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DIABLO CANYON POWER PLANT

THERMAL EFFECTS MONITORING PROGRAM REPORT

SUMMARY OF FINDINGS

Introduction

This report presents the findings of an eleven-year study of marine organisms living
in and near the cooling water discharge of a nuclear power plant located on the
central California coast near San Luis Obispo. The study, known as the Thermal
Effects Monitoring Program (TEMP), examined population changes among several
hundred species of marine plants (algae), invertebrates, and fish in a study area
centered at the site of Pacific Gas and Electric Company's Diablo Canyon Power
Plant. The study established the natural abundance patterns of the monitored
populations before the start-up of the power plant and documented the changes in
the population patterns after the introduction of the plant's cooling system thermal
effluent.

The Diablo Canyon Power Plant, a two-unit, 2190 MWe nuclear-fueled facility, is
located on a marine terrace 85 feet above a rocky open coast section of Pacific Ocean
shoreline in central California. The power plant pumps approximately two and a
half billion gallons of ocean water per day through its cooling water system, the
purpose of which is to condense the steam after it propels the plant's steam turbine
generator. The heat from the condensed steam is absorbed by the cooler seawater,
which is discharged into the ocean at the shoreline of Diablo Cove. Along this
section of coastline, the ocean water is naturally cooler than most other California
coastal waters, owing to localized upwelling currents. The addition of normal power
plant heat to the ocean water used for cooling raises the temperature of this water
about 11 C. The power plant-produced temperature increase, when combined with
the seasonally changing ocean water temperatures, produces a discharge
temperature range of from 18 to 29 C. The warmest discharge temperatures occur
in the late summer and fall, when higher ambient water temperatures combine with
full-power operating temperatures. The velocity and momentum of the discharged
water quickly carry the heat to the deep offshore area in a surface thermal plume
that is less than 20 feet deep.

The first eight years of thethermal effects study, May 1976 to April 1984, observed
the populations and community of marine species in Diablo Cove without the warm
water discharge. This baseline information was vital to the study's objective of
assessing the effects of the thermal discharge as distinguished from other, naturally
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occurring changes. The baseline data have revealed many statistically significant
natural changes in the study area's community of marine species. Some of these
changes resulted from catastrophic storm waves and collapsing cliffs, some were
more gradual changes associated with the natural ocean-warming during the
unusual El Nino, and some were the direct and indirect effects of sea otter
predation. This report describes these natural changes and compares them to
changes that were observed following the increases in Diablo Cove's ambient water
temperatures, which resulted from the power plant's thermal discharge.

In addition to documenting the abundances of species in the discharge area through
time, the study also documented changes in populations outside the cove, allowing
comparisons of abundance changes in species occurring in similar habitats in both
locations. The abundance patterns of marine species documented before and during
power plant operation were compared to the temperature distribution patterns to
which the organisms were exposed to provide comparisons of normal changes in
abundance to temperature-related changes in abundance following the start-up of
the power plant.

The primary objective of the study was to answer the question of whether or not the
temperature limits that the Regional Water Quality Control Board (RWQCB) had
placed on the discharge protect the receiving water's beneficial uses. The beneficial
uses of the Diablo Cove receiving water as defined by the RWQCB include industrial
cooling water, marine habitat, water contact sports, and recreational and
commercial fisheries. To answer the question, a study was designed to gather
information on three principal topics:

* The temperature and distribution of the discharge plume

The pre-discharge baseline abundances of Diablo Cove's community of
marine species and their natural abundance changes over time

The qualitative and quantitative effects of the thermal plume temperatures
on the abundance, distribution, and natural changes of the species in the
receiving water.

The information gathered from these three study programs is briefly summarized by
topic below.

Thermal Plume Studies

A research program which combined oceanographic field studies with a physical and
mathematical modeling effort focused on the description of the temperature and
distribution of the thermal discharge plume. The objective of the thermal plume
studies was to determine the distribution and ultimate fate of the power plant's
discharged waste heat. Since 80 percent of the discharged heat leaves Diablo Cove
in a matter of minutes, the thermal plume studies focused on the measurement and
analysis of the offshore, "far-field," portion of the thermal plume. For this reason,
although it is the nearshore portion of the plume which impacts the cove's shoreline
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and bottom-dwelling organisms, the biological thermal effects assessment relied on
cove bottom temperature data from a far-field physical model.

The thermal plume discharge studies found that the factors which influence the
temperature and distribution of the thermal plume in Diablo Cove and the offshore
areas include:

The near-field plume behavior is dominated by momentum forces. These
forces are produced by the velocity head created within the discharge
structure. As the plume moves through Diablo Cove, the momentum force
is reduced by several factors, including bottom drag friction and interaction
of the high velocity discharge water with that of the lower velocity receiving
waters. Within Diablo Cove the high momentum of the discharge induces a
reentrainment flow, which begins the temperature dilution process. This
reentrainment is always occurring on either side of the plume, and occurs
from the bottom depending on the tidal stage.

As the plume exits the cove, momentum is decreased and the buoyancy
forces begin to dominate. The buoyancy effect is a result of the density
change in the waters of the plume; although the salinity of the water
remains unchanged, the addition of heat results in a plume less dense than
its receiving waters. In the far-field region, the plume is typically less than
20 ft deep. As the plume moves farther offshore from Diablo Cove, the
excess heat is both diluted in the receiving waters and transferred to the
atmosphere.

* The size and shape of the thermal plume are determined by numerous
factors, including winds, waves, and currents. The plume position can vary
from downcoast, upcoast, or directly offshore from Diablo Canyon. The
plume position can change quickly, sometimes in a matter of hours.

* The thermal plume does not recirculate, that is, move from the discharge
structure to the intake structure.

The thermal plume at Diablo Canyon Power Plant exhibits characteristics that are
very similar to numerous other once-through discharges (in marine environments)
studied both in the United States and elsewhere in the world.

Marine Community Baseline Studies

The research objectives of the TEMP marine community survey were to catalog the
cove's species, quantify their abundances by habitat and location in the cove, and
measure the temporal changes in their populations inside and outside Diablo Cove.
The survey methods were designed to collect a sample of information on the key
species and habitats at selected points in the cove and surrounding areas. The
biological field surveys were designed with the assistance and overview of the
California Regional Water Quality Control Board, Central Coast Region and the
California Department of Fish and Game. The studies which were conducted
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continuously from May 1976 to December 1987 have collected over 26,500 samples of
quantitative information on hundreds of species living in Diablo Cove.

The abundance and distribution of the cove's species remained relatively constant
during the eight-year baseline study prior to the thermal discharge. During the
extended baseline studies period, the seasonal fluctuations of abundance in several
species were quantitatively measured for the first time. Abundances of the
iridescent seaweed, for example, were found to follow a regular seasonal pattern
similar to that of terrestrial plants. However, the majority of the plant and animal
species did not exhibit any regular or predictable cycle of abundance.

In addition to seasonal abundance patterns, unexplained long-term, gradual
abundance increases or declines were observed among several species during the 11-
year study. The abundance of tree kelp in Diablo Cove slowly and steadily declined
from its highest recorded level of abundance in 1976 to its present lowest level of
abundance.

The population abundance data collected during the baseline period formed the basis
for a quantitative definition of natural change among Diablo Cove's marine species,
and made it possible to statistically separate natural changes from power plant-
induced changes. From an ecological point of view, the most significant natural
changes in species abundances recorded during the baseline studies were associated
with three independent coastwide events:

Sea Otter Predation

Baseline studies by CDF&G and PG&E prior to 1976 recorded the migration
of the southern sea otter into the Diablo Cove area. The otters preyed upon
the cove's abundant populations of red abalone and sea urchins; in a very
short period of time, adult abalone and urchins were nearly eliminated from
the cove's subtidal community. With the disappearance of the urchins,
which feed ravenously on underwater algae, the abundance of some
underwater algal species increased tremendously, particularly the kelp bed-
forming species. The sea otter's continued predatory activities in the area
have also reduced the abundance of other prey species, following the sea
otter's shift to less preferred prey items. The abundance of the sea otter and
the abundance of its prey species in Diablo Cove over the past few years
have apparently been in a state of dynamic equilibrium.

Winter Storm Waves

In 1983, powerful winter storm waves lashed the central California coast
and caused widespread damage to man-made structures and the nearshore
marine habitats and communities. Waves as high as 26 feet were recorded
at the power plant breakwater. In south Diablo Cove, a nearshore pinnacle
island collapsed, and its wave-strewn rock rubble was deposited on the
intertidal zone in south Diablo Cove. The intertidal populations that were
part of the baseline studies were smothered with up to three feet of rock
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debris. The natural succession of recolonizing species at this location has
been monitored in the continuing studies; the return of species to pre-storm
abundances has been slower than expected, possibly due to the instability of
the new substrate.

El Nino Ocean Warming

In late 1983, a natural widespread ocean warming due to current changes
occurred in the north Pacific Ocean. This warming period, known as the 'El
Nino," produced ocean temperatures which were not significantly warmer
than those which had been recorded in Diablo Cove during a previous warm
period in 1976. However, when the 1976 and 1983 El Nino water
temperatures were converted to temperature dose (duration of temperature
exposure), the 1983 El Nino temperature doses in Diablo Cove were
significantly greater than those measured in 1976. The natural El Nino
temperature doses of 1983 produced measurable thermal effects on the
abundance of several species of algae and invertebrates. The El Nino
altered the flow of ocean currents. The resultant warmer water
temperatures encouraged the immigration of warm-water fish species into
the Diablo Cove area from more southerly locations. Residual ecological
effects of the El Nino event are still observable in Diablo Cove, but have
generally disappeared from the surrounding areas. The elevated
temperatures in Diablo Cove produced by the start-up of power plant
operations shortly after the El Nino period may have sustained the effects of
the El Nino and favored the residence of the warm-water species introduced
by the El Nino currents.

These ecological events preceding the thermal plume warming of Diablo Cove
determined the ecological setting of the cove, in terms of species abundances and
distributions, which forms the basis of this report's thermal effects assessments.
The sea otters affected their prey species, storm waves eliminated local populations,
and the El Nino thermal doses may have selectively pre-conditioned the Diablo Cove
community for a higher thermal tolerance. The biological effects of the DCPP
thermal discharge are assessed against the background of these pre-operational
events.

Thermal Plume Effects

The third stage of the study analyzed the thermal tolerance of important species in
the cove and the thermal effects on the abundances of the cove's species. At the
beginning, very little information was available on the thermal tolerances of the
cove's important species. To gather the information, an on-site laboratory was
specially designed and constructed for thermal effects research. Over a period of
nearly four years, 37 species were cultured and tested over a wide range of elevated
temperature conditions. A variety of species' life stages were tested in conjunction
with a variety of pre-experimental acclimation water temperatures.
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Methods

The abundances and distributions of Diablo Cove's species studied during the past
11 years were examined for patterns of change through time which appeared to
relate to the start-up and operation of the power plant. The graphs which indicated
possible thermal effects changes were examined further using statistical techniques
to test the significance of the observed change. These techniques included time
series analysis of the species' abundances at a fixed location and analysis of variance
tests for significant thermal plume-related abundance changes between affected and
unaffected study areas.

To assess the effects of the thermal plume in areas between the fixed biological
sampling points, a predictive technique was used to extrapolate the thermal effects
observed among the sample points. The probability of a thermal dose which had
been observed to cause a thermal effects change among the sampling points was
calculated from the continually recorded water temperatures at the biological
sampling points. Using the relationship between temperature dose and laboratory
thermal tolerances, and the observed field thermal effects changes, the cove-wide
thermal effect for a particular species was projected along modeled contour lines of
equal bottom temperatures in the areas where the particular species was
distributed.

Findings

In the approximately two and a half years of power plant commercial operation, the
number of species in Diablo Cove has remained relatively unchanged, and there
have not been detectable differences in the abundances of the majority of these
species before or following power plant start-up. A small percentage, less than ten
percent, of the over 500 species which were monitored exhibited abundance changes
in the period following the power plant start-up. Among the 65 important species
selected for analysis in this report, 28 percent increased in abundance in the thermal
plume, 20 percent decreased and 26 percent remained unchanged. These changes
can be attributed to thermal plume effects because comparable increases or declines
had not been seen in the species' abundances during the previous eight years of
baseline studies.

Algae

Thermal plume temperatures, which fluctuate seasonally with the
increasing ambient water temperatures, are the warmest during the period
of October to December. Earlier than normal seasonal warming induced by
the thermal discharge has caused an early senescence (loss of tissue) of the
bull kelp's surface canopy-forming blades. Bull kelp plants inside Diablo
Cove and north of Diablo Cove were affected in the summer of 1986 and
1987. Revegetation in these areas by this annual species is apparently
unaffected, as it has returned in normal abundance in both years following
its early senescence. The early senescence of the bull kelp surface canopy is
the only thermal effect known to occur outside Diablo Cove.
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Inside Diablo Cove, the thermal plume temperatures have caused a decline
in the abundance and distribution in three species of underwater kelp and
several species of intertidal red and brown algae. In contrast, the elevated
thermal plume temperatures are linked with a marked increase in a
subtidal red algae species in the nearshore discharge area.

An analysis comparing the frequency and distribution of the discharge
plume's thermal doses and the biological thermal effects demonstrated that
a 20 percent probability of a 17 C/96-hour thermal dose produced significant
effects on several of the cove's algal species. Similar temperature doses
accompanying the natural ocean warming of the El Nino also produced
biological effects similar to those which resulted from the discharge plume
doses. Invertebrate and fish species, as predicted in laboratory tests, were
generally unaffected by the 17 C/96-hour dose.

Invertebrates

The abundances of invertebrate species have remained generally unchanged
or in some cases, such as the acorn barnacle and the aggregating anemone,
have increased significantly in the areas contacted by the thermal plume.
There have been no changes detected in the abundance or distribution of red
or black abalone in the cove; the rock crab, based on trapping and tagging
studies, appears to avoid the warmest areas in the cove.

A single episode of acute thermal mortality in October 1987 occurred in a
small population of red abalone that were present in the immediate
discharge area. Other species, including the brown turban snail, sun stars,
and rockfish, were also observed in a stressed condition.

Fish

The changes in the distribution patterns of several fish species in Diablo
Cove also indicate a behavioral response to the temperature and velocity of
the plume. In a few cases, the observed shift in the abundance or
distribution of a species may be due to a change in habitat quality or a
plume avoidance response, but in most cases, the fish species which have
responded to the presence of the discharge have done so to take advantage
of new feeding opportunities in the plume.

Conclusions

The temperatures of the DCPP thermal discharge have produced observable
changes, both increases and decreases, in the abundance and distribution of several
species in Diablo Cove's intertidal and subtidal marine habitat; the majority of
species have remained unaffected by the discharge water temperatures. Moderate
shifts in these abundance and distribution patterns are expected as long-term
successional processes in a state of dynamic change continue among the Cove's pre-
operational species and species which are later attracted to the cove by its warmer
water temperatures.
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The summary of thermal effects findings from the Diablo Canyon discharge studies
lead finally to a review and assurance that the discharge temperature limits
established by the RWQCB in the discharge permit protect, in a balanced way, the
beneficial uses of Diablo Cove's receiving water, particularly the beneficial use of the
cove as a marine habitat. Beyond a transition zone at the point of discharge, the
discharge temperature limits protect a balanced use of the cove's receiving water for
both marine habitat and cooling water purposes.

Temperature increases have occurred in many of the intertidal and subtidal areas of
the cove which have discouraged the presence of species which avoid warm
temperatures and encouraged the success of species which tolerate or prefer warmer
water. The established temperature limits of the discharge appear to be protective
of the cove's marine habitat, based on the operating data gathered to date and the
population responses of the habitat's species.

Evidence of the protected nature of the cove's marine habitat has been demonstrated
by the continued presence of marine algal, invertebrate, and fish species whose
composition, abundance, and distribution, though different than those previously
found at the site, are representative of natural marine habitat.
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1.0 PROJECT DESCRIPTION

This report presents the results of long-term studies of the effects of the discharge
from the Diablo Canyon Power Plant (DCPP) on the receiving water in Diablo Cove
and the surrounding coastal area. The Thermal Effects Monitoring Program
(TEMP) studies focused upon the elevated temperatures that occur in the receiving
water, and were designed to identify their levels, extent, variation with time and
plant operation, and their effects on the biological communities.

The studies upon which this report is based were initiated in 1976 under section
316(a) of the Federal Water Pollution Control Act Amendments of 1972 (PL 92-500)
and are currently required by Provision D.4(a) of the National Pollutant Discharge
Elimination System (NPDES) permit for the DCPP, issued by the California
Regional Water Quality Control Board - Central Coast Region (RWQCB-CCR), on
July 12, 1985 (Order No. 85-101).

The original TEMP Work Plan, which was submitted to the Board in 1975 (entitled
"316(a) Demonstration Work Plan"), provided a detailed description of the
implementation, control, and analysis of investigations necessary for the TEMP final
report. The biological studies were designed to obtain extensive information on the
representative, important species that occur in the coastal area adjacent to the
DCPP discharge, and consisted of two major study elements: field sampling used to
obtain detailed information from the naturally occurring populations, and laboratory
experimental studies to determine the thermal tolerance of the species. The
physical studies described in the Work Plan emphasized the thermal aspects of the
discharge plume and encompassed three major elements: mathematical modeling,
physical modeling, and plant pre-operational and operational monitoring. This
report consists of an integrated analysis that addresses the interactive aspects of
each of the study elements to determine whether the effluent limitations protect the
receiving water beneficial uses.

Since the Work Plan was submitted to the Board, the field data gathering elements
of the plan have continued, with some additions and modifications, through 1987, so
that field data could be collected during various conditions at DCPP. The name of
the program was changed to Thermal Effects Monitoring Program to reflect changes
in the requirement for the studies, but field biological sampling was maintained on a
bimonthly schedule from 1976 through 1987. All of the study elements originally
proposed in the Work Plan have been completed, and the original objectives of the
Work Plan have been fulfilled.

During the period encompassed by the study, a series of substantial reports have
been prepared and submitted to RWQCB-CCR that have described interim field
biological data results, laboratory experimental results, predictive assessments of
thermal discharges (normal operations and heat treatment), alternatives to the
cooling water system, alternative demusselling technologies, numerous physical and
mathematical model study results, and reports on the effluent plume based on field
measurements.
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This report presents the results of an integrated analysis of all of this information.
The objective of the analysis was to determine the effects of the thermal discharge
on the abundance and distribution of a selected group of indigenous species and on
the organization of these species' communities. Analysis of the species was
accomplished as follows:

1. Temperature data from field monitoring and physical and mathematical
modeling were considered in constructing maps of the distribution of
thermal dose in Diablo Cove under various sea and power plant operating
conditions.

2. The distributions of the species as determined from the field sampling
studies were overlaid on the thermal dose distribution maps.

3. The-thermal tolerance temperatures for the species, determined from the
laboratory experimental studies, were used to delineate on maps those
portions of the species' populations that were theoretically affected by the
temperatures to which the populations were exposed.

4. The areas of theoretical impact were then compared with the observed
responses of the populations as determined from statistical analyses of the
field sampling data to provide a comprehensive picture of the impact of the
thermal discharge on the species' populations.

5. The results of the individual species' analyses were considered together with
the results from statistical analyses of the intertidal and subtidal
communities to provide an overall thermal impact assessment of the marine
communities in Diablo Cove.

The report concludes with a discussion of the short-term changes and anticipated
long-term effects of the thermal discharge on the biological communities in Diablo
Cove.

1.1 Plant Description

DCPP is sited on a coastal marine terrace about 1,000 feet wide, with elevations
ranging from 60 to 150 feet above mean sea level (MSL). The plant grade elevation
is located at 85 feet above MSL. The shoreline in the plant vicinity is characterized
by sheer wave-eroded cliffs, jutting headlands, and massive offshore rocks and reefs
whose topographical features form a highly irregular coastline. The plant layout on
the site is shown in Figure 1.1-1. The 750-acre site is located on the central
California coast midway between San Francisco and Los Angeles, more specifically
between Point Buchon and Point San Luis, and approximately 12 miles west of San
Luis Obispo (see Figure 1.1-2).

The power plant consists of two units, each of which uses a four-loop pressurized-
water nuclear reactor as a steam supply system. Although each of the units has an
independent seawater cooling system, they share common intake and discharge
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structures. The reactors, structures, and auxiliary equipment are substantially
identical for both units; however, the rated difference in capability of the turbine
generators (3,338 MWt for Unit 1; 3,411 MWt for Unit 2) accounts for net electrical
output ratings of 1,084 and 1,106 MWe for Units 1 and 2, respectively. Commercial
operation commenced for Unit 1 during May 1985 and for Unit 2 during March 1986.

During normal operation of the power plant, seawater is drawn from the intake cove
into the intake structure and pumped approximately 85 feet above sea level, through
the two condenser halves (one condenser for each unit). When the units are
operating, the seawater is heated as it passes through the condensers and flows
through conduits back down to sea level, where it is discharged to Diablo Cove at the
shoreline. The cooling water for each unit is conveyed in separate conduits from the
time it enters the pumps until it enters the lower portion of the discharge structure
after the throttling gates. As the water flows down the discharge structure, it
encounters three weirs, which act to dissipate the hydraulic force produced by the
77-foot drop in elevation. Partway down the discharge structure, two large openings
in the wall separating the discharge flows of the two units potentially allow mixing
between them (but when the flows are the same on either side of the wall, little if
any significant mixing is likely to occur). At the base of the discharge structure, the
wall separating the flows from the two units terminates a short distance before the
weir (a wall located at the point of discharge into Diablo Cove). Some mixing of the
flows from the two units occurs in the basin formed by the weir, prior to discharge
into Diablo Cove. The width of the discharge flow as it emerges into Diablo Cove is
27.5 feet for each unit, with the depth depending on the tide stage. Thus, the
discharge may be defined as a surface jet, promoting the mixing of the thermal
effluent with Diablo Cove receiving waters.

Each unit is served by two circulating water pumps which produce a combined rated
flow from Unit 1 of between 778,000 gpm and 854,000 gpm and from Unit 2 of
between 811,000 gpm and 895,000 gpm (two-unit combined flow is 1,589,000 gpm
minimum and 1,749,000 gpm maximum). The removal of heat from the condensers
of both units (15.2 x 109 Btu/hour at full design power) results in a discharge
temperature about 11 C warmer than the incoming seawater temperature. The
temperature of the discharge varies as the ambient incoming seawater temperature
warms and cools with the seasons. The average discharge water temperature will
range between 21 C (between February and July) and 25 C (between August and
January).

1.1.1 Normal Operation Thermal Discharge

Unit 1 of the Diablo Canyon Power Plant began commercial operation on May 7,
1985. Unit 2 began commercial operation on March 13, 1986. Unit 1 underwent
refueling from August 29, 1986, to December 29, 1986. Refueling of Unit 2 took
place from April 3 to July 14, 1987. A summary of the average daily power level fbr
each unit is shown in Figure 1.1.1-1.
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The weekly average cooling water volume for both units combined, from January 1,
1982, to December 31, 1987, is presented in Figure 1.1.1-2. Cooling water volumes
varied substantially from 1985 to 1987, depending on the power output of the two
units. The volume during the early part of 1985 primarily reflects operation of the
Unit 1 cooling water system (1.21 billion gallons per day at maximum flow). The
increase in the cooling water volumes to a level of approximately 2.45 billion gallons
per day which began in the latter part of 1985 reflects the combined flow associated
with the operation of both units. A reduction in the cooling water volume which
began in late August of 1986 and continued through the remainder of that year was
the result of the Unit 1 refueling outage. The decline in the cooling water volume
during the spring and early summer of 1987 was the result of the Unit 2 refueling
outage.

Intake and discharge water temperatures are recorded continuously by temperature
recorders located in both the intake and discharge structures of Unit 1 and Unit 2.
Daily intake and discharge water temperatures, averaged from hourly records, are
reported in monthly summaries submitted to the RWQCB-CCR. From these, the
weekly mean intake and discharge temperatures for the period from January 1,
1984, to December 31,1987, were calculated. These temperatures are presented in
Figure 1.1.1-3, which also shows the delta values, the difference between the
discharge and intake water temperatures. The intake water temperature is the
ambient sea water temperature. The variability in discharge temperatures is
dependent on at least the following factors: intake water temperature, power level of
each unit, volume of cooling water, efficiency of the condensers, and periods of heat
treatment operations to reduce biofouling organisms in the cooling conduits.

1.1.2 Heat Treatment Thermal Discharge

At DCPP, biofouling occurs in the intake conduits leading to the condenser tube
sheet. Control of fouling in the intake conduits is maintained by periodic heat
treatment operations which retard or eliminate the organisms inside the conduits
(such as barnacles and mussels). Prior to its application at DCPP, heat treatment
had been employed at a number of PG&E's power plants for many years and had
proven its effectiveness in controlling the biofouling populations in the cooling water
intake conduits. Control of fouling is necessary to avoid plugging of the holes in the
tube sheet of the condenser through which the cooling water flows. This occurs
when the shells or clumps of organisms growing in the conduits reach a size slightly
less than 1 inch (the diameter of the holes in the tube sheet), become detached, lodge
in front of the condenser tubes, and block water flow. Without periodic fouling
control, this process would eventually cause plant shut-down.

Heat treatment at DCPP is carried out on one unit at a time and would normally
occur when the other unit is operating at full load, with an 11 C elevation of
seawater temperature. The heat treatment operation involves shutting off the
cooling water pump aligned with the conduit to be heat treated (thereby stopping
water flow through the conduit), closing its intake gate, and opening a crosstie gate
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between it and the adjacent operating pump. Simultaneously, discharge throttle
gates downstream of the unit's condenser are closed sufficiently to allow only one
half of the operating pump's flow (500 cfs) to exit the discharge structure. The other
half of its flow is forced back through the other condenser half and down the conduit
of the inactivated pump. When the seawater reaches the inactive pump, it flows
across to the active pump and is diluted with incoming ambient seawater. Once this
configuration of the cooling water system has been established, the water flowing
toward the condenser in the conduit aligned with the active pump is also at a
temperature elevated slightly over the ambient incoming water. The temperature of
the water flowing into the heat-treated conduit is regulated by varying the electrical
output of the main unit, which directly affects the amount of heat transferred to the
water flowing through the condenser.

Figure 1.1.2-1 presents an approximate time sequence of a typical heat treatment
operation. The power level of the unit being treated is shown in conjunction with the
heat treatment sequence. The sequence shown is the "back-to-back" heat treatment
of both halves of the condenser associated with one of the power generating units.

The target temperature to be achieved in the conduit being heat treated is 40.5 C.
The objective is to maintain this temperature for a minimum of 30 minutes. In the
heat treatment operations conducted to date, the target temperature has been
typically maintained for 45 minutes (as is indicated on Figure 1.1.2-1).

From 1984 through 1987, ten heat treatments have been conducted at the Diablo
Canyon Power Plant. One heat treatment was undertaken during 1984, two in
1985, three in 1986, and four in 1987.

A report on the actual temperatures in Diablo Cove during one heat treatment
operation was issued by PG&E in January 1988. ("Comparison of the effects of heat
treatment and full load operation on receiving water temperatures," Dept. Engr.
Res. Report 420DC-87.760). This report analyzed data collected in August 1987,
when Unit 1 underwent heat treatment while Unit 2 remained at full load.
Temperature data were collected at the surface, in midwater, and near the bottom at
various locations in Diablo Cove, seaward of the 10 and 15 ft depth portions of the
Cove. The report concluded that heat treatment is a highly transient condition;
higher surface temperatures (up to 2 C) were measured at or near the jet centerline,
slightly lower surface temperatures were measured north of the jet centerline, the
offshore plume areas were smaller, and bottom temperatures showed little or no
response to heat treatment. This report is generally consistent with the earlier
study which concluded that the potential effects of heat treatment are restricted to
the shallow areas immediately adjacent to the discharge structure.

For both entrained and receiving water body organisms, potential environmental
effects are primarily a function of two parameters: maximum temperature and the
frequency of application required for effective demusselling. Accordingly, PG&E
undertook a major program of laboratory research to determine the thermal
sensitivity of the critical biofouling organisms occurring at DCPP. That research
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has defined the minimum times and temperatures needed to produce an effective
demusselling. This information has been used in establishing the target
temperatures and durations of heat treatment operations conducted at DCPP to
date.

In continuing studies, PG&E has designed and operated an experimental facility at
the DCPP site that provides an indication of fouling levels in the conduits. This
facility is used to determine when heat treatment is necessary. The initial results of
these studies have indicated that the experimental facility provides a good index of
the timing and rates of settlement of the species of concern. This information is
processed through a mathematical model that predicts growth rates and thus
provides an indication of the time at which the organisms will reach a critical size
requiring heat treatment.

1.2 Marine Research Background

Marine environmental studies at Diablo Canyon have been pursued since 1966. One
such study, which has been conducted by Dr. Wheeler North periodically since 1968,
has provided an extensive inventory of intertidal and subtidal species.

In 1975, PG&E submitted to the Regional Board and began to implement a plan for
a thermal effects study program pursuant to Section 316(a) of the Clean Water Act.
The study plan outlined a wide range of research strategies to assess both the
general ecological effect of the power plant discharge and the effect of the discharge
on a set of the 21 representative, important species identified by the California
Department of Fish and Game. Procedures for these studies were documented and
accompanied a tabular presentation of field data in annual progress reports to the
Regional Board. A review of the literature on the 21 representative, important
species was presented in a 1981 report, and complete results of the Thermal Effects
Laboratory experiments were presented in a three-volume Compendium submitted
in 1982.

Thousands of hours have been spent by scientists counting, cataloging, measuring,
and analyzing the marine biota in Diablo Cove and the surrounding area. Three
principal teams, PG&E, CDF&G, and PG&E's consultants, have continuously
conducted research programs on the site's marine ecology since 1976, and some of
the studies were begun as early as 1966. It can be confidently stated that no other
discharge site on the Pacific Coast has as extensive a baseline data base as Diablo
Canyon. Additionally, no other coastal discharger has constructed a marine
laboratory of the size and sophistication of the DCPP thermal effects marine
laboratory, specifically to study the potential effects of a discharge.

The marine monitoring and laboratory research initiated in 1976 by implementation
of the 316(a) Demonstration Study Plan was continued as the NPDES Permit
Thermal Effects Monitoring Program (TEMP) in 1982. In January 1988, a long-term
Marine Environmental Monitoring Program (MEMP) was initiated, which will
continue to monitor many of the historical biological and physical data stations, both
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intertidal and subtidal, in Diablo Cove and surrounding areas. The California
Department of Fish and Game conducted studies from 1969-1982. In addition to
these programs, PG&E has supported a number of other marine research programs
at Diablo Canyon, including studies of intertidal fishes and offshore fisheries,
impingement and entrainment of organisms in the power plant cooling water
system, chlorine and heat effects on selected species, temperature, wave, and
current regimes, thermal plume modeling, breakwater reconstruction activities,
emplacement and biological development of an artificial reef, intertidal algal and
invertebrate association studies, and Dr. Wheeler North's transect studies. A
chronology and brief description of some of these studies follows in Table 1.2-1.

1.3 Environmental Setting

This section of the report describes the environmental setting of the Diablo Canyon
Power Plant (DCPP) for the purpose of establishing a perspective from which one
may assess the environmental changes in Diablo Cove which have resulted from the
operation of the power plant's cooling water system. The description focuses on the
three environmental elements of geography, oceanography, and biology that in
combination and interaction create the environmental setting of the power plant.
Section 1.3.1 describes the geography and the environmental implications of the
site's location, Section 1.3.2 describes the oceanographic setting, and Section 1.3.3
describes the intertidal and subtidal portions of the marine communities comprising
the site's biological setting.

L3.1 General Description of the Diablo Canyon Power Plant
Environs

The Diablo Canyon Power Plant (DCPP) is located on a narrow coastal terrace
approximately 85 feet above the rocky shores of the Pacific Ocean. Approximately
1,000 ft inland the terrain rises steeply, reaching elevations of 1,200 ft along the
eastern boundary of the plant. This ridge is oriented parallel to the coast in a
southeast-northwest direction. A map and diagram of the power plant's
geographical location and a layout of the power plant site and the area's shoreline
features are shown in Figure 1.1-1. The coastal terrace extends along the shoreline
for approximately 15 miles between the towns of Morro Bay to the north and Avila
Beach to the south. The power plant is located roughly in the middle of this rocky
shoreline section of the coast. The closest large city, San Luis Obispo, is located
approximately 12 miles east and inland from the power plant. To the north and
south of this 15-mile section of steep cliffs and rocky shores, the coastline consists of
sandy beaches and the shallow offshore shelves of two large bays.

The shoreline in the immediate vicinity of the plant is a series of semiprotected
small coves. As shown in Figure 1.1-2, they are identified as Field's (North) Cove,
Diablo Cove, and South Cove. Intake Cove was formed by adding breakwaters to a
natural indentation between Diablo Cove and South Cove. Heavy wave action,
strong and persistent currents, and a wide variety of shoreline and seabed features
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Table 1.2-1

Marine Environmental Studies

Program Conducting Selected
Title Year Description Organization References

Preliminary Site
Survey of Diablo Cove

Marine Biological
Surveys of Diablo
Cove and Vicinity

Preliminary Baseline
Study of Diablo Cove

Zooplankton Studies

Pre-operational
Baseline Studies of

Selected Marine
Plants and Animals

Aerial Photography of
Kelp Beds

Intertidal Algal and
Invertebrate
Association

Gray Whale
Migration

316(a) Demonstration

1966

Field Biological Monitoring

Qualitative inventory of invertebrates,
fishes and algae in Diablo Cove, sub- and
intertidal.

PG&E,
CDF&G

Ebert (1966),
North (1969),
PG&E (1971)

1968-1987 Quantitative subtidal and intertidal perma-
nent transects sampled semi-annually- in-
tertidal photography on vertical transects.

1969-1971 General quantitative and qualitative
species inventory with emphasis on
abalones, fishes, and bull kelp; extensive
fish collections; intake cofferdam
investigations.

1972-1973 Weekly zooplankton tows to establish base-
line date on zooplankton composition and
abundance.

1973-1982 Quantitative quarterly sampling at random
subtidal and intertidal locations and per-
manent abalone transects; algal biomass,
baited station fish counts, bull kelp counts.

1969-1987 Color infrared aerial photography of kelp
beds from Pt. San Luis to Pt. Buchon, an-
nual surveys.

1979-1987 Quarterly algal scrapes to determine abun-
dance ofassociated invertebrate and fish
species.

1981-1987 Observation and census of gray whales
within an offshore corridor, annually from
December-April.

1976-1982 Quantitative bimonthly sampling of perma-
nent intertidal and subtidal stations; Other
tasks: quantitative fish observations, algal
biomass, settling plates, rock crab popula-
tion studies, subtidal and intertidal photog-
raphy, fish gut analysis.

1983-1987 Continuation of quantitative bimonthly
sampling as per 316(a); annual bull kelp
census, intertidal algal biomass studies,
subtidal video transects, red and black
abalone census.

1979-1987 Quantitative survey of intertidal fishes in
Diablo Cove at permanent vertical tran-
sects; concurrent algal and invertebrate
data.

1978-1987 Underwater fish tagging, blue rockfish tag-
ging, partyboat sportfishing sampling.

1973-1987 Direct monthly counts and behavioral ob-
servations of sea otters from permanent
clifftop vantage points; annual census of
urchin and abalone populations near Pecho
Rock.

WheelerJ. North et al.
North (1974, 1986)

CDF&G Burge and
Schultz (1973)

PG&E Icanberry et al.
(1978)

CDF&G Gotshall et al.
(1984,1986)

PG&E Stephan (1978)

Thermal Effects
Monitoring Program

(TEMP)

Intertidal Fish
Survey

Fisheries
Investigations

Observations of Sea
Otter Populations in

Vicinity of Diablo
Canyon

PG&E

PG&E

Lockheed/
TERA/
Kaiser

Engineers

TERA/
Kaiser

Engineers

PG&E

PG&E

Ecomar,
Benech

Biological
and

Associates

Behrens and
Kelly (1986)

Behrens and
Shaffer (1986)

LCMR (1978)
PG&E

(1978,1979)

PG&E
(1986b)

Pimentel and
Bowker (1984)

Sommerville
and Krenn

(1983)

Benech and
Colson (1976)
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Table 1.2-1 - Continued

Program Conducting Selected
Title Year Description Organization References

Field Biological Monitoring (Continued)

State Mussel Watch 1982-1987 Tri-annual collection of mussels emplaced CDF&G Martin et al.
Program at permanent subtidal stations near DCPP (1985)

discharge; analysis for trace metals and se-
lected chemicals.

Diablo Canyon 1984-1986 Monitoring ofbiotic development of artifi- PG&E Krenn and
Artificial Reef Project cial reef(SLOCAR) with emphasis on young Wilson (1986)

rockfish.

316(b) Demonstration 1985-1987 Sampling of impinged and entrained or- TERA PG&E (1987a)
ganisms in the power plant seawater cool-
ing system; special consideration of larval
fishes; weekly plankton tows nearshore and
near intake structure.

Laboratory Experimental Studies

Thermal Effects 1978-1980 Heat tolerance experiments on 45 species of Lockheed/ PG&E (1983)
Laboratory fishes, invertebrates, and seaweeds; effects TERA/

Experiments oftemperature on growth and early devel- Kaiser
opment of16 species; behavioral responses Engineers
to elevated temperatures.

Heat Treatment 1982 Exposure of734 species of fishes, inverte- TERA PG&E (1985)
Laboratory brates, and seaweeds to temperatures sim-

Experi ments ulating field conditions under power plant
heat treatment.

Chlorination 1977 Effects of'chlorine residuals on selected in- PG&E Wilson (1978),
Experi ments digenous marine animals. Behrens (1978)

NPDES Bioassay 1976-1987 Toxicity bioassay studies on organisms us- PG&E Behrens (1982)
Experiments ing discharged seawater from power plant.

Physical Monitoring

Physical 1966-1987 Studies on nearshore currents, temperature PG&E White (1983)
Oceanography and salinity relationships, and dissolved

oxygen.

Benthic Temperature 1972-1984 Temperature measurement at permanent PG&E Warrick (1979)
Studies stations in Diablo Cove and at control

stations.

Temperature and 1976-1987 Continuous recording of temperatures at Lockheed/ PG&E
Light Monitoring permanent intertidal and subtidal locations; TERA/ (1986s, 1986b,

light and tide measurements at selected Kaiser 1987b)
subtidal stations in Diablo Cove. Engineers

Oflshore Current 1978-1986 Continuous current measurement at a per- ECOMAR Meek (1983)
Monitoring manent station outside of Diablo Cove.

Offshore Wave 1983-1987 Continuous wave height and period moni- PG&E White (1985)
Monitoring toring with telemetered wave geuge,

Thermal Plume 1985-1986 Three-dimensional temperature mapping of PG&E Leighton etal.
Mapping near-field and far-field plume behavior un- (1986),

der a variety of oceanographic and opera- PG&E (1988)
tional regimes.
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Table 1.2-1 - Continued

Program Conducting Selected
Title Year Description Organization References

Predictive Analyses and Models

Thermal Discharge 1982 Predictive assessment of the effects of power TERA PG&E (1982a)
Assessment Report plant thermal discharge on distributions

and abundance of selected species; integra-
tion of physical model data and known
species distributions.

Assessment of 1982 Alternative designs and their cost-benefit TERA/ PG&E (I982c)
Alternatives to the analyses far the DCPP cooling water system Kaiser
Edsting Cooling and its effects on the marine biota. Engineers
Water System.

Diablo Canyon Power
Plant.

Hydraulic Model 1985-1986 Verification of physical model under a vari- PG&E Ryan etal.
Verification ety of simulated oceanographic and opera- (1986)

tional conditions.
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produce a dynamic and complex nearshore habitat. The convoluted rocky shoreline
has a high vertical relief of broken cliffs, boulders and cobble, bedrock channels, and
offshore pinnacles. Few tidepools are found in the area due to the friable nature of
the cliff materials and the absence of bedrock shelves along this shoreline. The
coastline is unprotected from the ocean swells of the Pacific Ocean. North Pacific
storms in the Gulf of Alaska generate enormous winter storm waves which reach
Diablo Cove with average heights of 10 to 15 feet, and maximum heights of 25 to 30
feet. This high wave energy tears apart the shoreline cliffs, rolls boulders around in
the intertidal and shallow subtidal, and creates a very rigorous habitat in which only
specially adapted plants and animals can survive. This same wave energy has
carved inlets and indentations in the coastline and leaves only coarse gravel and
cobble beaches. Some of the larger coves such as Diablo Cove have a small sandy
bar or beach.

The major portion of Diablo Cove is less than 25 feet (8 m) deep, and the bottom is
composed of bedrock traversed by surge channels, boulders, and rock pinnacles. The
intertidal and subtidal rocky substrate is generally covered by dense growths of
seaweeds and invertebrates which are common along hundreds of miles of California
coastline. The numerous species of large seaweeds in the area, ranging in size from
red seaweeds 1 to 2 feet in length to the giant kelp over 90 feet long, provide habitat
for other smaller seaweeds, invertebrates, and fish. The seaweeds are similarly
important as food for abalone, urchins, and fish, which in turn become the prey
items of larger organisms such as rockfish and sea otters.

1.3.2 Oceanographic Setting

Climatology

The climate of the Diablo Canyon area is typical of the central California coastal
region. In the dry season, usually May through September, a high pressure area is
located off the California coast. This high pressure ridge deflects storms coming out
of the North Pacific away from the coast. In the wet season, usually November
through March, the high pressure area weakens and moves southward, allowing
Pacific storms to enter. Over 80 percent of the average annual 16 in. of rainfall
occurs during these months. During the dry season, surface winds are generally
from the northwest; in the wet season, southwest winds are most common.
Afternoon onshore winds are frequent during the dry season, followed at night by
weak offshore winds.

Storm systems during the wet season are accompanied by strong winds. Winds at
Diablo Canyon normally blow parallel to shore at speeds ranging from 10-15 miles
pre hour from the northwest and from 5-8 miles per hour from the southwest.

Coastal fog or low stratus clouds during the dry season are common. Air
temperatures are relatively constant due to the marine influence, with a typical
mean minimum of 7 C in winter and 13-15 C in summer, and a mean maximum of
15.5 C in winter and 19 C in summer.
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Bathymetry

The underwater shape of Diablo Cove has been computer contoured in three
dimensions and is illustrated in Figure 1.3.2-1. The DCPP discharge enters Diablo
Cove, then flows into open ocean approximately 1,800 feet from the discharge point.
The major portion of Diablo Cove is less than 25 ft (8 m) in depth, and the
underwater seabed is composed primarily of bedrock, overlain with boulders, cobble,
and sand. About halfway across the cove, the bottom drops rapidly to a depth of
approximately 60 ft at the cove entrance. Beyond the cove in the nearshore region,
the seabed continues to slope downward for approximately 50 miles across the
narrow continental shelf to a depth of 3,000 ft.

Inside the cove the prominent features include rock pinnacles, channeled bedrock,
and large boulders. Bifurcating the entrance to Diablo Cove is Diablo Rock, which
has an elevation of approximately 100 ft. In the southern portion of Diablo Cove,
there are sandy bottom areas where sand transported by local currents collects in
channeled areas. The source of the cove's sand is believed to be the Diablo Creek
watershed, which enters Diablo Cove just north of the DCPP discharge. During
most of the year, the currents in the cove move in a semicircular north-to-south
pattern. This pattern tends to carry sand from Diablo Creek to the southern portion
of the cove and deposit it as the current velocity and waves decrease. The north
portion of the cove has practically no large sand deposits.

Waves

As previously noted, Diablo Cove is located along an exposed portion of the central
coast of California. The coastline consists of steep cliffs, which provide little
protection from wave shock. During the winter, large storms in the North Pacific
can generate waves out of the north-northwest that reach heights of up to 25 ft in
the Diablo Canyon area. The area is also exposed to south-southwesterly swells that
are generated from summer storms off Mexico.

To the south-southwest and north-northwest is a region that is subject to virtually
unlimited fetch, i.e., no land obstructions. Because of this and the previously
described climatological characteristics, locally generated seas can be intense.

Currents

Coastal winds are responsible for the nearshore ocean currents along the California
coast. These winds, as previously mentioned, are predominantly from the northwest
when a high pressure system is off the coast and move the surface of the water in
the general direction of the wind. The rotation of the earth causes any motion in the
northern hemisphere to appear to move in a clockwise direction, i.e., to bend to the
west when the motion is in the direction of the equator. This effect, known as the
Coriolis force, causes the surface water moved by the wind to bend in a clockwise
direction. Therefore, the surface water moves to the right of the wind direction
along the California coastline. With the winds blowing from north to south, the
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Figure 1.3.2-1

Bathymetry of Diablo Cove
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water at the surface is transported offshore. As this surface water moves offshore, it
is replaced by cold bottom water coming from ocean depths of 1,000 to 3,000 ft. This
cold bottom water, known as upwelling water, moves onshore and produces
unusually low water temperatures along California's coast. Similar coastal wind
patterns produce very cold nearshore water of a comparable upwelling volume and
persistence in only three other areas of the world, namely, the west coast of Europe,
the west coast of Africa, and the west coast of South America. June and July are the
coldest seawater months of the year along the California coast, because upwelling is
then strongest.

The nearshore current process is illustrated schematically in Figure 1.3.2-2. As
illustrated, the winds which blow from north to south appear from February through
July. This wind causes the water at the surface to move offshore and be replaced by
cold bottom water. Normally, during this ocean season a temperature difference of
almost 8 C (18 C offshore and 10 C onshore) exists between the offshore and onshore
waters in the coastal region of Diablo Canyon. During the other ocean season,
August to January, the winds and the strong upwelling coastal current abate and at
times nearly cease. At this time of the year the temperature difference between
offshore and onshore waters is approximately 2.7 C. The change in nearshore water
temperature indicates the presence or absence of the upwelling process. The
phenomenon of upwelling is one of the two oceanographic periods observed near
Diablo Canyon.

Upwelling also occurs during the Oceanic Period, the second ocean season, but at a
much reduced level. The Oceanic Period is better characterized by the behavior of
the ocean currents offshore of Diablo Canyon (about 35°N). These currents are a
part of the broad California current, which flows slowly in a clockwise circulation in
the North Pacific Ocean. The California current flows generally toward the equator
until it reaches a latitude of about 25°N, when it begins to turn westward and
becomes a part of the west-flowing North Equatorial Current. When the inshore
portion of this current flows immediately adjacent to the coast, from the NW to the
SE in the vicinity of Diablo Canyon, this is termed the Oceanic Period.

There is also a deepwater (subsurface) countercurrent flowing poleward, part of
which under certain meteorological and other conditions flows as a surface current
along the coast inshore of the California current. This normally occurs during the
winter months (December-January). The prevailing winds off the Pacific Coast of
the U.S. shift during the late fall and winter. The stress exerted on the sea surface
by these winds becomes southerly north of about 42°N, although the northwesterly
winds south of about 40°N decrease in their strength. The poleward-flowing surface
nearshore current is known as the Davidson Current.

Generally, the two oceanographic periods, and the currents within each, are

delimited as follows:

0 Upwelling Period: February to July

E8-316.0 1-20



UPWELLING PERIOD (FEB-JUL)

WINDS BLOW ALONG CALIFORNIA COAST FROM NORTH TO SOUTH

WARM SURFACE
WATER MOVES IN
DIRECTION OF
THE WIND

NEARSHORE CURRENT N I s

50OFI 10C

SURFACE WATER BENDS OUT'%K.
TO SEA DUE TO ROTATON
OF THE EARTH cF~

I
I

I
/,

SURFACE WATER
MOVES FAR OUT
TO SEA

COLD BOTTOM WATER
REPLACES SURFACE
WATER BLOWN
OUTTO SEA ".

STROt4
*WELLvt4G

OCEANIC PERIOD (AUG-JAN) NEARSHORE CURRENTS AUG-NOV N CURFENIA 5
n m

S

Figure 1.3.2-2

Diagram of Upwelling Off Coast
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Oceanic Period: August to January

- California Current: August to November

- Davidson Current: December to January

The currents nearshore to Diablo Canyon have been measured and observed. Both
Eulerian and Lagrangian methods have been used to determine the speed and
direction of the currents. The currents flow south 47% of the time and north 37% of
the time.

These "classical" patterns have been observed:

* The currents flow south when the California current dominates the
nearshore regime in the late winter through late summer months.

* The currents flow north during the fall and winter months, when the
California current weakens and the deepwater countercurrent (Davidson)
predominates in the nearshore waters.

The currents at Diablo Canyon exhibit characteristics typical for nearshore, exposed
coastal locations. Among these are:

" The currents are the sum of at least these forces:

- wind-induced currents

- tidal currents

- littoral currents

* The currents can exhibit direction reversals within short time spans.

1.3.3 Marine Environment

Diablo Cove supports a wide variety of marine plants (algae) and invertebrate, fish,
and mammal species that are commonly found in other central California open coast
environments. The species are adapted to colonize, grow, and reproduce in the
presence of waves which continually sweep the shore. The invertebrate and algal
species are derived from and maintained by an enormous seasonal supply of larvae
and spores that are carried by the persistent longshore currents that continually
contact the shores. If the physical characteristics (wave exposure, duration of tidal
exposure, substrate stability, light, and temperature) and biological characteristics
(food resources and low numbers of competitors) are favorable in the area, those
species which are best suited to survive in the habitat will become established.

Based on a definition involving proximity and interactions, the collective plant and
animal species in a given area are commonly referred to as a community. Ecologists
commonly define a biological community by the presence of key species which, by
their ecological role, largely determine the characteristics of that community. Many
biological interactions, such as competition for space, grazing, and predation, etc.,
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determine the relative abundances of the organisms and their distributions
(community structure).

The relative importance of the many factors that structure open coast communities
is often difficult to assess because of the complexity of the physical and biological
interactions. However, the factors themselves are recognized. Substrate availability
and spore and larval availability are interrelated factors that are all required for the
recruitment of many benthic species. The amount of open substrate available for
colonization by these species is often seasonal and patchy, strongly associated with
recurrent winter storms. Other important factors that may affect growth,
development, and behavior include temperature, light, and nutrient availability,
which also change seasonally. The upwelling oceanographic period beginning in
spring provides cold and nutrient-rich water from oceanic depths to the nearer
shoreline marine communities. This coincides with longer days, and the
combination of these factors stimulates growth in the marine plants. The plants are
often disrupted later by the winter storms. Animals which consume detached algal
material benefit by the winter disturbances, which result in greater food resources
being made available to them. Although such physical and biological interactions
can affect the abundances of organisms, habitat type (geographical relief, substrate
type, presence of algae, etc.) also generally creates patchy species distributions.
These are but a few factors that shape Diablo Cove's marine community and other
nearshore marine communities along the open coast of central California.

Diablo Cove is about 40 acres in area, and is rimmed by a rocky shoreline. Diablo
Rock is situated near the mouth of the cove. Various amounts of fresh water,
depending on rain activity, are emptied into the cove via Diablo Creek, whose mouth
is located near the head of the cove. The DCPP discharge structure is located just
south of Diablo Creek. Approximately 80 percent of the subtidal area in Diablo Cove
is at a depth of 20 ft MLLW or less. The maximum depth of Diablo Cove is about
55 ft.

The following topics are treated in greater detail for both the intertidal and subtidal
communities in Diablo Cove: predominant physical characteristics, the general
distribution and abundance of the biota prior to power plant operation, and some of
the important ecological interactions. Some of the large-scale shifts that occurred in
these areas prior to power plant operation are briefly described at the end of this
section. Further information on the changes, as well as on smaller-scale important
events, is presented later in this report in the individual species documents (Section
3.2.3) and in the assessments of thermal impacts on the community (Section 3.2.4).

L3.3.1 Intertidal Community

The intertidal zone within Diablo Cove is partially protected by Diablo Rock from
the predominant northwest swell and waves. On the other hand, the rocky
headlands on either side of the cove are fully exposed to the wave energy of the open
sea. Within the cove there are large differences between the north and south areas
in several physical characteristics. In general, the north area is composed mainly of
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bench rock and boulders that create moderately high bathymetric relief, whereas in
the south portion of the cove the substrate is largely low-relief bench rock and cobble
fields. However, during the 1982/1983 winter storms a portion of south Diablo Cove
(TEMP intertidal Station 12) became covered with fragmented cobble that was
derived from the erosion of a nearby pinnacle. Higher in the intertidal zone on both
sides of the cove are cobble fields and large boulders, which extend to the bases of
the terrestrial cliffs. Wave impact on the north shores is greater than on the south
shores. On the other hand, the south shores are subject to greater scouring by sand,
which comes from sand channels that are located immediately offshore. Accordingly,
disturbance-related changes in the intertidal biota have occurred over larger areas
on the south than on the north shores due to unstable cobble and sand scour. In
certain areas in north Diablo Cove, some small-scale sand scouring has occurred, as
well as boulder overturnings.

Many intertidal species are restricted to certain elevations (horizontal bands) along
the shoreline. The upper vertical limit of a species is largely determined by its
ability to withstand desiccation. Competition, predation, presence/absence of certain
species, microhabitat differences, and disturbances are other important factors that
determine where species occur. On wave-exposed shores, such as the north and
south headlands of Diablo Cove, wave run-up and splash enables intertidal species
to survive at elevations higher than those at which they are normally found in the
intertidal zone. Some species are adapted to high water motion and are more
abundant where it is prevalent, while others prefer to live in more protected
habitats.

A representative vertical distribution profile of conspicuous intertidal organisms in
Diablo Cove is depicted in Figure 1.3.3.1-1. The diversity of algal and invertebrate
species tends to increase from high to low intertidal areas. The high intertidal, only
occasionally splashed by waves, is generally very sparse in algal cover, with large
expanses of barren rock. In these areas periwinkle snails (Littorina spp.) may be
found in the rock crevices, while turban snails (Tegula spp.) and lined shore crabs
(Pachygrapsus crassipes) may be found in the shade of boulders. Lower in the
intertidal (about +4 ft MLLW) algal cover becomes more conspicuous, although there
may still be extensive areas of barren rock. This level is generally occupied with
scattered clumps of rockweed species (Fucus distichus and Pelvetia fastigiata) and
nailbrush seaweed (Endocladia muricata). Owl limpets (Lottia spp.) are
conspicuous, and sometimes they use the algal cover for protection from desiccation.
The +3 ft MLLW elevations are typically populated with the same species found in
the higher elevations, plus iridescent seaweed (Iridaea flaccida) and grapestone
seaweed (Mastocarpus papillatus). Crustose algal species commonly occur as a
basement layer beneath the more upright foliose algal species in this and lower
elevation areas. Occasionally a high intertidal tidepool will contain species more
commonly found in lower elevation habitats. Hermit crabs (Pagurus spp.), black
abalone (Haliotis cracherodii), other snails, motile and tube-forming worms,
encrusting bryozoans, sponges, and tunicates all become more common in the lower
intertidal regions, where longer periods of submergence occur. Fish species such as
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pricklebacks (Xiphister spp.) are also relatively common in the low intertidal
underneath cobbles, within small pockets of water, and underneath the cover of
algae. Algal cover becomes greater on the rocks in the zone of about +1 ft MLLW
and includes the following species: iridescent seaweed, grapestone seaweed, hollow
branch seaweed (Gastroclonium coulteri), and Christmas tree seaweed (Gigartina
canaliculata). Surfgrass (Phyllospadix scouleri) commonly fringes the shoreline at
the lower boundary of the intertidal zone at about the MLLW tidal level.

1.3.3.2 Subtidal Community

The topographical relief and substrate composition in shallow subtidal portions of
Diablo Cove (10 to 15 ft) is a continuum of what is present in the intertidal. As with
the intertidal, the subtidal on the north side is generally higher in relief, and is
exposed to greater water motion than the south side. Surfgrass occurs in the
transition zone between the low intertidal and shallow subtidal, and forms grass-like
meadows to depths of about 5 ft. Below this zone, mats of articulated coralline algae
occur which harbor numerous small snails and crustaceans among their entangled
branches. The common foliose red algal species Botryoglossum farlowianum
commonly grows on the branch tips of the articulated corallines in depths shallower
than about 25 ft. Most of the red algal species occur in this zone because the
penetration of light, important for growth, is greatest in these areas. Brown turban
snails (Tegula brunnea), rock crabs (Cancer antennarius), and a variety of sea stars
are common inhabitants of this zone. Encrusting invertebrates, including sponges,
tunicates, bryozoans, and tube-dwelling worms, are also common on the rocks in all
portions of Diablo Cove. Due to the lack of sediment accumulation and lesser algal
growth, it is the vertical surfaces of the rocks which are typically colonized by these
species.

