) 0.0 0.0 0.0 0.0 0.0 0.0
Mitre 11a carinata 14.912) 3.1(3) -1.8 14.1(2) 0.1 0.0 0.0
Muricea californica 3.9(4) 3.0(4) 2.5(3) 5.5(3) 0.0 0.0 0.0
Onuphld, unident. 0.0 0.0 0.0 0.5 0.0 1.2(4.5) 0.8
Paqurus spp. 0.0 0.0 0.0 0.0 0.0 1.1(6) 0.0
Paqurids, unident. 0.1 0.5 1.1 4.1(5) 0.0 0.0 0.2
Paquristes spp. 0.1 0.5 0.0 1.1 0.0 0.0 0.2
Fatiria niniata 0.0 0.0 0.0 0.0 1.1(3) 1.4(3) 1.5(J)
Wra Taustor 0.2 4.2(2) 2.8(2) 3.0 0.1 0.0 0.0
5abellarid, unident. 0.0 0.2 0.2 4.6(4) 0.0 0.0' 2.0(2)
Spiochaetopterus costarum 0.4 0.5 0.1 1.9 2.2(2) 1.2(4.5) 3.9(1)
Ftronqviocentrotus franciscanus 2.2 2.3(5) 2.0(4) 2.3 0.0 0.2 0.5
5tyeia montereyensis 1.3 1.6 1.7 1.2 0.0 0.3 0.1
Zaolutus actius 0.0 0.0 0.1 0.0 0.1 0.1 0.1

Total nunher of individualsi 62.0 49.0 139.0 86.0 12.0 20.0 15.0
tiTotal individuals, top five taxa 44.0 38.0 129.0 56.0 9.0 16.0 10.0

Percent (%)9 71.0 77.6 92.8 65.1 75.0 80.0 66.7

Station 11 Station 22 Station 23

Abundant Taxa Jan May Jul Oct May May

Anthopleura artenisia 0.0 2.1(5) 0.3 0.8 0.0 0.0
Anemone, unident. 3.1(3) 0.0 4.8(2) 0.0 0.0 0.0
Chelyosoma productun 1.1(5) 1.6 0.6 0.8 21.6[1) 296.5(1)
Diopatra ornata 5.0(2) 6.0(1) 7.2(1) 5.9(1) 1.4 4.5) 5.9(4?
Kelletia kelletti 0.0 0.7 0.1 0.1 1.4 4.5) 1.4L

Lytechinus spp. 0.0 0.0 0.0 0.0 0.0 0.0
Moiquia spp. 0.6 0.0 0.0 0.0 0.0 0.0 .
Mitre 11a carinata 0.0 0.0 0.0 0.0 0.0 4.4(5)
Muricea californica 2.8(4) 2.9(4) 3.7(4) 3.4(4) 0.0 0.0
Onuphid, unident. 0.0 0.0 0.1 0.2 0.0 0.0
Paqurids. unident. 0.0 1.0 0.0 0.0 0.0 0. 0
Paquristes spp. 0.0 0.0 1.7 2.3(5) 0.0 0.0
Pattria miniata 0.0 0.0 0.0 0.0 1.2(6.5) 0.5
Pterygophora californica 0.0 0.0 0.0 0.0 3.7(2) 11.3(3)
Fyura haustor 0.3 0.4 0.6 0.5 0.0 0.0
Sabe11 arid, unident. 0.0 0.0 0.0 0.1 0.0 0.0
Spiochaetooterus costarun 0.0 1.9 1.0 1.7 0.1 1.9
Strongylocentrotus franciscanus 0.6 0.0 0.3 0.2 1.2(6.5) 0.1
styeia nontereyensis 5.1(1) 5.0(2) 4.4(3) 3.6(3) 1.5(3) 16.7(2)
Zaolutus actius 0.0 4.2(3) 2.7(5) 5.4(2) 0.0 0.0

iTotal nunber of individuals 22.0 29.0 33.0 32.0 38.0 348.0
ti 17.0 20.0 23.0 21.0 32.0 335.0Totalindivgduals.,topfivetaxa

Percent (%) 77.3 69.0 69.7 65.6 84.2 96.3

2i Estinates based on 10 m of sanpling area.
tt Total number of individuals accounted for by the five nost abundant taxa.
6 Percent represented by the five most abundant taxa.
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2Table 5B4. Mean percent cover (%/m ) and rank order of abundance (value in perenthe-
ses) of the five most abundant taxa sampled at each kelp station during
each 1980 survey.

Station 9 Station 10
Abundant Taxa Jan May Jul Oct May Jul Oct

Astrangia spp. 1.9 1.2 2.4 2.3 1.9(5) 2.2(6) 4.1(5)
Balanus spp. 0.0 0.7 1.4 1.4 1.2 2.6(4.5)' 0.7
Bossiella spp. 0.2 0.2 0.2 0.0 0.0 0.0 O.0
Corallina/Haliptylon 1.8 2.0 3.5(5.5) 3.3 1.0 0.0 0.1
Crustose cora111nes, unident. 14.3(2) 9.7[2) 8.7(2) 8.1(5) 54.5(1) 52.5(1) 63.0(1)
Ectoproct, unident. (encrusting) 3.7 12.3';3)9.2i 3.3 14.3(2) 1.0 17.0(3) 4.4(4)

1) 40.5(1) 22.0(1) 0.0 0.0 0.1Ectoproct, unident. (erect) 15.0(1)
$811denbrandia prototypus 1.1 0.9 0.6 0.0 9.3(3) 2.6(4.5) 6.5(3)
Hydroids. unident. 9.9(3) 0.7 1.4 8.9(4) 11.2(2) 1.1 2.0
Macrocystis spp. (holdfast) 0.0 1.0 3.5(5.5) 1.5 0.0 0.0 0.0
Parvostivosa 7.2(5) 3.1 0.5 12.6(3) 8.8(4) 40.5(2) 19.0(2)
Poriferans, unident. 1.9 1.2 1.5 1.3 1.6 0.3 1.5
Prionitis spp. 0.0 0.0 0.0 0.0 0.0 0.3 0.0
Pterocladia/Ge11diun 7.6(4) 7.7(4) 7.3(3) 6.7 0.0 0.0 0.0
Rhodyrielia spp. 6.5 7.6(5) 6.5(4) 7. 5 0.5 0.4 0.6

Total hiological cow 85.0 67.0 89.0 107.0 94.0 124.0 106.0
Cover, abundant taxa 54.0 47.0 70.0 66.0 86.0 117.0 97.0
Percent (%)9 63.5 70.1 78.7 61.7 91.5 94.4 91.5

/ Station 11 5tation 22 Station 23
Ahundant Taxa Jan May Jul Oct May May

Astrangia spp. 0.8 0.7 0.8 0.7 0.0 0.0
Balanus spp. 0.0 0.4 0.4 0.2 0.0 0.0
Boss |elia spp. 1.5 2.7(3) 1.3 0.2 0.0 0.0
CorallinA/Paliptylon 1.6 0.9 2.2(4) 2.5 4.0(4) 0.7
Crustose cora11tnes, unident. 0.1 0.6 0.6 1.3 12.5(2) 5.4
Ectoproct,unident.(encrusting) 0.0 1.1 3.1(3) 13.8(2) 1.1 6.1(5)
Ectoproct, unident. (erect) 2.4(4) 6.0(2) 13.6(2) 18.4(1) 0.1 6.3(3)
Hildenbrandia prototypus 0.1 0.3 0.0 0.2 0.0 0.0
Hydroids, unident, 6.3(2) 1.0 0.8 3.2 0.9 6.2(4)
Macrorvstis spp. 0.0 0.3 0.2 0.0 0.0 0.0
PaTTosirvos'a 0.7 1.5(5.5) 0.1 13.2(3) 14.7(1) 0.7
Poriferans, unident. 2.6(3) 0.9 2.0(5) 1.1 0.0 0.0
Prionitis spp. 2.2(5) 2.3(4) 1.6 3.5(5) 0.0 0.0
Pternciadia/Celidium 1.4 1.5(5.5) 0.7 1.6 3.4(5) 7.1(2)
Rhodyrienta spp. 11.1(1) 13.3(1) 14.2(1) 11.2(4) 9.8(3) 12.9(1)

iTot.1biologicalcovIr 40.0 39.0 46.0 77.0 59.0 53.0
tCover, abunpant taxa ?5.0 27.0 35.0 60.0 44.0 38,0

Percent (1)3 02.5 69.2 76.1 77.9 74.6 71.7

2t Estimates based on 10 n of sampling area.
it Total percent cover contributed by the five nost abundant taxa.
6 Percent of the tctal biological cover accounted for by the five most abundant taxa.
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No one abundant percent cover organism occurred at every station during all
surveys. Unidentified crustose coralline algae were considered abundant at all
stations except Station 23 and Barn Kelp. The highest mean cover of unidentified
crustose coralline algae (in excess of 50%) occurred at Station 10 in San Onofre
Kelp during each survey.

Unidentified erect ectoprocts were abundant at Barn Kelp and San Mateo Kelp.
At San Onofre Kelp this taxa was observed only during October (Table SB-6). The
red alga Rhodymenia spp., the most abundant percent cover organism identified at
Barn Kelp and Station 23, averaged 12.5% and 12.9%, respectively (Table SB-6).
This abundance pa tern was similar to that observed in 1979 (SCE 1980e).

OFFSH0RE COBBLE STATIONS

As described in the Methods, abundance is estimated in two ways at the off-
shore cobble stations. Because of the close agreement between the two sampling
techniques demonstrated for all previous PMP data (SCE 1980e) and the fact that
all offshore cobble stations were sampled only during May, analysis of the
0.125-m2 data set is not included in this report. These data have been presented
previously (SCE 1981a,b) and are still a component of the preoperational benthic
baseline data set.

Wide Area Substrata Reconnaissance

A definite distinction existed between groups of station-pairs with regard to
substrata composition. Station-pairs 12-13, 14-15, 16-17, and 18-19 were
surrounded principally by cobbles and boulders. Although the relative amount of
cobble and boulder at each station-pair was variable, the total amount of hard
substrata was relatively stable at these sites during 1980. The distribution of
small (< 1 m dia.) patches of sand surrounding Station-pairs 12-13, 14-15, and
18-19, was similar and relatively homogeneous. In contrast, there were two
distinct, relatively stable, and comparatively large (15-20 m wide) sand lenses
located offshore (210*M) and upcoast (300*M) of Station-pair 16-17. As noted pre-
viously (SCE 1980e), Station-pair 20-21 was initially located on a comparatively
small rock outcropping on an extensive plain of sand. Between October 1978 and
January 1980, mean percent hard substrata near this station-pair was 15.2%. After
the winter 1980 storms, it decreased to 5.3% at Station-pair 20-21 (SCE 1981b).

Total Number of Taxa, Percent Hard Substrata, and Percent Biological Cover

Observations on the total number of taxa, percent hard substrata, and percent
biological cover recorded at each offshore cobble station during January and May
1980 are summarized in Table 58-7. Comparison of data collected at Station-pair
12-13 during 1980 reveals that fewer numbers of taxa and reduced biological cover
were observed during the May survey (Table 58-7). These differences appear to be
associated with the early 1980 storm activity.

Comparison of data collected during October 1979 (SCE 1979d) and May 1980
(SCE 1981b) reveals that biological cover decreased an average of 31.7% at all
offshore cobble stations. The minimum mean reduction in biological cover was 7%
at Station 13 and Station-pair 18-19. Maximum reduction in biological cover
averaged 66.5% for Station-pair 20-21. The reduction in biological cover between
October 1979 and May 1980 at Station-pair 20-21 is a direct result of significant
sand accretion which was apparently the result of winter storms. During this
period, percent sand cover at Station 20 increased from 38% during October 1979
to 96% in May 1980 (Table 5B-7; SCE 1980e). Percent sand cover at Station 21
increased from 34.7% to 59.3% during the same period. Associated with sand accre-
tion at Station-pair 20-21 was a considerable amount of terrestrial debris (small
tree branches, terrestrial seeds) observed by divers sampling these stations.

_ _ _ _
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Table 58 7. Total numtwr of taxa (T), total percent hard substrata (S), and total percent
biological cover (B) sampled at each offshore 6.0 m2 cobble station during
the January and May 1990 surveys.

STATION
12 13 14 15 16 17 18 19 20 21

Jan T 19 27 i i i i i i i i

S 94.0 94.3 t t t t t t t t

B 131.3 164.3 t t t t t t t t

May T 16 21 26 26 23 19 19 25 10 18
S 95.0 96.7 84.0 91.0 65.7 60.3 91.7 94.3 4.0 40.7
B 119.0 154.7 132.0 139.0 93.7 155.0 132.7 110.3 14.3 48.7

i Stations not sampled due to adverse weather conditions.

Community Composition and Three Dimensional Organism Layering

Primary producer and sessile invertebrate populations, similar to previous
results (SCE 1980e), exhibited distinct similarities and differences among the
offshore cobble stations. During 1980, sessile invertebrate populations were
dominant at Station-pairs 12-13 and 20-21 accounting for means of 71% and 88% of
the total biological cover, respectively (Tables 58-7 and 58-8). The reverse
relationship is apparent at Station-pairs 14-15,16-17, and 18-19 where primary
producers accounted for a mean of 78% of the total biological cover during 1980
(Tables 58-7 and 58-8).

2Table 584. Biological cover (%/6 m ) of primary producers (PP) and sessile inverte-
brates (SI) observed at offshore cobbie stations during the January and May
1980 surveys.

STATION
12 13 14 15 16 17 18 19 20 21

Jan PP 30 31 t t t t t t t t

SI 96 119 t t t t t t t t

May PP 34 32 90 92 78 128 113 91 1 5
SI 82 112 33 45 15 24 19 17 13 41

i Stations not sampled due to adverse weather conditions.

Three distinct levels of biological cover ranging from organisms attached to
the substratum to those which form a canopy over the substratum were recorded
using the point contact sampling technique. Percent biological cover estimates
recorded for Organism Level 1 (0L1), Organism Level 2 (0L2), and Organism Level 3
(0L3) at each offshore cobble station during the study period appear in Table
SB-9.

--- _ _ - . _ - _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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2Table 58-9. Biological cover (%/6 m ) recorded at Organism Levels 1 (OL1),2 (OL2),
and 3 (OL3) during each 1980 survey.

STATION
12 13 14 15 16 17 18 19 20 21

Jan OL3 5 9 t t t t t t t t

OL2 35 60 t t t t t t t t

OL1 93 97 t t t t t t t t

May OL3 2 6 3 7 2 12 4 1 1 1

OL2 26 52 39 41 22 54 39 23 2 8
OL1 92 97 90 91 70 90 89 86 12 41

i Stations not sampled due to adverse weather conditions.

Organism Level 1, the basement story, always included the major portion of
the total biological cover reported for each station. Comparatively high levels
of organism cover were recorded with all stations averaging nearly 90% except at
Station-pair 20-21 where mean percent cover was 27%. The second organism level,
OL2, exhibited considerable variability with highest mean cover at Stations 13
and 17, and lowest at Stations 20 and 21 (Table 5B-9). The lowest proportion of
biological cover always occurred in the overstory, OL3, ranging from 12% at
Station 17 to 1% at Stations 19, 20, and 21 (Table 5B-9). Comparison of data
collected during October 1979 (SCE 1980e) with data collected in May 1980 reveals
that a general reduction in organism cover occurred at all levels at all stations
between these sampling periods.

Descriptive Taxa

For the purpose of this presentation, descriptive organisms are defined as
the numerically abundant organisms (i.e., the five most abundant orgnisms per
survey) as well as those organisms which, by means of their abundance patterns or
functional adaptations, may be indicative of the local habitat t' pes (e.g.,
stable cobble, sand scour areas). Descriptive organisms, in addition to eluci-
dating temporal and spatial patterns of variation, may provide insight to local-
ized environmental influences.

The percent biological cover estimates for descriptive organims sampled at
Station-paia 12-13 during the 1980 sampling period appear in Table 5B-10. Sessile
invertebrates, principally unidentified hydroids and ectoprocts, accounted for
the majority of the biological cover recorded at these stations. Dominant algal
components included the foliose red alga Rhodymenia spp. and unidentiffed
crustose corallines. Unidentified hydroids were recorded in lower abundances
curing the May survey at both stations.

The biological cover of descriptive organisms sampled at Station-pair 14-15
is presented in Table 5B-11. Parvosilvosa, Pterygophora californica, and uniden-
tified crustose corallines were the dominant organisms accounting for the
majority of the biological cover at both stations. Comparison of biological cover
between October 1979 (SCE 1980e) and May 1980 revealed that all organisms, with
the exception of unidentified ectoprocts, exhibited lower abundances during 1980.



58-30

2Table 5810. Biological cover (%/6 m ) and rank order of abundance (value in parenthe-
ses) of the descriptive taxa sempied at offshore cobble Station-pair 12/13
during the January and May 1980 surveys.

Station 12 Station 13
Descriptive Taxa Jan May Jan May

Crustose corallines, unident. 8 (6) 9 (6) 9 (6) 8 (6)Rhodynenia spp. 15 (5) 12 (5) 14 (5) 14 (5)
Parvosilvosa 1 (7) 6 (7) 2(7) 4 (7)Macrocystis spp. 0 (8) 0 (8) 0 (8) 1 (8)
Hydroids, unident. 31 (1) 16 (3) 23 (3) 15 (4)Muricea californica 16 (4) 14 (4) 35 (1) 37(1)Ectoprocts,unident.(encrusting) 27(2) 32 (1) 16 4 23(3)Ectoprocts, unident. (erect) 19 (3) 18 (2) 33 2 29 (2)

Total biological cover (%) 131.3 119.0 164.3 154.7
Cover, descriptive taxa (%)t 117.0 107.0 132.0 131.0
Percent (%)ti . 89.1 89.9 80.3 84.6

i Total percent cover contributed by the descrip ive taxa.
tt Percent of the total biological cover accounted for by the descriptive taxa.

2Table 5811. Biological cover (%/6 m ) and rank order of abundance (value in perenthe-
ses) of the descriptive taxa sempled at offshore cobble Station-pair 14/15
during the May 1980 survey.

Descriptive Taxa Station 14 Station 15

Crustose cora111nes, unident. 17 (3)
20 (3) )Crytonenia/Halymenia/Schizynenia 1 (7) 0 (8.5

Rhodynenia spp. 6 (4.5) 7 4.5)
Parvosilvosa 30 (2) 33 1)
Desmarestia spp. 0 (9) 0 8.5)
Laminaria spp. 0 (9) 0 (8.5)
Macrocystis spp. 0 (9) 0(8.5)
Pterygophora california 32 (1) 26 (2)
Ectoprocts, unident. (encrusting) 6 (4.5) 7 (4.5)
Ectoprocts, unident. (erect) 4 (6) 1 (6)

Total biological cover (%) 132.0 139.0
Cover, descriptive taxa (%)i 96.0 94.0
Percent (%)tt 72.0 67.6

i Total percent cover contributed by the descriptive taxa.
tt Percent of the total biological cover accounted for by the descriptive taxa.
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Abundance estimates of descriptive organisms sampled at Station-pair 16-17
appear in Table 58-12. Similar to the data collected at Station-pair 14-15, algae
accounted for the majority of the biological cover during 1980 and showed
decreases in abundance when compared to data collected during October 1979 (SCE
1980e). Unidentified hydroids and ectoprocts exhibited slightly higher percent
cover increases between October 1979 and May 1980. Pterygophora californica con-
tinued to be the dominant organism sampled at Station 17 as noted during all pre-
vious surveys (SCE 1980e).

2Table 5B 12. Biological cover (%/6 m ) and rank order of abundance (value in parenthe-
ses) of the descriptive taxa sampled at offshore cobble Station-pair 16/17

; during the May 1980 survey.

Descriptive Taxa Station 16 Station 17

Crustose cora111nes, unident. 22 (1.5) 24 (2)Hildenbrandia prototypus 3 (6) 3 (7)
Pterocladia/Gelidiun 2 (7) 6 (5)4

Rhodynenia spp. 10 (4) 7 (3.5)
Parvosilvosa 22 (1.5) 7 (3.5)
Pteryqophora california 13 (3) 78 (1)
Hydroids, unident. 4 (5) 3 (7)
Ectoprocts, unident. (encrasting) 1 (8.5) 3 (7)
Ectoprocts, unident. (erect) 1 (8.5) 1 (9)

Total biological cover (%) 93.7 155.0
Cover, descriptive taxa (%)i 78.0 132.0
Percent (%)tt 83.2 85.2

t Total percent cover contributed by the descriptive taxa.
tt Percent of the total biological cover accounted for by the descriptive taxa.

Descriptive organisms exhibited remarkably similar mean percent cover esti-
mates between Stations 18 and 19 during 1979 (SCE 1980e) and 1980 (Table 5B-13).
Algae continued to constitute the majority of the biological cover in 1980,
although reductions of Parvosilvosa estimates between October 1979 (SCE 1980e)
and May 1980 averaged 58%. In contrast, abundance estimates of Rhodymenia were
greater in May 1980 than in any previous survey (SCE 1980e). Similar to data
collected at Station-pairs 14-15 and 16-17, unidentified hydroids and ectoprocts
exhibited slightly higher percent cover estimates during the 1980 survey than
during the last survey in 1979.,

Abundance estimates of the descriptive organisms sampled at Station-pair
20-21 during May are presented in Table 58-14. The siqnificant effect of sand
burial on biological cover at these stations has been noted previously. Sessile
invertebrates continued to account for the majority of the biological cover
sampled at this station-pair.

Designated Solitary Organisms

Density estinates of the designated solitary organisms enumerated c: each
offshore cobble benthic station are presented in SCE 1981b. Density estimaces of
nost organisms generally remained similar or decreased slightly with respect to
the October 1979 survey with two notable exceptions. Density estimates of the

. _ -
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2Table 5B 13. Biological cover (%/6 m ) and rank order of abundance (value in parenthe-
ses) of the descriptive taxa sampled at offshore cobble Station $ air 18/19
during the May 1980 survey.

Descriptive Taxa Station 18 Station 19

Crustose corallines, unident. 38 (2)
40(8))

1

Coeloseira/Champia 1 (8) 1(
Rhodynenia spp. 14 (3) 6 (3)
Parvosilvosa 41 (1) 38 (2)
Astranqia spp. 4 (5.5) 4 (5)
Hydroids, unident. 5 (4)

5 (4) )3 (6.5Muricea californica 3 (7)
Ectoprocts, unident. (encrusting) 4 (5.5) 3 (6.5)
Ectoprocts, unident. (erect) 0 (9) 0 (9)

Total biological cover (%) 132.7 110.3
Cover, descriptive taxa (%)t 110.0 100.0
Percent (%)tt 82.8 90.6

i Total percent cover contributed by the descriptive taxa.
tt Percent of the total biological cover accounted for by the descriptive taxa.

white urchin, Lytechinus spp., were substantially higher in the San Onofre Kelp
forest at Station-pairs 16-17 and 18-19 in comparison to the October 1979
sampling period. Densities of Diopatra ornata airo increased considerably at all
stations except at Station 20 where only fourteen individuals were recorded. This
represents a decrease in nine individuals at Station 20 from the previaus 1979
October survey (SCE 1910e).

2Table 58-14. Biological cover (%/6 m ) and rank o der of abundance (value in parenthe-
ses) of the desaiptive taxa sampled at offshore cobble Station-pair 20/21
during the May 1980 survey.

Descriptive Taxa Station 20 Station 21

Crustose corallines, unident. 0 (7.5)
2 (5) )Rhodynenia spp. 0 (7.5) 1 (7.5

Parvosilvosa 1 (4.5) 1 (7.5)
Hydroids, unident. 1 (4.5) 9 (2.5)
Muricea californica 4 (1) 15 (1)
Balanus spp. 1 (4.5) 1 (7.5)
Ectoprocts, unident. (encrusting) 2 (2) 9 (2.5)
Ectoprocts, unident. (erect) 1 (4.5) 6 (4)

Total biological cover (%) 14.3 48.7
Cover, descriptive taxa (%)i 10.0 44.0
Percent (%)ti 69.9 90.3

i Total percent cover contributed by the descriptive taxa.
it Percent of the total biological cover accounted for by the descriptive taxa.
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SAN ON0FRE KELP FOREST

_f,ubstrata and Select Organisms

The mean percent substrata (%/10 m2) and organism density estimates (no./10
m2) sampled at each station are presented in Table 5B-15. Similar high estimates
of sand were recorded at Stations 16-17 and Station 22. Highest mean estimates of
hard substrata were recorded at Stations,14-15. Mean cover estimates averaging
21.4% and 78.8% of sand and hard substrata, respectively, were recorded at the
remaining stations (Stations 10,18-19,23).

Pterygophora californica, Strongylocentrotus spp., and adult (height > 2 m)
Macrocystis pyri fera plants were the most numerous organisms sampled.
Strongylocentrotus was sampled at all stations. Densities were comparatively high
surrounding PMP Station 18-19 (mean of 13.6 individuals /10 m2). Highest mean den-
sity estimates of Pteryc;nohora were recorded at Stations 14-15' and Station 23
where greatest densities of unidentified laminoids were also sampled. Macrocystis
plants > 2 m tall were observed at all stations except Stations 10 and 16,17.
Highest densities were sampled in the area surrounding Stations 14,15, and 23.
Low densities of Macrocystis plants were sampled at Stations 18-19 and Station
22. All Macrocystis plants within the general sampling area of each station
appeared to be in good condition showing no signs of discoloration or senescence
(fouled and/or tattered blades).

Table 58-15. Mean and standard error (SE) of substrata percent cover estimates (%/10
2 2m ) and density estimates of select organisms (no./10 m ) at the San

Onofre Kelp forest monitoring stations during December 1980. A total of
2 2twelve randomly located 105m circles (120 m ) were sampled within 33 m

of each station.

Station
10 14-15 16-17 18-19 12 23

Parameter Mean/SE Mean/SE Mean/SE Mean/SE Mean/SE Mean/SE

Suhstrata

Cobble (%) 41.8/7.0 63.3/3.9 9.3/3.1 55.1/5.8 9.9/23 60.5/7.1
8oulder (1) 36.3/6.0 25.8/3.9 24.1/6.0 29.1/5.1 19.3/3.9 13.8/2.3
Sand (%) 21.9/6.9 11.0/1.0 66.7/8.4 16.7/2.2 70.8/5.6 25.8/6.4

Organism

Laminaria spp. - - 0.1/0.1 - - 0.3/0.2
Pterygophora californica - 28.5/4.6 6.0/2.2 3.5/2.4 13.3/4.3 44.3/5.7
Strongylocentrotus spp. 1.3/1.0 4.3/1.7 0.9/0.1 13.6/2.8 1.8/0.8 0.1/0,1
Macrocystis (15-40cm) - - - - - -

Macrocystis (40cm-2m) 0.1/0,1 - - - -

Macrocystis (> 2n) - 1.0/0.3 - 0.2/0,2 0.1/0.1 0.9/0.4
6.6i 27.0i 20.0i 19.8i

Laminoid. unident. 0.1/0,1 18.8/13.2 - 0.4/0.4 - 3.3/1.4

i Mean number of stipes per individual plant.
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CHAPTER 6

'

FISH

INTRODUCTION

Temporal and spatial variability in the adult fish populations offshore San
Onofre are a function of seasonal reproductive and movement patterns mediated by
oceanic disturbances in the form of storms or localized upwelling. In addition to
the natural mortality occurring within the populations offshore, the operation of
San Onofre Unit I cooling water system represents an additional source of mor-
tality to larval, juvenile, and adult fish. The dynamics of offshore populations
and the effects o/ plant operdtions on these populations are presented in the
fc? lowing separate but interrelated chapters. Analysis of fisheries statistics
compiled by California Department of Fish and Game for fish blocks off San Onofre

,

J in 1979 was not performed as 1979 data was unavailable at the time this report
was written.

.
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CHAPTER 6A

ADULT FISH FIELD STUDY

INTRODUCTION

The adult fish studies rep 3rted in this chapter were conducted during 1980
primarily to continue preoperational data collection. This study was designed to
provide a caseline to determine the possible effects of San Onofre Uaits 2 and 3
on the species composition, distribution, and abundance of fish inhabiting the
re:eiving waters offshore of the generating station. Secondary objectives
included the continuation of the Unit 1 operational effects study. The studies
conducted in 1980 met all regulatory objectives and requirements of the Environ-
mental Technical Specifications (ETS), Preoperational Monitoring Program (PMP),
and National Pollution Discharge Elimination System (NPDES).

The purpose of this chapter is to 1) present a summary of the data collected
during 1980 partinent to the baseline evaluation for the PMP and the Unit 1 ETS
and NPDES requirements; 2) analyze this data to meet the objectives of the PMP,
ETS, and NPDES requirements; 3) describe the species composition, distribution,
and abundance of fish inhibiting the receiving waters offshore of the generating
station; and 4) develop a perspective of the fish communities and populations
offshore of San Onofre relative to those found in other areas of the Southern
California Bight.

The Southern California Edison Company (SCE) 1980 biological and physical
data analyzed in this report have been presented in Volumes I and II of the IW,
Annual Operating Report, San Onofre Nuclear Generating Station (SCE 1981a,b).
Volume I, which includes a brief summary of data required by regulatory agencies,
was submitted to those agencies on 31 March 1981 (SCE 1981a). Volume 11 contains
the regulatory and supplemental raw data collected for the SCE programs to meet
the 1980 obiectives (SCE 1981b).

BACKGROUND

HISTORICAL REVIEW (1963-1979)

Fish sampling offshore San Onofre has developed from early semiquantitative
visual observations by divers to quantitative multi-gear sampling techniques
(Table 6A-1). Quantitative data on fish populations prior to San Onofre Unit 1
operation are limited. Visual obse vations by divers from 1963 to 1968 produced a
species 119 consisting primarily of demersal species for the tiarine Environ-
mental Monitoring (MEM), preoperational, and transitional monitoring studies
(Hickman 1973). Similar observations were made during the initial operation of
Unit 1, although they were often limited due to turbid water (MEM operational
study).

Short term studies using gill nets and otter trawls over a three day period
during late 1972 and early 1973 (Hickman 1973) constituted the first quantitative
assessment of the San Onofre fish populations. Gill nets of 3 inch mesh set near
the generating station produced minimal information due to the short (1-h)
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Table SA-1. Synopsis of SCE fish studies conducted offshore of San Onofre from 1983
through 1980.
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fishing periode Randomly placed 10-min otter trawls conducted in 1972 demonstra-
ated the high variability of catches from fish populations in the San Onofre area
(Hickman 1973) and provided the necessary abundance and length frequency data for
a more complete description of fish populations.

In March 1975, the ETS gill net sampling program began. This sampling program
included quarterly survey periods, use of experimental gill nets with panels of
various mesh sizes, and replicate samplinge Study sites included stations within
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the potential area of influence of San Onofre Unit 1 discharge lone OA) and a

j reference area near Don Light, approximately 7 km downcoast of the generating
station (Zone 6; Figure 6A-1). Gill net sampling during the first five surveysi

I indicated that nets set near the bottom over cobble substrata yielded substan-
I tially more fish than those set over sand or near the surface. Consequently, all

ETS gill net stations were established on primarily cobble substrata and nets }
were set near the bottom.

j Two extensive preliminary surveys conducted in March 1978 evaluated the use
i of otter trawls off San Onofre, determined the number of replicate otter trawl
4 and gill net samples needed for a given level of sampling precision, and !

' established an additional reference area upcoast. These findings and additional !

offshore (13.7-m, 45-ft) gill net stations were subsequently incorporated into!

i the Preoperational Monitoring Program (PMP) which began in April 1978. The com-
1 bined ETS/PMP/ NPDES gill net and otter trawl sampling program continued bloonthly
' at 23 stations (Figure 6A-1) with replicates at each station. During ea d suc cy

four replicate otter trawls were conducted over a two-day period at th;ee sta-
. tions located in each of three areas on the 6.1,12.2 , and 18.3-m (20 , 40 ,
| and 60-ft) isobaths. Two repliccte gill nets were set for 24 h at each of the 14
t gill net stations, 8 along the 9.1-m (30-ft) isobath and 6 along the 13.7-m |

isohath. -

An ichthyoplankton study was conducted frcn August 1977 to Aly 1979 as a '

, special activity for the PMP at stations in the vicinity of San Onofre Units 2
| and 3 discharge lines, in a reference area near San Mateo Kelp, and in the Unit 1
f intake riser. Day and night samples were collected monthly at three water-column
| 1evels (surface, midwater, and near bottom) at offshore stations and at the Unit
I 1 intake (SCE 1980b). The objectives were to 1) provide baseline data on the

distribution and abundance of larval fishes near San Onofre, and 2) estimate lar-
J

val fish entrainment at San Onofre Unit 1 to determine the relationship between
larval concentrations in the nearshore San Onofre area and the operational Unit 1

: intake. Additionally, Unit 1 monthly intake sampling for larvae was continued
from mid-1979 through mid-1980 as part of the 316(b) demonstration program. The
results from this study will be reported in late 1981 to the California Water
Quality Control Board, San Diego Region.,

1

1980 STUDIES ;
t

The combined PMP and ETS gill net sampling was continued at the same stations |
. (Figure 6A-1) on a bimonthly sampling basis during February, April, and June

1980; at this time the formal NRC two-year PMP ended. The ETS gill net portion of
this sampling program was continued on a quarterly basis for the remainder of

' 1980. This resulted in three PMP and five ETS gill net sampling periods. Otter
trawling in conjunction with gill netting was conducted bimonthly during all of

' 1980 for the formal PMP and then as a portion of SCE's continuing interim study
i when the PMP terminated in June. During the combined ETS and PMP study,

temperature-transmissivity measurements were collected during each survey day at.

! each gill net station cluster on the 9.1- and 13.7-m isobaths. Temperature-
4 transmissivity measurements were collected during the remainder of 1980 at ETS

gill net stations and at each trawling station during each survey day. Lampara,

; seine sampling off San Onofre has been conducted since 1977 (Table 6A-1) for the
Marine Review Committee (MRC). In 1980, the sampling incorporated day-night otter
trawling at 18- and 30-m (59- and 98-ft) depths at two sites complimentary to the
LES-SCE combined program otter trawls and the MRC 1ampara seining.

l
4

k
I

!