Tree kelp (Pterygophora californica) and oar kelp (Laminaria dentigera) are
perennial kelps which also occur throughout all depths in Diablo Cove. In high
densities the canopies formed by these species have inhibited algal growth beneath
them by shading out necessary sunlight. Bull kelp (Nereocystis luetkeana) and
bladder chain kelp (Cystoseira osmundacea) are two kelp species which grow to the
sea surface annually in spring-fall. Because their canopies are annual, they have
not been important shade producers in Diablo Cove. Another kelp species, giant
kelp (Macrocystis pyrifera), also occurs in Diablo Cove, but in limited numbers. In
the deepest portions of the cove (25 to 50 ft), tree kelps and oar kelps stand about
one meter tall, forming a canopy which predominates over the sparse understory.
Many fish in Diablo Cove (primarily rockfish, Sebastes spp.) prefer to live near
irregularities over the bottom and in the water column. The canopies and stipes of
all the kelp species in Diablo Cove provide much of this habitat for these fishes,
particularly the juveniles, which closely associate themselves with the kelp for
protection, while other species, such as senoritas (Oxyjulis californica) and
surfperches (embiotocids), swim more freely about the cove. Rock crevices at all
depths provide shelter for many animals, such as red abalone and benthic
rockfishes.
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Figure 1.3.3.1-1 depicts the general bottom relief and distributions of the major
algal species in the 10 to 15 ft depths in north and south Diablo Cove where TEMP
subtidal stations are located. In south Diablo Cove a notable change in species
abundances occurred prior to power plant operation. Because of the low relief
bottom, all smaller algal forms were obligated to occur under the dense canopies
formed by the tree kelp and oar kelp species. The dense canopies, in fact, inhibited
the growth of the algae beneath them by shading out necessary sunlight. As natural
reductions in these kelp species occurred, the abundances of the understory species
increased. In contrast, in the north portion of the cove, the kelp canopies have not
been so extensively developed as to fully limit the abundance of the smaller algae.
This was because many of the smaller algal forms were able to flourish on top of the
higher relief rocky outcroppings where the kelps could not persist because of the
greater water motion. Instead, the kelp species tended to occur at the bases of the
rocky outcroppings. This substratum-related partitioning of the kelps and smaller
algal forms created patches of foliose red algae dispersed around the kelp canopies in
north Diablo Cove.

Other large-scale changes occurred prior to power plant operation. In areas deeper
than about 15 ft, concentrations of red sea urchins grazed on and limited the
abundance of algal species (North 1969). Sea otters, which arrived in the cove
during the mid-1970's, consumed many of the urchins, and kelp abundances soon
increased (Gotshall et al. 1984). The kelp species have persisted since that time.
Also, prior to the mid-1 970's red abalone populations in Diablo Cove were
commercially harvested. They were also reduced by the sea otters, and the
remaining abalone occurred primarily within protective crevices rather than out in
the open.

The winter of 1982/1983 brought extraordinarily severe storms (associated with the
1983 El Nino event). In the intertidal, severe damages occurred primarily on the
south shores of Diablo Cove. Several areas there become inundated with cobble and
scoured by sand. This reduced the abundance of all biota living in these areas. The
shores of north Diablo Cove were less impacted, which resulted in most of the
species being more abundant along the north shores. In the subtidal, the storms
caused large reductions in sea star species abundances. The following 1982/1983 El
Nino event brought unusually warm, nutrient-depleted water into Diablo Cove. This
affected primarily the annual occurrence of bull kelp in Diablo Cove. The continuum
of these changes during power plant operation is presented in Sections 3.2.3 and
3.2.4.
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2.0 THERMAL PLUME STUDIES

The operation of the Diablo Canyon Power Plant produces a discharge of heated
ocean water which is pumped from a small man-made cove, approximately 1,000 feet
south of the power plant, through four 12-foot square conduits up theý 85-foot cliff to
the power plant and through the steam condenser tubes, and then flows downhill to
a shoreline discharge in Diablo Cove at a point approximately 2,000 feet upcoast
from the intake point (see previous Figure 1.1-2). The velocity of the discharge
across the beach and for most of the distance to the entrance of the cove is relatively
high, due to the momentum created by the water's plunge down the cliff from the
power plant. The high speed and horizontal momentum of the plume carries it
rapidly out of the shallow cove and into the deeper waters offshore.

The horizontal momentum of the plume out of the cove is counteracted by the
frictional drag forces of the cove's resident water and rough bottom, both of which
tend to alter the velocity and direction of the plume. It is also affected by the
thermal buoyancy of the plume itself, which causes it to rise to the ocean surface and
spread out in an increasingly thinner and broader area. These general
characteristics of the discharge plume's behavior were widely known and were used
to mathematically estimate the temperature and distribution of the discharge in the
early stages of the power plant's design; they were described in the Final
Environmental Statement (FES) (AEC, 1973).

Following its review of the power plant's FES, the Atomic Energy Commission
required PG&E to undertake additional plume model studies which were completed
14 years later in 1987. Since the findingsrof the resulting studies are voluminous
and generally do not bear on the biologica& assessment of the thermal discharge, a
consolidated review of these studies has been prepared and is included in Appendix
A of this report; the reader is directed to Appendix A for greater technical details of
the studies and additional references to the complete copies of the studies' reports,
which were reproduced in microfilm media and will be submitted under separate
cover to the Regional Water Quality Control Board.

Though the majority of the thermal plume studies focused on the surface plume in
the open ocean areas, a special physical model study of the plume's bottom contact
temperatures in Diablo Cove was conducted in 1987. The results of this study were
particularly useful for this report's assessment of the thermal plume effects on the
cove's underwater and shoreline organisms; these bottom temperature studies are
discussed below in detail, following a general summary of the history and findings
from the surface plume studies.

PG&E built a physical model designed to represent a 6,400-foot section of shoreline
including the power plant site and extending 4,800 feet offshore. The 1 to 75 scale
model, shown in Figure 2.0-1, measured 85 by 64 feet and was 2.5 feet deep; the
bottom was contoured to simulate the bathymetry of Diablo Cove. Ocean currents
parallel to the coast were generated by water pumped through dual multiported
manifolds perpendicular to the shoreline. The full range of tide cycles could be
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generated, as well as a uniformly shaped wave of different heights. Heated water
was produced to simulate the thermal discharge and was introduced into the model
through a scale-model discharge structure. A wide array of computer-managed
temperature sensing equipment was installed in the model basin. A travelling
overhead frame of temperature sensors was added to gather data more rapidly over
a wide area of the model.

The finished model was hydraulically verified by comparing discharge currents in
the model and in Diablo Cove using patterns of tracer dye. The results from the
hydraulically verified model which were reported as an addendum to the Final
Environmental Statement concluded that:

The temperature and area of the thermal plume would vary with the tidal
cycle and offshore currents; the most adverse conditions would exist when
the offshore current moved in a northerly direction.

" The temperature and area of the thermal plume was discovered to be
greater than had previously been calculated.

* Outside Diablo Cove, the thermal plume would be no deeper than 10 feet.

Between 1984 and 1986, PG&E conducted a series of field studies to thermally verify
the model results.

Data obtained during Diablo Canyon power ascension testing of Units I and 2 were
used to calibrate and verify the model. In addition, data were analyzed to study the
plume characteristics with respect to the effect of various environmental conditions.
The jet/plume temperature distribution, centerline temperature decay, lateral
spreading, penetration depth (lift-off depth), detachment distance, near-field and far-
field surface isotherms, and stratification level were discussed in the light of
different discharge and ambient conditions (such as tides, waves, and winds).

Field tests of the actual warm water discharge plume demonstrated reasonable
agreement with the model's predictions of plume temperature and distribution
offshore; however, the field tests also indicated a significant disagreement between
the model's predicted plume temperature and distributions inside Diablo Cove. The
model results had predicted that the thermal plume would constantly contact the
southern shoreline of Diablo Cove with persistently higher temperatures than in
north Diablo Cove. The field tests showed that the highest shoreline and subtidal
plume temperatures were recorded in north Diablo Cove and that the plume was
most persistently in contact with that area; south Diablo Cove remained
significantly cooler than north Diablo Cove even after the start-up of Unit 2.

The model was redesigned to more accurately represent the cove's bathymetry,
particularly the northwest-trending bedrock channels in the shallow area of the
initial discharge zone. Field data had shown that these underwater topographic
features acted to direct the discharge plume toward the north entrance of Diablo
Cove, particularly during low tide. The modified model was reverified with field test
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results and was employed in the special heat treatment studies in 1987, a portion of
which produced the only set of bottom contour temperatures from the model. Since
these bottom contour results from the model are a basis of this report's findings,
they are described separately in Section 2.2. A summary of the surface plume
findings are summarized in the following Section 2.1.

2.1 Surface Thermal Plume

The initial effects of the Unit 1 discharge on the receiving water temperature
regimes were studied extensively during the 1985 operational period following the
start of Unit 1 commercial operation. These special studies of the thermal plume
were conducted to evaluate the temperature mixing and decay process, and to map
the thermal plume's geometry and dispersion patterns. These operational field
survey data were compared in a series of analyses and reports to the earlier
experimental results obtained from the mathematical and physical model tests.
During the thermal plume field studies, research vessels were equipped with
specialized electronic temperature-sensing and navigational equipment for the
precise concurrent collection of temperature and location data. The surface
discharge plume was mapped inside and outside Diablo Cove.

Start-up tests of Unit 1 were completed during 1985, and commercial operation was
begun in May. Following the introduction of the discharge to the cove, the intertidal
and subtidal water temperatures in the northern areas of the cove and at the
inshore base of Diablo Rock became significantly warmer than in the surrounding
areas. The discharge temperature from Unit 1 varied with the unit's power level,
but was generally 19 F (10 C) warmer than the intake water temperature dur.ng
full power conditions. During most of the year, the Unit 2 discharge was oper•ted at
full flow without heat; this cold water flow from Unit 2 mixed partially with the Unit
1 heated flow at the base of the discharge and produced a slightly cooler discharge
effect in the cove than was seen before Unit 2 pump operation. Plume studies have
shown that there is relatively little mixing between the two parallel discharge flows
from Unit 1 and Unit 2 as they exit the cove. A summary of the power production
and average intake and discharge water temperatures is illustrated graphically in
Figures 1.1.1-1 and 1.1.1-3.

Periodic increases in the discharge temperatures in October 1985 reflect the effects
of the start-up power tests of Unit 2. The Unit 2 tests continued through the first
months of 1986 until the unit was placed in commercial operation on March 13,
1986. The unit operated at full capacity for the remainder of 1986, with a few
periods of reduced capacity for system adjustments; heat treatment of the unit was
performed on August 10 and November 8. Heat treatment of Unit 1 conduits was
performed March 28. From the end of June until August 29, the Unit 1 power level
was decreased slowly before the start of refueling; Unit 1 was returned to service
December 29. With the return of Unit 1 to service, the first normal two-unit
operations began in 1987, except for 2 1/2 months in the spring of 1986. Normally
high ambient water temperatures in fall and the heat from both operating units
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combined in October 1987 to produce the warmest discharge flows and the warmest
Diablo Cove receiving water temperatures measured to date.

Thermal plume field studies, which have followed the course of the power plant's
start-up history described above, have observed the plume for a year of single unit
operations, Unit 1 in 1985; a second year of observations of single-unit discharge,
based on Unit 2, in 1986 (both units operated concurrently during April, May, and
June); and nearly a full year of observations of a two-unit discharge (Unit 2 was off-
line for refueling from April to July 1987).

The findings of the surface thermal plume studies are broken down into the two
primary plant operating conditions: (a) two-unit full-power, full-flow operations and
(b) heat treatment operation with one unit at full power, full flow and the heat
treatment unit at 25 percent flow and 40 percent power.

2.1.1 Normal Operation

During the studies conducted in 1985 under single-unit operation conditions, the
discharge plume was mapped both inside the Diablo Canyon study area and in the
area offshore of Diablo Cove. The thermal plume surveys were repeated at several
electrical power levels as the power plant's Unit 1 tests ascended from start-up to
full-power tests.

Results of the Unit 1 thermal plume studies are illustrated in Figures 2.1.1-1 and
2.1.1-2. In these maps of thermal plume temperature distribution, only the Unit 1
cooling water pumps were operating. The power output level of Unit 1 was at 100
percent of generating capacity during Test 6-4 (Figure 2.1.1-1) and at 90 percent
capacity during Test 4-1 (Figure 2.1.1-2). The surface delta-T isotherms were
measured out to a region where temperatures were less than two degrees F above
ambient. The temperature records were graphically contoured by interpolation.

Ambient or background temperature is important in identifying the temperature
and distribution of the thermal plume and is an important variable in computing the
density difference between the plume and ambient water. Ambient temperature can
be ambiguous and difficult to define; depending on the application, it could be based
on the intake temperature or the minimum surface temperature in the far-field.

For the present study, it is appropriate to define the receiving water underneath the
warm water plume at the exit of Diablo Cove, where the receiving waters enter the
cove (i.e., near the west entrance), as the ambient temperature. This is because the
mixing of the jet and the receiving waters within the cove are of primary concern. In
other parts of this report, ambient may be defined as the cooling water intake
temperature, for example when describing cooling system delta-T temperatures.

The effect of the offshore wind and ocean currents is to deflect the offshore trajectory
of the surface thermal plume in the direction of the prevailing wind and currents.
During Test 6-4 of the 1985 studies, shown in Figure 2.1.1-1, the wind and ocean
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currents were moving from northwest to southeast, causing a moderate deflection of
the surface plume in a southerly direction. During test 4-1, shown in Figure 2.1.1-2,
the direction of the wind and ocean currents were reversed and the plume trajectory
was deflected in the opposite direction. The magnitude of the deflection, seen in
both figures, dependsmainly on the strength and direction of the offshore wind and
ocean currents.

The analysis of the Unit 1 studies was completed in 1986 and generally confirmed
the far-field plume patterns that had been predicted by the physical and
mathematical model studies. In addition, the results of these field studies provided
further insight into the characteristics and behavior of the discharge plume in
conjunction with various sea states, tide heights, and offshore currents. Though
these single-unit results were not representative of the combined Unit 1 and 2
operating conditions (Unit 2 was either not operating or at other times pumping
ambient temperature water), the results revealed several new details of the
nearshore behavior and temperature distribution of the thermal plume.

Among these were the following:.

The trajectory and dispersion of the thermal plume from its point of
shoreline discharge is strongly influenced by both tidal depth and
underwater features of the cove's bottom (bedrock channels and pinnacles).
The bottom friction varies between high and low tide and causes the plume
to swing south and north, respectively, in a searchlight-like pattern.

" During high tide conditions, the thermal plume trajectory in Diablo Cove is
generally perpendicular to the shoreline; during low tide conditions, the
plume shifts to a trajectory north of that produced at high tide.

" The Unit 1 low tide plume trajectories and mixing characteristics increase
the area of shoreline contact of the thermal plume in north Diablo Cove
more than was expected based on the results of the physical model tests.

" The surface plume is occasionally bifurcated by the midstream presence of
Diablo Rock at the exit from Diablo Cove.

" The strong exit velocity of the warm surface plume from Diablo Cove
induces a counterflow of cold, deep ocean water, beneath the plume, which
replaces the cove's water that has been pulled out by the plume's flow.

The following description of the full-operation surface plume is a brief summary of
its characteristic temperature depth and distribution, temperature decay,
downwelling behavior, and bottom lift-off points.

2..1.1 Plume Depth and Distribution

The depth and distribution of the thermal plume is affected by the amount of
recirculation and mixing with ambient water in Diablo Cove, the number of
operating pumps and heated power units, bottom bathymetry and flow obstacles,
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wave mixing, and offshore weather and sea state conditions. The effect of each of
these factors on the depth and distribution of the thermal plume is briefly reviewed.

The thermal discharge plume is recirculated and mixes with itself within Diablo
Cove. The degree of recirculation is affected by the length and depth of the cove,
which varies with changing tide elevations, and by the number of operating pumps.

Shallow water at the discharge during low tide significantly reduces the mixing of
the plume at its boundaries with surrounding cove water (entrainment). The water
level difference between Mean Higher High Water (MHHW) and Mean Lower Low
Water (MLLW) is typically about 6 ft, which would increase the water depth within
450 ft of the outfall by more than 50 percent. The cove's water volume at high tide
depths allows greater contact of the plume's surface area with the surrounding cove
water volumes. -High tide plumes thus allow initial entrainment, beyond which
temperatures decay gradually. Low tide plumes retain a high temperature level
near the discharge point, and mixing takes place at some distance from it. However,
both processes occur primarily within Diablo Cove, since during both high and low
tides the temperature levels at the exit of the cove were approximately the same.

The amount of recirculation and plume mixing in the cove also varies depending on
whether there are two or four pumps operating. The incoming net flow of ambient
water varied from 2,800 cfs to 6,000 cfs for four-pump tests and from 3600 cfs to
5000 cfs for two-pump tests. The ambient water entrained into Diablo Cove
practically all occurred in the deep water column along the west entrance. The
cross-sectional average excess temperatures in the north entrance were consistently
higher than those in the west entrance.

Not only the plume's mixing and distribution, but also its trajectory is affected by
variation in water level. The high tide plume seemed to head toward Diablo Rock,
but the low tide plume seemed to flow towards the north entrance to the cove. Also,
a portion of the plume at low tide is bifurcated to the southern portion of the cove.
The more northerly orientation and the near-field bifurcation of the low tide plume
is primarily caused by the near-field bathymetry. In the vicinity of the outfall, rock
ridges (striations with an orientation angle about 20 degrees to the north of the
discharge) are exposed during low tide and act as guidance vanes to direct the flow
toward the north.

Bifurcation occurs at low tides both for four-pump and two-pump discharge
operations. The bifurcation is more evident for higher waves. Waves are observed
to break near the southern portion of the cove, where large pinnacle rocks exist.
These breaking waves appear to cause destratification. In fact, the case of low
waves showed a relatively stratified plume. This indicates that wave
destratification occurs only within the southern portion of the cove where breaking
waves occurred. Destratification occurs for both the two-pump and the four-pump
condition.
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The discharge flow is expected to have more direct impact in the near-field (i.e.,
within Diablo Cove). A heat balance calculation was performed for all the selected
tests using the discharge cove as the control volume. Cross-sectional temperatures
and velocities were compiled from two representative data sets, one for a high tide
and one for a low tide plume. At the west exit from the cove, the thickness of the
plume at the centerline during high tide was about 22 ft; the thickness-was about
32 ft for the low tide. The plume thickness is defined here as the point where the
temperatures at the seaward edge of the plume exceed 1 degree Celsius above the
ambient level.

The estimated heat flux, the integrated product of the mass flow and the excess
temperature within the plume, showed in general that the west entrance contained
about 70 percent to 80 percent of the total discharge heat flux. About 80 percent of
the discharge heat flux was included in the top 10 ft of the water column. The result
implies that the heat losses of the thermal plume within Diablo Cove are relatively
small (<5 percent).

The plume surface area is generally smaller when only one unit is in operation than
when two units are operating, since the buoyancy flux, the integrated mass flow
induced by density difference, is less. Since the vertical depth, or "thickness," of the
plume as it exits the cove is larger for the extreme low tide than for the extreme high
tide, it is expected that the offshore surface area would be smaller for the extreme
low tides than for the extreme high tides; the data from full-power conditions
confirmed this expectation.

The ambient sea and weather conditions will have more direct impact in the far-
field, namely the offshore region, than in the cove. Typically, the ambient conditions
include the winds, cross currents, and waves. These effects are often related.
Higher winds (which increase surface heat transfer losses) introduce higher waves
and higher currents (both of which would cause more mixing). When winds are
weak, other mechanisms such as the off-coast regional currents and the tidal current
may become important factors. All the high wind cases had smaller plume surface
areas relative to the low wind cases. For all the cases, the plumes in the offshore
area are essentially surface phenomena. The offshore plume depth as defined by
temperatures less than 1.0 F above ambient is always less than 20 ft (6 meters).

2.1.1.2 Temperature Decay

The dispersion and decay of the thermal plume also vary as a function of the tidally
varying volumes of ambient temperature water available in Diablo Cove for mixing.
The warmest plume surface temperatures in Diablo Cove are produced during the
minimum basin volumes at low tide, when greater portions of the plume exit the
cove unmixed with ambient temperature water.

The centerline surface excess temperature has exhibited distinctive behavior due to
tidal variations. During high tide, an initial dilution occurred which reduced the
surface centerline temperature rapidly to an approximately normalized temperature
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of 0.8 of the initial discharge temperatures, followed by a region of zero decay until
the exits of Diablo Cove were reached. Beyond that, the plume's temperature decay
continued in the offshore area. Minimal initial dilution was found at extreme low
tide, and the discharge temperature was preserved to a distance of 400 ft from the
outfall before any significant entrainment occurred.

2.1.1.3 Downwelling

Plume contact with Diablo Rock causes strong downwelling of the plume on the
shoreward side of Diablo Rock. Bottom water temperatures in this area are
significantly warmer than in other areas at the same depth and distance from the
discharge.

In studies of circulation around coastal islands, it has been shown that the wakes
behind coastal islands under stratified conditions represent a complicated
interaction between the classical two-dimensional wake and the bottom boundary
layer. As a consequence, it is believed that upwelling directly in the wake of an
island is not uncommon.

The upwelling phenomenon, which brings cold water from the subsurface upwards to
the surface, has been measured in the seaward wake of Diablo Rock. While
upwelling occurs in the wake zone of the plume, thermal plume downwelling is
observed near the front side of Diablo Rock (facing the outfall). This downwelling
causes the subtidal temperatures at Station 6-10 (10 ft below MLLW at the inshore
base of Diablo Rock) to be the warmest among all the subtidal temperature
monitoring stations within the cove.

2.1.1.4 Plume Bottom Lift-Off

The thermal buoyancy of the discharge plume causes it to remain at the surface and
therefore lose contact with the cove's bottom as the cove's depth increases to
approximately 25 ft (8 m).

A free plume will lift off when the momentum flux has been reduced to a degree that
the negative gravitational force (the buoyancy force) dominates the inertial force (in
the forward motion) and creates an upward motion. In shallow waters, when bottom
depths increase rapidly and are larger than the natural divergence of the plume, a
separation, often called the boundary separation, will take place even without the
presence of the buoyancy effect. In general, the term "detachment" is used in this
section to avoid any confusion, because both "lift-off' and "separation" may occur in
Diablo Cove.

The DCPP outfall is an open channel discharge structure, and the discharge exit
velocity is related to the water depth of the receiving water, which fluctuates
because of tidal changes. For the high tide case the plume is likely to lift off fr-om
the bottom, while for the low tides the jet behaves like a momentum jet and is likely
to follow the bottom boundary until separation occurs. In all cases, when the plume
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detaches from the bottom, the buoyancy force becomes increasingly important and
*the plume essentially evolves into a surface phenomena.

Waves also affect the plume detachment. Breaking waves introduce turbulence and
cause mixing within the plume in the shallow areas. As a result of this, the
detachment occurs farther from the outfall. For low tides, waves can'd6lay the
detachment distance from the outfall from 1100 feet to 1300 feet; for high tides, the
detachment distance varies from 900 feet to 1100 feet.

2.1.2 Heat Treatment Operation

The DCPP cooling water system can be operated in a heat treatment mode for
biofouling control, in which case the flow rate per unit is reduced from 2000 to 500
cfs, and the temperature in the condenser is as high as 108 F for the unit being
treated. The more buoyant plume produced in the heat treatment mode will result
in plume behavior different from that under normal operation conditions.

It is noted that the discharge structure was modified in 1982 by constructing
openings in the center wall separating the Unit 1 and Unit 2 flows. The primary
reason was to promote crossflow mixing of normal operation and heat treatment
water within the structure so as to reduce the exit temperatures when one unit is
being heat treated and the other unit is in normal operation.

2.1.2.1 Plume Depth and Distribution

Model results showed that heat treatment and normal operations during warm
ambient conditions (16 C) result in less bottom contact than during cool ambient
conditions (11 C). Low tide conditions and high wave conditions both result in
increased bottom contact compared to the MSL, low wave conditions, but in all cases
the heat treatment case resulted in less bottom contact than normal operation under
the same wave and tide conditions.

2.1.2.2 Temperature Decay

Model and field test results showed that during Unit 1 heat treatment conditions,
excess Unit 1 plume temperature was confined to the combined Unit 1 and Unit 2
centerline. The excess temperature decayed rapidly along the north margin of the
plume due to a gyre effect.

2.1.2.3 Downwelling

No significant differences from the plume's downwelling behavior during normal
operations have been associated with the heat treatment operations. It is presumed
that the lower heat treatment discharge flows would produce significantly lower
plume velocities in the region of Diablo Rock,and therefore downwelling heat flux at
this point would be reduced.
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2.1.2.4 Plume Lift-Off

Model results of heat treatment conditions showed that heat treatment on one unit
with normal load and flow in the second unit results in 10-20% less bottom contact
than normal two-unit operations. It is. apparent from the model results that the
heat treatment plume has less impact on the bottom than the normal operation's
plume. Breaking waves in shallow areas of the cove cause more turb'ulent mixing of
the plume and a delay to the lift-off; the bottom contact area is larger than that
under the calm wave condition. The scenario which produces the maximum area of
plume bottom contact during heat treatment occurs with low tide water levels and
high waves.

2.2 Shoreline and Bottom Thermal Plume

The following section presents intact a PG&E study of the shoreline and bottom
thermal plume, specially prepared for this report's thermal dose computations and
biological thermal effects assessments in Section 3.0. The results of this study have
not been previously published and are includedin Appendix A.8. The study
objective was to attempt to validate, for the first time, the results of the physical
model bottom contact predicted plume temperatures which had been reported in a
recent heat treatment model study. The following study presents the results of a
graphical method of model validation which compares the contoured model bottom
temperatures to field-collected bottom temperatures that were computer-selected to
match the wave, tide, and power plant operating conditions of the model test.

Temperature data from inside Diablo Cove in areas with a water depth of less than
10 feet are limited to those from selccted subtidal and intertidal stations. Long-term
TEMP monitoring stations provide continuous data, but isotherm contours in finer
spatial resolution are lacking. It is impractical to obtain such information in the
field. The results from a physical model are compared to the available field data.
After such verification, the physical model may be utilized as a tool to provide
necessary information for the biological assessment.

2.2.1 Preliminary Model Verification

The UC Berkeley DCPP physical model was calibrated and verified against field
data for both normal and heat treatment operation (Ryan et al. 1986, 1987a). The
verification was focused on the deeper areas of Diablo Cove (greater than 10 feet
MLLW) where field data were available (Leighton et al. 1986, Tu et al. 1986). Since
the model was verified conclusively for the deeper areas but to a much lesser degree
for the shallow areas, it was necessary to model results with existing field data from
the TEMP subtidal stations. Data from 10 ft MLLW were compared. This provided
a link between the long-term monitoring temperature distribution (temporal) and
the model bottom temperature patterns (spatial).

After the completion of the initial model verification, this model was used for a series
of runs to simulate different scenarios of heat treatment tests (Ryan et al. 1987b).
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Among them, model runs 4, 5, 8, and 10 were made when both units were operating
normally at full power, with no wind and static tide. The conditions for the runs are
given in Table 2.2.1-1. Contour maps of excess temperature (if above ambient) are
shown in Figures 2.2.1-1, 2.2.1-2, 2.2.1-3, and 2.2.1-4.

2.2.2 Model Bottom Temperature Verification Methods-

A data base including wind, wave, and tide data is available for the Diablo Canyon
Power Plant site. A computer program was developed to select the dates and the
times in 1986 during which environmental conditions closely matched those modeled
for Runs 4, 5, 8, and 10. The data base and the program descriptions are given in
Kenzler (1987). The following ranges are specified as the bandwidth for
environmental condition variation from model conditions.

" Wind speed 0-5 MPH

" Wind direction (no limit because of low wind speeds)

* Wave height - 25 cm (0.82 ft)

" Tide height - 0.5 ft

The list of match times (times in 1986 when conditions within the above ranges
existed) were then screened for times of two-unit normal operation, and for those
times when the tide was close to static. The ambient temperature was determined
from data collected by a Sea Data temperature recorder located 50 feet west of and
near the center of the intake structure, when available. Where this data was not
available, data from South Cove (subtidal Station 19-10) was used.

TEMP subtidal station temperature were processed for comparison with the model
isotherm contours. Typically, three or four separate match times were selected from
the subtidal temperature data for each model run (see Table 2.2.1-1). Data from a
two- to three-hour period around the match time were used: i.e., about six sample
points (at twenty-minute intervals). The average value and the standard deviation
were calculated. These data and the corresponding model results are presented in
Figures 2.2.1-1,2.2.1-3, and 2.2.1-4.

2.2.3 Comparison and Analysis

2.2.3.1 Model Runs 4 and 5 (MSL and Low Waves)

Model runs 4 and 5 were both made at mean sea level (2.7 ft above MLLW) and with
low waves (1.5 feet), but with different ambient temperatures: run 4 used
Tamb = 50 F (10 C) and Run 5 used 66 F (18.9 C). Since the bottom excess
temperature isotherms for these cases revealed little difference (Ryan et al. 1987),
and the ambient temperatures from the prototype runs were much closer to 50 F
(10 C) (range 53.4 F (11.9 C) to 56.1 F (13.4 C)), the model results based on 50 F
(10 C) ambient temperature are used for comparison.
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Table 2.2.1-1

Operating Conditions for Model Runs
(Equivalent Conditions in Prototype)

Tide (ft) Ambient Temp. Wave Height Wave Period
Run No. above MLLW OF (ft) (sec)

4 +2.7 50 1.5 12
5 +2.7 66 1.5 12
8 +2.7 50 6.4 12

10 0.0 50 6.4 12

Conditions for Prototype (Field) Tests

Run No. Date Time Tide Range (ft) Wave Height (ft)

4-1 6/26/86 2000-2200 2.1 to 2.8 1.9
4-2 8/15/86 1100-1400 2.4 to 3.0 2.1
4-3 8/13/86 0900-1100 2.0 to 2.6 2.2
4-4 6/23/86 1500-1800 2.4 to 2.1 to 2.8 2.5
8-1 1/06/86 1800-2300 2.4 to 3.0 to 2.1 6.9
8-2 6/09/86 1200-1400 2.7 to 2.8 7.0
8-3 6/09/86 1600-1800 2.5 to 2.9 6.6
8-4 4/30/86 0400-0600 3.8 to 1.8 6.0

10-1 5/02/86 1000-1300 0.6 to -0.5 to -0.1 6.6
10-2 6/09/86 0600-0800 -0.9 to 0.1 5.7
10-3 3/18/86 0900-1200 0.7 to 0.1 to 0.2 6.6
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MODEL Run 4 All quantities In degrees F above ambient.
Unit 1: 2000cfs, 20OF
Unit 2: 2000cfs, 20OF
Tambient: 50OF

Mean Sea Level (2.7ft. MLLW)
Low Waves (Hs = 1.5ft.)

*1

PROTOTYPE DATA
STATION
NUMBER 4-1 4-2 4-3 4-4

7-10 8.9 (0.7) 8.0 (0.2) 7.5 (0.2) 7.8 (0.4)

8-10 8.7 (0.7) 8.1 (0.2) 7.4 (0.1) 8.2 (0.3)

9-10 8.8 (0.7) 8.2 (0.3) 7.7 (0.2) 8.1 (0.4)

10-10 3.4 (1.3) N/D N/D 1.8 (0.6)

11-10 3.6 (1.4) 3.9 (1.0) 3.5 (0.5) 1.9 (0.6)

12-10 3.7 (1.3) 4.1 (1.1) 3.7 (0.5) 2.2 (0.7)

( ) : Standard deviation in OF
Figure 2.2.1-1

Bottom Excess Temperatures in Model Run 4
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MODEL Run 5 Contours in degrees F above ambient.
Unit 1: 2000cfs, 20OF
Unit 2: 2000cfs, 20OF
Tambient: 660F

Mean Sea Level (2.7ft. MLLW)
Low Waves (Hs = 1.5ft.)

Figure 2.2.1-2

Bottom Excess Temperature Isotherms in Model Run 5
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MODEL Run 8
Unit 1: 2000cfs, 20OF
Unit 2: 2000cfs, 20OF
Tambient 50oF

Mean Sea Level (2.7ft. MLLW)
High Waves (Hs = 6.4ft.)

All quantities In degrees F above ambient.

PROTOTYPE DATA
STATION
NUMBER 8-1 8-2 8-3 8-4

7-10 8.5 (1.5) 7.5 (0.7) 6.41(0.4) 8.1 (0.1)

8-10 8.6 (1.7) 9.0 (1.3) 6.4 (0.2) 8.0 (0.2)

9-10 9.5 (1.6) 9.9 (0.8) 7.3 (0.0) 8.4 (0.3)

10-10 5.0 (0.4) 4.1 (0.1) 2.9 (0.2) 2.7 (0.3)

11-10 4.9 (0.4) 4.0 (0.1) 2.9 (0.2) 2.3 (0.2)

12-10 N/D 3.9 (0.1) 2.7 (0.3) 2.5 (0.2)
- m & I

( ) = Standard deviation in OFFigure 2.2.1-3

Bottom Excess Temperatures in Model Run 8
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MODEL Run 10
Unit 1: 2000cfs, 20OF
Unit 2: 2000cfs, 20OF
Tambient: 50OF

Low Tide (O.Oft. MILLW)
High Waves (Hs = 6.4ft.)

All quantities In degrees F above ambient.

PROTOTYPE DATA

STATION 10-1 10-2 10-3
NUMBER

7-10 8.0 (1.7) 11.8 (1.2) 11.4 (1.4)

8-10 9.3 (1.4) 11.8 (1.3) 11.5 (1.2)

9-10 15.1 (1.5) 13.5 (1.3) 13.2 (1.2)

10-10 16.6 (2.7) 10.2 (1.4) 7.8 (1.2)

11-10 13.4 (2.4) 11.6 (1.2) B.7 (1.8)

12-10 13.0 (1.9) 12.6 (0.8) 10.6 (2.1)

( ) = Standard deviation in OFFigure 2.2.1-4

Bottom Excess Temperatures in Model Run 10
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The prototype for this case produced four data sets (Figure 2.2.1-1). Data are
presented as excess temperatures; the average of the individual station values
minus the ambient (intake) temperature. Agreement was reasonable between
prototype replicates, with three of them (runs 4-1, 4-2, and 4-3) showing an average
excess temperature of 3.6 F (2 C), with a variation of less than 0.7 F (0.4 C), in the
south part of Diablo Cove, and all four showing an average value of 87.1'F (4.5 C),
with a range of less than 1.5 F (0.8 C), among stations in the north part of Diablo
Cove. One replicate (4-4) showed temperatures in the south cove to be around 1.5 F
(0.8 C) lower than the others. This difference may be explained by the location of
the sample on the tidal curve. Runs 4-1 to 4-3 were at near static tides just after low
tide. Run 4-4 occurred during an ebb tide following a major high. The preceding
higher tide level with the consequent higher dilution of the jet (Tu et al. 1986) may
be responsible for the lower excess temperature at the south cove subtidal sampling
locations.

Agreement was even better between the model run and prototype runs if 100 feet
variation in distance is allowed. In the north part of the cove, both the model and
prototype had a mild lateral temperature gradient, indicating a gyre motion as
reported by Tu et al. (1986).

2.2.3.2 Model Run 8 (MSL and High Waves)

Model run 8 was made with the tide at mean sea level and with high waves (6.4
feet). Two sets of prototype data (Runs 8-1 and 8-2) at near static tide conditions
were obtained, and two prototype cases (Runs 8-3 and 8-4) were selected which show
dynamic tidal effect. Considering the static tide runs only, variability between runs
was within 2.5 F.

Run 8-3 occurred during a flooding tide after MSL (tide variation between 2.5 and
2.9), and Run 8-4 has a large tide variation ebbing from high tide (3.8 to 1.8 feet).
The excess temperatures in the southern part of the cove for both cases are lower
than for Runs 8-1 and 8-2. This result is consistent with the data from Run 4-4
(MSL, low wave, and fluctuating tide level) with respect to Runs 4-1, 4-2, and 4-3
(more static tide level).

Good agreement exists between the model and prototype data if a shift of 100 feet is
deemed allowable (see Figure 2.2.1-3). Agreement is best with prototype data from
near static tide condition. Warmer temperatures and a mild lateral temperature
gradient (but slightly sharper than the low-wave case) were observed in the north
part of the cove.

2.2.3.3 Model Run 10 (MLLW and High Waves)

Model run 10 was made with low tide level (0.0 ft MLLW) and high waves (6.4 ft).
This condition caused the largest bottom excess temperatures. There were three
cases in the prototype with similar conditions; they all exhibited warmer
temperatures throughout the cove. This was expected, because at low tide there is
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less water in the cove to mix with the plume. In addition, a substantial increase of
temperature was found in the south part of the cove. This is because the near-field
striations that are exposed to the air during low tides act as a guidance vane to
direct a small portion of the plume to the south part of the cove. The bifurcation of
the plume at low tide exists both for the prototype study (Tu et al. 1986) and the
model study (Ryan et al. 1986). Greater variability exists among prototype data at
this lower tide level. The standard deviation was 1.2 (0.6 C) to 2.7 F (1.5 C)
compared to 0.1 (0.05 C) to 1.5 F (0.8 C) for MSL condition.

Agreement between the model isotherms and prototype data is reasonable (see
Figure 2.2.1-4). It is noted that a sharp temperature gradient exists between
prototype Station 9-10 and Stations 8-10 and 7-10. The model plume appears to
progress further into the south portion of the cove relative to the MSL case (see
contour 10 F in Figures 2.2.1-1, 2.2.1-3, and 2.2.1-4).
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3.0 BIOLOGICAL EFFECTS STUDIES

The biological effects of the DCPP thermal discharge were first predicted in PG&E's
1973 Final Environmental Statement for the Atomic Energy Commission (AEC),
based on the available thermal tolerance literature and a simplified thermal plume
temperature distribution model. Subsequently, a physical model was built to refine
the thermal plume map and an on-site thermal effects laboratory was constructed to
expand the thermal tolerance information on Diablo Cove's species. Based on the
thermal plume maps from the model and the Thermal Effects Laboratory thermal
tolerance studies of Diablo Cove's indigenous species, an expanded biological effects
prediction was prepared in 1983 for the Regional Water Quality Control Board in the
Thermal Discharge Assessment Report. During this predictive period of laboratory
thermal plume modeling and effects testing, extensive field studies were underway
to gather detailed receiving water information on the distribution and abundance of
the cove's marine species. The patterns of species abundance measured prior to the
warm water discharge provide the baseline data for a comparison with any
abundance changes following the 1985 start-up of the power plant. To date, the
biological field studies have produced over eight years of baseline information and
three years of data during power plant operation.

Section 3.0 summarizes the results of the biological field studies and examines
changes in species abundance patterns with respect to the distribution of thermal
dose events in Diablo Cove. A variety of graphical and statistical methods are
employed in the analyses of the abundance and thermal dose patterns. This section
contains the description of field sampling methods (3.1), methods of analysis (3.2.1),
receiving water thermal dose measurements and results (3.2.2), assessments of
thermal impact on individual species (3.2.3), and a community-level assessment of
thermal impact (3.2.4).

More detailed information on the scope and methods of the biological field studies is
provided in Appendix B. Detailed field data and statistical results relating to the
assessment of thermal impacts can be found in Appendices C, D, and E.

3.1 Description of Biological Sampling

The primary data for the Diablo Canyon TEMP biological studies were collected
using non-destructive quantitative sampling methods at permanent intertidal and
subtidal stations (Figure 3.1-1). Non-destructive field observation methods were
necessary to ensure a minimum of sampling disturbance to plants and animals in
the relatively small areas sampled in Diablo Cove and outlying reference areas,
particularly when carried out over a period of several years. Stations were generally
sampled on a bimonthly schedule to track seasonal and longer-term changes
(temporal variations) in species abundances, and replicate observations were made
within areas and stations during each survey to describe the spatial variations in
species abundances. This section briefly describes each method of data collection
and summarizes the respective sampling efforts from 1976 to 1987. The results of
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the biological sampling effort are presented and discussed in depth in subsequent
sections.

Intertidal sampling was done at stations consisting of paired horizontal transects,
one at the +3 ft MLLW and one at the +1 ft MLLW elevations, representative of the
upper and lower elevational intertidal biological community in each area. Each
station is designated by two numbers; the first is the number of the station, and the
second identifies its elevation above MLLW. For example, Station 8+3 represents
the sampling area of Station 8 at the +3 ft MLLW level. At each station, ten
permanently located 1 m 2 areas (quadrats) were examined bimonthly, and the
percent coverage of algal species was estimated and the number of animals was
counted (IBT method). Because of the wide variation in animal sizes, certain very
small species were only recorded as present or absent. Generally, only individuals
larger than 1 in. were counted, except for some designated taxa (in five quadrats) in
which all individuals were counted regardless of size. During the initial surveys in
1976, up to 30 quadrats were sampled per station. In 1977, this number was
reduced to 15 quadrats until 1979, when the number was further reduced to ten
quadrats. All analyses in this report are based on the same ten (or five) quadrats for
each station from 1976 to 1987. Three smaller 1/4 m 2 (0.25 m 2 ) quadrats were
examined at each station using a random sampling technique (IPC method), a
method which yielded even more precise algal coverage estimates than the IBT
method. Also, in several areas outside of these permanent stations, 1/16 m2 (0.06
M2 ) quantitative samples of algae were collected quarterly and returned to the
laboratory for determination of species composition and biomass. Thus, in the
intertidal zone, several complementary methods were employed to examine different
aspects of the distribution and abundance of the biological community.

In the subtidal areas of Diablo Cove and vicinity, the seasonal abundances of plants
and animals were recorded at permanent stations 28 m 2 in area and located in
depths ranging from 10 ft MLLW to 55 ft MLLW. The numbering of the subtidal
stations is analogous to that of the intertidal stations as explained above, the only
difference being that the second number in a station designation indicates the depth
of the station below MLLW. Thus, Station 8-15 represents the sampling area of
Station 8 at the -15 ft MLLW level.

As for the intertidal, in the subtidal various methods were employed to sample
particular size groups and the habitats of the organisms. Algal coverage and species
composition were monitored using random points on a movable radius line around
the center of each subtidal station (SLC method). Large invertebrates (greater than
1 in. in largest dimension) and kelp species were counted in the four arc quadrants
(SAQ method), and another method which quantified all invertebrates regardless of
size was used in four smaller fixed 1/4 m 2 areas within each station quadrant (SFQ
method). Each shallow subtidal station (10 ft MLLW) also held sets of removable
settling plates which were periodically examined in the laboratory for evidence of
recent algal and invertebrate colonization. The subtidal stations appearing on
Figure 3.1-1 represent the core study stations sampled from 1976 to 1987, but
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additional stations were sampled during the initial surveys to characterize the biota
in a wider variety of depths and areas. A complete listing of the locations and
sampling efforts for all TEMP subtidal and intertidal stations is presented in
Appendix B.

Fish abundances and species composition were monitored with another- method,
again designed to provide information on differences between areas and seasons
(SFO method). Individuals of all fish species along permanent transects 50 x 4
meters in area were counted during bimonthly surveys. This method was highly
dependent upon adequate underwater visibility, and several winter surveys were not
completed due to poor conditions.

Some individual species of interest were targeted for more specialized sampling
programs to supplement the data from the permanent benthic stations. Rock crabs
were trapped on a bimonthly schedule at 49 locations, and data were collected on the
size, weight, sex, and reproductive condition of each crab (SCT method). In addition,
individuals were tagged and released so that information on their growth and
movement could be obtained if they were recaptured in subsequent surveys. Red
abalone abundances in Diablo Cove were estimated using a random sampling
method whereby 30 m 2 areas in a variety of locations and depths inside Diablo Cove
were examined annually. A similar random technique was used in the intertidal
zone of Diablo Cove to census the black abalone populations from year to year. Both
abalone census methods were initiated in the early 1980's.

Table 3.1-1 summarizes the cumulative effort for the major TEMP biological
sampling methods. Further discussion on sampling effort and statistical properties
of the data is presented in Appendices C and E, respectively.

3.2 Thermal Discharge Assessments

The impact of the DCPP thermal plume on selected individual species and the
communities of Diablo Cove is assessed based on analyses of the field monitoring
data from the TEMP fixed sampling stations, unpublished studies by Dr. Wheeler J.
North, and other field studies. The in situ temperature data collected from locations
among the biological sampling stations are analyzed and presented in terms of
temperature dose for comparison to the results of the on-site laboratory thermal
effects studies. The actual thermal dose information measured in the field is
combined with the thermal plume modeling results to produce a thermal dose map
of Diablo Cove. The use of the thermal dose map, when combined with the biological
thermal effects data, allows an extrapolated cove-wide assessment of thermal effects
in areas between sampling points. The relationships between thermal dose in the
field and the biological effects are analyzed through changes in the abundance
patterns of individual species and in the diversity patterns of species at the
community level, and are discussed in Sections 3.2.3 and 3.2.4, respectively. The
methods used to analyze the thermal effects are described in Section 3.2.1.
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Table 3.1-1

Cumulative Effort for the Major TEMP Biological Sampling Methods

Cumulative from 1976-1987

Sampling Number Number Number
Method* of Surveys of Stations of Quadrats

IBT 70 1660 18772

IPC 70 1747 5024

SLC 61 500 2000

SFQ 61 500 2000

SAQ 61 500 2000

SFO 44 1211 -

SCT 63 4436

IBT - Intertidal Band Transect
IPC - Intertidal Point Contact
SLC - Subtidal Line Contact
SFQ - Subtidal Fixed Quadrat
SAQ - Subtidal Arc Quadrant
SFO - Subtidal Fish Observation
SCT - Subtidal Crab Trapping
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3.2.1 Methods and Analysis

The field and laboratory results of the Thermal Effects Monitoring Program are
presented using a wide range of summary tables and graphics, and have been
analyzed using a variety of statistical techniques. The abundance patterns of
individual species on the TEMP stations form the primary basis of the thlermal
effects assessment. A total of 29 individual species (or groups of species) of algae,
invertebrates, and fish were selected for separate thermal effects analysis. These
species were selected from a broader set of individual species which had been
reviewed in working papers which examined the individual species' life histories,
laboratory thermal tolerance results, and ecological, commercial, or recreational
importance in the Diablo Cove area. Species were selected from the working paper
studies based on a combination of these various criteria.

At the individual species levels, abundance patterns from the fixed sampling station
data were examined graphically for trends that appeared to relate to the increased
thermal doses of the discharge plume. Abundance-through-time plots of the
important species at each station and level are included in Appendix D; examples of
the notable trends in these plots are presented in the individual species' thermal
assessments in Section .3.2.3. In the cases of a notable abundance increase or
decline, statistical tests comparing pre-operational and operational periods and
areas inside and outside the influence of thermal plume were applied to the fixed
station abundance data. These statistical test procedures included a time series
analysis of within-station temporal variance and a one-way ANOVA test of the
annual Diablo Cove abundance variance normalized by abundance data from
reference areas outside the thermal plume's influence.

The TEMP sampling design located sample points along constant intertidal
elevations and at fixed subtidal depths to eliminate, when possible, variance in the
sample data due to known sources of variations. Consequently, the results from the
TEMP intertidal fixed stations which are at the +1 and +3 ft levels MLLW are
focused on wide horizontal bands along the shoreline of Diablo Cove. It is possible
that a change in a species' abundance at either of the two sampling elevations might
not accurately represent a species' abundance change at elevations above and below
the sampling elevations. At the time of the initial TEMP design, an existing field
survey designed and implemented by Dr. Wheeler J. North was providing periodic
intertidal species' abundances from samples that spanned the tide elevations along
vertical transect lines across the intertidal zone in north and south Diablo Cove. Dr.
North's sampling effort continued through 1987, and his vertical elevation intertidal
abundance data was available for use in the individual species' thermal assessments
in this report. The intertidal vertical abundance patterns of algal, invertebrate, and
fish species was also sampled in a PG&E fish transect study in Diablo Cove during
1979-1983, 1986, and 1987. Both the fish transect results and Dr. North's survey
data were analyzed by visual inspection for significant changes in abundance
patterns related to the presence and dose of the discharge's thermal plume.
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In order to extrapolate the assessment of thermal effects on the individual species
from fixed sample points in the cove to a cove-wide assessment, an analytical
method was developed for use with the individual species' fixed station results. The
relationship between the thermal dose and the observed effects from both the
laboratory and field studies was used to extrapolate thermal effects to other areas in
Diablo Cove. The method of constructing the isothermal dose maps using the TEMP
in situ temperature data in combination with the results of the physical model
studies is described below in Section 3.2.2, Thermal Dose. The thermal effects zone
for each individual species was determined graphically by the intersection of the
area of the species' significant dose and the area of the species' pre-discharge
distribution in Diablo Cove. The results are displayed graphically in a three-
dimensional view of Diablo Cove's shoreline and bottom topography within each
individual species' thermal assessment in Section 3.2.3.

3.2.2 Thermal Dose

The thermal effects of the DCPP discharge water cannot be predicted accurately
from water temperature values, since organisms respond to cumulative temperature
exposures over time, not instantaneous temperatures. Thermal dose, the term
describing cumulative temperature exposures, expresses the nature of a thermal
effect as a function of both the exposure temperature and its duration. Nearly all of
the scientific data on the thermal tolerance of organisms is measured and reported
in terms of temperature dose; a duration of 24, 48, and 96 hours for bioassay
laboratory tests has been agreed upon among researchers as a standard. The
majority of the on-site DCPP thermal tolerance bioassay tests on the indigenous
Diablo Cove species were performed to measure the species' temperature responses
over the standard bioassay exposure times and a range of potential discharge
temperatures, during both normal operation and heat treatment conditions.
Predicted thermal effects changes were discussed in the Thermal Discharge
Assessment Report (PG&E 1982a). In that report, the predicted DCPP discharge
instantaneous temperatures were applied to the presumed tolerances of laboratory
species in order to predict areas of thermal risk in Diablo Cove, because dose
calculations from field measurements were not available at the time that the
Thermal Discharge Assessment Report was being prepared.

3.2.2.1 Thermal Dose Frequency

The TEMP study employed a large number of underwater self-contained
temperature recorders which monitored the instantaneous water temperatures
every 20 minutes at intertidal and subtidal stations in and out of the area of the
DCPP discharge plume. All instruments were calibrated at yearly intervals, and the
corrected temperature measurements provided recordings accurate to ±0.2 C. These
field temperatures recorded in the TEMP studies are useful for the calculations of
receiving water temperature doses; the TEMP data described in Section B.1.16 in
Appendix B, and stored in magnetic media files at DCPP, form the basis of the
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following temperature dose analysis and the related biological assessment of the
thermal plume effects in Sections 3.2.3 and 3.2.4.

Over 7 million in situ temperature records were recorded magnetically at 20-minute
intervals, converted to digital temperature values, and stored in an on-site
minicomputer. The computer records were analyzed with custom software which
computed temperature dose from the instantaneous temperature data. The duration
of a subtidal dose event was determined by choosing a target temperature value and
determining the continuous length of time that the recorded temperatures exceeded
the target temperature. The termination of a dose event occurred when the
temperature decreased more than 1 C from the target temperature, or when the
temperature decreased less than 1 C from the target temperature for a period
greater than one hour. The results of the analyses were computed in terms of the
percent frequency of the time that the temperature continuously exceeded a
specified value for a given length of time. Although it is possible to analyze the data
for a large number of different combinations of temperature and duration, all of the
analyses were standardized to a dose of 17 C or greater for a period of at least 96
hours. This standard dose (96 hrs @ 17 C) was selected because it was found to be
an approximate temperature tolerance threshold in the laboratory studies of Diablo
Cove's algal species. Longer duration exposures at higher temperatures are common
in the data, particularly during fall months of warmer ambient water temperatures.
Since discharge temperature doses were recorded that were greater than the
selected standard dose value, separate analyses were performed which computed the
longest duration of a continuous 17 C exposure, as well as the highest temperature
of a 96-hour duration. These additional analyses identified temperature doses which
may have been potentially damaging to species that were tolerant of the standard
temperature dose.

The temperature monitoring data from the TEMP subtidal sampling stations were
analyzed for significant temperature dose (96 hrs @ 17 C). For the purpose of
analysis, the subtidal temperature monitoring data were examined in five study
regions (see Figure 3.1-1): north Diablo Cove, south Diablo Cove, Diablo Rock, the
DCPP discharge, and South Cove (ambient). The subtidal frequency of the standard
dose event was calculated quarterly as the percent of time that the recorded
temperatures exceeded 17 C for periods greater than 96 hours; in the event that the
duration of the dose exceeded a multiple of 96 hours, the total dose frequency was
increased by one for each additional 96 hours of dose. The results of the subtidal
thermal dose analyses are illustrated graphically in Figure 3.2.2.1-1. Temperature
data from the DCPP discharge are not presented in this figure, because there were
only approximately one and one-half years of data recorded which are similar to the
TEMP temperature data base. The thermal dose analysis shown in Figure 3.2.2.1-1
illustrates the occurrence of significant thermal dose events in 1976, 1983, and 1984,
prior to the power plant start-up, which were recorded at all of the study areas;
these area-wide dose events occurred during the El Nino ocean warming periods.
The frequency of thermal dose was significantly higher at Diablo Rock during power
plant operation than at any other location sampled. The greatest increases in the
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thermal dose frequency at this location and the other cove locations occurred in the
fourth quarters of 1985, 1986, and 1987, concurrent with the seasonal fall warming
of ocean temperatures. The other study areas in Diablo Cove received significantly
less frequent thermal doses than Diablo Rock, and thermal doses were significantly
less frequent in south Diablo Cove than in north Diablo Cove.

Since certain species may not be affected by a thermal dose of 17 C for 96 hours, the
data were also analyzed for the maximum length of time that the temperature
exceeded 17 C and for the maximum temperature which had a 96-hour dose event.
The maximum period and temperatures were located in the fall 1987 temperature
data base for each area except South Cove. The longest continuous 17 C
temperature doses in the five subtidal study areas during power plant operation
were as follows: DCPP discharge - 1,934 hours; north Diablo Cove - 1,042 hours;
Diablo Rock - 762 hours; south Diablo Cove - 71 hours; and South Cove - 7
hours. Although the frequency of thermal dose was greatest at Diablo Rock, north
Diablo Cove experienced a longer single 17 C temperature dose than did Diablo
Rock. This can be explained by both the direction change in the plume during each
tidal cycle and also by the closer proximity of deeper, cooler water to Diablo Rock
than to north Diablo Cove.

An analysis of the temperature data base for the highest sustained 96-hour
temperature event during fall 1987 shows the following: DCPP discharge structure
26.0 C; Diablo Rock - 21.8 C; north Diablo Cove - 20.0 C; south Diablo Cove -
16.6 C; and South Cove - 16.2 C. It is felt that these sustained higher
temperatures might have wholly or partially caused the changes seen in the
biological assessment of the thermal plume effects in Sections 3.2.3 and 3.2.4.

The intertidal temperature data were examined in four study areas: Field's Cove,
north Diablo Cove, south Diablo Cove, and South Cove (ambient). The duration of
intertidal temperature dose is regulated by tidal action and cannot last for periods of
time longer than a tide cycle of exposure and submergence at a particular elevation.
The TEMP intertidal temperature recorders are located at a tide elevation of 2.0 feet
above mean lower low water. The average duration of tidal submergence, i.e., the
duration of potential thermal plume dose, at this elevation is approximately
six hours, depending on the time of the year. Using tide information recorded in
Diablo Cove to separate the intertidal records of air and water temperatures, the
sorted intertidal water temperatures were analyzed by quarter for the frequency of a
thermal dose event defined as the percent of time temperatures exceeded 17 C for 80
percent or more of each tidal submergence period (Figure 3.2.2.1-2). The intertidal
dose analysis began in 1981, because from 1976 to 1980 there were no in situ tide
recordings in Diablo Cove. The intertidal dose analysis shows results similar to the
subtidal dose analysis.

3.2.2.2 Thermal Dose Distribution

A predictive technique was used to extrapolate the thermal effects observed at the
TEMP station sampling points to a cove-wide assessment, including unsampled
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areas of the cove. The probability of a thermal dose among the sampling points was
calculated as described in section 3.2.2.1, using the water temperatures recorded at
the TEMP biological sampling points. The probability of a 96-hour/17 C thermal
dose was calculated for each of the four study areas within the cove. The highest
probability of this thermal dose occurs during the late summer and fall, the period
with the warmest ambient water temperatures. The thermal dose probability
during the fall of 1987 for each of the study areas was projected from the sampling
points in the study area along bottom isotherm contour lines which were contiguous
with the sampling sites. The bottom isotherm contours were based on the results of
physical model studies of the worst-case two-unit test thermal plume (model run 10,
low tide and high waves) described in Section 2.2 (see Figure 2.2.1-4). Intermediate
thermal dose probabilities were estimated by inspection of the lines of isotherm and
their relationship to the gradient of differences in thermal dose values between the
study areas. A check of the intermediate thermal dose contours was performed by
calculating probabilities of thermal dose in each of the study areas for doses 2 C
above and below the 96-hour/17 C dose. These resulting dose probabilities were
applied to the 2 C bottom isotherm contours on the neighboring sides of the study
area bottom isotherm. The projected bottom contours of equal probability of a 96-
hour/1 7 C thermal dose are illustrated in Figure 3.2.2.2-1.

The cove-wide thermal effects for selected species analyzed in Section 3.2.3 below
were projected based on the relationship between laboratory temperature dose and
thermal tolerance, the observed field thermal effects among the same species, the
cove-wide distribution of the species, and the thermal dose distribution shown in
Figure 3.2.2.2--1. The results of the intersecting areas of the species' cove
distribution, its thermal tolerance, and the thermal dose distribution in the cove
were used to estimate areas of probable thermal effects. The cove-wide
extrapolations were adjusted by comparing them with field observations at the fixed
TEMP sampling stations and field spot-checks in the affected areas. Three-
dimensional graphical techniques have been employed to display the results of the
thermal dose estimates of cove-wide thermal effects for each selected species.
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3.2.3 Assessment of Thermal Impact for Selected Species

The following species accounts describe those intertidal and subtidal species which
were selected for more detailed discussion because of their ecological importance,
sport or commercial fishery value, or observed response to elevated temperatures
during power plant operation. The sections contain the following information on
each species: physical description, distribution, life history, environmental
requirements, spatial and temporal abundance patterns from the TEMP field
studies, and cove-wide thermal impact assessment maps. Certain species were
selected for time series analyses and analysis of variance tests to examine changes
in their abundances within and between specific stations. The test results are
presented in Appendix E, and are referred to in the selected species accounts.

Graphs of the selected species' changes in abundance in the TEMP stations are
presented in the following pages and in Appendix D. For the algae, the intertidal
species' abundances obtained by the IBT method are represented as their mean
percentage cover values per 1 m2 calculated from the same ten quadrats sampled
over time at each station. Mean percentage cover values for the subtidal algal
species (SLC method) are based on the same four 7 m2 quadrants sampled per
station. The mean coverage values and standard error bars in the algal graphs are
based on untransformed percentage cover data from the quadrats and quadrants. In
addition to algal coverage measurements, densities of kelp plants were measured in
the subtidal stations (SAQ method).

Graphs for the selected intertidal invertebrates, excluding black abalone, depict
their changes in abundance within the same five 1 m2 quadrats per station. The
black abalone graphs depict changes within all ten 1 m2 quadrats per station.
SLbtidal invertebrate abundance values over time were based on measurements in
the same four 7 m2 quadrants (SAQ method), or the same four 0.25 m2 quadrats
(SFQ method), at each station.

The principal taxonomic keys used in the TEMP study were Abbott and Hollenberg
(1976) and Sparling (1977) for the algae; Smith and Carlton (1975), Morris et al.
(1980), and Ricketts et al. (1985) for the invertebrates; and Eschmeyer et al. (1983)
for the fish. Several species names have changed since publication of these keys;
however, since this document is the final report of a series, the initial names have
been retained for consistency. The exceptions are Gigartina papillata, now
Mastocarpus papillatus (Guiry et al. 1984), and Petrocelis franciscana, now P.
middendorphii (Polanshek and West 1975). These changes have been adopted in
this report, since they are more widely recognized.

Table 3.2.3-1 lists the selected species, their scientific and common names, and their
location in the report. It was impractical to treat all of the hundreds of other species
in the TEMP data base in detail. However, there are brief descriptions of responses
to elevated temperatures for several of these species (Section 3.2.3.29). Section
3.2.3.30 summarizes the assessments of thermal impact on the selected species.
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Table 3.2.3-1

Assessment of Thermal Impact for Selected Species

Section
Number Scientific Name Common Name Page

3.2.3.1

3.2.3.2

3.2.3.3

3.2.3.4

3.2.3.5

3.2.3.6

3.2.3.7

3.2.3.8

3.2.3.9

3.2.3.10

3.2.3.11

3.2.3.12

3.2.3.13

3.2.3.14

3.2.3.15

3.2.3.16

3.2.3.17

3.2.3.18

3.2.3.19

3.2.3.20

3.2.3.21

3.2.3.22

3.2.3.23

3.2.3.24

3.2.3.25

3.2.3.26

3.2.3.27

3.2.3.28

3.2.3.29

3.2.3.30

Botryoglossum farlowianum Ruffled Seaweed

CBS-Complex Articulated Seaweeds

Cryptopleura violacea Hidden Rib Seaweed

Cystoseira osmundacea Bladder Chain Kelp

Egregia menziesii Feather Boa Kelp

Endocladia muricata Nailbrush Seaweed

Gastroclonium coulteri Hollow Branch Seaweed

Gigartina canaliculata Christmas Tree Seaweed
Iridaea flaccida Iridescent Seaweed

Laminaria dentigera Oar Kelp

Mastocarpus papillatus Grapestone Seaweed

Nereocystis luetkeana Bull Kelp

Phyllospadix scouleri Surf Grass

Pterygophora californica Tree Kelp

Anthopleura elegantissima Aggregating Anemone

Cancer antennarius Rock Crab

C(hthamalus fissus Acorn Barnacle

Collisella scabra Rough Limpet

Haliotis cracherodii Black Abalone

Haliotis rufescens Red Abalone

Patiria miniata Bat Star

Tegula brunnea Brown Turban Snail

Tegula funebralis Black Turban Snail
Embiotocidae Surfperches

Ophiodon elongatus Lingcod

Scorpaenichthys marmoratus Cabezon

Sebastes spp. Rockfishes

Stichaeidae Pricklebacks

Other Species

Summary of Assessments of Thermal Impact
on Selected Species

3-16

3-22

3-27

3-31

3-38

3-43

3-48

3-54

3-60

3-68

3-76

3-81

3-92

3-96

3-106

3-110

3-120

3-124

3-129

3-136

3-148

3-152

3-157

3-163

3-169

3-173

3-177

3-186

3-193

3-227
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3.2.3.1 Botryoglossum farlowianum
(Ruffled Seaweed)

Botryoglossum farlowianum is the most abundant
X ',foliose red algal species in depths less than about

20 ft in Diablo Cove. It ranges froin British
Columbia to Baja California. Most of the B.
farlowianum population in Diablo Cove occurs in
the subtidal in depths of about 5 to 20 ft. It
commonly grows on the branch tips of the

.7 articulated coralline algae. Botryoglossum
farlowianum appears as ribbon-like blades
attached to a common axis. The margins of the
blades are ruffled or have small proliferations.
Veins are conspicuous throughout the blades.
Mature plants are roughly 10 in. tall.

No unusual changes occurred in this species during power plant operation; a decline
in abundance in a small area on the inshore side of Diablo Rock and in a small
region in north Diablo Cove was observed. Both of the affected areas are in depths of
about 10 ft.

Life History and Ecology

According to Abbott and Hollenberg (1976), there are two varieties of Botryoglossum
farlowianum: B. farlowianum var. farlowianum and B. farlowianum var. anoma-
lum. In Diablo Cove the former variety is more conspicuous. Two similar-appearing
algal species in Diablo Covc, but more sparse in occurrence, are B. ruprechtianum
and Hymenena spp. Because of the close resemblance of these two species to B.
farlowianum, the data on the three have been combined in this report. The
combination is hereinafter referred to as B. farlowianum. The common name
(ruffled seaweed) is infrequently used.

The life cycle of Botryoglossum farlowianum has not been studied, but the accepted
one is the same as that of many other red algal species. Male and female plants
(gametophytes) are separate individuals which look alike, except for reproductive
structures. The male plants produce gametes, which are released into the water.
After they contact a fertile egg on a female plant, a microscopic carposporophyte
plant is produced on the female plant. The carposporophyte plant eventually
releases carpospores, which settle and attach to the bottom. From the settled
carpospores develop tetrasporophyte plants, which when mature look like the male
and female gametophyte plants, except for reproductive structures. The
tetrasporophyte plants release tetraspores, which develop into separate male and
female gametophyte plants to complete the cycle. Gametophyte and tetrasporophyte
plants live in the same habitat and are perennial (Abbott and Hollenberg 1976).
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There is little known on the importance of Botryoglossum farlowianum to other
organisms. Probably its most important function for invertebrates is the provision of
cover from predators.

Distribution and Abundance

Botryoglossum farlowianum has historically been one of the most abundant foliose
redalgal species in Diablo Cove. This species appears in the lists of Ebert (1966)
and North (1969) in their subtidal surveys of Diablo Cove in 1966-67, presumably
due to its widespread occurrence then. Gotshall et al. (1984, 1986) found their
aBotryoglossum complex" to be the most abundant of the soft red algal groups both in
and outside Diablo Cove.

Seasonal changes in the percentage cover of Botryoglossum farlowianum in each of
the TEMP subtidal stations are presented in Figure D-1 in Appendix D.
Representative station data depicting the changes are presented here in Figure
3.2.3.1-1. Although individual Botryoglossum farlowianum plants are perennial,
the population as a whole underwent a yearly seasonal cycle of spring-summer
growth, which alternated with fall and winter storm-related removals. This process
accounts for the within-year variations observed in this species' coverage.

Four types of long-term (between-year) trends were observed in Botryoglossum
farlowianum in Diablo Cove. In the shallow south Diablo Cove area (less than 15 ft
depths), the dense overstory kelp canopies of Pterygophora californica and
Laminaria dentigera once limited, by shading, the abundance of B. farlowianum. As
the densities of these two kelp species declined (Figures 3.2.3.10-2 and 3.2.3.14-2),
light to the bottom increased, and the coverage of B. farlowianum became extended
over a greater area. This process continued during power plant operation (see
representative Station 10-15 data in Figure 3.2.3.1-1). An analysis of variance test
on this species (in Appendix E) revealed a significant drop in its abundance in south
Diablo Cove during 1986, but a recovery shortly thereafter.

The overstory shading effects were not as extensive in the north portion of Diablo
Cove at similar depths, which accounted for a second type of trend. In this area P.
californica and L. dentigera were never dense enough to form a large, shading
canopy over B. farlowianum. Furthermore, due to greater bathymetric relief and
wave motion on the north side of the cove, B. farlowianum occurred on the tops of
the rocky outcroppings there, and the kelps, being less able to withstand the high
water motion, occurred at the bases of the outcroppings. This substratum-related
separation of the kelps and B. farlowianum prevented the kelps from completely
shading and limiting B. farlowianum growth, and consequently its abundance in the
north Diablo Cove area (represented by Station 9-10 data in Figure 3.2.3.1-1)
remained generally similar from year to year. However, some decreases were
observed in the north portion of the cove (Station 9-10) during the final surveys in
1987. Results of a time series test presented in Appendix E reveal that this species'
decrease in Station 9-10 after power plant start-up was statistically significant.
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A third type of trend occurred within a small area approximately 10 ft in depth
immediately inshore of Diablo Rock. In this area, the coverage of B. farlowianum
decreased during the first full year of power plant operation in 1985 (represented by
the changes observed in Station 6-11 in Figure 3.2.3.1-1).

A fourth type of long-term trend was observed in the deeper, central portions of
Diablo Cove (representative Station 13-32 data in Figure 3.2.3.1-1). In Station 13-
32 and vicinity, Pterygophora californica and Laminaria dentigera formed a nearly
uninterrupted canopy over the low-relief bottom. Storms previous to 1982-83 had
little effect on these kelp species at this depth. This resulted in the P. californica
and L. dentigera populations being comprised mostly of tall, older individuals, whose
thick canopies inhibited the growth of the smaller algal species beneath them
(including Botryoglossum farlowianum), and even of their own recruits for a great
deal of the pre-operational study period. The 1982-83 winter storms were
sufficiently severe to remove many of the P. californica and L. dentigera plants from
Station 13-32. Shortly thereafter, there were increases in B. farlowianum cover.
Self-recruitment also occurred for L. dentigera and P. californica (Sections 3.2.3.10
and 3.2.3.14, respectively).

The 1982-83 winter storms also removed these kelp species from other areas of
Diablo Cove. The effect of this reduction as a decrease in shading for the smaller
algal species was negligible in the north portion of Diablo Cove. In the south portion
of the cove, P. californica and L. dentigera had already been reduced, and the storm-
caused removal of more plants may have had some added effect in allowing more
increases in Botryoglossum farlowianum. Figure 3.2.3.1-2 depicts the areas in
Diablo Cove where B. farlowianum remained abundant during power plant
operation and those where it declined.

The 1983 El Nino had no observable effects on Botryoglossum farlowianum.

Thermal Impact Assessment

Relatively high abundances of Botryoglossum farlowianum were sustained
throughout most of the cove during the years of power plant operation. Some
decreases were observed, however, in localized shallow areas in north Diablo Cove
and inshore of Diablo Rock. Previous laboratory thermal tolerance tests on this
species indicated that mortality would occur in B. farlowianum plants if they were
exposed to 23.8 C water for 96 hours or more (PG&E 1982b). Although such
temperature regimes have not occurred in the Diablo Cove stations, PG&E (1982b)
reported that stress (but not necessarily death) could occur at lower plume
temperatures with greater exposure times. Discoloration, blade bleaching, and
turgor were used as stress indicators leading to plant death. This information was
the basis for B. farlowianum having previously been predicted to be at risk in Diablo
Cove during power plant operation (PG&E 1983). These predictions seem to be
partially true in that some of the population was lost during power plant operation.
Some temperature-related deaths may also have occurred in plants living very close
to the discharge.
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DIABLO ROCK

Figure 3.2,3.1-2

Map of the Distribution of Affected and Non-Affected
Ruffled Seaweed (Botryoglossum farlowianum)

This foliose red algal species occurred in all depths of Diablo Cove, but was more
abundant in areas less than about 20 ft deep. Areas where Botryoglossum
farlowianum was high in abundance before power plant operation are depicted in
yellow and blue. Areas where plume-related decreases were observed are depicted
in blue. Plume-related changes in this species were not observed outside Diablo
Cove.
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The remainder of Diablo Cove's Botryoglossum farlowianum population may
continue, over the long term, to be a major component of the foliose red algal
understory in the shallow areas of Diablo Cove. However, proximal to B.
farlowianum during power plant operation were sudden increases in Cryptopleura
violacea, a similar-appearing close relative of B. farlowianum. The occurrence of
both these species over the long term may depend on their abilities to out-compete
one another for attachment points. It is possible that some of the decreases in B.
farlowianum in the north portion of Diablo Cove at the end of 1987 were related to
the increases in C. violacea.
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3.2.3.2 CBS-Complex
(Articulated Coralline Algae)

The CBS-complex is a category comprised of the
articulated coralline algal species of the genera
Calliarthron, Bossiella, and Serratitardia. The
total range of the members of this group is from
Alaska to Baja California. The plants are highly
branched and stand up to about 6 in. tall. They
usually occur in dense clumps in Diablo Cove, and
often the species are mixed together. The
articulated coralline algae complex can usually be
found in all types of habitats in Diablo Cove.

The CBS-complex has been a numerically important algal group in Diablo Cove's
marine community. It has not been affected by the thermal plume.

Life History and Ecology

The erect coralline species comprising this complex are similar in appearance. They
have calcified segments which have an appearance like small wing nuts. Each
segment is joined to the next by soft tissue, to allow some bending of the total plant
body. When the clumps are extensive, the assemblage appears more mat-like. It is
often difficult to distinguish individuals due to the entanglement of the branches,
and some of the characteristics used to distinguish the species of the CBS-complex
are common to all. This makes it difficult to separate species in the field. Because
the growth and appearance are similar among these erect corallines, and because
these species have a similar ecological role (see below), they have been treated as one
taxonomic category (CBS-complex).

They can live in constant submergence in periodically flushed tidepools, in
submergence/emergence conditions in wave-washed intertidal habitats, and at all
depths of the cove's subtidal. In Diablo Cove; this complex is most common in the
subtidal.

The accepted life cycle of the articulated corallines is similar to that of other red
algal species (Abbott and Hollenberg 1976). All macroscopic phases of the life cycle
appear similar. Male and female reproductive structures on the macroscopic
gametophyte plants produce gametes, which, when united, form a microscopic
carposporophyte plant attached to and associated with the female gametophyte
structures. The carposporophytes release carpospores, which develop into
macroscopic tetrasporophyte plants. Tetrasporophytes produce tetraspores, which
develop into macroscopic gametophyte plants, repeating the cycle.

The articulated corallines are among the slowest-growing algae. Growth of 1 mm
per month was found by Johanson and Austin (1970). Despite their slow growth,
they have recruited within two months' time onto bare test panels placed
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periodically into the Diablo Cove shallow subtidal. The early growth found on the
test panels indicates that high recruitment may compensate for their slow growth.

The articulated corallines are resistant to grazing because of their calcified body
segments. They usually form the majority of the species left in areas heavily grazed
by sea urchins. Dense clumps or mats of entangled branches form an ideal habitat
for small invertebrates.

Patches of articulated corallines are resistant to invasion by other algal species
(Reed and Foster 1984, Dayton et al. 1984). Both studies postulated that the small
grazers living in the articulated coralline mats may eat any new algal material
entrapped by the branches, and that the branches themselves may effectively shade
the bottom and inhibit smaller algal growth. On the other hand, the tops of the
branches provide attachment and growth sites for some foliose red algal species. In
Diablo Cove the foliose red algae Botryoglossum farlowianum (Section 3.2.3.1) and
Cryptopleura violacea (Section 3.2.3.3) grow abundantly on the tops of the CBS-
complex.

Distribution and Abundance

In the marine surveys in Diablo Cove in 1966, North (1969) noted that the crustose
coralline algae were the principal species remaining in the areas heavily grazed by
red sea urchins (Strongylocentrotus franciscanus). Presumably the grazer-resistant
articulated corallines were present also. Changes in the cover of this group of
articulated corallines in the TEMP subtidal stations from 1976 to 1987 are depicted
in Figure D-2 in Appendix D. Representative station graphs depicting the changes
are presented in Figure 3.2.3.2-1. The relatively stable trends noted on the stations
prior to power plant start-up in 1984 suggest that this assemblage may have
occurred in similar abundances during previous years. In south Diablo Cove this
assemblage was affected in early 1984 by an algal bleaching period (PG&E 1985).
Decreases in the cover of the CBS-complex were observed later in this portion of the
cove (represented by Station 10-10 data), indicating that the bleaching adversely
affected some plants. In the north portion of Diablo Cove, abundances remained
constant throughout the TEMP studies (represented by Station 8-10 data in Figure
3.2.3.2-1). The 1982-83 severe storms and the following 1983 El Nino event did not
noticeably alter the coverage of the CBS-complex. The patterns in the north and
south portions of Diablo Cove are similarly described by the time series and analysis
of variance tests presented in Appendix E. A map depicting the total area of the
cove where the articulated coralline members can be found is presented in Figure
3.2.3.2-2.

Thermal Impact Assessment

Although there were some decreases in the coverage of the articulated coralline
complex during power plant operation, they are apparently residual effects from an
earlier algal bleaching period. The stable abundances observed in the unaffected
areas of Diablo Cove throughout the study phase when the power plant was
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Figure 3.2.3.2-2

Map of the Distribution of Affected and Non-Affected
CBS-Complex (Articulated Coralline Algae)

This assemblage of coarsely branched species occurred throughout all depths of
Diablo Cove; however, it was most abundant in depths less than about 20 ft. The
yellow and blue areas indicate where this assemblage was most abundant in Diablo
Cove before power plant operation. Scour-related reductions occurred immediately
in front of the discharge (blue area), but no changes related to the thermal plume
were observed.
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operational indicate that this species is tolerant of the warm water plume. This is
consistent with the lack of thermal effects predicted by previous laboratory
experiments. Although laboratory tests showed that plants began to bleach after
216 hours of exposure to 23.8 C (PG&E 1982b), this temperature dose has not yet
been measured in the TEMP stations. Also, the laboratory tests could not determine
if the indications of plant stress (bleaching, color change) would actuiwy result in
plant mortalities in the field.

Since the coverage of the articulated corallines did not change markedly during
power plant operation, there have probably not been any changes in the amount of
habitat this complex provides for small invertebrate species.
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3.2.3.3 Cryptopleura violacea

(Hidden Rib Seaweed)

Cryptopleura violacea is a foliose red alga roughly
8 in. tall. In Diablo Cove it occurs mainly in the
low intertidal to depths of about 20.ft.

/Cryptopleura violacea ranges from British
Columbia to Baja California. The blades of C.
violacea are ribbon-like with veins, but the blades
are thinner and narrower than those of B.
farlowianum. The color of C. violacea is also
lighter red, tending towards pink, and often has a
light greenish tone. Like B. farlowianum, it
commonly grows on top of the articulated coralline
algae.

Prior to power plant operation this species was sparse in occurrence. After power
plant start-up, this species became very abundant in the shallows in Diablo Cove.
Increases also suddenly occurred outside Diablo Cove, but were not nearly as large.
It is therefore possible that some of the increases in Diablo Cove were favored by the
temperature of the discharge.

Life History and Ecology

The common name (hidden rib seaweed) is infrequently used for this species, and it
will hereinafter be referred to by its scientific name. It is a close relative of
Botryoglossum farlowianum (Section 3.2.3.1).

The accepted life cycle of Cryptopleura violacea is the same as that of many other red
algal species (see Section 3.2.3.1). Individuals of this species are considered to be
annuals by Breda (1982), who found it was most abundant during spring and
summer in her Monterey Bay study sites. In Diablo Cove, this species occurs year-
round due to overlapping generations, but much of the population is removed by
winter storms.

Distribution and Abundance

Cryptopleura violacea does not appear on the lists of species observed by Ebert
(1966) or (North 1969) in their 1966-67 observations in Diablo Cove. Presumably
this species was present during their surveys, but did not occur in large enough
quantities to be considered numerically important. This species was sparse to
common in occurrence in the studies of Burge and Schultz (1973), and was a minor
component in the "Botryoglossum complex" of CDF&G studies (Gotshall et al. 1984,
1986), whose collective study period in Diablo Cove extended from 1969 to 1982.

Seasonal coverage values of Cryptopleura violacea measured in each of the TEMP
subtidal stations from 1976 to 1987 are presented in Figure D-3 in Appendix D.

E8-316.0 3-27



Data from Station 9-10 representing the increases observed in Diablo Cove, and data
from Station 19-10 representing the increases observed outside the cove, are
presented in Figure 3.2.3.3-1. From 1976 to 1984, individuals of this species were
found frequently throughout the Diablo Canyon study area, but were separated by
several yards. Consequently, the seasonal abundances in the TEMP stations were
consistently low. The severe 1982-83 winter storms and subsequent 1983 El Nino
event did not change the sparse abundance of C. violacea.

During power plant operation, the coverage of C. violacea increased substantially in
regions of the cove at depths less than about 15 ft. The majority of the C. violacea
population was attached to the branch tips of the articulated coralline algae. Large
increases were also observed in the intertidal, on downsloping portions of the rocky
bench immediately downcoast from and adjacent to the discharge structure. In this
area C. violacea plants were mostly attached to Gastroclonium coulteri (hollow
branched seaweed). During this same period, minor increases were evident in the
stations outside Diablo Cove.

Thermal Impact Assessment

The largest increases in Cryptopleura violacea during power plant operation were
observed in Diablo Cove. These were likely part of a geographically widespread
increase in abundance of this species, because increases also occurred outside Diablo
Cove. However, the increases outside the cove were much smaller. Because of this,
it is possible that the increases in the cove's population were facilitated by the
elevated temperatures from the plume. Since C. violacea also increased on the
intertidal bench proximal to the discharge structure, it seems evident that this
species is highly tolerant of warm water. A map depicting the areas where C.
violacea increased in Diablo Cove is presented in Figure 3.2.3.3-2.

There is no known information on temperature tolerances in Cryptopleura violacea.
Other species of Cryptopleura are cited as being tolerant of warm water by Abbott
and North (1971).

The new Cryptopleura violacea plants in the shallow subtidal portions of Diablo
Cove occurred with the highly abundant Botryoglossum farlowianum species
(Section 3.2.3.1). Because these two species occupy the same habitat, future changes
in their abundances may be related to competition between them.
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Figure 3.2.3.3-2

Map of the Distribution of Affected and Non-Affected
Hidden Rib Seaweed (Cryptopleura violacea)

Prior to power plant operation, this foliose red algal species was sparse in occurrence
in Diablo Cove. The green areas indicate where large increases occurred during
power plant operation. Increases also occurred outside Diablo Cove in areas not
contacted by the plume, but they were not as large.
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3.2.3.4 Cystoseira osmundacea
(Bladder Chain Kelp)

Cystoseira osmundacea is a large, subtidal kelp
plant consisting of a perennial, bush-like, basal
frond structure about 2 ft in height.' t grows on
rocks in relatively calm to moderate water motion
areas in the low intertidal to depths of about 30 ft.
Geographically, it ranges from Oregon to northern
Baja California. It seasonally develops numerous
floating stipes (reproductive structures) up to 25 ft
tall that float on the sea surface. The floating
stipes normally appear in spring, and are lost from
the plants during winter storms. The floating
stipes provide habitat for juvenile rockfish in
Diablo Cove.

In 1987, both basal frond and stipe growth ceased in shallow depth areas of Diablo
Cove when the plants were contacted by the thermal plume during the simultaneous
operation of both power plant units. These reductions in its habitat caused
corresponding reductions in the numbers ofjuvenile rockfish in the shallow (less than
about 15 ft) depth areas of Diablo Cove.

Life History and Ecology

The common name for this species is "bladder chain kelp," due to the appearance of
the many small gas-filed floats that are successively joined to one another along the
stipes. The common name is infrequently used, and hereinafter this species will be
referred to by its scientific name.

This kelp species' reproduction is unlike that of the other common kelps (Laminaria
dentigera, Pterygophora californica, and Nereocystis luetkeana in Diablo Cove) in
that it does not have an intermediate stage in its life cycle. The large Cystoseira
osmundacea plants in nature are separate male and female gametophytes
(dioecious). Motile sperm fertilize the eggs on the female plants and, later, the
resulting zygote or germling drops from the parent female plant and attaches to the
bottom. The germlings develop into separate male and female plants to complete
the cycle. About two or more years are required for C. osmundacea recruits to grow
and reproduce (Gunnill 1986).

Once the basal fronds are of sufficient size and age, they are able to produce the
floating stipes which bear the reproductive structures. In Diablo Cove, the stipes
are produced in spring and summer, persist through fall, and are shed during winter
(Figure 3.2.3.4-1). This appears to be a typical growth pattern in many Cystoseira
osmundacea populations throughout its range (Abbott and Hollenberg 1976,
Sparling 1977, Schiel 1985). However, plants growing in the lower depth regimes
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(about 30 ft) are generally unable to produce the floating stipes, presumably because
of an insufficient amount of light for this aspect of growth (Schiel 1985).

Because recruitment in this species during the TEMP studies occurred on only a few
occasions, the Cystoseira osmundacea population in Diablo Cove appears to rely on
long-lived adults for persistence. This appears to be a common strategy among other
C. osmundacea populations elsewhere in its range (Schiel 1985). Although this
species has great potential in the release of spores for recruitment, the successful
growth of newly settled plants is strongly dependent upon the absence of competing
algae (Dayton et al. 1984, Schiel 1985), and because of this, successful recruitment
may not always occur, despite the availability of germlings.

In Diablo Cove, the most noticeable relationship Cystoseira osmundacea has with
other organisms is that its stipes are utilized as a habitat by juvenile rockfish. The
bundles of stipes are probably the most commonly used habitat of juvenile rockfishes
in the nearshore areas (shallower than about 15 ft) along the coast surrounding
Diablo Canyon (Section 3.2.3.26).

Although Cystoseira osmundacea can serve as a food source, it is not known if it is
necessarily a preferred food item for invertebrates in Diablo Cove. Few
invertebrates are seen clinging to the attached plants. The plants themselves may
be fed on more as drift algae or beach wrack, where they may be more accessible to
benthic invertebrates such as abalone and sea urchins. Some herbivorous fishes and
the brown turban snail may, however, graze on portions of the plants while they are
still attached.

No studies have been done to determine the importance of bottom shading by the
surface canopy of Cystoseira osmundacea and its influence on the composition and
abundance of the understory flora. In Diablo Cove, at least, bottom shading has not
occurred because most of the C. osmundacea population appeared in scattered
clumps, and therefore the plants were unable to form a large-area surface canopy
that could effectively block out light.

Distribution and Abundance

Cystoseira osmundacea was historically a conspicuous kelp plant in Diablo Cove
(Ebert 1966, North 1969, Burge and Schultz 1973, Gotshall et al. 1984, 1986).
Densities of C. osmundacea plants on all TEMP subtidal stations from 1976 to 1987
are depicted in Figure D-4 in Appendix D. Data from representative stations are
presented in Figure 3.2.3.4-2. Abundances of C. osmundacea from 1976 to 1984
remained somewhat constant. Much of the seasonal variations in the abundance of
these plants is largely a sampling artifact, resulting from the difficulty of
distinguishing one individual plant from another. This occurs when the basal
portions, which are used to distinguish individuals, are growing very close to one
another, and especially when understory algae obscure the individual holdfasts. The
abundance of C. osmundacea was largely unaffected by the 1982-83 winter storms
and the subsequent 1983 El Nino event. During early 1984 this species was involved
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in an "algal bleaching incident" that occurred in south Diablo Cove (PG&E 1985).
Some plants died from the incident (Station 10-10 in Figure 3.2.3.4-2). This
decrease was detected in the time series and analysis of variance tests discussed in
Appendix E.

During the first full year of plant operation (1985), healthy-appearing Cystoseira
osmundacea plants were observed immediately in front of the discharge in depths
less than 15 ft. These plants were exposed to the undiluted thermal plume. Healthy
plants were also observed on the inshore side of Diablo Rock in 15 ft of water, an
area that is also persistently exposed to the plume. Based on these observations, it
was anticipated that C. osmundacea would be tolerant of the warm water plume.
However, during the third full year of power plant operation (1987), it appeared that
the growth of the basal fronds and stipes of plants in depths less than about 15 ft
deep in Diablo Cove had stopped. The erect stipes and basal portions appeared
ragged, lacked fresh growth, and the basal fronds were covered with other algal
species (epiphytes). The covering of the basal fronds with epiphytes indicated that
the basal fronds had become weakened. Some of the plants subsequently died (see
representative Station 9-15 in Figure 3.2.3.4-2). Of the plants that remained, a
lesser number of basal fronds produced the erect stipes than usual Figure 3.2.3.4-1).
Concurrently, outside Diablo Cove and away from the thermal plume, C.
osmundacea abundances remained relatively constant in Station 20-20, and there
were some increases in Station 19-10 (Figure 3.2.3.4-2).

Thermal Impact Assessment

Prior to power plant operation, Cystoseira osmundacea was a conspicuous species
over time in all of the TEMP stations within and outside Diablo Cove. During the
third full year of power plant operation (1987), some decreases became evident on
some stations in Diablo Cove. This change suggests that this species was sensitive
to the thermal plume. Although production of stipes from the basal fronds recurred
during all years of power plant operation, fewer stipes were produced in 1987. A
map depicting the general area where the growth of C. osmundacea ceased in 1987 is
presented in Figure 3.2.3.4-3.

There is no known information on the effects of elevated temperature on growth in
Cystoseira osmundaea. Abbott and North (1971) considered C. osmundacea tolerant
of warm water based on the fact that its southern range extends to Baja California.
However, the only known information on whether increased temperatures can affect
cold-water adapted C. osmundacea plants is from a laboratory study by PG&E
(1982b). In this study, it was presumed that C. osmundacea plants would tolerate
plume temperatures under "normal" power plant operating conditions, but it was not
certain what would happen to them if they were exposed to even higher
temperatures for a short duration, such as those that may occur during intermittent
demusseling operations (heat treatment). In this experiment, field-collected plants
were adjusted to increasing temperatures from ambient (12.0 C) to 16.1 C at 1 C
increments per day. Within one hour after reaching a temperature of 16.1 C, sets of
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DIABLO ROCK

Figure 3.2.3.4-3

Map of the Distribution of Affected and Non-Affected
Bladder Chain Kelp (Cystoseira osmundacea)

This large kelp species occurred in all but the deepest portions of Diablo Cove (south
channel area), and generally only those plants in depths less than about 25 ft were
able to produce the floating erect stipes. The regions where stipe-producing plants
occurred before power plant start-up are indicated in all yellow and blue areas.
During 1987, a portion of the stipe-bearing population was affected by the thermal
plume; stipe production and basal frond growth ceased in the plants living in 15 ft
depth areas. The general areas of affected plants are depicted in blue. Areas where
normal stipe-producing plants remained are indicated in yellow. Unusual changes
in this species were not observed outside Diablo Cove.
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plants were subjected to temperatures ranging from 16.1 to 30.0 C for one hour.
Temperatures were then reduced to 16.1 C, and the plants were inspected for 13
days to monitor recovery or other changes. The plants tested at 30.0 C exhibited
extensive disintegration and nearly complete discoloration 13 days after the acute
temperature exposure. Plants exposed to 27.0 C exhibited little (ten percent) frond
disintegration and discoloration (15 percent). Plants tested at 25.3 C and below
exhibited no discoloration or disintegration. The above temperature doses were not
observed in areas where the growth of C. osmundacea was interrupted.

The combination of a greater heat load in the cove from both units operating
together and the high ambient temperatures in fall 1987 account for the cessation of
this species' growth in 1987. It is anticipated that the affected plants will soon be
lost from the population.

The effects of elevated temperatures on Cystoseira osmundacea occurred mainly on
the larger adult plants. Small, healthy recruits were present on the bottom near
the affected adult plants, which indicated that the young plants were either more
tolerant of elevated temperatures than the adults were, or that there was a
boundary layer of colder water on the bottom in shallow areas. Many recruits were
also commonly seen in deeper portions of Diablo Cove. Since C. osmundacea is found
naturally in warm water habitats, it may recover in the cove if a sufficient number of
recruits tolerant of the warm water are able to survive. However, this species does
not recruit readily, and its persistence is strongly dependent on the survivorship of
adult plants.

The decreases in Cystoseira osmundacea and the stipe habitat this species provides
for fish resulted in an important loss of habitat for juvenile rockfish in the shallow
areas (less than about 15 ft in depth), particularly in south Diablo Cove (Section
3.2.3.27).
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3.2.3.5 Egregia menziesii
(Feather Boa Kelp)

Egregia menziesii, known as the "feather boa kelp,"
is a rapid-growing annual kelp. Its range extends
from Alaska to Baja California. The adult plant
consists of a large, conically-shaped holdfast which
bears several strap-like fronds up to about 20 ft
long. Running the entire length of the fronds on
opposite sides are short bladelets and floats
(pneumatocysts). This species occurs most
abundantly on exposed headlands where wave
disturbances create open areas for colonization. In
Diablo Cove, feather boa kelp occurs primarily on
rocks in the intertidal to depths of about 10 ft.

This species was sparse in Diablo Cove over the several years prior to power plant
start-up. During power plant operation its annual abundance was lower than before
plant operation. Its abundance may have been affected by the thermal plume.

Life History and Ecology

This species has undergone a number of name changes, but for the purposes of this
report the recent conclusions of Nicholson (1976) have been accepted, which state
that Egregia menziesii is the only species in the genus. Some of the studies referred
to below were conducted prior to the merging of all the species of Egregia into one
species, and the studies refer to species of Egregia other than E. menziesii.

Two generations are involved in the life history of this species: the large,
conspicuous sporophytic generation and the microscopic gametophytic generation.
The mature sporophyte releases spores which develop into separate male and female
gametophytes, which appear as microscopic filaments. It is assumed that the
gametophytes develop and mature during the winter, although there is evidence
that some may remain dormant (Myers 1928, cited by Black 1974). New
sporophytes develop from the fertilized eggs of the female plants. The sporophyte
plants in Diablo Cove appear annually for only a few months (spring through
summer) each year. There is essentially no overlap in the sporophyte generations
from one year to- the next.

Feather boa kelp is food for several grazing invertebrates that are common in Diablo
Cove. The limpet, Notoacmea insessa, and the isopod, Idotea stenops are occasional
grazers found on feather boa kelp (Humphrey 1965, cited by Black 1974). However,
because of this alga's fast growth, Black (1974) observed that grazers could not
significantly reduce its recruitment. Food preference studies have shown that
feather boa kelp was the preferred diet of the black abalone (Haliotis cracherodii)
(Leighton and Boolootian 1963), and the sea hare (Aplysia californica). Leighton
(1966) reported that E. menziesii was consistently consumed in greater relative
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amounts by kelp crabs (Pugettia producta) and red abalone (Haliotis rufescens) than
the other algae presented. Field observations indicate that sea urchins actively
graze on E. menziesii (Widdowson 1972).

Distribution and Abundance

In the first biological surveys of Diablo Cove in 1966, Ebert (1966) and North (1969)
found feather boa kelp to be a common alga in certain intertidal and subtidal
portions of Diablo Cove. Abundance data on this species in the TEMP subtidal
stations are presented in Figure D-5 in Appendix D. Representative station data
are presented in Figure 3.2.3.5-1, including those intertidal stations where this
species was most abundant. During the initial surveys of the TEMP program in
1976 and 1977, feather boa kelp was more common in the intertidal than in the
shallow subtidal in Diablo Cove. In the intertidal it was most abundant in the north
portion of the cove (Stations 9+1 and 8-10 in Figure 3.2.3.5-1). For the remainder of
the TEMP study through 1987, feather boa kelp was not as abundant on the TEMP
Diablo Cove stations. After power plant start-up, the annual recurrence of this
species was not as large. Outside Diablo Cove, feather boa abundances did not
decrease after power plant start-up as greatly as within the cove (representative
intertidal Station 17+3 and subtidal Station 19-10 in Figure 3.2.3.5-1).

Thermal Impact Assessment

Some decreases occurred in feather boa kelp after power plant start-up. However,
due to the low abundances of feather boa kelp in the TEMP intertidal and subtidal
stations in previous years, the decreases were not large.

The feather boa kelp decline in Diablo Cove prior to power plant start-up may have
been due to the fact that the cove is not an ideal habitat for this species, which
prefers more wave-exposed areas, such as those around rock headlands (Station
17+3 in Figure 3.2.3.5-1). The high abundance of feather boa kelp during the late
1970's in Diablo Cove may have been due to an episodic recruitment event. The
gradual reductions since then may have been caused by less spore production, which
resulted in smaller and smaller populations each year, or it could be that the feather
boa kelp was out-competed for space by other algal species.

There is little information on the thermal responses of this species. Scholm (1966)
gave an upper value for survival of 36 C (96.8 F) in a 30-minute exposure period.
Abbott and North (1971) classified feather boa kelp as a warm-water tolerant species
based on its vertical distribution and geographical range. According to their criteria,
this alga may be capable of surviving extended exposures to 20 C (68 F). In
contrast, Devinny (1975) observed that feather boa kelp was absent in the proximity
of a thermal outfall, yet present in surrounding areas. However, this may have been
due to habitat unavailability or other factors, rather than temperature.
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Laboratory experiments by Lining and Neushul (1978) revealed that gametophyte
fertility could be completely inhibited at exposures of 20 C for two weeks. The next
lowest test temperature (17 C) permitted fertility. Temperatures between 17 and
20 C for about two weeks may also decrease gametophyte fertility. This
temperature regime for this exposure period occurred at the subtidal TEMP stations
at Diablo Rock and in north Diablo Cove during the fall of 1987. Thus, annual
recruitment and development of new sporophytes of feather boa kelp in parts of
Diablo Cove could have been inhibited during power plant operation. A map
depicting the areas of thermal risk in this species is presented in Figure 3.2.3.5-2.
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Figure 3.2.3.5-2

Map of the Distribution of Affected and Non-Affected
Feather Boa Kelp (Egregia menziesii)

This strap-like kelp species occurred in the low intertidal to depths of about 10 ft in
Diablo Cove. However, it was sparse in occurrence prior to power plant operation.
The blue area indicates where this species occurred in Diablo Cove; this is the same
area where there may have been some plume-related inhibition of the recruitment of
this species. The yellow areas on the headland points of the cove represent where
this species prefers to live, and where it has been more abundant than in the cove.
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3.2.3.6 Endocladia muricata
(Nailbrush Seaweed)

Endocladia muricata is one of the most common
algal species in the mid to high intertidal zones of
Diablo Cove. The common name for this species is
unailbrush seaweed," since it is similar in
appearance to the bristles on a brush. This species
occurs from Alaska to Baja California (Abbott and
Hollenberg 1976). It appears as numerous stiff,
upright, blackish-brown branches 1/16 in. in
diameter and about 2 in. tall packed close to one
another, and often looks like a coarsely textured
mat covering the rocks.

Endocladia muricata remained high in abundance during power plant operation,
indicating that it was not affected by the thermal plume.

Life History and Ecology

In Diablo Cove and in many areas in central California, Endocladia muricata is the
most common alga of the upper intertidal zone (Abbott and Hollenberg 1976). Its
life history is similar to that of other red algal species (refer to Section 3.2.3.9).

Endocladia muricata commonly appears as scattered, coarse mats covering the rocks
and boulders in the intertidal. The patches are usually larger during the
spring/summer because of the favorable growth conditions during this time of year.
In contrast, during fall/winter the cover of E. muricata is reduced. These seasonal
reductions occur due to a peculiar set of conditions. During winter one can
frequently find the mats of E. muricata in the shape of a doughnut, with an area of
barren rock in the center of the mat. This is apparently caused by the sand layer
which E. muricata entraps among its basal branches during summer from the sand
transported onshore by waves. The buildup of entrapped sand eventually creates an
anoxic condition which prevents oxygen exchange to the bases of the branches and
weakens them. During the first fall/winter storms the entrapped sand acts to scour
the weakened branches. The branches in the center of the mats are more affected by
the anoxic condition and scouring, which leave the branches of the perimeter of the
mat intact. This produces the doughnut-shaped appearance. During the following
spring and summer the center of the mats fill back in with new growth, and the cycle
is repeated.

Despite the fact that Endocladia muricata is one of the most common mid to high
intertidal algal species in central California and harbors numerous motile
invertebrates, there has been very little work on its ecological importance. TEMP
observers have commonly observed juvenile mussels (Mytilus spp.) developing
within clumps of E. muricata. Another mussel species, Musculuspygmaeus, was
reported to be the most common invertebrate associated with this species in Diablo
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Cove (Kelly and Behrens 1981, Behrens and Kelly 1986, Dearn 1988). It is possible
that the upright branches of this species act as an insulator for young developing
attached invertebrates by protecting them from dessication and physical removal by
waves.

Distribution and Abundance

Endocladia muricata received attention in the early Diablo Canyon biological study
report of North (1969), presumably due to its widespread occurrence in the high
intertidal. Seasonal changes in the percentage cover of E. muricata in the TEMP +1
and +3 ft MLLW intertidal stations from 1976 to 1987 are depicted in Figures D-6
to D-9 in Appendix D. The data show that this species has been more abundant in
the +3 ft stations. Representative graphs showing the changes in this species'
abundance over time in north Diablo Cove (Station 9+3) and in south Diablo Cove
(Station 12+3) are presented in Figure 3.2.3.6-1. In general, the abundance of E.
muricata in the TEMP stations has been relatively consistent from year to year.
Slight increases occurred during the favorable summer growth periods, which
alternated with slight winter storm-related decreases. In south Diablo Cove
(represented by Station 12+3 data in Figure 3.2.3.6-1) this species was reduced by
the 1982-83 storms.

The substrate in Station 12+3 was once mostly boulders and bedrock that supported
large patches of E. muricata. During the 1982-83 storms the area became buried
under cobble. After the storms E. muricata was slow to recover, possibly because the
unstable cobble was unsuitable for its growth and persistence. Increases did occur,
however, in the very low intertidal zone nearby in PG&E vertical transect Station H
(Table F-47 in Appendix F). The following 1983 El Nino did not appreciably alter
the after-storm abundance of this species.

During power plant operation no unusual changes were observed in the seasonal
abundances of Endoctadia muricata in Diablo Cove, except on the rocky bench
proximal to the discharge, where some decreases occurred. A map depicting this
species' distribution in Diablo Cove is presented in Figure 3.2.3.6-2.

Thermal Impact Assessment

The quantitative data obtained on Endocladia muricata in the TEMP intertidal
sampling sites gives no reason to suspect that this species was affected by the
thermal plume. Results of a heat treatment study by PG&E (1983) provide
laboratory evidence that this species is highly tolerant of warm water, at least over
short time intervals. Plants exposed to test temperatures of 31.3 C and above for
one hour exhibited extensive bleaching of the growing tips and disintegration.
Plants exposed to lower temperatures did not change appreciably. These laboratory
findings were the reason that this species was not considered in the predictions of
heat treatment thermal discharge effects (PG&E 1985). The temperature dose
which caused deleterious effects in the laboratory heat treatment studies has not
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Figure 3.2.3.6-2

Map of the Distribution of Affected and Non-Affected
Nailbrush Seaweed (Endocladia muricata)

Endocladia muricata was one of the most abundant mid to high intertidal turf-
forming seaweed species in Diablo Cove. Prior to power plant start-up, its
distribution ringed Diablo Cove (all colored areas). There were no thermal plume-
related changes in this species' abundance and distribution, except on the discharge
bench (proximal to the discharge), where minor decreases occurred (blue area). In
south Diablo Cove, this species was reduced by the 1982-83 winter storms (purple
area), and abundances remained low during power plant operation. In north Diablo
Cove and outside the cove, (yellow areas), this species' abundance was not affected
by the storms, and abundances remained high during power plant operation.
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been measured in the field. Although there is no known study concerning changes
which may occur if lower temperature regimes are sustained over a longer period of
time, as is the situation during normal power plant operation, the high temperature
tolerance E. muricata exhibited during the laboratory heat treatment studies is
indicative of a species generally tolerant of warm temperatures. Supporting this is
the classification of E. muricata as a species tolerant of warm water based on its
occurrence in natural warm water habitats south of Point Conception (Abbott and
North 1971).

Endocladia muricata was selected for the time series and analysis of variance
(ANOVA) tests presented in Appendix E. The time series analysis revealed no
significant changes in this species' abundance in the tested stations. The ANOVA
test, however, revealed that this species' abundance in Diablo Cove decreased
significantly relative to the changes in the non-Diablo Cove stations used in the
analysis. However, the conclusions were misleading in that many of the non-tested
stations outside Diablo Cove exhibited abundance patterns similar to those of the
cove stations which showed significant changes. Although, for example, the ANOVA
detected that E. muricata decreased at Station 8+3 in Diablo Cove during power
plant operation, it increased shortly after the reduction. This change substantiates
the graphical interpretations of the data that the warm water plume has had no
negative impact on this species.

Based on its persistence throughout power plant operation, Endocladia muricata is
predicted to remain as one of the most common intertidal algal species in Diablo
Cove.
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3.2.3.7 Gastroclonium coulteri
(Hollow Branch Seaweed)

r Gastroclonium coulteri is a highly branched, low-
growing red alga that typically occurs in mat-like
form covering rocks in the low intertidal to subtidal
depths of 10 ft in Diablo Cove. Gastroclonium
coulteri is found from southern British Columbia to
Baja California. However, its primary range is
from northern California (Fort Ross) to San Diego.
An individual consists of many cylindrical, tubular
branches 5-13 in. long arising from a single
holdfast. Hence the common name for this alga is
"hollow branch seaweed."

This species' coverage remained relatively stable in the ÷1 ft MLLW TEMP intertidal
stations throughout power plant operation. However, notable increases after power

plant start-up were observed in lower intertidal areas on the downsloping portions of
the rocky bench immediately adjacent to and downcoast from the discharge structure.
Because the population increase occurred in the discharge plume, this species'growth
is apparently enhanced by the discharge plume temperatures.

Life History and Ecology

Gastroclonium coulteri is the only species of Gastroclonium that occurs on the Pacific
Coast. The branches are repeatedly divided, and short branchlets are produced in
any plane from the main branches. A branchlet appears as a short, blunt tube which
is constricted in diameter at the point of attachment to the main branch. When
stands are very dense, the branches and branchlets become entangled with one
another and with those of neighboring individuals, resulting in a mat of entangled
branches about 3 in. thick which covers the rocks.

It is most common on rocky substrates of the intertidal region from the +2.0 to -1.5 ft
MLLW tide levels (Smith 1944), but it has also been reported in subtidal regions to a
depth of 40 ft (Abbott and Hollenberg 1976). In Diablo Cove its maximum depth has

been observed to be about 10 ft.

Gastroclonium has a life history that consists of an alternation of sexual and asexual
generations. The macroscopic male plants produce sperm, which are released into
the water. When these sperm come into contact with fertile eggs on the macroscopic
female plants, a microscopic carposporophyte, which eventually gives rise to
carpospores, is formed on the female plant. The carpospores are released into the
water and after a period they settle onto the substrate and germinate, giving rise to

the macroscopic tetrasporophyte generation. The tetrasporophytes produce
planktonic tetraspores which eventually settle and germinate, giving rise to the

sexual plants and completing the life cycle.
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No information in the literature was found concerning this species as a food source
for herbivores. However, the interstices formed by the dense branches harbor
numerous species of small gastropods and crustaceans in Diablo Cove (Kelly and
Behrens 1981, Dearn 1988). In high densities and in mat form, Gastroclonium
coulteri is able to entrap and stabilize sand (TEMP, unpublished observation).

Distribution and Abundance

Gastroclonium coulteri is listed as being a conspicuous intertidal algal species in
Diablo Cove observed by North (1969) during the first intertidal studies of the area
in 1967. Subsequent surveys conducted by the California Department of Fish and
Game from 1969 to 1982 concurred with North on the abundance of this species in
Diablo Cove and in areas outside the cove (Burge and Schultz 1973, Gotshall et al.
1984, 1986). Although some variation in this species' abundance over time was
observed, it always ranked among the most abundant algal forms in the low
intertidal sampling areas in Diablo Cove. Abbott and Hollenberg (1976) noted that
in winter, plants are commonly eroded back to the basal portions, presumably as a
result of storm activity and/or exposure to dessication.

Data depicting the abundances over time of Gastroclonium coulteri cover in the
TEMP intertidal stations are presented in Figures D-10 to D-13 in Appendix D.
Representative station data are presented in Figure 3.2.3.7-1. During the TEMP
studies, G. coulteri was one of the most conspicuous low-growing algal species in
Diablo Cove's low intertidal zones. On several occasions during the TEMP studies,
this species became severely desiccated and bleached when the tides were low on
hot, sunny days. Several days after these events the bleaching was no longer
present. The bleached material was probably shed from the plants, exposing the
unaffected, normal-appearing basal branc&es. Coverage measurements during the
subsequent bimonthly sampling surveys detected little change in G. coulteri cover
after the bleaching episodes. Similar events were noted by Burge and Schultz (1973)
in their earlier (1969-72) studies in Diablo Cove. Short-term recovery from
dessication and/or erosion and persistence in this species presumably results mainly
from vegetative regrowth of the perennial basal portions of plants, rather than from
recolonization and growth of newly recruited individuals. In a study conducted in
Monterey, Northcraft (1948) found that G. coulteri was slow in recruiting back into
cleared areas, even though the species was abundant in areas immediately adjacent
to the cleared plots. Hodgson (1981) noted that tissues of G. coulteri can recover
from moderate desiccation.

One of the largest changes observed in Gastroclonium coulteri occurred when the
1982-83 winter storms severely reduced its abundance within certain areas of the
cove. In south Diablo Cove, storm-derived cobble buried the intertidal and sand
scoured the shoreline (Station 12+1, Figure 3.2.3.7-1). Some storm-related
decreases were also observed in north Diablo Cove. In contrast, after power plant
start-up very large increases occurred in the very low intertidal areas of Diablo
Cove. Most increases occurred below the +1 ft MLLW TEMP stations. However,
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some increases were observed in Station 9+1, located in north Diablo Cove (Figure
3.2.3.7-1). This station is slightly lower in elevation than the rest of the stations. A
time series test detected no significant change in this species' gradual long-term
increase in Diablo Cove. This species also increased in non-Diablo Cove stations,
and an analysis of variance test did not detect any significant differences between
the north Diablo Cove and non-Diablo Cove stations. The results of these tests are
presented in Appendix E.

Other large increases were obvious in Diablo Cove on the very low intertidal,
downsloping portions of the rocky bench (discharge bench) adjacent to and
downcoast from the discharge structure. Large increases also occurred offshore of
intertidal Station 10 in south Diablo Cove, where surf grass (Phyllospadix scouleri,
Section 3.2.3.13) was removed by the 1982-83 winter storms. A map showing the
locations of the increases is presented in Figure 3.2.3.7-2.

Thermal Impact Assessment

The increases in Gastroclonium observed in Diablo Cove during power plant
operation strongly indicate that this species is tolerant of the warm water plume
under a variety of power plant operating conditions, including the simultaneous
operation of both units in fall, when ambient water temperatures are highest.
Gastroclonium coulteri also appears to be tolerant of elevated temperatures from
heat treatment operations.

The lack of negative thermal effects on Gastroclonium coulteri in Diablo Cove is
consistent with the temperature tolerance of this species evidenced in laboratory
experiments. Thermal effects tests on G. coulteri by PG&E (1 982b) found that no
mortality was observed in plants constantly exposed to 23.8 C for 216 hours.
Although some disintegration of the tissues occurred in plants exposed to the two
highest experimental temperatures (21.0 and 23.8 C), it was not clear whether the
effect would have resulted in complete detachment or death of the plants, inasmuch
as the remaining portions appeared to be normal. The disintegration may have
represented normal limited senescence, which was hastened by elevated
temperatures.

A second laboratory experiment by PG&E (1983) examined the effects of heat
treatment temperatures from demusseling operations on the power plant conduits.
In this experiment, field-collected plants were gradually exposed from ambient up to
20.9 C at 1 C incremental increases per day. Plants were not acclimated to
minimize artificial results produced by prolonged holding in the laboratory
environment. Groups of plants were then exposed to five elevated temperatures
ranging from 20.9 (control) to 35.3 C for one hour, then returned to their beginning
temperature of 20.9 C and monitored for another 93 hours. Light exposure during
the tests was continuous between 10-22 microEinsteins/m 2/sec. At the end of the
test, bleaching was observed only in the plants exposed to 35.3 C, of which about
three-fourths were bleached. At the end of the other heat treatment tests, 10 to 18
percent of the plant tips were discolored, which was lower than the percentages had
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Figure 3.2.3.7-2

Map of the Distribution of Affected and Non-Affected
Hollow Branch Seaweed (Gastroclonium coulteri)

Gastroclonium coulteri was observed to be one of the most abundant low intertidal
branch-like seaweed species in Diablo Cove. General areas where this species
increased in abundance during power plant operation are indicated in green. The
areas indicated in yellow in north Diablo Cove indicate where this species was
abundant prior to power plant start-up and during power plant operation. In south
Diablo Cove (purple area), this species was reduced by the 1982-83 winter storms,
and its abundance remained low during power plant operation. Large changes were
not observed outside Diablo Cove on the north and south headlands (yellow areas).
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been immediately after the heat treatment exposures. This indicated that some
recovery had occurred after short-term exposures to heat treatment temperatures
less than 35.3 C.

In terms of the ecological consequences, the increase in Gastroclonium coulteri will
provide more habitat for invertebrates, such as small snails and crustaceans, that
commonly occur within the interstices of the entangled basal branches. The
increases in algal habitat for invertebrates provided by G. coulteri probably
compensated for the decreases in Gigartina canaliculata in Diablo Cove (Section
3.2.3.8), which provided similar habitats for the same invertebrate species.

Based on the maintenance of cover and distribution of Gastroclonium coulteri within
areas contacted by the thermal plume, this species will probably remain a
numerically important alga in Diablo Cove.
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3.2.3.8 Gigartina canaliculata
(Christmas Tree Seaweed)

Gigartina canaliculata was once one of the most
common low intertidal algal species in Diablo
Cove. Gigartina cana]iculata occurs in the
intertidal from southern Oregon to Baja California.
The plants are comprised of many narrow branches
that are repeatedly branched. The branches near
the bottom are generally longer than those near the
top, giving the plant a Christmas tree-like4appearance in outline. The plants are limp and are
about 4-8 in. long. When in dense clusters, the
entangled branches form ideal habitats for small
invertebrate species.

This species declined in abundance in Diablo Cove after power plant start-up,
apparently a response to the thermal plume. Invertebrate populations that are
associated with this habitat-providing species were probably not significantly harmed
by the loss of Gigartina canaliculata. Essentially all the invertebrate species found
within the mats of G. canaliculata occur elsewhere. Also, an alga which forms a
similar habitat (Gastroclonium coulteri) and occurs mixed with G. canaliculata
increased in some areas of the cove.

Life History and Ecology

The life history of Gigartina canaliculata is thought to consist of a tri-phasic life
cycle. Male and female gametophyte plants are separate. Spermatia fertilize the
eggs on the female plants. From the fertilized eggs develops a carposporophyte
plant (microscopic) that remains attached to the female plant. The
carposporophytes produce spores which develop into tetrasporophyte plants. The
tetrasporophytes also produce spores, but these develop into the separate male and
female gametophyte plants to complete the cycle. The tetrasporophytes and
gametophytes appear similar, except for reproductive structures.

Apparently, Gigartina canaliculata is a relatively slow colonizer of barren rock
surfaces, and most of the annual regrowth in this species is from overwintering
plants. Northcraft (1948), who studied populations in Monterey Bay, California,
found that although G. canaliculata was abundant in surrounding areas, it was slow
to colonize periodically cleared areas. Murray and Littler (1978) also cleared plots to
barren rock, and noted that the recovery of G. canaliculata to an appreciable
abundance (25 percent cover) did not occur until 25 months after the plots were
cleared.

Gigartina canaliculata appears to be important to many invertebrate species.
Although specific animal grazers of this species are not mentioned in the literature,
a laboratory food preference study on the feeding habits of the black abalone
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(Haliotis cracherodii) indicated that of the algal species tested, G. canaliculata was
its second most preferred food (Leighton and Boolootian 1963). Gigartina
canaliculata individuals, when closely compacted, provide microhabitats for
numerous species of small gastropods and crustaceans in Diablo Cove (Kelly and
Behrens 1981). Some of these organisms may feed directly on this alga.

Distribution and Abundance

Gigartina canaliculata appears in the original species list of Diablo Cove's biota
(North 1969), presumably because of its relatively high abundance and widespread
distribution throughout Diablo Cove at that time. Later studies by Burge and
Schultz (1973) and Gotshall et al.(1984, 1986) further documented its ubiquitous
distribution and abundances up to 1982.

Seasonal abundances of Gigartina canaliculata from 1976 to 1987 are seen in the
TEMP intertidal monitoring stations (Figures D-14 to D-17 in Appendix D). This
species was most abundant in low intertidal +1 ft stations. Selected stations
representing the various changes in this species are presented in Figure 3.2.3.8-1.
Occasionally during the surveys, bleaching occurred in this species when, on hot,
sunny days, the tide was low and the plants were exposed to air. Some loss of plant
material may have occurred due to the bleaching, but not enough to result in
appreciable decreases in coverage. The largest pre-operational changes occurred
along the south shores of Diablo Cove (representative Station 12+1 data in Figure
3.2.3.8-1), when all algal cover in this area was reduced because of cobble burial
during the 1982-83 winter storms. The following 1983 El Nino event did not
noticeably change the coverage of G. canaliculata.