4
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Figure 6A.1. ET5 and PMP fish receiving water station locations at San Onofre Nuclear
Generating Station.
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DISCUSSION

Specific topics are addressed in this section that pertain to the establish-
nent of preoperational baseline data for Units 2 and 3, and the assessment of
operational effects of San Onofre Unit 1 on the fish resources in the vicinity of
the generating station. In the following subsections the fish community and popu-
lations are discussed in terms of spatial and temporal patterns of occurrence and
abundance observed in the study area and within the Southern California Bight.
The findings of the 1980 and earlier San Onofre studies are discussed in terms of
identifible patterns and possible explanations for the existence of these
patterns. An overview of the fishes present in the Bight and major Bight-wide
environmental changes is also presented to provide insight as to how the San
Onofre community and populations relate to those in the Bight.

The major fish assemblages that are common to San Onofre and the rest of the
Southern California Bight are, for the most part, of little sport or commercial
fishery importance. Because of their limited usefulness to man directly they have
been studied little until recently. Fish collection in the nearshore environment,
avoided in the past because of the difficulty in sampling, has only recently been
intensely studied. This has occurred primarily in areas where man may potentially
alter the environment. These studies, mainly sponsered by utilities and municipal
dischargers, range widely in methodologies. Otter trawling has been one common
element to the multi-faceted sampling schemes used in the Southern California
Bight. Trawling information has been systematically gathered at San Onofre since
1978 (SCE 1979d, 1980e). Additionally, several municipalities have employed the
Southern California Coastal Water Research Project (SCCWRP) to ascertain the sta-
tus of fish populations near sewage discharges from Los Angeles and Orange County
(Johnson and Kulik 1980). The major source of nearthore trawling information
comes from the National Pollution Discharge Elimination System (NPDES) receiving
water monitoring reports (MBC 1978,1979a,b,c,d; LCMR-IRC 1979; 1RC 1981). The
316(b) demonstration program has also generated a large body of information per-
taining to the nearshore distribution of fishes (LES 1981). Additionally, inde-
pendent research also presents useful nearshore fish community and population
information (Werner 1971; VANTUNA Trawling Program; J. Stephens, Occidental
College,pers.comm.).

SOUTHERN CALIFORNIA BIGHT OVERVIEW

Situated at a boundary between cool temperate and subtropical water masses,
the Southern California Bight harbors a rich and dynamic fish assemblage (Horn
and Allen 1978) characterized by a mixture of cool and warm-water species. There
is increasing evidence that the Bight, when examined habitat by habitat, forms a
fairly homogeneous environment for many marine species. This may be due, at least
in part, to larval entrainment by prevailing currents. Ocean currents off
southern California during late winter and spring (peak spawning periods for many
fishes) are characterized (Reid et al. 1958; Wyllie 1966) by the southerly
flowing California Current along the coast of central California and offshore of
southern California, and the development of a counter-clockwise eddy off the
coast of southern California. In April, however, the eddy is sometimes absent and
the California Current is close. to shore even in southern California
(Schwartzlose 1963). The southern California eddy originates as an easterly
flowing branch of the California Current at about the latitude of the Mexican
border. Smaller-scale eddies exist in the western part of the Santa Barbara
Channel (Reid 1965; Kolpack 1971). Schwartzlose (1963) suggested that other
small-scale eddies may exist off southern California, but these have not been
extensively documented.
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Based on an examination of these currents, Love and Larson (1978) estimated
that kelp rockfish, Sebastes atrovirens, larvae would be entrained in the
southern California eddy, their transport north around Pt. Conception blocked by
the southern flowing California Current. Johnson (1960) suggested this mechanism
also limited California spiny lobster, Panulirus interruptus, larvae dispersal.
Brinton (1976) regarded southern California populations of the pelagic Euphausia
pacifica as autonomous, due to the sluggish circulation of the southern
California eddy.

However, there is likely no such hindrances to larval dispersal within the
Bight. Though discrete circulation cells do exist within the Bight, there are no
known autonomous units (Reid et al.1958; Schwartzlose 1963). Some differences
have been noted in fish populations, particularly in the northernmost and
westernmost reaches of the Bight. Bathed by the 311fornia Current, the western-
most islands (San Miguel, Santa Rosa and to a certain extent Santa Cruz) exhibit
water temperatures more closely resembling central northern California, and_a

j. their fish faunas reflect these con'11tions (Hubbs 1967; Schwartzlose 1963;
Hendricks 1977). A number of species rare or absent from more southernly parts of
the Bight are common constituents of the islands' fauna (these include
Chirolophis nugator, mosshead warbonnet; Nautichthys oculofasciatus, sailfin
sculpin; Synchirus gilli, manacled sculpin;iebastes nebulosus, china rockfish;
S. flavidus, yellowtail rockfish; and Embioteca lateralis, striped surfperch).

Some faur31 differences also exist along the mainland. In the westernmost
section, black rockfish, Sebastes melanops, and striped surfperch are found in
some abundance from Santa Barbara north and west, but are missing in the rest of
the Bight (E. lateralis reappearing in the cold upwelled waters off Punta Banda,
Baja California). By the same token, a number of subtropical forms, such as
Hermosilla azurea, zebraperch; Anisotremus davidsonii, sargo; and Paralabrax
maculatofasciatus, spotted sand bass, although relatively abundant in the
southern Bight are uncommon north of perhaps Santa Monica Bay. Patton and Smith
(unpubl. data) divided the inshore reef fishes within the Bight into northern and
southern bightwide elements, using cluster analysis. The division of the Bight
occurred at approximately the southern end of Santa Monica Bay.

Studies on several species (Engraulis mordax, northern anchovy; Phanerodon
furcatus, white surfperch; Paralabrax clathratus, kelp bass; and Genyonemus
lineatus, white croaker) have failed to show the existence of distinct Bight
populations (Haugen et al.1969; R. Beckwitt pers. com.' although Swank (1979)
presents evidence for several populations of Clinocottus analis off southern
California. Given a fairly long-lived pelagic egg and larval phase and/cr a
migratory adult stage, it is likely that most fishes form a more or less homoge-
neous assemblage throughout much or all of the Bight. It is noteworthy that
Haldorson (1978), studying viviparous, somewhat sedentary surfperches, was unable
to show significant differences during electrophoretic analysis of fish muscle
proteins between two areas (Puget Sound, Washington and Punta Banda, Baja
California) for Damalichthys vacca and E_. lateralis).

There is growing evidence that many fish species move about extensively
within the Bight. Moreover, it appears that, at any given habitat, some fish
populations are unstable both spatially and temporally.

Among certain pelagic species (Pacific sardine, Sardinops sagax caeruitJs;
northern anchovy; Pacific hake, Merluccius productus; Pacific saury, Cololabis
saira ; and Pacific mackerel, Scomber japonicus), it is estimated that con-
siderable variation in abundances has occurred over the past 200 years. Based on
the record of scale deposition in the anaerobic sediments of the Santa Barbara

.
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Basin (Souter and Isaacs 1974), sardine, saury and mackerel undergo large popula-
tion fluctuations. Indeed, at times these species seem to have been essentially
absent from the region, only to reappear, sometimes in great strength, at a later
date. Although northern inchovy and Pacific hake populations seem more stable,
even these are subject to considerable variability.

Looking even further into the past, Souter and Isaacs (1969) found similar
trends over the p:st 2,000 years, with sardines showing great abundance changes
and anchovies and hake somewhat more constant and abundant. Interestingly, there1

are apparently long-term trends of abundance. For instance, despite the present
general dominance of anchovies, there is a 1,000 year decrease in absolute
anchovy abundances.4

Nor is this a solely historical phenomenon. Studies on reef fishes in
southern California (Stephens and Zerba 1981) indicate that fluctuating popula-
tions are more the norm than the exception. Using counts from five years of diver
tran';ects in King Harbor, Redondo Beach, Stephens and Zerba found that a number
of species varied widely in abundance from year to year. Populations of some spe-
cies (such as garibaldi, Hypsypops rubicundus; barred sand bass, Paralabrax<

nebulifer; and shiner surfperch, Cymatogaster aggregata) fluctuated in a directed
manner (increasing or decrming) over the five year span, while others (Jack
mackerel, Trachurus symmetricus; sargo; and blacksmith, Chromis punctipinnis)
exhibited large nondirectional variations in abundance. Habitat preference did
not ,eem to influence the amount of variability found in King Harbor species, as
fishes as diverse as the pelagic jack mackerel and the benthic barred sand bass
all showed population fluctuations.

Somewhat similar results were reported by Ebeling et al. (1980) from fish
populations in canopy and bottom habitats in kelp beds off Santa Barbara and
Santa Cruz Island. Based on a four year study, some variability was noted be-
tween years, particularly for midwater planktivores (such as blacksmith and
senorita, Oxyjulis californicus). Variability was less intense in fishes
occupying reef bottom. However, Larson (1977) noted that counts of black-and-
yellow rockfish, S. chr somelas, and gopher rockfish, S. carnatus, decreased
significantly frodi 1 - 976 at several stations off Tanta Cruz Island. In
addition, fish populations at King Harbor generally exhibited areater fluc-
tuations than did those at reefs further to the north.

4

Annual changes in abundance are also found in fishes inhabiting the soft
bottom, benthic communities in the Bight. Studies conducted with otter trawls in
Santa Monica Bay (Carlisle 1969), off Palos Verdes and Santa Catalina Island
(Sherwood 1980), and off Orange County (Mearns 1977) all show annual changes in
catch rates for a number of species (including speckled sanddab, Citharichthys
stigmaeus; yellowchin sculpin, Icelinus quadriseriatus; California tonguefish,
Symphurus atricauda; plainfin midshipman, Porichthys notatus; and slender sole,
Lyopsetta exilis). Moreover, the total catch of all species, was highly variable.

A principal cause of the observed variations in fish populations seems to be>

'

the relative strengths of recruitment of postlarval juveniles settling out of the
water column. A strong recruitment will influence a community population struc-
ture for years. Examining fluctuations in trawl catches in the Southern
California Bight, Sherwood (1980) noted that some demersal species (notably
Pacific sanidab, Citharichthys sordidus; speckled sanddab; stripetail rockfish,

Sebastes ,sa ticola,ic month and the size of recruitment might vary.splitnose rockfish, h diploproa) recruit every year,
; and

though the spec 1r However, a
number of specus seem to exhibit a " boom or bust" cycle, with heavy recruitment

i

-
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in one year followed by little or none in subsequent years. Calico rockfish , S. I

dallii, exhibited this phenomena in summer 1975 (Mearns et al. 1980) recruitisg
heavily off Palos Verdes, King Harbor, and Newport for the first time since the
early mid-1960's. Both the California lizardfish, Synodus lucioceps, and tongue-
fish settled out in very large numbers in 1973 and 1977. In K9a Harbor, after
1975, calico rockfish populations declined, increased again in 19D with heavy
juvenile recruitment, then declined.

Annual differences in oceanographic conditions (i.e., current patterns, tem-
perature, and food availability) likely lead to increased or decreased fish
reproductive success, and subsequent recruitment and survival of juveniles. In
particular, temperature may play a leading role in larval (and hence year class)
survival. Waters of the Southern California Bight are subject to conspicuous
annual temperature fluctuations (Reid et al.1958; Radovich 1961; Mearns 1977),
linked to the relationships between coastal upwelling and the intensity of the
California Current and nearshore counter current.<

Larval survival of some species (i.e., Pacific sardine) is known to be
inversely correlated to water temperatures during their larval cycles (Murphy
1961). It is knc~ that larval survival is usually quite low (0.17. for sardine;
Ahlstrom 1954) and that mortality is due primarily to predation. Colder tem-
peratures may prolong the larval phase (Ahlstrom 1954). Therefore, mortality may
be, at least partially, a function of the length of time an individual remains a
larva and is most susceptible to predation. Lower temperture may also adversely
affect larvae by lowering their maximum swimming speeds (Brett et al. 1958),
thereby placing them at a competitive disadvantage with more cold tolerant spe-
cies and making them more susceptible to predation. Murphy (1961) estimated that
a three degree range of temperature, approximating the difference between warm
and cold years in the California Current during the spring reproductive season,
night result in a 10-fold variation in survival for a cold intolerant species,
such as the Pacific sardine. The heavy influx of juvenile lizardfish and
tonguefish in 1973 and 1977 (Sherwood 1980) corresponds with warmer water years.
Both species are characteristic of warm temperate or subtropic communities, and
it would be expected that elevated temperatures would favor their survival.

Temperature may also affect reproductive success by lengthening or shortening
spawning periods or spawning area boundaries. This may jeopardize or enhance
spawning success by placing eggs and larvae in a greater or smaller range of
environmental conditions (Miller 1956).

Colder water may also lead to inc' ; sed larval survival for other species.
Mearns (1977) noted that increased trawl catches of a number of juvenile fish
species was correlated with periods of colder, more turbid waters. It is possible
that differences in catch rates were due to fish avoiding nets in clearer, warm;

I water periods. However, Reid et al. (1958) showed that, in the California Current
region, a decrease in temperature was accompanied by an increase in plankton
standing crop. Therefore, food availability in colder water years may be in part
responsible for a particularly successful year class in some species.

Zentara and Kamykowski (1977) and Eppley (1978) described an inverse rela-
tionship between temperature and available nutrients which may limit phytoplank-
ton production in warmer years. Bernal (1979) analyzed annual differences in'

productivity of the California Current and associated areas by comparing the
plankton volumes from Calc 0FI cruises in 1949-1969. He recognized five major
biological events, four with surges of increased productivity. The fifth (May
1957-February 1960) was a period of low productivity corresponding to clearer
(tropical) water incursion.
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There is general agreement that the strength of a year class is in part
determined by the availability of planktonic food shortly after the larval yolk
supply has been exhausted. Because it has been concluded that the mean density of
larval food organisms in the ocean is generally too low to support larval sur-
vival (Beers and Stewart 1967,1969; May 1974), food availability, both in num-
bers and kind, appears to be another crucial aspect of recruitment success or
failure. Lasker (1975) found that food requirements for larval anchovies off
southern California were quite specific and rertricted. Deviations frcm these
standards probably led to starvations. It was noted that phytoplankton had to be
present at certain minimum concentrations, within 21/2 days after the larvae
were ready to feed. Moreover, only some phytoplanktors stimulated feeding and
subsequent anchovy growth. There was also evidence that proper feeding conditions
were quite transient, as plankton aggregations were dispersed after a few days by
heavy winds. Thus food availability, influenced by water temperature, current
patterns, upwelling etc., probably plays a major role in year class strength.

Density-dependent factors (Hunter 1976) independent of food supply may also
influence larval success. Increased intraspecific competition during years of
heavy spawning, along with interspecific larval conpetitiran, and inc reased preda-
tion may all play a role.

Natural fluctuations of adult fish populations due to migration within the
Bight are also well documented. Some species spend only a part of the year withire
the Bight. Pacific hake spawn offshore of southern California during the summer
and migrate north to winter off northern California, Oregon, and Washington
(Alverson and Larkins 1969). Jack mackerel, found during fall and winter offshore
of southern California, migrate to the Gulf of Alaska during summer (Blunt 1969).
As part of their amphi-Pacific migrations, albacore, Thunnus alalunga, pass
through the Bight during summer and fall (Clemens 1961).

Seasonal movements are also frequent. White surfperch, Phanerodon furcatus,
nove inshore to give birth in late spring, returning offshore in fall. Similar
spawning nigrations are known for the shiner surfperch and the rainbow surfperch,
liypsurus caryi (A.W. Ebeling, UCSB, pers. comm.). Spotted scorpionfish, Scorpaena
guttata, seem to move in the opposite direction to reproduce, spawning offshore
during spring and summer, rpturning to inshore reefs in winter. Sculpin also make
extensive along shore movements; two individuals tagged off Redondo Beach were
recovered off the Coronado Islands.

Water temperature is a major influence of fish movements. A number of fishes
seem to follow cold upwelled waters into shallow zones. These include the black
rockfish and juvenile vermilion rockfish, S. miniatus, both of which appear in
spring off Naples Reef, Santa Barbara, and the kelp greenling, Hexagrammos-
decagrammus, and lingcod, Ophiodon elongatus, which come up Redondo Canyon into
King Harbor during upwelling periods.

A number of species occur with greater frequency within the Bight as water
temperatures rise. During warm water years, characterized by a weakening
California Current and a concomitant influx of subtropical southern water, a host
of tropical and subtropical fishes isit local waters.

In particular, the population size, off southern California, of California
yellowtail, Seriola dorsalis, and California barracuda, Sphyraena argentea, are
closely tied to water temperatures (Radovich 1961), as are those of yellowfin
tuna, Thunnus albacares, and skipjack, Euthynnus pelamis. Interestingly, albstere
populations off southern California seem to be inversely correlated with water
temperature. Warmer water seems to hold the fish offshore and in very warm years
most albacore bypass the Bight altogether (Radovich 1961).

__
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Schooling pelagic fishes move throughout the Bight. Tagging data from the
northern anchovy, Pacific mackerel, Pacific bonito, Sarda chi 11ensis, and Pacific
sardine indicate that schools move about extensively a .d more or lese continu-
ous',y, both aiong shore and on- and offshore (Frey 1971). Less is known about
schooling inshore species, such as white croaker, Genyonemus lineatus, and
queenfish, Seriphus politus, however, there is some evidence (M.S. Love,
Occidental College, unpubl. data) that white croaker make inshore-offshore
seasonal migrations.

SAN ON0FRE COMMUNITY ANALYSIS

A total of 87 species and 39,266 individuals were caught in 1930 using gill.

nets and otter t. awls (Table 6A-2). Gill nets caught 10.4% (4,102 frdividuals)of
the total catch while otter trawls caunht the remaining 89.6% (35,164 individ-
uals). Compared to 1979, gill sets caught 2,731 fewer fish in 1980 while the
otter trawl catch declined by /,757 individuals.

Table 6 A-2. Total numtur of fish s,secies (S) and individuals (1) sampled in the ETS
proyam from 1975 to 1977, and for the comt.ined ETS-PMP programs
in 1978,1979, and 1980.

Category 1975' 1976 19??i ? 1978" 1979 " 19805 ,

Shallow Sand Hahltat
6.1-m and 12.2-n Otter Trawls s - - - 60 57 59

I - - - 34,934 41.036 32.443
Deep Sand Hahltat

18.3-n Otter Trawl s - - - 38 32 36
I -

Cobble Hahitat Without Kelp
- - 7,880 1,885 2,721

9.1-m Bottom Gill Nets 5 44 44 41 61 54 48
1 2.874 3,383 3,216 4.947 5,078 3.469

9.1-n Surface Gill Nets s 15 5 - - - -

1 334 31 - - - -

Cobble Habitat With Kelp s - - - 49 52 33
13.7-n 80tton Gill Nets I - - - 2,143 1,'53 633

TOTALS s 49 46 41 106 83 87
1 3,206 3,414 3,216 49,895 49,752 39,266

No sampling conducted-

t The 1975,1976, and 1977 survey data are based upon quarterly samples of 12 qt11 nets.
tt The 197R and 1979 survey data are based upon himonthly gilt net and otter trawl sanples.
5 The 1980 survey data are based upon hinonthly gill net and otter trawl samples for February, April, and

May; quarterly q111 net surveys in August and Decenher; and bimonthly otter trawl surveys in August.
October, and December.

A cbssification (cluster analysis) of the fish community represented by gill
net catch offshore San Onofre in 1979 and 1980 indicated that the composition of
the fish community, as measured by groups of associated sampling sites or of
species, was stratified primarily on the basis of depth. In both years the con-
sistent co-occurrence of the San Onofre Unit 1 discharge station (SONGS 3 in site
classification) with shallow (9.1-m, 30-ft) stations at Don Light formed a
distinctive cluster while all deeper stations (13.7-m, 45-ft) and shallow San
Mateo Point-SONGS (1 and 2) stations tended to cluster. The factors responsible
for this consistent pattern are, perhaps, related to type and stability of
substratum. Evaluation of species groups in 1979 indicated that a group of fishes
feeding primarily from the water column distinguished the shallow Don Light and
San Onofre Unit 1 discharge stations from all others. In contrast, species
clusters distinguishing deeper stations from the shallow Don Light-Unit 1
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discharge cluster, contained fish assemblages displaying primarily bottom ,

oriented feeding habits. The temporal predictability of these groups indicates
that shallow Don Light-Unit 1 discharge stations are located over predominantly
sand substratum which is characteristically unstable (Chapter 5B; SCE 1980e) and
unlikely to support an infaunal community upon which bottom oriented fishes may
feed. Composition of species clusters at deeper stations reflects the presence of
cobble substrata, which although occasionally disturbed by storms, is suf-
ficiently stable to support a temporally predictable assemblage of primarily bot-
tom oriented fishes.

The site and species classifications based on otter trawl catches resolved
well-defined spatial groups within the demersal fish community sampled on soft
substrata. The well-defined division between the fish community sampled at 6.1 m
(20 ft) and 12.2 m (40 ft), and that sampled at 18.3 m (60 ft) results from a
habitat discontinuity reflected by a dramatic change from a group of fishes
feeding primarily from the water column at 6.1 m and 12.2 m to those feeding pri-
marily from the bottom at 18.3 m. This pattern has been observed since the incep-
tion of the otter trawl program in 1978 (SCE 1980e).

The treatment site (SONGS) did not contain unique fish groups relative to the
control areas nor did a given species group numerically dominate the treatment
site. Operation of San Onofre Unit 1, therefore, had no apparent effect on fish
community structure as evaluated by classification analysis.

The fish community oftshore San Onofre, as %mpled by a combination of gill
net and otter trawl catches over the past se'eral years, is composed of a diverse
assemblage of demersal and water column fishes displaying a wide variety of,

' feeding habits. Distributional variability in space (depth) appears related to
the type and stability of substrata. Habitats composed of unstable substrata (Don
Light and San Onofre Unit 1 discharge stations) that are subjected to erosion and
accretion cycles mediated by oceanic disturbances (storms), tend to support
ephemeral assemblages of fish relying on prey items in the water column.

Habitats composed of hard substratum (cobble), although extremely dynamic
(see Chapter SB; SCE 1980e), are sufficiently stable to support a temporally pre-
dictable assemblage of fishes which display bottom feeding habits. Presumably,
the primary prey items of these species are the invertebrate taxa associated with
cobble substratum.

SAN ON0FRE POPULATION ANALYSIS
'

The San Onofre fish community has been studied intensely for past five$

years. Based on these studies and extensive research in other areas v hin the
Southern California Bight, several generalized patterns have emerged. ihe pat-
terns relate the major fish populations and the environments they inhabit. The
fish populations under study have been categorized according to their feeding

_ roles in the San On6fre region and other temperate waters (SCE 1980e), and their
! habitats. Each population was examined in detail when it was represented in suf-

ficient abbundance in a particular habitat. Four major habitat types have been
identified during past nekton and benthic investigations offshore San Onofre.
These four habitats and the fish populations that are commonly associated therein
are presented in Table 6A-3. Several of these populations, as indicated, were
underrepresented because of gear biases in the sampling methodologies employed.

The following section describes the dynamics of several select species popu-
lations which have, historically, been the most numerous fish taxa caught
offshore and/or in-plant. Each species is discussed within the context of the
cobble and sand habitats found off of San Onofre.

I

_ _- _.
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Table SA 3. Feeding guilds of fish and representative fish species that are typical of the '

four maior habitat types he the San Onofre eres.

LEVEL A0TTOM - SAND HABITAT
Shallow Deep

FISH THAT FEED FROM THE WATER COLHM1

1 Strictly Water Colunn Freders
iFilter Feeders ingraults nordani Engraults nordan

hidwater Planktivore juvenile 5ertphus politus , juvenile Scriphus polttuti,i

ijuvenile Genyonenus innestusi Juventle Genyonenus Itneatus
Miscellaneous large Predators Mustelus spp., Mustelus spp.,

squalus acanthias, Torpedo caltfornica
Cynoscion nohtils,

Water Colunn and substrata Feeders
switch Feedtnq Carntynre adult 5ertphus politusi adult Sertphus politus'
Plant Cropping Onnivores none none

Phanerodon furcatusiMicrocarnivorous Pickers Phanerodon furcatusi

Rotton Oriented Feeders
| Denersal Microcarnivore Anchtstichus argenteun none
' Denersal Mesocarnivore scorpeena guttata none
: Rottnn Feeding Micro-Mesc4arnivore Genyonenus lineatust iGenynnenus lineatus
i

FISH THAT FEFn FROM THF R3TTDM,
MAINLY SOFT BOTTDMS

i iFish that feed above the hntton Paralichthys californicus , Cithartchthys sttonaeus ,i
Cithartchthys sttonaeus' Paralichthys rain fcrnicus

Fish that feed on and above hnttnn synodus lucinceps Otophtdtun scrippst
Fish that feed on the hotton only Menticirrhus undulatus Pieurontchthys verticalls

COBRLE HOIION HABITAT
Without kelp With Kelp

F15H THAT FEEN FROM THE WATER COLUMu

Strtetty Water Colunn Feeders
Filter Feederg Engraulis nordan Engraults nordani

iMidwater Planktivore Hyperprosopnn aroenteun , Chronis punct .15,
Atherinopsts taliforntensis U s y j u l i sTaTTT . Xfc a ,

Hyperprosopon argen[Puni
Miscellaneous large Predators ~Squalus acanthias Cynoscion nohtits,

Tphyraena aroentea

j Water Colunn and %uhstrata Feeders
-"5wTTcE teedtno carnivore Paratahran nebultfer, Paralahren clathratus,

%ertphus politus' Sertphus politus'
* Plant Croppinq 07ntwores Ctrella ntqrtcans Medialuna caltforniensis' iMicrocarnivorous Pickers Fhanerndon Turcatus Brachylsttus frenatVs,

Phanerndon Turcatus'

Rotton Oriented Feeders
Denersal Microcarnivore Haltchneres sentctnctus, Danalichthys vacca,

Fnhtotoca .tacksont Enhiotoca jacksoni,
Rhacochilus tomotes

Denersal Mesocarntwore Pinelonetopon pulchrun, Pinelonetopon pulchrun,
Schastes spp. Scorpaentchthys narnoratus

tRotton Feeding Micro-Mesocarnitore rcnyonenus Itneatus , Chetlotrena saturnun,
Roncador stearnstt, r.enyonenus Itneatus'

Menttetrrhus undulatus,
ChetIntrena saturnun

FISH THAT FEED FROM THE BOTTON,
MAINLY SOFT BOTinMS None None

,

i Captured in sufflctent abundance to warrant detailed population analyses,

4

L

. ____.____m . . - - _ - . _ m-_ . _ _ . _ _ _ _ _ _ _ _ _ _ _ __
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p us politus (Queenfish)
Off San Onofre the queenfish, Seriphus politus, appears to be a habitat-

generalist as it is commonly found over sandy and cobble substrata. Its distribu-
tion and abundance are largely governed by a combination of diel feeding
behavioral patterns and reproductive activity which are influenced to some extent
by events such as storns or upwelling.

This species has two foraging roles during its lifecycle. As juveniles,
queenfish feed on zooplankton and as adults they prey on a variety r vertebrate
and invertebrate species (Hobson and Chess 1976). Juveniles are generally pre-
sent throughout the year in the shallow sand habitat, coincident with their
occurrence as larvae in the plankton from February to December (SCE 1980e). Peak
abundances of juveniles have been found to follow the time of maximun larval con-
centration in July and August (SCE 1980e), although in 1980, juvenile queenfish
appeared somewhat later relative to previous years.

Queenfish diel distribution, in the nearshore environment, results from their
feeding habits. Hobson and Chess (1976) observed that at dusk S. politus adults
disperse from inshore, daytime resting schools to offshore areas near kelp beds
to feed during the night, mainly on mysids that rise from the bottom. At dawn,
the adults return to the inshore sandy areas, as the mysids migrate to the bottom
or kelp beds for daytime shelter. Juvenile queenfish apparently do not make the
nighttime offshore migration, but remain in the sandy shallows to feed at night.
As a queenfish grows its feeding habits change from a diet of copepods to one of
mysids and other plankters that appear in the water-column after dark (Hobson and
Chess 1976). An additional food source are anchovies which have often been found
in the guts of queenfish caught offshore of San Onofre.

Movements of S. politus out of the nearshore sand bottom habitat occur during
winter (December-Tebruary of 1978, 1979, 1980) and spring (April 1978, 1979,
1980). Adults apparently move offshore (> 30 m, 98.4 ft) in early winter, while
juveniles continue to inhabit the nearshore zone (DeMartini 1981). Low winter
abundance of queenfish coincides with the breakdown of water-column stability,
represented throughout much of the summer and fall by a thermoclir.e. Changes in
water column stability have been found to influence the distrihation and activ-

ities of many organisms (Sverdrup et al. 1942). The offshore movement of mysids,
one of the main prey items for queenfish, coincides with the breakdown of the
summer thermocline (DeMartini 1981). Perhaps, the movement of one of its primary
food sources induces queenfish to move offshore as well.

The offshore (deep) sand habitat off San Onofre has been infrequently uti-
lized by either S. politus juveniles or adults (SCE 1980e). This area seems to be
inhabited only d7 ring times of transition when adult queenfish move to (October)
and from (February and April) their deeper (> 30 m) overwintering habitat
(DeMartini 1981).

Like the sand habitat, queenfish also occur frequently over cobble substrata
in the absence of kelp. Queenfish abundance within this habitat during 1980 was
lower than previous years, but consistent with an overall three-year trend.

Queenfish return to the nearshore sand environment in late winter, apparently
influenced by the occurrence of spring upuelling. Inshore movement patterns may
also result from (1) avoidance of the cold oxygen depleted upwelled water
(Laevastu and Hela 1970), (2) avoidance of upwelled water combined with abunoant
food and cover nearshore, or (3) presence of abundant food and cover nearshore.

_ - - - .
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Queenfish apparently avoid the cold upwelled water in the shallow areas in
April, by moving above it where temperatures are relatively warmer. This was evi-
dent when shallow zone trawl data and lampara net data (DeMartini 1981) from a
similar time period and in similar San Onofre areas were compared. The results
show that queenfish are present in April, but only above the bottom. A similar
phe ,or enon was observed in June, however, bottom temperatures were not as cold as
i' Ap.11 and a few queenfish were caught near the bottom by trawls. Later in the
fear, as the thermocline stabilized, queenfish were abundant . ear the bottom.

In February, as queenfish commenced their onshore migration they appeared to
congregate around the Unit 1 discharge structure. Queenfish may be attracted to
this area because of the discharge reef itself or increased food from entrained
zooplankton (Clutter 1978).

The period of severe upwelling, recorded during the entire month of April,
may have temporarily inhibited ovarian maturation in 1980. Based on gonosomatic
index values (GSI), female queenfish in all habitats reached a reproductive peak
in August, while in 1979 this peak occurred in June. In 1979 upwelling was
recorded in short period bursts, each lasting about a week in April through June
(SCE 1980a). These longer periods of cold temperatures in 1980 may have slowed
metabolism and reproductive maturation. Seriphus politus has a fairly well-
defined spawning season. Since spawning peridoicity in many species is correlated
largely with temperature, changes in that periodicity may result from rising or
falling temperature. It is particularly important that spawning period and proper
season (temperature) he synchronized as tolerance limits for temperature are
generally narrowest for reproductive processes and survival of eggs and young
(Brett 1970).

Queenfish caught in all offshore areas and inshore at Don Light had signifi-
cantly larger mean gonad weights than those fish caught in other cobble habitat
locations. This is consistent with the offshore spawning behavior found in this
species (Skogsberg 1939; Watson, Barnett, and Sertic 1979).

Seasonal onshore movement of queenfish in late winter is also part of their
reproductive behavior. Based on ichthyoplankton collections at San Onofre, sur-
face orienting yolk-sac and first feeding larvae were captured Offshore in March,
but not inshore until April (SCE 1980e). Spawnin! in queenfish is not restricted
to offshore areas, as indicated by GSI alues from 1979-1980 which show that
females captured in the nearshore zone were not reproductively different from
females in the deep zone. Based on these results, it is suggested that older
individuals probably mature sooner and have spawned at least once before they
reach the inshore sand habitat (_< 12 m, 40 ft).

_

The queenfish population, observed in the deep sand habitat (18.3 m, 60 ft),
was composed of older individuals than at the shallower depths. The rare
appearance of young-of-the-year, account, for the spatial disparity in length
frequency. Relatively fewer females were present in the deep habitat and appear
to congregate at shallower depths. In addition, females caught inshore (6.1 and
12.2 m, 20 and 40 ft) had heavier gonads. Females that are older and larger,
however, probably mature sooner than those inshore and may have already spawned
prior to capture. Large females and males, based on the catch comparison of older
individuals in trawls and gill nets, can apparently avc,id capture by trawls to a
great extent. Gear avoidance in both the deep and shallow sand habitats may
artificially, although systematically, ' a s the interpretation of adult queenfish
movement associated with reproductive activity.

- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ . _
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The size distribution of queenfish collected by gill nets was restricted to
adults (> 120 mm, 4.7 in. SL) because of mesh size. The size distributions
obtained in 1980 were similar to previous years. With five years of gill net data
available, it appears that age 3+ (150-160 mm, 5.9-6.3 in. SL) individuals have
been under-represented each year. Apparcatly queenfish from 150 to 160 mm SL (age
3+; LES 1981) are captured by mesh sites used in this study but with reduced
efficiency compared to other sizes. Therefore, this gear artificially depresses
the catch of age 3+ S. politus. A bimodal distribution with 1+ and 2+ year olds
(125-139 mm, 4.9-5.5'in. and 140-149 mm, 5.5-5.9 in. SL) representing one mode
and 4+ year olds (160-240 mm, 6.3-9.4 in. SL) another, may have been due to the
absence of panels between 4.4-and 6.3-cm (1.8 and 2.5 in.) bar mesh in the gill
nets.

Differences in distribution of larger adults, observed between kelp and non-
kelp cobble habitats may be linked with reproductive activity. In both cobble
habitats large adults were under-represented in February compared to the rest of
the year. Following February, these older individuals were under-represented in
the cobble with kelp areas through June. The pattern of reduced abundance during
the mid- to latter part of the year may result from breeding migration combined
with a behavioral change in feeding habits. Breeding, as discussed for the
shallow sand habitat, occurs first in older individuals in offshore waters
(Watson, Barnett, and Sertic 1979; DeMartini 1981). Older individuals probably
mature earlier and remain offshore to spawn, thus their low catches over shallow
cobble (< 14 m, 45 ft) in February. Later in the year (April-June), the older
adults move inshore, and are still reproductively active in breeding condition.
These fish may have depressed appetites (Love 1970; Smigielski 1975), in which
case they probably would not move offshore to the kelp at night to feed.