Beginning in 1985, decreases in Gigartina canaliculata cover occurred in the TEMP
stations located inside Diablo Cove (represented by Station 9+1 data in Figure
3.2.3.8-1). Concurrently, in the majority of the sample sites outside Diablo Cove, G.
canaliculata did not decrease (represented by Station 1+1 data in Figure 3.2.3.8-1).
Prior to the decrease in G. canaliculata in Diablo Cove, there were no signs, such as
bleaching or degenerating plant material, that indicated that the plants were
becoming stressed. Apparently, the affected plants were quickly lost from the cove's
population. The remaining G. canaliculata plants at the end of 1987 appeared
normal, but were smaller.

Time series and analysis of variance tests were performed on the station abundances
of Gigartina canaliculata (Appendix E). The decreases observed in Diablo Cove by
graphical inspection of the data were substantiated by these tests. In addition,
decreases were also observed in some non-Diablo Cove stations (excluding Station
1+1 discussed above). However, at the end of the TEMP studies in 1987, the
decreases noted in the tested stations outside Diablo Cove were not as substantial as
the decreases that occurred inside the cove.

The abundance of the intertidal algae (and invertebrates) in Diablo Cove and
vicinity has also been monitored by Dr. W.J. North. His observations provide species
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abundance information at elevations above, between, and below the +1 and +3 ft
MLLW elevations that the TEMP horizontal band transects sample. North's station
locations and a review of his methods are provided on the cover page of Appendix F.

Tables F-1 to F-4 in Appendix F depict the percentage cover abundances over time
in Gigartina canaliculata within North's vertical transect quadrats. Note the almost
complete loss of this species during 1985-87 in the three Diablo Cove stations
(NDIX, CDIX, SDIX). Outside the cove (Station LCIX), no abnormal changes were
observed in the abundance of G. canaliculata.

PG&E staff biologists conducted an intertidal study similar to North's. Although
PG&E's study was directed at examining the vertical distribution and abundance of
intertidal fish, presence/absence data was concurrently recorded on the algal and
invertebrate species distributed among the 1 m 2 quadrats that were aligned along
vertical transects. PG&E's sampling methods and station locations are described on
the cover page of Appendix F. PG&E's Stations L and H in Diablo Cove also
revealed a nearly full loss of Gigartina canaliculata (Tables F-54 to F-56 in
Appendix F).

Thermal Impact Assessment

The fact that Gigartina canaliculata decreased in Diablo Cove during power plant
operation, and the lack of such changes outside the cove during the same period,
point to the thermal plume as the cause of the decrease. The reductions in G.
canaliculata occurred throughout this species' vertical range, as detected in North's
vertical transects NDIX, CDIX, and SDIX and PG&E's Stations L and H. A map
depicting the distribution of G. canaliculata in Diablo Cove and the areas of the
reductions is presented in Figure 3.2.3.8-2.

Very few additional studies have been done on the direct effects of temperature on
Gigartina canaliculata. It has been classified by Abbott and North (1971) as a
species tolerant of warm water. - In their study, G. canaliculata was found in close
association with a thermal discharge site. However, no specific temperature ranges
were mentioned.

Based on laboratory results, the changes in Gigartina canaliculata were likely due
to temperature elevations from normal power plant operation, rather than from heat
treatment operation. Individuals of G. canaliculata were included in the heat
treatment experiments of PG&E (1983). In these experiments, ambient temperature
G. canaliculata plants were placed in flow-through seawater tanks in which the
temperatures were raised to 20.9 C. Sets of plants were then exposed to
temperatures ranging from 20.9 C to 34.9 C, and were held at those temperatures
for one hour to simulate heat treatment operation temperatures, then reduced back
to the starting temperature of 20.9 C. The plants were monitored for an additional
96 hours for any other changes. Plants exposed to temperatures above 31.3 C
exhibited extensive bleaching, disintegration, and weight loss. Plants exposed to
31.3 C and less exhibited minimal bleaching, no disintegration, and no weight loss.
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Figure 3.2.3.8-2

Map of the Distribution of Affected and Non-Affected Christmas
Tree Seaweed (Gigartina canaliculata)

This highly branched alga was once one of the most abundant low intertidal seaweed
species in Diablo Cove. The major areas of its occurrence prior to power plant start-
up in Diablo Cove are indicated in blue. During power plant operation, large
decreases occurred in this species' abundance in these areas as a response to the
thermal plume. In south Diablo Cove (purple area), this species was abundant, but
was reduced prior to power plant start-up by the 1982-83 winter storms. It did not
recover in this area. Unaffected plants occurred on the headland points (yellow
areas).
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Plants tested at the lowest temperatures exhibited some weight gain. Since 31.3 C
water temperatures have not been measured in Diablo Cove where the decreases in
G. canaliculata occurred, it is likely that the decreases were not caused by any heat
treatment operation.

The decline in Gigartina canaliculata probably represents a loss of algal habitat for
small invertebrate species. However, none of these species are considered uniquely
associated with G. canaliculata, as they occur elsewhere. In addition, an alga which
forms a similar habitat, Gastroclonium coulteri (Section 3.2.3.7), increased in
abundance upon power plant start-up. This species provides shelter for the same
small invertebrates among its entangled basal branches as does G. canaliculata
(Kelly and Behrens 1981, Behrens and Kelly 1986, Dearn 1988). The decrease in G.
canaliculata habitat may have been compensated for by the increases in G. coulteri
habitat.

Since some populations of Gigartina canaliculata are known to be tolerant of warm
water (Abbott and North 1971), and since some individuals remained in Diablo Cove
during power plant operation, it appears that there is considerable variation in
temperature tolerance among individuals of this species. If so, it is possible that G.
canaliculata will remain in the cove. Whether this species will be able to recover to
pre-operational abundances will depend on recruitment success. With adequate
recruitment, it is possible that the increased water temperatures in Diablo Cove
could select for the recruits tolerant of warmer water, thereby allowing potential
recovery in this species. If this occurs, the G. canaliculata population in the cove
would be a strain of plants slightly different from those present during the pre-
operation period, and from those existing outside Diablo Cove.
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3.2.3.9 Irdaea flaccida
(Iridescent Seaweed)

In terms of abundance and conspicuousness, the
iridescent seaweed (Iridaea flaccida) was once one
of the most abundant foliose algal species of the
intertidal zone in Diablo Cove. This species occurs
on rocky substrates in exposed localities in the
middle to low intertidal zone from Alaska to Baja
California. Each plant consists of many flattened
blades up to 3 ft long which arise from a circular
crustose holdfast. The blades are generally yellow-
green, with an iridescent sheen; hence the plant's
common name is "iridescent seaweed." The spelling
of the genus "Iridaea" has been questioned recently
(Parkinson 1981). In this report the above spelling
has been retained.

This species was anticipated to be at risk when exposed to plume temperatures
(PG&E 1982a). After power plant start-up this species did, in fact, become nearly
absent in the cove. The decline is thought to be related to the thermal plume, since
decreases were not observed in areas not contacted by the plume.

Life History and Ecology

Reproduction in Iridaea flaccida involves three generations (gametophyte,
carposporophyte, and tetrasporophyte), which can all be present near each other in
the field. Gametophyte and tetrasporophyte plants appear similar, except for
reproductive structures. After male gametophyte spermatia fertilize female
gametophyte plants, microscopic carposporophyte plants are formed on and remain
attached to the female plants. The carposporophyte plants produce spores. After
the spores settle onto a suitable substrate, they develop into tetrasporophyte plants.
The tetrasporophyte plants also produce spores. These develop into the separate
male and female plants, and the cycle is completed.

Although the blades comprise a majority of the biomass, many are shed annually.
The holdfasts are perennial, and new blades develop from them to replace those lost.
The growth of the blades is greatest in spring and summer, enhanced by the longer
periods of daylight and nutrient-rich cooler upwelled water. The fall and winter
storms dislodge and erode many of the blades. The coverage that the blades of this
species provide is thus greatest in the summer. This seasonal pattern is remarkably
consistent from year to year and throughout many locations. Figure 3.2.3.9-1
depicts this in the TEMP stations.

This species was found to recruit quickly in Diablo Cove prior to power plant
operation. Newly settled plants were found growing, with some having already
reached reproductive maturity, six months after their settlement onto cleared
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substrates in the intertidal (TEMP unpublished data). Few grazer species have been
found directly associated with the large blades. The most common grazer on Iridaea
flaccida in Diablo Cove is the small gastropod snail Lacuna spp. (TEMP unpublished
observations). Foster (1982) found that grazers could inhibit the early development
of I. flaccida in his Monterey Bay study sites, but that they could not completely
prevent the fast-growing species from eventually developing. Opportunistic
recruitment, fast growth to maturity, and the retention of space by the perennial
holdfasts likely account for I. flaccida's dominance in many intertidal areas along its
range.

Distribution and Abundance

The dominance of Iridaea flaccida, particularly in Diablo Cove, was first reported by
North (1969), who found I. flaccida (then known as Iridophycus flaccidum) to be one
of the most conspicuous algal species in Diablo Cove's intertidal zone in 1966. Later
studies by the California Department of Fish and Game from 1969 to 1982 found the
same to be true (Burge and Schultz 1973, Gotshall et al. 1984, 1986).

Seasonal abundance data from 1976 to 1987 on Iridaea flaccida in the TEMP
stations are presented in Figures D-18 to D-21 in Appendix D. Representative
station data are presented in Figure 3.2.3.9-1. This species' seasonal abundance
pattern was remarkably similar among stations prior to power plant operation.
However, before power plant start-up, large decreases occurred, primarily in south
Diablo Cove, due to the severe 1982-83 winter storms, which inundated much of the
intertidal with cobble and sand. The changes from the storms were evident in
Station 12+1, as shown in Figure 3.2.3.9-1. Other areas were less affected by the
storms. However, some boulders in north Diablo Cove with I. flaccida overturned.
Except for minor and temporary bleaching, the following 1983 El Nino event had
little effect on the I. flaccida populations.

During the year of power plant start-up (1984) and the first full year of power plant
operation (1985), no unusual changes were observed in Iridaea flaccida. During
1986 and 1987, large decreases in this species' percentage cover were observed, but
only inside Diablo Cove, as represented by the changes observed in Station 9+1
(Figure 3.2.3.9-1). Data from the algal scraping subtask revealed that the decline
was the result of decreases in plant (blade) densities (Figure 3.2.3.9-2). However,
the remaining plants appeared normal in color and size (Figure 3.2.3.9-3). Outside
the cove I. flaccida abundances and seasonal cycle patterns remained similar to
those observed during the pre-operational and operational study periods (Station
6+1 in Figure 3.2.3.9-1 and Station AS-1 in Figure 3.2.3.9-2). In south Diablo Cove,
this species' abundance had already been reduced by the earlier 1982-83 winter
storms (Station 12+1 in Figure 3.2.3.9-1 and Station AS-4 in Figure 3.2.3.9-2). The
same results were obtained by the time series and analysis of variance tests
presented in Appendix E.

The vertical distribution of Iridaea flaccida in Diablo Cove's intertidal zone was
sampled by W.J. North and PG&E. (See Appendix F cover page for North's and
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PG&E's sampling design.) Tables F-5 to F-8 in Appendix F depict the percentage
cover abundances over time of I. flaccida in W.J. North's vertical transect quadrats.
As a result of severe 1982-83 winter storm removals (and possibly from the warm
water 1983 El Nino), the abundance of . flaccida began to decline in North's high
intertidal quadrats inside Diablo Cove (NDIX, CDIX, and SDIX). During power
plant operation this species continued to decline more completely throughout its
intertidal vertical range. During the final survey in 1987 it was nearly absent in all
his Diablo Cove stations. Outside the cove, in Station LCIX, the abundance of .
flaccida did not change significantly over time. Similar decreases occurred
throughout this species' vertical range in PG&E's vertical transects in Diablo Cove
(Tables F-58 to F-60 in Appendix F).

Thermal Impact Assessment

The decline in Iridaea flaccida in Diablo Cove without a corresponding decline
outside the cove circumstantially links the changes in this species with the thermal
plume. The reductions in this species occurred throughout its entire vertical range
in the intertidal, as observed in North's Diablo Cove NDIX, CDIX, and SDIX vertical
transect quadrats (Tables F-6 to F-8 in Appendix F) and in PG&E's vertical
transect Stations L, M, and H (Tables F-58 to F-60 in Appendix F). The changes
noted in I. flaccida are consistent with the earlier predictions that this species would
possibly be at risk during power plant operation (PG&E 1982a). Most of the affected
plants were in the north portion of the cove, where they had once been abundant.
Along the south shores of the cove this species had already been reduced in
abundance by the previous 1982-83 winter storms. A map depicting the area of
change in Iridaea flaccida within Diablo Cove is presented in Figure 3.2.3.9-4.

Until recently there have been few studies to determine temperature tolerances in
Iridaea flaccida. A series of laboratory studies to determine heat tolerance and
optimal temperature for growth was conducted on the germination and development
of tetraspores into male and female gametophytes, the germination and development
of carpospores into tetrasporophytes, and the growth of subadult blades of field-
collected and cultured gametophytes (PG&E 1982b). The experiments had similar
results in that temperatures of about 22 C inhibited the development of the various
life stages. However, it was hypothesized that the use of higher light intensities
could have increased the species' thermal tolerance.

The decreases in Iridaea flaccida in the field are presumed to have been in greater
part due to temperature elevations during normal power plant operation, and not to
intermittent heat treatment operations. Temperatures that caused death in plants
in the laboratory heat treatment experiments of PG&E (1983) did not occur in
Diablo Cove where the decreases were observed. In terms of earlier predictions, this
species was considered not to be at additional risk during heat treatment operations,
since nearly all the population in the cove was already anticipated to be at risk
during normal power plant operation (PG&E 1985).
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Figure 3.2.3.9-4

Map of the Distribution of Affected and Non-Affected
Iridescent Seaweed (Iridaea flaccida)

This foliose red algal species was once one of the most abundant intertidal plant
species in Diablo Cove. The areas where dense populations grew in the cove prior to
power plant operation are indicated in blue. Thermal plume-related reductions
occurred in the same areas. In south Diablo Cove, this species was low in abundance
at the time of power plant start-up, having not recovered from the previous 1982-83
winter storm damage. In this area (shown in purple), the thermal plume may have
prevented recovery in this species. Outside the cove, on the headland points, the
abundance of the iridescent seaweed was unchanged (yellow areas).
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From the laboratory results of PG&E (1982b) it is difficult to assess what
temperature dose regimes caused the decreases in Iridaea flaccida in the cove.
Thermal effects on a species can change according to light conditions, and the
laboratory light conditions were too low to simulate field conditions. Also, the
experiments were performed on constantly submerged plants. Plants in nature are
out of water during low tides, which would reduce their exposure to the plume.

The decline in Iridaea flaccida may have had some effect on invertebrate species in
terms of habitat loss and loss of a food resource. Although invertebrates are
infrequently found on the plants themselves, many occur underneath the blades
during low tide, presumably for protection from direct exposure to the sun.
However, other algal species may also-function in this manner, especially during
winter when the coverage of 1. flaccida blades is naturally low. The danger of
dessication is most critical in winter, since low tides coincide with daylight hours.
Apparently, if protective cover is needed during this period, habitats other than that
which I. flaccida provides are utilized.

Many associated invertebrates presumably feed on this alga. Also, because large
portions of I. flaccida's blades are shed during winter and are transported by waves
and currents, this species is able to provide food in areas where it does not grow.
Thus, because I. flaccida was once numerically dominant, the loss of this species
may be of significance to invertebrates. The decrease in . flaccida's abundance in
Diablo Cove coincided with an increase in the abundance of acorn barnacles in some
areas, particularly at the +1 ft MLLW levels in north Diablo Cove. This may be an
example of a secondary effect of elevated temperatures causing a change in the
abundance of a species; elevated temperatures caused a reduction in . fla-cida,
thereby opening up substrate for colonization by the barnacles.

The cover of Iridaea flaccida blades may influence the occurrence of other algal
species. Although the phenomenon has not been studied for I. flaccida, this species
may regulate the abundance of smaller algal forms by shading or sweeping effects
comparable to those of intertidal rockweeds (Fucus distichus and Pelvetia spp.).
Although this may occur in other localities, this does not appear to be the case for I.
flaccida in Diablo Cove unless it occurs as extensive monospecies stands completely
blanketing the rocks (TEMP, unpublished observations).

Other field studies on temperature tolerances of Iridaea flaccida were done by
Abbott and North (1971), Adams (1975), and North (1969). Based on geographical
range, vertical distributions, and occurrences near other thermal outfalls, these
investigators considered I. flaccida to be a species tolerant of warm water. Because
some I. flaccida plants remained healthy in the cove during power plant operation,
there must be considerable variation in temperature tolerance among individual
plants. This population could sustain itself or recover, providing there is sufficient
recruitment of individuals tolerant of the warm water.

E8-316.0 3-67



3.2.3.10 Laminaria dentigera

(Oar Kelp)

Laminaria dentigera was formerly found in the
rocky areas of Diablo Cove in dense stands from the
low intertidal zone to depths of 50 feet. Dense
stands of oar kelp occur in the intertidal to depths
of 55 ft from the Bering Strait to Baja California.
A Laminaria dentigera plant consists of an erect
rigid stipe which bears one blade at the tip that has
undergone several longitudinal splits, giving the
plant a multi-blade appearance. A mature plant
stands about 3 ft tall, with the multi-blades about
half that length.

Thermal plume-related losses were observed in oar kelp plants in the shallow (less
than about 20 ft) nearshore perimeter of Diablo Cove and on the near-emergent
pinnacles in the middle of the cove. The thermal plume has also inhibited self-
recruitment in these areas. Dense stands of normal-appearing Laminaria dentigera
remained in the deeper portions of the cove. The most important ecological function
of this species in Diablo Cove has been the use of its blades as a habitat for certain
fish. The area-specific losses of these plants, in combination with other nearby kelp
species losses, contributed to a cove-wide redistribution of kelp-associated fish.

Life History and Ecology

Two generations are involved in the life history of oar kelp: the large, conspicuous
sporophytic generation, and the microscopic gametophytic generation. The mature
sporophyte produces zoospores. After they are released and have settled onto a
rocky substrate, they germinate into separate male and female gametophytic plants,
which appear as microscopic filaments. Later, sperm are released into the water
and swim to the eggs, which remain attached to the female plant. New sporophytes
then grow directly from the fertilized eggs, completing the life cycle. In Diablo Cove
less than two months is sufficient time to complete the gametophyte phase, from
spore release to the appearance of new sporophytes. This was measured by
watching for the appearance of new oar kelp sporophytes growing on barren panels
placed in the sea at known times (Figure 3.2.3.10-1).

Where this species occurs in abundance it may regulate the composition of the
understory algal community by shading and at the same time provide habitat for
fish. This species is commonly fed on by sea urchins, abalone, and other
invertebrates.

Distribution and Abundance

Spring through fall is the period when most new sporophytes appear. This is due to
the favorable combination of increasing periods of daylight, the greater amount of
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nutrients in the colder upwelled water, and the provision of new open space by
preceding winter storm disturbances. The sporophytes are perennial, and their fate
in Diablo Cove is generally determined by grazing and winter storm removals.
Using growth rings as tracers of annual growth, it has been estimated that some of
the oldest oar kelp plants in Diablo Cove reach 5-8 years of age. During their life
they occasionally shed their blade. Stored photoassimilates in the stipe later initiate
new blade growth (Schmitz and Lobban 1976). The cycle time for blade shedding
and regeneration has not been studied for oar kelp, but all stages of this process in
Diablo Cove can be found throughout the year.

Oar kelp beds were conspicuous in Diablo Cove during the surveys by North (1969)
in 1966. During this time its distribution, along with that of other algae in the
central deeper portions of the cove, was limited due to grazing by red sea urchin
(Strongylocentrotus franciscanus). Oar kelp began to flourish in this central area
during the mid-1970's, shortly after many of the red sea urchins had been eaten by
foraging sea otters (Enhydra lutris).

Following these increases, the largest changes from 1976 to 1984 were mainly
population turnover events in the form of winter storm-related mortalities
alternating with recruitment in spring. This periodic replenishment sustained the
oar kelp population in variable quantities from year to year in Diablo Cove. The
seasonal changes in Laminaria dentigera densities in the TEMP subtidal stations
are presented in Figure D-22 in Appendix D. Station data that are representative of
the types of changes observed in all the stations are presented here in Figure
3.2.3.10-2. The severe 1982-83 winter storms disturbed much more of the bottom
than did previous winter storms. This allowed for large increases in oar kelp in
some of the TEMP stations (representative Station 13-32 in Figure 3.2.3.10-2).

The subsequent El Nino event in 1983 did not adversely affect oar kelp in Diablo
Cove. The unusually warm, nutrient-depleted water did cause some plants in Diablo
Cove to lose their blades. However, the meristematic regions which regenerate the
blades were not damaged, and new blades soon developed.

In 1985 (the first full year of power plant operation), oar kelp plants growing in
depths less than about 15 ft in Diablo Cove lost their terminal blade in synchrony.
The loss was not atypical, but the synchrony was. It was first noticed on plants
along the inshore side of Diablo Rock, a region which is most persistently exposed to
the thermal plume. Plants growing in other shallow areas were affected in the same
manner weeks later. During the end of 1985, further damage occurred along the
stipes of the affected plants, destroying the growing tip which regenerates new
blades. The bare stipes became further weakened and more vulnerable to grazing by
the brown turban snail, Tegula brunnea. This eventually led to their becoming
detached from the bottom in 1986, as represented by the decreases observed in
Station 9-10 in Figure 3.2.3.10-2. Figure 3.2.3.10-3 depicts the average percentage
of the oar kelp population with blades in the 10- and 15-ft depth stations in Diablo
Cove by month for the year classes 1976-1982 (pre-El Nino), 1983-1984 (El Nino
and plant start-up) and 1985-1987 (plant operation). The lower percentages of
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plants with blades during power plant operation in Diablo Cove's shallows reveals
that a greater frequency of blade losses occurred during the times of total plant
losses.

The plants living in deeper portions of the cove were not affected by the plume. In
fact, oar kelp increased in abundance during power plant operation in Station 13-32,
which is located at a depth of 32 ft (Figure 3.2.3.10-2). This occurred as a result of
the severe 1982-83 winter storms' having opened up new areas for L. dentigera
recruitment. Outside Diablo Cove this species' abundance varied according to the
levels of storm-related mortalities and recruitment (representative Station 19-10 in
Figure 3.2.3.10-2). Time series and analysis of variance test results on these
changes are presented in Appendix E.

The depth of this apparently plume-related change was graduated throughout the
cove. In the northern portion of the cove, the depth of change ended at about 15 ft;
in the southern portion of the cove at about 10 ft. On the inshore side of Diablo Rock
a downwelling of the plume occurs, and affected plants were observed at depths
down to 25 ft. Most of the remaining portions of the cove's oar kelp population were
unaffected. During 1987 a large number of oar kelp plants without blades were
observed for the first time in the central-northern portion of Diablo Cove at a depth
of about 25 ft. This indicated that mortalities in these plants may soon occur.

Thermal Impact Assessment

The synchronous blade losses followed by mortalities among the shallow-water oar
kelp plants, concomitant with power plant operation, strongly point to the thermal
plume as the cause. Additionally, recruitment no longer occurred in the affected
areas (Figure 3.2.3.10-1), indicating that microscopic stages were also affected by
the plume. Laboratory tests performed by PG&E (1982b) found that spore
germination was impaired between 18.0 and 20.6 C and prevented at 24.8 C, and
that subsequent gametophyte fertility from the developed spores did not occur to
specimens exposed to 20.1 C for several days. Lining and Neushul (1978) found
similar results in specimens exposed to 17 C'for two weeks. They also found that
exposures at 17 C prevented gametophyte reproductive maturity. Similar
temperature regimes have occurred in Diablo Cove during power plant operation,
and are presumed to account for the lack of sporophyte recruitment in the shallows
of the cove. However, it is also possible that recruitment did not occur because the
areas were more heavily covered with foliose algae (Section 3.2.3.1), or because of an
insufficient supply of spores.

The shallow-water losses of adult plants were caused in large part by normal power
plant operation and not by intermittent heat treatment operations. This conclusion
is derived from the fact that the temperature doses (27 C for one hour) which
induced adverse changes in blade condition in the laboratory heat treatment test
specimens (PG&E 1983) have not been measured in the field, where the changes
occurred. Since the species had already been predicted to be at risk during normal
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power plant operation, it was not predicted to be at additional risk during heat
treatment operations (PG&E 1985).

The invertebrates associated with oar kelp have probably not decreased in numbers
due to the kelp losses. Alternate resources occurred nearby. However, the losses of
oar kelp (and other nearby kelp losses) contributed to the kelp-associated fish
species' having to seek other features of the cove for alternate habitats. Many
probably shifted to deeper water areas in the cove, where oar kelp (and other kelps)
remained abundant (Section 3.2.3.27).

Plume-related losses in oar kelp will probably extend to deeper water (25 ft) over the
long term, since synchronous blade loss (an indicator of eventual plant loss) was
observed in plants at 25 ft in the central-north channel area of the cove during 1987.
Any further range and depth extensions of this effect on this species will probably be
confined to Diablo Cove. A map depicting where the changes in this species occurred
during power plant operation is presented in Figure 3.2.3.10-4.
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DIABLO ROCK

Figure 3.2.3.10-4

Map of the Distribution of Affected and Non-Affected
Oar Kelp (Laminaria dentigera)

Prior to power plant operation, this erect kelp species occurred throughout all
subtidal depths and some intertidal areas in Diablo Cove. Thermal plume-related
mortalities occurred in this species during power plant operation (blue area). The
area where this species was observed to be at risk, but still present, in the cove in
deeper water during 1987 is indicated in purple. Areas of unaffected plants are
indicated in yellow. All effects were confined to the cove.
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3.2.3.11 Mastocarpus pap illatus

(Grapestone Seaweed)

Mastocarpus papillatus (Guiry et al. 1984),
formerly known as Gigartina papillata, is one of the
most abundant upright algal species in mid-
intertidal zones throughout Diablo Cove. This
species ranges from Alaska to Baja California, but
in California it is more common north of Point
Conception. It stands about 3 in. tall, and often

voccurs in expansive clumps. Mastocarpus
.0• papillatus consists of short, reddish-black,

relatively thick blades that are often covered with
small papillae, giving the blades a coarse texture.
The blades sometimes reach 6 in. long. This species
is more commonly referred to by its scientific name
rather than by its common name, grapestone
seaweed.

Mastocarpus papillatus remained high in abundance in Diablo Cove during the
operation of the power plant, indicating a lack of thermal plume effects on this
species.

Life History and Ecology

The life cycle of Mastocarpuspapillatus is similar to that of many other red algal
species in that three stages are involved (gametophytes, carposporophytes, and
tetrasporophytes). Male and female gametophytes appear similar, except that males
have fewer papillae. Fertile males release sperm into the water. After they contact
fertile eggs, a microscopic carposporophyte plant is produced and remains attached
to the female plant. Carpospores are eventually released into the water, and, after
settling onto a rocky substrate, develop into tetrasporophyte plants. These are
blackish crusts which do not appear at all similar to the gametophyte plants. The
crusts are actually known and still referred to as another species, Petrocelis
middendorphii, formerly known as P. franciscana (Abbott and Hollenberg 1976,
West 1972, Polanshek and West 1975, 1977). The tetrasporophyte crusts release
tetraspores into the water, which give rise to the gametophyte plants to complete the
cycle.

Slocum (1980) studied the ecological advantages and disadvantages of the two life
forms of this species (Mastocarpus papillatus and Petrocelis middendorphii). He
noted that the tetrasporophyte crusts are susceptible to becoming overgrown by
other algae, and because of this they rely on grazers to remove the overgrowth. On
the other hand, the upright blades are not susceptible to becoming overgrown by
other algae, but are prone to grazing. From this, he deduced that the advantages of
one form may balance the disadvantages of the alternate form, thus assuring this
species' persistence under varying environmental conditions.
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Distribution and Abundance

In the first intertidal biological surveys of Diablo Cove in 1967, North (1969) noted
Mastocarpus papillatus (Gigartina papillata) as having been one of the most
abundant algal species in the cove's intertidal zone. Later studies (1969-1982) by
the California Department of Fish and Game found this to be true (Burge and
Schultz 1973, Gotshall et al. 1984, 1986). Under the TEMP program, more frequent
sampling over a greater area was conducted from 1976 to 1987. Coverage
measurements of M. papillatus in the TEMP stations are presented in Figures D-23
to D-26 in Appendix D. Stations representing the changes observed in Diablo Cove
are presented in Figure 3.2.3.11-1. These data reveal that the percentage cover of
M. papillatus varied seasonally, with peak abundances coinciding with summer.
This pattern was remarkably similar among sampling sites.

Time series analyses revealed that the abundance of Mastocarpuspapillatus in
Diablo Cove declined slightly in some of the +3 ft stations, and increased slightly in
some of the +1 ft stations after power plant start-up. Similar shifts occurred in the
non-Diablo Cove sampling locations. An analysis of variance test, which tested for
differences between the Diablo Cove and non-Diablo Cove station/levels, revealed
that the changes in the Diablo Cove and non-Diablo Cove station levels were not
significantly different from one anther, thus indicating that the shifts observed in
Diablo Cove were not related to the operation of the power plant. Results of these
statistical tests are presented in greater detail in Appendix E.

Large decreases occurred in south Diablo Cove from 1982-83 winter storm
disturbances (illustrated by the changes observed in Station 12+3 in Figure
3.2.3.11-1). However, following the storms the abundance of Mastocarpus papillatus
recovered. Abundances were nct as dramatically affected by the storms in north
Diablo Cove (Station 9+3). The 1983 El Nino event did not have an effect on the
abundance of M. papillatus, although it did cause some temporary discoloration in
the plants. No abnormal changes were observed either in the cover of Mastocarpus
papillatus or in its natural seasonal pattern of change after power plant start-up in
1984. A map depicting the distribution of M. papillatus in Diablo Cove is presented
in Figure 3.2.3.11-2

Thermal Impact Assessment

Based on the fact that the TEMP data did not depict any unusual changes in the
coverage of Mastocarpus papillatus in Diablo Cove after power plant start-up in
1984, it is concluded that this species has not been thermally affected by the plume.
Abbott and North (1971) found M. papillatus to be a species tolerant of warm water,
because of its occurrence near other thermal discharges. There is very little
information in the literature on thermal tolerance test results for M. papillatus. The
only test of this sort is from PG&E (1983); tests were conducted on M. papillatus to
determine if populations already living in elevated temperatures from the plume
would exhibit deleterious effects if briefly exposed to even higher temperatures, such
as those that may occur during demusseling operations of the power plant (heat
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Figure 3.2.3.11-2

Map of the Distribution of Affected and Non-Affected
Grapestone Seaweed (Mastocarpus pap illatus)

This species occurred as one of the most abundant foliose intertidal algal species in
Diablo Cove. Its distribution in the cove and vicinity is indicated in yellow. It was
not affected by the thermal plume. Although slight long-term decreases occurred in
some of the high intertidal areas, slight long-term increases occurred concurrently in
some of the low intertidal areas. This change occurred outside Diablo Cove as well,
in areas farther removed from the influence of the plume.
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treatment operations). In these experiments, only the M. papillatus plants that
were exposed to 35.3 C exhibited extensive discoloration and deterioration. The
plants that were exposed to the next lower temperature of 31.9 C and lower
temperatures exhibited much less discoloration and deterioration. Some of the
discoloration observed in all test and control groups was attributed to the relatively
low laboratory light conditions. The high thermal tolerances found in M. papillatus
by these one-hour acute temperature exposure tests partially clarify the lack of
temperature-related changes in this species in the field. Intuitively, this species
would be thought of as being a highly temperature-tolerant alga, since it occurs in
high intertidal zones where the inhabitants are prone to becoming heated by the
sun.

Since the overall abundance of Mastocarpus papillatus remained relatively
unchanged from year to year during power plant operation, this species may
continue to be a conspicuous alga in Diablo Cove in the future.
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3.2.3.12 Nereocystis luetkeana
(Bull Kelp)

Nereocystis luetkeana (bull kelp) is one of the
largest California subtidal kelp species (up to
115 ft long). It ranges from Unalaska Island,
Alaska, to the common border of Santa Barbara
and San Luis Obispo counties near Point
Conception, California. As is typical for the
species, bull kelp plants in the Diablo Canyon
region are usually found attached to rocky

substrates from the intertidal to depths of roughly
50 ft in moderate to extreme wave motion areas.
The shape of the long, rope-like plant enlarged at
the top by a hollow bulb gives rise to its common
name "bull-whip kelp" or "bull kelp." Dozens of
blades 10-12 ft long grow from the gas-filled bulb,
which floats the blades at the surface as a dense
canopy.

The thermal plume has caused the annuall recurring populations of Nereocystis
luetkeana inside Diablo Cove and in an area extending approximately 0.5 miles
north of the cove to senesce prematurely by about three months.

Thermal plume-related changes were anticipated in this species and reported in
PG&E (1982a). This species is important to many fish species, which utilize the
blades for protective cover and as a nursery area, and to many benthic invertebrates,
which feed on detached parts of the plant. It is a fast-growing annual species with
little survival overlap between generations, and it has been numerically variable over
the years in Diablo Cove. The yearly premature reductions in this species have
probably not dramatically altered the associated fish and invertebrate populations, as
each year's crop of plants has been present in Diablo Cove for a portion of its natural
life span.

Life History and Ecology

Scouring by high water motion is important for bull kelp, because it removes
competitive species and allows this annual species to quickly colonize the new open
spaces (Foreman 1977).

The life history of bull kelp is typical of the order Laminariales. Two generations
are involved: the large, conspicuous sporophytic generation and the microscopic
gametophytic generation. The typical life span of a sporophyte plant is about one
year, although some can live longer. Millions of zoospores are formed in packets
(sori) on the blades of the sporophytes and are released individually or in packets
into the water. Upon settlement and attachment to the bottom, the zoospores
germinate to form separate microscopic male and female gametophytes. The male
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plants at maturity produce planktonic sperm that are released into the water. The
sperm swim to and fertilize mature eggs on the female gametophytes. A sporophyte
grows directly from a fertilized egg, completing the life cycle.

Throughout its range, juvenile bull kelp sporophytes generally appear from the
spring through the summer. Sporophyte plants grow quickly, and a maximum daily
growth rate of 10 in./d has been recorded by Foreman (1970) at his British Columbia
study sites. Sorus development usually begins after plants have reached the surface
(Nicholson 1970), in the spring to fall months. The majority of the sporophytic
population is lost during fall and winter, when whole plants become uprooted by
storms. These drift plants accumulate on the sea floor and on beaches.

The bull kelp material that is transported various distances by currents provides
food for many other benthic animals. Red abalone (Haliotis rufescens) commonly
feed on bull kelp. Laboratory studies have shown that bull kelp was one of the
preferred food items of the black turban snail, Tegula funebralis (Best 1964). This
snail occurs primarily in intertidal habitats, and bull kelp becomes a food source for
this species when plants drift into the intertidal. Drift bull kelp also provides some
food for deep water, offshore animal communities that occur in areas where algal
growth is sparse.

Many animals benefit from intact bull kelp , and many previously reported
relationships appear to be true for Diablo Canyon populations. The bull kelp canopy
provides habitat primarily for various rockfish species, such as blue rockfish
(Sebastes mystinus) and olive rockfish (S. serranoides), as noted by Burge and
Schultz (1973). They also noted that surface fronds provide a substrate for various
hydroids and the bryozoans. Markham (1969) recorded 23 algal epiphyte species
representing 14 genera growing on bull kelp. The holdfast of bull kelp provides
numerous microhabitats for invertebrates (McLean 1962). The snails Calliostoma
ligatum, C. annulatum, and Tegula montereyi graze on the stipes (Burge and
Schultz 1973).

Distribution and Abundance

Ebert (1966), North (1969), and Burge and Schultz (1973) noted that abundances of
bull kelp prior to 1973 were suppressed in Diablo Cove due to heavy grazing by red
sea urchins (Strongylocentrotus franciscanus). At that time, much of the center of
the cove was dominated by red sea urchins, and the distribution of kelp species was
restricted to "urchin-free areas" around Diablo Cove's perimeter. During the mid-
1970's sea otters (Enhydra lutris) arrived in Diablo Cove, and predation of red sea
urchins by sea otters resulted in quick expansions of bull kelp and other kelp species
to the center of Diablo Cove.

An annual census of the bull kelp population in Diablo Cove was conducted each
October (from 1970 to 1987 at two permanent cliff top stations), when most of each
year's crop had reached the surface and before winter storms had removed most of
the plants. Two teams of two observers positioned on opposite sides of the cove
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counted and mapped the distributions of bull kelp plants. The census total was the
average of the individual counts. After the peak years of abundance in 1974/75, bull
kelp gradually declined (Figure 3.2.3.12-1), presumably as a result of the increases
in and greater persistence of the perennial kelp species oar kelp (Laminaria
dentigera) and tree kelp (Pterygophora californica). Although bull kelp became
largely displaced from the center of Diablo Cove, scattered but dense bull kelp beds
still recurred each year along the perimeter of Diablo Cove in areas of high water
motion where tree kelp and oar kelp were less dense. Bull kelp continued to
repopulate the same high water motion areas from about 1980 to 1982 (roughly
1,000 plants each October).

The severe 1982-83 winter storms disturbed much more of the bottom in Diablo
Cove than had previous storms. This permitted bull kelp, later in the spring of 1983,
to increase in abundance over recent years (about 10,000 plants in Diablo Cove).
The increases were largely expansions of historical patch borders rather than
outcroppings of plants in new areas of Diablo Cove. The 1983 population, however,
was severely affected by the El Nino oceanographic event. Unusually warm water,
which typically is nutrient-depleted (Jackson 1977), caused all bull kelp plants along
the Diablo Canyon coast and in Diablo Cove to senesce (loss of turgor, color, and
blades) prematurely in July. Normal senescence in this species usually occurs in
late fall. Some plants did reach fertility and presumably released some spores
before becoming affected by the El Nino, as sporophyte populations reappeared the
following year (1984), the year of power plant start-up. The October 1984 cliff-top
survey counted 841 plants in Diablo Cove, with all plants appearing healthy. This
total is considerably less than the roughly 10,000 plants in Diablo Cove during the
previous El Nino year. The decrease was not due to the operation of the power
plant, but was likely due to the limited amount of reproductive material produced by
the El Nino year population. The recurrence of a new sporophyte population after
the El Nino provides field evidence that the intermediate microscopic stages of this
species' life cycle may be more tolerant of warm water than are the sporophytes.

Although there were no unusual changes in the health of plants during power plant
start-up in 1984, during each of the subsequent three years of commercial power
plant operation (1985-1987), each year's crop of bull kelp plants growing inside
Diablo Cove and those outside Diablo Cove toward the head of Field's Cove senesced
early (lost blades) by about two to four months. Since these occurrences coincided
with power plant operation, this strongly suggests that the unusual changes were
caused by the thermal plume. The same interruption of growth occurred during the
1983 El Nino event, which also exposed the plants to warm water. Although
thousands of plants repopulated the cove during the early parts of each power plant
operation year, their early senescence (as early as July) resulted in early deaths, loss
of plants, and correspondingly low population counts by the October cliff-top census.
Only 24 plants were counted during the October 1987 cliff-top census. This is the
lowest total ever recorded by this method.
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Counts of bull kelp plants were obtained in the TEMP subtidal stations from 1976 to
1987 (Figure D-27 in Appendix D). Representative station data are presented in
Figure 3.2.3.12-2. Most of the stations were not located in areas where bull kelp
typically grows (high water motion areas), and only a few plants generally recurred
annually in the stations. However, the absence of plants in Station 9-10 after about
1985 (Figure 3.2.3.12-2) indicated that this species was unable to recruit into the
shallow areas of Diablo Cove (less than about 10-15 ft depth) during power plant
operation. Outside Diablo Cove, this species continued to repopulate the stations
(representative Station 20-20 in Figure 3.2.3.12-2). During power plant operation,
increases did occur in the deeper portions (about 30-50 ft) of Diablo Cove, as
represented by the changes observed at Station 13-32 in Figure 3.2.3.12-2. These
plants, however, also senesced prematurely when they encountered the thermal
plume at the surface.

Thermal Impact Assessment

Prior to the commercial operation of the Diablo Canyon power plant, Ebert (1966),
North (1969), and PG&E (1982a) predicted that this alga would be an excellent
biological indicator of the thermal plume, since it is a cold-water species which might
be expected to exhibit deterioration in the heated effluent. Because bull kelp can
grow from depths of about 55 ft, and because the greater part of the plant thallus
occurs near the surface when mature, it was anticipated that the thermal plume
would contact this species over a greater area than it would low-growing species,
since only the shallow-water portions of low-growing species would come in contact
with the thermal plume.

Although early senescence was observed each year of power plant operation, the
actual timing and occurrences of the changes varied according to distance from the
discharge. The first plants affected were those inshore of Diablo Rock. Plants in
this area grew upwards in a normal fashion (when small and well beneath the
plume), but degenerated when they came into contact with the upper 10-15 feet of
the surface where the plume occurred. Farther away from the discharge, plants
were not affected until they had been on the'sea surface for several weeks. Since
bull kelp naturally grows to the sea surface, nearly all plants in Diablo Cove and in
nearby areas have deteriorated. Many plants, however, became fertile before
degenerating in the plume.

It appears from laboratory thermal effects studies that bull kelp sporophytes do not
grow well at temperatures above 16 C (PG&E 1982b). In one experiment, sets of
bull kelp plants were gradually exposed to, then held at, seven different test
temperatures for 44 days. Many of the plants held at temperatures over 15.9 C died
(Figures 3.2.3.12-3 and 3.2.3.12-4). Decreasing growth rates leading to death were
evident on the fourth to eighth observation days in temperature treatment groups
above 15.9 C. Temperature effects can be altered by light conditions, and if there
had been more light available to the plants than was used in the experiments (85 to
165 microEinsteins/m2/sec), survivorship and growth might have been better.
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A map depicting the areas of plume-related changes in bull kelp is presented in
Figure 3.2.3.12-5. The geographical extent of this change includes Diablo Cove, for
the most part, and out the north channel of Diablo Cove to Field's Cove. During
1985 and 1986, prematurely senescent plants were observed outside Diablo Cove
about 700 ft upcoast out the north channel. During 1987, this transition region was
extended another approximately 2,500 ft upcoast (roughly 300 ft downcoast from
Pup Rock). This range extension of the transition zone during 1987 can be linked to
the greater masses of warm water produced from the simultaneous operations of
both power plant units during the fall. Fall is typically the period of highest
ambient seawater temperatures in the area. The combination of two units operating
during the fall had not occurred previously, which probably accounts for the smaller
observed area of affected bull kelp plants prior to 1987. The plants in Field's Cove
were unaffected throughout 1987. This indicates that the plume's trajectory out the
north channel to Lion and Pup Rocks is strongly directional, with little intrusion
into Field's Cove. In the south channel area of Diablo Cove, a gradient of effect has
also been observed, but the effect has been shorter in distance because the
distribution of bull kelp quickly ends outside the south channel (due to depth and a
sandy bottom).

A gradient perpendicular to the plume's trajectory has also been observed along the
southern perimeter of Diablo Cove. Stands of plants nearly abutted to the southern
shoreline of Diablo Cove have appeared quite normal, while at the same time plants
in the more interior portions of Diablo Cove and in the north channel appeared
stressed or were already senescent. This indicated that a belt of cooler water
persisted in the southern perimeter of Diablo Cove during power plant operation.

Based on the -!ariations in the timing and location of the changes, it appears that
bull kelp sporophytes can be affected by a variety of temperature doses. From
laboratory results it is possible that exposure to a temperature of 18 C or higher for
about a week could alone be detrimental to plants in the field (PG&E 1982b).
However, plants could also be affected by lower temperatures over longer exposure
times, which is what probably occurs in affected plants far from the discharge
structure. The frequencies of 17 C temperature doses that were related to the early
senescence of bull kelp in Diablo Cove are depicted in Figure 3.2.2-1.

Although most thermal plume effects on bull kelp have been observed to occur
directly on sporophytes, intermediate microscopic stages have been affected in
certain areas as well. The areas immediately inshore of Diablo Rock and near the
headland of north Diablo Cove have been traditional areas of dense N. luetkeana
recolonization and growth (general area of Station 6-11). Since the power plant has
been in operation, bull kelp have not been observed in these areas, indicating that
the plume has probably disrupted the growth of the microscopic stages as well. In
laboratory experiments, bull kelp gametophyte growth and fertility were inhibited
when exposed for several consecutive days to temperatures near 18 and 20 C,
respectively (PG&E 1982b). Similar temperature regimes have occurred in Station
6-11, indicating that the thermal plume may have disrupted the intermediate life
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Figure 3.2.3.12-5

Maps of the Distribution of Affected and Non-Affected
Bull Kelp (Nereocystis luetkeana) in Diablo Cove (A) and Vicinity (B)

This kelp species forms a surface canopy; it is an annual species, with little overlap
in generations from year to year. In Diablo Cove, it occurred in all depths.
However, over the several years prior to power plant start-up, it became most dense
in the same areas (blue and purple areas in Figure A). During power plant
operation, bull kelp recruited in the cove, but the thermal plume caused the plants
to senesce at the sea surface about three months early in the areas shown in blue.
In the purple areas, the plume prevented the recruitment of bull kelp.

The plume has also caused premature senescence in a limited number of bull kelp
plants outside Diablo Cove. These changes occurred only after the plants reached
the surface. In Figure B the general area where clumps and scattered individuals of
affected bull kelp occurred is indicated in blue. Areas where normal plants occurred
are indicated in yellow.
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phases necessary for sporophyte recruitment in this general area. Recruitment was
also absent during power plant operation in some of the shallow (10 and 15 ft)
stations in Diablo Cove, which suggests that the plume may have interrupted the
microscopic stages of growth at these stations also.

The overall effects on bull kelp were probably due to temperature elevations during
"normal" one- and two-unit operations. By integrating laboratory heat tolerance
results for bull kelp and model results of thermal plume temperature distributions
under various heat treatment conditions, PG&E (1985) predicted that the bull kelp
plants growing in areas contacted by heat treatment temperatures would have
already been affected by normal power plant operation temperatures.

The premature losses of bull kelp in Diablo Cove have probably affected associated
organisms only to a moderate extent. Since bull kelp plants have been able to
repopulate Diablo Cove for at least some portion of their life cycles, the ecological
uses of this species in the cove have never been completely lost. However, some
areas of Diablo Cove (inshore of Diablo Rock and the north Diablo Cove headland),
which typically became repopulated with dense bull kelp beds each year, have been
largely devoid of bull kelp throughout the years of power plant operation.

It is anticipated that bull kelp will continue to repopulate Diablo Cove each year, but
plants are expected to senesce prematurely in the same manner as has been
observed during the first three full years of power plant operation.
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3.2.3.13 Phyllospadix scouleri
(Surf Grass)

Phyllospadix scouleri, or surf grass, consists of a
stoloniferous root system from which develop green,
grass-like blades about .25 in. wide and up to 6 ft
long. This species occurs as scattered individual
plants and as grass-like meadows of many plants
in depths from the low intertidal to depths of about
10 ft in Diablo Cove.

During power plant operation this species did not exhibit any unusual changes. This
is consistent with earlier predictions based on laboratory thermal effects studies on
this species.

Life History and Ecology

Surf grass is not an alga that reproduces by spores, but a marine flowering plant
that reproduces using fruits and seeds (Dawson 1966). Flowers are borne on
dioecious plants. According to Dawson (1966), staminate plants are usually less
numerous than pistillate ones. Pollination occurs mostly during incoming tides.
The pollen is released among the more abundant pistillate plants. The ripened fruit
eventually drops from the parent plant. The pulpy skin of the fruit wears away and
erosion in the surf exposes the hard mesocarp tissues of the seed. The mesocarp has
projections which give the fruit an anchor-like appearance. The projections enable
the seed to cling onto the branches of attached algae. Eventually, roots develop from
the seed, and the plant is able to attach to hard rock.

The rhyzomatous root system, when extensive, can entrap and stabilize shifting
sand. The open spaces between the roots and blades of surf grass provide nursery
areas and habitats for many invertebrates (Stewart et al. 1978, Stewart and Meyers
1980). The small gastropod snail Notoacmea palacea is commonly found on surf
grass blades. A number of nearshore fish, particularly juveniles, are also found in
surf grass beds. Surf grass is the obligate substrate for two small red algal species
in Diablo Cove, Smithora naiadum (a bladed red alga) and Melobesia mediocris (an
encrusting coralline alga). These two small species also occur on Zostera marina,
another surf grass species, but Z. marina occurs elsewhere within calm bays and
estuaries.

Distribution and Abundance

North (1969) included surf grass in descriptions of the conspicuous marine plants
observed in Diablo Cove in 1966-1967. Similar observations were reported by Burge
and Schultz (1973) and Gotshall et al. (1984, 1986) in studies prior to the operation
of the power plant.
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In the TEMP studies, the abundances of Phyllospadix scouleri have been added to
those of the much less abundant, but similar-looking, surf grass P. torreyi. The two
are treated in this study as P. scouleri (surf grass). The largest changes in surf grass
in Diablo Cove occurred during the severe 1982-83 winter storms, when portions of
a large emergent rocky pinnacle broke in the south portion of the cove. The
resultant fragmented rock and shifting of sand buried and scoured surf grass in
nearly all intertidal and shallow subtidal areas in south Diablo Cove (represented by
Stations 11+1 and 12-10 in Figure 3.2.3.13-1), but only in the subtidal in north
Diablo Cove (represented by Station 8-10 in Figure 3.2.3.13-1). Further station
graphs appear in Figures D-28 and D-29 in Appendix D. This species remained
relatively abundant in the intertidal in north Diablo Cove during power plant
operation (Station 9+1 in Figure 3.2.3.13-1), but analysis of variance testing on this
species' abundance (see Appendix E) detected an overall decrease in intertidal
Station 9+1 during this period. However, some quadrats remained high in surf
grass abundance in this station. Intertidal Station 8+1, adjacent to Station 9+1, did
not exhibit any significant decreases in this species' abundance (Figure D-28 in
Appendix D.)

The 1983 El Nino event did not have an important effect on surf grass.

Thermal Impact Assessment

The addition of thermal effluent in Diablo Cove did not have any notable effect on
surf grass. Its abundance and distribution during power plant operation were
relatively unchanged from conditions after the 1982-83 storms. A map depicting
this species' distribution in Diablo Cove after the storms and during power plant
operation is presented in Figure 3.2.3.13-2.

A heat tolerance test was conducted on surf grass to determine if this species could
survive temperature exposures of 24 C (PG&E 1982b). In summary, field-collected
plants were placed into two flow-through tanks, one with ambient temperature
seawater (11.7 C) and the other with 24.3 C water. Continuous light intensity of
120-160 microEinsteins/m 2/sec was supplied to the plants. The experiment lasted
for nine days. At the end of this period, the plants constantly exposed to 24.3 C
water did not exhibit any deleterious changes. In addition, because of some
equipment malfunctions during the experiment, it was discovered that the test
plants withstood a 3-hour exposure to 34 C water.

It is anticipated that surf grass will remain a conspicuous marine plant in Diablo
Cove over the long term.
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Figure 3.2.3.13-2

Map of the Distribution of Affected and Non-Affected
Surf Grass (Phyllospadix scouleri)

Surf grass occurred in Diablo Cove as scattered meadows in the low intertidal to
depths of about 10 ft. It was reduced in abundance during the 1982-83 winter
storms. After the storms, it occurred mostly in the north portion of Diablo Cove, as
indicated in yellow. During power plant operation, this species' abundance and
distribution remained relatively unchanged from its post-storm condition.
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3.2.3.14 Pterygophora californica

(Tree Kelp)

Pterygophora californica, a subtidal kelp plant
similar in general appearance to oar kelp, was
commonly found in the rocky areas of Diablo Cove
from the low intertidal to depths of 50 feet.
Ranging from British Columbia to Baja California,
it forms extensive subtidal kelp beds along exposed
rocky coasts. The mature sporophyte, up to 6 ft in
height, consists of a cylindrical stipe with a broad
terminal blade and many lower lateral blades
almost 3 ft long. Hence, this species' common name
is tree kelp.

After power plant start-up, nearly all Pterygophora californica individuals in depths
less than about 20 ft in Diablo Cove were lost without self-replacement. The losses of
these plants, along with the losses of other kelp species nearby, resulted in a reduction
of certain juvenile and adult fish that associate themselves with kelp.

Life History and Ecology

Pterygophora californica is a member of the order Laminariales, and its life history
is similar to the life histories of other members of the order. Two generations are
involved: the large, conspicuous sporophytic generation and the microscopic
gametophytic generation. The conspicuous sporophyte produces spores which
germinate and develop into separate male and female gametophytic plants; these
appear as microscopic filaments. The sporophytes develop directly from the
fertilized eggs of the gametophytes, and the cycle is completed. In Diablo Cove P.
californica sporophytes have grown on artificial substrates that have been
submerged for two to four months, demonstrating that the microscopic part of this
species' life cycle can be completed rather quickly.

Individual Pterygophora californica plants are perennial, but mortalities and
recruitment in Diablo Cove generally occur annually. Natural mortalities are
usually caused by recurrent winter storms, which remove mainly the older, taller
plants. Clearings due to the storms allow self-recruitment. This periodic turnover
creates a multi-age P. californica population in Diablo Cove. The maximum age of
P. californica has been estimated to be about 25 years (McMillan 1902, cited by
McKay 1933). In Diablo Cove the oldest plants appear to be about 10 years old
(based on growth rings).

The terminal blades and sporophylls comprise the majority of the plant's
photosynthetic area. Periodically the blades and sporophylls are shed, and new ones
regenerate from the stipes during favorable conditions. Schmitz and Lobban (1976)
demonstrated the existence of an internal translocation mechanism in Pterygophora
californica, and suggested that this may be a means of transferring photosynthe-
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sized assimilates to the stipes to be stored and utilized for new blade and sporophyll
production. Blade growth and shedding among Diablo Cove P. californica plants
have been offset among individuals such that all stages of this process can be
present among neighboring plants. This is presumably due to the age mix of the
population and to individual variability.

North (1969) considered Pterygophora californica to be one of the more important
primary producers in Diablo Cove. In Diablo Cove, shading canopies of this species
once limited the abundance of soft red algal understory species (Section 3.2.3.1). As
with other kelp species, the canopy of P. californica provides a midwater habitat for
certain fish (North and Hubbs 1968), reduces the foraging efficiencies of predators
upon invertebrates (Dayton 1975), decreases water turbulence (Larkum 1972), and
provides a substrate for bryozoans and hydroids (McLean 1962). The holdfasts also
provide microhabitats for various invertebrate species (Aleem 1973, McLean 1962).
As with many other kelp species, detached and drifting P. californica plants can
provide food for many other organisms in other areas.

Species found inhabiting the stipes and blades of Pterygophora californica in Diablo
Cove include turban snails (Tegula brunnea, T. montereyi, T. pulligo), kelp crabs
(Pugettia producta, P. richii), and various boring amphipods. Many of these species
are able to feed directly on this alga. Pterygophora californica in Diablo Cove was
once grazed upon heavily by red sea urchins (Strongylocentrotus franciscanus)
(North 1969), before the urchins were removed by sea otters. This species was
abundant in adjacent and surrounding areas where sea urchins were less prevalent.

Distribution and Abundance

Studies conducted by the California Department of Fish and Game (Gotshall, et al.
1984) found that the density of Pterygophora californica in Diablo Cove increased in
the heavily grazed areas after the urchins were consumed by foraging sea otters
(Enhydra lutris). The densities of P. californica in the TEMP subtidal stations from
1976 to 1987 are presented in Figure D-30 in Appendix D. Station data
representing the various changes are shown in Figure 3.2.3.14-1. After 1976, the
densities of P. californica in most shallow areas of Diablo Cove gradually declined
(Station 10-10 in Figure 3.2.3.14-1). Some increases occurred in clearings made by
the 1982-83 severe winter storms, but declined again later during power plant
operation (Station 9-10 in Figure 3.2.3.14-1). Concurrently, in areas outside Diablo
Cove not contacted by the plume, the densities of P. californica increased during
power plant operation (representative Station 19-10 in Figure 3.2.3.14-1). (These
changes are described by significance testing of the data in the time series and
analysis of variance tests presented in Appendix E.) Densities also increased in
areas beneath the plume in Diablo Cove (Station 13-32 in Figure 3.2.3.14-1). The
increases in these two areas were related to large self-recruitment sets on rocks
cleared by the 1982-83 storms. The depth of the plume-related losses of plants in
the cove's shallows was about 15 ft in the north portion, and about 10 ft in the south
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portion. Losses also occurred on the inshore side of Diablo Rock to depths of about
25 ft, in an area where downwelling of the plume occurs.

The loss of whole plants was generally preceded by the loss of blades and
sporophylls, similar to the progression observed in Laminaria dentigera (Section
3.2.3.10). Although blade and sporophyll losses in Pterygophora californica plants
have not been unusual in Diablo Cove, there has never been a wide-spread,
synchronous event, as was observed during power plant operation (Figure
3.2.3.14-2). This loss of blades and sporophylls was not observed in P. californica
plants outside Diablo Cove.