Inhibited feeding may also affect the sex ratios of catches, as females may
be more physiologically affected during the spawning season. Since GSI values do
not vary with animal size, younger, slowly maturing females would have similar
ratios of gonad weight to body weight as older individuals. These younger fish
may continue to feed; hence be captured, until reproductive condition peaks.

Genyonemus lineatus (White croaker)

Like queenfish, the white croaker, also exhibits a habitat generalist life
style off San Onofre. Also, like queenfish, juvenile white croaker feed on zoo-
plankton (DeMartini 1981), but adults select demersal food items (Skogsberg 1939,
DeMartini 1981). Juveniles tend to occur in the shallow zone year-round.

Short-term movement out of the study area during the winter coincides with
the pattern found for queenfish, except the latter species seems to return at a
slower rate. These results are consistent with DeMartini's (1981) findings in the
San Onofre region. Both species occur in mixed schools, so their migratory
behavior may be triggered by similar stimuli. Ocet.wgraphic conditions during the
winter consist of reduced water temperature (from a summer peak of 20.0*C, 68'F,
to a winter low of 15.0*C, 59'F) and mixing of the water column (breakdown of
thermocline). In addition, storm activity creates considerable mechanical mixing
of the nearshore water mass. As discussed for S. politus, the evacuation of the
nearshore area by these two sciaenids may be elTcited by water mass instability.

Environmental factors appear to influence white croaker population abundances
as they do with queenfish. Upwelling apparently causes movement of h lineatus up
into the water column as it does for S. politus. However, since white croaker
spawn in winter their reproductive aTtivity was not interrupted by intense
upwelling in April 1980.

- - - - ._
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The causes of offshore movement in the fall are not as clearly defined. One
explanation put forth in the past, relates reduced inshore abundances to the
instability of the water column as the thermocline breaks down. Another hypothe-
sis links the offshore movement of mysids, an adult queenfish prey, and offshore
movements of adult queenfish (DeMartini 1981). Movement of or changes in prey
item density alsc may induce offshore movement of white croaker.

White croaker use of the deep sand habitat in 1980 follows the pattern
described above for queenfish. The winter retreat from the nearshore zone into
depths beyond the deep sand habitat (18.3 m, 60 ft) concur with DeMartini's
(1981) observations.

Considerable spatial variability in catch of white croaker over cobble
substrata exists among years curing the period from April to October. White
croaker in the Don Light area during 1980 were consistently more adundant than
elsewhere, except in December. In previous years white croaker were more abundant
at Don Light during the peak part of the year on the 9.1-m (30-ft) isobath and
throughout the year on the 13.7-m (45-ft) isobath. Their prevalence in the down-
coast control area is perhaps, related to feeding habits. Adult white croaker
feed primarily on small fish and infaunal invertebrates (Joseph 1962). The
cobble habitat sampled at Don Light is a small island in a predominantly sand
habitat. In contrast, the cobble habitat upcoast (San Onofre to San Mateo Point)
is more widespread and supports kelp in the offshore areas. Therefore, infaunal
organisms are probably more abundant in the downcoast control area. The spatiai
variability observed for white croaker may simply represent an annular non-
directed change in abundance. Several investigators examining reef habitats
(Ebeling et al. 1980; Scephens and Zerba 1981) and soft-bottom communities
(Carlisle 1969; Cherwood 1980; Mearns 1977) all show substantial annular changes
in fish species composition and catch per individual species. These variations
are perhaps a function of recruitment success or failure of young-of-the-year to
the habitat (Sherwood 1980; Mearns et al. 1980).

In fall and early winter, white croaker move out of the area (DeMartini
1981). A small, remnant population of adult white croaker appear to over-winter
in the nearshore area adjacent to the Unit 1 discharge as catches for this area
are highest in December and February. This is similar to the queenfish which
overwinter near the Unit 1 discharge, apparently because of the reef-like quali- *

ties of the area and abundant food in the form of discharged zooplankton (Clutter
1978).

Abundances of G. lineatus in cobble areas with kelp are generally lower
during the year thaTareas without kelp. The catches in kelp bed areas probably
occur due to movemer.ts to and from sandy areas which are near to kelp beds rather
than movment directed at kelp beds like S. politus (Chapter 58).

Comparison of 1978-1980 results, indicate that the late winter peak is
followed generally by a mid-year abundance. After this peak, lower catches
reflect movement offshore to overwintering habitats (DeMartini 1981). Mid-year
peak catches in past years reflect the culmination of recruitment success from
the previous year (age 1+; SCE 1980e). These individuals may be aggregating at
this offshore area in August prior to moving further offshore to overwinter
(DeMartini M81).

Like queenfish, male white croaker were caught more often than females in the
deep habitat. The capture of more males may reflect a gear avoidance bias as
larger fish, of which more are females (LES 1981), can probably out swim or

.
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'

maneuver a slow (120 cm/sec 2.7 mph) moving trawl. Dorn, Johnson, and Darby
(1979) found that G. lineatus (173-213 mm, 6.8-8.4 in. SL) could burst-swim at
speeds of 5.9 + 1.4 body lengths per second (137 + 0.1 cm/sec, 3.06 + 0.002 mph)
which would alTow larger individuals to escape the trawl.

-

Significantly (P < 0.05) more female white croaker were caught by gill nets
in 1980 on the 9.1-mlsobath in all areas except in the vicinity of the Unit 1
discharge. The pattern of female numerical dominance in tt entire San Onofre
area has been observed in previous years suggesting that the deviation from a 1:1
ratio is real. Increased female abundance appears to be correlated with the
reproductive cycle. During 1978,1979, and 1980 significantly more females were
caught in February and April when white croaker are reproductively active.
Reasons for this female predominance are not clear.

White croaker become gravid in October and spawn intermi __: Uy into April
indicated by 1979-1980 GSI values at San Onofre and other L anern california

,

areas (Skogsberg 1939; Goldberg 1976; LES 1981). The larger, primarily female,
i age classes are captured less frequently than smaller age classes by trawls. Year

cltss strength of age 0+ and 1+, however, has been high year after year.
Therefore, it is unlikely that the more fecund individuals are really low in
abundance, but that they probably avoid the gear. Larger females move quicker and
nature earlier than the smaller, younger white croaker (Dorn et al.1979; LES
1981). Earlier maturation, of larger adults moving offshore in winter, would'

correspond with the first presence of white croaker ichthyolarvae in deeper areas
(SCE 1980e). Subsequent to offshore spawning, females meve inshore and continue
spawning in all habitats as indicated by mean GSI's sad other studies (Goldberg
1976).

' The length structure of white croaker caught by gill nets in the San Onofre
area was bimodal. Almost no juvenile (age 0+) white croaker were collected by
gill nets. Adults were composed of age 1+ (105-134 mm, 4.1-5.3 in. SL) and age 3+
to 4+ (155-169 mm, 6.1-6.7 in and 170-179 mm, 6.7-7.1 in. SL). Age 2+ white
croaker were under-represented in gill net catches when compared to otter trawls.
Thh situation is similar to that observed for queenfish, except that the missing*

1 quee:Jish size class was larger. The reason for the size class discrepancy may
be basi.d upon morphological differences. Gill net catch efficiency is based not
on fish length but on the cross section of the fish at the operculum. Queenfish
are less robust than white croaker, therefore, an age 2+ white croaker may
correspond to an age 3+ queenfish relative to the gill net mesh size.

p perprosopon argenteum (Walleye surfperch)

Walleye surfperch are viviparous (live-bearing), thus, juveniles are
miniature replicas of the adults which probably feed on many of the same food
items that adults utilize (DeMartini 1969). Therefore, young and old are con-
sidered components of a single feeding guild. Walleye surfperch normally frequent
a variety of habitats but most of the population is found in the sandy shallows
and around piers (Frey 1971; DeMartini 1969). During the day, schools of H.
argenteum are inactive and remain inshore (Limbaugh 1955; Feder et al.1974); at
sunset, the schools disperse and move offshore to feed on plankton in the water
column at night (Ebeling and Bray 1976; Hobson and Chess 1976).

The summer peak abundance of H. argenteum in the San Onofre nearshore shallow
habitat can be attributed to the recruitment of recently born young. In 1978-
1979, peaks in abundance due to recruitment, occurred later (August) than in 1930
(June). Although, juveniles usually remain in the nearshore (6.1- to 12.2-m,

__
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20 to 40-ft) zone only for a short time, abundances in October 1980 were almo,t
as high as in June. By December the nearshore abundance was low indicating that
movement from this area had occurred.

Movement to offshore depths was not indicated in 1980 as walleye surfperch
seem to have changed their utilization of the deep sand habitat over the past few
years. In 1978, they were regularly found in the deep zone, especially in fall.
Since then, ~H. argenteum has been found almost exclusively in the thallow
habitat. It is unTikely that they would move further off',hore in winter as their

~

depth distribution has been raported to be limited to 18.3 m (60 ft) (Miller and
Lea 1972), and they are more often found inshore near the surfzone (Carlisle et
al. 1960). Changes in distribution after 1978 probably reflect respcnses to
alterations in the environment off San Onofre within thef r normal distributional
limits.

In most areas of cobble bottom without kelp, walleye surfperch have been
caught consistently in low abundances during the past three years. These abun-
dances may be a reflection of their diel movement pattern as discussed above.
Remaining in shallow sand habitats by day and moving to kelp areis at night would
reduce susceptibility to capture by gill nets in cobble habitat without kelp. In
the past, walleye surfperch have been more abundant in catches from kelp habitats
during sumer and fall (SCE 1980e). An exception to this general pattern occurred
in the area near the Unit 1 discharge where many individuals were caught from
December through March in two of the last three years. The discharge area may
serve as an attractant for this species as thermal enrichment and entrained
zooplankton offer stable environment rich in food, during a time of changing
environmental conditions outside the influence of the discharge.

The recent pattern of low abundance in the other cobble habitats without kelp
is substantially different from the 1975-1977 pattern when mean abundances of
walleye surfperch were high. This indicates that overall replacement (births and
immigration) rates are not maintaining the population level despite favorable
conditions in winter and spring near the Unit 1 discharge.

Length structure of H. argenteum reveals that young-of-the-year (< 90 mm, 3.5
in. SL) were more prevalent in all areas during summer and winter (August-
February). Juveniles were not caught by gill nets during the summer when the
young are born, which is reasonable given their size at birth (40 mm,1.6 in.
SL; Rechnitzer and Limbaugh 1952). This temporal pattern of recruitment
corresponds with estimates from other studies (Rechnitzer and Limbaugh 1952; Frey
1971; LES 1981).

No juvenile walleye surfperch were captured in the cobble bottom with kelp
ha'itats during 1980. This may be due to gear selectivity or to the depth of the
kelp beds which are concentrated along the 12.2-m (40-ft) isobath. Females
apjarently move inshore of these areas to bear young. This is supported by the
presence of juveniles in the otter trawls over the shallow sand habitat.

_jenerodon furcatus (White surfperch)p

White surfperch, also a viviparous (li*re-bearing) embiotocid, uses the
shallow sand habitat seasonally. Like the populations discussed above, white
surfperch are more frequently caught in sumer and fall. Abundances, throughout
1980, corresponded closely to past results. Unlike H. argenteum, P. furcatus
young were found in the deeper (12.2-m) isobath of the shallow sand habitat.
Recruitment in June 1930 corresponded closer to published data (Goldberg 1976)

_ _ _ _ _ _ _ - - _ _ - - - - _ - - _ _ _ _ - _ - _ _ _ _ _ _ _ -
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| than the later recruitment in August 1979. Fall offshore movements of young-of-
! the-year and adults may correspond to breeding season (Goldberg 1978) and/or

chenges in the nearshore physical environment (decline of water-column
stabilsty). However, only adults were found in the deep sand habitat and in low :.

numbers. Apparently the adults use this area only temporarily, while moving |

further offshore. Temporal sampling gaps may obscure offshore movements that
occur in a relatively short time period. In 1978, higher abundances during fall
surveys seemed to occur during their movements into deeper water. White surfperch
appear to return to the shallow sand habitat when embryos are full-term and the
water-colunm becomes more stable.

White surfperch were more frequently caught in the deep sand habitat in 1978,
as observed for H. argenteum. Perhaps changes between 1978 and 1979, such as
substrata and infaunal composition have modified food resource availability so
that the nearshore sand habitat was favored during 1979 and 1980. Sand movement,
documented in the Subtidal Cobble Chapter (Chapter SB), has noticeably increased
since the major storn activity beginning in 1978. In 1979 sediment infaunal com-
munity composition changes in sandy areas were found along the 15-m (49-ft) iso- i

hath at San Onofre (SCE 1980e; Chapter SA). These changes followed modifications
of the sediment substrata in which high proportions of very coarse, coarse, and
medium sands were exposed and mixed with finer sediment (SCE 1980e). Since P.
furcatus has been found to be primarily a substrate (kelp, other algae, soTt
substrata) oriented feeder (Brav and Ebeling 1975), the changes in prey com-
position in the deep sand habita! may have caused white surfperch to move to
inshore sand areas during most of t.'e year.

Although catches of P. furcatus tended to be low in areas of cobble bottom
without kelp, higher catches occurred during December in all but one of the past
five years in this habitat (SCE 1979b, 1980e). This pattern can apparently be
explained by the movement of these fish into or through the shallow cobble areas
during the breeding season which occurs from November to December (Goldberg
1978). More white surfperch were captured in kelp habitats than areas without
kelp throughout 1980. The preference for encrusting ectoprocts found on
Macrocystis and benthic algae as a food source may explain its elevated abundance

'

,

.as kelp (Bray and Ebeling 1975).

The size structure of P. furcatus was similar to past years and dominated by
new recruits. Young-of-the!' ear, because of their large size at birth (53 mm, 2.1y
in. SL), were also captured by gill nets in December (Goldberg 1978).

Study of the length structure of the white surfperch caught in the kelp bed
habitat indicates that emigration and immigration of different size / age classes
occurred during all year. The smaller younger age classes (age 0+ and 1+) were
numerically dominant during February and April but by June older age classes (age
2+ or older) predominated and the young were rare. Growth rates indicate that a
1+ individual would not grow fast enough to be included in these older age
classes by June (Eckmayer 1979). This indicates that the increased abundance of
fish in excess of 140 mm (5.5 in.) SL was due to movement of older individuals
into the kelp habitat and not the growth of one age class. Since a majority of
the catch were females, this movement may be linked to the reproductive cycle of
this species.

Paralichthys californicus (California halibut)

The California halibut is one of the most popular food fish in the San Onotre
region (Frey 1971). Its feeding habits, in open coast waters, are almost entirely
piscivorous (Clark 1930; Haaker 1975). California halibut are more uniformly
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distributed and show lower abundance levels in the shallow sand habitat than
croakers, surfperch, and anchovies. This uniform distribution is indicated by the
narrow confidence limits about each survey's mean abundance. Like many of the
dominant San Onofre fish, abundance levels of California halibut in the shallow
sand habitat increase during the months of water-column stability (June through
October). During this period, forage fishes (anchovies, queenfish, etc.) are
plentiful in the shallow sand habitat (Ford 1965; Haaker 1975).

Off San Onofre, the California halibut population appears to be reproduc-
tively active year-round based on male reproductive condition. Males were used as
indicators of reproductive condition, because they can be easily milked. The
year-round reproductive activity of adults agrees with the year-round presence of
larvae in the San Onofre ichthyoplankton (SCE 1980e). Females, however, are more
critical in timing ovarian maturity. No running-ripe females were ever caught off
San Onofre during this study. The ovaries of a few large females had well devel-
oped but not hydrated ova. Hydration of ova occurs shortly before spawning
(Norman 1963). Without egg hydration occurring first, non-destructive sex exami-
nations (egg stripping) cannot be performed.

Juvenile P. californicus (< 60 mm, 2.4 in. SL) have rarely been captured at
San Onofre and oUier southern California inshore areas (SCE 1979b,1980e,1981b;
Innis 1980). Two juveniles were captured for the first time at San Onofre during
October 1980. This pattern supports their observed abundance in lagoons and bays
which are used as nursery grounds for the early growth and development (Haaker
1975; Innis 1980). Occurrence of juveniles in October in open coastal waters may
be indicative of their emigration from nursery grounds (Haaker 1975).

The low abundances of P. californicus in the deep sand zone indicates that
although present offshore lip to 133-m (436-ft) depth (Carlisle 1969), the main
population is located inshore (Ford 1965; Allen 1974; Fay, Vallee, and Brophy
1978). Higher abundances inshore are probably related to the inshore abundance of
forage fish species such as anchovies and queenfish.

Engraulis mordax (Northern anchovy)

Adult E. mordax and larval engraulids are known to have highly contagious
(patchy) dfstributions in other areas (Ahlstrom 1967; Huppert et al. 1980). This
is apparent at San Onofre as the confidence limits about tb mean catches were
wide. Like many of the San Onofre fish, anchovies were cautht in greater numbers
in the summer and fall. The larval stages were also abun' ant earlier, as large
catches occurred in late winter and early spring. This cotlincides with the peak
January to May spawning period described by many inyt. tigators (Baxter 1967;
Lasker and Smith 1977) and with upwelling in the shallow sand habitat (Lasker and
Smith 1977). A natural consequence of upwelling is increased plankton produc-
tivity which would favor larval survival. Adults, however, seem to avoid the
nearshore habitat until the water column becomes more stabia (Lasker and Zweifel1978). The late fal' 'nd early winter breakdown of the water column coincides
with movement of botn adults and larvae away from the nearshore area. Ichthyo-
plankton data show that the larger larval stages to be epibenthic (SCE 1980e).

Adult northern anchovies have teen encountered infrequently in the deep sand
habitat. Larval engraulids, however, were captured here and the pattern of their
high abundances match those of offshore epibenthic ichthyoplankton collections
(SCE 1980e). Greater wate -column depth raay allow subadult and adult E_ mordax
more " room" to school above the bottom in this hahitat, thus reducing near bottom
trawl catches. Lending credence to this hypothesis is the fact that E. mordax has
been captured " abundantly" in lampara (whole water-column) nets in this habitat-

off San Onofre (DeMartini 1981).

_ _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ __ _ _ _ _ . _ -
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Citharichthys stianaeus (Speckled sanddab)

The speckled sanddab, a species that demonstrates a cool-water (11-14*C,
51.8-57.2*F) preference (Ehrlich et al.1979), has nnibited an abundance pattern
indicating that this fish follows the movement of cool water into the nearshore
environment. Speckled sanddab were generally nost abundant in the shallow sand
habitat after periods of upwelling (spring and early summer) when the water-
column was thernally stratified and bottom temperatures were low.

Catches of the speckled sanddab off San Onofre have been generally larger in
the deep sand habitat than inshore. These results coincide with observations made
by Ford (1965) that indicated that the sandy offshore area between 15 to 25 m (49
to 82 ft) is their preferred habitat. Their distribution may also be related to
predation pressures. California halibut, a predator of C_. stigmaeus (Ford 1965),
are mainly distributed in the San Onofre shallow sand habitat. Thus, by remaining
offshore, C_. stignaeus may avoid one of their najor predators.

Behavioral responses to water tenperature may also serve as a predation
reducing response since C. stigmaeus prefers cooler temperatures (Ehrlich et al.
1979) while P_. californicus generally selects warmer conditions (Innis 1980). As

cool water masses move inshore or offshore, Tncreased predation as P. califor-
C. stigmaeus probably follows this

change and expands its distribution without
-

nicus probably moves to stay within the warmer water.

During June 1980 many small juveniles (< 30 mm,1.2 in. SL) heir presence
were captured

along the 12.2-m (40-ft) isobath of the shallow sand habitat. T
corresponds with the April through August period of greatest oocyte maturation
observed by Ford (1965) at the La Jolla Canyon shelf. Ichthyoplankton collections
at San Onofre found Citharichthys spp. larvae (probably C. stigmaeus) nearly all
year, but the greatest densities appeared from November through February (SCE
1980b). It appears that C_. stignaeus spawns year-round but the micro-environment
in each area may differentially affect reproduction.

INTERRELATIONSHIPS WITHIN THE SOUTHERN CALIFORNIA BIGHT

A comparison was made between San Onofre 1978-1980 shallow sand habitat trawl
data and trawl data from other sites at similar depths within the Southern
California Bight. The following sites were separately compared with San Onofre
1978, 1979, and 1980: Huntington Beach (MBC 1978), Huntington Beach-VANTUNA (J.
Stephens, Occidental College, pers. comm.), Haynes-Alamitos Bay (MBC 1979a), Los
Angeles Harbor-VANTUNA (J. Stephens, pers. comm.), Redondo Beach (MBC 1979b),
Scattergood-El SeguMo 1978 (IRC and LCMR 1979), Scattergood-El Segundo 1980 (LES
1981), Ormond Beach-Port Hueneme (MBC 1979c), Mandalay-Ventura (MBC 1979d), and
Santa Barbara (Werner 1971). At each station, the 20 most abundant species were
ranked and the ranked species arrays measured by Kendall's tau. Results of these
comparisons are listed in Table 6A-4.

It is imediately apparent that throughout the Southern California Bight (at
least from San Onofre to Ventura) there are soft bottom, inshore habitats with
similar fish communities. Significant currelations were found between San Onofre
data for all three years and Huntington Beach, El Segundo, Ormond Beach, and
Mandalay. In all cases northern anchevy, white croaker, walleye surfperch, white
surfperch, speckled sanddab, and queenfish were major constituents of their
communities. Of somewhat lesser importance, but nonetheless shared by all six
sites were California halibut; barred surfperch, Amphistichus argenteus; and
shiner surfperch.

_ __ _
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Table 6A 4. A comparison between trawl catch off San Onofre from 1978-1980 and
other sites within the Southern California Bight, using rank correlation
(Kendell's tau) between ranked species arrays.

San Onofre
1978 1979 1980

tau P tau P tau P

San Onofre 1978 0.68 (0.001* 0.65 <0.001*-- --

San Onofre 1979 0.68 <0.001* 0.60 <0.001*-- --

San Onofre 1980 0.65 <0.001* 0.60 <0.001* -- --

Huntington Beach 0.33 <0.05* 0.38 <0.01* 0.31 <0.03*
Huntington Beach-VANTUNA 0.28 <0.05* 0.30 <0.05* 0.26 <0.05*
Haynes 0.25 0.07 0.23 0.11 0.19 0.17
Los Angeles Harbor-VANTUNA 0.07 0.58 0.07 0.61 0.01 0.94
Redondo 0.17 0.24 0.14 0.29 0.14 0.32
Scattergood 1980 0.16 0.25 0.18 0.21 0.23 0.09
Scattergood 1978 0.43 <0.01* 0.40 <0.01* 0.40 so.01*
Ormond Beach 0.26 0.05* 0.30 <0.05* 0.28 0.04*
Mandalay 0.30 <0.05* 0.28 0.04* 0.38 <0.01*
Santa Barbara 0.12 0.36 0.10 0.46 0.14 0.28

* P < 0.05
P Priihability Level

r

Significant differences in species rank abundance were found between San
Onofre and Haynes, Los Angeles Harbor, Redondo, Scattergood-1980, and Santa
Barbara. Fish populations off Haynes, located within Alamitos Bay and near the
mouth of the San Gabriel River might be expected to differ from open coastal
sites such as San Onofre Species captured off San Onofre, such as the spotted
scorpionfish and yellowfin croaker, Umbrina roncador, are absent off Haynes.
Tonquefish and the freshwater fish the Mozambique mouthbrooder, Tilapia
nossambica, are abundant off Haynes. Tonguefish are found only in deep water
while the Mozanbique mouthbrooder is absent off San Onofre.

Dissimilarities in trawl catches between Los Angeles Harbor, Santa Barbara,
and San Onofre are again likely due to differences in sampling hah tats. Many of
the trawls within Los Angeles Harbor and all those off Santa Barbara occurred
over hard or somewhat rocky bottoms. Trawling along the Los Angeles Breakwater
yielded many reef forms (such as black surfperch, Embiotoca jacksoni; vermilion
rockfish; and calico rockfish) that were rare or absent in San Onofre trawls.
Similarly, Santa Barbara captures, rich in black and rainbow surfperch, reflected
trawling effort along the outer margin of kelpbeds.

Based on data now available, fish populations in the San Onofre vicinity
appear comparable to those in some other parts of the Southern California Bioht.
Trawl data in particular indicate that the fish species composition over soft
bottom is similar to soft bottom habitats many kilometers to the north. Given the
more or less continuous habitat, the planktonic larvae and wandering nature of
nany soft botton fishes, it is not surprising that few differences would be seen.
What differences do appear may, in fact, be due to the geographical location of
San Onofre in the more southerly part of the Bight. The relative abundance of a
warm water genus, Anchoa, especially A. delicatissima (slough anchovy), for
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instance, nay be linked to the somewhat higher water temperatures found off San
Onofre compared to sites in the northern part of the Bight. It is curious that
this species was most abundant in the coolest year of the study (1979) and could
reflect attraction to the warn effluent. Another difference in the trawling
samples is the relatively large number of shovelnose quitarfish, Rhinobatos Lro-
ductus; and round stingray, Urolophus halleri, as compared to other trawling
studies. Perhaps the presence of these two shallow water elasmobranchs reflects
the very shallow depth (6.1 n, 20 ft) of some San Onofre trawls, but it may also
be related to their southern affinities and the fact that San Onofre is the
southernmost of the trawl study sites.

The lack of uniqueness of the San Onofre area is also emphasized by Ebeling's
preliminary report to Lockleed (6 August 1980) for the kelp bed habitat. Ebeling
lists 17 species recorded from cinetransects of 20 June 1980. Of these, six are
listed by Patton (Occidental College, pers, comm.) as bightwide species; six are
classified as southern turf associated species (common inhabitants of kelp beds
south of Santa Monica Bay); three are hern low relief species; and one is a
southern turf indifferent. The fina, species, black croaker (Che110trema
saturnun), did not cluster strongly with any group. Therefore 767. of the fish
were southern or hightwide common species, and 181 were wide ranging " northern"
low relief inhabiting forms.

During December 1979, divers from Occidental College surveyed kelp beds off
San Onofre ant'. Go,'a Point with visual transects. Sixteen species were observed in
each kelp bed, all species common to Occidental's seven-year study of the Palos
Verdes kelp (J. Stephens, pers. comm.). One difference noted in Occidental's
study of San Gnofre kelp was the dominance of white surfperch in the canopy.
These are rarely seen in the canopy at Palos Verdes, where they are usually well
helow the thermocline associated with cover. The absence of a distinct thermo-
cline during their study could have resulted in this distribution.

Ebeling's transects suggest that groups A and C of the cluster analysis
(1979, 1980) represent the basic kelp bed community. Remaining clusters are
largely wandering species or sand inhabitants occasionally entering the kelp
environment. Again, the gill net samples are quite typical of any survey in the
southern Bight. In fact, all species represented in the gill net studies are the
same as those taken by Marine Biological Consultants (1977) within Long Beach
Harbor.

Patton (Occidental College, pers, comm.) in his analysis of shallow water
fish associations from Point Conception to San Diego developed clusters based
upon substrata, relief, temperature, latitude, and degree of sand scouring
(recent burial). None of the clusters from the gill net or trawl sites fit into
Patton's habitat groups. Most are heterogeneous including Bight-wide species (not
habitat specific), low relief and/or sand related species, and some migrating or
pelagic forms. These data do not indicate that the San Onofre samples are in any
way distinctive from those collected elsewhere in the southern half of the bight.

SAN ON0FRE UNIT 1 EFFECTS

During much of 1980, Unit I was not operational due to steam generatinga

problems. This afforded an opportunity to consider the ETS objectives in terms of
nearly six consecutive years of monitoring studies, ending with four consecutive
fish surveys during which the unit was not operational. Comparison of data
collected during the period while the unit was not operational showed minor dif-
ferences in composition, distribution, or abundance of fish population charac-
teristics between years, but no consistent pattern indicating that 1980 was not
t'ifferent from previJus years when the unit was operational most of the year.

l
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Based on the analysis of the 1978-1980 data, all indications are that the
variability inherent within the fish community and the governing physical factors
may exceed any differences attributable to the thernal discharge of Unit 1.

UNITS 2 AND 3 PRE 0PERATIONAL BASELINE OBJECTIVES

Successful completion of the Preoperational Monitoring Program in June 1980
and the continuing Interin Otter Trawl Program provided data on the nature and
extent of fish resources in the vicinity of San Onofre. All populations were
found to exhibit spatial and temporal variation within the range expected in the
Southern California Right. The most distinct and persistent patterns were dif-
ferences in community and population composition based on water depth. Spatial
variation was consistent due to habitat (substratum) differences in the study and
control areas. Temporal variation showed recurrent patterns on a seasonal basis.
The most persistent of these was movement away from the nearshore zone to deeper
areas in early winter followed by return to the nearshore areas in late winter
and spring. A major seasonal influx of young-of-the-year, mainly sciaenids and
enbiotocids, during spring, summer, and fall attributed to much of the temporal
variability.

I

This concludes the overall discussion. Detailed 1980 methods and results are
presented in sections that follow.

APPROACH

The following analysis of fish data is used to develop a qualitative model
describing the fish community offshore San Onofre, select species populations
within that community, and evaluate the interaction of these populations with
certain physical variables. Description of the San Onofre fish community involves
the definition of habitat preferences of species based upon their abundance,
significant differences in relative abundance based upon habitat, and the appor-
tionment of individuals among the species relative to habitat. Select species,
chosen because of their trophic (functional) significance in the San Onofre area,
are analyzed for differences in numerical abundance, size (age) structure, sex
composition, and ovarian development. Temporal and spatial variation in community
and population parameters are examined within the potential area of influence and
reference areas. Using the results derived from analysis of the San Onofre fish
connunity and select species populations, similar analyses are performed for
similar habitats throughout the Southern California Bight which are outside any
potential influence of San Onofre Units 1, 2, and 3.

METHODSj

A detailed description of station locations and field methodology is given in,

ETS Fish Survey Procedures (LES procedures EMP 25-5-35) and PHP Fish Survey pro-
'

cedures (LES procedures N-1-1/79). A general review of these procedures is prs-
sented below.

FIELD

The field sampling strategy is a " restricted systematic design". In this
design sampling sites are predeternined and it is assumed that the fish randomize
themselves by moving in complex patterns relative to the sampling site (Venrick
1978).

. - _ . _ _ _ _ _ _ _
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A total of 14 qill net stations were established at three sites: 1) in an
upcoast (San Mateo Point - Zones 3A, 3B) reference area; 2) an area directly
offshore of SONGS Units 1, 2, and 3 (SONGS - Zones OA, 08); and 3) a downcoast
(Don Light - Zone 6) reference area (Figure 6A-1). Each gill net station con-
sisted of a pair of identical Marinovich experimental nonofilament gill nets for
replicate sampling. Each net measured 45.7 m (150 ft) long,1.8 m (6 ft) deep,
and contained six 7.6-n (25-ft) panels with the following sizes of bar mesh: 19,
25, 32, 38, 44, and 64 mn (0.75,1.0,1.25,1.5,1.75, and 2.5 in.). All nets
were set perpendicular to the shoreline over mostly cobblo substrata and were
retrieved after 24 h. The fishing period encompassed both dusk and dawn, the
periods of greatest fish activity. Eight of the 14 stations (Stations 1, 2, 3, 6,
7, 8,11, and 12) were located on the 9.5.-m (30-ft) isobath. The remaining six
stations (Stations 4, 5, 9,10,13, and 14) were located on the 13.7-m (45-f t)
isobath (Figure 6A-1). Station 3 was located within 50 m (164 ft) of the Unit 1
discharge and Station 6 was located approximately 2 km (1.24 mi) downcoast of
Stations 7 and 8 (Figure 6A-1).

Otter trawls were used to collect samples over sand substrata at nine sta-
tions at depths of 6.1, 12.2, and 18.3 m (20, 40 and 60 ft) in Zones 6, 2A, 08,
3A, and 5 (Figure 6A-1). A 7.6-m semi-balloon otter trawl was used to make two
sequential 5-nin trawls per day at each station on two consecutive days during
daylight hours (18 trawls / day for a total of 36 trawls / survey). Paired trawls at
a station were considered to be replicates. Trawl samples were collected during
the same period that gill nets were fished. Trawl stations were located at sites
over sandy bottom in the same general areas as gill nets. Station sites were
established to provide baseline data for assessing possible future operational
effects of Units 2 and 3, as well as to provide data for assessing the present
effects of the San Onofre Unit 1 discharge.

Temperature and light transmissivity were measured daily at each cluster of
9.1-n and 13.7-m qill net stations during the two days of the survey. Data were
taken at 1-m (3.3-ft) depth intervals from the surface to the bottom.

ETS and PMP gill net sampling was conducted bimonthly on 26-17 February,
23-24 April, and 25-26 June 1980. In June the two-year PMP ended and the ETS con-
tinued during the remainder of 1980. The remaining 1980 ETS sampling was con-
ducted quarterly and took place on 21-22 August and 10-11 December 1980. Otter
trawling for the interin program was conducted on the same days as the ETS survey
plus one additional survey on 20, 21, and 23 October 1980.

LABORATORY

All fishes collected in gill net and otter trawl samples were identified,
counted, and visually inspected for anomalies, diseases, and parasites. With the
onset of the combined program in 1978 (LCMR 1978c), a group of select fish spe-
cies has been studied more intensively. These species were selected because of
their numerical dominance in San Onofre Unit 1 impingement samples, their abun-
dance offshore, and/or because of their value to local sport and commercial
fisheries. The following is a list of the species selected.

Cynoscion nobilis - White seabass
Genyonemus lineatus - White croaker
Hyperprosopon argenteun - Walleye surfperch
Paralabrax clathratus - Kelp bass
Paralabrax maculatofasciatus - Spotted sand bass
Paralabrax nebulifer - Barred sand bass
Paralichthys californicus - California halibut
Roncador stearnsii - Spotffa croaker
Seriphus politus - Queenfish

_____
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Select species were identified, enumerated, measured, and sexed. Standard lengths
(tip of the snout to the end of the vertebral column) of a maximum of 125 ran-
domly selected individuals per species from each gill net and otter trawl sample
were measured. A random subset of no more than 50 individuals per species were
sexed (male, female, juvenile, indeterminate) by examining their gonads or by
noting obvious secondary sexual characteristics. Indeterminate individuals were
defined as fish having recently spawned or been damaged such that sex cannot be
determined. A maximum of 10 female Seriphus politus and 10 female Genyonemus4

lineatus per net were subsampled for gonosomatic index analysis. Gonad and total
body wet weights were determined for each subsampled female with gonad weight
divided by total body weight then multiplied by 100 to calculate the index on a
survey, area, and depth, basis.

In addition to the preceding methods which were utilized for the combined
Units 1, 2, and 3 program, certain additional length and sex data were taken to
maintain compliance with the Unit 1 ETS at some stations. These data included
measurements of all fish from the six nets near the Unit I discharge (Zone OA)
and the six nets at the downcoast inshore reference area (Zone 6) and sexual
determination of a maximum of 10 individuals of each resident species.

DATA ANALYSIS

Gill net and otter trawl samples of fish from receiving waters were analyzed
at community arcf population levels. Consnunity level analysis evaluated species
composition and relative abundances; population analysis evaluated abundance,
size (age) structure, sex composition, and reproductive condition of select spe-
cies populations.

Community level analysis utilized species composition and relative abundance
data to define areas in which fish species live based upon their presence and
abundance (classification of the fish community; Clifford and Stephenson 1975).

Analyses of offshore samples of selected species include abundance, length
(age) frequency distributions, sex ratios, and reproductive condition. Abundance
data are presented as geometric means with + 90% confidence limits for gill net
and otter trawl catches. Original values (x)7whose distributions are skewed, are
transforned to log (x + 1) to compute means and confidence limits, which are con-
verted back to antilogs (geometric mean) for graphical presentation. The log (x +
1) transformation minimizes extreme values so variances are no longer correlated
with means and tend to be homogeneous among samples. Valid use of parametric
statistics, such as comparing means by confidence intervals, assumes that distri-
butions of the variates approach normality; i.e., that variances are nearly inde-
pendent of means and are nearly homogeneous. This assumption allows visual
evaluation of significance by comparing mean abundances by overlap or non-overlap
of their confidence interval within study areas, between depths, and through
tine.

Length frequency distributions presented as histograms are used to estimate
the size (age) structure of the select species populations. Modal length classes
are compared within areas, between depths, and through time to follow relative
seasonal variation in recruitment, growth and/or migration of the select species.

Sox ratios of select species are depicted as bar graphs for each depth within
areas. The Chi-square goodness of fit for replicated tests (Sokal and Rohlf 1969)
is used to test for significant departures from a 1:1 ratio of males to females
among depths and within areas combining surveys in 1980.
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Reproductive condition of Seriphus politus and Genyonenus lineatus is pre-
sented as mean gonosonatic indices (G51). Mean GS!'s are the arithmetic means of
individual GS!'s. Gonosonatic indices are compared within areas, between depths,
and through time using analysis of covariance (ANC0VA; Snedecor and Cochran
1967 . Significant results are identified by Duncan's multiple range test (Duncan
1965 .

RESULTS

C0!1MUNITY ANALYSIS

Analysis of the fish community represented by gill net and otter trawl
samples consists of classification analysis based upon data collected in 1979 and
1980. Additionally, the fish community observed off San Onofre from 1975-1980
will be placed in perspective relative to nearshore fish distribution and abun-
dance patterns observed from Santa Barbara to San C.ofre.

Yearly patterns of species composition and abundance for fish assemblages
sampled by gill nets and otter trawls were evaluated by cluster analysis
(Clifford and Stephenson 1975). Comparisons between 1979 and 1980 were made using
gill net and otter trawl data collected during all surveys, at all depths and
areas with one exception. Two analyses were required for 1980 gill nets since the
PMP qill net program ended in June 1980. The first analysis classifies sites and
species at the 9.1- and 13.7-m (30- and 45-ft) isobaths for surveys conducted in
February, April, and June; the second analysis utilizes data from June through
December for gill net stations located on the 9.1-m isobath, exclusively.

Gill Nets

" Sites" are defined as the gill net stations in each of the sampling areas
(Figure 6A-2). Clusters of sites with similar species composition (site groups)
were numbered for easier identification.

1

Three site groups were formed in 1979 and four in 1980 (Figure 6A-2), site
groups in both years were based primarily on site depth. Site affinities within
each site group in 1979 were discordant relative to the test site (SONGS area)
and control sites (Don Light and San Mateo Point areas). The 1980 site groups
displayed a higher degree of within area concordance (Figure 6A-2) than that
observed in 1979. It is interesting to note that in 1979 site group 1 was
distinctly dissimilar from groups 2 and 3, while in 1980 this disparity was much
reduced. Comparison of affinities within site groups between years suggests that
little change occurred in community structure between 1979 and 1980. Of the 14
possible sites, 50% of them co-occurred together in 1979 and 1980. These include
the shallow Don Light sites and Unit 1 discharge (SONGS 3) site (site group 1 in
1979 and 1980, Figure 6A-2), and the deep Don Light sites ard San Mateo Station
13 (site group 2 in 1979 and 1980, Figure 6A-2).

Two site groups resulted from the classification of gill net catches on the
9.1-n isobath during the remainder of 1980. The affinity of the Unit 1 discharge
site (SONGS 3) for shallow Don Light sites observed during 1979 and the first
half of 1980 was not maintained during the second half of 1980 (Figure 6A-2).

The classification of fish species by sites where they are most abundantly
caught resulted in four groups in 1979 and five in 1980 (Figures 6A-3, 6A-4, and
6A-5). Species groups generally contained diverse and variable assemblages of

sw -
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SITE.

INCREASING DISSIMILARITY AREA DEPTH GROUP
2.6 2.3 2.0 1. 7 1.4 1.1 0.9 0.6 0.3 0.0

g n u m o gm u un g i n m m gmi u mgi n u nn gn u n m gn u nin gum u n gu n n m g u nu m g

DL6 9.1
DL8 9.1
DL7 9.1 1

SMP12 9.1
SONGS 3 9.1
SONGS 4 13.7
SONGS $ 13.7
SMP13 13.7 2
DL10 13.7
DL9 13.7
SMP11 9.1 <,

SMP14 13.7
SONGS 1 9.1,

'

SONGS 2 9.1

1979

SITE
INCREASING DISSIMILARITY AREA DEPTH GROUP

2.1 1.8 1.6 1.4 1.1 0.9 0. 7 0.5 0.2 0.0

gunningnnun gumungninnugmnungumungnunmginunngumungmnung

DLT 9.1
DL8 9.1

ISONGS 3 9.1-

DL6 9.1
DL10 13.7g
DL9 13.7 2g
SMP13 13.7
SONGS 4 13.7g

~ ~ SONGS $ 13.7
-

g 3
SONGS 1 9.1
SONGS 2 9.1
SMP11 9.1g
SMP12 9.1 4g
SMP14 13.7

1990 (Fotruary, AprH, June Surveys)
i

SITE
INCREASING DISSIMILARITY AREA DEPTH GROUP

1.52 1.35 1.19 1.02 0.85 0.68 0.51 0.34 0.17 0.00
g o nn ingmu nn gn u ningm un ngm u n ng mo ungn um ngun ningnu m ugmnu ng

DL6 9.1,

,' DL7 9.1
SONGS 2 9.1

f SONGS 3 9.1 y
DL8 9.1
SONGS 1 9.1

1990 (August, December Surveys)

Figure 6A.2. Site classification of 1979 and 1980 gill net catch.

.
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fish taxa. As in previous studies (SCE 1980e) this is the expected result con-
sidering the heterogeneous habitat (level bottom, kelp bed, water column) and
demersal species sampled by gill nets. The recurring group of species (SCE 1980e)
consisting of Seriphus politus, queenfish; Genyonemus lineatus, white croaker;
Menticirrhus undulatus, California corbina; and Hyperprosopon argenteum, walleye
surfperch, was again resolved during the first half of 1980 (Figure 6A-4).

Other species varied in co-occurrence between years, although a group of bot-
tom oriented fishes (Rhacochilus vacca, Embiotoca jacksoni, Cheilotrema saturnum,
Menticirrhus undulatus. Umbrina roncador) was consistently observed. Species

! group C in 1979 and 1980 contained considerably more members of this bottom
oriented feeding guild relative to other guilds. Members of this group were most
abundant at site group 3 (1979) and site groups 3 and 4 (1980) (Figuse 6A-3 and
6A-4), primarily at San Mateo Point and San Onofre shallow stations, respect-
ively.

Otter Trawls

" Sites" are now defined as the otter trawl stations in each of the sampling
areas. Thus, the yearly analyses are classified on the basis of nine otter trawl
sites. In both 1979 and 1980, site classification resolved two site groups both
based upon depth strata (Figure 6A-6), as the species assemblages caught with
otter trawls at the 18.3-m (60-ft) isobath were easily distinguished from those
caught on the 6.1- and 12.2-m (20- and 40-ft) isobaths.

Four groups resulted from the classification of co-occurring species for 1979
and 1980 otter trawl catches (Figures 6A-7 and 6A-8). In 1979 a group of fishes
that feed primarily from the bottom (species group C; Citharichthys stigmaeus,
Paralichthys californicus, Urolophus halleri, Pleuronichthys ritteri, P.
verticalis) were found at all isobaths (Figure 6A-7). The distinct separation of
site groups band upon depth reflects the virtual absence of species groups B and
D from the deep (18.3-m) and shallow (6.1- and 12.2-m) stations, respectively
(Figure 6A-7). Species group B is composed of a wide variety of fish taxa, but a
group of fish that feed strictly from the water column (Atherinopsis californien-
sis, Hyperprosopon argenteum, Anchoa compressa, Anchoa delicatissima, and
Tngraulis nordax) predominated in this species group. Species group D was com-
prised of a group of fish feeding from the bottom (Citharichthys xanthostigma,
Hippoglossina stomata, Raja binoculata, Raja inornata).

The separation of deep and shallow habitats in the 1980 inverse classifica-
tion resulted from the virtual absence of all but one species grt;p (group C) at

! deep (18-m) stations (Figure 6A-8).' Species composition of group C, as noted
above, was dominated by fishes feeding on or near the bottom. With the exception
of group A, remaining species groups (B, D) contained a diverse assemblage of
fishes encompassing a wide range of feeding guilds. Like 1979, a suite of,

'

strictly water column feeding fish predominated species group A in 1980.

POPULATION ANALYSIS

Shallow Sand Habitat - Seriphus politus (Queenfish)-

During 1980, the seasonal pattern of abundance of juvenile and adult queen-
fish observed in the San Onofre shallow sand habitat (Figure 6A-9), resembled
that of the previous two years: a period of large catches from June to October
followed an abrupt decline during December. Juveniles were always more abundant
than adults, and were generally caught throughout the year. Peak abundance of

__ ._. _
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Figure 6A 5. Species classification and site group classification with resultant two-way
table for 1980 gill not catch (August, October, December).
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Figure 6A.6. Site classification of 1979 and 1980 otter trawl catch.
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Figure 6A-9. Geometric mean abundance and 90% confidence limits for adult and
juvenile Seriphuspolitus collected by otter trawls in the shallow sand
habitat (6.1 ar.d 12.2 m) during 1978,1979, and 1980.

queenfish (adults and juveniles) occurred during either the August or October
survey of the past three years. In December, all adults and many juveniles disap-
peared from the shallow sand habitat only to reappear during February before
another substantial decline in April.

Juveniles were more abundai *, than adults and were caught throughout the year.
Yet all adults and many juveniles disappeared in December only to reappear during
February before another substantial decline in April.

Length frequency histograms revealed three major size classes of queenfish
between 15 and 210 m (0.6-8.3 in.) SL (SCE 1981b). Two modes, 20-29 m (0.8-1.1
in.) SL and 45-65 m (1.8-2.6 in.) SL, represented the young-of-the-year, age
class 0+, apparently recruited from two periods of peak reproductive activity,
while a mode at 100-125 mm (3.9-4.9 in.) SL, represented subadults, age class 1+.
Length frequency also showed three modes in past years, although larger (180-200
m, 7.1-7.9 in. SL) adults were more abundant in 1979 than in 1978 or 1980.
Although new recruits resembled those of past years in sfie, they were collected
later (August; SCE 1981b) than usual (June; SCE 1980e). As usual, females numeri-
cally dominated the larger size classes (160-210 m, 6.3-8.3 in. SL).

Annually, female queenfish were more abundant than males in trawl catches
from all areas in the shallow sand habitat during 1980 (Figure 6A-10) and 1979
(SCE 1980e). Only during June and August were significantly more males were cap-
tured (SCE 1981b).

Based on gonosomatic indices (GSI), the fish's seasonal reproductive cycle
(Figure 6A-11) resembled last year's (SCE 1980e). Mean GSI rose between December
1979 and April-June 1980, indicating the onset of reproductive activity. The fish
spawned during the sucmer. Low GSI during the fall, August to December, indicated
that fish were reproductively inactive then. Gonad weights were significantly
greatest during April and June. Fish from the shallow sand habitat at San Mateo
Point had significantly (P < 0.05) smaller mean gonad weights than other areas.

-

During 1979, however, weights differed significantly among all areas compared.
During the summer, spawning fish were caught more frequently in the shallow than
in the deep sand habitat at San Onofre and Don Light.
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Figure 6A-10. Annual sex ratio bar graphs of adult Ser/phus politus, Genyonemus
lineatus. Hyperprosopon argenteum. and Phanerodon furcatus based on
otter trawl (OT), gill not (GN), and impingement (IMP) collections during
1980. Area, gear type.and depth are indicated above N which indicates
the number of specimens sexed. Cobble bottom habitat type. snd number
of surveys are ladicated in gilt net graphs. while trawl graphs are based on 1

6 surveys. The befance of collections totaling less than 100% are com-
posed of immature fish. Crosses (C) indicate a significantly greater num.
ber of either males (E) or females (C) based on Chi square goodness of
fit statistics (p < 0.05); indeterminate sJutts indicated by (Ql.

Shallow Sand Habitat . Genyonemus lineatus (White croaker)

White croaker had a pattern of seasonal abundance similar to queenfish
(Figure 6A.12): white croaker were abundant during all months but April and
December, and juveniles peaked in spring. This pattern more closely resembled
that of 1978 than that of 1979.

Age-class frequencies were also typical. Over 50% were age 0+ (<100 mm, 3.9
in. SL). Age 1+ (100135 mm, 3.9-5.3 in. SL) and age 2+ (135 155 mm, 3.9-6.1 in.
SL) fish constituted the majority (35%) of adults in the total catch, while only
10% were age 3+ or older (155 229 mm, 6.19.0 in. SL; SCE 1981b; LES 1981). As in
1978, the major period of juvenile (<40 mm, 1.6 in. SL) recruitment was February
to August, and did not include a decline from April to June as observed in 1979

1
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Figure 6A 11. Gonosomatic indices (goned wet weight x 100/ total body wet weight) of
female Ser/phuspolitus collected by otter trawls in the shallow sand
habitat (6.1 and 1' .2 m) during 1979 and 1980.
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Figure 6A 12. Geometric mean abundance and 90% confidence limits for adult and juve-
nile Genyonemus lineatus collected by otter trawls in the shallow sand
habitat (6.1 and 12.2 m) during 1978,1979, and 1980.
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(SCE 1980e). Like queenfish, larger individuals were usually females, which
generally numerically dominated catches in 1980 (Figure 6A-10), as well at, in
1978 and 1979 (SCE 1979d, 1980e).

The seasonal pattern of reproductive activity, resembled that for 1979
(Figure 6A-13). Fish spawned from February to June during both years. During
1980, GSI values were more variable, possibly due to a mixed catch of ripe and
spent individuals. Consistently low mean GSI values from June to August indicated
that fish were refractory then, increasing GSI from late August or early October
through February indicated the beginning of reproductive activity during both
1979 and 1980.

White croaker caught in the inshore (6.1 m) shallow sand habitat had signifi-
cantly (P < 0.05) larger gonads than white croaker caught in deeper (12.2- and
18.3-m) trawls. Fish caught during the spawning period (February, April, and
October) differed significantly (P < 0.05) in gonad weights among surveys.
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Figurs 6A 13. Gonosomatic indices (goned weight x 100/ total bodywet weight) of
female Genyonemus //neatus collected by otter trawls in the shallow sand
habitat (6.1 and 12.2 m) during 1979 and 1980.
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Shallow Sand Habitat - Hyperprosopon argenteun (Walleye surfperch)

Walleye surfperch were most abundant from June to October 1980 (Figure 6A-14)
and were collected in much lower abundances than queenfish and white croaker in
this habitat. As 'n 1978 and 1979, young-of-the-year (age 0+, 40-50 mm,1.6-2.0
in. SL) were collected in the shallow sand habitat beginning in April, collected
in larger numbers during June, and were continually prosent during the rest of
1980. Age 1+ adult walleye surfperch were caught in February (mode 85-90 m,
3.4-3.5 in. SL), June (mode 100-110 m, 3.9-4.3 in. SL), and August (mode (105-
120 m, 4.1-4. 7 in. SL). Large adults, age 2+ class (120-140 mm, 4.7-5.5 in.
SL), were caught in quantity only during June.

Consistent with the patterns observed in 1978 and 1979 (SCE 1979d,1980e),
sex composition based on annual totals (Figure 6A-10) was 1:1.

Shallow Sand Habitat - Phanerodon furcatus (White surfperch)

White surfperch showed seasonal changes in mean abundance in the shallow sand
habitat (Figure 6A-15). White surfperch were 'nost abundant June to October, espe-
cially along the 12.2-m isobath. Young-of-the-year were caught during June and
August. Juveniles appeared in August 1979 (SCE 1980e) and June 1978 (SCE 1979d).
Adults comprised the majority of the 1980 catch only in October (SCE 1981b).

Juvenile white surfperch captured during June 1980 had a modal length-
frequency distribution of 55-65 m, 2.2-2.6 in. SL. This age 0+ class was cap-
tured throughout the rest of 1980 and demonstrated growth as the modal class
sizes increased to 90-100 mm (3.5-3.9 in.) SL in December. Similarly, the adult
age class,1+, had a 100 to 115-m (3.9-4.6 in.) SL mode in June which increased
to the 125 to 140-m (4.9-5.5 in.) SL mode in October (SCE 1981b).

More white surfperch females than males were taken during 1980 (Figure
6A-10). More females were also taken in 1979, though males predominated in 1978.
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Figure 6A-14. Geometric mean abundance and 90% Figure 6A-15. Geometric mean abundance and 90%
confidence limits for Hyperprosopon confidence limits for Phanerodon fur-
argenteum collected by otter trawls in catus collected by otter trawls in the
the shallow sand habitat (6.1 and 12.2 shallow sand habitat (6.1 and 12.2 m)
m) during 1978,1?v, and 1980. during 1978,1979, and 1980.
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Shallow Sand Habitat - Paralichthys californicus (California halibut)
'80 - Except during March and April (Figure, ,,7,

e i979 6A-16), more California halibut were
- a geo - caught offshore of San Onofre in 1980 than

in the past two years. During 1979 and
1980, and to a lesser extent in 1978, P.

O californicus were absent from the shallow
$ sand habitat during February through
! ,0_ _ April, returning in May or June. Catch
4

'

during this period peaked during August
*

a ..1 . ,
, ..

_
and October,

_

< W - g. '~ta Age 1+ (125-250 mm, 4.9-9.8 in. TL)
G,,'4 1' $ and age 2+ (250-375 mm, 9.8-14.8 in. TL)

i individuals were taken in nearly equal
J2 abundance during 1980 (Hulbrock 1974; SCE' 1981b). Older individuals (age 3+; 375-600reb Apr sun Aug oc, oe,

mm, 14.8-23.6 in. TL), usually taken in
Figure 6A.16. Geometric mean abundance and 90% 1ow abundance were captured more fre-

confidence timits for Para //chthys ca//- quently during October and December. Atornicus collected by otter trawis i" few age 0+ individuals (< 125 mm, 4.9 in.
the shallow sand habitat (6.1 and 12.2 TL) were captured during October andmldunng 1978,1979,and 1980.

December.

Shallow Sand Habitat - Enoraulis nordax (Northern anchovy)

The northern anchovy is the most abundant species of a group of anchovies
which are the primary filter feeding fishes in the San Onofre region. Though
adults.are easily identified, larval E. nordax are readily separated from larvae
of other anchovies. Hence, anchovy lirvae were ider.tified as Engraulid Species
Complex during 1979 and 1980. Due to the large 9 Niance of E. mordax adults
observed relative to other anchovies, most Engraulio species CodIplex larvae were
probably larvae of this species.
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Figure 6A.17. Geometric mean abundance and 90% confidence limits for adult Engevu/is
mordax and Engraulid Species Complex larvas collected by otter trawls in
the shallow und habitat (6.1 and 12.2 m) during 1978,1979, and 1980.
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Adult northern anchovy have been abundant during late summer (August) and/or
fall (October) during the last three years with catches of larvae peaking in
April (1979 and 1980) and August (1980; Figure 6A-17). In 1978, engraulid larvae
were included with adults as E_. mordax. This may have contributed to the excep-
tionally high summer catches of northern anchovy in 1978. The northern anchovy
was rarely captured during winter and spring (December-April).

100
* 878 Shallow Sand Habitat - Citharichthys

_ "$_ stigmaeus (Speckled sanddab)

Speckled sanddab were generally most
abundant after periods of upwelling whenw

{ the water column was thermally stratified
9
R '87

-

and bottom temperatures were low (Figure
6A-18). Bottom water temperatures have

1 1 been traditionally the warmest during late
+ - 7$ ,a - winter and early spring when the water

{{ .4 "JT0..}
- "

column is unstable (SCE 1980e).o
f fN'

A Consequently, abundances were lowest in
Is April and increased before June and

, { gS 'g[/ August.
''' ##' #"" '"' '' **

Deep Sand Habitat - Seriphus politus
Figure 6A 18. Geometric mean abundance and 90% (Queenfish)

confidence limits for Citharichthys
stigmaeus collected by otter trawls in Fewer queenfish juvenile.t and adults

the shallow sand habitat (6.1 and were caught by trawling in the deep sand
12.2 m)during 1978,1979,and 1980. habitat compared to the shal1ow sand habi-

tat (Figures 6A-9 and 6A-19). Though
seasonal abundance patterns have been obser ved in past years, catches fluctuated
in 1980. Catches were greatest during February for juveniles, and during February
and April for adults,
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Figure 6A.19. Geometric mean abundance and 90% confidence limits for adult and juve-
nile Scriphus politus collected by otter trawls in the deep sand habitat
(18.3 m) during 1978,1979, and 1980.

Queenfish inhabiting the deep sand habitat had size class modes that were
larger than those in tne shallow habitat. Older individuals, age 1+ and 2+ or
older, comprised 12% and 17% of the annual catch in the deep zone, but only 5%
and 6% in the shallow habitat. The dominant size classes were the young-of-the-
year (65-85 mm, 2.6-3.4 in. SL) and age 1+ queenfish (120-135 mm, 4.7-5.3 in.
SL). The length frequency distribution of S. politus in the deep habitat during
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1980 was similar to that observed in 1978. Few queenfish were captured in the
deep habitat during 1979.

Most queenfish were caught in February and April only. The lack of size class
data from the rest of 1980 may explain the differences in size distribution be-
tween habitats. A few 20-25 mm (0.8-1.0 in.) SL juveniles were caught in October.
Sexual size dimorphism was observed only during February when females were larger
than males (SCE 1981b). Similar to 1979 (SCE 1980e), more males were observed
than females in the deep sand habitat during 1980 (Figure 6A-10).

Otter trawls conducted during 1980 in the deep sand habitat caught insuf-
ficient numbers of queenfish for statistical analysis of GSIs. A trend of repro-
ductive activity, based on discontinuous data points, was similar to that
otserved for queenfish in the shallow sand habitat (Figure 6A-11), although mean
gonad weights were comparatively smaller thar: those in the shallow sand haLitat.

Deep Sand Habitat - Genyonenus lineatus (Whfte croaker)

White cre ' adults and juveniles have not displayed seasonal patterns of
abundance in deep sand habitat in past years (Figure 6A-20). In 1980 large
numbers of fi sere taken in February, after which catches were low.
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Figure 6A 20. Geometric mew abundance and 90% confidence limits for adult and juve
nile Genyone,nus //neatus collected by otter trawls in the d.ep send haisi-
tat (18.3 m) during 1978,1979, and 1980.

Thirty percent of the white croaker captured were age 3+ or older (170-179
mm, 6.7-7.0 in. SL). This pattern was consistent with 1978 results, when an even
higher percentage of adults was captured. Most nf the largest individuals were
females, while in the smaller size classes (100-170 mn, 3.9-6.7 in. SL), males
and females overlapped in size. A few juveniles (10-20 mm, 0.4-0.8 in. SL)were
caught in this area during April. Significantly more male than female white
croaker were caught in the deep sand habitat (Figure 6A-10).

As in shallower water, white croaker reproduced in winter, though too few
white croaker were captured to be statistically analyzed. Some comparative
aspects of reproductive activity in the dem and shallow sand habitats are
detailed in the shallow depth results.
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'8 Deep Sand Habitat - Hyperprosopon, ,,7,

a 197g argenteum (Walleye surfperch)
- A 1980 -

As in 1979, walleye surfperch were
collected infrequently in the deep sand

U habitat (Figure 6A-21). Hyperprosoponj argenteum were commonly taken in 1978.
$ r0- -

%
~

Similar to 1978 (SCE 1979d), two modal
7 _ _ si.e classes. youn g-of-the-yea r (80-100
a mm, 3.2-3.9 in. SL) and combined age 1+

J
and 2+ (110-135 mm, 4.3-5.3 in. SL), were
present during 1980. Consistent with,

{ observations in .978 and 1979 (SCE 1979d,s

5 - _ az ' .\ . 1980e), sex composition did not differ
' .reo Apr .eun Aug oce oec from a 1:1 ratio (Figure 6A-10).

Figure 6A-21. Geometric mean abundance and EJL Deep Sand Habitat - Phanerodon furcatus
confidence limits for Hyperproson ' (White surfperch)
argenteum collected by otter trau ls in

*N7 97g ,)3$*g 8a rn) during
'*"d

During the past three years white
surfperch in the deep sand habitat have

been t.sken in low numbers with no distinct seasonal pattern (Figure 6A-22).
During October 1980, coincident with high catches of adult P_. furcatus in the
shallower zone, there was a slight increase in catch. The majority of white surf-
perch collected were adults though a few young-of-the-year, 90-95 mm (3.5-3.7 in.
SL), were also caught. Juvenile white surfperch h"/e not been caught during this
study in this habitat prior to 1980 (SCE 1979d, Ic ~e).

Similar to 1978 (SCE 1979d), sex compositior was nearly a 1:1 ratio during
the 1980 surveys (Figure 6A-10). This trend diffe.ed from the slight female
majority in 1979 catches (SCE 1980e).

Deep Sand Habitat - Paralichthys californicus (California halibut)

Fewer California halibut were caught in the deep sand than in the shallow
sand habitat. Over the past two years of study the San Onofre catches of
California halibut have lacked distinct seasonality (Figure 6A-23). In 1980,

100 100
e 1978 e 1978
m 1979 3 1979

- A 1980 - - A 1980 -

U U
$ $
9

- -
2

g 10 10- - .

E. . . . _ _

E

E I E

.
- 4

, . i= %+=& h Mh ,.. ''?-
,

Feb Apr .lun Aug Oct Dec Feb A,.r Jun Aug oct Dec

Figure 6A-22. Geometric mean abundance and 90% Figure 6A-23. Geometric mean abundance and 90%
confidence limits for Phanerodon fur- confidence limits for Para /ichthys ca/A
catus collected by otter trawls in the fornicus collected by otter trawls in
deep sand habitat (18.3 m) during the deep sand habitat (18.3 m) during
1978,1979, and 1980. 1978,1979, and 1980.
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however, the observed abundance level in April was lower than during any other
survey.

Consistent with 1978 and 1979 catches (SCE 1979d,1980e), larger and cider
individuals dominated the catch. Age 2+ individuals were most abundant, with age
1+ fish taken in low numbers (primarily in February) and a few age 3+ individuals
captured every month except April. Running-ripe males were captured in high per-
centages (33-50%) throughout 1980 except April.

Deep Sand Habitat - Engraulis mordax (Northern anchovy)

Adult northern anchovy were rarely captured in the deep sand t 'ttom habitat
during 1979 and 1980 (Figure 6A-24). E'en when adults were capturev ~ requently in
1978, the level of capture was less than in the shallow haoitat. Larval
engraulids were caught in similar abindances in both habitats during 1979 and
1980 (Figures 6A-17 and 6A-24). As observed in the shallow habitat, larval ancho-
vies are seasonally abundant during spring and late summer or fall,
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Figure 6A 24. Geometric mean abundance and 90% confidence limits for adult Engraulis
mordax and Engraulid Species Complex larvae collected by otter trawls in
th deep send habitat (18.3 m) during 1978,1979, and 1980.

Deep Sand Habitat - Citharichth_ys stigmaeus (Speckled sanddab)

Speckled sanddab have, in past years, been much more abundant in the deep
rather than the shallow sand bottom habitat, though the 1980 catch (Figure 6A-25),

was uncharacteristically low in the deep zone.

( Cobble Botton Without Kelp - Seriphus politus (Queenfish)

During 1978,1979, and 1980, S_. politus was less abundant in winter (February
and December) than during spring and summer (April-August; Figure 6A-26). The
1980 mean catch during each survey was less than in past years, especially during
February and April. During February when catches were low elsewhere, catches near
the Unit 1 discharge were much higher. In April, more queenfish were caught at
San Mateo Point (9.1 m, 30 ft) and Don Light (13.7 m, 45 ft) than other cobble
bottom areas without kelp. During the remainder of the year, all catches from
cobble bottom areas without kelp forests were similar.

- .
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Figure 6A-25. Geometu- ,neen abundance and 90% Figure 6A-26. Geometric mean abundance and 90%
confidence limits for Citharichthys confidence limits for Seriphus politus
stigmaeus collected by otter trawls in captured in gill nets set in the cobble
the deep sand habitat (18.3 m) during habitat without kelp (9.1 and 13.7 m)
1978,1979, and 1980. during 1978,1979, and 1980.

A bimodal size distribution of queenfish was captured throughout the year.
Ages 1+ and 2+ (125-139 mm, 4.9-5. 5 in. SL and 140-149 mm, 5.5-5.9 in. SL)
comprised the first mode and 34 percent of the queenfish catch. The other mode
was composed of individuals 4+ or older (160-240 mm, 6.3-9.4 in. SL) and repre-
sented 62 percent of the annual catch.

Significantly (P < 0.05) more females than males were captured along the
9.1-n isobath (Fiqure TA-10). This pattern was evident during all surveys of 1979
and 1980 (SCE 1980e,1981b). The majority of the 1980 catch along 9.1-m isobath
and on the 13.7-n isobath at Don Light (SCE 1981b) was mace in August.

Seriphus politus reproductive cycle (Figure 6A-27) was similar to that
observed in the shallow sand habitat in 1980 and in 1979. Queenfish in the Don
Light areas (9.1 and 13.7 m) had significantly (P < 0.05) larger mean gonad
weights than queenfish at other locations with this haSitat type. Females at Don-

Light were not significantly larger than in other areas.

Cobble Bottom without Kelp - Genyonemus lineatus (White croaker)

G. lineatus decreased in mean abundance as the year progressed (Figure
6A-23). Variations in this pattern did occur within past years of the study. For
example, though low catch of white croaker occurred in April 1980, the 1978 peak
catches occurred in April (Figure 6A-28). In general, gill net catches were the
highest in the Don Light area at 9.1 and 13.7 m until December when gill nets set
within 50 m (164 ft) of the Unit I discharge collected more (SCE 1981b).

The 1980 size composition was bimodal. The first mode was comprised mainly of
age 1+ (105-140 m, 4.3-5.5 in. SL), while the second mode was composed of nearly
equal numbers of ages 3+ and 4+ (155-169 mm, 6.1-6.6 in. SL and 170-179 mm,
6.7-7.0 in. SL) (LES 1981; SCE 1981b). Age 2+ (135-154 mm, 5.3-6.1 in. SL) indi-
viduals occurred less frequently (13%) than age 3+ (17%) individuals. Large
adults (170-244 mm, 6.7-9.6 in. SL) were primarily captured in February, while
the majority of the youngest white croaker (age 1+) were caught in August. No age
0+ individuals were collected.

,
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Figure 6A-27. Gonosomatic indices (goned wet weight x 100hotal body wet weight) of
Ser/phus po//rus captured in gill nets set in the cobble habitat without kelp
(9.1 and 13.7 m) and cobble habitat with kelp (13.7 m) during 1979 and
1980.

100
. is7a Significantly (P < 0.05) more females

- '" -
than males were captured, (Figure 6A-10)m 1878

except at a station 500 m (0.31 mi)
upcoast of the Unit 1 discharge (Stations
1 snd 2).,

W
f Genyonemus lineatus reproduced during*3 I

5 fo k * - the winter. This was similar to 1979 fin-r ' ls
,

{ a(W[';, 'y dings (Figures 6A-13 and 6A-29). Analysis

4[* . /,
- of mean gonad weights detected no dif-+ -

,. J y}3 l .. I ferences between cobble areas without kelp
K. on the 9.1-m isobrth or between depths

71 I ''m within an area of cobble without kelp
. 4 (i.e., Don Light 9.1 and 13.7 m),

i
FeO Apr Jun Aug Jef Dec Cobble Bottom Without Kelp - Hyperprosopon

argenteum (Walleye surfperch)
Figure 6A-28. Geometric mean abundance and 90%

confidence limits for Genyonemus Similar to previous years, H. argen-
lineatus captured in gill nets set in the teum were taken in approXimately equal

~

cobble habitat without kelp (9.1 and numbers throughout 1980 (Figure 6A-30).
13.7 m) during 1978,1979, and 1980. Within this habitat, walleye surfperch was

captured less frequently in the area
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Figure 6A-30. Geonwtric mean abundance and 90% Figure 6A 31. Geometric mean abundance and 90%
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argenteum captured in gilt nets set in catus captured in gill nets set in the
the cobble habitat without kelp (9.1 cobble habitat without kelp (9.1 and
and 13.7 m) during 1978,1979, and 13.7 rri during 1978,1979, and 1980.
1980.



6A-46

s

within 50 m of the Unit 1 discharge. The main age / size class caught in this habi-
tat was age 1+ (90-125 m, 3.5-4.9 in. SL) (Eckmayer 1979; LES 1981; SCE 1981b),

though age 0+ (< 90 mm, 3.5 in. SL) fitH. argenteum were caught in February, August,and December. 6 major differences length frequency distribution between 1979
and 1980 were observed (SCE 1980e, 1981b)e

Consistent with the pattern observed in 1978 and 1979 CE 1979d,1980e),
equal numbers of males and females were captured (Figure 6A-10 .