During the fall and early winter surveys in 1987, an unusually large number of
Pterygophora californica plants without blades and sporophylls was observed in
depths of 20-25 ft in the central-northern portions of Diablo Cove. Since this
condition preceded the total plant losses in the cove's shallow population, it is
predicted that these plants may also soon be lost from the cove.

Thermal Impact Assessment

In an earlier report on anticipated changes in Diablo Cove, it was predicted that
Pterygophora californica would become affected by the thermal plume (PG&E
1982a). Field monitoring of this species during power plant operation did detect
unusual changes strictly within the areas most frequently contacted by the thermal
plume.

Previous experiments had been conducted on terminal blade and sporophyll growth
under various temperature exposures in the PG&E Thermal Effects Laboratory
(PG&E 1982b). The results indicated that exposures to 19.9 C for at least seven
days might be detrimental to plants in the field. Results summarizing these tests
are depicted in Figure 3.2.3.14-3 for the terminal blades, and in Figure 3.2.3.14-4
for the sporophylls.

Tests were also conducted to determine at what temperature 50 percent of the
sporophyte population would be killed in 96 hours (standard 96-hr LT50 test) (PG&E
1982b). Using blade bleaching as an index of stress leading to death, significant
mortality of natural populations was expected if they were exposed to temperatures
of 19.1 C for 96 hours or more; mortalities could also be expected if plants were
exposed to 23.8 C for 48 hours. These critical temperature regimes were confirmed
by vital staining analyses: dead cells did not incorporate the stain. Concurrent
laboratory observations on plant disintegration, loss of turgor, and excess mucilage
production as other indicators of stress provided conclusions similar to the
conclusions based on blade bleaching.

The temperature doses that were detrimental to plants in laboratory experiments
(above) have occurred in the field. During the power plant operation study period
there were cases of temperatures equal to or greater than 19.1 C for 96 hours or
more at the 10 ft depth-TEMP sampling sites in Diablo Cove. These thermal doses
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were detrimental to Pteiygophora californica sporophytes in the laboratory (PG&E
1982b). Most likely, P. californica was affected by these and other temperature dose
regimes.

Since power plant start-up, Pterygophora californica recruitment has not been
observed in the shallow subtidal areas where adult plants have been lost. Thus, it
appears that the plume may also affect the microscopic intermediate stages of this
species' life cycle. Based on laboratory thermal effects studies (PG&E 1982b), spore
germination to the gametophyte stage can occur at 20.7 C, but can be inhibited at
24.8 C. The subsequent growth of the gametophytes can be inhibited at 22.6 C, and
is noticeably slow at 20.7 C. The amount of fertile females in the field can be
reduced if they are exposed to 19.1 C for 12 days. In another study, inhibition of
gametophyte fertility occurred in plants exposed to 20 C water (L~ining and Neushul
1978). It is possible that temperature dose regimes produced by power plant
operation have overlapped some of these critical thermal tolerance limits in the
microscopic stages of Pterygophora californica in Diablo Cove, thus preventing
recruitment.

In the laboratory heat treatment simulation experiments of PG&E (1983),
Pterygophora californica was found to be adversely affected only in the 30 C
exposure group. In groups of plants exposed to 27 C and less, the effects were
minor. Temperature measurements in Diablo Cove where P. californica was found
to be affected never reached these temperatures.

Unusually large numbers of Pterygophora californica plants without blades were
observed in the central-northern area of Diablo Cove at depths of 20 to 25 ft during
1987. This indicated that thermal plume effects were occurring in plants at these
depths also. However, as of the fall and early winter diving surveys in 1987, the
apparent thermal plume effects on P. californica were confined to the cove.

The similar and closely related kelp plant Laminaria dentigera was affected in the
same manner (Section 3.2.3.10). However, the initial changes in L. dentigera were
observed one year before changes in P. californica were observed. This difference in
timing indicates that P. californica in Diablo Cove is slightly more tolerant of warm
water than L. dentigera.

The loss of Pterygophora californica (and Laminaria dentigera) in the shallows of
Diablo Cove most likely has not caused the grazers to starve, but rather has forced
them to feed on alternate food sources: However, for some species, such as red
abalone (Haliotis rufescens), that prefer kelp drift material for food, the loss of P.
californica may affect their local food supply. Fish which associated with the
canopies of P. californica (and L. dentigera) for shelter have moved to deeper areas of
the cove where kelp species have remained abundant (Section 3.2.3.27).

It is anticipated, over the long term, that Pterygophora californica in depths of 25 ft
and less in the central and northern portions of Diablo Cove (including those
immediately inshore of Diablo Rock) will be reduced in abundance. In south Diablo

E8-316.0 3-103



Cove, temperature effects on P. californica will be at shallower depths. A map
depicting the areas of thermal plume-related changes in P. californica in Diablo
Cove during power plant operation is presented in Figure 3.2.3.14-5.
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Figure 3.2.3.14-5

Map of the Distribution of Affected and Non-Affected
Tree Kelp (Pterygophora californica)

Tree kelp occurred throughout all depths in the cove. The general areas of the
thermal plume-related losses in this species are indicated in blue. The deeper area
of the cove, where the health of tree kelp was deteriorating during 1987, is indicated
in purple. Areas of unaffected tree kelp are indicated in yellow. All effects were
confined to the cove.
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3.2.3.15 Anthopleura elegantissima
(Aggregating Sea Anemone)

Anthopleura elegantissima, the aggregating sea
anemone, is the most abundant intertidal anemone
on Diablo Cove's rocky shoreline. Its geographical
range is from Alaska to Baja California. In
intertidal areas, colonies of the aggregating sea
anemone can contain several thousand individuals
covering an area of several square meters. Solitary
individuals also occur in cracks and crevices in the
lower intertidal and in the subtidal to depths of

oo 08: 0 0000 55 ft, while clonal individuals are usually found on
S0the top and sides of rocks. Although not

commercially important, aggregating anemones
produce a biologically active compound of medical
value as a heart stimulant.

The operation of the power plant has had no negative effect on the abundance of this
anemone in Diablo Cove. The abundances of the anemone have been increasing at the
warmest subtidal station since the first plume contact in 1985. The species is known
to be heat tolerant and is commonly found living in the thermal discharge of coastal
power plants.

Life History and Ecology

Despite baying limited motility, colonies or individuals are quite tolerant of sand
burial for up to several months. They occur in thermal outfall canals of coastal
power plants in central California (Jennison 1978,1979).

Distribution and Abundance

Abundances of aggregating anemones have remained relatively constant at all
TEMP intertidal stations from 1976-87 (Figures D-32 and D-33 in Appendix D).
Power plant operation has had no effect on the abundance of anemones in the Diablo
Cove intertidal zone. Only Station 10+1 (Figure 3.2.3.15-1) showed a slight post-
1985 increase, but the increase was too gradual to determine whether it was related
to power plant operation. Abundances of aggregating anemones in the TEMP +3 ft
intertidal stations, especially in south Diablo Cove (10+2, 11+3, 12+3) and outside
Diablo Cove (19+3), were reduced by the severe winter storms of 1982-83 (Figure
3.2.3.15-1).

A reduction in anemones was also seen in the vertical transects of W.J. North (see
page F-1 in Appendix F for methods) in north and south Diablo Cove (NDIX and
SDIX) after these storms. Vertical distributions of aggregating anemones did not
change notably at any of his four vertical transects as a result of power plant
operation (Tables F-9, F-10, F-11, and F-12 in Appendix F).
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Storm-related reductions of aggregating anemones were seen in 1983 at the higher
levels of the north and south Diablo Cove vertical intertidal transects of PG&E
(Tables F-75 and F-76 in Appendix F). No changes in the intertidal distribution of
these anemones related to power plant operation were obvious from these data.

Aggregating anemones at both TEMP intertidal station levels and subtidal fixed
quadrats were selected for further analyses using time series and analysis of
variance (Appendix E). These analyses did not reveal any statistically significant
changes in their abundance for the stations examined that could be attributed to
power plant operation.

Subtidally, aggregating anemones were most abundant at the shoreward base of
Diablo Rock (Station 6-11). Their abundance at this station has doubled since 1985
(Figure 3.2.3.15-1). This station has received the highest temperature dose of all
the subtidal stations. The abundances of aggregating anemones at most of the other
subtidal stations have remained within the range of abundance fluctuations
recorded over the past 12 years from pre-operation through the beginning of power
plant operation (Figures D-34 and D-35 in Appendix D).

Thermal Impact Assessment

Aggregating anemones have exhibited no negative effects of power plant operation in
either intertidal or subtidal areas inside Diablo Cove (Figure 3.2.3.15-2). Their
abundance has increased on subtidal Station 6-11, located on the inshore side of
Diablo Rock. This increase was probably a direct response to elevated water
temperatures. Aggregating anemones have a high thermal tolerance and can
survive, grow, and reproduce in the thermal discharge canals of coastal power
plants. In shallow subtidal areas (to 6 ft) immediately in front of the Diablo Cove
discharge structure, aggregating anemones were one of the most abundant
invertebrate species during power plant operation. In this area, it is not known
whether their abundance has increased since power plant operation or if they merely
became more obvious because of reduced algal cover. Elevated temperatures 10 C
above ambient have caused slight temporal shifts in the time of spawning (Jennison
1978,1979).
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Figure 3.2.3.15-2

Map of the Distribution of Affected and Non-Affected
Aggregating Sea Anemone (Anthopleura elegantissima)

This anemone was abundant throughout the intertidal and subtidal zones of Diablo
Cove before power plant operation (yellow and green areas). No areas within Diablo
Cove showed power plant-related decreases in abundance. Areas where plume-
related increases were observed are indicated in green. No unusual changes in
abundances of this species were observed outside Diablo Cove.
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3.2.3.16 Cancer antennarius
(Rock Crab)

Cancer antennarius, the rock crab, is commonly
abundant in the subtidal regions of Diablo Cove
and the surrounding area. It supports a moderate
commercial and recreational fishery locally and in
southern California. Ranging from Washington to
Magdalena Bay, Baja California, the crabs are
found in rocky sand areas from the lower intertidal
to depths of 400 ft. Juveniles are frequently hidden

-. beneath sand or boulders in the lower intertidal
and shallow subtidal areas. The rock crab is an
important predator and prey species in the
nearshore marine community.

An analysis of catch data from the TEMP rock crab trapping and tagging data base
revealed that crab abundance did not differ significantly between control and
experimental areas during pre-operational and operational periods. A shift in mean
size to smaller crabs in north Diablo Cove may be attributed to emigration of larger
adult crabs from that area during the operational phase.

Life History and Ecology

The life history of the rock crab involves a planktonic stage. After fertilization and
initial development of the eggs on the female, the eggs hatch to produce larvae which
exist as part of the plankton, drifting for several weeks before settling and
metamorphosing into the juvenile phase. The rock crab is a carnivore, feeding on
live invertebrates, including turban snails (Tegula spp.) and abalone (Haliotis spp.),
and scavenging dead animal matter. Most of its activity occurs at night. Rock crabs
are consumed by a number of predators, including octopuses and various large fish
such as rockfish (Sebastes spp.) and cabezon (Scorpaenichthys marmoratus).
Another major predator of the rock crab is the sea otter (Enhydra lutris).

Mature rock crabs may average 5-6 in. and 1.5 pounds in size. They have massive
claws, which are the primary marketable portion of the crab. Many people take only
the claws and return the crab alive to regenerate new claws.

Rock Crab Populations Prior to Power Plant Operation

Historical Changes

Rock crabs have been reported from the Diablo Cove vicinity since the earliest
marine biological investigations in Diablo Cove (North 1969). Major changes
occurred in the subtidal community as a result of sea otters foraging on herbivorous
urchins and abalone following their arrival in the Diablo Cove area in the early
1970's. As these preferred prey resources were depleted, rock crabs became a more
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important item in the otter's diet, as documented by Benech and Colson (1976).
TEMP studies on the rock crab began in 1976 with the collection of abundance data
at permanent subtidal and intertidal stations, and the implementation of a trapping
and tagging program at 55 subtidal sites in and near the cove (Carroll 1982).
Although commercial fishing for rock crabs has occurred along the Diablo coastline
intermittently since the early 1970's, most of the effort has occurred in deeper
offshore waters rather than the shallow areas included in the present study.

Abundance

Catch per unit of effort (CPUE) values for bimonthly trapping surveys from 1976-87
showed a seasonal trend of abundance in fall and lowest abundance in early
summer. The trapping survey results also show a long-term decrease in catch per
unit of effort since the late 1970's (Figure 3.2.3.16-1). These values include data
from comparison areas north and south of the Cove, although the majority of data
were collected from traps positioned within Diablo Cove at depths from 10 ft to 65 ft.
Rock crabs were most abundant overall during 1976-77, with CPUE values
averaging almost 14.0 crabs per trap in November 1976, and nearly 10.0 crabs per
trap in May and November 1977. Since that time, pre-operational values have
ranged between about 5.0 and 2.0 crabs per trap in the fall and summer,
respectively. Although sea conditions and trap orientation can affect CPUE, the
values are probably representative of the seasonal abundances of adult rock crabs in
Diablo Cove.

Differences in abundance between areas and seasons were tested using non-

parametric statistics, and results showed greater overall abundances in the deep
areas of south Diablo channel and off Diablo Point. Most of the seasonal increases in
overall abundance can be attributed to greater numbers of female crabs at these
stations during fall. The areas north of Diablo Cove and in South Cove, with an
average depth of about 12 ft, were consistently the lowest in crab abundance during
the pre-operational period. Because trap effectiveness was variable and difficult to
measure, it was not possible to accurately calculate absolute changes in crab
population density. Values from quantitative sampling of the SAQ quadrants were
less than 0.5 adult crabs per 30 m 2 station during the pre-operational period.
Juveniles were infrequent in the subtidal fixed 1/4 m2 quadrats, occurring only
sporadically at the shallow stations in Diablo Cove. Such low densities preclude the
establishment of any statistical differences in abundance over time or between
areas.

Pre-operational abundances of rock crabs were also monitored on intertidal
transects within and outside Diablo Cove. As in the subtidal stations, abundances
were consistently too low to reasonably apply statistical tests of differences over time
or between areas. Certain areas, however, were identified as providing good habitat
for recruitment and sheltering of juveniles, as evidenced by their persistence; these
included Diablo Point, South Cove, and Field's Cove, all areas outside Diablo Cove.
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Size Frequency

The overall mean size of males and females was 119.0 mm and 110.6 mm carapace
width, respectively. Size frequency histograms were unimodal and skewed toward
the smaller size classes. This observed size composition resulted from trap
selectivity for large adult crabs. Less than 3 percent of tagged crabs in the 95-105
mm size range were recaptured, as compared to more than 15 percent in the
135-145 mm range. Furthermore, juvenile rock crabs were commonly observed in
subtidal trapping areas and intertidal areas. Factors which may have contributed to
the paucity of juveniles in the traps were limited mobility of smaller crabs, difficulty
of entry into the traps, or non-attractiveness of bait.

Sex Ratios

Males generally outnumbered females in catches, as indicated by the overall sex
ratio of 1.3:1. Annual peaks in percentages of females occurred in fall, at which time
females almost always outnumbered males in the catches. This was primarily the
result of increased numbers of females in addition to relatively stable numbers of
males. Sex ratios were often highly variable at individual stations, with either
males or females predominating in certain catches.

Fecundity

Ovigerous (egg-bearing) females were present during all months of the year, but
were consistently the most abundant in winter.

Movement Pattern

Directed rock crab movements, inferred from tag returns, can potentially reveal
avoidance or attractant responses to the thermal discharge. During the pre-
operational period, movements occurred predominantly along the deep southern
channel leading into Diablo Cove, but no seasonal trends in tag returns were
apparent to indicate any annual migratory patterns. Crabs at liberty from 1-5 days
tended to remain in the immediate vicinity of release, with less than 4 percent
recaptured in adjacent trapping areas. Over longer periods of time, from 2-18
months, between-area movement increased, although many crabs were still
recaptured near their original release site. Such data did not accurately depict the
overall movement patterns of the population because of the bias which resulted from
specific trap placement. Yet the results suggested that even though crabs are
capable of moving several kilometers, they often remained in the same location,
including Diablo Cove, for several months at a time. Sex ratio and abundance data
suggested that the increased numbers of female crabs appearing in fall resulted from
an inshore movement of a portion of the female population, perhaps in response to
warmer water or calmer sea conditions at that time of the year.
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Changes During Power Plant Operation

Abundance

During the operational years 1985-87, overall abundances continued to follow the
historical pattern of highest abundance in fall and lowest abundance in summer. A
comparison of CPUE data between deep reference stations and deep cove stations
(Figure 3.2.3.16-2a), and between shallow reference stations and shallow cove
stations (Figure 3.2.3.1 6-2b) yielded no discernable differences in overall abundance.
However, a comparison of shallow stations in Diablo Cove showed a decline in
abundance in the north area as compared to the south area during 1987 (Figure
3.2.3.16-3).

Size Frequency

Mean size of male and female crabs decreased in the shallow areas of Diablo Cove
during the operational period, but a long-term decline in size was detected in these
areas as early as 1983 (Figure 3.2.3.16-4a, 4b). Size frequencies in north Diablo
Cove, an area with consistent thermal influence, decreased considerably in 1987.
These data suggest that large crabs were moving away from the area of thermal
influence, most likely into deeper areas outside the cove.

Sex Ratios

No significant difference in sex ratios was evident when comparing crabs inside and
outside Diablo Cove during different seasons.

Fecundity

Too few egg-bearing females were trapped in experimental and control areas to
determine any statistical differences between areas. However, ovigerous females
continued to occur occasionally within Diablo Cove, and were most abundant during
winter months, as in the pre-operational surveys.

Movement Patterns

No movement patterns were detected by the direct recovery of tagged animals which
would suggest avoidance of the areas under thermal influence (north and south
Diablo Cove). Too few tagged crabs were recaptured to statistically test the
differences in immigration rate between pre-operational and operational periods
within the cove. Indirect evidence from the size frequency measurements, however,
suggested that larger crabs were less abundant in north Diablo Cove, presumably
avoiding the warmer waters by moving into deeper areas below the thermocline.
During the operational period, some individuals which were tagged and released in
north Diablo Cove were subsequently recaptured there, indicating that crabs were
not consistently avoiding the warmer areas.
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Thermal Effects Studies

Rock crabs were tested in 96-hour ET50 experiments to determine the median
effective temperature at which 50 percent of the test population survived (PG&E
1982b). Crabs were held at ambient temperatures (12.5 C) prior to testing. At 22 C
only one mortality occurred in 96 hours, at 26.5 C 90 percent mortality was reached
after 30 hours, and at 28 C 100 percent mortality was observed after six hours. The
incipient lethal temperature was calculated as 24.5 C; rock crabs exposed to
temperatures in excess of this value would be expected to incur at least 50 percent
mortality. Little or no mortality would be expected for exposures to temperatures
below 25 C for a 96-hour exposure. Under actual field conditions, however, rock
crabs would be expected to avoid stressful temperature regimes, either by moving
laterally away from the heat source or vertically to below the thermocline.

Mayer (1973) investigated the effects of elevated temperature on survival of
Dungeness crab eggs and found significant mortality at the 15 and 20 C treatments.
Increased bacterial and protozoan growth occurred in all egg masses at the higher
temperatures. Rock crabs should be adapted to slightly warmer temperatures than
Dungeness crabs, based on their more southerly distribution, and would be expected
to be more tolerant of such thermal effects in cross-species comparisons.

In culturing the larvae of the Atlantic coast rock crab, Sastry (1976) increased their
survival by subjecting them to daily cyclic temperatures, as compared to a constant
temperature which was the average of the fluctuating temperatures. The same
physiological mechanisms which increased viability under cyclic temperatures may
also operate in Pacific rock crab larvae.

Assessment of Temperature Effects

The main effects observed involved only a decrease in abundance of larger crabs
from the area of north Diablo Cove. Crabs are capable of avoiding any stressful
temperature regimes by moving into deeper waters below the Diablo Cove
thermocline (below 15-20 ft). Only at the point of discharge would water
temperatures reach the levels at which laboratory experiments predicted significant
mortality in adult crabs (Figure 3.2.3.16-5).

Anticipated Long-Term Changes

Because of the excellent dispersal capabilities of rock crabs, both in the planktonic
larval stages and the mobile benthic adult stages, crabs would be expected to
continue inhabiting primarily the deeper areas in Diablo Cove and the shallow
portions in south Diablo Cove. During cool water upwelling periods, adult crabs
would be expected to utilize nearly all areas of the cove.
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DIABLO ROCK

Figure 3.2.3.16-5

Map of the Distribution of Affected and Non-Affected
Rock Crab (Cancer antennarius)

Rock crabs were common throughout the intertidal and subtidal zones of Diablo
Cove before power plant operation. After start-up, crabs avoided the thermal plume
directly in front of the discharge (blue). The shallow areas of north Diablo Cove
(shown in purple) generally had fewer large crabs during power plant operation than
during the pre-operational period. No unusual changes in the abundance of rock
crabs were observed in the remaining areas of Diablo Cove (in yellow) or in any
areas outside Diablo Cove.
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3.2.3.17 Chthamalus fissus
(Acorn Barnacle)

Chthamalus fissus, the acorn barnacle, is presently
found in large numbers in the rocky intertidal
areas in Diablo Cove. The species is a relatively
small barnacle which commonly occurs in the
middle to high intertidal zone from San Francisco
to Baja California. The barnacles attain a size of 8
mm in diameter, and, under optimal conditions,2LLL2A densities of 70,000 individuals per m2 can occur.
Prior to 1985, the abundance of acorn barnacles
was generally low at all intertidal TEMP stations.

Beginning in .1985, there was an increase in this species at nearly all of the +1 ft
stations in Diablo Cove. These increases were large, occurred rapidly, and have
persisted through 1987. Several stations outside Diablo Cove also had an increase of
acorn barnacles in 1985. However, these increases were smaller in magnitude than
those seen in Diablo Cove, and by the end of 1987 the abundances had decreased to
pre-1985 levels. The increases observed outside Diablo Cove suggested that the
settlement of acorn barnacles in Diablo Cove was a natural event. However, the
continued persistence of the barnacles in Diablo Cove at high abundances may be a
response to elevated temperatures.

Life History and Ecology

Although acorn barnacles normally cross-fertilize, they are hermaphroditic and can
self-fertilize. Nauplius larvae are released into the water column and spend about
two weeks in the plankton before settlement, which occurs erratically year-round at
all levels in the intertidal. Individuals reach sexual maturity at about two months of
age and can produce up to 16 broods per year. They can live up to three years, with
better survival in higher than lower intertidal zones. Lower survival in the low
intertidal is related to overgrowth by seaweeds and predation by sea stars and
predaceous gastropods.

They can survive higher in the intertidal than any of the other barnacle species, and
spend the major portion of their life out of water.

Distribution and Abundance

Prior to 1982-83, all of the TEMP stations both inside and outside Diablo Cove had
low numbers of acorn barnacles at both of the station levels (Figures D-38 and D-39
in Appendix D). Waves from the severe 1982-83 winter storms disturbed much of
the coastline and opened substrate for colonization by acorn barnacles and other
species. Beginning in 1985, the coverage of acorn barnacles increased in all of the
TEMP +1 ft and most of the +3 ft intertidal stations. In Diablo Cove, the increases
were greater at the lower elevation stations, with the largest changes at Stations
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8+1, 10+1, and 10+2 (Figure 3.2.17-1). These increases have persisted at most of
the stations. The increases outside Diablo Cove (Stations 19+1 and 19+3) were
generally smaller and had returned to pre-1985 levels by the end of 1987.

The vertical distribution of the acorn barnacle both within and outside Diablo Cove
(see page F-1 in Appendix F for methods) showed a higher number of acorn
barnacles in high and mid-intertidal areas prior to operation of the power plant
(W.J. North data base). After the thermal discharge began, there was an increase in
the abundance of acorn barnacles at the mid-intertidal levels at the three Diablo
Cove stations and an extension of this species into the low intertidal (Tables F-13 to
F-1 5 in Appendix F). The station outside Diablo Cove did not exhibit this increase in
numbers or distribution (Table F-1 6 in Appendix F).

The IBT data for acorn barnacles at the +3 ft level were selected for an analysis of
variance (Appendix E). The results of this analysis showed a statistically significant
increase in their abundance in north Diablo Cove during power plant operation.

Thermal Impact Assessment

No thermal studies were done on acorn barnacles in laboratory temperature effects
studies, but acorn barnacles are known to be extremely heat tolerant and resistant
to dessication. Increases in acorn barnacles' abundances occurred throughout the
study area (Figure 3.2.3.17-2) and were therefore a natural, probably coast-wide,
event unrelated to thermal discharge. However, increased settlement, survivorship,
persistence, and the downward extension of maximum occurrence in the Diablo Cove
stations suggest that the abundances of acorn barnacles were enhanced by the
elevated water temperatures in Diablo Cove. The plume-related reductions in algal
cover in Diablo Cove, particularly in the iridescent seaweed, may also have
contributed to the greater persistence and downward extension of this species'
vertical range in the intertidal. Before power plant operation, this seaweed probably
inhibited settlement of barnacles on these stations by the 'whiplashing' of its blades
on the substrata. The largest increases in acorn barnacle coverage occurred at
TEMP intertidal Station 10, the station with the highest recorded temperatures and
the lowest amount of algal cover. Based on these changes, acorn barnacles appear to
be not only tolerant of the warm water plume, but probably enhanced by it.
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Figure 3.2.3.17-2

Map of the Distribution of Affected and Non-Affected
Acorn Barnacle (Chthamalus fissus)

This species was found throughout the Diablo Canyon intertidal study areas prior to
power plant operation. No negative effects from power plant operations were
observed in this species, but increased abundances after 1985 were seen at most of
the +1 ft intertidal stations in Diablo Cove and one +3 ft station in north Diablo
Cove (green areas). Intertidal stations in north Diablo Cove and next to the
discharge structure, in particular, showed large increases in acorn barnacle
abundance. Its abundance at the +3 ft levels, except where noted, did not increase
(shown in yellow). Increases in abundance of this species outside Diablo Cove also
occurred in 1985, but these abundances have returned to pre-1985 levels.
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3.2.3.18 Collisella scabra
(Rough Limpet)

Collisella scabra, the rough limpet, is one of the
commonly persistent limpets found in the rocky
intertidal areas of Diablo Cove. The species is
reported to occur from Cape Arago, Oregon, to
southern Baja California in the upper rocky
intertidal and splash zones, especially on/horizontal surfaces and gentle slopes. Maximum
length is 35 mm (McLean 1978), and the largest
individuals at Bodega Head, California, have been
estimated to be 11 years old.

The abundances of rough limpets were generally unchanged prior to 1985. In 1985, a
large, widespread increase in the numbers of rough limpets occurred throughout
Diablo Cove and the surrounding area. These increases may have been in response to
an increase in available food or space produced by the El Nino changes in 1982-83.
Thermal plume water temperatures in Diablo Cove, following the power plant start-
up in 1985, may have favored the persistence of rough limpets inside Diablo Cove,
while the numbers of rough limpets outside Diablo Cove have since returned to their
pre-operation levels.

Life History and Ecology

Spawning occurs from January to March and settlement of larvae occurs mainly
from July to October (Morris et al. 1980). This limpet grazes on thin films of algae
and diatoms during high tide, and returns to a specific "home scar," where it
remains during low tide. Rough limpets and ribbed limpets compete for the same
food in areas where they co-occur; however, rough limpets are better able to
withstand desiccation and higher temperatures (Morris et al. 1980). Important
predators include drilling gastropods, sea stars, octopuses, crabs, and shorebirds.

Distribution and Abundance

The abundances of rough limpets at most of the TEMP intertidal stations within and
outside Diablo Cove have been consistently low at most of the intertidal stations
from 1976-82 (Figures D-40 and D-41 in Appendix D). Following the severe
1982-83 winter storms, abundances of rough limpets were reduced inside Diablo
Cove, particularly at intertidal Stations 8+3, 11+3, and 12+1 (Figures D-40 and
D-41 in Appendix D). Outside Diablo Cove, numbers were reduced at Stations 6+3
(Field's Cove) and 19+3 (South Cove). This was probably due to extensive burial of
the limpets by sand or rock rubble. Abundances at these stations and at all other
stations within Diablo Cove have since recovered and are now generally at or near
the peak of numbers seen throughout the nearly 12-year data base. From 1984-86,
intertidal stations within Diablo Cove (7+1, 7+3, 8+1, 9+1, 9+3, 10+1, 10+2, and
12+1) and outside Diablo Cove (1+3, 2+3, 2+1, and 19+1) have experienced increases
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in rough limpets of 2-50 times their level prior to plant operation (Figure
3.2.3.18-1).

Effects from El Nino may have also played a role in the increases. These large
increases indicate an area-wide phenomenon rather than a localized event. While
high abundances of rough limpets continue to occur within Diablo Cove, abundances
of rough limpets at intertidal stations outside Diablo Cove have returned to pre-1985
levels. Continuous warm waters within Diablo Cove may have enhanced conditions
for rough limpets, which may account for persistence of the species within Diablo
Cove.

The W.J. North intertidal transects have shown that the vertical distribution of
rough limpets (see page F-1 in Appendix F for methods) has remained relatively
constant during both pre-operational and operational periods in central and south
Diablo Cove (Tables F-17 and F-18 in Appendix F) and outside Diablo Cove (Table
F-1 9 in Appendix F). However, in north Diablo Cove the distribution of rough
limpets was extended slightly into the low intertidal after power plant operation
began (Table F-20 in Appendix F). In addition, the abundances of rough limpets at
the Diablo Cove stations increased dramatically following the 1982-83 storms and
have remained high during power plant operation. In particular, the CDIX transect
showed large increases in abundances of rough limpets starting in late 1986 (Table
F-19 in Appendix F).

Changes were also detected in the distribution of rough limpets in the PG&E
vertical transect studies after power plant start-up (Tables F-77 and F-78 in
Appendix F). They appear to have extended their distribution into the lower
intertidal zones (about +1 ft level and lower) after 1985.

Further statistical analyses using time series and ANOVA were done on the rough
limpet data set. These analyses showed statistically significant increases during the
period of plant operation at the +1 ft levels.

Thermal Impact Assessment

The only experiment done on rough limpets during the thermal effects laboratory
studies was a 96-hr ET50 on adult animals. At the top test temperature of 28 C, no
mortalities occurred, and the ET50 was assumed to be somewhere above this
temperature (PG&E 1982b).

Increases in numbers of rough limpets during the onset of warm water conditions
were not surprising, since the species is known to be warm-water tolerant (Morris et
al. 1980, PG&E 1982b). This species is also resistant to desiccation due to the close
fit of the shell to rocky surfaces (Lindberg and Dwyer 1983), and can withstand
temporary sand burial (Kunz and Connor 1986). The increases and persistence of
rough limpets may not have been directly attributable to power plant operation, 1'ut
instead were a response to an increase in available space or food resources as
macroalgal species declined in abundance. Abundances of this species are expected
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Figure 3.2.3.18-1

Representative IBT Abundance Data for Rough Limpet (Collisella scabra)
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to remain at high levels within Diablo Cove, particularly in north Diablo Cove
(Figure 3.2.3.18-2).
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Figure 3.2.3.18-2

Map of the Distribution of Affected and Non-Affected
Rough Limpet (Collisella scabra)

Prior to power plant operation, rough limpets occurred throughout Diablo Cove
TEMP intertidal study stations. No power plant-related decreases were seen, but
increases in this species were observed in Diablo Cove after power plant operation
began (green areas). Areas unaffected by the power plant are shown in yellow.
Outside Diablo Cove in 1985 large increases were also seen, but these increases did
not persist as within the cove.
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3.2.3.19 Haliotis cracherodii
(Black Abalone)

Haliotis cracherodii, the black abalone, is
commonly found beneath boulders and in bedrock
crevices in the Diablo Cove intertidal, and is
particularly abundant on the cove headland areas.
The species, one of the smallest of the eight species
of California abalones, has a dark blue to black
shell usually 5-6 in. in length. It ranges from
Oregon to Baja California in rocky intertidal ledges
and in crevices down to subtidal depths of 20 ft.
The lower market value of the black abalone made
it of marginal commercial importance until, in
1973-74, the harvest of black abalone exceeded that
of the red abalone, Haliotis rufescens, (Section
3.2.3.20).

Power plant operation did not affect black abalone abundance in most intertidal
areas of Diablo Cove. The aggregations at the headlands of Diablo Cove and the area
of large boulders north of Diablo Creek have not been affected by plant operation.
The numbers of abalone declined in the areas immediately adjacent to the discharge
structure, possibly the result of elevated temperatures and increased water velocity.

Life History and Ecology

Sexes are separate, and fertilization and initial larval development take place in the
water column. Breeding occurs generally between spring and fall and may be
controlled by photoperiod rather than seasonal temperature changes. In newly
settled individuals, the appearance of the first respiratory notch is the beginning of
the juvenile stage, and the adult stage is reached at the onset of sexual maturity.
Juvenile black abalone from southern California show field growth rates of 26-30
mm (about 1 in.) per year for the first two years of life, but growth rates among
individuals, juveniles and adults, within a population, are extremely variable. Black
abalone can be very motile. Some adult black abalone in the Diablo Canyon study
area have remained in one spot for up to two years, then moved several meters
within one week. Juvenile abalone typically move more than adults.

Black abalone are herbivorous and eat a wide variety of algal species, but show a
preference for kelps. Drift algae are their primary food source, so they do not exert
grazing pressure on the attached algal community. Predators of juvenile and adult
black abalone include cabezon, sheephead, sea otters, the sea stars Pycnopodia
helianthoides and Pisaster ochraceus, and the rock crab, Cancer antennarius. It is
likely that purple urchins, Strongylocentrotus purpuratus, compete for food with
black abalone, since both are drift algal feeders.
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Observations on black abalone populations have been made in the Diablo Canyon
area since 1966. Ebert (1966) described the black abalone as common to abundant
in the area from Point Buchon to Point San Luis, and noted heavy concentrations in
some mid-tidal areas in Diablo Cove. Burge and Schultz (1973) considered black
abalone one of the most common and conspicuous animals found in their intertidal
study areas and recorded densities of 0.5 to 2.7 individuals per m2 (average density
= 1.7 per m2 for the study period) on stations inside Diablo Cove. About 7,800 black
abalone were removed from intertidal sites prior to and during power plant
construction and were replanted outside the Diablo Canyon area. California
Department of Fish and Game (CDF&G) studies from 1973 to 1982 showed black
abalone to be more abundant in north Diablo Cove and Diablo Point than in south
Diablo Cove. Their abundance dropped in north Diablo Cove as a result of sea otter
predation between 1973 and 1978, but the Diablo Point population was not affected
by otter foraging (Gotshall et al. 1984). In July and August of 1974, about 1,500 red
and black abalone were killed by an accidental discharge of copper ions into Diablo
Cove following the testing of a cooling system (Martin et al. 1977).

Distribution and Abundance

The abundance of black abalone on all intertidal stations both inside and outside
Diablo Cove, except at intertidal Station 9+3, showed a general decline from 1976 to
1980, then a stabilization of numbers through 1987 (Figure 3.2.3.19-1 and Figures
D--43 and D-44 in Appendix D). The abundance of black abalone at Station 9+3
remained essentially constant over time. After plant operation began in 1985, no
station within Diablo Cove showed a marked change in black abalone abundance.

Random intertidal black abalone surveys were completed in 1981-82, 1983, and
1985-86 (Table 3.2.3.19-1). The population of black abalone in Diablo Cove was
estimated at 11,240 in 1981-82 (a mean density of 0.72 abalone per m2 ). By 1983, a
50 percent reduction in numbers to 6,000 had occurred (0.38 abalone per m2); then a
slight increase, to about 8,000 black abalone (0.55 abalone per m2), was recorded
during the most recent 1985-86 survey. The number of large abalone declined by
over 50 percent between the 1981-82 and the 1985-86 surveys, perhaps due to the
foraging activities of sea otters or other unknown causes. The reductions were
probably not related to power plant operation, since elevated temperatures would be
expected to also affect the smaller (younger) abalone, which are generally more
thermally sensitive than adults. On the other hand, predators such as humans and
sea otters generally select the largest individuals.

Black abalone may have been affected by elevated temperatures in areas adjacent to
and within the discharge plume. One area which showed a large relative decline in
black abalone abundance, from 80 total in 1981-82 to 26 total in 1985-86, was
transect I-N, adjacent to the discharge structure. Since this area was not sampled in
1983, it is uncertain if the reduction in black abalone in this area was due to some
aspect of power plant operation. However, transect I-S, immediately south of the
discharge structure, also showed a decrease in black abalone between 1982 and 1983
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Representative IBT Abundance Data for Black Abalone (Haliotis cracherod ii)
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Table 3.2.3.19-1.

til Black Abalone (Haliotis cracherodii) Random Intertidal Surveys

August 1981 - August 1982 March 1983 - August 1983 July 1985 - May 1986

Total Total Total Total Total Total
No. of No. of No. of No. of No. of No. of

Transect Samples0 ) Sm(2) Md(3) Lg(4) Abalone Samples Sm Md Lg Abalone Samples Sm Md Lg Abalone

I-S 193 2 6 7 15 190 0 1 1 2 163 0 0 1 1

II-S 124 0 12 17 29 125 6 18 4 28 127 3 5 19 27

III-S 195 1 22 15 38 199 0 14 2 16 125(5) 0 1 9 10

NV-S 90 10 85 93 188 91 4 51 20 75 91 47 70 34 151

V-S 88 13 18 21 52 NOT SAMPLED 87 26 25 22 73

I-N 202 8 30 42 80 NOT SAMPLED 195 2 17 7 26

11-N 224 16 110 95 221 226 2 31 17 50 228 35 109 33 177

11-N 230 19 105 70 194 232 38 94 62 194 230 57 97 38 192

IV-N 158 10 65 35 110 159 3 31 12 46 157 6 62 22 90

V-N 50 19 88 90 197 51 10 45 24 79 50 9 32 15 56

TOTALS 1,554 98 541 485 1,124 1,273 63 285 142 490 1,453 185 418 200 803

C,,
I-.

(1) Sample size= 1 m2

(2) <2 inches shell length

(3) 2-4 inches shell length
(4) >4 inches shell length

) 35 additional quadrats not sampled because of heavy foam cover



which persisted through the 1985-86 survey (Table 3.2.3.19-1). These declines may
have resulted from a reduction of preferred habitats for black abalone near the
discharge structure, or may have been just a natural decline. Following power plant
operation, recruitment of young animals or migration of older animals into these
areas have probably been inhibited because of elevated water temperatures and
increased water velocity from the discharge. Black abalone in most other areas of
Diablo Cove have not been affected by thermal discharges, and total numbers of
abalone within subareas either increased or remained the same after operation of
the power plant was initiated.

During the 1985-86 survey, the numbers of small (less than 2 in. shell length) black
abalone nearly tripled over the previous survey in 1983. This was especially
noticeable in areas near Diablo Point in south Diablo Cove (transect TV-S) and
transects II-N and III-N in north Diablo Cove, areas of deep crevices and rocky
overhangs. These data suggest that a recruitment of black abalone occurred
sometime after summer 1983.

Vertical transects in three areas of Diablo Cove and one area outside Diablo Cove
were done by W.J. North (see page F-1 in Appendix F for methods). Abalone showed
slight increases in mean number per station per year from 1985 to the present at the
north and central Diablo Cove stations, and vertical distributions remained
essentially constant (Tables F-21 and F-22 in Appendix F). North's station in south
Diablo Cove had a major decline in black abalone from 1980 to 1987 (Table F-23 in
Appendix F). This decline may have been due to the burying of the intertidal with
cobble and sand during the storms of 1982-83. The W.J. North station to the north
of Diablo Cove had shown a gradual decline in mean abundance per year since at
least 1980, but the vertical distribution remained the same (Table F-24 in Appendix
F).

Too few abalone were present in the PG&E intertidal vertical transects to make any
conclusions concerning their long-term abundance trends (Figure F-79 in Appendix
F).

Thermal Impact Assessment

With the possible exception of the area adjacent to the discharge structure, the
abundance of black abalone inside Diablo Cove does not appear to have been affected
by power plant operation (Figure 3.2.3.19-2). These results were predicted in 1982
(PG&E 1982a). The results of experiments performed in laboratory thermal effects
studies on black abalone indicated that no mortalities were expected at water
temperatures below 26 C and perhaps higher for intertidal black abalone (PG&E
1982b). Black abalone can withstand temperatures of 30 to 32 C for one hour.
Optimal temperatures for development from egg to mid-larval stage were 10-20 C
and for shell growth in juvenile and adult abalone were 14.8-21 C. Although black
abalone apparently did not have a temperature preference, they avoided
temperatures above 21-24 C. Because temperatures near the discharge structure
may exceed 21 to 24 C, especially during heat treatments, it is possible that the
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Figure 3.2.3.19-2

Map of the Distribution of Affected and Non-Affected
Black Abalone (Haliotis cracherodii)

Black abalone were found in most of the intertidal zone before power plant
operation. They actively avoid temperatures greater than 21 C, so they were
expected to move away from the areas in close proximity to the discharge structure
(purple areas). There were no notable increases or decreases in abundances of black
abalone in other intertidal areas, where they continue to occur within Diablo Cove
after power plant start-up (yellow areas). Outside Diablo Cove, no unusual changes
in numbers of black abalone were observed either (yellow areas).
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reduction in black abalone from the areas adjacent to the discharge structure
between 1983 and 1985-86 was the result of migration out of an area where
temperatures exceeded 21 C. Except near the discharge structure, elevated
temperatures do not appear to have affected survival of juvenile abalone; the
observed recruitment of juvenile abalone could have occurred during 1984 when the
power plant was undergoing testing and heated water was being discharged into
Diablo Cove.
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3.2.3.20 Haliotis rufescens
(Red Abalone)

Haliotis rufescens, the red abalone, is persistently
found in the rocky subtidal areas of Diablo Cove;
its abundance and average size declined after the
immigration of the sea otter. Ranging from Sunset
Bay, Oregon, to Turtle Bay, Baja California, the
red abalone is found from the high tide mark to
depths of 450 ft, though highest concentrations

IIoccur at depths of 20-50 ft. Largest of the abalone
W species, the red abalone's dull brick-red shell

reaches lengths of 11 in. The species is highly
prized for its excellent food value and is the basis of
a significant California commercial and
recreational fishery. The red abalone is the most
preferred prey of the sea otter and some predatory
fish such as cabezon.

No cove-wide effects of elevated temperatures on the red abalone population were
detected within Diablo Cove. Red abalone population estimates for Diablo Cove have
steadily increased from about 35,700 red abalone in 1984 to 58,000 in 1986 and
about 72,000 in 1987. The abundance of small (<2 in.) and medium (2-7 in.) red
abalone in Diablo Cove increased due to recruitment sometime between 1984-86; the
abundance of large abalone (>7 in.) remained constant. The recruitment was a
natural event, possibly related to the 1982-83 El Nino, and was not a result of power
plant operation. Elevated temperatures in October 1987 in the immediate vicinity of
the discharge structure are presumed to have caused the loss of an estimated 20 red
abalone. Discharge temperatures from normal operations which were unusually high
during October due to high ambient temperatures may have exceeded the abalone's
temperature tolerance and contributed to the isolated mortality.

Life History and Ecology

Because abalone are a commercially valuable resource, much is known about their
life history. Sexes are separate, with female and male red abalone reaching sexual
maturity at about 40 mm (about 1.5 in.). Fecundity is estimated to range from 0.6 to
12.5 million eggs. Spawning occurs in late spring to early summer for some
populations (Cox 1962), while other populations may have some individuals
spawning every month (Boolootian et al. 1962, Young and DeMartini 1970, Leighton
1974, Price 1974). Elevated temperatures may affect reproduction (Cox 1962, Young
and DeMartini 1970), and have been used successfully to induce spawning of red
abalone in the laboratory (Ino 1952, Carlisle 1962, Leighton 1974).

Red abalone are broadcast spawners. Fertilization takes place in the water column.
The fertilized eggs undergo several cleavages and hatch as trochophore larvae.
Development progresses through a swimming veliger stage, which ultimately settles
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and metamorphoses into crawling postlarvae. Settlement ends the larval
(planktonic) stage, and deposition of the peristomal shell begins the postlarval stage.
Formation of the first respiratory pore (notch stage) marks the beginning of the
juvenile stage, which culminates in the attainment of sexual maturity (Leighton
1974).

In the laboratory, red abalone postlarvae attained the "notch" (first juvenile) stage in
30 to 40 days at 16-24 C (Leighton 1974). The mean size of juveniles 3.7 months old
was 4.4 mm, and the size range was 2.6-6.1 mm. After one year in culture the mean
size of juveniles was 15.6 mm, but the size range was 9.9-20.0 mm. McBeth (1972)
reported that juvenile red abalone grew from an initial size of 6 mm to
approximately 26 mm in one year. There is little information available on growth
rates of natural populations of adult red abalone, but it appears that growth is
irregular throughout the year. Due to a high degree of variability of individual
growth rates, age and size cannot be related meaningfully in populations of red
abalone.

Red abalone are grazing herbivores which feed primarily on macroalgae, particularly
kelps. Both the red urchin and the purple urchin are potential competitors for food.

The main predator of adult red abalone in central California is the sea otter.
Abalone in areas subjected to predation by sea otters are restricted to deep cracks
and crevices. Other predators of juveniles and smaller abalone include rock crab,
octopus, sea stars, sheephead, and cabezon.

Red abalone have been the mainstay of a commercial fishery in California dating to
the 1850's (Cox 1962). Commercial landings throughout the state have shown a
general decline since 1957 (Price 1974). Annual landings from Morro Bay to Avila
Beach have declined steadily from 1971 to 1975. Gotshall et al. (1977) attributed
this decline to increased otter predation. In addition to their commercial
importance, red abalone sustain a significant sport fishery in parts of the state.

Observations on red abalone populations in the Diablo Canyon area have been made
since 1966, including two studies made prior to construction of the power plant.
Ebert (1966) recorded a "substantial" population of red abalone at several stations
within Diablo Cove. The stations north and south of Diablo Cove had "substantially
higher numbers of red abalone than the Diablo Canyon area."

North (1969) described five zones in Diablo Cove: deep urchin barrens (deeper than
50-60 ft); brown forest (50-60 ft to 25 ft); shallow urchin barrens (25 ft to 10 ft);
shallow subtidal (10 ft to lower intertidal); and intertidal zone. Ebert and Clark (in
North 1969) stated that Diablo Cove was considered only marginal fishing territory
by commercial abalone divers, probably due to extensive areas dominated by
urchins. North (1969) did not mention seeing any abalone in the deep barren zone.
He observed the highest densities of red abalone in the brown forest zone, and this
was the only area where juvenile red abalone were found by him. Some red abalone
were in the open in shallow barren areas and appeared to be in direct competition
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with urchins for food. There was no mention of red abalone in the shallow subtidal
areas. North (1969) concluded that the main portion of the red abalone population
in Diablo Cove was at depths below 25 ft.

Disruption of the intake cove and Diablo Cove by construction activities started in
1970. To avoid or minimize the adverse effects of construction activities, abalone
were collected from construction sites under the auspices of California Department
of Fish and Game (CDF&G) biologists and wardens during 1969-72. A total of 30
transplants were made from the intake and discharge sites. About 15,400 abalone
were removed, including 7,500 red abalone, and were replanted outside the Diablo
Canyon area.

Burge and Schultz (1973) studied intertidal and subtidal areas in and around Diablo
Canyon from 1970-71. They concluded that intertidal and subtidal depths to 20 ft
along the Diablo Canyon coastline were excellent habitat for the substantial
numbers of red abalone. On their 20 ft transect inside Diablo Cove there was an
average density of 1.29 red abalone per m2 , with similar densities throughout the
shallow water zone of Diablo Cove. As depth increased past 20 ft inside Diablo Cove,
abalone habitat generally declined in quality, but localized beds of red abalone were
observed in some deeper sections of the cove.

In July and August, 1974, accidental discharges of copper ion into Diablo Cove
following the testing of cooling water pumps resulted in the loss of an estimated
1,500 red and black abalone (Martin et al. 1977). The effect of copper on abalone
was most severe in south Diablo Cove.

Sea otters moved into the Diablo Canyon area in 1974. CDF&G biologists monitored
a decline in red abalone from foraging activities of sea otters which began in summer
1974 and extended over both permanent and randomly located 30 m 2 stations within
Diablo Cove (Gotshall et al. 1978). By CDF&G estimates, the 40 otters in the
vicinity of Diablo Cove ate 50 to 70 abalone per day. At the time that the sea otter
moved into Diablo Cove, the subtidal red abalone population was at a very low level
(Gotshall et al. 1984). In 1976 and 1977, CDF&G biologists recorded an increase in
abalone densities in Diablo Cove, which was attributed to growth of juvenile
abalone. CDF&G data from 1976 to 1982 indicated that red abalone in Diablo Cove
were scarce, but were more common in the shallow areas (Gotshall et al. 1984).

Distribution and Abundance

TEMP intertidal and subtidal studies took place from 1976-87. Very few red
abalone were found at the TEMP intertidal stations (IBT data); instead SAQ and
SFQ surveys, random red abalone surveys from subtidal stations, and qualitative
observations were utilized for the following analyses.

Large red abalone tended to be permanent residents in a specific crevice, and
movements were generally restricted within the crevice. Differences in the
abundance of these large abalone at a station from survey to survey may have been
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due to real differences, (e.g., immigration, emigration, death, or recruitment) or to
sampling error. Changes in abundance due to immigration and emigration were not
considered to be significant, because these large abalone seldom moved outside their
home crevice. Recruitment events on a subtidal station are not seen as an
immediate sharp rise in abalone abundance, but rather as a general increase in
numbers over time as small abalone become established in a permanent location and
grow to a size which can more easily be detected.

Abalone encountered by the SFQ sampling were always small and were not resident
in the strict sense because they tended to be highly motile. While some quadrats on
some stations had microhabitat features more attractive to juvenile abalone, there
appeared to be a high probability that an individual present in one survey would not
be the same one present in successive surveys in the same quadrat. Therefore, it is
assumed that juvenile abalone surveyed by the SFQ method were not the same
individuals between surveys for a particular quadrat and station, and that the SFQ
data reflect recruitment and immigration of juvenile (mainly red) abalone. Although
two other species of abalone, the flat abalone and the threaded abalone, are present
subtidally in Diablo Cove, they are not common.

Several trends in abundance were seen: subtidal stations in north Diablo Cove
generally had more abalone than stations in south Diablo Cove (Figure 3.2.3.20-1
and Tables 3.2.3.20-1,3.2.3.20-2, and 3.2.3.20-3); all stations in south Diablo Cove
and at Diablo Rock have had very few or no abalone present throughout the over 11
years of sampling (Figure D-45 in Appendix D and Tables 3.2.3.20-1 and
3.2.3.20-2). In north Diablo Cove, subtidal Station 8-10 had the highest abundance
during both pre-operational and operational periods, with an average abundance of
2.3 and 3.0 abalone per m 2 per survey, respectively (Table 3.2.3.20-1). At most
stations, juveniles increased in abundance slightly, especially at Stations 8-10 and
12-10, from the pre-operational to operational periods (Table 3.2.3.20-2). The other
two subtidal stations in north Diablo Cove, Stations 9-10 and 9-15, showed slight
increases in juvenile and adult red abalone from the pre-operational to the
operational period (Tables 3.2.3.20-1 and 3.2.3.20-2). At Station 9-15 the
abundance of red abalone was low during pre-operation and remained low during
the operational phase, but the frequency of occurrence of abalone more than doubled,
from 12.5 percent to 31 percent. It appears likely that the number of red abalone
present on Station 9-15 did not increase over time, but rather that the abalone
which were present in the pre-operational period became more obvious during and
after plant start-up, as macroalgal cover decreased or abalone grew in size.

Subtidal Stations 19-10 and 20-20 lie outside Diablo Cove to the south and outside
the influences of power plant operation. On Station 19-10 both juvenile and adult
red abalone were reduced between 1976 and the operational period, and, through
1987, had not recovered. Their abundance at this station was always very low,
except during the first two surveys. A plausible explanation is that red abalone
were reduced through mortality, perhaps by otter predation, by summer 1977.
During the 1982-83 winter storms, particularly the severe March 1983 storm, the
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Representative SAQ Abundance Data for Red Abalone (Haliotis rufescens)
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Table 3.2.3.20-1

Summary Statistics Per Station Per Survey (SAQ Method)
for Red Abalone (Haliotis rufescens)

Pre-Operational (1976 - 1984)

Diablo
North Diablo Cove South Diablo Cove Rock South Cove

Station 08-10 09-10 09-15 10-10 12-10 10-15 12-15 13-32 14-55 06-11 19-10 20-20

Total Number 66 33 8 7 2 0 0 0 1 7 18 32

Mean Number 2.36 1.14 0.28 0.18 0.05 0 0 0 0.33 1.75 0.72 1.28

Standard Deviation 2.9 2.0 0.8 0.5 0.2 - - - 0.6 2.1 1.5 1.9

% Frequency of
Occurrence 58.6 36.7 12.5 13.2 4.9 0 0 0 33.3 50.0 34.6 48.0

Total Number
ofSurveys 28 29 29 38 40 39 37 14 3 4 25 25

Operational 1985 - 1987

Diablo
North Diablo Cove South Diablo Cove Rock South Cove

Station 08-10 09-10 09-15" 10-10 12-10 10-15 12-15 13-32 14-.5 06-11 19-10 20-20

Total Number 42 17 6 6 1 0 0 0 0 5 1 27

Mean Number 3.00 1.21 0.46 0.40 0.06 0 0 0 0 0.62 0.10 2.45

Standard Deviation 3.0 1.4 0.8 0.9 0.3 - - - - 1.1 0.3 2.3

% Frequency of
Occurrence 78.6 57.1 30.8 20.0 6.3 0 0 0 0 37.5 10.0 81.8

Total Number
ofSurveys 14 14 13 15 16 15 15 12 6 8 10 11
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Table 3.2.3.20-2

Summary Statistics Per Station Per Survey (SFQ Method)
for Red Abalone (Haliotis rufescens)

Pre-Operational (1976 - 1984)

Diablo
North Diablo Cove South Diablo Cove Rock South Cove

Station 08-10 09-10 09-15 10-10 12-10 10-15 12-15 13-32 14-55 06-11 19-10 20-20

Total Number 10 5 5 0 4 1 1 0 0 0 0 5

Mean Number 0.28 0.17 0.17 0 0.10 0.03 0.03 0 0 0 0 0

Standard Deviation 1.0 0.5 0.4 - 0.3 0.2 0.2 - - - 0.5

% Frequency of
Occurrence 20.1 13.3 15.6 0 10.0 2.5 2.6 0 0 0 ,0 16.0

Total Number
ofSurveys 28 29 29 38 40 39 37 14 3 4 25 25

Operational 1985 -1987

Diablo
North Diablo Cove South Diablo Cove Rock South Cove

Station 08-10 09-10 09-15 10-10 12-10 10-15 12-15 13-32 14-55 06-11 19-10 20-20

Total Number 12 3 7 4 9 4 0 0 0 1 2 1

Mean Number 0.86 0.22 0.54 0.27 0.56 0.27 0 0 0 0.12 0.20 0.09

Standard Deviation 0.8 0.6 0.7 0.8 1.0 0.6 - - 0.4 0.4 0.3

% Frequency of
Occurrence 64.3 14.3 46.2 13.3 31.3 26.7 0 0 0 12.5 20.0 9.0

Total Number
ofSurveys 14 14 13 15 16 15 15 12 6 8 12 11
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Table 3.2.3.20-3

Red Abalone Random Station Surveys 1984 -1987

Number of Abaloneb

Depth Mean/ Standard
Year Areaa (ft) Sm Md Lg Total Nc 30m 2 Deviation

1984 NDC <10
SDC

NDC 10-20
SDC

NDC >20

SDC

Total or Average

1986 NDC <10
SDC

NDC 10-20
SDC

NDC >20
SDC

Total or Average

1987 NDC <10
SDC

NDC 10-20
SDC

NDC >20

SDC

Total or Average

1 18 5 24
3 23 7 33

2 44 19 65
7 14 3 24

0 0 0 0

1 3 0 4

14 102 34 150

44 52 9 105
10 4 3 17

13 26 6 45
18 14 13 45

20 9 2 31

2 12 4 18

107 117 37 261

10 83 9 102
8 18 0 26

8 59 10 77
18 66 6 90

4 17 7 28
7 11 4 22

55 254 36 345

5
7

6
3

2

5

28

8
4

5
5

5

3

30

5
4

7
6

5

5

32

4.8
4.7

10.8
8.0

0

1.6

5.4

13.1
4.3

9.0
9.0

6.2
6.0

8.7

20.4
6.5

11.0
15.0

6.2
4.4

10.8

3.6
3.6

8.4
7.5

1.8

6.0

8.1
5.7

6.3
7.8

6.9

6.6

7.1

11.4
5.7

7.5
9.3

4.8

3.6

9.0

Notes:
a NDC = North Diablo Cove

SDC = South Diablo Cove

b Sm = <2 inch shell length

Md = 2-7 inch shell length

Lg = >7 inch shell length
C N = number of stations sampled for each area
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predominantly large-boulder substratum at Station 19-10 was thoroughly disrupted.
This disruption and movement of boulders evidently contributed to a further
decrease in red abalone on the station.

Station 20-20 showed a pattern of increasing numbers of larger red abalone from
the pre-operational to the operational period (Table 3.2.3.20-1). Their mean
abundance per survey increased from 1.3 to 2.5, and the frequency of occurrence
increased from 48 percent to 82 percent. However, this increase is interpreted as a
sampling error or artifact associated with substratum with a high degree of
irregularity, i.e., abalone were very difficult to detect on this station due to the
presence of deep crevices in locations awkward for viewing.

As a whole, the SFQ juvenile abalone data show a trend toward an increase in both
mean abundance per survey and percent frequency of occurrence during the
operational period (Table 3.2.3.20-2). This trend is most noticeable on the shallow
stations within Diablo Cove, but is at least indicated on one station outside Diablo
Cove as well. Of the 12 total subtidal stations, five stations within Diablo Cove
showed no marked change in juvenile abalone abundance from 1976 to the present,
six stations (five in Diablo Cove and one outside) showed varying degrees of an
increase in abundance from the pre-operational to the operational period, and one
station outside Diablo Cove showed a decrease over time.

The abundance data from fixed subtidal stations utilizing SAQ and SFQ methods
show general trends of red abalone abundance. However, to obtain wider areal
distributions, size classes, and population estimates of red abalone within Diablo
Cove, a random red abalone survey was implemented. Three surveys were
completed: 1983, 1985, and 1987, with 28, 30, and 32 stations sampled each year,
respectively. Each station sampled an area of 30 m 2 .

Estimates of the Diablo Cove red abalone population increased from about 35,700
red abalone in 1984, with a 62 percent increase to about 57,000 abalone in 1986, and
another increase of 24 percent to an estimated 72,000 abalone in 1987. Three
general features are notable: first, most of the increase of abalone from 1984 to 1986
occurred in the small size class which increased by 93 animals (a 6-fold increase) in
1986 over 1984; second, in 1987, the number of small abalone decreased by one-half
as compared to 1986, and the medium size class more than doubled from 1986 to
1987; third, the number of large red abalone remained constant from 1984 to 1987
(Table 3.2.3.20-3). Red abalone were more abundant in the northern half of Diablo
Cove, as in the SAQ and SFQ data, and they were most abundant at depths less
than 20 ft (Table 3.2.3.20-3).

These data suggest that recruitment occurred between the 1984 and 1986 surveys.
This recruitment appears as a sharp increase in the number of juvenile abalone in
the 1986 survey. By the 1987 survey, the 1986 juveniles had grown out of the small
size class and into the medium size class. The average growth of red abalone during
their first 3-4 years is about 17 mm (about 2/3 in.) per year, but may be as much as
48 mm per year (Morris et al. 1980). Other evidence suggests that substantial
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recruitment events, as indicated by these data, are not uncommon occurrences in
populations of marine invertebrates (Pearse and Hines 1987; also see bat star
Section 3.2.3.21). Further, commercial abalone divers in the southern California
Channel Islands noticed large numbers of small abalone beginning in 1985 (D.
Pleschner, pers.comm.). It seems probable that such a widespread phenomenon was
related to the 1982-83 El Nino.

Thermal Impact Assessment

No direct, widespread temperature effects on red abalone were seen by the end of
1987 in Diablo Cove except in the area adjacent to and immediately in front of the
discharge (Figure 3.2.3.20-2). Although abundances over time at the permanent
subtidal stations have always generally been low, no dramatic decreases in red
abalone were seen on the subtidal stations after thermal discharges into Diablo Cove
were initiated. Thermal tolerances of eggs, larvae, juvenile, and adult red abalone
have been studied by many researchers. Generally, temperature tolerances
increased with age. In a southern California population of red abalone, normal egg
development occurred between 10 and 23 C and normal larval development occurred
between 13.5 and 20.0 C (Leighton 1974). The most rapid larval growth was from 15
to 18 C, with survival of larvae and postlarvae being low above this range.

Adams (1974) found that developing embryos (16-32 cell stage) incubated at 15 C
failed to reach the veliger stage when subjected to a temperature of 25 C, and
suffered 100 percent mortality in 36 hours at 25 C. Embryos at the same stage,
when moved from incubation at 15 C to test temperatures of 15-23 C, showed no
aberrant development and had no mortality. Red abalone veligers acclimated to
20 C showed no mortality after 26 hours at 23 and 25 C. Those in 30 C water had
50 percent mortality after 18 hours and 100 percent mortality at 22 hours, and at
31 C there was 100 percent mortality after 18 hours.

Adams and Price (1974) performed simulated entrainment experiments with larval
red abalone. Eggs were incubated and larvae held at 16.7 to 17.8 C. Veliger stages
40 to 60 hours old were exposed to temperatures that were 6.7, 10.0, and 13.3 C
above the acclimation temperature for one or ten minutes. They were then quickly
brought down to 2.8 C above the acclimation temperature and allowed to cool to the
starting point. Except in the case of a ten-minute exposure to 13.3 C above ambient,
no significant mortality differences were found between the experimental and
control groups.

Leighton (cited in Adams 1974) found that adult red abalone had an upper lethal
temperature of 33 C for a one-hour exposure, and that minimum and maximum
temperatures for feeding activity were 10 and 20 C, respectively. Adult red abalone,
acclimated to 10 C and placed in 23 C water for 36 hours, experienced a 50 percent
mortality, while adults acclimated to 20 C displayed no mortality at the same test
temperature (Adams 1974). Ebert (1974) found that the upper lethal temperature of
adult red abalone could be increased by increasing the acclimation temperature.
The upper temperature to which adults could be acclimated was approximately 22 C.
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Figure 3.2.3.20-2

Map of the Distribution of Affected and Non-Affected
Red Abalone (Haliotis rufescens)

This species was common throughout most subtidal areas of Diablo Cove prior to
power plant operation. Some red abalone were lost in the area next to the discharge
in fall 1987 (blue area), but most subtidal red abalone were unaffected by the plume
(yellow areas). Red abalone in areas outside of Diablo Cove showed no unusual
changes (yellow).
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The 96-hour ET50 temperature for red abalone acclimated to 10 C (computed from
Ebert's data) was approximately 24 C. Increasing the acclimation temperature from
10 to 20 C raised the 96-hr ET50 temperature approximately 1 C (PG&E 1979).

In the Diablo Canyon Thermal Effects Laboratory studies, six major experiments
were performed on red abalone: 1) 96-hr ET50 heat tolerance; 2) temperature effects
on early development and settling of larvae; 3) growth rates as related to
temperature and diet; 4) temperature preference/avoidance; 5) predator/prey
studies; and 6) effects of thermal dose. The ET50's for red abalone acclimated to 12,
15 and 24 C were 23.4, 24.3 and 27.1 C, respectively. Abalone acclimated to ambient
temperatures preferred temperatures below 21 C, while abalone acclimated to 18
and 21 C moved into temperatures up to 26 and 28 C, respectively, but would not
survive extended exposures above 22 and 26 C. Temperature ranges for optimal
development varied with the stage of development: 12-20 C for early development,
and 8.6-22.4 C for post-cleavage. Temperatures of 24 C produced mortalities in
both groups. Temperature appeared to have little effect on larval settlement.
Optimal shell growth was at 12-17.9 C on a diet of brown algae.

Although no decreases in red abalone were seen at the subtidal stations, there were
localized areas, especially near the discharge structure, where abalone were lost due
to power plant effects. In October 1987,20 dead red abalone were found at subtidal
depths of ten ft and less in the immediate area of the discharge structure. The
abalone had recently died in place and did not have any physical evidence of
predation (holes, chipped shell margins, etc.). Approximately 70 live red abalone
were found in the same area as the dead abalone, and, in several instances, live and
dead abalone were within inches of each other. Five of the live red abalone were out
on top of rocks, outside any protective crevices or shelters. The dead abalone ranged
from about 4 to 7 in. in size. The unusual combination of high fall ambient water
temperatures, elevated discharge temperatures from two-unit plant operation, and
heat treatment presumably stressed the abalone to a point where they could no
longer withstand even relatively brief exposures to aberrant temperatures.

Normal operation temperatures at this time approached and may have exceeded the
red abalone's incipient lethal temperature. The abalone that died had been living in
an area where they were exposed to discharge temperatures frequently above 25 C;
red abalone acclimated at 24 C in laboratory thermal tolerance tests exhibited a 96-
hr LT50 at 27.2 C. Recurring exposures to the October normal operations discharge
temperatures may have pre-stressed the abalone, making them more susceptible to
the high October heat treatment discharge temperatures. The recorded discharge
temperatures from the unit undergoing heat treatment during October did exceed
the red abalone's one-hour temperature tolerance of 30 C.

It is expected that the late larval and early post-settlement juvenile stages of red
abalone may show high mortality in areas less than ten ft. In deeper areas, these
stages are not expected to be adversely affected by heated discharge waters. The
most critical discharge temperatures for red abalone occur in the fall, when ambient
water temperatures are the highest.
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3.2.3.21 Patiria miniata
(Bat Star)

Patiria miniata, the bat star, is commonly found
throughout the rocky subtidal areas of Diablo Cove;
the 1983 winter storms severely reduced its
abundances. The species is found in the intertidal
to depths of 900 ft, and ranges from Alaska to Baja
California, but is most common north of Point
Conception, California. Bat stars usually have five
arms joined at the base, with crescent-shaped
plates giving the species a webbed appearance. The

I It :.arms, which can vary in number from four to nine,
form a circle up to 20 cm (8 in.) in diameter. Color
varies from red, orange, tan, purple, or orange to
red-mottled. Its commercial value is limited to use
as a specimen for embryological studies.

The former abundance of bat stars in Diablo Cove, which was severely reduced by the
1982-83 winter storms, is gradually recovering at all subtidal stations; the numbers
of bat stars are still below pre-1983 abundances. In 1987, bat stars had reached their
previous abundance levels only at subtidal TEMP Station 6-11, the station which
receives the highest thermal dose.

Life History and Ecology

Sexes are separate and fertilization is external. Spawning occurs year-round, and
larvae develop in the water column. After settlement, bat stars feed on a wide
variety of living and dead plants and animals. At high densities, they may
significantly affect marine communities by inhibiting recruitment and development
of benthic macroalgae and invertebrates.

Distribution and Abundance

Bat stars were found at all subtidal TEMP stations from 1976 to 1987 (Figure D-50
in Appendix D). Prior to mid-1983, the abundance of bat stars was greatest on
Stations 19-10 and 20-20 outside Diablo Cove (Figure 3.2.3.21-1). In Diablo Cove,
they were most abundant on the inshore side of Diablo Rock (Station 6-11 ) and in
south Diablo Cove (Station 10-15), and less abundant in north Diablo Cove (Station
9-15) (Figure 3.2.3.21-1). Juveniles were mainly found under boulders and cobbles,
whereas larger individuals were commonly found in the open.

By the summer of 1983, the abundance of bat stars had declined at all stations,
apparently due to severe storms during the previous winter. Bat stars do not adhere
strongly to the substratum, and therefore are vulnerable to dislodgement by wave
turbulence. In general, the greatest declines in abundance occurred on the shallow
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Figure 3.2.3.21-1

Representative SAQ Abundance Data for Bat Star (Patiria miniata)
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stations, where water motion was strongest. The abundance of bat stars in Diablo
Cove has increased slowly after these disturbances but, to the present, has not
reached pre-1983 levels, except at Station 6-11.

Analyses of bat star data presented in Appendix E did not show any statistically
significant changes in abundance, for the stations examined, that could be attributed
to power plant operation.

Thermal Impact Assessment

Laboratory thermal preference experiments showed that bat stars exhibited no
preference for a specific temperature when placed into a tank with a temperature
gradient, although temperatures exceeding 22 C were avoided (PG&E 1982b). Heat
treatment experiments (PG&E 1983) demonstrated that short periods of
temperatures up to 32 C were tolerated. Little or no mortality would be expected at
temperatures below 25 or 26 C, according to 96-hr ET50 tests (PG&E 1 982b).

The abundances of bat stars have decreased in some areas of Diablo Cove, and
increased in other areas (Figure 3.2.3.21-2). Decreases in the area immediately in
front of the discharge plume were mainly from the increased water velocity of the
plume. The increase in bat stars at Station 6-11 (on the inshore side of Diablo Rock),
an area persistently exposed to the thermal plume, is evidence that this species is
tolerant of warm water. Sea stars of all sizes were present in this area, which
indicated that recruitment of newly settled juveniles and immigration of adults both
contributed to the increased numbers. The adults which migrated into the area
were probably not attracted by warm water, but instead by some aspect of the
biological commumity which changed after power plant operation, such as an
increase in the abundance or accessibility of preferred food items.

It is possible that elevated temperatures in the shallow subtidal areas of Diablo
Cove could inhibit successful spawning of resident bat stars. The fertilized eggs or
developing larvae could be subjected to thermal shock by the elevated temperatures
and become more susceptible to predation. However, even if bat stars inside Diablo
Cove did not spawn, or if survivorship of spawned larvae was low, nearby
populations from unaffected areas would be expected to supply enough viable larvae
to ensure the continued existence of bat stars in Diablo Cove.
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DIABLO ROCK

Figure 3.2.3.21-2

Map of the Distribution of Affected and Non-Affected
Bat Star (Patiria miniata)

Before power plant operation, bat stars occurred throughout the low intertidal and
subtidal regions of Diablo Cove (yellow, green, and blue areas). Abundances of bat
stars have increased at the subtidal station near Diablo Rock, shown in green.
Abundances in the immediate area of the discharge were probably reduced by a
combination of physical disturbances and elevated water temperatures; the area is
shown above as a blue area. No unusual changes in abundances of bat stars were
observed in the yellow areas.
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3.2.3.22 Tegula brunnea

(Brown Turban Snail)

Tegula brunnea, the brown turban snail, is
commonly found in Diablo Cove's lower intertidal
and shallow subtidal rocky habitat. Brown turban
snails occur in rocky areas of the lower intertidal,
but are more common in the shallow subtidal to a
depth of about 30 ft from Oregon to southern
California. The brown turban snail is one of four
species of the same genus found in the Diablo
Canyon area. Its shell is generally smooth and
elevated, and brown to yellow-brown in color.
Individuals may reach 2 in. in shell height, but the
majority are smaller in size.

Power plant operation has not affected the covewide intertidal abundance or
distribution of this snail in Diablo Cove. In the immediate vicinity of the discharge
structure, the snails have apparently been displaced from a small area of former
habitat. Snails which had recently died were found in this area following an October
1987 heat treatment operation. The shallow subtidal populations of brown turban
snails in Diablo Cove have remained constant or increased slightly in the presence of
the elevated discharge temperatures.

Life History and Ecology

The sexes are separate in turban snails, and fertilization is external. Development
results in a trochophore larva; which proceeds through a veliger stage prior to
settlement. Brown turbans are mainly grazers of attached macroalgae.

Primary predators on brown turban snails include the seastars Pisaster ochraceus,
Pisaster giganteus, and Pycnopodia helianthoides, the red rock crab, Cancer
antennarius, octopus, and the sea otter. There is no commercial fishery for brown
turbans, but they are collected as food by some ethnic groups.

Distribution and Abundance

In the Diablo Canyon TEMP intertidal stations, brown turban snails are most
abundant on the +1 ft stations, but their mean abundance was generally less than
10-20 snails per m 2 (Figure 3.2.3.22-1). There is a marked seasonal abundance
cycle, with the greatest numbers in summer and fall and the lowest in winter and
spring. Neither the abundance nor the seasonal cycle of brown turban snails at the
intertidal stations in Diablo Cove, except at Station 10+1, appeared to have been
affected by the thermal discharge. Their abundance at Station 10+1 decreased
following the storms of 1982-83, and increased slightly up through 1986, but they
have been absent from this station since October 1986 (Figure 3.2.3.22-1).
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Representative IBT and SAQ Abundance Data for Brown Turban Snail (Tegula
brunnea)
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The W.J. North vertical intertidal transect (see page F-1 in Appendix F for methods)
in central Diablo Cove experienced a similar decrease in numbers of brown turban
snails (Table F-25 in Appendix F). However, since late 1984, North's vertical
transects in north Diablo Cove and south Diablo Cove have experienced large
increases in the number of brown turbans (Tables F-26 and F-27 in Appendix F).
These data show that, in north Diablo Cove, the peak in abundance of brown turban
snails slowly shifted to lower tidal levels with each succeeding survey, while in south
Diablo Cove this shift did not occur. No notable changes were seen outside Diablo
Cove in his vertical LCIX transect at the control station (Table F-28 in Appendix F).

In the PG&E vertical intertidal transects in north and south Diablo Cove (Tables
F-86 and F-88 in Appendix F), the abundance of brown turban snails was reduced
at levels above +0.5 ft beginning in 1987.

Prior to 1985, brown turban snails were common and abundant in the shallow
subtidal areas of Diablo Cove. They did not show a dear seasonal cycle, but their
abundances were variable. The effect of power plant operation on their subtidal
abundance in Diablo Cove is not clear. When both the SAQ and SFQ data (Figures
D-56 and D-57 in Appendix D) are examined, there appears to be a slight increase
in brown turban snail abundance at the shallow stations in north Diablo Cove
(Stations 8-10 and 9-10) and short-term increases at the remainder of the Diablo
Cove stations. The stations outside Diablo Cove showed no change in brown turban
snail abundance after 1985.

Brown turban snails were selected for further analyses using time series and
analysis of variance for the +1 ft IBT and SFQ data sets (Appendix E). In the
intertidal, these analyses did not reveal any statistically significant changes in the
abundance of brown turban snails that could be attributed to power plant operation.
In the subtidal, the time series analysis indicated a general increase in their
abundance in the shallow areas of Diablo Cove after power plant operation.

Thermal Impact Assessment

In October 1987, dead brown turban snails were observed in the immediate area of
the discharge plume. They appeared to have died recently, as soft body tissue was
still present. Thermal Effects Laboratory experiments on brown turban snails found
that the 96-hr ET50 value was 25.7 C (PG&E 1982b).

It is thought that high fall ambient temperatures and two-unit discharge had left
the snails in a weakend condition prior to exposure to higher heat treatment
discharge temperatures. Brown turban snails will probably remain scarce or absent
entirely in Diablo Cove intertidal and subtidal areas close to the discharge structure,
where water temperatures may exceed their thermal tolerance limits under certain
conditions (Figure 3.2.3.22-2). Brown turban snail abundance at the +1 ft level in
intertidal areas elsewhere in Diablo Cove will possibly decrease slightly, with
movement lower into the intertidal. This downward movement in the intertidal
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Figure 3.2.3.22-2

Map of the Distribution of Affected and Non-Affected
Brown Turban Snail (Tegula brunnea)

Prior to power plant operation, this species was common in the low intertidal zone
and shallow subtidal of Diablo Cove and vicinity. During power plant operation,
decreases in abundances of this species were seen in the intertidal area adjacent to
the discharge, shown above in blue. Areas of increases are found mainly in subtidal
areas of north and south Diablo Cove, shown in green. The areas of Diablo Cove
where brown turban snails were unaffected by power plant operation are shown in
yellow. No unusual changes in brown turbans were observed in areas outside Diablo
Cove (yellow).
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appears to be an effect of elevated temperatures. It appears that warmer water has
increased the subtidal abundance of the brown turban snails in north Diablo Cove
(Figure 3.2.3.22-2). This increase may be a response to a shift in the availability of
a preferred food. Thermal Effects Laboratory studies on brown turban snails
showed that optimal shell growth occurred on a mixed diet of kelp and understory
algal species at a temperature of about 18 C (PG&E 1982b). In the shallow areas of
Diablo Cove, mixed algae, including drift kelp, are abundant, and the annual mean
water temperature is roughly 18 C. This appears to be an optimal environment for
brown turbans. In response to these conditions, brown turban snails appear to be
gradually moving into the shallow subtidal areas of Diablo Cove. This species' long-
term abundance in both the intertidal and subtidal portions of Diablo Cove will be
dependent on their thermal preference, availability of food, and interactions between
brown turban snails and their competitors and predators.
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3.2.3.23 Tegula funebralis

(Black Turban Snails)

Black turban snails are an abundant and
conspicuous invertebrate in intertidal areas in and
around Diablo Cove. Their abundance can exceed
1,000 snails per m2, which underscores their
ecological importance as both grazer and prey
species in intertidal zones of Diablo Cove. They
occupy the intertidal zone from about the +0.5 to
+5.0 ft level. Their greatest abundance is in rocky
areas of exposed outer coasts from Canada to Baja

FCalifornia. Although occasionally eaten by some
ethnic groups, black turban snails have no
commercial value.

In the lower intertidal zones of Diablo Cove, the abundance of black turban snails
increased at the +1 ft stations during power plant operation; the +3 ft stations did not
appear to be affected. These increases were the result of a redistribution of adult
black turban snails within the intertidal, probably in response to a change in
abundance of preferred food resulting from elevated temperatures.

Life History and Ecology

Adult black turbans are commonly found in dense clumps in crevices or under
overhanging ledges, particularly at low tides during daylight hours. In some areas
in the northern part of their range, their abundance can reach 3,600 individuals per
m2. During night low tides, adults forage in the open. The abundance of larger
snails appears to decrease as the amount of algal cover increases. Both adult and
juvenile snails are highly motile. The adults show a downshore migration in winter
and an upshore movement in summer. There is a vertical size gradient of
individuals in the intertidal zone, with larger animals at lower and smaller animals
at higher elevations. Vertical size gradients are established by differential
movements of juvenile and adult snails. This results in certain metabolic and
reproductive advantages; populations of adult snails at lower elevations exhibit a
higher reproductive rate than those at higher levels, while the growth rate of
juvenile snails is greater for individuals in the higher intertidal than for those lower
down (Paine 1969).

Black turban snails are dioecious. Females deposit an egg mass which is fertilized
by males. After about two weeks in the plankton, larval snails settle in the rocky
intertidal. Black turban snails are herbivorous and, although they can exert grazing
pressure on attached macroalgae, mainly feed on drift algae, particularly kelps. The
main predator on adult black turbans is the ochre sea star, Pisaster ochraceus, while
Leptasterias spp. are the main predators on juvenile black turbans. Rock crabs,
Cancer antennarius, the drilling snails Acanthina spp. and Ocenebra spp., and sea
otters also prey on black turbans.
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Distribution and Abundance

Prior to 1985, black turban snails were generally more abundant at the +3 ft level
than at the +1 ft level on the intertidal stations in the Diablo Canyon study areas
(Figures D-58 and D-59 in Appendix D). Abundances at the +3 ft level were quite
variable, but generally highest in summer and lowest in winter. In contrast, the
+1 ft level showed a seasonal cycle of greater abundance in winter and a decrease in
summer. Black turban snails were more abundant in sheltered areas than in wave-
exposed areas. In addition, quadrats with crevices contained many times more
snails than quadrats with smooth, flat bench rock.

Beginning in 1985, sharp increases in the abundance of black turban snails at the
+1 ft level were seen at most of the stations (Figure 3.2.3.23-1), which have
generally persisted through 1987. Station 10+1, located near the discharge
structure, showed little increase in black turban snails after power plant operation,
but their abundance at Station 10+2 increased sharply in 1986. Some of the +1 ft
stations showed a regular pattern of seasonal high and low abundances of turban
snails. Prior to 1985, however, their abundance dropped to nearly zero during the
summer minimum, whereas after 1985 several hundred snails per m2 typically
remained on the stations year-round. On most stations, black turban snails were
abundant during 1987 in areas where, prior to power plant operation, few if any
snails occurred. Periods of maximum abundance of the black turban snails appear
to have generally shifted to summer on some of the stations. Station 8+1 appeared
to retain a normal annual abundance cycle. With the exception of Station 9+3, these
increases were not observed at the +3 ft stations inside Diablo Cove (Figure
3.2.3.23-1), although a slight general increase in the abundance of black turban
-snails has occurred on the +3 ft stations in Diablo Cove since 1984.

Of the +1 ft stations outside Diablo Cove, only Station 6+1 in Field's Cove (Figure
3.2.3.23-1) had a post-1985 pattern of black turban snail abundance similar to the
Diablo Cove +1 ft stations. At the +3 ft levels, Stations 1+3, 6+3, and 19+3 showed
an increase in black turban snails after 1985 (Figure 3.2.3.23-1 and Figure D-59 in
Appendix D). No temporal or numerical shift in the normal seasonal abundance
cycle was apparent on the intertidal stations at either level outside Diablo Cove.

The W.J. North vertical transects (see page F-1 in Appendix F for methods) showed
high numbers of black turban snails at most of the high and mid-tidal levels at all
three of his Diablo Cove stations through 1984 (Tables F-29, F-30, and F-31 in
Appendix F). After 1985, an increase in the number of black turbans was seen at all
of the Diablo Cove transects, especially at the CDIX and NDIX transects. In
contrast, the station north of Diablo Cove had low numbers of black turban snails,
but they remained constant over time and within tidal levels (Table F-32 in
Appendix F). Vertical distributions of black turbans remained the same at all
stations.
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In the PG&E vertical transect studies, slight increases in the distribution of black
turban snails below the +1 ft intertidal level were seen after power plant operation
began (Tables F-89 and F-91 in Appendix F).

Black turban snails were selected for further statistical analyses using time series
and analysis of variance. The analysis of variance showed statistically significant
increases in the abundance of this species during the period of plant operation at the
+1 ft level, and time series also showed statistically significant increases at some of
the stations (Appendix E). These increases have been discussed above.

Thermal Impact Assessment

The increases in black turban snail abundances in areas outside Diablo Cove are
unexplained, but indicate a large-scale, perhaps long-term, and rather patchy
pattern of increased abundances, generally at higher intertidal levels, which
probably also affected their abundance inside Diablo Cove. However, this natural
increase was either masked or augmented by the elevated water temperatures
experienced by black turban snails in Diablo Cove. A strong recruitment event in
1984 or 1985 does not fully explain the increased abundance, since turban snail
populations observed on stations both inside and outside Diablo Cove were
comprised of relatively large individuals. However, the low number of small snails
from TEMP stations was not an indication of lack of recruitment, as juvenile turban
snails were observed at tidal levels and in habitats not sampled by TEMP methods.

It appears that increased abundance of black turban snails inside Diablo Cove was
the result of a shift in distribution of adult snails in response to elevated
temperatures in Diablo Cove (Figure 3.2.3.23-2). A possible explanation is that
adults moved downshore as a metabolic response to elevated temperatures.
Although adult snails did not show a short-term temperature preference in the
Diablo Canyon Thermal Effects Laboratory experiments, these studies did show that
maximum growth occurred at temperatures between 15 and 24 C on a mixed algal
diet. In terms of growth, it would be advantageous for snails to be at lower
intertidal levels where they would experience longer periods of immersion in water
at near optimal temperatures for growth. If an adequate food supply is assumed,
then black turban snails at lower intertidal levels would be expected to grow faster
than those in the higher intertidal, because their immersion time in water near
optimal for growth is longer. It is also possible that their increased abundance at
lower levels in Diablo Cove was a response to an increase in food supply or, possibly,
to the decrease in algal cover, primarily the iridescent seaweed, following power
plant operation.

Black turban snails are extremely heat tolerant and were, along with aggregating
anemones and hermit crabs, one of the most conspicuous invertebrates observed
feeding and moving about in the areas adjacent to the discharge structure in direct
contact with the thermal plume.
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Figure 3.2.3.23-2

Map of the Distribution of Affected and Non-Affected
Black Turban Snail (Tegula funebralis)

Black turban snails were abundant in Diablo Canyon intertidal areas prior to power
plant operation. After power plant operation began, the abundance of this species
increased at the +1 ft MLLW levels within Diablo Cove (areas shown in green). No
negative effects on abundance of this snail were seen in any Diablo Cove areas,
including areas near the discharge. Black turban snails at higher elevations in
Diablo Cove were unaffected (shown in yellow).
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3.2.3.24 Embiotocidae
(Surfperches)

Ten of the 18 species of California surfperch are
found in Diablo Cove. The black, striped, and pile
surfperch are the most abundant species in the
cove, representing 87 percent of the combined
surfperch observed in the TEMP surveys.

The striped surfperch (Embiotoca lateralis) is the
most abundant surfperch in Diablo Cove. Found
from Alaska to Baja California, it occurs at the
surface to depths of 55 ft, attaining lengths of 15 in.
The striped surfperch has a copper-colored body
with red, blue, and yellow stripes.

The black surfperch (E. jacksoni) is the second most
abundant surfperch in Diablo Cove. Found from
Ft. Bragg, California, to Baja California, it occurs

at the surface to depths of 130 ft, attaining lengths
of 15 in. The black surfperch is dark brown to
black, and has thick yellowish lips.

The pile surfperch (Damalichthys vacc&) is the
third most abundant surfperch in Diablo Cove.
Found from Alaska to southern California, it

S• occurs at the surface to depths of 150 ft, attaining
lengths of 17 in. The pile surfperch is silvery, with
a dark bar extending down the side of the body, a
deeply forked tail, and a high dorsal fin.

From 1983 through 1986, surfperches generally increased in abundance in north
Diablo Cove, but began to decline in 1987. Surfperches are apparently attracted to

the margins of the thermal plume, and therefore have moved into slightly deeper
areas of Diablo Cove, particularly during full power plant operation.

Life History and Ecology

Surfperches (family Embiotocidae) are small to medium-sized fish with laterally
compressed bodies which are generally oval in shape. Three of the species common

within Diablo Cove will be discussed in detail: black surfperch (Embiotocajacksoni),

pile surfperch (Damalichthys vacca), and striped surfperch, (E. lateralis).

Surfperches usually occur on reef crests in shallow, temperate waters, and were
commonly observed on the shallow TEMP fish observation transects. Juveniles also
frequent the intertidal zone at high tide. Black surfperch are usually found in
deeper water, but also occur in bays and around pier pilings. The pile surfperch
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overlaps in vertical distribution with both the striped and black surfperch. Striped
surfperch are more common in the high surge areas of Diablo Cove than are other
surfperch species.

Surfperches are one of the few families of live-bearing marine fishes. Courtship
generally occurs from spring through summer, when males and females assemble
into loosely grouped pairs. Males of many of the species often assume a darker
mating coloration and often fertilize more than one female. Spermatozoa are carried
in the female until late fall or winter, when the eggs are ready for fertilization. The
larval surfperch develop internally within the female and are released as fully
developed juveniles. At this stage the juveniles grow rapidly and may reach
maturity during their first year (Isaacson and Isaacson 1966).

Most members of the surfperch family feed in both the intertidal and subtidal zones
(Cannon 1962). Generally, they are benthic grazing carnivores, and selectively feed
on amphipod crustaceans in the algal turf. The pile surfperch specializes in eating
hard-shelled molluscs, crabs, and barnacles, and the striped surfperch consistently
eats amphipods and crabs. Although both black surfperch and striped surfperch co-
occur throughout the same depth range, striped surfperch are more common in
shallow water (Schmitt and Holbrook 1986). Hixon (1981) presented a
comprehensive description of the trophic and competitive relationships between
these species.

Surfperch are a popular sport fish, although the most desirable species, such as the
barred surfperch, are caught in the surf zone of sandy beaches. Because of the small
size of the fish and the necessity for using hook-and-line methods, commercial
fishing for surfperch is not very profitable, although a small fishery does exist.

Distribution and Abundance

The abundances of the black, pile, and striped surfperch on TEMP fish observation
transects are presented by survey in Figures D-61, D-69, and D-72 in Appendix D.
Mean abundances along the benthic transects are shown for adults and juveniles by
year (Figure 3.2.3.24-1), and a summary of total juvenile and adult surfperch
abundances is presented in Table 3.2.3.24-1. In north Diablo Cove the numbers of
adult surfperch generally increased from 1983 to 1986, then decreased during 1987
for all three species. Juvenile black surfperch, however, increased during 1987.
Abundances in south Diablo Cove were relatively constant during the study period,
but also declined slightly in 1987. in the South Cove reference area, striped
surfperch generally declined in abundance from 1976 levels, while black surfperch
increased over time. Pile perch, however, increased substantially in the same area
during the 1987 surveys, a trend which was not reflected at any of the stations
inside Diablo Cove.
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Table 3.2.3.24-1

Summary of Abundance and Species Composition of Young and Adult Surfperch in
Diablo Cove and South Cove from July 1976 to December 1987

Embiotoca lateralis
(striped)

Embiotocajacksoni
(black)

Damalichthys vacca
(pile)

Brachyistius frenatus
(kelp)

Phanerodon spp.
(surfperch)

Hypsurus caryi
(rainbow)

Rhacochilus toxotes
(rubberlip)

Embiotocid
(surfperch)

Total

Total
Number
Observed

3,701

1,657

1,489

512

227

224

110

52

Percent
Composition

46.41

20.78

18.67

6.45

2.85

2.81

1.38

.65

Number
of

Adults

2,981

1,387

1,192

483

226

199

90

4

Percent Number Percent
Composition of Composition

of Adults Juveniles of Juveniles

45.43 720 50.99

21.14 270 19.12

18.17 297 21.03

7.36 31 2.20

3.44 1 .07

3.03 25 1.77

1.37 20 1.42

.06 48 3.40

7,974 6,562 1,412
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Thermal Impact Assessment

Laboratory thermal effects studies have shown the optimal temperature for growth
of black surfperch to be approximately 18 C (PG&E 1982b). The estimated upper
lethal temperature for juvenile black surfperch acclimated at 12.2 C was 24.5 C.
The results of the black surfperch temperature gradient experiments established a
region of both upper and lower temperature avoidance, depending on the thermal
acclimation of the fish. Fish acclimated to 16 C tolerated warmer temperatures, but
individuals would be expected to avoid stressful temperatures under actual field
conditions.

Surfperch distributions generally shifted from south Diablo Cove to the deeper parts
of north Diablo Cove during the period of power plant operation (Figure 3.2.3.24-2).
The deeper ambient temperature water in the north Diablo Cove channel created a
temperature gradient which attracted surfperches. The gradient also carried
suspended material which may have been used as food by some of the fish.

In summary, the number of surfperch in Diablo Cove has generally increased along
the margins of the thermal plume, especially in deeper portions of the north Diablo
Cove channel and beneath the thermocline. In shallow areas of north and south
Diablo Cove, abundance decreased during 1987, probably as a result of thermal
avoidance and the lack of kelp canopy cover.
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DIABLO ROCK

Figure 3.2.3.24-2

Map of the Distribution of Affected and Non-Affected
Striped, Black, and Pile Surfperch (Embiotoca lateralis,

E. jacksoni, and Damalichthys vacca)

These surfperch species occurred in all depths of the cove, but were most abundant
in areas less than 30 ft. The area where they increased in abundance during power
plant operation is depicted in green. Areas where plume-related decreases were
observed are depicted in blue. Areas where these species were unaffected are
indicated in yellow. Unusual changes in these species were not observed in the
yellow regions inside and outside Diablo Cove.
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3.2.3.25 Ophiodon elongatus
(Lingcod)

The lingcod occurs sporadically in low abundance
in Diablo Cove. A large predatory fish which
occurs in nearshore waters from Point Conception,

SCalifornia, to Alaska, it attains lengths of five ft
and a weight of seventy pounds. Body color can be
mottled bluish.green or gold with dark spots. The
mouth is large and contains numerous large canine
teeth. The lingcod is of commercial and
recreational fishery value, and is an ecologically
important predator in the nearshore marine
community.

During power plant operation from 1985 through 1987, lingcod were present in low
numbers in Diablo Cove and tended to avoid the warm, shallow areas of north Diablo
Cove.

Life History and Ecology

Spawning occurs from December through March, and, depending on size, a female
can produce from 60,000 to 500,000 eggs per spawning. The eggs are laid on
shallow, rocky substrates, to which they adhere in large masses. The male lingcod
remains on guard at the nest until the eggs fully develop and hatch. After a several-
week period of larval planktonic development, lingcod become demersal inhabitants.
Juvenile lingcod inhabit bays and other quiet-water areas where the bottom is
sandy, but adults are found on rocky substrates of the open coast. Juveniles grow
rapidly and mature when they are about 3 years old, at which time they are 26 in.
long and weigh about 4 pounds each.

The lingcod is a voracious predator, feeding mostly on other fishes, octopus, and
squid. Diet analysis from the Diablo Canyon area in 1976-1977 revealed that
juvenile surfperch, juvenile rockfish, tubesnout, senorita, and octopus were the most
important food items (Lockheed Center for Marine Research 1978). Lingcod are a
very important sport and commercial species. The fishery in the Diablo Canyon
region declined in the late 1970's, but increased again during the mid-1 980's.

Distribution and Abundance

On the TEMP fish observation transects, lingcod appeared in scattered abundance
throughout all study years, although numbers generally decreased from 1982 to
1985. The cause of this decline was unknown, but was evidently related to poor
spawning success of the coastal population several years earlier. During power
plant operation from 1985 through 1987, lingcod were periodically observed along
the deep transect in north Diablo Cove channel, and in shallow areas in south Diablo
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Cove, but were absent from shallow areas in north Diablo Cove where they had
previously been present (Figure 3.2.3.25-1 and Figure D-66 in Appendix D).

Thermal Impact Assessment

Lingcod are primarily adapted to cool temperate water temperatures, as can be seen
from their geographical distribution. In laboratory experiments, embryos held at
8 C survived temperatures of 22 C, but not 24 C. Larvae were sensitive to
temperatures as low as 18 C, where torpid behavior was observed. No thermal
effects studies have been done on the adult stage of lingcod, but they would be
expected to avoid stressful temperatures under actual field conditions.

The absence of lingcod in the warmest areas of Diablo Cove during power plant
operation indicated that they were intolerant of the warm temperatures normally
encountered near the thermal discharge (Figure 3.2.3.25-2). Their mobility,
however, would preclude any adverse effects on the population as a whole, and
recruitment would still occur outside the affected areas.
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0I1BLO ROCK

Figure 3.2.3.25-2

Map of the Distribution of Affected and Non-Affected
Lingcod (Ophiodon elongatus)

Prior to power plant start-up, this large fish occurred throughout all depths in
Diablo Cove. Since power plant start-up, it has not been observed in the area where
the thermal plume has contacted the bottom. This area is depicted in blue. Areas
that were unaffected are depicted in yellow.
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3.2.3.26 Scorpaenichthys marmoratus
(Cabezon)

The cabezon, a large predatory fish, is occasionally
found in Diablo Cove's rocky bottom habitats.
Reported from Alaska to Baja California, cabezon
occur from the intertidal to 250ft. The juveniles

. .are found in tidepools and in subtidal depths up to
225 ft. The species has a reddish to greenish body
color with light and dark mottling, and may attain
a length of up to 39 in. The cabezon is an excellent
food fish, sought by sport fishermen and spear
fishermen.

No changes were observed in the distribution or abundance of cabezon in Diablo Cove
following the start-up of the power plant or during the first two years of operation.

Life History and Ecology

Cabezon spend much of their time resting and swimming along the bottom. The
dark mottled individuals are well camouflaged against the expanses of foliose red
algae. Occasionally, an individual will swim upward into the mid-water near kelp
plants.

Spawning, which may occur more than once per season, begins in late October and
probably ends in March, with the peak occurring in January (O'Connell, 1953).
Cabezon can spawn thousands of eggs, which are commonly laid on flat, sloping
rocks. The adults remain close to the eggs and tenaciously protect them from being
eaten by other fish. The parent fish may return to the same nesting site year after
year to spawn (Limbaugh, 1955). After an incubation period of about two weeks, the
eggs hatch, and the larvae become pelagic for a period of 3-4 months. In the Diablo
Canyon area, Icanberry et al. (1978) found larvae to be present in the water column
during early spring. The larvae settle out from the plankton and appear as
demersal juveniles in tidepools at a length of about 40 mm.

The planktonic larvae are reported to eat copepods. The juveniles (40-201 mm long)
and pre-adults (201-400 mm long), feed on small food items such as crustaceans,
molluscs, fish, annelid worms, and egg masses (O'Connell 1953). Limbaugh (1955)
observed the following food items taken by adults: crabs, small lobsters, squid,
octopus, abalone, fish eggs, and small fish, with crabs reported to be the single most
important food item. Presumably, cabezon in Diablo Cove feed on the same types of
items.

Distribution and Abundance

From 1976 to 1987, cabezon were relatively infrequent on all of the TEMP fish
observation transects, averaging approximately 1-2 fish per 200 m2 transect (Figure
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3.2.3.26-1). Because of their generally low abundances, no seasonal or annual cycles
could be discerned. Most cabezon were found in north Diablo Cove (44 percent),
followed by the stations outside Diablo Cove (32 percent), and finally south Diablo
Cove (24 percent). Most of the nesting sites were also found in north Diablo Cove.

Thermal Impact Assessment

The lack of appreciable change in the abundance of cabezon in the Diablo Cove
sampling sites after power plant start-up indicated that the population in Diablo
Cove was largely unaffected by the thermal plume (Figure 3.2.3.26-2). In these
sampling sites temperatures have commonly exceeded 18 C during power plant
operation, and in laboratory experiments cabezon avoided this temperature,
preferring cooler 16 C water. Thus, it is possible that many individuals in the cove
may be moving into deeper, cooler areas, or leaving the cove.

In addition to the possibility of adult cabezon being sensitive to the thermal plume,
the eggs that are deposited in the shallow portions of the cove may be at risk of not
hatching. In laboratory experiments, hatching success was impaired in eggs exposed
to 18 C water for 208 hours (PG&E 1982b). However, if it is true that adults would
tend to avoid this temperature in the field, their eggs would then not be likely to be
exposed to detrimental temperatures. Only when the eggs are laid during a
temporary period of cooler water would they later be at risk of not hatching.
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Representative SFO Abundance Data for Cabezon (Scorpaenichthys marmoratus)
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DIABLO ROCK

Figure 3.273.26-2

Map of the Distribution of Affected and Non-Affected
Cabezon (Scorpaenichthys marmoratus)

Prior to power plant operation, this large cottid was found throughout Diablo Cove.
This fish was displaced from the area directly offshore of the discharge structure and
the area immediately inshore of Diablo Rock, depicted in blue, but was commonly
seen in all other areas of the cove. A possibly lost nesting area for this fish in north
Diablo Cove is depicted in purple. Areas unaffected by the plume are depicted in
yellow.
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3.2.3.27 Sebastes spp.
(Rockfish)

Over 70 species of rockfish occur in California. The
blue, olive, black and yellow, grass, and kelp
rockfish were abundant species in Diablo Cove,
representing 88 percent of the combined rockfish
observed in the TEMP surveys.

The blue rockfish (S. mystinus) is the most
abundant adult rockfish species in Diablo Cove.
Ranging from Alaska to Bqaa California, it occurs
f rom the surface to depths of 300 ft, attaining
lengths of 21 in. The blue rockfish is dark blue
with light blue mottling, and juveniles (to 2.5 in.)
are reddish.

The olive rockfish (S. serranoides) is the most
abundant juvenile rockfish species in Diablo Cove.
Found from northern California to Baja California,
it occurs from the surface to depths of 480 ft,J j"attaining lengths of 24 in. The olive rockfish is
olive brown, with light areas under the dorsal fin.
Juvenile olive rockfish are similar in appearance to
juvenile yellowtail rockfish (S. flavidus), which
may also occur in Diablo Cove.

The black and yellow rockflsh (S. chrysomelas) is
the third most abundant rockfish in Diablo Cove.

..Found from northern California to Baja California,

it occurs from the intertidal zone to depths of
• . " 120 ft, attaining lengths of 15 in. This species has

a black body with yellow blotches and spotting.

The grass rockfish (S. rastrelliger) and kelp
rockfish (S. atrovirens) are both common resident
fish in Diablo Cove. Found from Oregon and

.,.northern California, respectively, to Baja
California, they occur from the intertidal to depths
of 150 ft, attaining lengths of 17 in. The grass
rockfish is dark green above with lighter green and

brown below, and the kelp rockfish (not illustrated)
is similar in appearance, but generally light
mottled brown.

Olive rockfish and blue rockfish tended to avoid warm water areas in Diablo Cove
and occurred mainly at the interface between warm and cool water. Black and yellow
rockfish were generally unaffected by the thermal plume except directly in front of the
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thermal discharge, where, in October 1987, several dead individuals were found. The
observations suggested that black and yellow rockfish maintained their territories
even under unfavorable temperature regimes. Grass rockfish showed a long-term
abundance increase in north Diablo Cove from 1979 to 1987, and were apparently
unaffected by the thermal plume. Kelp rockfish and juvenile rockfish of several
species were displaced into deeper areas of Diablo Cove, since their preferred habitat,
the understory and floating kelp canopy, was affected in shallow areas during plant
operation.

Life History and Ecology

Rockfish are characterized by their laterally compressed bodies, large fins, generally
large mouths, and well-developed head spines. Body color may sufficiently
differentiate many of the species, as implied by their descriptive common names. A
taxonomic key to the nearly 70 rockfish species in California was developed by
Phillips (1968). Juveniles are often difficult to identify correctly because of color
variation, and specialized taxonomic keys for juveniles have been prepared by Allen
(1976) and Anderson (1983). The various species can occupy almost all nearshore
depth ranges and habitat types, and are widely distributed in temperate waters of
the Pacific coast.

Blue rockfish and olive rockfish may be distinguished from the other three species
being considered, not only by their body color but also by their behavioral tendency
to aggregate in the midwater near rock pinnacles or kelp canopies. Kelp and grass
rockfish typically occupy the near-bottom habitat beneath tree kelp canopies, and
black and yellow rockfish find territorial shelters in rock crevices or between
boulders. The fishes' preferred habitats dictate their feeding preferences as well,
with the three bottom-dwelling species consuming smaller fish and benthic
invertebrates in Diablo Cove (Burge and Schultz 1973). Olive rockfish also feed on
other fish and benthic invertebrates, but blue rockfish prefer kelp, small jellyfish, or
free-drifting invertebrates which are abundant in the midwater habitat (Gotshall et
al. 1965). Rockfish themselves, especially juveniles, are preyed upon by larger fish
such as the cabezon (Scorpaenichthys marmoratus) and lingcod (Ophiodon
elongatus).

Reproduction is similar among the rockfish species, with fertilization and egg
development occurring internally. Spawning generally occurs in winter, and newly
hatched larvae are released directly into the water column. Larvae then develop
further in the plankton, and after several months finally recruit to their nearshore
habitats as juveniles. In Diablo Cove, juvenile rockfish appeared in the spring and
summer, and were commonly observed in association with tree kelp or bladder chain
kelp canopies.

Rockfish are of major importance to both the commercial and sport fisheries in
California (Miller and Geibel 1973, Miller and Hardwick 1973). The commercial
species include those trawled in deep-water areas, as well as several shallow-water
species more common in sport catches. The abundance of rockfish caught by sport
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fishermen from Morro Bay and Port San Luis in the vicinity of Diablo Cove was
monitored from 1980-1987 by PG&E, and blue rockfish generally ranked first in
abundance.

Distribution and Abundance

Of the 14 species of rockfish observed on the TEMP subtidal fish observation
transects, the olive, blue, black and yellow, and bocaccio species represented
99.7 percent of all adults and juveniles recorded, and over 81 percent of the
individual rockfish observed in Diablo Cove were juveniles (Table 3.2.3.27-1). The
abundances of five representative species of rockfish observed from 1976-1987 in
Diablo Cove and reference areas are presented in Figure 3.2.3.27-1 and in Figures
D-60, D-62, D-64, D-65, and D-67 in Appendix D.

Blue rockfish abundance in nearshore areas was closely related to the presence of a
well-developed bull kelp canopy which provided shelter for both juveniles and adults.
The South Cove area generally had more optimal habitat in this respect. Within
Diablo Cove, blue rockfish were most abundant in the deeper high-relief areas of the
north and south channels, and to a lesser extent on the shallow reefs in the north
portion of the cove. Abundances in north Diablo Cove steadily decreased from 1983
through 1987. The beginning of this decrease coincided with the coast-wide El Nino
warming trend of 1983, and was mirrored in the sport fishery catches immediately
offshore of Diablo Canyon.

Olive rockfish selected habitats similar to those of blue rockfish, but their
abundances in north Diablo Cove increased markedly during 1986 and 1987 over the
pre-operptional levels. At the same time, abundances remained relatively
unchanged in both south Diablo Cove and South Cove stations.

Black and yellow rockfish abundances were generally low and quite variable in both
north and south Diablo Cove, but increased steadily over time in the South Cove
area (Figure 3.2.3.27-1). A slight decrease in abundance occurred in north Diablo
Cove from 1983-1987, although the numbers were relatively high compared with
south Diablo Cove, where lack of suitable rocky habitat precluded the establishment
of a large resident population.

Grass rockfishwere present in low abundances in all areas from 1976-1987 and
persisted in thermally affected areas during power plant operation (Figure
3.2.3.27-1). Kelp rockfish were even less abundant overall, and were most often
seen in the mid-water adjacent to giant kelp plants, or among understory tree kelps
in the deeper channel areas of Diablo Cove.

Thermal Impact Assessment

Laboratory studies on heat tolerance and optimal temperature for growth were
conducted on blue rockfish (PG&E 1982b). During four-day heat tolerance tests, fish
which were acclimated to 12 C and 16 C experienced lethal temperatures of 22.5 C
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Table 3.2.3.27-1

Summary of Abundance and Species Composition of Young and Adult Rockfish in
Diablo Cove and South Cove from July 1976 to December 1987

Total Number Percent Number Percent
Number Percent of Composition of Composition

Observed Composition Adults of Adults Juveniles of Juveniles

Sebastes serranoides
(olive)

Sebastes mystinus
(blue)

Sebastes chrysomelas
(black and yellow)

Sebastes paucispinis
(bocaccio)

Sebastes rastrelliger
(grass)

Sebastes atrovirens
(kelp)

Sebastes carnatus
(gopher)

Sebastes caurinus
(copper)

Sebastes melanops
(black)

Sebastes auriculatus
(brown)

Sebastes miniatus
(vermillion)

Sebastes nebulosus
(china)

Total

15,361

11,828

7,953

4,522

680

193

170

93

85

16

37.57

28.93

19.45

11.06

1.66

.47

.42

.23

.21

61

2,91

2,08

66

17

16

6

5

8 9.18

1 43.26

11 30.93

0 .00

'2 9.84

r9 2.66

;0 2.38

34 .95

i4 .80

1 >.01

2 >.01

1 >.01

14,743

8,917

5,872

4,522

18

14

10

29

31

15

43.16

26.11

17.19

13.24

.05

.04

.03

.08

.09

.04

8

1

>.01

>.01

>.01

6 .02

0 .00

40,910 6,733 34,177
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and 23 C, respectively. The optimal growth temperature was determined to be
between 12 C and 16 C during a 120-day experiment. Fish held at 18 C grew more
slowly, and some had skin lesions at the conclusion of the experiment, a condition
symptomatic of bacterial infections. The majority of the fish held at 20 C also
developed lesions, but died before the end of the experimental period.

In the field, blue rockfish remained outside the thermal plume, although adults and
juveniles were observed mainly at the interface between warm and cool water. The
plume carries detritus and entrained zooplankton upon which the blue rockfish feed.
These fish avoided the heated portion of the cove, and may have been displaced into
cooler areas.

Adult and juvenile olive rockfish were also observed at the interface between the
plume and receiving waters, with adults feeding on small fish and juveniles picking
suspended detrital material from the midwater. Laboratory studies similar to those
performed on blue rockfish showed that olive rockfish were slightly more tolerant of
warm temperatures. Risk assessment maps for blue rockfish and olive rockfish are
presented in Figure 3.2.3.27-2.

Thermal effects laboratory experiments were also performed on juvenile black and
yellow rockfish, and results indicated that, in four-day tests, fish acclimated at warm
temperatures (16 C) experienced 50 percent mortality at 24.2 C. Optimal growth
temperatures were found to be less than or equal to 12 C.

Black and yellow rockfish are territorial, and, unpublished behavioral studies
suggest that they will maintain their territory even under unfavorable temperature
regimes. During fall 1987, several dead and lethargic adult black and yellow
rockfish were found near the velocity zone of the discharge plume, indicating that
such a response may have occurred. A risk assessment map for black and yellow
rockfish is presented in Figure 3.2.3.27-3.

Grass rockfish have been seen throughout the shallow areas of Diablo Cove during
the plant operational period and are apparently unaffected by the operational
temperature regimes. Few juveniles were observed during the study, and their
response to the thermal discharge is not known. Kelp rockfish, on the other hand,
were often associated with the giant kelp canopy and Cystoseira osmundacea, which
were in direct mid-water contact with the thermal plume. As these kelps became
thermally affected in 1986, the rockfish selected the deeper canopies of tree kelp and
oar kelp in Diablo Cove. Additional loss of understory kelps in shallow areas of
Diablo Cove will continue to inhibit the recruitment of juvenile rockfish (Figure
3.2.3.27-4).
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DIABLO ROCK

Figure 3.2.3.27-2

Map of the Distribution of Affected and Non-Affected
Blue Rockfish (Sebastes mystinus) and
Olive Rockfish (Sebastes serranoides)

These two water column dwellers occurred throughout all depths of Diablo Cove.
However, they were most abundant at depths greater than 20 ft. The area from
which fish were displaced is depicted in blue. The areas where these fish became
concentrated at the boundary between the cool and warm waters of the plume at all
depths are indicated in green. The unaffected areas are indicated in yellow.
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Figure 3.2.3.27-3

Map of the Distribution of Affected and Non-Affected
Black and Yellow Rockfish (Sebastes chrysomelas) and

Kelp Rockfish (Sebastes atrovirens)

Black and yellow rockfish live on the bottom, usually at depths less than 30 ft. The
general area where a plume-related decrease occurred in this species is indicated in
blue. The kelp rockfish decreased in abundance in the areas depicted in purple, due
to plume-related losses of kelp canopy habitat. The areas where both species'
abundances appeared unaffected are indicated in yellow.
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DIABLO ROCK

Figure 3.2.3.27-4

Map of the Distribution of Affected and Non-Affected
Juvenile Rockfish (Sebastes spp.)

Juvenile rockfish occurred in all depths of Diablo Cove, but generally they were most
concentrated near large kelp plants. The areas of plume-related kelp losses and
correspondingly displaced juvenile rockfish are indicated in blue. Areas unaffected
are indicated in yellow.

E8-316.0 3-185



0 pzzý4

3.2.3.28 Stichaeidae
(Prickleback Fishes)

Four members of the family Stichaeidae
(pricklebacks and cockscombs) constitute the
majority of the intertidal fish fauna in Diablo Cove:
the monkeyface-eel, high cockscomb, rock
prickleback, and black prickleback. These species
live beneath rocks and are adapted to periodic
exposure to air during low tides.

The monkeyface-eel (Cebidichthys violaceus) occurs
from Oregon to Baja California. The body is
usually dull black to greenish-gray, with two
darker bars below each eye. Adult fish reach a
length of 30 in. and may live as long as 17 years.

The high cockscomb (Anoplarchus purpurescens)
has a geographic range from the Bering Sea to
Santa Rosa Island, California. Its color varies
from black, gray, and purplish to red. Adult fish
are readily distinguished by a prominent, fleshy
crest on top of the head. Adult fish are normally no
longer than 8 in.

The rock prickleback (Xiphister mucosus) has a
geographic range fron, Alaska to Pt. Arguello,
California, and was generally the most common
intertidal fish species along the Diablo Canyon
coastline. The body is greenish-black to gray, with
two dark bands diverging from each eye. Adult fish
can reach a length of 24 in.

The black prickleback (Xiphister atropurpureus)
ranges from Alaska to Baja California. Its color
varies from reddish-brown to black, with three
dark bands diverging from the eyes, and a light
band across the base of the caudal fin. Adults can
attain a length of 12 in.

During power plant operation, from 1985-1987, the two prickleback species declined
in abundance in Diablo Cove, whereas the other two species appeared to be
unaffected by the thermal discharge.

Life History and Ecology

The stichaeid fishes have long, slender, laterally compressed bodies and an eel-like
appearance. The dorsal and anal fins are also long, extending to the end of the body,
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and vary among species in their anterior origin and number of spines. Although
stichaeids are usually found in the rocky intertidal zone beneath boulders or cobble,
their range also extends into shallow subtidal areas (Gibson 1969, 1982, Barton
1973, Horn et al. 1982).

Adults of these four species differ in their intertidal distribution at low tide (Barton
1973, Kelly & Behrens 1984). The black prickleback showed the lowest range of
intertidal distribution, and the rock prickleback was found at considerably higher
elevations. The monkeyface-eel and high cockscomb were primarily found in the
lower intertidal zone. The monkeyface-eal maintains a home range of no more than
a few square meters of intertidal habitat (Ralston and Horn 1986).

The monkeyface-eel and rock prickleback feed mostly on red and green algae,
whereas the high cockscomb and black prickleback feed on an array of invertebrates,
small fish, and algae (Barton 1973, Horn et al. 1982). Barton (1973) suggested that
these species coexist in the intertidal habitat by effectively partitioning
environmental resources, thus avoiding interspecific competition.

Reproductively, stichaeid fish species follow the same generalized pattern. The male
selects a spawning site, which he defends during the spring spawning season
(Wingert 1974, Wourms and Evans 1974). A female, attracted by the male, deposits
eggs which adhere to the substratum. The male then fertilizes the eggs and guards
them from predators until they hatch. After hatching, larvae develop in the ocean
for a period of six to eight weeks (Wingert 1974), and upon reaching the post-larval
stage (10-15 mm length), they recruit to rocky intertidal habitats (Marliave 1977).
Temperature, salinity, desiccation rate, food availability, and other ecological
considerations are important in determining the fishes' intertidal distributions.