Cobble Botton Without Kelp - Phanerodon furcatus (White surfperch)

Over the past three years (Figure FA-31), white surfperch have been captured
in low numbers. In 1978 and 1980 a slight increase in estch has been noted in
December (SCE 1950e, 1981b).

White surfperch catured were generally older than walleye surfperch during
most of 1980. The nodal size distribution of white surfperch was similar
througnout 1980 (160-185 m , 6.3-7.3 in. SL), except in December when mainly
older and larger individuals sere collected. These were primarily age 2+ (140-160
mm, 5.5-6.3 in. SL) through age 7+ (215 mm, 8.5 in. SL). Young-of-the-year (< 105
m, 4.1 in. SL; Eckmayer 1979) were caught in high nunbers only during DeceEber.
Age 1+ (105-140 m, 4.1-5.5 in. SL; Eckmayer 1979) were infrequently captured
during 1980, except in June and August.

Male and female white surfgerch were caught in similar numbers from this
habitat. In the one deeper area (Don Light 13.7 m), 'emala P. turcatus were more
abundant, mainly during June (Figure 6A-10). Past trends of sexual composition

-

for this habitat are similar to the 1980 results (SCE 1979d, 1980e).

Cobble Rotton With Kelp - Seriphus politus (Queenfish)

Fewer queenfish were captured during 1980 than in past years (Figure 6A-32).
Though their abundance was not seasonal, queenfish catches did vary between years
during some months (Figure 6A-32).

Age 1+ and 2+ queenfish predominated the catch during the first half of 1980.
Age 3+ was poorly represented and fish age 4+ or older (> 160 mm, 6.3 in. SL)
were also under-represented (30%) in kelp areas compared to catches from non-kelp
areas (50%) during the first three 1980 surveys. Queenfish exhibited a nearly
equal annual sex composition (Figure 6A-10). Howes er, in April more males were
taken (SCE 1980a,b). Queenfish reproduced at the same season as conspecifics
taken in other habitats (Figure 6A-27). Female queenfish caugrt in this habitat
had mean gonad weigh. that were significantly (P < 0.05) larger than those
Cduyht directly inshore in cobbie areas devoid r,' kelp.

Cobble Botton With Kelp - Genyonenus lineatus (White croaker)

White croaker catches demonstrated a major winter peak, mid-year (June)
decline, an August recovery, and declining catches in fall and early winter
(Fiqure 6A-33). Mean catches during 1980 surveys appeared to be lower than those
of 1978 and 1979. However, only June was significantly lower (Figure 6A-33). In
June there were low catches in areas with kelp (San Mateo Point and San Onofre)
and high catches in areas without kelp (Don Light 13.7 m) (SCE 1981b).

White croaker caught near kelp had about the same bimodal length frequency
distribution as areas without kelp. Most of the individuals were large, age 3+ or
more (155-244 m, 6.1-9.6 in. SL). Males and females were taken in equal numbers
during the three 1980 surveys. In 1979 a majority of the fish were males (SCE
1980e), but in early 1978 (SCE 1979d), equal numbers were captured.

._- ____--____-___________ ._
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Figure 6A-32. Geomettic mean abundance and 90% Figure 6A-33. Geometric meen abundance and 90%
confidence limits for Seriphus politus confidence limits for Genyonemus
collected by gilt nett in the cobble //neatus collected by gill nets in
habitat with kelp (13.7 m) during the cobble habitat with kelp (13.7 m)
1978,1979, and 1980. during 1978,1979, and 1980.

White croaker collected in the cobble substratum habitat with kelp, like
white croaker collected elsewhere, spawned in winter (Figure 6A-29). No differen-
ces in mean gonad weight were detected between areas with kelp or between kelp-
forested and non-forested cobble bottom habitats.

Cobble Botten With Kelp - Hyperprosopon argenteun (Walleye surfperch)

As in previous years walleye surfperch were captured in low abundance during
the early half of 1980 (Figure 6A-34). During the two-year PMP study, the cobble
habitats with kelp have had highest abundance levels in the summer and fall
(August-0ctober). No age 0+ (< 90 mm, 3.5 in. SL) walleye surfperch were caught
during 1980 (SCE 1981b). Of the few fish taken, nearly all were age 1+ (90-125
mm, 3.5-4.9 in. SL).

Consistent with observations in 1978 and 1979 (SCE 1979d, 1980e), males and
females were taken in equal numbers (Figure 6A-10).

Cobble Botton With Kelp - Phanerodon furcatus (White surfperch)

More white surfperch were captured in areas with kelp than in the areas
without kelp during 1980 (Figure 6A-35). Although, sainpled only through June, the
population abundance trend followed closely that observed in 1978-1980. August
has been the time of peak catch with a substantial catch also in October and
Decenber 1978.

White surfperch captured during the first two 1980 surveys were mainly age 0+
and 1+, but older individuals (2+ through 5+, 140-200 mm, 5.51-7.87 in. SL)
comprised the majority caught during June (SCE 1981b). This was similar to the
length frequency distribution observed during the first three surveys of 1979
(SCE 1980e).

Consistent with the previous two years (SCE 1979d,1980e), female white surf-
perch were more abundant than males during the 1980 surveys (Figure 6A-10).
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CHAPTER 6B

ADULT FISH IN-PLANT

INTRODUCTION

The ongoing marine monitoring studies reported in this chapter are being con-
ducted to define the magnitude of impingement and to relate this information to,

offshore fish populations. These studies comply with Nuclear Regulatory
Commission (NRC), and National Pollution Discharge Elimination System (NPDES).

All 1980 biological data analyzed in this chapter are presented in Volumes I
and !! of the Annual Operating Report, San Onofre Nuclear Generating Station-
Biological Data 1980 (SCE 1981a,b).

This' chapter presents a summary of data collected in 1980 and a review of
past studies at San Onofre Unit 1. Methods of data collection and analysis are
also included. Results are discussed in light of specific topics directed toward
the combined fish program study objectives.

Estimates of the number and , weight of the total impingement catch, the
impingement catch of select species, and analysis of size (age) and sex structure
of select impinged species are developed in this section. Size and sex structure
of impinged fish is compared with offshore fish data to determine if San Onofre
Unit 1 impingement is selective with respect to these factors.

BACKGROUND

HISTORICAL REVIEW (1963-1979)

In order to place the study objectives and results into perspective, a brief
description of past impingement studies is presented.

From August 1968 to June 1971, thirty-three 8-h normal operational samples
were taken on a monthly basis and 31 heat treatment samples were obtained. These
surveys were conducted by generating station personnel who classified the
impinged biomass with such general terms as " jellyfish, herring, croaker, etc.".
Each report gives total pounds of " fish" impinged.

In 1972 biologists began surveying heat treatment losses. All fish were iden-
tified to specie's and an estimate was made of the number of fish of each species.
Invertebrates and algae were also identified to species when possible and
enumerated. The total weight of biomass was given and an estimate of the weight
distributfor between fish, algae, and invertebrates.

Beginning in 1974 heat treatments were expanded to include counts as well as
weights of fish by species and up to 125 fish of each species were measured for
standard length. In addition, normal operation sampling was completed for one
24-h period per week for 3 weeks following a heat treatment then twice per week
thereafter. Since Octnber 1978, normal operation sampling has been maintained at
approximately twice per week during normal operational periods (all circulating
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water pumps in operation) with additional abiotic observations including wind,
weather, intake sea temperature, and turbidity measured in the screenwell using a
nephalonetric turbidimeter.

1980 STUDY

In-plant sampling of fmpinged fish species including lengths, weights, and
sex of resident and select species during 2 heat treatments and 32, 24-h normal;

'

operation periods cor.tinued during 1980 through April. In-plant sampling was
discontinued during May, due to periodic plant maintenance, but resumed in June
and July. During this time, the generatino station was not operational but the
pumps were circulating water. Impingement sampling was not continued after July
as the generating station remained non-operational from July through the end of
1980 due to plant maintenance.

!

DISCUSSION

The 1980 estimate of total fish impinged by San Onofre Unit 1, standardized
to 152 operational days between January and July, indicates that more fish were
impinged per day in 1980 than during the previous five years (Table 6B-1).
Impingement of select species (queenfish, white croaker, walleye surfperch, and
white surfperch) followed a similar trend. Evaluation of monthly impingement
rates for select species over the past four years indicates that highest impinge-
ment catches occur from January through July (Table 6B-2). This distinct season-
ality results from the synergistic effects of seasonal movement and reproductive
patterns coupled wd., oceanic disturbances in the form of storms and localized
upwelling.

Teble 88-1. Total yearly and daily i3eent mpingement by number and weight Obs) fori
all species and Seriphus politus. nueentish: Genyonemns lineatus, whitJ
crooker: Hyperreosopon stgentrum. welieve surfperch. snd Phanerodon
furcatus, white surfpe.ch from 1975 to 1980.

no. Ibl. #0. Ih . me. Ibl. #0. Iht, no. Ibl . no. Ibt.

yearly 296.319 30.832 19a.266 24.631 235.555 20,625 601.'.93 43.820 584.647 52.916 .59.573 40.069Dally meas 935 97 734 91 832 73 1.991 145 1.602 145 3.024 316

r 210.868 14.298 155.631 11.484 33.133 8.730 372.520 16.247 430.966 19.898 323.404 15.880Daily mean 665 45 576 43 117 6 1.234 54 1.181 55 2.128 105

y y 12.8 76 1 5 6.7 47 76 5.4 23.794 1,91 3A.44 5.1

y 38, 2.54 20.51 1.639 24.7% 2.209 45.76 4.3 60.53 3.504 36, 2.7

o y 5.975 367 3.335 471 3.451 196 10.38J 571 10.393 503 5.271 441
Daily mean 19 1 12 2 12 1 34 2 29 1 35 3

0.ys of oper,tton 317 270 282 302 365 152

i fearly estimated toets9ement divided by the days of operation for the year.

High impingement catches of queenfish and white croaker from January through
March are likely the result of recruitment of larval individuals to the epi-
benthic and midwater portions of the water column (SCE 1980e) coupled with storm
activity during this portion of the year. Assuming that monthly rainfall totals
are an index of storm activity, the combined rainfall totals for January,
February, and March 1980 accounted for over 91 percent of the annual 1980 total.

,

Perhaps the coincident occurrence of newly recruited larvae and frequent storms
increases the susccptibility of young fish to impingement during this time of the

i

I
__ _
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Table 68 2. Mean monthly impingement catch by number per operational day for
Seriphuspolitus, Mink:Genyonemus lineatui, white crooker:
Hyperprosopon argentrum, welieve surfperch: and Minnerodon furcatus,
white surfperch from 1977 to 1900. The number of operational days / month
equels the mean monthly flow (gellons/ day) divided by the mean daily

8normal flow (4.0 x 10 gallons) multiplied by the number of days / month.

J F M A M J J A S 0 N 0

Seriphus
politus

1977 t t t 74 17 6 33 5 18 19 10 10
1978 44 69 35 137 74 26 23 63 28 8 10-

1979 37 229 79 128 109 306 208 175 141 125 71 70
1980 207 714 528 1,119 299 530 t t t t t t;

Genyonemus
lineatus

1977 t t t 4 1 <1 <1 <1 <1 <1 <1 4
1978 1 5 1 1 10 5 3 54 <1 <1 1-

1979 2 6 1 2 1 19 21 35 6 6 1 1
1980 48 315 26 11 2 13 t t t t t t

Hg e,rprosopon
arger. s m-

t t t 12 2 1 1 1 7 1 7 31977
1978 28 14 5 6 1 3 2 6 1 1 1-

1979 11 75 2 3 2 25 40 15 11 4 38 4
1980 74 115 33 21 4 13 t t t t t t

Phanerodon
rurcatus

1977 t t t 1 <1 <1 1 <1 1 (1 <1 <1
.'

1978 1 1 1 2 2 1 1 2 <1 <1 <1-

1979 1 2 <1 1 3 25 12 4 1 <1 1 1
1980 1 22 3 22 8 17 t t t t t t

t
| Plant offline for maintenance

year. As suggested previously (SCE 1980e), high impingemen' catch of walleye andc
white surfperch coincides with offshore movements of females which were insemi-

'nated in shallow water during fall and early winter. The offshore movement of
burdened females at a time of severe weather disturbance may make them more
vulnerable to impingement (SCE 1980e). Additionally, pregnant female surfperch
tend to have reduced ability to avoid intake cur rent velocities as measured by
their swinning performance (Dorn et al. 1979).

By April, storm activity usually su ' ides, however, a second seasonal dis-
turbance in the form of localized upwelling begins and continues sporadically
through July off San Onofre (Barnett et al. 1980). Increased impingement catches
of queenfish in April 1980 resenble those observed in April 1978 and to a lesser
extent April 19/9. The co-occurrence of upwelling and increased impingement
catch of queerfish for the past three years suggests that newly recruited and
reproductively activa individuals are vertically migrating to avoid the intrusion
of colder upwelled water (Chapter 6A). In doing so, these fish may become more
susceptible to entrapment and subsequent impingement in the Unit 1 cooling water

. . - - ,
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|
' systen. The virtual absence of juvenile queenfish from otter trawl samples during

April and June, and the presence of queenfish in lampara nets (DeMartini 1981)
during this period appear to substantiate this scenario.

,

Comparison of the size structure of queenfish sampled in-plant and by otter.

trawl and gill nets between 1979 and 1980 revealed similar patterns for Feboary,|

! April, and June. The juveniles present in otter trawl and impingement samples
during these months represent juveniles spawned late in 1978-1979 since young-of-
the-year (age 0+) do not generally appear inshore until August (SCE 1980e). Thus,
inpingement data was not available during the period in 1980 when larval inpinge-
ment and entrainnent are historically the greatest.

The impingement catches relative to otter trawl and gill net catches from
1978 to 1980 appear to be sampling the same size classes available in the

] offshore population with the exception of juveniles 20-40 mm (0.8-1.6 in.) SL and
larger (> 170 nm, 6.7 in. SL) females caught in gill nets. The absence of 20- tor

| 40-mm SL juveniles in impingement samples is most likely the result of this size
class passing through the generating station's traveling screens and being4

| entrained in the Unit 1 cooling water system.
, .

' The pronounced shift in impingement from female to male queenfish during
! early 1980 is unexplainable at this time. Analysis of trawl and gill net data

indicated that females were generally more numerous than males in all but two
surveys (June, August; see Chapter 6A). Although males generally outnumbered
females in February, April, and June impingement samples, numerical dominance by
males was significant only for February and April samples. Male queenfish domi-

i nance in 1980 represents a reversal in pattern from the female dominance observed
i since 1978. Perhaps severe storm activity early in 1980 resulted in a change in

the spatial distribution of males relative to females thereby increasing their
susceptibility to impingement. This pattern, however, was not observed in early
1978 which was also extremely stormy (SCE 1979d). |

This concludes the overall discussion. Detailed 1980 methods and results are
presented in sections that follow.,

,

METHODS

i

; HEAT TREATMENT

'

Heat treatments practiced at San Onofre Unit 1 involve recirculating approxi-
! nately two-thirds of the normal discharge flow back through the condenser to
! achieve a lethal temperature of 105'F in the screenwell, which controls bio-

fouling. The intake conduit is heat treated in this manner on an as-required
schedule based upon a conduit biofouling growth model (LCMR 1977b) and opera-
tional requirements of the plant.

During each heat treatment, fish collected by the traveling screens and bar-

racks are identified, enumerated, weighed, and measured. In addition, all fish

that are measured are also examined for disease and/or abnormalities.-Scx ratios
of resident species (Reference: letter of 4 December 1974 from J. E. Fitch,
California Dept of Fish and Game, to A.R. Strachan, SCE) are estimated from sub-
samples when possible.

NORMAL OPERATION

During normal plant operation samples were taken at least weekly. The total
weight and number of fish, by species, removed from the traveling screens and

t

!

l

._- ._ , _ _ _ _ _ - - _ _ _ _ _ . _ _ . . , . , _ - . . _ .
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har racks over a continouous period of 24 h were monitored at least once per week
during the first three weeks following heat treatment and twice per week
thereafter, until the next heat treatment.

DATA ANALYSIS

Analysis of impingement catch involves (1) estimating the annual total and
select species catch, (2) describing the length frequency distributions of the
select species, and (3) estimating sex ratios of select species.

The annual impingement catch in weight and numbers of fish is estimated as
the gun of monthly means weighted by the total number of operational plant days
per month. An operational day is defined as any day during which circulating
punps are operating. This sum, calculated from the monthly stratified samples,
estimates total annual impingement under normal flow conditions. The standard
error of the stratified sample total is the sum of monthly values and is
expressed as:

S(!) = / I (Nh - "h) Sh

where S(!) = standard error of total impingement

total number of operational plant days in stratum hN =
h

(mop.h)

S2= sample variance of impingement catch in stratum h (month)
h

nh number of impingement samples in stratum h (month)=

The total annual impingement estimate for Unit 1 is the sum of the estimated
total impingement under normal flow, plus the total impingement during heat
treatment.

Length frequency histograms are presented for Seriphus politus which con-
sistently comprises the greatest part of the San Onof re Unit 1 impingement catch.
Analysis of length frequency samples for other select species (see Chapter 6A)
taken under normal flow and heat treatment operations suggests that individuals
of these species are impinged soon after entrapment rather than remaining in the
screenwell for a period of time (LCMR 1978c). Histograms based on irnpingement
samples describe length frequency distributions of these species taken for
approximately the same dates (5, 26,19 February and 4 March; 1, 4, 8 April; 17,
20, 24, 27 June) as fish surveys in receiving waters. Since impinged fish were
sampled during the period that fish in receiving water samples were collected,
length frequencies of impinged fish can be compared with those of fish sampled
offshore.

Sex ratios of the selected species are presented as bar graphs. As above,
comparisons are made between impingement and receiving water samples that were
taken within a similar time period.

RESULTS

ANNUAL IMPINGEMENT ESTIMATE

The estinate of 1980 fish impingement is based upon 32 normal flow impinge-
ment samples and 2 heat treatment samples conducted during the first 7 months of

. _ _ - -



6B-6

Table 68-34 Rank order of abundance by numbers of individuals of each species impinged
during 1990,

i Nunber of Percent
i Rank Species Cormon Name Individuals of Total

1 Seriphus politus Queenfish 323,404 69.47
2 Genyonenus iineatus White croaker 38,444 8.26
3 Hyperprosopon argenteun Walleye surfperch 36, % 3 7.94
4 Engraults nordax Northern anchovy 16,585 3.56
5 Atherinopsis californiens1s Jacksmelt 16.247 3.49
6 Phanerodon furcatus White surfperch 5,271 1.13
7 Leuresthes tenuis California grunion 4,458 0.%
8 Anchoa compressa Deep hody anchovy 2,988 0.64
9 FeirTTus simillimus Pacific butterfish 2,962 0.64

10 Citherichthys stignaeus Speckled sanddah 1,581 0.34
11 Mentict rrhus undulatus California corhina 1,420 0.31
12 Urolophus ha11ert Round stingray 1,342 0.29 ;
13 Roncador stearnst Spotfin croaker 1,184 0.25 !
14 Porichthys notatus Plainfin midshipman 1.023 0.22
15 Atherinops aDE Topsmelt 1,009 0.22
16 Cynatogaster aqqregata Shiner surfperch 939 0.20
17 scorpaena guttata Sculpin 784 0.17
18 Enhiotoca .jacksont ' ack surfperch 670 0.14
19 Wtophidiun scrippsi easketweave cusk eel 638 0.14
20 Paralichthys californicus California hallhut 532 0.11
21 unbrina roncador Yellowfin croaker 522 0.11
22 Anphistichus argenteus Barred surfperch 511 0.11,

s 23 Paralabrax nebulifer Barred sandhats 501 0.11
24 Syngnathus spp. Pipefish 476 0.10
25 Ientsttus californiensis Salena 372 0.08
26 Platyrhinoidts trisertata Thornback 358 0.08
27 squaius acanthias Spiny dogfish 335 0.07
28 Heterostichus rostratus Giant kelpfish 332 0.07
29 TriTsotrenus davidsont Sargo 330 0.07
30 Girelia nigricans Opaleye 317 0.07,

31 Torpedo californica Pacific electric ray 306 0.07
32 Micronetrus minin7u Dwarf surfperch 263 0.06
33 Rhinobatos productus Shove 1 nose guitarfish 208 0.04
34 Myitohatts caltfornica Bat ray '208 0.04
35 Hypsopsetta guttulata- Olanond turhot 202 0.04
36 Brachylstius frenatus Kelp suffperCh 168 0.04
37 Schastes serranoides Olive rockfish 154 0.03
38 Chetiotrena saturnun Black croaker 142 0.03
39 Rhacochtius tomotes Rubberlig surfperch '.2 9 0.03
40 Danalichtnys vacca Pile surfperch 127 0.03
41 Triakts sentfasciata Leopard shark 119 0.03
42 Pleuronichthys ritteri Spotted turhot 112 0.02
43 Musteius caitfornicus Gray smoothhound 104 0.02
44 Cynoscion nohtits White seahass 91 0.02
45 Pieurontchthys coenosus C-0 turbot 91 0.02
46 Sehestes rastrailiger Grass rockfish 82 0.02
47 Hypsohlennlus jenkinsi Mussel blenny 65 0.01

'

4R Otophidiun taylori Spotted cusk-eel 57 0.01
49 Gynnura narnurata California butterfly ray 50 0.01
50 Dieuronichthys verticalls Hornyhead turhot 49 0.01
51 Portchthys nyriaster Specklefin midshiprian 33 0.01
52 Heterodontus francisci Horn shark 31 0.01
53 Hypsypops rubicunda Gariheldi 30 0.01
54 Schastes auriculatus Brown rockfish 26 0.01
55 Scorpaentchthys narnoratus Canezon 21 0.00
56 Paralabran clathratus Kelp hass 19 0.00,

' 57 Halichoeres semicinctus Rock wrasse 14 0.00
58 Chronts punctipinnis Blacksnith 13 0.00
59 Leptocottus armatus Staghorn sculpin 12 0.00
60 Pincionetopon puichrun California sheephead 11 0.00
61.5 Perophrys vetulus English sole 10 0.00
61.5 Tes sstes pauctspin's Bocaccio 10 0.00
63 E E rys liolepis Fanta11 sole 9 0.00
64 2Ra a ntnoculata B19 skate S 0.00
65.5 Gynnoihorax nordan California noray 7 0.00
65.5 DayJuits railfornica Senorita 7 0.00
68 Alopias vulpinus Pela9 c thresher 5 0.001

68 Hermosi?la azurea 2ehra perch 5 0.00
68 MerluccTus productus Pactfic hate 5 0.00
70 voner declivirrons Pacific moonfish 4 0.00

|

, . -
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1980. Heat treatment samples consisted of an assessment of all fish impinged
during the heat treatment, while normal plant operation samples evaluated indivi-
duals impinged during a 24-h period of normal plant operation (i.e., circulator
pumps operating in normal configuration). A complete account of all species enu-
cerated from the 32 normal operation samples and two heat treatment sample * is
presented in Volume !! of the Annual Operating Report (SCE 1981b). Table 51-3
shows the rank order of abundance by number of individuals observed in sampies
collected in 1980. Estimated monthly impingement catches for total fish and
' elect species by individuals and weight are presented in Table 6B-4. Table 6B-5, ;

presents estimates of the number and weight of total fish and selected species j
using weighted monthly averages of catch for seven months in 1980. i

Table 68-4. Number and weight of select fish species impinged by San Onofre Unit 1
during 1980.

Genyonemus Hyperprosopon Phanerodon Scriphus Total
lineatus argenteum furcatus politus Individuals Number of

Mort h No kg No kg No kg No kg No kg Samples

Jan 8,760 904.0 13.847 420.0 253 14.5 37,989 1,014.8 65,164 4.537.8 7

Feb 21,446 1,047.4 7,845 265.6 1,515 79.8 48,553 1,001.4 97.418 5,659.1 4

Mar 6,353 299.0 8,108 315.4 754 30.2 130,616 3.277.8 165,161 6,128.3 8
Apr 430 19.2 1,820 51.0 850 29.5 43.650 823.2 49,400 2,471.8 3

,

Jun 38 1.2 90 4.1 173 16.2 6,465 94.5 7,673 802.9 4 |

Jul 1,395 40.4 1,354 24.4 1,715 29.2 54,994 955.6 74.757 2,199.9 6

Table 68-5. Annual estimate of numimr mad weight o' total fish and select species im-
pinged during nonnat operation and heat treatments by San Onofre Unit 1
during 1980 based upon 32 24-h samples. Estimates for normal opetion
are total catch i1 standard deviation of the total. Heat treatment values
represci actual numbers and weights of fids impinged.

Number of Fish Weight of Fish (kg)
Taxa Normal Heat Normal Heat

Operation Treatments Operation Treatments

Genyonemus lineatus 38,421 + 10,140 23 2,311.26 + 849.68 2.50
Hyperprosopon argenteum 33,0631 8,919 3,900 1,080.491 285.56 170.66
Pnanerodon furcatus 5.260 + 860 11 199.37 + 41.60 1.02
5eriphus politus 322,267 1 35,880 1,137 7,167.38I 909.87 34.70

Total Individuals 459.573 +, 54.893 5,936 21,799.85 + 3.372.56 400.89

Combined Total 465,509 22,201

Six species accounted for approximately 94% of the total (normal and heat
treatment) impingement catch in 1980 (Table 68-3). Queenfish, Seriphus politus,
numerically dominated the impingement catch followed by white croaker, Genyonemus
lineatus; walleye surfperch, Hyperprosopon argenteum; northern anchovy, Engraulis
mordax; jacksmelt, Atherinopsis californiensis; and white surfperch, Phanerodon
furcatus.

Estimated monthly normal operation impingement ranged from a maximum of
165,161 individuals weighing 6,128 kg (13,512 lb) in March to a minimum of 7,673
individuals weighing 803 kg (1,770 lb) in June (Table 68-4). Impingement of
select species by number and weight was greatest for queenfish in Mtrch, for
white croaker in February, for white surfperch in February, and for walleye surf-
perch in January (Table 6B-4).

An estimated 459,573 + 54,893 (1 standard deviation of the total) individuals
weighing 21,799.85 + 3,372.56 kg (48,069 + 7,437 lbs) were impinged under normal

_ ,

operational conditions by San Onofre Unit 1 in 1980 (Table 6B-5). Select species

- _ _ _ _
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(queenfish, white croaker,, walleye surfperch, and white surfperch), collectively
accounted for 86.8% of the total impingement catch by number and 49.4% by weight.
Individually, 70.1% of the normal flow irapingement by number was accounted for by
queenfish, 8.4% by white croaker, 7.2% by walleye surfperch, and 1.1% by white
surfperch. Queenfish, by weight, accounted for 32.9%, white croaker for 10.6%,
walleye surfperch for 5.0%, and white surfperch for 0.9%.

A total of 5,936 individuals weighing 400.89 kg (884 lb) were impinged in two
heat treatments in 1980. Walleye surfperch accounted for 65.7% of the total
number of individuals impinged in heat treatments while white croaker, white
surfperch, and queenfish accounted for 0.4%, 0.2%, and 19.2%, respectively. By
weight, walleye surfper'.h again dominated the catch with 42.6%, white croaker
with 0.6%, white surfperch with 0.3%, and queenfish with 8.7%. The average weight
per impinged fish was 0.05 kg (0.1 lb) based upon the combined normal flow and
heat treatment catches by number and weight in 1980 (Table 6B-5).

LENGTH FREQUENCY ANALYSIS

Analysis of size structure of Seriphus from receiving water samples and
impingement samples is presented to determine if Unit 1 is selectively removing a
size class or classes from offshore populations. Seriphus was selected for study
because it numerically dominated gill net and otter trawl catches and because it
has historically been a major component of the total annual impingement catch.
Comparisons were made between length frequency histograms obtained from impinge-
ment, gill net, and otter trawl catches for the San Onofre area only. Genyonemus
is not considered because impingement catches of this species were highly
variable in 1980.

Figures 68-1 through 6B-3 depict the size structure of Seriphus for impinge-
ment, gill net, and otter trawl catches in February, April, and June 1980.

The length structure of juvenile queenfish (< 120 m, 4.7 in. SL) impinged in
1980 displayed seasonal patterns similar to those observed in 1979 (SCE 1980e).
Length distribution was unimodal from February through June with modal length
generally increasing from 75 mm (3.0 in.) SL in February to 90 mm (3.5 in.) SL in
June (Figures 6B-1 through 6B-3). Juveniles as small as 30 mm (1.2 in.) SL were
sampled in the impingement catch (Figure 6B-3) in June.

) Otter trawl catch of juvenile queenfish was limited to February (Figure
6B-1). Length structure of juveniles caught in otter trawls during this time was
similar to that observed for impinged juveniles (Figure 6B-1) in February.

Adult queenfish length structure in-plant and offshore was similar throughout
1980 (Figures 6B-1 through 6B-3). Modal lengths varied little in February, April,
and June for queenfish impinged or caught in the otter trawl.

Like gill net catches of adult queenfish in 1979, gill nets in 1980 were more
effective at catching relatt cely large females and individuals no smaller than
120 mm St. Unlike 1979, however, the length structure of adult queenfish was not
bimodal (Figures 6B-1 through 6B-3). Rather than a bimodal structure, length fre-
quency of queenfish caught in gill nets was highly variable with sizes ranging
from 120 mm SL to 230 mm (9.1 in.) SL.

SEX COMPOSITION

The sex ratios of male and female Seriphus represented by impingement, gill
net, and otter trawl samples are presented in Figure 6A-11. Impingement samples
were grouped within each month so that they coincided, as closely as possible,
with offshore fish survey dates.

. _ _
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Unlike previous years, male queenfish numerically dominated the impingement
catch for San Onofre Unit 1 in February, April, and June 1980. In two of these
three months (February and April) the number of males impinged was significantly
greater (P 3,0.05) than the number of females impinged.

An analysis of the ratio of female Seriphus to total sexable Seriphus caught
in-plant, in gill nets, and in otter trawls was performed to determine it Unit I
was impinging a disproportionately large number of females relative to the
of fshore numbers of females. In order to reduce the bias due to gear selectivity
this ratio was calculated for 5-mm (0.2 in.) length increments common to all
gear-types. The assumption was made that each gear-type (plant intake, gill nets,
otter trawls) took an unbiased sample of females to total sexable Seriphus in
each 5-mm length class common to the gear-types. A Friedman two-way analysis of
variance (Sokal and Rohlf 1969) was used to test for differences in sex ratios
within 5-mm size classes among gear-types for February and June. April length
frequency data was omitted because of the low numbers of queenfish caught in gill
nets. Results of the test indicate that Unit I did not impinge a dispropor-
tionately large number of female queenfish relative to numbers of females caught
in gill nets and otter trawls.
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CHAPTER 7

KELP

INTRODUCTION

The kelp beds of the San Onofre region were under investigation in 1980
primarily to continue the preoperational baseline study for Units 2 and 3.
Secondary objectives included centinuation of the Unit 1 operational effects
study and completion of the Construction Monitoring Program . ',MP ) for Units
2 and 3. The kelp study met all objectives and requiremcats of the Enviromental
Technical Specifications (ETS), Preoperational Monitoring Progra (PMP), and the
CMP. The purpose of this chapter is to present: 1) a pertinent samary of Jata
collected in 1980; 2) analyses of the data to mee' study objectives; 3) a per-
srective of the San Onofre kelp beds in relationship to the southern California
bight kelp resource and the interaction of the resource with generating station
activities.

Data collected during the San Onofre kelp investigation is provided in
Voltanes I and II of the San Onofre Annual Operation Report. Volme I (SCE 1981a)
pr.esented a brief siseary of regulatory required data and was submitted to
the regulatory agencies on 31 March 1981. Volume II (SCE 1981b) contains all
data collected to meet the objectivec of the 1980 program and supplementary
data.

BACKGROUND

The kelp beds of the San Onofre region (Figure 7-1) have been periodically
investigated over the past 70 years. The first investigation was conducted by
W. C. Crandall (1912) in 1910 and 1911. His investigation consisted of mapping
the areal extent of the kelp beds using surveying procedures. The San Onofre

. kelp beds were not investigated again until the Kelco Company (unpublished data)
mapped the canopies by aerial photography in the 1950's. The San Onofre kelp beds
were not studied again until 1963 when the Marine Enviromental Monitoring
progran (MEM) was initiated. The MEM was conducted from 1963 through 1972 (Table
7-1); however no structured kelp program existed during this period. All kelp
bed data collected during the MEM program were derived from hard substrate
benthic investigations (Marine Advisers, Inc.1969, 1971a-c; Intersea Research
Corporation 1972, 1973a-b, 1974a-b).

In 1972, Dr. W. N. North of California Institute of Technology began quar-
terly mappt r,g surveys of kelp canopies in the San Onofre region using aerir,
infrared photography.

Between 1972 and 1974, Dr. North also attempted to establish a wam-water
tolerant strain of Macrocystis at the San Mateo kelp bed.The project met with
initial success, but heavy sea urchin grazing eventually destroyed most of the
wam water tolerant plants.

Kelp bed investigations conducted by the Southern California Edison Company
(SCE) were undertaken as parts of major environmental regulatory studies such as I

tne ETS, CMP, and PMP. SCE studies were not specifically designed to examine the

,
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Table 71 Chronological history of SCE-sponsored kelp bed studies at the San
Onofre site.

_

Major Programs Date Methods Frequency Locality Data Collected

Marine Environnental Monitoring 1964-1973 Oualitative and quanti- SMK, 50K, Minimal data on |
tative observations by and 8K kelp plant
various methods. densities and

observations on
canopy size.

Dr. W. J. North - Canopy Mapping 1972-1974 Aerial infrared photography Quarterly 5* , 50K, Estimation of
and BK temporal changes

in kelp canopy

Dr. W. J. North - Transplant 1972-1974 Transplanting warm-water Period 1- SMK Minimal data
Emperiments tolerant kelp plants and cally collected due to

follow-up observations grazing urchins

Sand Disposal Monitoring 1974-1976 Mapping help bed canopies Quarterly S* , 50K, : Estimate of ten-
using electronic position and BK poral changes in
device help canopies and

hard substrate

Environmental Technical Specifications 1975-1980 Mapping help bed with : Estimate of ten- )
* *

infrared aerial photographs; paral changes in !
monitoring of 11 1:10m kelp canopies and

'

band transects associated sub-
strate, estimates

cf densities and
temporal changes
in the hard ben-
thic coenunity

* *Construction Monitoring Program 1976-1980 Electronic positioning : Estimate of tem-
Kelp Mapping Surveys devices paral changes in

kelp canopies and
associated hard
substrate

*Nutrient Surveys 1977-1980 Determination of nitrogen. Monthly : Temporal changes
phosphate and ammonia levels in water colon
in water colon, and nitro- and kelp tissue
gen levels in kelp tissue nutrient levels

Kelp Bed Emanination 1977-1980 Qualitative examination by Quarterly Temporal and*

divers cf health of kelp spatial estimates
plants and recruitment of the condition of
success; occupation the help plants
of two In10m transects and associated
at SOK hard benthic com-

munity at 50K

Preoperational Monitoring Program Mi d-1978 5 station-pairs, each sta- Minimal information" *

-Mi d-1980 tion composed of 2 2a1 m2 on kelp densittes
quadrat - point-contact at stations
metaod of enseration

Interim Program Dec 1980 6 permanent stations plus 3/yr 50K Macrocystis
9 to 12 randomly placed densittes and
10 m2 circular plots at stipe counts:
each statto- invertebrate and

algae densities and
substrate
composif on

Marine Review Committee Kelp Programs 1976-1980 Field experiments using Continuous SCE Effects of
help transplants and out- turbidity on
plant studies deve!c pect and

growth of kelp

SMK = San Mateo Kelp Bed 50K = San Onofre Kelp Bed BK = Barn Kelp Bed

intricacy of kelp mechanisms only, but rather were designed to monitor the
overall benthos and included measurement of gross changes 'n kelp cargy and
plant densities. The first sucn study was the Sand Disposal !%nitoring program
(SDM) conducted from 1974 through 1976 (Table 7-1). This program consisted of
quarterly kelp canopy and substrate mapping in the San Onofre region using
electrcnic positioning devices and ground truth sampling (Lockheed Marine Biology
Laboratory 1974,1975a-c; Lockheed Center for Marine Research 1976a-c). Beginning
in 1975 and continuing through 1980, kelp canopies of the San Onofre region were
examined quarterly as part of the ETS, using infrared aerial photography. Addi-
tional information on kelp plant and benthic invertebrate densities at the
San Mateo (SMK), San Onofre (SOK) and Barn kelp (BK) beds were provided by the
Unit 1 ETS operational benthic program although this program was not designed
specifically to address kelp but to monitor the hard benthos.
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In 1976 the SDM program was replaced by the Construction Monitoring Program
; (CMP) whicn antinued into early 1980 (MBC 1978; SCE 1979,1980). The objective'

of the CMP kelp investigation was to monitor the health of the San Onofre kelp
beds during the construction phase of San Onofre Units 2 and 3. The CMP kelp
investigation included: 1) quarterly mapping of the SMK, 50K, and BK canopics and
associated substrate using electronic devices; 2) doctanentation of changes in the
density and configuration of the three canopies using infrared aerial photography
(The aerial photographs were taken at least quarterly and in 1978 and 1979
[ weather permitting] the aerial photographic investigation was conducted on
a monthly schedule); 3) monthly monitoring of ammonia, nitrogen, and phosphate in
the water column, and nitrogen in kelp tissue; 4) the qualitative quarterly
examination of kelp plant health in the SMK, SOK, and BK beds; and 5) the

2 band transects to quantitatively examinequarterly occupation of two 1 x 10 m
temporal changes in the benthic community at SOK (Table 7-1).

The PMP benthic investigation conducted from mid-1978 to mid-1980 (SCE 1979,
; 1980) was established to monitor the community associated with the offshore rock

' and cobble substrate in the San Onofre region (Table 7-1). Although the PMP
investig. tion was not specifically designed to monitor kelp beds, several sta-
tions were located within or near the beds and provided ancillary data on kelp
plant densities and growth rates (i.e. rates derived from stipe counts) were
obtained.

Follewing termination of the fonnal PMP program in mid-1980, basic kelp
monitoring was continued as a portion of the interim program to study kelp
(Macrocystis, Pterygophora) at the S0K bed where an established data base
existed. The' study was designed to monitor kelp densitier and associated facters
that apparently have measurable influence on kelp recruitment and development
within the 50K forest. These factors included substrate stability, biological
interaction with urchins, competition for uninhabited space, shading by lower
story brown algae, and kelp canopy mapping semiannually (Table 7-1). A pre- ,

liminary survey was conducted in December 1980 and the results of the survey are
presented in Chapter 5B.

Beginning in 1976 and continuing to the present, the Marine Review Committee
(Barilotti 1977; Deysher and Medler 1978; Dean 1979a-b, 1980) has conducted
detailed investigations at SOK, SMK, and BK. These investigations, which included
detailed field experiments, were oriented towards predicting the effects of San
Onofre Units 2 and 3 operation on 50K.

DISCUSSION

MONITORING PROGRAM

The sea floor off San Onofre is composed of mixed sediments it.cuding sand,
sand and cobble, cobble, and boulders. Most of the nearshore cobble areas
undergo periodic burial due to natural sand transport, which prevents establish-
ment of a stable attached biota (MBC 1978). Offshore the rock and cobble areas
are apparently less subject to periodic burial. It is at these offshore areas of
cobble and boulders that the giant kelp, Macrocystis, has established itself,
forming kelp beds that support relatively varied and abundant marine biota.

The areal extent of kelp canopies in the San Onofre region have under-
gone several major changes since they were first mapped in 1911 (Figure 7-2). The
most noticeable of these changes occurred between 1963 and 1967 when the San
Mateo kelp (SMK), SOK, and barn kelp (BK) canopies disappeared. A second major
event occurred between June and October 1976. This event was particularly
evident at SMK and SOK where approximately 80% of the kelp canopy was lost
(MBC 1978). The event was not confined to 50K, but was observed throughout the

,
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Figure 7-2. Estimated areal extent of the san Mateo, san Onofre, and Bam kelp
canopy from 1911 through 1980. ( determination by various methods.)

kelp beds of southern California. Although reasons for this deterioration were
unknown, North (personal comunication) suggested that the canopy reduction may
have been related to a reduction in water column nutrient levels, a condition
noted at other sites along the southern California coast during this period.

A period of canopy deterioration was again observed in the San Onofre
region in 1978. The major spring stonns of 1978 appear to have had a major impact
on the canopies, especially the SK canopy. Between Decerber 1977 and June 1978,
BK canopy was reduced approximately 90% and as of December 1979 the BK canopy
comprised only 25% of the pre-stom canopy. Aside from the destruction of kelp
pl ants, winter storms al so reduced avail able subst rate for kelp settlement
through storm related sand deposition (SCE 1980).

Kelp canopies of the San Onofre rcgion again underwent a major period of
deterioration between July and December 1980. During tnis period, the BK canopy,
which was already in a state of deterioration (SCE 1980), disappeared. Further,
the areal extent of the 50K canopy decreased approximately 60% and the SMK canopy
approximately 40%. Kelp canopies normally undergo some deterioration in stamer
followed by a recovery period in fall and winter (North 1971). Recovery of major
kelp bed canopies in the San Onofre region was not observed in 1980. Field
observation indicated that healthy kelp plants were present in some areas of the
kelp beds in December, but had failed to develop new growth in the water column
surface layers. In other areas, substantial plant loss was observed. Field

_ - _ _ _ _ _ _
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observations further indicated that even though SOK lost approximately 60% of its
surface canopy, kelp plants comprising the bed appeared to have suffered the
least damage observed in the San Onofre region (North, personal communication).
By comparison, kelp plants observed at BK were in a state of distress. Observa-
tions made at BK in December were further substantiated by the canopy mapping
survey which indicated that no canopy existed and the area of high density fronds
(above 1 m [3.3 f t]) had decreased approximately 86% from February 1980.

Concurrent with the decrease in kelp canopy extent throughout the San Onofre
region were abnormally high surface and bottom water temperatures, especially

N0 +NO ). Bottom waterin August, and reduced surface water nitrogen (i.e. 2 3
temperatures exceeding 25.0*C and surface water temperatures near 27.0*C were
reported in the San Onofre kelp beds in August (SCE 1981b). Further, surface
water levels of nitrogen exceeded 0.05 *g at/ liter only rarely. The surface
water nitrogen levels in 1980 represented a significant (P(0.01) reduction over
that recorded for the same time periods in 1978 and 1979.

-

Although kelp monitoring data suggests a direct relationship between
observed canopy deterioration and the elevated temperature and reduced surface I
nitrogen levels, the causative factors (i.e. elevated temperatures and/or reduced
levels) are not known. The effect of reduced surface water nitrogen on kelp
plants was further obscured, sinca bottom water nitrogen levels were generally I
equal to or greater than those recorded in 1978 and 1979. In addition, aninonia I

levels, another fonn of nitrogen available to kelp plants in surface and bottom
waters, were comparable to levels recorded in previous years.

,

I

Rates of recovery fcr the three kelp canopies in the San Onofre area pro-
bably differ substantially. Observations made at BK in December indicated that j
much of the remaining Macrocystis was heavily grazed. Grazing pressure together

'

with the major loss of kelp plants frun BK, will probably hinder recovery of BK
resulting in 1) complete loss of the BK canopy for several years, and/or 2) a |
1engthy recovery period before the areal expanse of the canopy is equivalent to |

'that recorded in 1978 and prior to the current period of deterioration. In
contrast, observations at SMK and SOK suggest that the remaining sections of
those beds are generally healthy, and can be expected to recover to their pre-
deterioration state under favorable environmental conditions.

In addition those factors previously described, substrate composition and
light availability have been suggested as major factors associated with the
growth and maintenance pf the S0K bed. Dean (1979) has demonstrated that reduced
irradiance (below 1E/m / day), and natural occurring events at SOK during thed

winter through summer months can suppress or prevent gametogensis and sporophyte
development while elevated turbidity can significantly suppress growth of young
kelp plants.

The SMK and SOK beds are unique in that they are located on low-relief
cobble substrate. Benthic investigations over the past three-year period have
indicted that the substrate in many areas of S0K examined was periodically
covered by sand (See chapter SB). These scouring events are likely to result in
destruction of Macrocystis sporophytes and gametophytes. Further, small cobble is
easily moved during heavy swell conditions resulting in; destruction of the
developing Macrocystis plants by turning the cobble over; or 2) in extreme cases
when tha juvenile plants are large enough, the cobble and attached plant break
loose from the bottom and float out of the immediate area (SCE 1980).

In summary,1980 data indicate that the kelp beds of the San Onofre region
underwent a major period of deterioration resulting from naturally occurring
events. The data further show that event (s) had the most pronounced effect on the
BK bed.

|

_ _ _ _ _ _ _ _ _
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SOUTHERN CALIFORNIA KELP BED OVERVIEW

STUDIES OF KELP BEDS IN SOUTHERN CALIFORNIA

Most of what has been learned about the California kelp forests is in the
form of unpublished reports, and has not been subjected to the scientific review
that normally preceeds publication. Many of these reports have had only a limited
circulation. As a consequence, many authors do not take into account much of the
previous work that has been done. It is difficult to be aware of this prict
work because thera is no single repository for all of the " kelp reports" that
have been produced. Conseque ntly , the task of reviewing and evaluating thi s
information is becoming increasingly difficult.

Fortunately, many of the unpublished reports can be grouped into " sets" of
information. For example, the Institute of Marine Resources of the University of
California conducted kelp bed studies from 1956 to 1963, the results of which are
available as IMR reports. Studies of the kelp near the San Onofre Nuclear Gener-
ating Station were undertaken by eight different groups over a parfod of some
18 years, and these have been assembled and reviewed by Southern California
Edison. At the present time, SCE is supporting a mapping study of the southern
Californian kelp forests. By reviewing and evaluating all previous mapping and
aerial survey work, it has been possible to produce the synthesis provided
here.

Efforts by many people over the last few decades have resulted in a great
deal of new information about kelp beds and kelp plants. New aerial-photographic
techniques have been developed for mapping kelp beds. Subsurface vegetation has
been visualized using sonar, and more recently side-scan sonar images have been
used. Cine-trasects have made it possible for divers to record the distribution
of fish in the forests. Measurements of productivity, and harvested yield have
been made. The production of detritus and drift from kelp beds has been studies
and the kelp plant itself has been the subject of several studies. A great deal
has been learned about its processes of reproduction and its Sasic physiology.
All of this information, when combined with measurements of oceanographic and
climatological conditions, allows one to speculate about the causal relationships
between physical and biological factors in the environment and how these might
influence the development and regression of kelp forests.

After reveiwing what has been learned about the kelp plant and kcip beds,
this section focuses on the results of attempts to predict yield and reproduc-
tive success in natural kelp forests. It also discusses the role of kelp as a
primary procucer and source of food for marine organisms in the coastal waters of
southern California. Particular emphasis is given here to the kelp beds near San
Onofre.

The first survey of southern California kelp beds was undertaken early
in this century. At present the southern California kelp beds are numbered
according ta their location, and controlled by the California Department of
Fish and Game (Figure 7-3). Lang-tenn changes and losses of beds have been
studied by Dr. Wheeler North and others, and, in some instances, degradation
has been reversed and beds are now increasing in areas of prior decline. As
understandable, the decline and loss of kelp forests stimulated considerable
speculation as to its causes. Several hypotheses are discussed in this report,
along with a review of what is known about responses of kelp to natural climatic
and oceanographic conditions.

Mapping of the kelp beds of California was first done from boats, using
triangulations with a sextant. This study was sponsored by the U. S. Department
of Agricul ture and ran frun 1903 to 1912, during which time survey crews mapped
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Figure 7-3. The southern Cahfornia ke'p beds, shcwing the U.S. Geological Survey
7.5' topographic quadrat map boundaries and namas, and the California
Department of Fish and Game numbers for the kelp beds that appear
on these maps. There are 88 numbered kelp beds. The San Onofre bed
is part of bed number 7.

beds along the entire Pacific coast. Crandall worked in the southern California
kelp beds during the sunmer of 1911, determining extent of the kelp beds between
San Diego and Point Conception (Crandall 1912). In 1915, the California State
Legislature enacted legislation that declared the kelp beds to be the property of
the state and provided for the leasing and control of the beds.

At mid-century, with the advent of scuba diving, the beds could be explored
and mapped by divers who could hand-collect voucher specimens. Concern about the
loss of kelp beds led to pressures from the sportsfishing comunity and to the
introduction of a bill to stop all kel p harvesting. This controversey over
management gave rise to the Institute of Marine R?scurces research program on
kelp beds. Subsequent concer n over effects of the San Onofre kiclear Gener-
ating Station led to detailed studies of the San Onofre kelp bed. Concern about
the effects of oil development resul ted in surveys of coastal rescurces by
the Bureau of Land Managemeret. Most recently, the potential of kelp as a
biomass producer has attracted attention. Trial plantings and harvests are
being carried out to see if large-scale bio-energy production from plant;ed and
cultivated kelp L ads might be possible in the future.

The results of the Institute of Marine 3esources programs on the biology of'

th ? giant kelp has been sunmarized in three published volines: a pollution study
(C(lifornia State Water Quality Control Board 1964); a treatise on kelp resources
(North and Hubbs 1968); and the general biology of Macrocystir ind the organisms

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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associated with it (North 1971). This body of information provides a general
" baseline" desription of the kelp beds of southern California at mid-century.

As mentioned above, studies of the kelp ecosystem at San Onofre, initiated
prior to construction of the generating station, have been underway for 18
years. These studies have dealt with the effects of power plant construction and
operation on the coastal ecosystem with specific studies on San Onofre kelp
plants and kelp beds.

THE KELP BED ECOSYSTEM

If one could make a mathematical model of the kelp ecosystem, responses
to variations in envirormiental parmeters like those modified by the San Onofre
plant could be predicted. To do this the specific envirormiental conditions
that govern the overall material bslance and the energy pathways must be
characterized. A firm understanding of the hay that kelp bed organisms respond to
variations in envirormiental conditions has to be available. A model would consist
of both interdependent and independent subsystems. The major forcing functions,
storages, flows and causal relationships would have to be based on both labora-
tory studies and measurements made in the sea. Some of the infomation needed for
a kelp bed model has been obtained, and attempts have been made to develop kelp
bed models. These are based on a consideration of trophic levels in a kelp forest
and interactions between them.

,

Trophic Levels in a Kelp Ecosystem

Field et al. (1977) used a circuit diagram of the Odm type to illustrate
energy flow through a South African kelp bed ecosystem. Sjoberg, Wdiff, and
Wahlstrom (1972) used computer simul ation for ecological studies of benthic
systems in the Baltic Sea. Trophic food webs in California kelp beds have been
described qualitatively by Rosenthal et al. (1974), Gerard (1976), and Pearse
(1976). Ebeling has considered kelp beds with particular regard to fish produc-
tion (Ebeling 1980). In all of these cases, the primary producer Macrocystis
pyrifera, and/or other algae, such as Ptergophyra and "understory" red algae,
provide food for grazers, filter feeders, scavengers, and indirectly for preda-
tors. A simple three-level system has been outlined by Dr. John Pearse (personal
communication), who considers trophic interactions.

Fish and Invertebrates in the Kelp Ecosystem

Some 125 fish species inhabit areas of reef and kelp in the southern Cali-
fornia bight (Limbeugh 1955, Quast 1968). Yet relatively few fish are so highly
specialized that tNy live only amongst the blades of giant kelp and nowhere
else. Only a single surfperch species and a clingfish reouire kelp to survive.
These animals are of relatively little economic and acological significance.

Kelp and other plants in the kelp forest, form the basis for a detri-
tal food web that sustains most of the associated animals both directly and
indirectly (Simenstad et al.1978, Estes et al.1978, Mann 1977). Surfaces of
large attached algae harbor a host of epiphytic invertebrates, which are grazed
or picked by either large plant-crog.%g fishes such as opaleye and halfmoon, or
smaller " picker types" like the kelp perch and the senorita. However, much of the
productivity of the kelp forest is unaccounted for after the amounts harvested
and amounts cast on the beach are considered. Kelp defoliates constantly and
detached plants or parts of plants ultimately reach the bottom as drift and
decay. Dissolved and detrital material forms the basis for the detrital food web.
Myriads of benthic invertebrates either eat decaying kelp or consee bacteria
that thrive thereon. Such invertebrates, particularly amphipods, are in turn prey

. . . _ . _ _ _ _ _ _ _ _ _ _ _ _ . __ - . . . _ _ _ _ _ , _ - _ _ _ _
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for a diverse assemblage of demersal fishes, including abundant surfperches. i

Large mouth predaciou:: species such as the much-prized kelp bass and rockfish, |
prey on young of the invertebrate eating demersal microcarnivores.

It is important to recognize that many temperate reef fishes found in kelp
beds can inhabit rock areas that contain no kelp. However, kelp in various stages
of decay may accumulate from neighboring kelp beds end still contribute to the
base of the food web. Defoliated reefs, without detritus, support depauperate
fish comunities (Simenstad et al.1978). Thus, kelp, in one fom or another, is
essential to the health of kelp bed fish comunities. It serves as a cover for
young fish and forms a substrate for the food eaten by many grazers and pickers.

In comparison with other southern California kelp beds, fish populations in
the San Onofre kelp bed are not abundant, and relatively few species are present.
This is because, unlike most areas of reef and kelp, the San Onofre bed grows on
cobble. This bed is less stable than others because shiftir.g sands can cover the

,

bottom, depriving the plants of a suitable substrate. Also, cracks, crevices, and'

holes trap algal drift on most reefs and also provide refuge for fishes and
macroinvertebrates. This auxiliary supply of food supplements the turf that
normally harbors amphipods and other fish prey. Thus, the more complex and raised
the rocky substrate is, the more species and numbers of fish it can support.
Bottom rockfish, a species that nomally shelters in holes to avoid surge forces,
is rarely found at San Onofre. There are also very few benthic surfperches, which
normally forage in thick turf for amphipods and other small invertebratos.

The monitoring of fish and % vertebrates in the San Onofre kelp bed before
and after the activaticn of San Onofre Units 2 and 3 may be deceiving because
even if the kelp is destroyed, the fish comunity may persist for varying periods
in different or alternative states. Fish may disappear because of a chain of
events started by covering the cobble base with sand. Kelp may disappear for any
one of a neber of reasons and deprive the system of its food-energ" base. A
cobble-based bed is inherently less stable than a kelp bed anchored to a high

4

relief rocky bottom. The gross results of natural disturbances such as severe'

stoms, abnomal warming trends, upwelling shifts and so on, may be difficult to
distinguish from artificial disturbances associated with the operation of San
Onofre. Abrupt shifts in the structure of kelp bed comunities occur throughout!

the subtidal zone of the southern California bight as well, even in more complex
reef-based systems. For example, severe storm waves defoliated a reef near Santa
Barbara in February 1980. Without kelp, no dri t accmulated to feed sea urchins.
Without food, the urchins cropped young kelp , ants before they could grow, and
the reef has become barren and urchin-dominated. The assemblage of fish that
persisted there was noticeably different from that present when kelp grew on the
reef. Unfortunately, there is no way to predict when events will occur that
might reverse this process. Thus, like forests on land, the kelp forest is very'

unstable and can appear and disappear in short periods of time.

Plants in the Kelo Ecosystem

It is easy to understand how an irregular, rocky bottom would provide
cracks and crevices that offer habitats for animals. It is less obvious that
moving water in a kelp ecosystem also defines specific habitats for plants
(Figure 7-4). Current-zone, surge-zone, and boundary-layer habitats support many
different kinds of pl ants , including morphologically dif ferent life phases
of individual plants.

For example the life history of the giant kelp Macrocystis consists of a
:croscopic sporophyte and a microscopic gametophyte, which occupy very differ-

ent habitats. Zoospores are released into the water column by adult sporophytes.

_ . _ . .___ _ _ _ - . __ , _ - _ .
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These settle into the boundary layer of water at the rock water interface. Spores
germinate and grow into microscopic gametophytes. When conditions are right, the
gametophytes form gametes and fertilization of eggs may occur. Fertilized
eggs germinate and may grow into juvenile sporophytes. These grow in the surge
current zo ne s. While the species present in each of these hydrodynamically-
defined habitats may differ, a complsent of plant foms is usually present.
Turf-like filamentous plants usually inhabit the boundary layer. Stoutly-stalked
bladed or bushy plants are often found in the surge zone. Large float-bearing
kelps inhabit the current zone.

Since all of these plant life foms must start growth in the boundary layer
of the sea floor, anything that modifies this region may influence recruitment.
For example, the presence of sediment, that reduces the surface area available
for spore attachment, will effect spore survival. The complex interrelationships

between layers of vegetation in -

A detemining the amount of light energy
- reaching the bottom must also be
' e considered. Thus a "nomal" comp 1sent

of boundary-layer, surge-zone, and
current-zone plants may not be present
in an unstable kelp bed like that at
San Onofre.

: THE KELP PLANT

I The giant kelp is the largest
'

known marine plant. It can, in effect,
rirow its own anchor, mooring lines,

l and buoys. These support a large

"'~"'"g s ur f ac e area that captures sol ar.1 .

y# energy in the blades.,,,

Figuro 7-4. The spatial distribution of algae in Morphological Characteristics
kelp bed is influenced by the water

[ 'g ,",' Y ,"' ,*,''; *i ,, |,[,ni ' " ' * * ' ' h A relatiyely smal1 specimen of
zone (A) where it moves unidirec. Macrocystis, collected in 9.5 m (31.2
tionally. Within a few meters of the ft) of water, is illustrated in Figure
bottom the wave surge produced a 7-5. This plant weighed 104.3 kg (230
back-and-forth motion in a region lbs), and produced a to tal of 38
{'[,*,,f,7,7a Nndary laIe$ fronds. The plant had a very large4

community of plants only a few cen- holdfast that weighed nearly as much
timeters high (C). Spores settle and as the blades, stipes and floats in
attach in the laminar sub-layer of this the Canopy. The basal parts of the
region. k el p pl ant branch repeatedly to

produce the fronds which grow to the surface as well as fror.d initials and
sporophyll s.

The fertile fronds of Macrocy, tis, referred to as sporophylls, are clumped
at the base of the plant and may or may not bear sperangia on their surfaces.
Multi-bladed sporphylls are the most productive, with some plants having nearly
all of the potentially sporogenods tissue bearing sporangia. In general, as
plants reach a larger size they produce more fertile sporophylls.

The Species of Macrocystis. Only two species of Macrocystis are recognized
by Dr. I. A. Abbot and Dr. G. Ho11enberg ( Abbott and Hollenberg 1976). These
species are easily distinguished from one another on the basis of holdfast
and basal branching system characteristics. Macrocystis integrifolia is an
intertidal to shallow-water species with a strap-like basal branching system
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Lost tissue (handling) 9.5 Kg ( 20.9 lbs)

Figure 7-5. A &ctocyititplant collected from a depth of 9.5 m (31.2 ft.) in Goleta
Bay, Cahfornia. The plant had a total of 38 fronds and weighed 104.3 )
kilos (23o lbs.).

and a rel atively small hol dfast. In contrast Macrocystis pyrifera includes
plants with a spreading holdfast and long primary ~iiETpe, wTth a peaked holdfast
and spreading basal system, and plants that produce large loaf-like holdfasts
that can accunulate sand and sediment and are "self-anchoring" and thus can grow
on sandy bottoms. This latter type of plant has been referred to as Macrocystis
angustifolia, and is genetically distinct from the other species, although, it is
Tiiterfertile with them.

I
i
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Macrocystis and Related Kelps. The giant kelp is a member of the family
Lessoniaceae, which includes several other genera. The genus giving its name to
the order, Lessonia does not occur in the northern hemisphere, but a similar
plant, Lessontopsis, does grow in California. Float-bearing genera related to the
giant kelp are the elk kelp, Pelagophycus, and the bull kelp, Nereocystis. It is
of considerable interest that Macrocystis can be crossed with these latter two
genera to produce intergeneric hybrids. These plants and an intergeneric hybrid
are diagrammatically illustrated in Figure 7-6.

Physiological Characteristics |

The kelp plant contains a number of major chemical corrponents, including '

cellulose, mannitol, algir,1c acid, laminarin, mucopolysaccharides, proteins and
pigments. These are all synthesized from carbon dioxide and bicarbonate, nitrate
and ammonia ions. The plant can produce lesser or greater amounts of its major
constituents depending on the resources available. In a study of how the major
constituents of kelp vary with season, Lindner et al. (1977) found that there
were major differences in the composition of kelp. Proteins were highest during
the winter months when nitrogen levels were high, while carbohydrates were most
abundant in the kelp during the sumner months where there was ample light, but
less nitrogen.

I ii
,

}l

|*
|

(e
,,

G
/ -- --%,

rh # #g)!

qMp 1,

/ I

1

-.- d6 dik Mk
A B C D E F

Figure 7-6. A diagrammatic representation of t'ae relationship between Macrocyllit
(F, on the right) and the elk kelp (Narancystia}and the bull kelp (Erfaga-
phycus) on she left (A, B, C). A young Macroevstin (E) and an inter-
generic hybrid betwton Palanochveu1Jand Macrocystis (D) are shown.
The developmental stages leading to either a uni $neumatocyst plant, or
a multi-pneumatocyst plant is shorn at G. Thus while these plants vary
greatly in appearance they s(m very closely related genetically.

_ _ _ _ _ _ _
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The marine environment varies seasonally, just as the terrestrial one
does. In southern California, the marine seasons are much more pronounced
than those on land. Underwater irradiance in the winter at about 8 m (26.2 ft)
is 22% what it is in the stanmer, while surface irradiance is 43% in the winter
what is in the stanmer. Winter storms can be very destructive since water motion
drag effects are much more severe than are atznospheric winds (Charters et al.
1969). The dislodging of kelp plants under stom conditions is a major source of
plant loss (Rosenthal 1974).

Another important effect of water motion on kelp is its effect on the uptake
of nutrients. The ocean in southern California is a " marine desert", in the sense
that for most of the year, the plants are limited in their productivity by low
nutrient concentrations. Nutrients in the fonn of nitrogen are simply not present
in quantities great enough to support optimum growth. By analogy, desert plants
on land compensate by stori g water, while in the sea, marine plants compensate
for a " nutrient drought" by storing nitrogen and carbon. The analogy can be
carried even further. Many annuals appear in the desert only after spring rain
stoms whereas in the ocean, a " storm" often results in upwelling which provides
nitrogen and with clearer upwelled water, more light. In the sea this gives rise
to high plant productivity and produces a " recruitment window." The effects of
light, tiemperature, nutrients: and water motion on the gametophytic and sporo-
phytic life history phases of the kelp plant are addressed separately. |

The Effects of Light on Kelp. Curing the winter, when water cl arity is |
generally low, a combination of wind and tide can cause upwelling. This cold, I

clear upwelled water allows more light to penetrate into the subtidal and can I

allow the light needed for plant maturation to reach the sea floor. Luning and |
INeushul (1973) have determined that between 40 and 60 uE/sq M/sec are required

for gametogenesis. One of the requirenents for gametogenesis is blue irradiance,
and this necessary blue light is available throughout most of the year in
southern California kelp beds.

Fain (1979) indicates that photosynthesis of gametophytes is saturated at
quanttsn irradiances between 35 and 70 uE/sq M/sec. A quantum irradiance level in
excess of 140 uE/sq M/sec inhibited photosynthesis. Compensating irradiances (the
level at which photosynthesis just matches respiration) were on the order of 1.4
uE/sq M/sec.

Embryonic sporophytes have been studied by Fain and Murray (1979). Irra-
diance compensation, saturation, and inhibition occurred at 2.8, 35-70, and 210
uE/sq M/sec, respectively. Manley (1979) detemined the irradiance saturation
leve) for embryonic scorophytes to be in the region between 54 and 68 uE/sq .

M/sec. |

For adult spcrophytes, Wheeler (unpublished) has determined the saturation
levels to be 125 and 300 uE/sq M/sec. Both Manley (1979) and Wheeler indicate
that the saturation level appears to be related to the nutritional status and age
of the blade tested. These factcrs also affect the maximum photosynthetic rate
(Pmax) and the Ks value (the Irradiance necessary to produce a photosynthetic
rate of half the maximum value). Meristematic tissue and senescent tissue have
lower photosynthetic rates than mature tissue. Because most of the tistue on a
kelp frond is within the top third of the water column (Wheeler 1978), mo".
photosynthesis takes place within the canopy near the surface where irradiance as
the highest. However, the embryonic sporophyte and gametophytes must utilize only
dim irradience on the sea floor, but because these plants can store energy in the
fom of photosynthates, growth is not inhibited by lack of continuous irradiance
throughout the growing period.

_ _ _ _ _ _ _ _ - _ _
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Luning and Neushul (1978) have shown that gametophytes of Macrocystis
survive at quantw irradiances as low as 20 *E/sq M/sec. As yet young or mature
sporophytes of Macrocystis have not been studied in this context. However, in
Laminaria and other laminarin sporophytes, the irradiance range has been deter-
liiined to be approximately 0.7% of the surface irradiance, or 15 MJ/sq M/ year

~

or 70 E/sq M per year (Luning and Dring 1979). Gametophytes of laminarian
sporphytes require less irradiance, only 0.4 E/sq M/ year (Luning and Dring
1979).

The Effects of Temperature on Kelp. There are very few studies on the
temperature tolerance of brown algae. Even fewer have dealt with taperature
tolerance of Macrocystis. Fain (1979) has determined that the photosynthetic
rates of Macrocystis gametophytes vary as a function of temperature. He found
that temperatures in excess of 25'C were deleterious to gametophyte phocosyn-
thetic rates. Embryonic sporophytes also showed decreased photosynthetic rates at
tmperatures in excess of 25'C. The problem with these short-tem studies is that
the tolerances are invariably much lower when imposed for longer periods of time.
The incubation time for Fain's gametophytes was 24 hrs.

No studies have been done that compare the interactive ef fects of two
variables on laboratory reared kelp plants. However, Luning (1980) has studied
the blue light requirenent for Laminaria gametogenesis. He has found that at
higher temperatures the light requirment for gametogenesis increases greatly.
He also suggested that at higher temperatures, the nutrient requirements for
gametogenesis may also greatly increase.

Growth is again a much better indicator of long-term effects of temperature.
Luning and Neushul (19;9) have determined the growth rates of Macrocystis
gametophytes over a range of temperatures. Growth rates were maximized at 17"C.
Fertility patterns were even more sensitive to temperature, with gametogenesis
being maximum at 12*C and declining above 12*C. Luning (personal communication)
has determined that Laminaria sporophytes, whether from the Arctic or more
temperate regions, cannot tolerate temperatures in excess of 20*C for periods
longer than one week and continue growth. In southern California, temperatures
routinely reach 20*C every summer. Californian strains of Macrocystis do not
tolerate this temperature well. This may, however, be the result of a combination
of high temperatures and low nitrogen (see Jackson 1977).

A strain e' Macrocystis which grew in the wann waters of Turtle Bay in Baja,
California, at. h was prestanably warm-water tolerant, was brought to southern
California by W. J. North, and grown at one tile at San Onofre. Conceivably.
a warm-water tolerant Macrocystis sycies could be produced from laboratory
cultures and screening methods, as has been done for Laminaria in China.

The measurement of kelp temperature tolerance has been attempted only
infrequently. After 25 years of Macrocystis research, it is surprising that very
few studies have dealt with the effect of temperature on Macrocystis metabolism.
Pacific Gas and Electric (PG8E) has studied the behavior of plants at controlled
temperatures in the thennal tolerance laboratory at Diablo power plant the last
three years. Nereocystis and not Macrocystis, was the test organism.