Distribution and Abundance

The abundance of stichaeid fishes in Diablo Cove was monitored from 1979-1987 by
PG&E biologists. The results of these surveys are presented for three of the
sampling sites (north Diablo Cove, south Diablo Cove, and Field's Cove) for adult
Xiphister atropurpureus, X. mucosus, and the Cebidichthys lAnoplarchus complex
(Figures 3.2.3.28-1 to 3.2.3.28-3). Due to difficulties in distinguishing between
subadult Cebidichthys and Anoplarchus in the field, these two species were pooled
for analysis. Juvenile stichaeids, which were not identified to species, comprised up
to 84 percent of all individuals observed during spring and summer surveys, but
were not included in the graphical presentations.

In general, adult populations for all species were variable over time, reaching
maximum seasonal abundances in fall and early winter. Two factors may have
contributed to this pattern: the lack of large waves during fall which could disturb
movable substrate in the intertidal habitat, and a concurrent abundance of algal
cover which provided ample food resources. The 1982-83 winter storms reduced
prickleback populations in intertidal areas of north and south Diablo Cove, but the
areas were repo ulated as of the subsequent summer survey. Quantitative data are
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lacking from mid-1983 through 1985 that would have further tracked their post-
storm and El Nino population trends. The long-term abundance trends showed
decreases in Xiphister species inside Diablo Cove during the power plant operational
period 1986-1987, but no such decreases in the Cebidichthys/Anoplarchus complex.
Taking seasonal abundance fluctuations into account, all three groups remained
relatively abundant at the Field's Cove reference station from 1979 through 1987.

Thermal Impact Assessment

Laboratory heat tolerance tests and optimal growth temperature studies were
conducted on Xiphister mucosus (PG&E 1982b). The median lethal temperatures
ranged from 24.0 to 27.6 C during 96-hr tests. In the 120-day growth experiment,
the optimal temperature range for growth of the rock prickleback was determined to
range from 14 C to 15 C. No similar experimental data were available for the other
stichaeid species.

The abundance data indicated that Xiphister species were adversely affected at the
two Diablo Cove intertidal stations during power plant operation. Their decreased
abundance may have been related not only to direct temperature effects, but also to
diminished food availability resulting from less intertidal algae. An impact risk
assessment map for these species is presented in Figure 3.2.3.28-4. The
Cebidichthys/Anoplarchus complex, on the other hand, appeared to maintain its low
population densities characteristic of the years preceding plant operation. Based on
thermal tolerance experiments, stichaeids would be expected to maintain their
intertidal population in Diablo Cove, and also maintain a viable subtidal population.
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DIABLO ROCK

Figure 3.2.3.28-4

Map of the Distribution of Affected and Non-Affected
Pricklebacks (Stichaeidae)

The eel-like pricklebacks can be found in all depths of Diablo Cove, but are most
common in the intertidal. The area in blue depicts where plume-related decreases
occurred in two species of Xiphister. The area indicated in purple in south Diablo
Cove was damaged by the 1982-83 winter storms, which caused large reductions in
prickleback abundances prior to power plant start-up. Abundances in this area
recovered shortly thereafter, but decreased again during power plant operation.
Populations unaffected by plant operation are indicated in yellow. Other prickleback
species appeared to be unaffected in all areas of Diablo Cove.
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3.2.3.29 Other Intertidal and Subtidal Algal Species

A number of algal, invertebrate, and fish species are considered important to the
maintenance of the condition and structure of Diablo Cove's intertidal and subtidal
marine communities. Some of these species have been discussed in the previous
species accounts in this report. Many other species, however, are also ubiquitous in
the cove's community, but because of their smaller size or lesser abundance, they
have received less attention in previous TEMP reports. Presented here are
descriptions of some of these species that are also considered important in the cove's
intertidal and subtidal communities. Many of these species lack common names. In
these instances only the scientific names are given.

The algal species discussions are presented first, followed by the invertebrate, and
then fish species. The algal species section is divided into the intertidal and the
subtidal forms.

Intertidal Algae

The most prevalent intertidal algal species (taxa) in the TEMP +1 and +3 ft station
areas, and their changes in percent area cover over time are given in Tables
3.2.3.29-1 to 3.2.3.29-6. The species' respective abundance values per area and time
period represent the average of the appropriately pooled station-quadrat survey
data. Data from Stations 14+3 and 15+3 at Diablo Point were included in the non-
Diablo Cove +1 ft data base, since these intertidal stations (in high wave motion
areas) supported algal species more common to the lower +1 ft elevation zones of the
other non-cove stations.

The tables reveal that, in general, the same algal species (taxa) were initially
present in all study areas in generally the same rank order of abundance. The most
abundant species in the areas were Iridaea flaccida, Mastocarpus papillatus,
Gigartina canaliculata, Gastroclonium coulteri, Endocladia muricata, and non-
coralline crusts. All but the latter species are discussed in the individual species
accounts presented earlier in this section of the report.

The tables also reveal that the 1982-83 severe winter storms had a large pre-
operational impact on the intertidal algal populations in Diablo Cove, particularly in
the south portion, where algal cover was dramatically reduced during 1983-84.
North Diablo Cove was less impacted. Thus, at the onset of power plant operation,
species abundances were generally greater in the north portion of Diablo Cove.

The following are descriptions of the changes in some of the less abundant species.

Corallina vancouveriensis

Corallina vancouveriensis is an articulated coralline algal species that most
commonly stands about an inch tall in mid- to low-intertidal habitats in Diablo Cove.
The appearance of this species differs from the articulated coralline species of the
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Table 3.2.3.29-1

Mean Percent Cover Per Square Meter for the Algal Taxa
at +1 ft MLLW Level in North Diablo Cove

El Nino Plant
Pre-El Nino Plant Start-Up Operation

Species/Taxa 1976-1982 1983-1984 1985-1986

Iridaea flaccida 18.1 15.7 3.9

Non-coralline crust 15.1 19.4 29.0

Phyllospadix scouleri 14.2 8.1 7.2

Gigartina canaliculata 13.0 12.2 3.8

Gastroclonium coulteri 8.7 6.1 6.6

Gelidium coulteri 6.2 3.9 6.5

Corallina vancouveriensis 6.3 4.8 2.9

Coralline crust 5.3 8.6 7.4

Cryptopleura violacea 3.9 3.6 1.7

Mastocarpus papillatus 3.7 8.6 10.9

Egregia menziesii 3.5 0.8 0.1

Ulva spp. 3.2 1.4 0.2

Rhodoglossum affine 2.5 2.4 1.7

Corallina officinalis 2.0 1.0 0.2

Smithora naiadum 1.9 0.1 0.3

Prionitis lanceolata, P. lyallii 1.8 1.7 1.2

Porphyra spp. 1.6 3.8 0.7

CBS-complex 1.3 1.1 1.2

Ceramium spp. 1.1 0.6 0.2

Others (59) (45) 6.7 (51) 8.0 (38) 3.7
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Table 3.2.3.29-2

Mean Percent Cover Per Square Meter for the Algal Taxa
at +1 ft MLLW Level in South Diablo Cove

El Nino Plant
Pre-El Nino Plant Start-Up Operation

Speciest~axa 1976-1982 1983-1984 1985-1986

Non-coralline crust 22.9 22.3 25.2

Mastocarpus papillatus 12.8 7.5 16.0

Iridaea f/accida 12.1 0.7 0.2

Gastroclonium coulteri 7.6 0.8 0.2

Gigartina canaliculata 7.6 3.4 0.8

Ulva spp., Enteromorpha spp. 4.9 2.1 0.9

Rhodoglossum affine 4.2 1.7 1.1

Rhodomela larix 3.7 1.0 0.3

Phyllospadix scouleri 3.6 0.8 0.1

Gelidium coulteri 2.9 1.6 4.0

Porphyra spp. 1.8 2.7 0.6

Corallina vancouveriensis 1.8 0.9 0.7

Fucus distichus 1.7 0.2 0.1

CBS-complex 1.6 0.9 0.9

Iridaea heterocarpa 1.4 0.2 0.3

Prionitis lanceolata, P. lyalli 1.4 1.6 3.0

Gigartina agardhii 1.2 0.3 0.1

Spongomorpha spp. 0.4 1.4 <0.1

Cryptopleura violacea 0.4 0.3 1.3

Others (56) (52) 8.3 (44) 8.1 (38) 5.1
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Table 3.2.3.29-3

Mean Percent Cover Per Square Meter for the Algal Taxa
at +1 ft MLLW Level Outside Diablo Cove

El Nino Plant
Pre-El Nino Plant Start-Up Operation

Species/Taxa 1976-1982 1983-1984 1985-1986

Iridaea flaccida 32.6 21.5 25.2

Non-coralline crust 11.7 13.6 16.6

Gigartina canaliculata 10.6 11.1 6.5

Phyllospadix scouleri 9.7 6.2 6.3

Coralline crust 7.5 9.2 7.1

Gastroclonium coulteri 6.8 9.9 6.7

Corallina vancouveriensis 5.8 6.7 5.4

Gelidium coulteri 3.8 3.8 4.6

Cryptopleura violacea 3.8 4.8 3.5

Mastocarpus papillatus 3.5 3.7 5.3

Rhodoglossum affine 3.0 2.5 3.7

CBS-complex 2.1 2.4 2.3

Gigartina agardhii 1.5 1.4 0.9

Ulva spp., Enteromorpha spp. 1.5 1.8 1.3

Egregia menziesii 1.5 0.7 0.5

Prionitis lanceolata, P. lyallii 1.3 1.9 1.4

Rhodomela larix 1.1 0.9 1.3

Porphyra spp. 0.8 1.0 2.3

Endocladia muricata 0.6 0.6 1.1

Others (72) (67) 8.4 (55) 7.5 (57) 6.1
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Table 3.2.3.29-4

Mean Percent Cover Per Square Meter for the Algal Taxa
at +3 ft MLLW Level in North Diablo Cove

El Nino Plant
Pre-E1 Nino Plant Start-Up Operation

Species/raxa 1976-1982 1983-1984 1985-1986

Mastocarpus papillatus 23.0 17.9 9.5

Endocladia muricata 22.8 15.7 15.1

Non-coralline crust 19.5 18.7 24.5

Iridaea flaccida 13.1 7.2 1.3

Corallina vancouveriensis 4.8 2.5 0.8

Pelvetia fastigiata 4.5 4.1 3.6

Coralline crust 4.2 5.0 3.3

Gigartina canaliculata 3.8 3.5 0.9

Fucus distichus 2.7 0.6 0.5

Gelidium coulteri 2.7 2.5 1.1

Rhodoglossum affine 2.4 2.9 1.0

Gigartina agardhii 2.3 1.0 0.3

Porphyra spp. 1.7 2.7 0.4

Gelidiumpusillum 0.9 1.2 0.3

Others (41) (35) 2.8 (34) 2.7 (27) 1.0
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Table 3.2.3.29-5

Mean Percent Cover Per Square Meter for the Algal Taxa
at +3 ft MLLW Level in South Diablo Cove

El Nino Plant
Pre-El Nino Plant Start-Up Operation

Species/Taxa 1976-1982 1983-1984 1985--1986

Non-coralline crust 18.8 11.2 15.2

Mastocarpuspapillatus 12.3 3.4 7.9

Endocladia muricata 5.6 1.3 1.3

Iridaea flaccida 2.5 0.1 0.1

Corallina vancouveriensis 1.8 0.3 0.3

Ulva spp., Enteromorpha spp. 1.7 1.4 0.1

Coralline crust 1.5 0.8 0.4

Porphyra spp. 1.4 0.9 1.0

Fucus distichus 1.4 0.3 0.1

Gelidium coulteri 1.3 0.6 0.7

Prionitis lanceolata, P. lyallii 0.5 0.3 1.0

Others (56) (54) 4.0 (36) 2.6 (33)1.9
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Table 3.2.3.29-6

Mean Percent Cover Per Square Meter for the Algal Taxa
at +3 ft MLLW Level Outside Diablo Cove

El Nino Plant
Pre-El Nino Plant Start-Up Operation

Species/Taxa 1976-1982 1983-1984 1985-1986

Mastocarpus papillatus 20.7 17.9 14.2

Endocladia muricata 19.1 16.0 23.7

Non-coralline crust 16.0 13.8 14.6

Iridaea flaccida 11.2 5.4 5.3

Coralline crust 3.8 3.6 2.7

Pelvetia fastigiata 2.4 1.1 1.4

Gigartina agardhii 1.5 0.6 0.5

Gelidium coulteri 1.4 2.2 1.0

Porphyra spp. 1.3 1.3 1.0

Gelidium pusillum 0.9 1.3 0.3

Others (47) (39) 3.3 (35) 3.4 (34) 3.2
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CBS-complex (Section 3.2.3.2) in that the segments of C. vancouveriensis are
narrower. The abundance of C. vancouveriensis in the TEMP stations has generally
been less than about ten percent cover per square meter. This species decreased in
abundance in some stations in Diablo Cove, as represented by the changes in
Stations 8+1 and 8+3 in Figure 3.2.3.29-1. Concurrently, decreases were also
observed in some stations outside Diablo Cove, as represented by Station 19+3 in
Figure 3.2.3.29-1. Apparently, the decreases in the cover were part of a coast-wide
change in this species' abundance.

Gelidium coulteri

This red alga appears as tufts of narrow erect branches that stand about 3 in. tall in
mid-intertidal habitats throughout Diablo Cove. Gelidium coulteri has never been
exceedingly abundant in the cove, but tufts of plants can usually be found almost
anywhere in the intertidal. This species became more abundant near the discharge
structure after the 1982-83 winter storms and during power plant operation (Figure
3.2.3.29-2). Because of its occurrence on the discharge bench, G. coulteri is probably
one of the more temperature-tolerant algal species in Diablo Cove. This species is of
potential commercial interest because it contains agar, a gel-forming substance.

Gigartina agardhii (presently Mastocarpus jardinii)

This species has recently had its name changed to Mastocarpusjardinii (Guiry et al.
1984). Its old name is retained in this report.

Similar in appearance to Mastocarpus pap illatus (Section 3.2.3.11), except that its
erect branches are narrower (about 0.25 in. wide), Gigartina agardhii occurs as
scattered tufts of plants in the mid-intertidal zone of Diablo Cove. This species
declined in TEMP stations inside and outside Diablo Cove (Stations 9+3 and 19+3,
respectively in Figure 3.2.3.29-3) and in many of PG&E's vertical transect quadrats
in the cove (Tables F-50 to F-52 in Appendix F). However, decreases also occurred
in stations outside the cove not contacted by the plume. Because of this, the cove's
decreases in this species were most likely linked to a geographically widespread
change in this species.

Non-Coralline Crusts

One of the most prevalent groups of intertidal algal taxa in Diablo Cove, the non-
coralline crust assemblage is composed of several prostrate algal species that are
soft in comparison to the hard coralline crust species. The non-coralline crust
species cover large areas over bench rock, boulders, and cobbles in the mid- to low
intertidal zone. The most abundant member in this group is Petrocelis
middendorphii. It is almost black in color and about 1/16 in. thick. This species is
actually the tetrasporangic phase of Mastocarpus papillatus (Section 3.2.3.11). It
has retained its own name only because it appears so different from the
gametophytic plants (M. papillatus). Petrocelis middendorphii is often overlooked in
the field because it can occur beneath the overstory layers of the upright, branched,
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or foliose algal species. Because the upright species can mask the presence of P.
middendorphii, accurately determining this species' abundance (percent cover) in
the field is often difficult.

The intertidal random point contact sampling method (IPC) most accurately samples
the crustose species because it samples completely beneath the overstory algal
layers. Several station graphs representing the changes over time in the abundance
of non-coralline crust in Diablo Cove are presented in Figure 3.2.3.29-4. The data
reveal that the coverage of the non-coralline crust assemblage in Diablo Cove can be
variable over time. However, some of this variation is probably an artifact of the
difficulties in sampling this group. In general, no long-term trend occurred among
the IPC quadrats. After power plant start-up, this assemblage continued to increase
in some quadrats in Diablo Cove, while it decreased in others. Abundances in some
quadrats in Diablo Cove did not change appreciably. Similar inconsistencies
occurred in quadrats outside the cove. Quadrat data representing the observed
changes outside Diablo Cove are depicted in Stations 2+1 and 2+3 in Figure
3.2.3.29-4. Representative data for the Diablo Cove quadrats are shown by the
changes observed in Stations 8+1 and 8+3 in this same figure.

Rhodoglossum affine (presently Gigartina montereiensis)

This species has recently had its name changed to Gigartina montereiensis
(Parkinson 1981). Its old name is retained in this report.

Rhodoglossum affine is a leafy red alga that is olive green and stands about 3 in. tall
in mid-intertidal habitats in Diablo Cove. This species generally occurred
everywhere, but usually not in high abundances (less than about 5 percent cover per
square meter). It remained a conspicuous member in the cove's intertidal algal
community during power plant operation. Like Gelidium coulteri, this species is of
potential commercial interest as a source of carageenan, another type of gel-forming
agent. In areas in Monterey Bay where it occurs more abundantly, it has been
studied for potential commercial harvesting and mariculture.

Subtidal Algae

Lists of the prevalent subtidal understory algal species (taxa) observed in the TEMP
subtidal 10-15 ft stations are presented in Table 3.2.3.29-7 to 3.2.3.29-9. (The
coverage of the overstory kelp canopies is not included in these tables.)
Corresponding abundances in the columns are average percentage cover per station
per survey values. These were calculated by pooling SLC data for the appropriate
stations per area and surveys per time period. The tables show that, in general,
north Diablo Cove, south Diablo Cove, and the non-Diablo Cove station areas
supported the same species and in relatively the same hierarchy of abundance over
time, with the exception of unusual increases in the abundance of Cryptopleura
violacea during the power plant operational period. The majority of the understory
algal cover was provided by three taxa groups: Botryoglossum farlowianum, the
CBS-complex, and the crustose coralline algae. These and the kelp species are
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Table 3.2.3.29-7

North Diablo Cove SLC Subtidal Algal Taxa with
Overall Mean Percentage Cover/Station/Survey Values for Three Periods

Period: Pre-El Nino El Nino Operational
Plant Start-Up

Years: 1976-1982 1983-1984 1985-1987
Stations sampled X surveys: 63 26 38

Coralline crust 50.2 59.4 59.3

Calliarthron spp.,
Bossiella spp. 49.2 40.2 42.3

Botryoglossum farlowianum 38.5 44.4 34.3

Gigartina exasperata,
G. corymbifera 11.0 14.2 15.9

Iridaea cordata 5.1 8.7 8.0
Corallina officinalis 5.0 3.4 2.7

Phyllospadix scouleri 4.9 1.4 0.3

Cystoseira osmundacea 4.7 5.6 4.4
Non-coralline crust 2.3 3.9 5.2

Laurencia spectabilis 2.0 1.1 2.4

Callophyllis spp. 1.9 1.3 0.8

Dictyoneurum californicum 1.8 1.4 0.8
Microcladia coulteri 1.5 1.9 1.5

Prionitis lanceolata,
P. lyallii 1.3 1.4 5.1

Pterygophora californica
(holdfast) 1.3 2.0 0.7

Laminaria dentigera
(holdfast) 1.0 0.4 0.2

Cryptopleura violacea 0.8 4.2 15.7

Neoagardhiella gaudichaudii 0.6 0.4 1.4

Desmarestia ligulata 0.6 1.5 <0.1

Rhodymenia spp. 0.5 0.7 1.2

Halymenia spp.,
Schizymenia spp. 0.1 0.5 1.3

Other taxa (numbers of taxa) (43) 3.7 (37) 2.3 (41) 2.5
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Table 3.2.3.29-8

South Diablo Cove SLC Subtidal Algal Taxa with
Overall Mean Percentage Cove/Station/Survey Values for Three Periods

Period: Pre-El Nino El Nino Operational
Plant Start-Up

Years: 1976-1982 1983-1984 1985-1987
Stations sampled X surveys: 116 41 57

Coralline crust 44.0 49.8 57.8

Calliarthron spp.,
Bossiella spp. 36.2 26.6 20.2

Botryoglossum farlowianum 20.5 28.7 44.0

Desmarestia ligulata 3.8 14.8 5.8

Pterygophora californica
(holdfast) 3.8 0.9 1.1

Cystoseira osmundacea 3.2 2.7 0.6

Corallina officinalis 1.5 1.2 0.6

Non-coralline crust 1.1 1.4 2.2

Laminaria dentigera
(holdfast) 0.6 1.0 0.5

Ulva spp.,
Enteromorpha spp. 0.5 9.0 2.7

Gigartina exasperata,
G. corymbifera 0.5 2.6 8.2

Rhodymenia spp. 0.5 0.8 0.6

Cryptopleura violacea 0.4 0.5 10.1

Laurencia spectabilis 0.3 0.5 2.6

Prionitis lanceolata,
P. lyallii 0.3 0.8 2.3

Iridaea cordata 0.2 0.3 3.4

Microcladia coulteri 0.2 0.5 1.3

Gigartina harveyana,
G. spinosa 0.1 1.3 2.2

Other taxa (numbers of taxa) (55) 3.4 (27) 4.3 (49) 5.1
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Table 3.2.3.29-9

Non-Diablo Cove SLC Subtidal Algal Taxa with
Overall Mean Percentage Cover/Station/Survey Values for Three Periods

Period: Pre-El Nino El Nino Operational
Plant Start-Up

Years: 1976-1982 1983-1984 1985-1987
Stations sampled X surveys: 38 14 19

Coralline crust 58.7 64.8 58.4

Calliarthron spp.,
Bossiella spp. 48.5 38.8 41.9

Botryoglossum farlowianum 28.6 15.8 31.0

Gigartina exasperata,
G. corymbifera 23.0 23.7 21.7

Callophyllis spp. 4.9 1.7 4.6
Polyneura latissima 3.8 2.3 1.7

Desmarestia ligulata 3.1 3.6 1.6

Filamentous algal turf 3.1 0.2 0.1

Iridaea cordata 2.4 3.8 2.0

Dictyoneurum californicum 2.0 <0.1 <0.1

Laminaria dentigera
(holdfast) 2.0 2.4 3.5

Cystoseira osmundacea 1.8 1.3 0.9

Ulva spp.,
Enteromorpha spp. 1.4 9.5 0.7

Microcladia coulteri 1.1 1.8 0.3

Callophyllis flabellulata 1.0 0.6 0.2
Laurencia spectabilis 0.8 2.4 4.9

Corallina officinalis 0.8 0.8 0.2

Prionitis lanceolata,
P. lyalifi 0.6 0.9 1.8

Pterygophora californica
(holdfast) 0.5 3.8 7.1

Rhodymenia spp. 0.4 1.4 3.0

Halymenia spp.,
Schizymenia spp. 0.3 2.8 0.2

Cryptopleura violacea 0.2 0.8 1.0

Other taxa (numbers of taxa) (37) 4.7 (35) 3.4 (39) 3.2
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discussed individually in the previous species accounts in this report. Algal cover
was initially least in south Diablo Cove. This was largely because extensive shading
by the kelp canopies of Pterygophora californica and Laminaria dentigera had
limited the growth of the smaller understory algae. During power plant operation,
many of these understory algal species increased in abundance after the densities of
the kelps decreased and the canopies thinned.

Following are representative station data and brief descriptions of the changes in
the less abundant understory algal species in the cove's shallows. None appeared
negatively affected by the thermal plume. In general, many became more common
in Diablo Cove during power plant operation. The increases may not have been due
to the thermal plume, however, because increases which occurred concurrently
outside Diablo Cove in areas not contacted by the plume suggest that many of the
cove's increases were natural events.

Desmarestia ligulata var. ligulata

This species is an annually occurring brown, strap-like kelp plant whose blades are
typically about 6 ft in length. Desmarestia ligulata densely colonizes open substrate
in spring-summer. The amount of plants (coverage) that occurs annually is largely
dependent on the severity of the previous winter's storms (i.e., the greater the
storms, the greater the amount of open substrate for colonization). In some years
this species has covered large expanses over the bottom, especially in the shallow
south and deeper central portions of Diablo Cove. This species appears to be
tolerant of the warm water plume, since annual reoccurrences of this species
continued in Diablo Cove throughout the power plant operational study phase
(Figure 3.2.3.29-5).

Farlowia compressa

This understory red algal species consists of relatively thick, flat blades with small
projections along their margins. The plants stand about 7 in. tall. This species was
sparse in occurrence prior to power plant operation in both cove and non-cove
sampling stations. This species became more common in nearly all these stations
during the operation of the power plant (Figure 3.2.3.29-6).

Gelidium robustum

Gelidium robustum is a coarsely branched red alga that stands about 15 in. tall in
subtidal habitats. Prior to power plant operation, this species was sparse in Diablo
Cove. During power plant operation large increases in this species' abundance
occurred, but not within the TEMP stations. G. robustum was found growing
abundantly on the tops of rocky outcroppings which were within the plume and
within five to ten ft of the sea surface. This species is typically more common in the
warmer waters south of Point Conception, and it is possible that the warm water
plume from the power plant has enhanced this species' growth in the cove.
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Gigartina exasperata plus G. corymbifera

Because they resemble each other closely, two species of Gigartina have been
combined in this study (G. exasperata and G. corymbifera). These red algal plants
consist of a discoid-shaped holdfast from which develop many red blades that grow
to about 20 in. in length. The blades are broad, thick, and covered with papillae over
the surfaces, giving the blades a coarse texture. These species are commonly called
"Turkish towel seaweed." The two species occur in the low intertidal, but in Diablo
Cove most are present in the subtidal to depths of about 15 ft. They were not
affected by the thermal plume.

Because of their size, they have been some of the more conspicuous foliose red algal
forms in Diablo Cove both before and during power plant operation. In the portions
of Diablo Cove that have frequently been contacted by the thermal plume, these
species' abundances either remained relatively unchanged or increased (Figure
3.2.3.29-7). Large increases occurred in south Diablo Cove (represented by Station
12-10 data in Figure 3.2.3.29-7) after the overstory, shading kelp canopies were
thinned. Because of these increases, Gigartina were obviously not negatively
affected by the thermal plume. The increases in Diablo Cove were detected
statistically in the time series and analysis of variance tests discussed in Appendix
E.

These species were previously affected by the 1983 El Nino, when some loss of color
was observed. They appeared light yellow-orange rather than orange-red. Although
they lost some pigmentation, most of the plants survived. Because color loss did not
occur during power plant operation, the color loss during the El Nino may have been
the result of poor nutrient availability, rather than a temperature-related effect.

Halymenia spp.iSchizymenia spp.

These smooth, broad-bladed, red foliose algae grow up to 15 in. long at all depths of
Diablo Cove. Because they appear similar to each other, they have been treated as
one taxonomic category in the TEMP studies. This group of species has usually been
found scattered throughout all depths in Diablo Cove, and has never been
exceedingly abundant in any one area. In general, as with Gigartina exasperata/G.
corymbifera species (see above), Halymenia spp./Schizymenia spp. became more
common in the shallow areas (less than about 15 ft deep) in Diablo Cove during
power plant operation.

Iridaea cordata

Iridaea cordata is similar in appearance to Iridaea flaccida (Section 3.2.3.9). Like
Iridaea flaccida, 1. cordata consists of a disc-shaped holdfast from which develop
many flat blades up to about 15 in. long. The blades also have an iridescent sheen to
them, although they appear more purple than I. flaccida, which appears more green.
Also, I. cordata occurs lower in the intertidal than I. flaccida, and can be found in
depths to about 20 ft in Diablo Cove. Iridaea cordata fluctuates in abundance

E8-316.0 3-212



cc
E

'i
a.

w
(n

w
0

LU
4-,

z
4

LU
C.)
z

z

100 Station 08 -10 ft

80

50

40-

20-

1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987

100 Station 12 -10 ft

60-

40-

20 T .X1 .

1975 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987

Sampling Intervals >2 Months

Figure 3.2.3.29-7

Representative SLC Abundance Data for Gigartina exasperata plus G. corymbifera

E8-316.0 3-213



seasonally, being considerably more abundant during summer than in winter. This
species did not exhibit any abnormal changes in its seasonal cycle during power
plant operation. However, like many other understory algal species in south Diablo
Cove, I. cordata increased in abundance during power plant operation after the
shading overstory kelp canopies were thinned (Figure 3.2.3.29-8).

Laurencia spectabilis

This red algal species develops short, blunt, semi-cylindrical branches along its 8 in.
axes. It occurs in the low intertidal and in most depths in Diablo Cove. This species
has not been very abundant in the cove, but it has been conspicuous where it occurs
because its shape generally stands out from the more blade-like shapes of other
species. Small increases in this species' coverage occurred in many areas of the cove
during power plant operation (represented by the changes observed in Stations 9-15
and 10-15 in Figure 3.2.3.29-9). Increases also occurred outside Diablo Cove in
areas not contacted by the thermal plume (Station 19-10 in the same figure).

Prionitis lanceolata plus P. lyalli

These two red algal species consist of thick, stiff branches about 12 in. long.
Because of their close resemblance to one another, they have been treated as one
entity. They occur mainly in the low intertidal to depths of about 20 ft in Diablo
Cove. Occasionally they can be found in high intertidal tidepools which can become
quite warmed by the sun, and because of this, these species are considered naturally
tolerant of warm water. During power plant operation this group of species became
more abundant in several subtidal stations.

Rhodymenia spp.

The rhyzomatous root system of Rhodymenia spp. produces flat blades that are
relatively stiff, about 2 in. long, and grow laterally over the bottom. This species
was sparse in occurrence in the TEMP stations prior to power plant start-up. After
power plant start-up, it increased in abundance in Station 6-11 (Figure 3.2.3.29-10),
located inshore at the base of Diablo Rock. This was one of the areas in Diablo Cove
that was most persistently contacted by the thermal plume. Like G. robustum
(above), Rhodymenia spp. may grow better under warm water conditions.

Invertebrates

Other representative Diablo Canyon invertebrates not previously discussed in
Section 3.2.3 are presented in the following, in alphabetical order: Acmaea mitra,
Astraea gibberosa, colonial/social (C/S) tunicates, Mitrella (now Alia) carinata,
Pagurus spp., Pisaster spp., Pugettia spp., Pycnopodia helianthoides, and
Strongylocentrotus spp. These species were chosen because they have been
represented in previous TEMP annual reports and are important members in the
Diablo Cove marine community.
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Acmaea mitra (Dunce Cap Limpet)

Dunce cap limpets are common in the low intertidal and shallow subtidal areas from
Alaska to Mexico. In Diablo Canyon intertidal study areas, they were infrequently
encountered at the lowest intertidal stations, but were more common in shallow
subtidal areas of Diablo Cove. Stations 9-10,10-10, 10-15, 12-10 and 19-10 all
showed increases in limpet abundance in 1984 and a concomitant decrease
beginning in 1985 (Figure D-31 in Appendix D), neither of which appears to be
related to power plant operation. Station 12-10 in south Diablo Cove showed an
increase in dunce cap limpets in 1987 which was related to increased substratum
availability and not elevated temperatures. No apparent effects from power plant
operation were seen in the distribution of dunce cap limpets from the PG&E
intertidal vertical transect studies (Tables F-73 and F-74 in Appendix F). In
Thermal Effects Laboratory studies, "ecological death," or loss of ability to hold to
substratum, occurred at a temperature of 23.1 C for four days. Overall, power plant
operation has not affected the abundance of dunce cap limpets in Diablo Cove.

Astraea gibberosa (Red Top Snail)

Red top snails do not appear to be affected by power plant operation. They occur
mostly in shallow subtidal areas from Canada to Mexico. They are herbivores, but
their dietary composition is unknown. In the study area, red top snails were more
common in south Diablo Cove than in north Diablo Cove. From field observations,
roughly two size (age) groups were distinguished: adults greater than about 2 in.
shell diameter, and juveniles with a shell size of 1 in. or less. All subtidal TEMP
stations generally showed the greatest abundances between 1979 and 1983, then a
period of reduced abundance through 1987 (Figure D-36 in Appendix D). The four
subtidal stations in south Diablo Cove all showed an increase in red top snail
abundance during the last survey of 1987, but it is not known whether this increase
was related to power plant operation. Two Thermal Effects Laboratory studies were
conducted on red top snails: a 96-hr ET50 study and a preference/avoidance
experiment. No mortality of adult snails was found at temperatures up to 24.9 C.
The 96-hr ET50 value was determined to be 26 C, and an avoidance reaction was
noted, with animals avoiding water temperatures greater than 24 C.

Colonial/Social Tunicates

The colonial and social tunicates as a group are found worldwide, although
individual species usually have a much more restricted distribution. They can be
found in the lowest portions of the intertidal down to at least 100 ft, and are usually
attached to hard substrates. Tunicates are filter feeders and cannot withstand long
exposures out of water. Colonial tunicates usually form encrusting sheets less than
2 in. in thickness, in which are found genetically identical individuals called zooids.
Individual social tunicates differ from colonial ones in that their zooids are not
embedded in a common sheet, but are only attached to each other by a thin,
vascularized sheet of common material. This group has no known commercial value.
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Most colonial and social tunicates have internal fertilization and brood the
developing tadpole larvae. The larvae of colonial tunicates are generally in the
plankton for only a few hours, at which time they attach to the substrate and
undergo metamorphosis.

The abundance of colonial and social tunicates in the subtidal fixed quadrats was
generally quite low, except at Station 6-11, located on the inshore side of Diablo Rock
(Figure 3.2.3.29-11 and Figure D-42 in Appendix D). Although Station 6-11 was
surveyed only a few times, in mid-1984 there was an average of almost 20 in.2 of

these tunicates per 1/4 m2. By the end of 1987, the coverage of this group had
declined to less than 2 in.2 per 1/4 m 2. A dramatic decrease was not seen at any
other TEMP subtidal stations. This group was selected for further statistical
analysis using ANOVA. Although analyses showed significant differences in relative
abundances between pre- and post-operational periods (SFQ data) for both north and
south Diablo Cove, lack of any decreasing trends over 1986 and 1987 probably
indicates that these patterns were just natural fluctuations (Appendix E).

No thermal effects work has been done on this group. Although Station 6-11 has
received the greatest thermal dose of all the subtidal stations, it is not certain
whether the decrease was a direct effect of the thermal discharge or a secondary
effect. It is known that certain fish feed on tunicates, and it is possible that some or
all of the fish that have increased in the vicinity of Diablo Rock might be feeding on
these tunicates.

Mitrella spp. (Dove Shell Snails)

Dove shells are common and abundant in intertidal and shallow subtidal areas from
Alaska to Mexico. In the Diablo Canyon study area, they are most abundant on
macroalgae in the lower intertidal and the shallow subtidal. Dove shell snails are
microcarnivores and detritus feeders. On intertidal stations (IBT), the abundance of
carinated dove shells (Mitrella carinata) was recorded as present only. Subtidally,
carinated dove shells were most abundant on the 10 and 15 ft depth stations within
Diablo Cove; few have been recorded on Station 13-32 in the middle of Diablo Cove
(Figures D-46 in Appendix D).

Because the abundance of carinated dove shells is highly variable, it is difficult to
determine if power plant operation has had an effect on their abundance. Several
long-term cycles of abundance on Stations 8-10, 9-10, and 10-10 were seen.
Carinated dove shells are expected to remain abundant in Diablo Cove as long as
attached macroalgae remain abundant.

Pagurus spp. (Hermit Crabs)

In the Diablo Canyon study area, four species of hermit crabs are common but were
not identified to the species level in the field. These four species occur from Canada
to Mexico. Hermit crabs are scavengers and will eat either plant or animal matter,
and are in turn preyed upon by several species of fish. Hermit crabs are common
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and abundant in most intertidal and subtidal areas of the Diablo Canyon study area
(Figures D-47 to D-49 in Appendix D). Generally, the abundance of hermit crabs in
both intertidal and subtidal areas was unaffected by power plant operation. Along
with aggregating anemones and black turban snails, hermit crabs were very
common in shallow subtidal areas near the discharge structure and in contact with
the thermal plume. No changes were detected in the distribution of hermit crabs
after power plant operation from PG&E vertical transect data (Tables F-80 and
F-82 in Appendix F). This species was chosen for time series analysis using SFQ
data. Although three subtidal stations showed significant increases, the increases
were not large in comparison to the range of error for the fitted models (Appendix E).
Thermal tolerance and preference/avoidance studies on two species of hermit crabs
in the Thermal Effects Laboratory studies indicated that Pagurus samuelis had a
higher heat tolerance (96-hr ET50 of 28 C) and avoidance temperature (29 C) than
P. granosimanus (96-hr ET50 of 26-27 C, and avoidance temperature of 20-26 C).
The factors which appeared to have the greatest influence on the abundance and
distribution of hermit crabs were characteristics of the substratum; they were most
abundant in tidepools and rocky areas, and least abundant on flat bench rock areas
and sand.

Pisaster spp. (Short-Spined, Giant, and Ochre Sea Stars)

Three species of Pisaster are found in the Diablo Canyon area, Pisaster brevispinus,
the short-spined sea star; P. giganteus, the giant sea star; and P. ochraceus, the
ochre sea star. All three species are found from Alaska or British Columbia to
southern California. They are found in the mid-intertidal to subtidal depths of
300 ft. All of these sea stars are predators on bivalves, snails, chitons, barnacles,
and many other invertebrates. Abundance over time data for the three subtidal
Pisaster species have been combined in the figures. The SAQ method showed low
numbers of individuals at most of the subtidal TEMP stations (Figure D-51 in
Appendix D). Generally, Pisaster spp. were most abundant at deeper stations.
However, the shallow subtidal Station 6-11, located on the inshore side of Diablo
Rock, showed an increase in abundance after 1985 to levels similar to those of the
deep stations. Most likely the increase was an immigration of larger-sized animals
onto the station, and not recruitment, since the numbers of small sea stars in the
SFQ did not show the same increases (Figure 3.2.3.29-12). Thermal Effects
Laboratory studies (96-hr ET50 tests) were done on the adults of the three Pisaster
species (PG&E 1982b). The 96-hr ET50's were 25.8, 26.0, and 26.0 C for short-
spined, giant, and ochre sea stars, respectively. The ochre sea star showed an active
avoidance to temperatures of 25 C and above. These findings do not explain why
Pisaster spp. increased in Station 6-11. It is likely that the increases were related to
some other feature in the area, such as food.

In contrast to the adults, the abundance of juvenile Pisaster spp. on the subtidal
stations in north Diablo Cove (Stations 8-10 and 9-10 in Figure 3.2.3.29-12) showed
a decrease beginning in mid-1 986. Given their high abundance prior to 1985, this
reduction appears to be either a direct avoidance of warm temperatures, a
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response to a change in the biological community related to food supply, or refuge
from predators.

Pugettia spp. (Kelp Crabs)

On the TEMP stations, the majority of the kelp crabs found were Pugettia richii and
P. producta. Both species occur from Alaska to Mexico in the low intertidal and in
subtidal areas. Kelp crabs are an important forage item for several species of
rockfish, as well as for rock crabs and octopus. Kelp crabs mainly eat algae,
especially kelps. Subtidally, kelp crabs were more abundant at the 10 ft stations
than at the deeper stations, although their abundances were variable on all stations
(Figures D-52 and D-53 in Appendix D). The SFQ data showed a reduction in
abundance on the subtidal stations in south Diablo Cove after about 1985, which
may be an indirect effect of power plant operation (Figure D-53 in Appendix D). If
the abundances of kelp crabs were directly affected by temperature, then crabs in
the northern part of Diablo Cove, which was warmer than the southern portion,
would have shown a similar reduction in abundance during power plant operation.
It is possible that the decreased abundance of kelps in south Diablo Cove affected
the crab populations. Thermal Effects Laboratory studies showed that P. producta
avoided temperatures of 21 C (PG&E 1982b), and the 96-hr ET50 was determined to
be 25-26 C for both species of kelp crab.

Pycnopodia helianthoides (Sunflower Sea Star)

Sunflower sea stars occur from Alaska to southern California in intertidal zones, but
they are more common in subtidal areas. They are large and relatively fast-moving
predatory sea stars which prey on sea urchins, clams, abalone, chitons, numerous
species of snails, hermit crabs, and other crabs. Sunflower sea stars were not
abundant during the pre-operational period in the Diablo Canyon study area, and
usually averaged about one sea star per station (Figure D-54 in Appendix D). Since
no subtidal stations inside Diablo Cove showed a reduction in abundance of
sunflower sea stars after 1985, power plant operation does not appear to have
affected their abundances. In general, the abundance of these sea stars appears to
be influenced more by the abundance of prey species than by water temperatures.
The only Thermal Effects Laboratory study conducted was a preference/avoidance
experiment. Sunflower sea stars showed a definite avoidance of temperatures above
21 C in the tests.

Strongylocentrotus spp. (Sea Urchins)

There were two common species of sea urchins in the Diablo Canyon study area, the
smaller purple urchin (Strongylocentrotuspurpuratus) and the larger red urchin (S.
franciscanus). Generally, purple urchins were common and abundant in the
intertidal and shallow subtidal, while the red urchin was more common in subtidal
areas. In the TEMP study areas, purple urchins were abundant in both the subtidal
and intertidal areas, while red urchins were rare. However, before 1974 when sea
otters moved into Diablo Cove, red urchins were very abundant. North (1969)
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described shallow and deep urchin barren areas in Diablo Cove, which consisted of
high densities of red urchins. These urchin zones were eradicated by foraging sea
otters, and since that time urchins, especially red urchins, have been uncommon in
the subtidal areas of Diablo Cove.

Purple and red urchin abundances have been combined to show abundances over
time at the TEMP stations. Very low abundances of urchins were found on all
stations from 1976 to 1985, except for the early surveys on Station 20-20 located
outside Diablo Cove (Figure D-55 in Appendix D). Beginning in 1985, urchins
increased on most stations, but were still not common. The SFQ data, which
generally showed the abundance of small urchins, indicated that a recruitment of
urchins to the study area occurred about 1984 and persisted through 1987 (Figure
3.2.3.29-13). This recruitment appeared as part of a coast-wide recruitment which
was not confined to Diablo Cove and was apparently not affected by power plant
operation. The PG&E intertidal vertical transect studies showed a decrease in the
distribution of S. purpuratus after the 1982-83 storms (Tables F-83 and F-85 in
Appendix F). Two Thermal Effects Laboratory studies were conducted on purple
urchins. The 96-hr ET50 on adults occurred in the range of 22-23.5 C. Thermal
dose studies indicated that purple urchins could withstand 26 C for one hour.

Fish

Painted greenling

The painted greenling or convict fish (Oxylebiuspictus) was a common species on the
deeper benthic transects in Diablo Cove both before and during power plant
operation. Its small mouth is adapted to picking crustaceans from algal mats, and it
primarily uses boulder and crevice habitat for protection. Painted greenlings have
remained relatively unaffected by the thermal discharge because their preferred
habitat lies beneath the main influence of the plume. Juveniles typically recruit into
deeper nearshore habitats, and eventually migrate inshore as they mature. They
have been abundant on the reference stations outside Diablo Cove and should also
continue to persist inside the cove during power plant operation.

Senorita

The senorita (Oxyjulis californica) is a smaller member of the wrasse family and has
been very common in Diablo Cove since 1976, ranking first in terms of overall
number of individuals seen on the fish observation transects. They form loose
schools and feed on small invertebrates either on the bottom or in the water column.
During circulating pump testing and full power plant operation, senoritas became
particularly abundant in and adjacent to the thermal plume, apparently attracted by
an abundance of entrained food items, They may also serve as prey items
themselves for other species of predatory fish in the cove. Senoritas should continue
to be a prominent fish species in Diablo Cove because of their tolerance of wide
thermal regimes.

E8-316.0 3-224



CU
E
Ln
CuCU

LU0~
Lu

LU

-J

CO

Cu

+1-

z

i-I

m

LU

LU

zC

z

1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987

Station 09 -15 ft
I

4.0-

3.0-

2.0-

0.1
1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987

1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987

Station 10 -15 ft
5.0

4.0-

3.0]

2.0-

1.0- ~kk1U.'

1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987

---- Sampllng Intervals >2 Months

Figure 3.2.3.29-13

Representative SFQ Abundance Data for Sea Urchin (Strongykbcentrotus spp.)

E8-316.0 3 -225



Sheephead

The sheephead (Semicossyphuspulcher) is a large member of the wrasse family,
which is most common in the warmer waters south of Point Conception. During the
El Nino conditions which prevailed in 1983, juvenile sheephead became unusually
abundant in Diablo Cove, although adults were previously not uncommon in deeper
waters outside Diablo Cove. Finding shelter among the shallow kelp canopies,
juveniles remained in Diablo Cove after normal oceanographic conditions returned
in 1984. However, when power plant operation began shortly thereafter, sheephead
became increasingly common on TEMP-SFO transects in north Diablo Cove and
near Diablo Rock. Moreover, individuals grew considerably during this time, so
much so that mature adults were observed as early as 1986.

Sheephead feed on a wide variety of invertebrates such as sea urchins, mussels,
abalones, and hermit crabs, and appear to have found adequate food resources in
Diablo Cove to sustain their population of several hundred individuals. Their
preference for warm temperate water suggests that sheephead will continue to
inhabit Diablo Cove during the forthcoming years of power plant operation.

Leopard sharks and bat rays

Leopard sharks (Triakis semifasciata) and bat rays (Myliobatis californica) differ
from the bony fishes in that their skeletons are cartilaginous, but they fulfill similar
ecological roles as important predators in the nearshore community. Both species
can grow to several feet in length and were very infrequent on the TEMP-SFO
transects prior to power plant operation. Their typical habitat in central California
is in the warmer waters of bays and estuaries, where they feed on bottom-dwelling
clams, worms, and crustaceans. With the beginning of thermal discharge into
Diablo Cove in 1985, small schools of adult sharks and rays became increasingly
common, particularly in direct contact with the thermal plume. Individuals of both
species were also seen in the shallow areas of north Diablo Cove and near Diablo
Rock from 1985 to 1987. Presumably they were feeding primarily on small schooling
fish, such as topsmelt, which were attracted to the thermal discharge, or on a variety
of other potential food items present in Diablo Cove. The occurrence of leopard
sharks and bat rays during power plant operation suggests that they have been
attracted by the warmer water and adequate food supplies. It is uncertain whether
or not they will find suitable conditions in Diablo Cove for reproduction, but the
migratory capabilities of the adults enable them to seek this preferred habitat which
has been created by the thermal discharge.
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3.2.3.30 Summary of Thermal Impacts on Selected Species

The foregoing sections provided detailed accounts of thermal impacts for the twenty-
nine important species or species groups that are conspicuous, abundant, or
ecologically important in the Diablo Cove communities. The impacts described for
these species are tabulated in Table 3.2.3.30-1. The purpose of this section is to
review these impacts in a more general context that considers their ecological
significance to the populations and communities as a whole.

In the intertidal, changes in the abundance of ten algal species were described. Of
these, the iridescent seaweed (Iridaea flaccida) and the Christmas tree seaweed
(Gigartina canaliculata) were the two most common intertidal algal species that
decreased in abundance in Diablo Cove in response to the thermal plume. Several
other species also decreased. However, because of their lower abundance (each less
than about three percent cover per square meter), and less frequent occurrence in
the intertidal (occurring in less than about ten percent of the sample quadrats), their
population declines were not as ecologically significant to the community in south
Diablo Cove as were the declines of the iridescent seaweed and Christmas tree
seaweed populations. In south Diablo Cove, the 1982-83 winter storms damaged
large areas of the south shore, removing nearly all of the algal cover in this area
prior to power plant start-up. As a consequence, potential direct impacts of the
plume were not realized in this portion of Diablo Cove's intertidal shore. Much of
this area remains bare of algal populations because of the unsuitable substrate
(gravel). However, in those areas where suitable substrate is available, the thermal
plume has influenced the repopulation process by inhibiting the recovery of
temperature-sensitive species, including the iridescent and Christmas tree seaweed
species. In the north portion of the cove, declines in these ýwo species in response to
the thermal plume were conspicuous because there was much less storm damage
here prior to power plant start-up than in the south Diablo Cove area. In contrast to
the iridescent and Christmas tree seaweed decreases, the commonly occurring
hollow branch seaweed (Gastroclonium coulteri) increased in abundance in many
areas of the cove. The increases probably resulted from enhanced growth induced by
the warm water plume. This species provides an important habitat for small
invertebrates. Two major intertidal algal species which have not been affected by
the thermal plume are the grapestone seaweed (Mastocarpus papillatus) and the
nailbrush seaweed (Endocladia muricata).

Six intertidal invertebrate species were analyzed for changes related to the thermal
plume temperatures. None of them decreased in Diablo Cove during power plant
operation. The black turban snail (Tegula funebralis), the rough limpet (Collisella
scabra), and the acorn barnacle (Chthamalus fissus) increased gradually in
abundance after power plant start-up. These significant increases may have
resulted from the reductions in algal cover which provided more open substrate. No
thermal plume-related changes were observed in the black abalone (Haliotis
cracherodii), the aggregating sea anemone (Anthopleura elegantissima), and the
hermit crab (Pagurus spp.) populations.
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Table 3.2.3.30-1
Summary of Selected Algal, Invertebrate, and Fish Species Abundance Changes in

Diablo Cove During Power Plant Operation (1985-1987)

Power
Geograph- Plant-

ical Primary Abundance Affected Related
Scientific name Common name Range' Habitat 2  Change3  Location4  Effect 5

ALGAE
Botryoglossum

farlowianum Ruffled Seaweed 2-8 S decrease NDC,DR yes

CBS-Complex Articulated Seaweeds 1-8 S n/c n/a n/a

Corallina
vancouveriensis Coralline Seaweed 1-8 I decrease NDC unk

Cryptopleura violacea Hidden Rib Seaweed 2-8 S increase CW yes

Cysloseira osmundacea Bladder Chain Kelp 4-8 S decrease CW yes

Desmarestia ligulata Brown Seaweed 1-8 S increase CW unk

Egregia menziesii Feather Boa Kelp 1-8 IS decrease CW unk

Endocladia muricata Nailbrush Seaweed 1-8 I n/c n/a n/a

Farlowla compressa Red Seaweed 2-6 S increase CW unk

Gastroclonium coulteri Hollow Branch
Seaweed 2-8 I increase DNDC unk

Gelidium coulteri Red Seaweed 3-8 I n/c n/a n/a

Gelidium robustum Red Seaweed 2-8 S increase NDC yes

Gigartina agardhii Red Seaweed 2-6 I decrease NDC unk

Gigartina canaliculata Christmas Tree
Seaweed 4-8 1 decrease CW unk

Range codes as follows:
1 = Alaska
2 = British Columbia
3 = Washington
4 = Oregon

2 1 = Intertidal, S = Subtidal

5 = Northern California
6 = Point Conception
7 = Southern California
8 = Baja California

3 Where two effects were observed, the other is listed in parentheses; n/c = no change
4 Location codes as follows:

CW = Cove-Wide (intertidal at +1 ft MLLW; NDC = North Diablo Cove
subtidal to -15 ft MLLW) PM = Plume Margins

D = Immediate Discharge Area SDC = South Diablo Cove
DR = Diablo Rock (inshore) n/a = not applicable

Power plant effects were primarily caused by the increased water temperatures or
secondarily by loss of habitat, food availability, or other ecological factors;
unk = unknown cause of observed changes
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Table 3.2.3.30-1 - Continued

Power
Geograph- Plant-

ical Primary Abundance Affected Related
Scientific name Common name Range1  Habitat 2  Change3  Location 4  Effect 5

ALGAE - Continued

Gigartina exasperatal
G. corymbifera Red Seaweed 2-8 S increase CW unk

Halymenia sppJ
Schizymenia spp. Red Seaweed 2-8 S increase CW unk

Iridaea cordata Red Seaweed 1-8 S increase SDC unk

Iridaea flaccida Iridescent Seaweed 1-8 I decrease CW yes

Laminaria dentigera Oar Kelp 1-8 S decrease CW yes

Laurencia spectabilis Red Seaweed 1-8 IS increase CW no

Mastocarpus papillatus Grapestone Seaweed 1-8 I n/c n/a n/a

Nereocystis luetkeana Bull Kelp 1-6 S decrease CW yes

Non-coralline crust Crustose Red
Seaweed 1-8 I increase CW unk

PhyllospSdix scouleri Surf Grass 1-8 IS decrease SDC no

Prionitis lanceolata Red Seaweed 2-S SI increase CW unk

Pterygophora californica Tree Kelp 2-8 S decrease CW yes

Rhodoglossum aftine Red Seaweed 2--8 I n/c n/a n/a

Rhodymenia spp. Red Seaweed 2-8 S increase DR unk

Range codes as follows:

1 = Alaska
2 = British Columbia
3 = Washington
4 = Oregon

2 1 = Intertidal, S = Subtidal

5 = Northern California
6 = Point Conception
7 = Southern California
8 = Baja California

3 Where two effects were observed, the other is listed in parentheses; n/c = no change
4 Location codes as follows:

CW = Cove-Wide (intertidal at +1 ft MLLW; NDC = North Diablo Cove
subtidal to -15 ft MLLW) PM = Plume Margins

D = Immediate Discharge Area SDC = South Diablo Cove
DR = Diablo Rock (inshore) n/a = not applicable

5 Power plant effects were primarily caused by the increased water temperatures or
secondarily by loss of habitat, food availability, or other ecological factors;
unk = unknown cause of observed changes
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Table 3.2.3.30-1 - Continued

Power
Geograph- Plant-

ical Primary Abundance Affected Related
Scientific name Common name Rangel Habitat 2  Change3  L.cation4  Effects

INVERTEBRATES

Acmaea mitre Dunce Cap Limpet 1-6 S increase SDC no

Anthopleura
elegantissima Aggregating Anemone 1-8 S increase DR unk

Astraea gibberosa Red Top Snail 2-8 S increase SDC unk

Cancer antennarius Rock Crab 3-8 S,1 decrease NDC unk

Chthamalus fissus Acorn Barnacle 5-8 1 increase CW yes

Collisella scabra Rough Limpet 4-8 1 increase NDC yes

Haliotis cracherodii Black Abalone 4-8 I n/c n/a n/a

Haliotis rufescens Red Abalone 4-8 S inc.,(dec.) CW,(D) no,(yes)

Mitrella spp. Dove Snails 1-8 IS n/c n/a n/a

Pagurus app. Hermit Crabs 2-8 S,1 n/c n/a n/a

Patitia miniata Bat Star 1-8 S increase DR yes

Pisaster'spp. Sea stars 1-7 S,I increase DR unk

Pugettia-spp. Kelp Crabs 1-8 S decrease SDC unk

Pycnopodia
helianthoides Sunflower Star 1-7 S decrease D yes

Tegula brunnea Brown Turban Snail 4-7 S inc.,(dec.) NDC,(+1 ft) unk,(unk)

Tegula funebralis Black Turban Snail 2-8 I increase CW yes

Tunicates (colonial/social) Sea Squirts 1-8 S decrease DR unk

Strongylocentrotus spp. Sea Urchins 1-8 S increase CW no

Range codes as follows:

1 = Alaska
2 = British Columbia
3 = Washington
4 = Oregon

2 1 - Intertidal, S = Subtidal

5 = Northern California
6 = Point Conception
7 = Southern California
8 = Baja California

a Where two effects were observed, the other is listed in parentheses; n/c = no change
4 Location codes as follows:

CW = Cove-Wide (intertidal at +1 ft MLLW; NDC = North Diablo Cove
subtidal to -15 ft MLLW) PM = Plume Margins

D = Immediate Discharge Area SDC = South Diablo Cove
DR = Diablo Rock (inshore) n/a = not applicable

Power plant effects were primarily caused by the increased water temperatures or
secondarily by loss of habitat, food availability, or other ecological factors;
unk = unknown cause of observed changes
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Table 3.2.3.30-1 - Continued

Power
Geograph- Plant-

ical Primary Abundance Affected Related
Scientific name Common name Range1 Habitat 2  Change3  Location4  Effect5

FISHES

Anoplarchus
purpureacens High Cockscomb

Embiotocdjacksoni Black Surfperch

Embiotoca lateralis Striped Surfperch

Cebidichthys violaceus Monkeyface-eel

Damalichthys vacca Pile Perch

Myliobatis cadifornia Bat Ray

Ophiodon elongatus

Oxyjulis.californica

Oxylebius pictus

Scorpaenichthys

Lingcod

Senorita

Convict Fish

marmoratus Cabezon

Sebastes'atrovirens Kelp Rockfish

Sebastes chrysomelas Black and Yellow
Rockfish

Sebastes mystinus Blue Rockfish

Sebastek rastrelliger Grass Rockfish

Sebastes serranoides Olive Rockfish

Semicossyphus pulcher Sheephead

Triakis semifasciata Leopard Shark

Xiphister atropurpureus Black Prickleback

Xiphister mucosus Rock Prickleback

1-6

5-8

1-8

4-8

1-8

4-8

1-8

5-8

2-8

1-8

5-8

5-8

1-8

4-8

5-8

5-8

4-8

1-8

1-6

I n/c n/a n/a

S increase NDC yes

S increase NDC yes

IS n/c n/a n/a

S increase NDC yes

S increase D,DRNDC yes

S decrease CW unk

S increase PM yes

S n/c n/a n/a

S decrease D yes

S dec.,(inc.) D,(-30 ft.) yes,(yes)

S decrease D yes

S inc.,(juv dec) PM,(SDCNDC) yes,(yes)

S n/c n/a n/a

S inc.,(juv dec) PM,(SDC,NDC) yes,(yes)

S increase D,DRNDC yes

S increase DNDC yes

I decrease CW yes

I decrease CW yes

I Range codes as follows:
1 = Alaska 5 = Northern California
2 = British Columbia 6 = Point Conception
3 = Washington 7 = Southern California
4 = Oregon 8 = Baja California

2 1 = Intertidal, S = Subtidal
3 Where two effects were observed, the other is listed in parentheses; n/c = no change
4 Location codes as follows:

CW = Cove-Wide (intertidal at +1 ft MLLW; NDC = North Diablo Cove
subtidal to -15 ft MLLW) PM = Plume Margins

D = Immediate Discharge Area SDC = South Diablo Cove
DR = Diablo Rock (inshore) n/a = not applicable

5 Power plant effects were primarily caused by the increased water temperatures or
secondarily by loss of habitat, food availability, or other ecological factors;
unk = unknown cause of observed changes
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Intertidal fish species which were analyzed for thermal plume-related changes
included the black pricideback (Xiphister atropurpureus), rock prickleback (X.
mucosus), high cockscomb (Anoplarchus purpurescens), and monkeyface-eel
(Cebidichthys violaceus). Both Xiphister species decreased significantly in
abundance throughout the cove following power plant start-up. The decreases in
these species may reflect a direct response to either the warmer water or the loss of
intertidal algae (which are a source of habitat and food for the species), or a
combination of both.