The Effects of Nutrient Avaliability on Kelp. Nitrogen appears tc play an
important role in regulating the metabolism of most marine algae. Because of the
sporadic appearances of inorganic nitrogen in temperate waters, kelps have
developed strategies to cope with this problem to some extent. North (personal
comunication) has found that increasing the nitrogen level in kelp beds during
periods of low nitrogen increases I,roductivity. High nitrogen level may also
affect the temperatLre tolerance of algae by frnproving the turnover time of
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protein synthesis (Wheeler u'1 published) , obviating some of the deleterious
effects of high temperature. The rate of senescence, which accelerates with high
temperatures and low nitrogen levels can also be slowed down by increasing
nitrogen levels in the sea. Laminaria growth rates are certainly influenced by
varying nitrogen levels. Laminaria saccharina has a Ks of 1.6 umol nitrate / liter,
which indicates that the growth rate increases when nitrate concentrations reach
1.6 umol/ liter. Nitrogen saturation occurs around 10 umoi nitrate / liter and
concentrations of nitrate above 10 uM/ liter c3 not enhance growth rates. Previous
estimates for nitrogen saturation levels in Macrocystis indicate that these are
lower than in Laminaria. Both Laminaria and Alaria have been shown to accumulate
nitrate in tissue in excess of 3000 times the ambient concentrations (Chapman and
Craigie 1977, Buggeln 1978) when more nitrogen is available than is required for
immediate use. Although Laminaria has been shown to store this excess nitrate for
periods as long as two months, Alaria stores it for only a few days (Chapman and
Craigie 1977, Buggeln 1978). Prelim'inary data suggests that Macrocystis also
stores nitrate (Wheeler unpublished), and like Alaria, stores the excess nitrate
for periods lasting only a few days. The ability to store nitrogen is an impor-
tant factor affecting growth of algae in the southern Califoria bight where
nitrate availability is so limited.

The loss of kelp canopy at San Onofre in the late 1950's was attributed to
abnormally nigh temperatures during what were called "the warm water ears." This
is of interest, because if future warm water periods occur and the natural
elevation of temperature is further raised by the generating station, there is a
possibility that a kelp bed near the outfall could be damaged. Howeser, the
effects of temperature are difficult to distinguish from the effect of low
nutrient levels. There is a high degree of correlation between water temperature
and the concentratic a of nitrogen in the water. The higher the water temperature,
the more likely it is to have very low nitrog3n concentrations. Perhaps the
decline and loss of Melp in the San Onofre area was due to an abnormally long
period without nitropn as well as abnormally high temperatures (see Jackson
1977). The answer wil' remain unknown, because while there is abundant te::iper-
ature data for the period, the nitrogen levels were not measured. Fertili-
zation experiments may provide answers in the future. Chapman and Craigie
(1977) have fertilized beds in eastern Canada with some success, as has Nnrth
in southern California, also with some success. Thus it might be possible to
experimentally provide high natrients at times of high temperature.

The Effects of Water Motion on Kelp. Temperature and nitrogen effects and
the eTfects of water motion are mediated through physical interactions with the
thallus surface. For example, blade characteristics which enhance turbulence
generation and thus the nitrogen uptake rate certainly aid the plant in surviving
periods of low nutrients. Such adaptations are physiological, morphological, and
ecological . Blade features such as corrugations and spines modify the water
motion around the plants to enhance boundary layer diffusion (Wheeler 1980b).

The required amount of water motion for the adequate diffusion of needed
nutrients anti gases to kelp blade surfaces is 5 cm/sec. Currents less than this
limit the rate at which Macrocystis can take up nitrate. Currents less than 13
cm/sec even limit uptake in plants requiring high turbulence, such as Gelidium
nudifrons ( Anderson and Charters unpublished). Thus measurements of water motio6

-

are paramount to an understanding of kelp ecosystems.

The Responses of the Kelp Plant to the Environmental Complex

The metabolic processes of the giant kelp are responsive to all of the
above-mentioned environmental factors. The availability of essential resources
such as light, carbon dioxide, and plant nutrients will determine the r3te at
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which the cells of the kelp will photosynthesize. The amount of fixed carbon will
in turn determine how rapidly the plant will grow. At times of high nitrogen and
other nutrients the celle Ali store nutrients while at times of high light and
low nutrient levels, the cells will store carbohydrates. Thus the chemical
composition of a plant will change significantly with season. This change is
likely to have an effect on the rate of frond initiation and the speed with which
a harvested canopy will regenerate. The weight of a frond in the spring may be
twice that of a frond produced on the same plant in the fall. Of course the
metabolic rate within a cell is influenced by temperature with higher tempera-
tures producing more rapid metabolic ratas up to about 20*C. At this and higher
temperatures the cellular machinery is damaged.

KELP BED PRODUCTIVITY

As suggested above the productivity of individual plants, and hence also
of a kelp forest, depends on many factors. In addition to those mentioned
earlier, other factors are also involved. For example, the type of plant present
in a bed will affect its productivity. Different kelp species reach different
maximtsn sizes and ages. In some locations plants aature and are dislodged in a
little over one year, while in other places pM may persist for 15 or more
years. In addition to varying in size and age, kelp plants change in weight per
unit length seasonally. The standing crop level in natural kelp forests in spring
may reach over 200 wet metric tons per hectare. This high figure is for a very
dense stand of young plants. In an old established bed where large plants grow
with space between them, a standing crop of 70 to 91 wet metric tons per hectare
is more usual (Coon 1980).

Sincc productivity is determined by multiplying the standing crop by the
growth rate, it is important to measure the latter. The growth of plants in
natural kelp beds has been measured by several workers, and rates range from 3 to
over 10% per day. The fonner figure is the more realistic one. The average growth
rate for a multi-frond plant over a year, falls in this range. It is to be
expected that juvenile plants would show a higher growth rate than mature plants.
Natural kelp beds can produce as much as 55 dry rnetric tons of kelp per hectare
per year. In California this highly productive ecosystem is harvested, with some
150,000 wet tons being taken yearly.

Harger (1979) has shown that it is possible to use a kelp harvester as
a " sampling tool" to measure the responses of kelp plants to enviromental
conditions. Correlations and regressions were used to statistically compare kelp
canopy density, measured as a function of tons of kelp harvested per hour by a
harvester, with current and antecedent enviromental conditions. Cause and effect
relationships were suggested in instances where a statistically significant link
was found between kelp canopy density and an independent enviromental variable.

Kelp canopy density was measured by taking the weight of harvested mater-
ial from a given bed, divided by the time needed to collect it on a specific
date. This infonnation was routinely colected by kelp harvesters. This ntsnber,
expressed as metric tons per hour, was a " catch per unit effort" value. The
velocity of the harvester was relatively constant and independent of bed density,
and harvesting was done only under relatively calm wind and swell conditions, so
the catch per unit effort was not influenced by weather. Thus it was asstaned that
the harverting rcte was directly proportional to the density of the canopy being
harvested.

As discussed above, surface irradiance was highest in June and lowest in
November and December. Water temperatures were highest in August and lowest in
January and February. Swell heights were lowest in August and September and
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highest in March. In November and December the kelo harvest reached a maximum of
80 to 100 metric tons perthour. Thus, the various roources needed by the plants
were available at maximum levels at different times of the year, and it was
logical suggested that available light was limiting in winter while nutrierits
were limiting in summer.

The five most 'mportant enviromental variables were surface irradiance,
water tempera ture, swell height, surface nitrate co ncentration, and bottom
nitrate concentration. A statistical mvdel was developed to relate kelp harvesc
with environmental conditions. With this, Harger showed that 46.1% of the vari-
ation in kelp harvesting rate (and indirectly canopy density) could be predicted,
given appropr' ate measurements of enviromental corditions.

MAPPING STUDIES OF SFi.CIFIC KELP BEDS

There are at least four types of kelp beds in the southern California bight.
These are described here as the San Diego, Los Angeles, Santa Barbara, and
offshore island beds.

San Diego Kelp Beds

The San Diego type of kelp bed was made up of Macrocystis pyrifera. In the
Point Loma area (beds 3 and 4, Figure 7-3) the beds were very dense and found on
rock bottoms. North of Point Loma the beds (5 to 8) were mcstly on cobble bottonis
and found far offshore. These beds were the least stable and exposed to winter
storus from the northwest and sunmer storms from the southwest.

Los Angeles Kelp Beds

The Los Angeles type of kelp bed (9 to 19) was made up of Macrocystis
pyrifera and was transplanted from the offshore islands. These were originalTy
made up of Macrocystis angastifolia as found in Santa Barbara, but this all died
off in the late 1950's and early 1960's. Macrocystis pyrifera was transplanted
from the offshore islands by Wheeler North, California Department of Fish and
Game, and Kelco personnel in an attempt to restore the kelp beds. These beds were
mostly on high relief rock bottoms. They were more stable than the San Diego beds
probably because of the partial shelter provided by the of fshore islands from
storms that ccme directly from the southeast.

Santa Barbara Kelp Beds

The Santa Barbara type of kelp bed (20 to 32) was composed of Macruystis
angustifolia. Some of the beds were on shale and high-relief rock bottoms, but
many were on sand. These were the most stable kelp beds in California, with
regard to canopy area. They were also the most sheltered, being in the lee of the
Santa Barbara Channel Islands. The beds were also sheltered from storms out of
the west sine they were to east of prominent land points.

I
Offshore Island Kelp Beds

The offshore island type of kelp bed (71 to 88) consisted of a special
variety of Macrocystis pyrifera that looked different from the mainland variety.
Some of thelargest kelp beds in California surround the offshore islands. The
south facing beds were exposed to severe winter and sunmer storms while the r. orth
facing beds were relatively sheltered the year round. The oceanographic condi-
tions were different from those found near the coast on the mainland. These beds
were less well documented than the mainland beds.

_ _ _ _ _ . - -



7-19

Table 7-2. Twenty five year average area, range in area, Table 7-2, based on unpublished
and percent variation in area for seven south' mapping studies, shows that beds can
ern Cahfornia kelp beds.

De characterized by their stability
00 OIO O O YBed Number rs (he res) Vart tion

(San Diego, San Onofre). Over a
3 San Diego 414 23-1297 95 25-year period, stable beds vary in

y@ 2g s4;64j $ area fra 15 to 19% of their maximum,4
g

7 San Onofre 40 0 137 96 while unstable ones vary in size from
3! Un"t5'B$rbara sN soNN4 y 66 to 95% of maximum. The latter can
32 Santa Barbara 1099 989-1217 19 in effeCt appear and disappear.

LONG-TERM CHANGES IN SOUTHERN CALIFORNIAN KELP BEDS

Many of the disputes about the damage done by kelp harvesters, by nearshore
sewage pollution, and other human activity has been prompted by the disappearance
of kelp beds. Perhaps the most alanning loss of kelp beds was seen at Palos
Verdes, California, where Crandall had mapped some 2.42 square miles of kelp
forest in 1911. An aerial survey in 1928 showed some 2.89 square miles but by
1945 this had dropped to 1.63 square miles. In 1947 there was 1.05 square miles,
which then dropped to 0.44 in 1953, 0.24 in 1955, 0.13 in 1957, and 0.05 in 1958.
Only a few scattered plants remained in 1959 with a total of less than 0.01
square miles of kelp remaining. Thus, the entire kelp forest community from
Palos Verdes peninsula was lost, and replaced by a depauperate, sediment-laden
community dominated by urchins, crustose corraline algae and in shallow water a
few hardy macroalgae other than Macrocystis. The loss of the Palos Verdes kelp
beds is illustrated in Figure 7-7.

Work on Palos Verdes kelp beds by W. J. North and more recently by K. Wilson
of the California Department of Fish and Game, focused on the transplanting of
kelp plants fran Catalina Island to Palos Verdes. These efforts have been suc-
cessful and the kelp beds there are now begir.ning to expand from essentially
nothing to significant areas.

North has studied a similar pattern of kelp disappearance at Point Loma,
where a gradual degradation took place from the 1911 levels until, by 1963, there
were only scattered plants present (Figure 7-8). North used quicklime, spread
from the surface to kill the sea urchins that dominated the area. After this
grazer was removed, the kelp began to return. At the present time there ar' large
kelp plants at Point Loma and significant harvests are once again obtained from
the bed.

A ntsnber of hypotheses have been advanced to explain the cause of kelp bed
degradation. Some of these have been published while others have not. The kelp-
sewage-effluent hypothesis was the first to be examined in detail. During the
1940-50 period four productive beds at Palos Verdes disappeared, and from 1950 on
two beds off Poir.t Loma also disappeared. Since there were outfalls in these
areas concern was expressed that the disposal of large quantities of wastes into
the sea destroyed the beds. However, no chemical or effluent was found to be
sufficiently toxic to account for the widespread loss, although the effects of
wastes (DDT) from a chemical company was not examined. However, beds nearest the
waste outfalls deteriorated first, with losses proceeding in either direction
away from the points of discharge. Only the Santa Barbara bed was unaffected.
Sedimentation and disease were not implicated nor was turbidity. Grazing was
identified as a significant factor in the destruction of Point Loma and Palos
Verdes beds.

The realization that grazing sea urchins could destroy kelp beds led to
what might be called "the urchin hypothesis." It was felt that efflue.nt allowed
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Figure 7 7. Maps illustrating the area covered by beds 11,12,13 and 14 in 1911 and
the degradation and loss of these beds by 1959. The beds had partially
recovered by 1977. Kelp is shown here in black. The installation of the
San Pedro breakwater in 1928 and the development of the White's Point
sewage disposal lines are shown (af ter North et al.).
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urchins to persist and maintain populations that would remove any kelp that
might be recruited. In fact, the use of quicklime (calcium oxide) to poison
these echinodems was successful . Once they were recoved the benthic vegetation
returned until it was again grazed away by urchins migrating into the area.

Other reasons for kelp degradation include the " temperature hypothesis."
Brant (1923) describes events that occurred during an extremely wam sunmer in |
1917, when a kelp bed was destroyed. Comonly wam water is associated with the J
appearance of black rot, and a general yellowing of the kelp canopy. It was felt
that the so-called "wam water years" when there was widespread damage % the
kelp beds of California, were destructive because of the elevated temperatures.
As mentioned previously it is known that nutrient levels in cool, upwelled

,

waters are adequate to support plant growth, while warmer surface waters are
lower in nutrients. Jackson (1977) pointed out that wam-water damage might in
fact be due to low nutrient levels, thus the " temperature hypothesis" might be
considered the " temperature-nutrient hypothesis."

Concern about the possible impacts of large outfalls from power plants
like those at San Onofre gave rise to the hypothesis that entrained, turbid
bottom water along with heated water from the plant, would both reduce light
levels in adjacent kelp beds and would expose them to much heavier sedimentation
levels than they would normally have. This " sedimentation-turbidity" hypothesis
has been examined by several workers. Volse (1977) and Devinney and Volse (1978)

Istudied the effects of sediment on the gametophytes of Macrocystis in the labor-
atory and showed that even the slightest amount of sediment in a culture dish
greatly reduced the char ges of gametophyte establishment and survival. Sediment
on fouling plates placsd in a kelp forest was studied by Neushul et al. and found
to vary with season. Ic is evident that sedimentation levels will influence kelp
recruitment in the sea, but it is not yet clear to what extent.

STUDIES OF THE KELP ECOSYSTEM AT SAN ON0FRE

There are three kelp beds in the vicinity of San Onofre: the San Mateo
bed, the San Onofre bed and the Barn bed. These all declined in area in the late
1950's and early 1960's. Like other kelp beds, recruitment has been uneven
through time and probably linked to the key enviromental influences of light,
temperature and nutrients.

Kelp Mapping at San Onofre

There have been several groups involved in measuring the areas of kelp
beds at San Onofre. These include: Crandall (1912), North (unpublished maps and
data), Marine Biological Consultants. (see SCE 1979), Marine Review Comittee
(see Barilotti 1978; Ecosystems Management Associates, Inc.1977 to 1979; Dean
1978, 1979) and Neushul Mariculture Inc. (unpublished). The methods used have
ranged from a boat and sextant, to aerial photographs and side-scan sonar and
radar positioning devices.

The kelp beds in the San Unofre area have changed dramatically in this
century as discussed previously (Figures 7-9 and 7-10). Some studies have cited
the San Mateo kelp bed and the Barn kelp bed as unperturbed, natural kelp beds as
compared with the San Onofre kelp bed, which was disturbed by man's activities,
such as construction dredging and operation of the San Onofre Nuclear Generating
Station. This might be a valid comparison if the beds were shown to have similar !

'

variation on a short time scale such as that over which the measurements were
being made. However, this has not been done. Over a span of decades, these three
beds have gone from being very well developed in 1955, to being, for the most
part, gone in the early 1960's, and to being moderately well developed in the

_ _ _ _ _ _ _
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Figure 7-10. Mean nitrogen levels in kelp blades taken from the san Mateo, San

Onofre, and Barn kelp beds from January 1979 through December 1979,
showing an increase in blade nitrogen during the upwelling period in
May.

late 1970's. Shorter tem fluctuations have shown that the three beds vary I

independently. The San Mateo kelp bed was missing in 1963 while the Barn kelp bed
was missing in 1970 and at the end of 1980 as well. It would be difficult to
determine the actual causes for the relative differences in the short term
fluctuations between these three beds.

Shorter term fluctuations have been studied in the more frequent survey |
efforts since 1977 (see Dean 1980; SCE 1979). The areas that most consistently
have had dense canopy coverage have been those areas with high-relief rock
bottom. These were subjected to less sand coverage, and were more stable because
the larger rocks could not be turned over like cobbles. There was a " recruitment
event" in 1978 when large numbers of kelp plants grew where none had been before.
This type of event probably only. occurs once every few years. New surface canopy
was produced by these plants after several months of growth.

Environmental Monitoring at San Onofre

Environmental monitoring has been carried out in the vicinity of the kelp
beds of San Onofre for several years by groups supported by Southern California
Edison Corrpany. In addition to measuring the sizes of kelp beds, measurements
were made of temperature, light, current, sedimentation rate, turbidity and
inorganic nutrient concentrations The conditions off San Onofre are similar to
other areas off San Diego and Orange counties. Since these measurements were made I

'

to comply with regulatory agency specifications, and since these specifications
changed frequency, a multi-year synopsis of environmental conditions in the sea
has not been produced.

In 1975, the California Coastal Comission, fomerly the California Coastal
Zone Conservation Cc, T.ission, established the Marine Review Committee (MRC). The
purpose of the committee was to conduct independent studies to determine the
enviromental impact of Unit 1 at San Onofre and to predict the future impacts of
Units 2 and 3 on the marine comunities.

Experimental Studies at San Onofre

A Kelp Ecology Project was ., tarted as part of the total MRC program. The
findings of the first two yeo. . of this project were summarized by Barilotti

_ _ _ - _ _ _ _ _ - - - _
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i (1978). He found that the kelp canopy fluctuated widely and he observed that
Macrocystis vesicles of the San Onofre bed filled with fluid and fronds sank.
In adiition he suggested that the rate of dislodgement and resultant loss of kelp

]
plants was higher in the San Onofre bed than in other California kelp beds.
His transplant studies near the Unit 1 discharge did not show a reduction in;

growth near the discharge plume. However, observations of kelp recruitment on
ropes in the water column showed recruitment down to a level of 4 m (13.1 ft)
from the bottom, but that none occurred near or on the bottom.

I A second phase of the Kelp Ecology Project began under the supervision of
i Dean (1978). In this effort, kelp gametophytes were transplanted from the labor-

atory to the field at various times over a year long period. In addition,;

i observations were made along transects run through the kelp bed, and gametophytes
and juvenile sporophytes were outplanted. Gametophyte fertility and the produc-,

| tion of young sporophytes were reduced in the vicinity of the Unit I discharge.
Dean suggested that reduced light may have been responsible. Observations made of
adul t kelp al ong survey transects suggested that they were lost because of
stoms and grazing from invertebrates. The rate of recruitment of juvenile kelp

; plants was highest in the spring. Poor natural recruitment and poor survival of
! transpl anted sporophytes suggested that high rates of sedimentation and low
| levels of light may have both limited recruitment and affected plant survival.
! Survival of juveniles near the Unit I discharge was not reduced, but their gro,.i.h
! rates were significantly lower than those of kelp plants at a distance from the

discharge.

It has been difficult to interpret the results of the outplant and trans-
i plant experiments because of small sample ntsnbers and lack of some monitoring

data (see discussion of sample numbers in Barilotti 1978).
I It has been suggested that juvenile sporophytes transplanted near the San
; Onofre Unit I outfall grew slower than those transplanted far from it because of
; reduced light and an increase in nisnber of fouling organisms (Dean 1980). It was

2 irradiancealso shown that outplanted gametophytes required at least 30 E/m
within a 40-day period to become fertile. However, sedimentation rate and inor-
ganic nutrient concentratiom have also been implicated as possible causative'

factors in these experiments.
,

In the gametog.5yte outplant experiment irradiance, temperature, sedimen-'

tation rate, sporoph te densities and sporophyte lengths were measured - over i3
several 43-day time periods. At the different experimental stations, sporophyte;
lengths were linked positively with irradiance and negatively with sedimentation
rate and temperature. Increases in sporophyte length are dependent on sufficient
light (high irradiance , and low sedimentation rate) for high photosynthetic
production. The negative link between sporophyte length and temperature could be
due to the ittemittent conditions of low temperature, high nutrients and high
light. Sporophyte densities were linked only negatively with temperature.
Again this relationship may be due to the spring upwelling conditions which often

,

trigger Macrocystis reproduction which would be likely at low temperature, high
! light and high nutrient concentrations. On the other hand, this relationship

could be due to the direct effects of temperature in increasing the irradiance
requirement for gametogenesis (see Luning 1980). Since relatively few nutrient;

i measurements were made, it is not possible to distinguish the effects primarily
due to temperature and light from those due to nutrients.

Measurements made by other SCE contractors have shown the nitrogen contents,

] (Figure 7-10) was over 3% in San Onofre kelp in May and June 1979. This is
when the natural upwelling period (Figure 7-11) enriched the nitrogen content of

; the coastal waters. Nitrogen levels dropped to below 2% the rest of the year,i
when environmental levels of nitrogen were relatively low.

,
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Figure 7-11. Nitrogen levels in the water at San Onofre as measured by C. Baritotti,
Marine Econogical Consultants, and Southern California Edison fron-.
1976 through 1979, showing peaks in nutrient concentration in May and
June each year.

The MRC-sponsored program and its antecedents provide a preoperational
baseline for the San Onofre kelp bed when combined with other studies of southern
Californian kelp beds. Recent work carried out there has been experimental rather
than descriptive. Attempts have been made to establish a clear relationship
between physical measurements and responses of the kelp plants. The impacts of
the entrainment of massive amounts of sutsurface water which is heated and loaded
with sediment and then discharged are thought to be considerable, and it would
seem a priori to be logical to expect major impacts. However, studies to date
give only some suggestions that kelp recruitment rates might be reduced, that
bryozoan encrustation of plants might increase, and that light levels in general
might be reduced in kelp beds near the outfalls.

CONCLUSIONS

Studies of kelp and kelp beds of the southern California bight, that pro-
vide the baseline infonnation, fall into several categories. There are: 1)
individually-pursued studies usually forming the basis for Ph.D. and M.A.
thesis work; 2) studies, usually by academics, supported with state or federal
funding; and 3) " forced" studies that are usually the results of public concern
or controversy over management policies, such as outfall monitoring, which are
imposed by the government.

All these studies represent a substantial effort and have together producad
significant results that now allow one to make a much more reasoned analysis
of kelp-forest ecology and the potential impacts of htsnan activity on this
ecosystem. We now have a much better appreciation of the complexities of the kelp
forest ecosystem and the interactions of organisms at various trophic levels.
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This is encouraging because the interrelatedness of these organisms suggests that
we need not study all of them to detect perturbations in the whole system. It is
unrealistic to assume that a kelp forest where recruitma:t is impaired and
biomass production reduced, will be able to support as rich and diverse a fauna
as one with ample production. Studies of the reproductive processes of macroalgae
in the sea have given us some insights into the importance of microhabitats on
the sea floor and events that occur there.

The appearance and disappearance of kelp beds has been recorded via aerial
photographs and the loss and recovery of beds like those at Point Loma, or at
Palos Verdes and San Onofre, are well documented historical events. Much specu-
lation has been advanced as to the causes, and in the 1950's the correlation
between outfall operation and kelp loss. The recovery of beds after sea urchins
had been killed with quicklime, suggested that there might be some simple
explanations for kelp disappearance and reappearance. Unfortunately this has not
been the case. The problem, as this chapter suggests, involves multiple causal
factors that concurrently can influence the kelp ecosystem. Seasonal variations
in climatologic and oceanographic conditions influence the beds on a " bight-wide"
scale, while at the other extreme events in the microscopic boundary layer at the
sea floor determine whether recruitment does or does not occur.

In spite of persisting uncertainty as to the causes of kelp loss, and the
roles pl ayed by sedimentation, l ight, temperature and nutrients, a general
outline of causal relationships seems to be emerging. This cannot be applied
to any specific area, but as an example growth rate studies now all seem to
substantiate the early view that the plants grow at about 3% per day throughout
the year. Similarly several workers have not found evidence to support the
contention that nutrient levels are extremely important, and play a key role in
detennining the development and demise of kelp beds over the year.

We do know for certain, from the photographic records available to us,
that kelp beds have appeared and disappeared from along our shores over a period
of some 60 years. From these records we can say that some beds are stable and
others are not. The reasons for stability or lack of stability are not uni-
versa 11y agreed on, but it is clear that for whatever reason, one cannot expect
the same type of stability seen in a Santa Barbara kelp bed in, for example, a
bed at San Onofre. Some featuras of stable beds are not found in unstable ones.
For example, the long-lived species of Macrocystis, (M. angustifolia) is found
in the Santa Barbara beds, while a shorter-lived speTies (M. pyrifera) occurs
in the more southern beds. Stable beds occur in regions of less water motion
and southern exposure, while unstable beds occur along exposed, east-facing
shorel ines.

The San Onofre and Barn kelp beds together have averaged 40 hectares over
i the past 25 years, ranging from a minimum of 0 to a maximum of 137 hectares.

Collectively they can be considered to be a small, unstable kelp bed, being less'

than 25% of the area of beds to the north and south. According to the California
Department of Fish and Game (Smith, personal communication) the San Onofre kelp
bed and Barn kelp, which together make up bed ntsnber 7 (Figure 7-3) have an area
of 0.78 square miles.

Finally, if the San Onofre and Barn kelp beds are damaged or destroyed, it
is unlikely that it will be possible to establish direct causal-relationships
between environmental perturbations ceased by the San Onofre Nuclear Generating
Station and the status of the San Onofre kelp bed. There are no simple answers to
"the effects of San Onofre on SOK." Changes in this kelp ecosystem produced by

, the San Onofre Nuclear Generating Station will have to be viewed against the;

! background of nonnal seasonal and long-term envirorinental change that in the past

.

.
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has characterized this and all other kelp beds in southern California, and it
will be very difficult to separate the effects of natural processes from those
that are man-induced.

This concludes the overall discussion. Detailed 1980 methods and results are
presented in sections that follow.

APPROACH

The kelp bed investigation was initiated to ful fill various regulatory
requirements to monitor the " health" of the San Onofre kelp bed (S0K) during the
operation of San Onofre Unit 1 and the construction of San Onofre Units 2 and 3.
To aid in this study, the two remaining kelp beds of the San Onofre region, the
San Mateo (SMK) and Barn kelp (BK) beds, were used as reference beds.

The basic approach of this study was to quarterly monitor gross changes in
the 50K canopy and then to compar these results with changes recorde' at two

,

reference kelp beds, SMK and BK. To supplement this investigation, additionall

parameters which could have an influence on the size and condition of the
individual canopies were investigated. These parameters included: 1) composition
of substrate associated with the individual kelp beds; 2) water coltsnn levels

'of the nutrients ammonia, nitrogen, and phosphate; 3) kelp tissue levels of
nitrogea; and 4) the general health of the kelp plants that comorised the three
kelp beds.

METHODS

The kelp investigation was conducted from January through December 1980
at SOK and two reference kelp beds, SMK and BK. Study tasks at each of the three
kelp beds included: 1) mapping of the areal extent of the kelp canopies and
contiguous bottom topography using an electronic positioning system during
February, July, and December; 2) quarterly mapping of the kelp beds by aerial
infrared photography; 3) monthly determination of primary nutrient (e.g. nitro- )gen, ammonia, and phosphatel concentrations in the surface and bottom waters; 4)
monthly detennination of the nitrogen content of kelp tissue from January through
May; and 5) a quarterly assessment of the general health of the kelp plants.

Materials and methods for additional data collected in the various oceano-
graphic and hard benthos studies are reported in Chapters 4A-C and 5B.

KELP CANOPY MAPPING

The areal extent of the kelp canopies and associated bottom topography were
mapped during March, July, and December by Ecosystems Management Associates, Inc.
The kelp canopy maps, which included both surface canopy and adolescent plants of
high frond density, were mapped using a Motorola Miniranger III and a Klein
Associates side-scanning sonar. Information from the "Miniranger" was entered
into an onboard computer which determined the vessel's position, and printed
out the X-Y coordinates of each navigational fix and a map showing the tract
trasversed by the vessel during the survey.

The areal extent of the individual kelp beds were determined with a plan-
imeter from the maps developed during the field surveys.

_ _ _ _ _ _ _ _ - _ _
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On a quarterly basis, aerial infrared photographs were taken of each
of the three kelp canopies to monitor char.ges in density and general boundaries.
Photographs were taken from an altitude of approximately 10,000 ft. Results of
the photographic survey are on file with SCE.

BOTTOM TOP 0 GRAPHY

The bottom topography under and adjacent to the SMK, S0K, and BK canopies
were detemined by Ecosystems Management Associates, Inc. The bottom substrate
was plotted using the combination of a down-looking and side-scanning sonar with
a two-channel recorder. Ground truth work was conducted by divers at various
sites during each survey to verify the sonar readings. Substrate composition was
divided into four general categories for the purpose of mapping. These categories
were: 1) greater than 90% sand; 2) 10 to 30% cobble; 3) 31 to 60% cobble; and 4)
61 to 100% cobble and boulders.

WATER COLUMN NUTRIENTS

Stations within and approximately 100 m (328.1 ft) upcoast of the 50K, SMK,
and BK together with a station approximately 4.3 km (2.7 miles) offshore of SOK
(Figure 7-1) were occupied monthly from January through July to deterraine the
water column concentrations of nitrogen (N0 +N0 ), phosphate (PO ), and ammonia2 3 4
(NH ). Beginning in August, occupation of the offshore station and stations4
outside of each kelp bed were discontinued and two additional stations within SOK
were added. Water samples for nutrient determination were collected from surface

and bottom waters at each kelp bed station, while at offshore stations, samples
were collected from surface waters and depths of 15, 35, and 45 m (49.2,114.8,
and 147.6 ft). All samples were collected by Van Dorn bottle. The water sample,
to 'ue analyzed for nitrogen and phosphate content were filtered through a Whatman
GF/F glass fiber filter and frozen in the field. Unfiltered samples for ammonia
determination were frozen followng the methods of Solorzano (1969). In the
Laboratory, the samples were thawed and nutrient concentratfor.s determined by -

spectrophotometric techniques described by Strickl and and Parsons (1968) and
solorzano (1969).

KELP TISSUE NITROGEN ANALYSIS

Monthly analyses were conducted of the nitrogen content of the kelp fronds
from SMK, SOK, and BK from January through May. Kelp fronds from an individual
stipe were collected in each of the three kelp beds. Every 10th frond on an
individual stipe beginning witn a sporophyll frond (i.e. reproductive portion of
the kelp plant located near the base of the plant) was detached and returned to
the 1aboratory where all encrusting organisms were removed and the frords dried.
The nitrogen content of each frond was then determined by Kjeldahl nitrogen
analysis as described in Standard Methods (Rand et al . 1976). Results were
reported in percent nitrogen per gram of dry weight.

KELP BED RECONNAISSANCE

Qualitative assessments of the health of the kelp plants in the established
beds of the San Onofre region were made by diver-biologists during April, June,
September, and December at a single station in each of the three kelp beds
(Figure 7-12) . Additional observations were made along an 1100 m (3609.1 ft)

,

transect (Transect B) in 50K. Concurrent with these observations, qualitative !

estimates of the success of kelp recruitment were made.
|

|

I
1
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. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Table 7-3. Areat extent (m3) of the San Mateo, Barn Kelp Bed
San Onofre, and Barn kelp beds dur-
ing 1980. The BK canopy also deteriorated

Montn san Mateo san onofre earn xeip .during the course of the 1980. The
areal extent of the canopy decreased

yj,ruary j34jm y38jm ggm from 262,700 m2 in February to no3
oecee er 4?n w 523,500 2,800 visible canopy in December. However in

December an area of approximately
2,800 m2 of submerged high density fronds was mapped (Table 7-3).

The BK canopy in February was composed of a single main canopy with minor
canopy elements scattered upcoast and inshore Jf the main canopy (Figure 7-15a).
The July BK canopy was similar to that observed in March although the areal
extent had decreased by approximately 44% (Figure 7-15b). In December the visible
surface canopy was gone and all that remained of the main section of the BK
canopy was approximately 2,800 m2 of subsurface high density fronds (Figure
7-15c).

KELP BED SUBSTRATE

Suitable substrate (i.e. rock, cobble, or reef) is one of the major factors
in controlling the expansion and maintenance of the kelp beds. Loss of suitable
substrate may resul t from burial of rocky areas by either sediment bedload
movement or sedimentation. The movement of bedload along the bottom is the
result of physical processes associated with wave and current action, while
sedimentation through the water column is tiie result of either man-made or
natural processes.

The purpose of this segment of the investigation was to qualitatively
examine the changes in general substrate composition of the three kelp beds
and the relationship, if any, between changes in the areal extent of the kelp
canopies and availability of suitable substrate.

San Mateo Kelp Bed,

Substrate associated with the SMK bed was almost entirely high density
(60 to 100%) cobble and boulders throughout 1980 (Figure 7-13a-c).

Availability of suitable substrate appears to have defined the limits
of the R canopy. During all three surveys, the outer perimeter of the canopy
occurred at the cobble / boulder-sand interface (Figure 7-13a-c).

San Onofre Kelp Bed

The S0K kelp canopy was associated almost entirely with a substrate of 60 to
100% cobble and boulder. The area of cobble and boulder expanded slightly in an
offshore direction between February and July and then remained relatively stable
through Decen'ber (Figure 7-14a-c) .

Kelp bed expansion between February and July apparently was related to
availability of suitable substrate, especially around the outer margins of
the main canopy. It appears that the outward expansion of the main canopy
followed along the cobb1? and boulder-sand interface. The contraction of the
main canopy between July and December left a large area of cobble and boulders
devoid of canopy suggesting that the canopy extent was not limited by subtrate
avail abili ty.
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Barn Kelp Bed

Suitable substrate availability (61 to 100% cobble and boulders) changed
very little between February and December 1980 at the BK (Figure 7-15a-c) .
Substrate at the BK was composed primarily of sand throughout the survey period.
The majority of the cobble and boulder substrate occurred in the offshore-
downcoast section of the study area. It was in this area that the major portion
of the BK canopy occurred during March and July. This area also supported the
small growth of high frond density plants recorded in December.

WATER COLUMN NUTRIENT ANALYSIS ,

|.

(N0 +N0 ), ammonia ;Surface and bottom water concentrations of nitrogen 2 3
(NH ), and phosphate (PO ) were determined monthly from January through July |

4 4
at stations inside and outside of the SMK, S0K, and BK beds. In addition, a
station approximately 4.3 km (2.7 miles) offshore of the San Onofre kelp bed
was occupied monthly to monitor upwelling in the area. Beginning in August,
occupation of each kelp bed and offshore stations was discontinued. In their
place two additional stations were added to SOK (Figure 7-1).

Nutrient concentrations fran inside and outside the kelp beds and additional
SOK stations, were averaged for the following presentation since no pattern
between the areas was noticeable. All raw nutrient data were presented in the
Comprehensive Data Supplement (SCE 1981b).

Nitrogen Concentrations

The temporal distribution of nitrogen concent. ations in both surface
and bottom waters was similar at all three kelp beds. In the surface waters,
nitrogen concentrations reached maximum levels in January and February (0.44
ug at/ liter to 1.13 ug at/ liter), followed by a minor increase in April (Figure
7-16). Throughout the remainder of the year, surface nitrogen concentrations were
depressed, never exceeding 0.1 ug at/ liter (Figure 7-16).

Bottom water nitrogen concentrations fluctuated throughout the year at the
kelp beds. Peak concentrations of the nutrient were recorded during January to
February, April, and June to July (Figure 7-16).

Significant differences in nitrogen concentrations were observed in bottom
waters between kelp beds during individual months, but no pattern was apparent
over the entire year. No significant difference was noted in surface water
nitrogen levels between the three kelp beds.

Examination of the nitrogen data collected from the 45 m (147.6 f t) depth at
the offshore station, indicateo that upwelling began in April and continued
through July. Although there was evidence of upwelling from April through July,
the surface and 15 m (49.2 f t) nitrogen levels only reflected the process in
April and July (Figure 7-16).

Anunonia Concentrations

Ammonia concentrations in all three kelp beds fluctuated considerably
between surveys. Both bottom and surface water ammonia levels peaked in April,
June, August to September, and December (Figure 7-17). Surface and bottom water
concentrations of ammonia rarely exceeded 1.0 ug at/ liter at the three kelp beds
except during the period August thrcugh December. Significant differences in
ammonia concentrations were present between kelp beds during individual months,
although on an annual basis, no significant difference was recorded between the
three kelp beds.

- _ _ _ _ _ _ _ _ _ _ - _ _ .
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Figuro 716. Average monthly concentrations of January through December and at

total nitrogen in the surface and the surface,15. 30, and 45 m (48.2,
bottom waters at the San Mateo, San 98.4, and 147.6 ft.) depths at the
Onofre, and Bam kelp beds from offshore stations from January
January through December and at through Septembe.,1980.
the surface,15,30, and 45 m (48.2,
98.4, and 147.6 ft.) depths at the
offshore stations from January
through September 1980. 1
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Ammonia levels at the offshore station increased significantly during March
and April periods with a minor, secondary increase in September (Figure 7-17).

Phosphate Concentrationssam mano un,

- /\ Phosphate concentrations at thev.o~ / \ 'e' 'N s N three kelp bed stations fluctuated
'

Y N between 1.0 and 0.01 ug at/ litera

throughout the year with bottom water
n' r 1evels consistently higher than those
o:. . . - recorded in surface waters. Maximum
?**""'"'""' concentrations of phosphate were

recorded during the period January
'' through April at all stations. Phos-j ^ g ,_. % . * %"2 [._ , phate levels were generally highest at*

SOK and lowest at BK (Figure 7-18)
*g , _

al though on an annual basi s, no
- significant difference was observed

8 anuami, between the phosphate 1evels recorded
!b at all stations.

|

gf 8 8r ,s'v ,x '
s'*- # N

Phosphate concentrations peaked ins ' ,/
April and again in September at aif"

|
g"' depth of 15 m and below. Phosphate

concentrations in the surface watersIE :- y
| peaked in February and steadily
l declined through August (Figure 7-18).

* -

o,, . KELP TISSUE ANALYSIS

Nitrogen content of kelp blades*'vf'
*

' ' y/j,
ner:r.o -.,

r'N ,* \ - sk;;*. varies according to availability of:

,,g , inorganic nitrogen compounds (i.e.:" ,

primarily nitrate and ammonia) in the*---*
* * " " * " surrounding waters. Values of 1.0 to08r

g7, 1.2% of dry weight kelp tissue, as
4 s..wo 'o nitrogen, probably represents healthy;

mature tissue which lacks nutrient'

' .4 3 0 g reserves (North, personal communica-*J F af A At J <

SURVEY moulee tion). The following results represent
FNro 718. Average monthly concentrations of the monthly kelp leaf nitrogen content

total phosphate in the surface and (based on 15 observations) at SMK,
bottom waters at the san Mateo, sar. SOK, and BK from January through May
fj,) *,3 o,'["o$P

"d "' 1980. Raw data are presentco in thembe a t

the surface,15,30 and 45 m (48.2. Comprehensive Data Supplement (SCE
98.4, and 147.6 ft.) depths at the 1980b).

|
offshore stations from January

I through September Y50. Nitrogen levels in the kelp tissue
varied between kelp beds in J6nuary and February (Figure 7-19) . Kelp tissue
nitrogen in Jar.uary differed significantly (P<0.05) between the three kelp beds

_

with maximum values occurring in BK. In February, kelp tissue nitrogen levels
were very similar at BK and SOK, while tissue levels at SMK were significantly
(P<0.10) lower. No significant dif ference in nitrogen levels were recorded
between the three kelp beds in March and April, although tissue levels at
SMK were elevated over those recorded at SOK and BK. No kelp plants could be
located at BK in May. Nitrogen tissue levels at SMK and SOK in April were
identical. During the five month investigation, only one kelp leaf analyzed
(January at SOK) contained a nitrogen level below 1.0% of the dry weight.

_ _
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GENERAL HEALTH OF THE KELP PLANTS .s.

** ~ /The general health of the kelp .

plants of SMK, SOK, and BK was deter- g ts - 7' m
/ Nmined during four quarterly surveys in

1980. The purpose of the surveys was h* ~/ ----M
to quantitatively assess the health of g ts - un
the kelp plants within the three kelp t- s . _.

* ^# ~ **a oa** * ~ *beds and determine if the conditions ' " * * * * ~

present in 50K were similar to those o.s -

observed at SMK and BK. ,
JAN FEB NAR APR NAY

April Survey Atourn
Figure 7-19. Mean nitrogen concentration, ex-

Kelp plants observed during April pressed as a percentage of dry

were heal thiest within SMK. Encrus- Feight, of the kelp leaves occurring
at san " ''

tation of the kelp fronds in the h",,$,sap ,, J uary r
canopy ranged from moderate to sub- May 1980.

stantial . Approximately 10% of the
fronds were senescent. M*mcystis plants were in good condition in the bottom
waters. Holdfasts were-~Tn good condition, new haptera were devel oping , and
sporophyll growth was evident. No juvenile Macrocystis plants were observed.

The surface $0K canopy was encrusted with a light to moderate growth of
bcyozoan colonies. About 10% of the fronds observed were senescent. Many of the
apical meristems present ia the canopy appeared tattered and poorly developed.
The subsurface portion of the kelp plants observed appeared healthy. At Station C
of SOK, all plants encountered were young adult plants which had not reached the
surface. No juvenile plants were observed at SOK.

The surface canopy at the outer BK, was in good condition although the
midwater section of plants were tattered and densely encrusted with bryozoans and
hydroids. Traces of black rot were observed in the outer section of the bed. At
the inner section of BK, encrustation of the blades was relatively light.
Surface fronds in this area exhibited moderate to heavy storm danage with many
fronds stripped of part or all blade tissue. The base of the Macrocystis plants
examined displayed some signs of scress, especially the sporophylls. The holdfast
were generally in good condition with some new haptera. No juvenile Macrocystis
were observed at BK.

June Survey

Conditions of the surface canopy differed considerably between areas
of SMK. The northwest and central areas of the canopy were heavily encrusted
al though the individual blades were deeply colored and generally appeared
healthy. The southern section of the canopy was relatively free of encrustation
and blades appeared to be healthy. In the mid and bottom waters, the adult plants
observed appeared to be healthy. No juvenile Macrocystis plants were observed at
SMK.

A considerable amount of variation was present in the S3K canopy in June.
In the offshore section approximately 50% of the blades wet e encrusted. At the
inshore edge, the blades ranged from heavily encrusted to eclipletely clean. All
blades were a deep brown color. Visibility in the water coltsnn was very poor,
making underwater examination of the kQ plants at SOK impossible.

The canopy at BK was substantially reduced from the tpril survey. The
only visible canopy in June was located near the offshore Odge of Station A

_ _ _ . _ _ _ _ _ _ _ _ .
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(Figure 7-12). Approximately 80% of tMs canopy was encrusted with bryozoans. >

Some of the most heavily encrusted ironds appeared to be senilt:. Underwater
examination of the BK area revealed that Macrocystis were scarce and nearly
all appeared to be in a distressed state. Il513 fasts examined were extremely
distressed with only a few patches of living haptera. The living plants examined
consisted of only a few fronds. Sporophyll clusters examined were sparsely
developed.

September Survey

The surface canopy at SMK was held under water by strong currents in Sep-
tember. The canopy examined appeared to be covered by bryozoans. The midwater
section and holdfasts of the Macrocystis were in good condition. Approximately 5%
of the fronds examined were senil e. A substantial amount of new growth was
observed on the SMK plants. No juvenile Macrocystis plants stere observed. Sea
urchin grazing was noted throughout the beTiii11h31TgF no 1arge urchin fronts had
fomed at the time of survey.

The offshore 50K canopy was very sparse in September, composed primarily
of a few distressed fronds. Blades were densely encrusted with no new growth
visible. No senescent fronds were observed although many individual blades were
deteriorating. No surface canopy was present at the inshore edge of the 50K bed.
Kelp fronds within the water column at SOK were heavily encrusted to a depth
of 20 ft. Beyond a depth of 20 f t, plants were in excellent condition. Zero
visibility at the bottom made observations of holdfasts impossible.

There was no visible canopy at BK during September. Ninety-five I.ercent or
more of the fronds observed in the water column were stripped of blades. Visi-
bility was 0.3 m (1 ft) on the bottom of BK, limiting observations. Observations
that were made indicated that very few sporophyll remained on the Macrocystis.
Further, many deteriorated remains of Macrocystis plants were present7

December Survey,

The main SMK canopy appeared to be in excellent condition in December,
although not very dense. Almost no encrusting growth was observed on the kelp
blades. Approximately 5 to 10% of the fronds observed were senile. The water
coltann section of the Macrocystis and holdfasts examined appeared healthy. A few
juvenile Macrocystis were observed at SMK in the open areas away from the main
canopy.

The inshore section of the 50K canopy was sparse in December, being composed
primarily of isolated patches of Macrocystis. Most plants observed had very
few fronds reaching the surface. The offshore 50K canopy had expanded considerably
since the September survey although the canopy was only moderately dense. Traces
of black rot were evident in the blade tips and at the end of some fronds. New
growth was evident throughout this area of the canopy.

Adult Macrocystis looked healthy at midwater and bottom levels of the
inshore area of 500.~5cattered juvenile Macrocystis were observed in this
a rea , although there was no evidence of large scale recruitment. The condi-
tions of the midwater and bottom levels of the Macrocystis in the offshore area
of 50K were similar to that observed in the inshore area.

t ;
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GLOSSARY

Accretion Natural accretion it the buildup of sediment solely by
the action of forces of nature; on a beach by deposi- '

tion of waterborne or airborne material. Artificial
accretion is a similar buildup of sediment due to an ,

act of man.

Adsorption The adhesion in a thin layer of molecules to the
surface of solid bodies or to a gas / liquid phase -

boundary with which they are in contact.

Advoction The transfer of properties ( temperature, sal inity,
turbidity, etc.) by currents.

Ambient Transmittance The light transmittance in waters beyond the influence
of SONGS Unit 1 and within the survey area.

Aperiodic Of irregular occurrence, not periodic.
'

Assimilation The incorporation into protoplasm.

Attenuation The reduction in sound or light intensity caused by
the adscrption and scattering of sound or light energy
in air or water.

Autocorrelation Describes the general dependence of the values
of the data at one time on the values of another

*time.
I z(tIx(t+t) dtR,(t) .

Backwash The seaward return of water following ' the uprush of
the waves.

Barnacle A marine crustacean permanently attached .to rocks or s

other solid substrate as an adult, with feathery
appendages for food gathering, and enclosed in a
calcareous conical shell.

Beach The zone of unconsolidated material that extends'

landward from the low water line to the place where
there is marked change in material or physiographic .

form, or to the line of permanent vegetation (usually
the effective limit of stonn waves). The seaward limit

~

of the beach - unless otherwise specified - is mean
lower low water line.

Beach Cross-Sectional Area (See Beach Profile Area) ,

Beach Face The section of the beach normally exposed to the
action of the wave uprush. The foreshore of a beach. *

'
e
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G1ossary

Beach Profile Area The area occupied by the intersections of the ground
surface with a horizontal plane at MLLW and vertical
plane. The vertical plane extends to the elevation of
the reference marker at individual transects.

Benthos Organisms living in or on the sea bottom.

Berm A nearly horizontal part of the baach formed by
the deposit of material by waves.

Bray Curtis A measure of dissimilarity between two sample entities
Dissimilarity (species or stations).

s

[ 1 *2
#

J J31
D=

j 1

where X = number of individuals of species j at site 1
g

X = number of individuals of species j at site 2
2

3
s = total number of species found at sites 1 and 2

Bubble Turbulent surface waters above the Unit 1 cooi:ng
system discharge.

California Current The ocean current that flows southward along the
west coast of the United States to northern Baja,s
California. It is formed by parts of the North Pacific
Current and the subArctic current and is a wide
current that moves sluggishly toward the southeast.
Of f Central America, the California Current turns
toward the west and becomes the North Equatorial
Current.

Carnivore Constsner of living animal material.

Celsius Temperature Temperatures based on a scale in which water freezes
at 0* and boils at 100* (at standard atmospheric
pressure). Related to Farenheit temperature by *C =
5/9 (*F-32) and (9/5 x *C) + 32.

Chi 2 Chi-square is a method of comparing observations to
expected results to detemine whether the observation
deviates statistically from theoretical expectation.

Chlorophyll a An important photosynthetic pigment occurring in
phytoplankton. The quantity of chlorophyll a in
seawater is measured by fluorescence according t6 the
following equation.

Fo/Fa
manChlorophyll a (mg/m3) = ( )(Fo-Fa)

(Fo/Famul'I
liters filtered

where Fo a fluorescence before acidification
Fa = fluorescence af ter acidification

.________________ - ____ -_
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Fo/Fa"an = maximum acid factor which canm
be expected in t M absence of
phaeo-pigment

Is - calibration constant for a specific
sensitivity scale

Cirripedia Subclass of crustacea: barnacl es.

Constal Currents Currents flowing roughly parallel to the shore and
constituting a relatively uniform drift in the water
just seaward of the surf zone.

CoeWicient An expression of the amount of variation, the standard
of Variation deviation, expressed as a fraction of the mean.

For a population: C = e/u sample estimate: C = s/x

where:

o = Population standard deviation
u = Population mesi

*i = Sample standard deviation
x = Sample mean

Community A spatially and functionally related assemblage of
animal, plant, bacterial, and fungal populations. The
populations vary with respect to composition but each '

assemblage demonstrates a distinct structure. Abiotic
and biologic envirornental variables control composi-
tion and distribution of the community. The organisms
fonn a living system that interacts with complimentary
linked processes.

Constancy A qualitative term employed to describe the repeated
occurrence pattern of an organism or organism group.

Contegoous Distribution A quantitative description of the spatial dispersion
patterns of an organism or organism group when the
sample variance is greater than the' sample mean.

Contempirery Mi neral and rock particles washed from areas that
Terrigeneous Sediments have been eroded during approximately the last 7,000

years. These sediments were deposited under present
hydrodynamic conditions.

Convergence In refraction phenomena, the decreasing of the dis-
tance between orthogonals in the direction of wave
travel. Denotes an area of increasing wave height and
energy concentration.

Copepoda Order of small crustaceans (generally 0.6 to 4.0 mm)
which represents the major group of zooplankton found +

in waters overlaying continental shelves.

Correlation Coefficient The Pearson Product Moment (r) may be used to test
the hypothesis that there exists a linear relationship
between two independent variables, X and Y. The
stati stic is computed by the following formul a:

xxy - xxxv/w w
/(1x2.(gx}2/N] [IY2 . (gy)2 u)

_
f
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Crustacean Any animal of a large class (Crustacea) characterized
by having a chitinous or calcareous and chitinous
exoskeleton and jointed appendages (as lobsters,
shrimp, crabs, and barnacles).

Dendrogram A tree-like graphic representation of a similarity
analysis in which each classified entity is repre-
sented by a branch. The point of origin of each branch
on the " tree" indicates the entity cluster to which it
belongs and the relative similarity of the entity to
others in the cluster.

Density Mass per unit volume. Governed in seawater by temper-
ature, salinity, and pressure. May also refer to
nunber of individuals per unit area or volume.

Density Front The boundary upon which waters of separate densities
meet.

Depth Control Pertains to detrital sediments in which the distribu-
tion is controlled by present hydrodynamic conditions.

Dichotomy The point at which two branches of a dendrogram
unite.

Diel Daily, occurring within a 24 hr period, such as diel
vertical migration in which organisms migrate toward
the surface and t;ack to depth within one day.

Diffusion The spontaneous movement and scattering of particles
of l i c:ui d . Diffusion occurs in matter under the
influence of a concentration gradient, with movement
from the stronger to the weaker solution.

Diurnal Actions recurring in cycles of 24 hrs (i.e., daily
vertical migrations of plankton and fish, and tidal
cycles) .

Diversity A me.su: 1 of the number of species present relative
to the total population of organisms.

r

Dominant Highly important in a community: importance may be
based on abundance, biomass, productivity, or func-
tional role.

U Downcoast At San Onofre, towards Oceanside (300* magnetic.)
,

Eddy A small whirlpool; a whirling or circular motion
which rurs opposite the main current. Eddys occur
frequently in the lee of islands, points, and other
obstructions to current flow.

Elevated Temperature The total surface area enclosed within a particular
Field isotherm (in this report, l'F and 4*F isotherms) used

as comparison criteria for thennal d!spersion data.

_ _ _ _ _ _ _ _ _ _ _ _
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Ekman Transport The movement of ocean water caused by wind blowing
steadily over the surface; net movement occurs at
right angles to the wind direction.

Entrainment The drawing in and transporting of sediments through
the momenttsn of discharged waters.

Epifauna Animals living on the substratum.

Errant Free living, motile (Polychaeta: Errantia te) .

Eurythermal Able to tolerate a wide range of temperatures.

Family Term used in classification, signifying a group of
related genera.

Fidelity A qualitative tenn employed to describe the restricted
(site specific) distribution pattern of an organism or
organism group.

Flexible Sorting A clustering strategy used in the building of dendro-
grams to reduce " chaining" and allocate as many
entities as possible to groups.

Foreshore The part of the shore lying between the crest of the
seaward berm (or upper limit of wave wash at high
tide) and the ordinary low water mark, that is ordin-
arily traversed by the uprush and backrush of the
waves as the tides rise and fall.

Frequency Domain A breakdown of a complete ct;rve with many superim-
Filter posed frequencies into component curves of specific

frequencies.
s

Genus A category of biological names ranking between the
family and species names and designating a group of
closely related organisms.

Grab Sample A sediment sample collected typically by a remote
sampling device lowered from a boat (as a clamshell,

dredge, Petersen grab, Shipek grab).

Grab Sampler An instrianent possessing jaws that seizes a portion
of the bottom sediments for retrieval and study
(e.g. Shipek grab).

Gradient The rate of decrease or increase of one quantity
with respect to another, for example, the rate of
decrease of temperature with depth.

Grand Mean Also; overall mean, the mean of several means. Used
to indicate overall trends of several independent sets
of data.

Grazer Synonym for herbivore. An animal which generally feeds
upon attached, living primary producers.

. __ __ _
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Gyre A semiclosed current system, larger than a whirlpool
or eddy. Several near-pemanent gyres, such as the
California Countercurrent, are pcesent in the Southern
California Bight.

Heat Treatment The control of marine fouling organisms by means of
recirculation of a portion of the c ndenser discharge
in order to increase the water temperature within the
cooling water system. Heat treatment of the intake
conduit results in reversed flow through intake and
discharge conduits and the expulsion of fouling
organisms and debris.

Heip's Evenness A mathematical expression of the evenness of appor-
tionment of individuals among species within a given
community.

~l
E * '5 - I

where: e * base of natural logs
H . Shannon Wiener 01versity Inden

sa total number of species in sample

Herbivore Consumer of living plant material.

Holocene In the geologic time scale it represents recent time
or approximately the last 18,000 years.

Holopiankton Organisms with an entire life cycle spent within
the plankton.

Infauna Those animals living at or below the water-substrate
interface in bottom sediments.

Inlitu In the original location; at depth.

Insolation The radiation from the sun received by a surfacL;
the rate of such radiation per unit of surface.

internal Wave A wave that occurs within a fluid whose density
g changes with depth, either abruptly at a sharp surface

of discontinuity (an interface) or gradually.

Intertidal Relating to or being part of the zore bounded by high
and low tide waters.

Inverse Classification A nisnerical technique which measures similarity of
organisms in tems of their distribution among samp-
ling entities.

Isobath A contour line connecting points of equal water
depths.

Isopleth A line on a map connecting points of equal value.

A contour line connecting points of equal temperature.Isotherm
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Knot A unit of speed equal to one nautical mile per hour
'

(approximately 51 centimeters per second).

Kurtosis (KG) A measure of the ratio of the sorting in the extremest

of the distribution compared with the sorting in the
central part.

'95-'Sg.
2.44 (*7$-*253

Langley A unit of solar radiation equivalent to one gram
calorie per square centimeter of irradiated surface.

4'

Light Transmittance The ratio of the transmitted light energy to the
received light energy. Light transmittance (T) is a
function of the atter.uation coefficient of the medium
(c) and the distance over which the light is trans-
mitted ( r) , T = e- r.

Limpet A marine mollusk (Gastropoda) with a low, conical
single-whorl shell that browse on algae and adheres -

tightly to the substrate when disturbed.

Longshore Parallel to the shoreline.

Low Tide Terrace A horizontal or nearly horizontal topographical
featurc interrupting a steeper slope that occurs near
mean lower low water (MLLW).

.

Mean A mathematical average, such that given numerical
values of Y Y . Y . Y, the "mean" of thase1 2 3 > N
values is defined by the following equation:

1=N
Yi

,t=)*

N
V

Mean Diameter (Mz) The average size in the central 68% of the particle
size distribution.

pg, . *16+'50**84
3

Median Grain Diamator (Md) The grain diameter corresponding to the 50th percen-
tile of the cir1ulative curve. Half the diameters (by
weight) of the distribution are larger and half are
smaller than the median diameter.

Mean Lower tow Water The average height of the lower low waters over
a 19 year period.

Meroplankton Organisms which spend only a portion of their life
cycle in the plankton either as adults or larval
forms.

.

Mixed Layer The upper layer of the ocean in which wind induced
wave action mixes the water to the depth of the
principal pycnocline.
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Mollusc Any animal of a large phylum (Mollusca) of organisms
characterized by a sof t unsegmented body which is
usually enclosed in a calcarecus shell (as snails or
cl ams) .

Natural Temperature The temperature of the receiving water at locations,
depth, and times which represent conditions unaffec-
ted by any artificially induced elevated temperature.

Nekton Free-swimming animals (as fish and marine mammals).

Normal Classification A nunerical classification technique which measures
similarity of sampling entities in terms of their
bi o ta.

Null Hypothesis in statistics, the null hypothesis is the assumed
relationship which is to be tested. In comparing
data sets, the null hypothesis states that no di f-
ference exists between the sets. If the sets prove to
have statistically significant differences, the null
hypotnesis is assumed to be incorrect, and a true
dif ference or relationship probably exists.

Nursery Area Distinct habitat isobath or range of depths utilized
nearly exclusively by juveniles and newly rxruited
organi sms.

Omnivore Any animal which is capable of feeding on both plant
or animal material.

Opportunistic In the trophic sense a strategy of eating what is most
easily available with little or no sel ec tiv i ty.

Opportunist Species A species whose life history allows it to rapidly
expand its population during periods of favorable
envirorsnental conditions, and to persist in very low
densities during unfavorable periods.

Oscillatory Tidal The al ternating horizontal movement of water asso-
Current ciated with the rise and fall of the tide.

Oscillatory Wave A wave in which each individual particle oscillates
about a point with little or no pennanent change in
mean position. The term is coninonly applied to pro-
gressive oscillatory waves in which only the form
advances, the individual particles moving in closed or
nearly closed orbits.

Parameter Any .of a set of physical properties whose values de-
termine the characteristics or behavior of something.

Porturbation A disturbance of either abiotic or biotic origin
which modifies a stable state; of ten resulting in
consnunity changes,

pH The negative logarithm of the hydrogen ion concentra-
tion of a solution which prnvides a measure of acidity
or alkalinity.

_ _ _ _ _ _ _ - - _ _ _ _ _ _
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Phaepigments Biol ogical inactive pigment. Degradation product
of photosynthetic pigment, chlorophyll a_.

Fo/Fa

Phaeo-pigments (mg/m3) = xI 0
max

(Fo/Fa,,,)-1

liters filttred

where Fo = fluorescence before acidification
,

1

Fa = fluorescence after acidification |

I*# * man a maximum acid factor which can be espected in the
absence of ph.aeo-pigment

kx * calibration constant for a specific sensitivity
scale

Photosynthesis The process by which plants use carbon dicxide and
water, in the presence of light to fonn cardohydrates
and oxygen.

Photosynthetically Active The portion of the soler spectrisn necessary to support
Radiation (PAR) photosynthesis.

Phylogenetic Based on natural evolutionary relationships.

Phytoplankton Portion of the plankton represented entirely by
plants, containing chlorophyll and capable of photo-
synthesi s.

Pielou's Evenness A mathematical expression of the evenness of appor-
tionment of individuals among species within a given

'

consnunity:

* lo S

given: H' * the Shannon-Wiener Index

5 = number of species within the cerviunity

Plankton Those animals depending on water movecent for trans-
porta tion, floating or drif ting passively in water.

Polychaste Any animal of the large class of annelid wonns (Poly-
chaeta) characterized by having paired segmental
appendages.

Power Spectral Density Describes the general frequern.y composition of data
in tenus of the spectral density of its mean square
value.

Precipitation The separation from a solution or suspension by
physical or chemical change.

Predator A species which actively preys upon other organisms.

_ _ _ _ _ _ .
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Primary Consumers Animals which graze on plant material; herbivores.

Primary Producers Green plants which, by photosynthesis, transfonn solar
energy into chemical energy. These plants are the
basic link in a food chain or web.

Protandric Hermaphrodite A sexual pattern found in various invertebrate-
in which sex changes with age; males being young and
small, and af ter a short intersex stage metamorphosing
into larger adult females.

Quadrat Generally a rectangul ar frame enclosing a sampling
plot for ecological or population studies.

Raptorial Predatory behavior type always involving active prey
capture, usually involving search for and/or chase
of prey, and generally implying a degree of prey
selectivi ty.

Relict Sediments Mineral and rock particles washed from areas that have
been eroded before the end of the last holocene
transgression. These sediments were deposited under
hydrodynamic conditions that existed when sea level
was up to 130 m below its present level.

Regular Distribution A qLantitative description cf the spatial dispersion
patterns of an organism or c.ganism group when the
sample variance is less than the sample mean.

Rip Current The return flow of water piled up on shore by incoming4

waves and wind. Rip currents usually appear as visible
bands of turbid or agitated water extending offshore
from the surf zone.

A strong narrow surface current flowing outward from aRip Tide shore that results from the return flow of waves and
wind-driven water.

Total amount of dissolved salts in seawater usuallySalinity
0/0o).expressed as parts per thousand (ppt or

Those species which are opportunistic in feedingScavenger habits, feeding upon animals and plants, living or
dead.

Secchi Disc A white disc of standard size (30 cm diameter) used
in the measurement of water clarity in the. water
column by observing the depth at which the disc
disappears from sight.

Sedentary (Sedentate) pennanently attached or located.
)
tParticulate organic and inorganic matter which accum-Sediment

ulates in a loose, unconsolidated form.

'

Sessile Permanently attached to the substatum.

_ _ _ _ - _ _ _ _ _ _ _ _ _ -
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Settleeble Solids The residue which settles out of a sam le of seawr.ters

contained in an Imhoff cone, after a predetemined
amount of time.

Shannon-Wiener Species A measure of diversity in a single sample set of

Diversity Index species.
s

Z b log bH's
j.1 N N

whe re n = number of individuals in the jth gpecigg
j

s = total number of species

N * number of individuals
,

A convenient form of expressing density defined by
Sigrnart 3(density - 1) x 10 .

A measure of the direction and extent of departure
Skewness (SKI) of the mean from the median (in a nomal or symmet-

rical curve they coincide) . In symmetrical curves,

SKI 0.00 with limits of -1.00 and+1.00. Negative=

values indicate the particle distrfbution is skewed
toward the larger particle diameters, while positive gvalues indicate the distribution is skewed toward the
smaller particle diameters.

$xg . *16+'84-2'50 ,'5+'95-2'50
2('84-'16) 2('95 *5I -

Solar irradiance The incident flux of solar energy striking a unit
area.

Sorting Coefficient (c1) Sorting measures the spread or assortment of grain
sires. Folk-Ward sorting approximates the statistical
standard deviation if the distributibns are nearly
Gaussian (normally distributed).

og . '84 '16*895 *5
4 6.6

'

Source Control Pertaining to relict sediments of which distribution
was controlled by past hydrodynamic conditions.

Southern California Bight The Southern California Bight is defined as the open
embayment of the Pacific Ocean bounded on the east by

*the reach of the North American coastline extending
from Point Conception, California, to Cabo Colnett,
Baja, California, Mexico, and on the west by the -

California current.

Species A category of biological names ranking immediately
below the genus name and designating related organ-
1sms potentially capable of interbreeding.

Specific Gravity The ratio of the density of a substance to the density
of another substance.

_ _ _ _ _ _ _ _ _ .
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Species Turnover A measure of percentage change in the species compo-
sition of a community between two successive sampling
periods.

Asp = 100

where:
e = extinction ( mpecies lost between t and t )

g y

r = ltecruitment (species gained between t andt )
g 2

A = Number of species present at t
y

Stability (of biological coninunities) The ability of a system
to maintain itself after small external perturbations.

Standard Deviation A measure of the dispersion of sample variates about
the mean measured by the square root of the sample
variance.

Standard Error The standard deviation of a distribution of means.

Stratification The vertical division of distinct b 'zontal layers.

Surge 1) The name applied to wave motion with a period
intermediate betwecn that of ordinary wind waves and
that of the tide (1/2" to 60 min), 2) in fluid flow,

long, interval variations in velocity and pressure,
not necessarily periodic, often transient in nature.

Suspended Solids Solid matter found entrained in, but not dissolved
in, the water colmn.

Suspensiori Feeder Any animal which is able to filter out food particles
from the surrounding water meditsn.

s Swash The rush of water up onto the beach face following
the breaking of a wave.

Swell Ocean waves which have traveled away f rons their
generating area; these waves are of relatively long
length and period, and regular in character.

Taxon Name or coded identifier of a taxonomic group at any
heirarchical level (pl . taxa).

Taxonomic Group Any grouping of related units in the classification
of plants and animals.

Thermal Plume A mass of water measureably wanner than surrounding
waters which is produced by cooling water discharge.

a,trs of dif fering densities producedThermal Stratification Horizontal :
by temperature changes at different depths.

Thermocline Within the water column a layer in which there occurs
a steep gradient of temperature with depth (<0.1*C/m).

_ _ _ _ _ _
. _ . _ _
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Tidal Current The alternating horizontal movement of water asso-
ciated with the rise and fall of the tide.

| Transect An imaginary or real line established across an area
for the purpose of sampling.

Transgression The landward shift of the boundary between marine
and non-marine deposition caused by worldwide rise in
sea level and/or subsidence (lowering) of the land
mass.

Transit Time Time for water to traverse the cooling system.

Transmissivity A measure of the ability of light to pass thorugh a
water parcel, usually measured as percent transmit-
tance per urit length.

Trawl A large conical net usually attached to two down-
planing boards and dragged alono the sea bottom to
gather fish or other marine life.

"t" Test A special case of ANOVA which enables the comparison
of two sample means based on the distribution of
the "t" statistic (a sample) mean divided by its
variance.

Trophic Level Functional level in a food chain or web.

Turbidity Decreased water clarity caused by the presence of '
suspended and/or dissolved materials.

Upcoast At San Onofre, towards Dana Point (120* magnetic).

Upwelling The process by which water rises from a deeper to a
shallower depth. Upwelling often occurs at San Onofre
when the wind blows downcoast, pushing surface waters
offshore and drawing bottom water towards the surface. .

Upwelling is most intense during April., May, and
June, although a significant upwelling occasiontly
continues into sisnmer.

s

Variance A measure of dispersion around the mean of a distri-
bution.

Velocity Cap A deflection plate which causes a horizontal flow of
water into the cooling system intake. -

Vertical Control The establishnent of an elevation in reference to a
given datum such as MLLW, bench mark, or reference
mark.

Viviparous Live bearers in which ova are fertilized internally
and embryos develop within the female. The young are
born in an advanced stage of development.

,

.

.
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Wave Energy Total wave energy per unit surface area, defined by
the equation:

E = og<o2>

where: 0 * fluid density

g = gravitation acceleration
(o2> = total variance of the sea surf ace

Waye energy is customarily reported as a function of
z<o > only.

Wave Period The tinie lapse between successive wave crests or
troughs.

Wave Refraction The change in the direction of a wave train moving in
shallow water at an angle to the bottom topography.

Wind Drift Wind induced surface currents.

Winkler Titration A chemical method for estimating the dissolved oxygen
in seawater.

Zooplankton Portion of the plcnkton composed entirely of animals.

_.___ ________