From Diablo Cove's subtidal community, five kelp species and 12 foliose-type
seaweed species were described. The warm water plume caused significant
decreases in four kelp species: bull kelp (Nereocystis luetkeana), oar kelp (Laminaria
dentigera), tree kelp (Pterygophora californica), and bladder chain kelp (Cystoseira
osmundacea). The changes occurred primarily in shallow areas (less than 20 ft
depth) in Diablo Cove. All of the thermal plume-related changes were confined to
areas in Diablo Cove, except for the bull kelp. Temperature effects (premature
senescence) in those bull kelp individuals reaching the water surface were observed
about 1,000 yards upcoast from and outside Diablo Cove. This is the only thermal
plume impact observed outside Diablo Cove. The warm water plume may have
contributed to preventing the recruitment of feather boa kelp (Egregia menziesii)
during power plant operation. This species occurred in the shallow subtidal and
intertidal areas of the cove, and was low in abundance prior to power plant start-up.
The kelp populations that declined in the shallow cove areas were replaced by
significant increases in foliose red algal populations (Botryoglossum farlowianum,
Cryptopleura violacea) which grew on top of the articulated coralline algae. Other
foliose red algal species became more abundant during power plant operation.
However, these increases were considerably less significant than the increases of B.
farlowianum and C. violacea, and were not caused by the thermal plume. Surf grass
(Phyllospadix scouleri) was affected by the 1982-83 storms throughout Diablo Cove,
except in the north Diablo Cove intertidal. During power plant operation its
abundance did not change any further.

Fourteen subtidal invertebrate species were reviewed from the TEMP quantitative
and qualitative records. Of these, the abundances of two species were negatively
affected by the thermal plume. Larger individual rock crabs (Cancer antennarius)
decreased in abundance in the shallow areas of north Diablo Cove. Presumably they
moved into deeper areas beneath the plume in the north channel area of Diablo
Cove. The red abalone population in Diablo Cove nearly doubled in number from
1984 to 1987. During fall 1987, mortality of a small number of red abalone (Haliotis
rufescens) occurred near the discharge structure as a result of the unusually high
discharge temperatures. Bat stars, Patiria miniata, appeared in greater numbers in
an area of Diablo Cove persistently contacted by the plume (inshore of Diablo Rock).
The cause of this increase is unknown. Most likely, some factor such as an increase
in food attracted the bat stars to the area. The California sea hare (Aplysia
californica) increased temporarily in the shallows of Diablo Cove. Individuals of this
species live for only a year. The increase in this population during power plant
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operation was likely a natural episodic event, typical of species that have a short life
span. The nine other invertebrate species selected for review did not appear to be
positively or negatively affected by the thermal plume.

Five species of rockfish (Sebastes spp.), three species of surfperch (Embiotocidae),
and two other subtidal fish species in Diablo Cove were described in the previous
species accounts. Several plume-related changes were observed. There were
decreases in the seasonal abundances of juvenile rockfish in the shallow areas of
Diablo Cove where there were plume-related losses of kelps. The loss of kelp directly
affects rockfish because the juveniles prefer living near kelp canopies. Some
rockfish species remain near kelp canopies throughout their entire life. These
species have been able to move to deeper areas of the cove where the kelps remained
abundant. As some rockfish mature, they move from the kelp canopies to the
bottom, and live within rocky crevices and in the open spaces between boulders (e.g.,
black and yellow rockfish, S. chrysomelas). Some of the shallow-water individuals of
these species may be at direct risk from the plume, because their territorial behavior
may override any tendency to move away from potentially harmful thermal
conditions.

During power plant operation there were increases in the occurrences of bat rays
(Myliobatis californica) and leopard sharks (Triakis semifasciata). These species
were only infrequently encountered in Diablo Cove during the pre-discharge study
phase. During power plant operation these species increased appreciably in
abundance in Diablo Cove, and were mainly concentrated within the turbulence zone
of the discharge.

Just prior to the warm water discharges from the power plant, several fish species
which are more commonly found south of Point Conception appeared in greater
numbers in Diablo Cove. This change resulted from adult migration and larval
transport that occurred when warm water masses moved northward along the
California coast during the 1983 El Nino event. The warm water plume has
maintained this warm-water fish assemblage in Diablo Cove even though the
surrounding areas have returned to normal. The prevalent warm water species are
the California sheephead (Semicossyphus pulcher), opaleye (Girella nigricans), and
halfmoon (Medialuna californiensis).

The species discussed above were selected because they characterize Diablo Cove's
intertidal and subtidal communities, and because the effects on them attributed to
both natural conditions and the power plant's thermal plume are effects
representative of those on the community as a whole. The large amount of data
collected on the many other algal, invertebrate, and fish species in Diablo Cove and
vicinity are presented in the microfiche appendices attached to this report
(Appendices G and H). Discussion of these data was not included in this report
because many of the species occurred too infrequently in the TEMP sampling sites to
make detailed assessments of the effects of the thermal plume on their populations.
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The species discussed in this report represent the most important species in Diablo
Cove. Thus, the effects of the thermal plume on these species characterize the most
significant changes to the communities as a whole.

3.2.4 Marine Community Thermal Impact Assessment

The TEMP program has documented the occurrence and distribution of several
hundred algal, invertebrate, and fish species in intertidal and subtidal habitats in
and around Diablo Cove. The role and importance of each species in the overall
functioning of the marine community (e.g., as habitat, food resource, herbivore, or
predator/prey) can be determined by analysis of its abundance, persistence, and
distribution. The multitude of interactions between species and the influence of the
physical environment create a complex web of energetic and behavioral
relationships, of which each link can be variable in its strength of association over
time and space. Because many species overlap in their use of community resources,
certain species changes may not necessarily alter the structure, character, and
"health" of the community. This property is referred to as "elasticity" and
"resilience" in the community.

In Diablo Cove the biological changes from natural causes have reflected
geographically widespread changes along the California coast, whereas the man-
induced changes from power plant activities have been localized within Diablo Cove
(with one exception). The most pertinent example of a natural event that affected
Diablo Cove's marine community is the impact that the immigration into Diablo
Cove of the sea otter in 1974 had on the distribution and abundance of sea urchins
and kelp. The sea otters' consumption of the sea urchins that grazed on the kelp
resulted in a shift from a community in which sea urchins played a dominant role in
structuring the community to one in which the role of the sea otter has maintained a
kelp forest-dominated community. This condition will persist in Diablo Cove as long
as sea otters are present. A more detailed discussion of this change is presented in
the following section.

No other large-scale population shifts in Diablo Cove have been as directly related to
the influence of a single species as occurred with the sea otter immigration. The
abundances of other species have changed, but their effects on the community have
been much less dramatic than those of the sea otter. In such cases, the magnitude of
changes and their persistence have been less, and the roles of the species have been
less critical in structuring the community. Accordingly, the community-wide effects
of these changes have been relatively limited. Algal species periodically exhibited
unusual population increases (blooms), which were reduced to more normal levels by
recurrent winter storm disturbances. Over the 11 years of observations, these
physical and biological "checks and balances" in Diablo Cove's community have
repeatedly reestablished certain population levels after the blooms and have tended
to maintain a state of dynamic equilibrium in the marine community.

The introduction of thermal effluent into the Diablo Cove biological communities
created a state of higher than natural ambient water temperatures. The biological
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changes that have resulted from the presence of the plume are expected to continue
as long as the power plant continues to discharge thermal effluent into Diablo Cove.
The data obtained during the eight years prior to thermal discharges revealed that
the marine communities in Diablo Cove were generally rather stable, despite the
earlier changes induced by the sea otter and the long-term changes documented in a
few species. Therefore, it is reasonable to conclude that, without the thermal
discharge, most of the area currently affected by the thermal plume would revert to
communities essentially similar to those observed in these areas before thermal
discharges.

The following chronology is a summary of the natural and power plant-related
biological changes that have been observed in Diablo Cove from 1966 through the
end of the TEMP studies in 1987. Refer to Section 1.3.3 for descriptions of the pre-
discharge ecological setting in Diablo Cove.

3.2.4.1 Changes Prior to Thermal Discharge (1966-1984)

The first reported marine ecological observations in Diablo Cove were made in 1966
by Ebert (1966) and later in the same year by North (reported in North 1969). In
addition to compiling a list of the cove's algal and invertebrate species, North
described subtidal "algal barren grounds" in the center of Diablo Cove. North
postulated that the absence of algae in this area was a result of concentrated grazing
by a dense population of red sea urchins. Kelp and foliose algal species were
generally observed only in areas without sea urchins. Red abalone were common in
Diablo Cove, even though they had been harvested commercially for many years
prier to Ebert's (1966) and North's (1969) studies.

In 1970, a temporary cofferdam was built to facilitate the construction of the power
plant's discharge structure. About 100 m of the intertidal zone upcoast and
downcoast of the discharge structure site was buried by the construction activities.
After the removal of the cofferdam in 1971, the disrupted intertidal areas became
repopulated with the same species of algae and invertebrates that occurred in
adjoining undisturbed habitats. In 1974, seawater was discharged from the power
plant during the initial cooling water pump tests. Shortly following the discharges,
an estimated 1,500 red and black abalone were found dead in Diablo Cove; according
to Martin et al. (1977), their death was attributed to exposures to high levels of
copper ion. The copper-nickel alloy tubes were replaced with less toxic titanium
tubes. Since that time, the red abalone population has had good recruitment of
juveniles and shown signs of a strong recovery in the adult stages.

In 1973-74 the southern migratory front of the southern sea otter reached Diablo
Cove. Since their arrival, sea otters have remained an important ecological
structuring force within Diablo Cove and along its outer shores. The red sea urchin
population was reduced by the foraging of the sea otters. Shortly thereafter, the
algal barren areas reported by North (1969) became forested with the annual bull
kelp and perennial tree kelp and oar kelp species. (Algal increases following a
reduction in grazing pressure from sea urchins have been observed elsewhere, and
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are well documented in the scientific literature.) In the previously barren areas, the
accumulating numbers of tree and oar kelp plants were eventually able to exclude
the annual bull kelp species by covering more of the substrate and inhibiting bull
kelp recruitment. Bull kelp continued to repopulate the cove each year, but its
distribution was restricted to Diablo Cove's perimeter and the north and south
headlands, where higher wave action periodically created open substrate for its
recruitment.

The winter storms of 1982-83 were unusually severe and caused widespread
damage to man-made structures and disturbances to the natural shoreline (scouring,
boulder rolling, sand shifting) along the entire California coast. The greatest storm
damage to Diablo Cove occurred in early 1983, when a portion of a large pinnacle
island near the cove's south shore collapsed. Large quantities of cobble-size
fragmented rock were strewn about and eventually covered the TEMP intertidal
Station 12 in south Diablo Cove. Large amounts of subtidal sand were transported
by the storm waves across the main intertidal zone and were deposited on the upper
elevations of the beach immediately downcoast of the discharge structure. The
scouring effect of the transported sand and cobble nearly eliminated intertidal algal
and invertebrate populations along the entire southern shore of Diablo Cove.
Damages to the cove's northern shore were not nearly as extensive. In the storm-
affected subtidal areas, reductions in oar kelp, tree kelp, and sea star abundances
were observed at greater depths than had been observed following other winter
storms. These changes were attributed to the unusually large waves that were
recorded during this period.

The 1983 El Nino ocean warming event followed the 1982-83 winter storms. This
warming caused abnormally high ambient water temperatures in Diablo Cove. El
Nino ocean warming and associated current changes are relatively common in the
southern hemisphere, but are infrequent in the northern hemisphere. It is only
when the event is unusually strong that the oceanographic and associated climatic
changes extend to the northern hemisphere. The previous extension of an El Nino
into the northern hemisphere occurred in 1976, but it was not as strong as the 1983
El Nino. Although both events had similar temperature maximums in Diablo Cove,
the 1983 El Nino produced longer periods of elevated temperatures (Figure 3.2.2-1).

The 1983 El Nino event caused a number of species changes. The annual bull kelp
population in Diablo Cove senesced prematurely, due to the warmer water and
possibly lower amount of nutrients. El Nino effects on other algal species were not
as detrimental. Minor paling of color occurred in some intertidal and subtidal algal
species, but the color change did not appear to affect their abundances. Shortly
thereafter, the same algal species appeared normal in coloration. Invertebrate
species appeared unaffected by the El Nino, except for some sea star species.
However, Diablo Cove's assemblage of fish species was changed substantially by the
El Nino.

Juvenile stages of fish species that are typically common only south of Point
Conception were transported by northward-flowing currents and appeared in greater
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than normal numbers in Diablo Cove during the 1983 El Nino. These species
included the opaleye, halfmoon, kelp bass, giant kelpfish, and sheephead. Many of
these characteristically warm water species had been observed previously in low
numbers in the Diablo Canyon area, possibly as a result of previous El Nino events.
The cool-water fish species that were already living in the cove did not appear to be
affected by the introduction of warm-water species. All but the kelp bass and giant
kelpfish species still persisted in the cove as of 1987. Many of the changes noted
during the 1983 El Nino did not occur during the previous 1976 El Nino, presumably
due to the weaker nature of the 1976 event.

In early 1984, an unusual amount of bleached algae were observed in the shallow
subtidal portion (depths less than about 15 ft) of south Diablo Cove (PG&E 1985).
The condition was characterized by the temporary lack of growth in bladder chain
kelp and a loss of color in the articulated coralline algal species. Some of the
affected plants eventually died from these conditions. The changes were considered
unusual because of their localized occurrence within Diablo Cove, and because these
types of changes on this scale had not been observed before.

3.2.4.2 Changes During Power Plant Operation (1984-1987)

Power ascension testing of DCPP Unit 1 began in 1984. Since then, heated effluent
has been discharged into Diablo Cove at various rates, depending on the operations
of one or both units and heat treatments for biofouling control. In general, the start-
up ascension testing of Unit 1 did not produce any biologically significant
temperature elevations in Diablo Cove. The effects of the previous 1982-83 storms
were still evident in the cove during this transition period, with minor indications of
biological recovery. The most notable power plant-related effect during the start-up
testing phase was the scouring of the shallow, rocky bottom (0-15 ft depth) directly
in front of the discharge structure. Dense stands of the perennial oar kelp which
occupied this area (approximately 150 x 300 ft) were removed by the velocity of the
discharge flows. Smaller algae and sessile invertebrates in this area were less
affected, presumably because of less drag effect or a stronger ability to adhere to the
substrate.

Unit 1 became fully operational in 1985, and water temperatures in Diablo Cove
were raised significantly above normal (up to 10 C above ambient at the surface).
Several temperature-related species changes followed, some of which resulted in a
loss or gain of individuals, and some of which resulted in a shift in distribution to
different areas in the cove. The thermal effects observed in Diablo Cove are
discussed in the following sections; detailed changes that occurred in individual
species populations were presented in Section 3.2.3.

Changes in Abundance and Distribution

Several changes in the abundance and occurrence of several of Diablo Cove's species
were recorded following start-up of the power plant. Thermal plume-related
mortalities occurred in bull kelp throughout the cove, and in the shallow areas of the
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cove the populations of oar kelp, tree kelp, and bladder chain kelp have declined
significantly. When the cove's bull kelp plants grew to within ten ft of the sea
surface each summer and thus became exposed to the plume, the plants lost their
blades. The plants outside the influence of the thermal plume normally lose their
blades in late summer and fall (about three months later), as growth and
reproduction cease. The effect of early blade senescence is expected to occur during
each year of power plant operation. In 1987, the premature senescence was
observed in bull kelp populations outside the cove but within the influence of the
north-flowing surface thermal plume.

A general decline in the health of the oar, tree, and bladder chain kelp plants was
observed prior to their disappearance from the cove's affected subtidal areas. The
deepest extent of the thermal plume effects on these kelp species was observed at a
depth of 25 ft on the inshore side of Diablo Rock. This effect arises from the
deflection of the plume as it flows toward Diablo Rock. One effect of this deflection
is to cause a downwelling of the plume to greater depths than in other portions of
Diablo Cove. Since power plant start-up there has not been any observed
recruitment of these three kelp species into the affected areas, and their abundances
are expected to remain low or nonexistent as long as the power plant continues to
produce heated effluent. The deeper-living plants in cooler water areas of Diablo
Cove have not been affected.

In contrast to the losses of kelp, the foliose red alga Cryptopleura violacea exhibited
a marked increased in abundance following start-up of the power plant. The
increases are not evident in the peak seasonal abundance of this annual species.

In the intertidal zone, the most notable changes during power plant operation
occurred on the 300 x 300 ft rocky bench immediately downcoast from and adjacent
to the discharge structure. Nearly all of the algal cover was gradually removed by
the elevated temperatures and/or scouring effects of the turbulent discharge water.
Open bare substrata became colonized by mussels and acorn and gooseneck
barnacles in the areas once covered with algae. The only algae (mostly articulated
corallines) remaining on the bench occurred in the tidepools and depressions. On
the more protected downsloping portions of the bench were luxuriant mats of hollow
branch and foliose red algae, which are more tolerant of temperature and wave
shear.

In Diablo Cove's intertidal areas farther away from the discharge structure, large
reductions in the cover of iridescent seaweed (Iridaea flaccida) occurred. This
species was one of the most prevalent algal species in the cove prior to power plant
operation. Reductions in this species were not evident outside Diablo Cove,
indicating that the gradual decline in this species was related to the thermal plume.
The most noticeable decreases were observed in the north portion of Diablo Cove.
On the south side of Diablo Cove, iridescent seaweed coverage was already sparse,
having been reduced by earlier 1982-83 winter storms. In this area, the plume
probably prevented recovery of this species.
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The ubiquitous black turban snail increased in abundance in many intertidal areas
in north and south Diablo Cove. Increases also occurred outside the cove. However,
the increases within Diablo Cove were much larger.

Unit 2 was taken off-line from April until July 1987 for refueling. For the remainder
of 1987, both units operated at nearly full power. This period was significant in the
TEMP studies because the highest temperatures in Diablo Cove were measured
during this year. The greater volume of elevated temperature water from two-unit
operations, plus the simultaneous operation of both units during fall when ambient
temperatures are greatest, resulted in the occurrence of higher temperatures at
greater depths and farther away from the discharge structure than had previously
been seen. (Only single-unit operations had occurred during previous fall periods.)
The additional effects noted from this mode of power plant operation were most
obvious in bull kelp populations. During 1987, premature senescence in this species
extended over a larger area than before outside Diablo Cove (about 2,500 ft upcoast
from and outside Diablo Cove). Also, oar kelp and tree kelp plants that were living
in deeper portions of the cove (20-25 ft) and had previously been unaffected by the
thermal plume began losing blade tissue. However, these plants were still present
at the end of 1987. Cessation of growth of bladder chain kelp was also observed
during the late summer and fall of 1987.

Behavioral Changes

"Behavioral responses" to the thermal plume have been exhibited by fish and motile
invertebrate species.

The fish community in Diablo Cove prior to power plant thermal discharge was
dominated by species that were characteristic of the cooler temperate conditions that
typically prevail along the central California open coast. Many of these fish species
were at the southern margins of their ranges which extended from Pt. Conception,
about 45 miles south of Diablo Cove, as far north as British Columbia or Alaska.
Among these were species in the surfperch, rockfish, sculpin, tubesnout, and
greenling families. Although some of these typically northern species have been
observed in the warmer waters south of Pt. Conception, several species found in
Diablo Cove were strictly from cooler temperate regions.

The fish community also included a few species of fish families from warmer
temperate waters, notably members of the wrasse, goby, blenny, pomacentrid, and
opaleye families. These, however, were present in far lower abundances than the
typically northern species, and were often restricted to specific areas, such as south
Diablo Cove or the intake cove, which offered slightly warmer and calmer conditions.
With the onset of power plant operation and thermal discharge in 1985, the
proportion of these typically warm-temperate species increased. The common fish
fauna in the shallow areas of Diablo Cove was then comprised of sheephead, opaleye,
halfmoon, blacksmith, rainbow surfperches, topsmelt, leopard sharks, and bat rays,
all formerly uncommon species. Still present, however, in the cool transition areas
were the rockfish, lingcod, painted greenlings, and others.
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A shift in dominance toward the species adapted to warmer water was evident
before plant operation when the unusual El Nino warm water conditions prevailed
in 1983. The thermal discharge prolonged these favorable conditions for species
tolerant of warm water. Some species which arrived in 1983, however, such as the
kelp bass and giant kelpfish, were still not able to successfully adapt to the Diablo
Cove habitat, which indicates that other factors, such as food supply, suitable kelp
canopy, or the presence of a different suite of predators, were as important as
temperature in determining their survival. Because of the mobility of fish, they are
able to avoid unfavorable conditions; therefore the cool water fish have mainly been
displaced from their former shallow habitats in Diablo Cove. Other species have, in
turn, taken their place and should continue to dominate the fish faunal composition
during power plant operation.

Redistributions occurred with several surfperch and rockfish species that exhibit
characteristic vertical distribution in the water (kelp and/or high bathymetric
topography). The southern portion of Diablo Cove is relatively low in relief. The
kelp losses in this area, combined with possible plume avoidance, resulted in the
kelp-associated fish moving and occupying deeper areas of the cove where kelps
remained in cooler water or where there was sufficient high bathymetric relief. This
redistribution of fish will last as long as there is a lack of kelp in the shallows and
the power plant continues to discharge heated effluent into Diablo Cove.

Adult rock crabs have become less abundant in north Diablo Cove, presumably
because they have moved into areas outside the influence of the thermal plume, or
have avoided this area in their migrations into the cove. The distribution of three
species of fish (senoritas, bat rays, and leopard sharks) exhibited. a concentration,
primarily near the turbulence zone, at the boundary of the plumc-.

3.2.4.3 Analyses of Changes in the Community

The observations prior to power plant operation indicate that species changes in
Diablo Cove can be caused by a number of naturally occurring factors. The elevated
water temperature in portions of Diablo Cove caused by the power plant has been a
new factor to which the community has had to make adjustments. The plume has
reduced the abundances and changed the distributions of some major species. On
the other hand, other species have increased in abundance during power plant
operation. The following describes the affected portions of Diablo Cove, changes in
important ecological features of the cove's community, and changes in species
composition and abundance of the algal, invertebrate, and fish assemblages.

Thermal Impact Areas

In the intertidal, plume-related decreases occurred in algal species abundances. The
thermal effects changes were most apparent along the north shores, where the
affected species were once highly abundant. Along the south shores, the abundances
of nearly all species had already been reduced by the 1982-83 winter storms, and
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the plume possibly inhibited the recovery of temperature-sensitive species such as
iridescent and Christmas tree seaweeds.

In the subtidal, the vertical range of effects on the benthic organisms was variable
throughout Diablo Cove. In north Diablo Cove it extended from the intertidal to
depths of about 15 ft; in south Diablo to about 10 ft. This discrepancy is largely due
to the effect of tide height on the angle of trajectory of the plume passing through
the cove. A rocky ridge system immediately in front of the discharge structure
becomes nearly emergent at low tide, deflecting the plume toward north Diablo
Cove. During high tide the ridge is further underwater, and the plume tends to pass
over the ridges. During these periods the plume exits the discharge structure at an
angle more perpendicular to the shoreline. Thus, at low tide the plume generally
contacts deeper areas in north Diablo Cove than in south Diablo Cove. Diablo Rock
is situated near the center of the mouth of the cove. Accordingly, areas on the
inshore side of Diablo Rock are most persistently exposed to the plume. Diablo Rock
tends to block the plume, which causes it to downwell slightly. Biological effects
were observed to 25 ft in this area. Areas where plume-related effects were observed
on the benthic species represent about 65 percent of the total bottom area of the
cove.

Changes in Ecological Structure

Increases occurred in some intertidal and subtidal species during power plant
operation, but not all of them can be considered ecologically equal replacement
species for those that decreased. In terms of kelp habitat for fish, there were some
losses of this resource without replacement in shallow areas of Diablo Cove. Low-
growing foliose red algae predominated in the areas where the 3 ft tall kelp species
were once highly abundant. There were also no species that replaced the intertidal
iridescent seaweed (Iridaea flaccida) species. This species provides canopy (shading)
for some invertebrates. The decreases in Christmas tree seaweed (Gigartina
canaliculata), which forms habitat for intertidal invertebrates, were possibly offset
by the increases in hollow branch seaweed (Gastroclonium coulteri), an alga which
forms similar habitat.

Community Analyses

Graphical analyses were performed on the algal, invertebrate, and fish TEMP data
sets to assess the changes in species content over time within these assemblages.
Both the total number of species and the Shannon-Weiner diversity index (H' = E pi
log pi from Pielou 1975) were used measure the changes. The Shannon-Weiner
(S-W) diversity index is sensitive to both the number of species and the abundance
of the species, and represents the probability of encountering a given species.
Highest diversity occurs when the various species are present in similar
abundances. Lowest diversity occurs when a species is considerably more abundant
than others.
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The SLC data set (percentage cover abundances of the understory algae) was used to
calculate the subtidal algal S-W diversity indices. The values remained relatively
unchanged in the stations over the course of the TEMP studies. Although the
diversity of the understory algal assemblage remained relatively unchanged, there
were large decreases in the densities and coverage of the overstory canopies of oar
kelp and tree kelp. These species were counted by the SAQ method, and their
abundances were not included in any subtidal algal diversity analyses.

Representative graphs depicting the changes in the S-W diversity index for the
algae in the intertidal band transect stations (IBT) are presented in Figure 3.2.4-1.
Remaining station graphs for the algae are presented in Appendix D in Figure D-73.
During power plant operation, S-W diversity indices decreased in the Diablo Cove
stations (represented by the changes noted in stations 9+1 and 9+3 in Figure
3.2.4-1). Concurrently, there were no decreases in this index in the stations outside
Diablo Cove (Stations 6+1 and 6+3), linking the cove changes to the thermal plume.

For the subtidal invertebrates the S-W calculations were applied to the SFQ data
set, and to only those organisms which were counted. Encrusting tunicates,
sponges, and bryozoans whose abundances were measured as area coverage were
omitted. For the subtidal invertebrates there were no changes in the S-W index as
a result of power plant operation. In general, each station had S-W indices between
three and four during the pre-operational and operational study periods, and usually
over 40 to as many 60 species (taxa) per sampling period. During some sampling
periods, however, the diversity values decreased when the polychaete worm
Phragmatopoma californica or the vermetid gastropod Dendropoma lituella was
abundant. In the case of the intertidal invertebrates, only the total number of
species (taxa) was analyzed: there were about 40-50 invertebrate taxa present in
each station/level per sampling period, but occasionally over 80 taxa were recorded.
No invertebrate species disappeared from any subtidal or intertidal station as a
result of power plant operation.

Fish diversity values, computed from the SFO data set, were generally low and quite
variable between areas and surveys. This variation was due, in part, to the summer
recruitment of numerous juvenile rockfish, which caused the overall diversity values
to decline seasonally. Topsmelt, Atherinops affinis, and senoritas, Oxyjulis
californica, were also abundant schooling fish species which could significantly affect
the S-W diversity calculations. Although overall fish diversity did not change
dramatically in Diablo Cove during power plant operation, fish species tolerant of
warm water became more common in the shallow areas of the cove. Accordingly, the
diversity of species tolerant of warm water increased in north Diablo Cove and near
Diablo Rock, while species tolerant of cool water became less diverse in these areas.

The decrease in diversity reflected several species changes. The losses of the
iridescent and Christmas tree seaweed species, which were once two of the more
abundant algal species in the stations, accounted for large reductions in algal cover.
Adding to the decline in the S-W index were the reductions in the total number of
algal species present in the TEMP sampling sites. Many of the species which
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Figure 3.2.4-1

Shannon-Weiner Diversity Index (H') for Algae at Selected IBT Stations
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disappeared were the less abundant forms. Representative station graphs of the
changes in the number of algal species (taxa) in Diablo Cove (Stations 9+1 and 9+3)
and outside the cove (Stations 6+1 and 6+3) are presented in Figure 3.2.4-2.
Remaining station graphs are presented in Appendix D in Figure D-74. Search
strategies and familiarity with algal taxonomy improved during the beginning of the
TEMP studies. Hence, more species were found after the initial surveys. For a
number of subsequent years the number of species encountered were similar from
one survey to the next up to power plant start-up. During power plant operation,
many species (common and rare forms) were no longer present in the stations. The
species which disappeared from the sampling sites and accounted for much of the
decline in the S-W indices are presented in Table 3.2.4-1. The species listed in
these tables are those whose occurrences became less frequent in north Diablo Cove.
The same species changes occurred in south Diablo Cove. Many of the species lost
from the +1 and +3 ft levels in the TEMP stations (in Table 3.2.4-1) also
disappeared from other elevations in Diablo Cove, as indicated by results from
PG&E's vertical transect studies (see Appendix F).

Thermal plume effects on an intertidal algal species may not occur for plants at all
heights in the intertidal. Vadas et al. (1976) found that the thermal plume from the
Maine Yankee Atomic Power Plant only affected certain plants, namely those living
near their upper and lower vertical ranges in the intertidal. The result was that
individuals of the affected species occurred within a narrower band than normal
along the intertidal. W.J. North's vertical transect data base, which samples the
entire range of intertidal elevations in portions of Diablo Cove, was examined to
determine if the algal species which disappeared from the TEMP +1 and +3 ft
horizontal band transects disappeared at other elevations. The iridescent and
Christmas tree seaweed species essentially disappeared throughout their vertical
ranges (Figures F-5 to F-8 in Appendix F, respectively). The less common species
that disappeared from the TEMP sites were sparse or sporadic in occurrence in
North's transects. Thus, no firm conclusions can be reached on whether there were
any thermal effects on plants of these species above and below the TEMP station
elevations. However, because these species were infrequent in occurrence, they were
probably of minor ecological importance.

Summary

The changes in Diablo Cove's algal, invertebrate, and fish communities described by
the TEMP quantitative data base and the qualitative observations indicate that
despite the number of biological changes that occurred as a result of power plant
operation, the present marine community in Diablo Cove can be considered equally
as rich in the numbers of species and their abundances as under pre-operational
conditions, and equally as rich as communities outside the influence of the thermal
plume. Although some species decreased in abundance in Diablo Cove during power
plant operation, the changes in the subtidal were localized, with much of the cove's
population of the temperature-sensitive species being unaffected. In the intertidal,
temperature-related algal declines and losses were more widespread along the cove's
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Table 3.2.4-1

Percent Frequency of Occurrence for Selected Intertidal Algal Species
in North Diablo Cove IBT Quadrats Over Time

Plant Start-Up Plant Operation

Pre-El Nino El Nino
Species/taxa 1976-1982 1983-1984 1985 1986 1987

+1 ft. Level
Callithamnion pikeanum 22.8 10.8 2.8 - -

Callithamnion spp.,
Pleonosporium spp. 30.1 22.5 19.4 8.7 0.6

Ceramium spp. 51.0 39.4 40.5 10.0 11.7
Corallina officinalis 62.8 43.6 33.3 14.4 5.5
Cryptosiphonia woodii 12.7 14.4 13.9 1.8 1.1
Egregia menziesii 32.6 12.5 12.8 1.2 -

Erythrophyllum
delesserioides 0.7 1.1 - -

Fucus distichus 2.0 1.9 2.8 - -

Gigartina canaliculata 96.5 94.4 87.8 68.1 65.0
Iridaea cordata 18.1 13.6 15.0 1.9 1.7
Iridaea flaccida 91.3 83.9 78.3 68.7 47.2
Laminaria dentigera 1.3 2.8 0.6 - -

Microcladia coulteri 36.7 34.4 7.2 1.2 4.4
Smithora naiadum 33.9 9.2 22.7 3.1 5.0
Spongomorpha spp. 19.7 11.9 8.3 - 2.8
Ulva spp. 79.4 79.4 63.3 23.1 9.4
Total Samples 860 360 180 160 180

+3 ft. Level
Callithamnion pikeanum 17.0 5.9 3.3 - -
CBS-Complex 34.4 28.2 33.3 19.4 12.2
Codium setchellii 3.6 3.3 2.8 1.9 -

Cryptosiphonia woodii 13.2 16.4 10.6 3.8 3.3
Egregia menziesii 2.2 3.8 2.2 - -

Fucus distichus 39.0 24.6 26.1 13.1 3.9
Gigartina agardhii 50.0 44.9 34.4 24.4 14.4
Gigartina canaliculata 69.8 69.5 60.6 33.1 11.7
Iridaea flaccida 95.6 87.2 73.9 40.0 9.4
Iridaea heterocarpa 39.5 28.5 29.4 8.1 6.1
Laurencia spectabilis 6.3 4.4 2.2 - -

Polysiphonia spp. 2.1 1.3 - - -

Porphyra spp. 56.0 67.9 52.2 35.6 10.6
Rhodoglossum affine 57.2 70.5 67.2 42.8 23.3
Spongomorpha spp. 8.9 7.9 2.8 4.4 -

Ulva spp. 33.1 40.7 29.4 18.1 1.1
Total Samples 870 390 180 180 180
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shoreline. However, there has been no apparent diminution of invertebrate and fish
habitat and food resources corresponding to the changes in algal species' coverages.
Studies of Diablo Cove's intertidal animal species have shown that the majority of
species are not restricted to any particular algal species for habitat; they can switch
to other algal species for food or cover. Some species became more abundant in
Diablo Cove during power plant operation, adding to the complexity of the structure
and organization of the cove's community.
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4.0 SUMMARY OF THERMAL EFFECTS

Section 4.1 presents a summary review of the thermal effects of the DCPP discharge,
based on the changes measured and observed among the selected species described
in Section 3.2.3 and the ecological changes in the cove's communities discussed in
Section 3.2.4. of this report. Section 4.2 contains a summary finding regarding the
protection of the beneficial uses of the receiving waters in Diablo Cove.

4.1 Thermal Changes

In all natural environments, various physical and biological interactions affect the
abundances and distributions of species in time and space. These natural forces in
the marine environment which can shape and control the species' abundances and
distributions are constantly changing; this natural state of fluctuation produces a
continual state of dynamic change in populations of both directly and indirectly
affected species. The ecological significance of any one of these changes depends
largely on the magnitude, extent, and persistence of the change. The focus of this
report is on ecologically significant changes in the marine communities of Diablo
Cove and therefore, in this assessment, the emphasis has been to assess cove-wide
changes. The following is a synopsis of these cove-wide changes which have resulted
from the operation of the power plant, discussed and compared with community
changes that occurred during the eight years of the study prior to power plant
operation.

During the pre-operational baseline period, at least three large-scale natural events
significantly altered the cove-wide abundances of the plants and animals. The first
change was induced by the arrival of the sea otter in Diablo Cove during the mid-
1970's. Their foraging on red sea urchins in the cove, which graze on algae, quickly
resulted in an expansion of the cove's kelp forest. The second and third events
occurred nearly 10 years later. The extraordinary winter storms of 1982-83
collapsed part of a cliff in south Diablo Cove. The fragmented cobble-size rock
buried all plant and animal life in the local bench rock intertidal area. Species were
slow to recover on the unstable cobble. The intertidal shores of north Diablo Cove
were less impacted by the storms, and species abundances were not as reduced as in
south Diablo Cove. The storms also temporarily reduced the abundance of several
subtidal benthic species. Later in 1983 the El Nino episode, the third event,
temporarily caused short-term reductions in some algal species, but increased the
diversity of the cove's fish community. The composition of the intertidal and
subtidal marine communities in Diablo Cove still exhibited the effects of these
events when power plant start-up occurred in 1984: a kelp forest was present in the
subtidal, the newly adjusted fish community was still present, and the south shores
of Diablo Cove were reduced in benthic species abundances.

Several species of the community as modified by these natural changes have
responded to the new current and velocity patterns in Diablo Cove which resulted
from the operation of the power plant. As the discharge enters the cove, the fast-
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flowing water mixes with the cove's receiving waters immediately in front of the
discharge structure. The resulting turbulence in this area has scoured the bottom
and removed all but the most firmly attached animals and smaller plants. On the
rocky bench adjoining the discharge structure there has been a switch in species
dominance from algae to attached invertebrates. This area, and the nearby subtidal
areas, have been the most changed by the thermal discharge. A hundred yards
offshore from the discharge structure, the momentum and turbulence of the
discharge decreases, and in some areas it is deflected upward as it contacts the
irregular rocky bottom. The upwelling water at these points suspends, in the water
column, the algal drift material that normally resides on the bottom. Certain fish
(senoritas, bat rays, and leopard sharks) are attracted to this turbulent area and
perhaps to the warmer water temperatures.

Further seaward of the discharge point the water depth increases, and the plume
spreads over the cove's surface and separates from the bottom. The plants and
animals living in this central region of the cove are apparently unaffected by the
overlying thermal plume. Along the shores of the cove, the thermal plume remains
in contact with the bottom and shoreline (in north Diablo Cove to depths of about 15
ft and in south Diablo Cove to depths of about 10 ft). Portions of the thermal plume
come into contact with Diablo Rock as they move seaward, which causes the plume
to turn downward and recontact the bottom at a depth of about 25 ft, immediately
inshore of Diablo Rock. In all of these plume-contacted regions, significant declines
in the abundance of kelp species occurred (bull kelp, oar kelp, and tree kelp). Foliose
red algal species have increased in abundance and reoccupied the open space, but do
not replace the unique kelp habitat provided by the taller kelp plants. Rockfish
species, which had congregated near the shallow-water kelp, moved into the deeper
areas of the cove where the kelp plants remained abundant beneath the overlying
thermal plume.

As the plume exits Diablo Cove, it becomes thinner as its buoyancy causes it to rise
and spread out on the surface; at the same time, the temperature of the plume
continues to decay. The only biological change outside the cove attributed to the
thermal effects of the residual plume was observed in the surface canopy of the
annual bull kelp populations to the north of Diablo Cove; the temperature of the
discharge plume caused the surface blades of the plants in this affected area to
senesce earlier in the year than normal. This premature senescence is a thermal
effect that had been commonly observed inside Diablo Cove during the summer
thermal discharge periods in 1985, 1986, and 1987.

The Thermal Discharge Assessment Report (PG&E 1982a) stated that the warm
water introduced into Diablo Cove might eventually cause a switch in the structure
and organization of the cove's community. It was anticipated that the attached,
warm-water-tolerant species living in the cove and certain warm-water-tolerant
species found south of Point Conception would appear in greater numbers after the
power plant began operation, replacing some of the species adapted to colder water
and unable to survive in areas contacted by the plume. By the end of 1987, this
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replacement process had begun, although somewhat differently than had been
predicted. Thermally affected kelp species from the shallow areas of the cove were
not replaced by other kelp species, but were instead replaced by a cover of foliose red
algae. Motile, temperature-sensitive species had been expected to move away from
the plume, as did occur in the rockfish and rock crab species, which moved to deeper
areas of the cove. Other motile species appeared, in fact, unaffected by the thermal
discharge temperatures. However, some motile, temperature-sensitive species are
territorial (some rockfish species, for example), and have remained in their
territories despite the risk of lethal temperatures.

In the intertidal, the near-discharge area changed as had been anticipated.
Scouring and elevated temperatures reduced algal cover, and the swift-moving water
enhanced the abundance of attached filter-feeding invertebrates (mussels, barnacles,
and sea anemones).

Not all the biological changes that occurred during power plant operation had been
anticipated, and some appear to be due to the interaction of natural and power
plant-induced changes. During the 1982/1983 El Nino episode, the abundance of
warm-water fish species in Diablo Cove increased. Several of these fish populations
appear to be sustained in the cove by the warm-water plume present during power
plant pperation. A community of species adapted to and dynamically changing
within the fluctuations of the thermal discharge environment will eventually become
established in Diablo Cove.

4.2 Protection of Beneficial Uses

The summary of thermal effects findings from the Diablo Canyon discharge studies
leads finally to a review and assurance that the discharge temperature limits
established by the RWQCB in the discharge permit protect, in a balanced way, the
beneficial uses of Diablo Cove's receiving water, particularly the beneficial use of the
cove as a marine habitat.

The thermal effects monitoring program has shown that the composition,
abundance, and distribution of the cove's receiving water species have changed in
response to the temperature and flow of the power plant's discharge. The results of
the cove-wide population studies clearly demonstrate the continued and successful
use of the cove's marine habitat, except for a small area at the point of initial
discharge. There is no evidence that changes which have occurred in this limited
discharge area have had any measurable effect on the cove's neighboring marine
populations. Temperature increases have occurred in many of the intertidal and
subtidal areas of the cove which have discouraged the presence of species sensitive
to warm temperatures and encouraged the success of species which tolerate or prefer
warmer water. The established temperature limits of the discharge appear to be
protective of the cove's marine habitat, based on the operating data gathered to date
and the population responses of the habitat's species. A review and discussion of the
power plant's discharge permit temperature limits, plant operations, and discharge
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temperatures is presented in this volume of the report following Section 5.0. in the
section entitled, "Evaluation of Permit Temperature Limits."
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THERMAL EFFECTS MONITORING PROGRAM
EVALUATION OF NPDES PERMIT TEMPERATURE LIMITS

Summary

This report addresses Provision D.4.a of the Diablo Canyon Power Plant (DCPP)
National Pollutant Discharge Elimination System (N-PDES) permit CA0003571
Order No. 85-101, which requires PG&E to "Submit the results of thermal studies
evaluating whether the temperature limits in the permit can be made more
stringent without interfering with prudent operating practices of the industry." The
existing NPDES permit, adopted by the State of California, Regional Water Quality
Control Board, Central Coast Region (CCRWQCB), on July 12,1985 contains the
following temperature effluent limits for Discharge 001:

B.1.f. The daily average discharge temperature shall not exceed the daily average
of the natural temperature of the intake water by more than 22 0F (12.20 C),
except during heat treatment for demusseling.

B.1.g. During heat treatment for demusseling the daily average discharge
temperature shall not exceed the daily average of the natural temperature of
the intake water by more than 25OF (13.90C), and the maximum temperature
increase (delta T) measured at the point of discharge of the unit being treated
shall be less than 50°F (27.80 C) over that of the intake. The duration of the
maximum temperature during heat treatment of any half-condenser shall not
exceed one hour during any 24 hour period.

A summary of the daily average delta T values (Figure 1), previously reported to the
CCRWQCB on the monthly Q2 forms, shows that the existing limits have not been
exceeded since permit adoption on July 12, 1985, although considerable variability
in the temperature data is evident. Figure 1 provides an indication of the trend of
the normal operation daily average delta T over time. It is possible, however, that
the average delta T may increase slightly in the future, perhaps by a half of a
degree, as condenser tube plugging and circulating water system pump wear occur.

Discharge temperatures have remained within permit limits under heat treatment
conditions. To date, there have been a total often heat treatments, seven performed
on the Unit 1 condenser and three performed on the Unit 2 condenser. There have
also been two refueling outages, one Unit 1 and one Unit 2 outage. Unit 1 is
currently in its second refueling outage. The daily average delta T values during the
10 heat treatments of record have not exceeded the normal operating condition daily
average delta T limit (221F). Although the worst case heat treatment conditions
have not been experienced by the plant, it is anticipated that even under such
conditions the temperature spikes will be transient and the daily average delta T
values will not exceed the 250F permit limit.

The results of the Thermal Effects Monitoring Program (TEMP), submitted with this
document, show that the beneficial uses of the receiving water have been protected
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with the existing discharge. PG&E believes that the existing permit limits are
reasonable and necessary, and that the beneficial uses in the vicinity of the
discharge have been and will continue to be protected with these limits in effect.
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1.0 DIABLO CANYON POWER PLANT OPERATION

The primary purpose of the Diablo Canyon Power Plant is to produce electricity for
commercial use in a safe, reliable, and efficient manner. To accomplish this, the
energy of nuclear fission is converted to electricity. In this process, approximately
34 percent of the heat generated by the reactor is converted to electric energy. The
other 66 percent, the heat not converted to electricity, must be rejected to the
environment through the circulating water system.

For each DCPP unit, seawater is pumped by two main circulating water pumps
through the unit's condensers and discharged into Diablo Cove. The flow rate
through the condensers is estimated to vary from a minimum of 778,000 gpm for
Unit 1 and 811,000 gpm for Unit 2 to a maximum of approximately 854,000 gpm for
Unit 1 and 895,000 gpm for Unit 2. The reasons for such variations in flow rate are
the tides, pump wear over time, and conduit biofouling. The condition of lowest flow
through the condenser will result in the highest seawater temperature rise for a
given power level. The conditions under which the maximum temperature rise is
expected are low tide, a 0.9 condenser cleanliness factor, and a 5 percent pump wear
allowance. Temperature of the cooling water is expected to be raised approximately
20°F during normal commercial operation. The cooling water temperature increase
may be greater than 22 0F during condenser heat treatment or transient conditions
such as load rejection, steam dump, generator trip, conditions resulting from
operation of engineered safety features, and periods of reduced flow resulting from
tube sheet plugging or loss of circulating water pump flow.

Heat treatment or demusseling of the cooling water conduits and associated piping
is performed periodically to control the buildup of marine fouling organisms. During
demusseling, partial recirculation of the cooling water at a reduced power level
causes elevation of the seawater temperature in the unit. This elevated temperature
is maintained for a duration which has been determined to be lethal to problem
fouling organisms.

The Diablo Canyon Power Plant Units 1 and 2, as all other nuclear power plants in
the United States, are operated as base loaded units in order to obtain the maximum
electrical output practicably achievable. Frequent power level reductions to meet
more stringent NPDES permit delta T limits would cause increased wear on plant
equipment, reduce the generating capacity, result in less efficient unit operation,
and would not be considered prudent operating practice in the nuclear industry.

1.1 1987 Generation Data

In 1987, PG&E developed operating goals for DCPP Units 1 and 2 based on nuclear
industry experience, plant design features, and expectations for plant operations
which included:

1. A Capacity Factor of Greater Than 87 Percent. Capacity factor is defined as
the ratio of actual energy production (net megawatts) per month to the
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maximum energy production capacity. The capacity factor definition used
for the 1987 goal excludes refueling outages and is corrected to exclude the
lost generation at the end of the fuel cycle due to coastdown. Capacity
factor is the most important economic goal for Diablo Canyon. It is the
efficiency measurement for the production of megawatt-hours.

2. Less Than 10 Percent Unrecoverable Megawatt Percentage (UMP).
Unrecoverable megawatt percentage is defined as the fraction of the
electrical generation (megawatt-hours) we planned to make during 1987 but
did not make due to operations and/or maintenance problems. The goal is
based on the 12 month cumulative average for Units 1 and 2 combined and
represents overall DCPP performance. Generation losses for refuelings,
coastdown, load following or planned routine testing are not counted as lost
generation for UMP calculation.

Unit 1 attained an 88.1 percent capacity factor for 1987, and Unit 2 attained a
capacity factor of 84.2 percent. As shown in Figure 2, the Unit 1 monthly capacity
factor exceeded the goal for all months except for December, when high levels of
marine debris resulted in significant condenser tube plugging. The Unit 2 monthly
capacity factor met the goal throughout 1987, except for March, when two spurious
reactor trips and three load reductions occurred. The April through June refueling
outage is excluded from the capacity factor.

Figure 3 represents the cumulative UMP by month for Units 1 and 2 during 1987.
The combined UMP for Units 1 and 2 was 10.52 percent for 1987, which exceeded
the goal by approximately a half of a percentage point.

Nuclear power plants are designed to operate as close to the 100 percent power level
as consistently as possible. Since the CWS pump size and speed, and the heat
transfer rates are fixed, the only way to reduce the delta T is to reduce the power
level. This would be contrary to the primary operating goal for nuclear power
reactors, which is to obtain as high a capacity factor as achievable.

1.2 Temperature

Diablo Canyon Power Plant uses the Pacific Ocean as its ultimate heat sink. DCPP
is designed for a "Licensed full power load" condition for 3,338 megawatts (thermal)
for Unit 1 and 3,411 megawatts for Unit 2. The circulating water system pumps
were engineered to handle the heat load for this design. One of the factors
contributing to the sizing of the system was the ambient temperature in the intake
cove. The DCPP technical specifications require that the ultimate heat sink "shall
be operable with an inlet water temperature of less than or equal to 641F' (Technical
Specification 3.7.12). If the requirements of the above specification are not satisfied,
the plant must place a second vital component cooling water heat exchanger in
service within eight hours or be in at least hot standby within the next six hours,
and in at least hot shutdown within the following six hours. The surveillance
requirements (Technical Specification 4.7.12) state that the ultimate heat sink shall
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be determined operable by verifying the inlet water temperature to be within its
limit:

a. At least once per 24 hours when the inlet temperature is equal to or less
than 600F, or

b. At least once per 12 hours when the inlet water temperature is greater than
60"F but less than 62 0F, or

c. At least once per 2 hours when the inlet water temperature is equal to or
greater than 62°F but less than or equal to 640F.

In addition to the technical specifications, which limit operation at certain ambient
temperature conditions, PG&E has taken steps to assure that the permit delta T
limits are not exceeded. The DCPP control room contains an annunciator window
(Circulating Water Hi Delta T Discharge/Intake) which sounds an alarm in the
control room if the discharge/intake delta T exceeds the setpoint (currently 201F).
The required operator actions are:

1. Verify the validity of the alarm;

2. Reduce load to bring the delta-T to below 20°F; and

3. Log the length of time the alarm is in, and the cause. Report this problem
to the Chemistry Department by means of an Action Request.

This procedure is being revised so that the alarm set point will be 220F. New
equipment for monitoring the temperature will allow operations personnel to
determine the average daily cumulative delta T on a real time basis.

L2.1 Normal Operation

During normal operation, defined as all operating conditions except heat treatment,
PG&E has not exceeded the existing permit limits as established in the permit
adopted on July 12,1985. As can be seen from Figure 1, the combined daily average
two unit discharge delta T was generally in the range of 12-20OF for the time period
of February, 1985, through December, 1987. Even during normal operation, large
changes in the daily average delta T values are observed. The daily average delta T
values for 1987 (Figure 4) show that this variation occurs in both units, often in
tandem. The amount of variation is much more evident in the hourly delta T values
of the two units for the same period (Figure 5). This period was used because it
consists of two unit operation and because it covers the time of the year with the
highest ambient temperatures, and is therefore expected to represent a worst case
situation in terms of delta T data. These figures indicate that dramatic temperature
variations can occur over short periods of time and that daily average temperatures
could be substantially higher than those seen to date, although these higher
temperatures would be transient in nature.
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1.2.2 Heat Treatment

Biological studies have been conducted at the site to determine optimal
temperatures and durations for demusseling. Results of these studies indicated an
exponential relationship between temperature and exposure time. Based on these
results, a target demusseling temperature of 105°F has been determined to be
optimal. At this temperature an exposure of 30 minutes is lethal to fouling species,
whereas at lower temperatures exposures of several hours are required. Biological
monitoring techniques have been developed to determine the timing for
demusseling. Using this methodology, the number of actual demusseling operations
has been minimized to the point that, during the combined operation of both units,
only ten demusseling operations have been performed to date.

During demusseling the temperature of the discharge is elevated above that of
normal operation. At a target demusseling temperature of 1050F, the discharge
temperature is typically 80-95°F. The actual temperature of the demusseling
discharge varies due to a number of physical factors which include ambient seawater
temperature, unit load, condenser performance, and the degree of closure of the
various valves and gates which cause the cooling water flow to be recirculated. In
addition, during demusseling the volume of the discharge is reduced to one fourth of
the normal discharge due to recirculation of the cooling water flow.

Examples of internal target temperatures achieved during six of the demusseling
operations of 1986-1987 are presented in Figure 6. This figure demonstrates the fact
that each demusseling operation is a distinct event. Although the ideal demusseling
is a rapid rise to a high target temperature, this is often difficult to obtain due to
operating constraints. In some cases it has been infeasible to reach the target
temperature, and a lower temperature and longer exposure were necessary. Typical
discharge temperatures are presented in Figure 7, which depicts demusseling of
Unit 2 in August and November, 1986. On both days it was infeasible to attain the
target temperature of 1050F, and a lower temperature and subsequent longer
duration of exposure were necessary.

The current NPDES permit limits the maximum discharge delta T during
demusseling to 50 0F, and the flow weighted average for the day to 250F. To date,
these limits have never been exceeded. Single unit discharge delta T plots for six
separate demusseling operations are presented in Figure 8. The figure shows that
the delta T values for days on which demusseling has occurred have been somewhat
less than permitted limits. This is primarily due to three factors, which can be
summarized as follows:

Pump Operation. During eight of the ten demusseling operations, the pumps of
the other unit were operating. Even if the alternate unit is operating at full load
with a discharge delta T of 221F, the net effect is to dilute the temperature of
the unit being demusseled.
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Internal Target Temperatures Achieved During
Six 1986-1987 Heat Treatment Operations
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TEMPERATURE DELTA T DURING DEMUSSELING 10 AUGUST 1986
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Discharge Temperatures During the Heat Treatments of Unit 2
in August and November 1986
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Figure 8

Single Unit Discharge Delta T Data for Six Heat Treatment Operations
Between August 1986 and October 1987
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Actual Demusseling Delta T. The delta T of the unit being demusseled varies
due to operational factors such as unit load, degree of closure of the gates which
cause recirculation, tide height, and condenser cleanliness. The discharge delta
T values measured on the same unit during consecutive demusseling operations
have been observed to vary from 29 0F to 440F.

Duration of Demusseling. During demusseling, the duration at elevated
temperature is short in comparison to the remainder of the day. Other
maintenance activities which require reduced unit load are typically scheduled
during demusseling. During these periods of the day, the delta T is reduced to
levels far below the normal operation delta T. The result is that the average
discharge temperature calculated for the 24 hour period is frequently below that
of a normal operation day.

Although the temperature limits for demusseling have not yet been reached, the
possibility exists that they could be approached. A daily average discharge delta T
of greater than 24°F would result if one unit was demusseled while the circulating
water pumps of the other unit were inoperable. Such a condition occurred in May,
1987. At that time Unit 2 was in a refueling outage with both circulators
disassembled for maintenance. The average delta T for this particular day was
reduced, however, because the unit tripped midway through the heat treatment due
to an electrical malfunction at a substation near Bakersfield. If the demusseling had
been completed, the daily discharge delta T limit would have been approached.

Figure 9 is a graphic representation of the possible sequence of events during a
single unit heat treatment. The figure was prepared using discharge data from the
demusseling of Unit 1 on August 8,1987. The rise rate and target temperature on
that day were typical of the ideal demusseling operation. If the interval between the
demusseling of the two conduits was reduced to one hour and the unit was returned
to full power following demusseling, a daily average delta T of 24.10 F would have
occurred. This figure is based on the discharge delta T of 440F recorded during that
day. Using a value closer to the allowable 50°F delta T would cause the value to
approach the 250F limitation. During the projected 30 year life of the plant, it is
very likely that such a set of conditions would occur.

The fact that the current discharge temperature limitations have not been exceeded
to date is largely due to the limited number of heat treatments and the combinations
of operating conditions occurring on these days. Any more stringent discharge
limitations would, however, restrict prudent plant operation.
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2.0 SAN ONOFRE 1986 OPERATING DATA

The San Onofre Nuclear Generating Station (SONGS) is the only other nuclear
power plant on the West Coast of the United States which discharges directly to the
Pacific Ocean. The 1986 operating data from SONGS is provided to help put DCPP
values in perspective. The lower graphs in Figures 10, 11, and 12 show 1986 daily
average delta T values for SONGS units 1, 2, and 3, respectively. All three units
generally operated in the delta T range of 19 to 221F, somewhat higher than
observed to date for DCPP. Variability of delta T values for SONGS has been
roughly equivalent to that observed at DCPP, although all three units demonstrated
delta T excursions above 25 0F. Thus, a similar power generating station has a
history of higher normal and transient delta T values.
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Study Introduction and 6eneratlng Station Description 1-11
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Figure 10

San Onofre Unit 1 Daily Average Delta T Values
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1-12 Study Introduction and Generating Station Description
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Figure 11

San Onofre Unit 2 Daily Average Delta T Values
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Figure 12

San Onofre Unit 3 Daily Average Delta T Values
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3.0 SUMMARY AND CONCLUSIONS

A review of DCPP plant operating data shows that PG&E has been able to
consistently meet the delta T conditions in the current NPDES permit, and that the
daily average delta T expected and observed at DCPP is in line with the delta T
values observed at other plants. However, these delta T values demonstrate a large
amount of variability. Furthermore, all conditions which might affect the delta T
have not yet been experienced. Therefore, it is prudent to retain the 22 0F delta T
limit in the permit as a daily average limit. It has also been shown that each heat
treatment is a unique situation, and that all heat treatment scenarios have not been
experienced. Additionally, the TEMP final report indicates that the beneficial uses
are being protected with the existing discharge conditions. In summary, the existing
NPDES temperature delta T permit limits are reasonable and allow for operating
flexibility, while protecting the beneficial uses in the vicinity of the discharge.
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