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7.0
FISH REMOVAL BY INTAKE SCREENS
(IMPINGEMENT STUDIES)

7.1 ABSTRACT AND SUMMARY

A 336 consecutive day study was conducted to describe and
evaluate impingement of marine fishes, large invertebrates, and
marine plants at the traveling screens and bar rack system of
the Encina Power Plant cooling water intake. Detailed quantita-
tive sampling and analysis to obtain biological and physical
data were conducted twice daily during this period. The primary
method of biological sampling was to obtain quantitative 12-hour
accumulation samples during each day and night period, using
nets placed in the trash collector baskets of all (three) travel-
ing, screen systems.

Results of the study included the following:

e Seventy-six species of fishes, 45 species of large

invertebrates and seven species of marine grasses

and algae were impinged.

e Marine plants were the largest component of material

in the samples.

e The total amount of animal material impinged at the
traveling screens during the 336 consecutive day
period was 85,943 individuals weighing 1548 kg
(3414 1b).
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e 79,662 of the total individuals were fishes

weighing a total of 1395 kg (3076 1b).

e During thermal treatments (seven for the year)

108,102 fish weighing 2422 kg (5341 1b) were
removed. | '

Levels of impingement were lower at the Encina Power Plant
compared to those reported for other coastal generating stations
in southern California. Numbers impinged at Encina and other
plants during a one year period, including thermal treatments, were:

e 187,764 fish weighing 3817 kg (8417 1b) at Encina

Power Plant Units 1-5 with a maximum flow rate of
828 MGD.

e 260,917 fish weighing 19,553 kg (43,063 1b) at Redondo )
Beach Generating Station Units 7 and 8 with a maxi-
mum flow rate of approximately 673 MGD (7-1).

® 365,641 fish weighing 16,974 kg (37,423 1b) at San
Onofre Nuclear Generating Station Unit 1 with a maxi-
mum flow rate of approximately 500 MGD (7-2).

The six highest ranking fish species by numbers impinged
(83 percent of all fishes) are active, open water forms that

occur in schools. In decreasing order of abundance, they are

the queenfish, deepbody anchovy, topsmelt, California grunion,

northern anchovy, and shiner surfperch.

Impingement of many fish species was relatively consistent

throughout the year. Levels of impingement, however, showed

considerable short- and long-term variation. There were no sig-

7-2
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nificant correlations between water temperature, salinity,
cloud cover and ocean wave height and levels of impingement
when these parameters were analyzed alone. 1t appears that
impingement is influenced by a combination of factors. Primary
causal factors involved appear to be high wind speeds, strong
wave action and turbulence, rainfall and lowered salinity, and
increased turbidity. For example, four of five storm periods
(characterized by wind speeds > 12 mph, rainfall, salinity <
29.9 ppt,and wave heights >4 ft) had eyident effects, the levels
of impingement being significantly higher after onset of the
storm than before it. Dredging operations throughout outer
Agua Hedionda Lagoon also caused significantly higher impinge-
ment.

There was clear evidence that levels of impingement for
fishes were significantly higher during darkness than during
daylight. There also were significant correlations between
levels of impingement and the flow rates of cooling water in
the conveyance channels, impingement incfeasing fairly directly
with increasing flow rates, assuming equal numbers of fish were
present during the various flows. The peak impingement occurred
in early spring during dredging operations. There were also
seasonal peaks in summer and fall.

In general, there was little decomposition or physical
damage for most fishes impinged, and a majority of these entered
the screen well collector baskets alive. There appeared to be

direct relationships between the degree of damage and both the

000458
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fragility and size of fishes impinged. Delicate forms (e.g.,
anchovy species) experienced greatest damage during impinge-
ment .

Sex ratios of many critical species in the samples indi~
cated that larger proportions of females than males.were
impinged during the 336 day period. In one case (the speckle-
fin midshipmen) all of the females were in an advanced repro-
ductive state. For most species considered, adult females in
all stages of reproductive development occurred in the impinge-
ment samples.

Eelgrass and the giant kelp were the dominant marine plant
species impinged at both the bar rack and traveling screen sys?
tems. Large rays and sharks were a small component of the bar
rack samples. In general, highest levels of impingement for
plants at the bar rack system occurred during and following
storms. However, impingement of plants at the traveling
screens generally was greater during the summer and fall.

. Seven thermal treatments were sampled during the year. .
Seventy-three fish species and 34 invertebrates were collected
at traveling screens during thermal treatments. Fourteen
species were collected that were not taken during daily impinge-
ment samples. Over 90 percent of fish collected consisted of
nine major species (deepbody anchovy, topsmelt, northern
anchovy, shiner surfperch, California grunion, walleye surf-

perch, queenfish, round stingray, and giant kelpfish).
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During thermal treatments for the year, 108,102 fish which
weighed 2422 kg (5341 1b) were collected in addition to daily
impingement samples. The greatest collections occurred in

February and the least in December. Sampling indicates that

. certain larger fish live in the tunnels and are only impinged

when killed during thermal treatments. The numbers of fish
resident in the tunnels appears to be greatest in winter and
lowest in summer, This could be due to fish seeking refuge
in the lagoon during winter periods.

The results of this study were evaluated in relation to
information from other research on behavior of fishes and
factors affecting impingement. The primary factors involved
appear to be water temperature, velocity of flow and other
flow characteristics in the cooling water system, turbulence
and salinity changes associated with storms, level of illumina-
tion, and the water depth and structural characteristics of

the intake system.
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7.2 HISTORICAL INFORMATION

Species lists and ecological information for fishes known or
expected to occur in Agua Hedionda Lagoon and the inshore ocean
area adjacent to the Encina Power Plant are given in Sections
6.2 and 6.3 of this report. Detailed information about fishes
taken in these areas during monthly sampling by Woodward-Clyde
.Consultants is given in Section 6.5. Extensive data concerning
benthic invertebrates and plants inhabiting Agua Hedionda Lagoon
have been reported by Miller (1966), Bradshaw and Estberg (1973),
and Bradshaw et al. (1976) (7-3, 7-4 and 7-5). These sources
provide useful background information for the impingement study.
They also provide a good indication of the fish, invertebrate,
and plant species likely to be impinged in the cooling water
system of the power plant.

The impingement study described in this report is the first
&eﬁailed one conducted at the Encina Power Plant. Previously,
regular monthly sampling was carried out at the plant by the
San Diego Gas & Electric Company (SDG&E) during the five year
period November, 1972 - February, 1978 to record the impingement
of fishes and large crustaceans. These records provide useful
historical information against which the Fesults of the detailed .
study may be compared. They also were used in planning the
wmethods used in this study.

Sampling was conducted by personnel of SDG&E at representa-
tive times on 1 to 4 days per month. As described in Section

16.2.3, material washed from the traveling screens passed

7-6
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through concrete troughs and a spout into large metal trash
collecting baskets. Impingement samples for SDG&E monitoring
study were obtained by placing a metal screen collecting device
in place of the spout at the end of the trough. The collector
was left in place for a known length of time (normally 8 hours)
and the contents were then removed and examined.

A standard data form was used to record the information.
These monitoring records are maintained by SDG&E. A sample of
the data form is shown in Figure 7.2-1. Estimated number of
iﬁdividuals, estimated total weight, and estimated size range
were recorded by month for each of 21 families of fishes and
for lobsters and shrimp, as indicated in Figure 7.2-1. The
estimated total weight of fish collected also was recorded.

The size of the sampling device employed by SDG&E was much
smaller than that used in the detailed study and the methods of
processing the samples were different. Despite these differen-

ces, the results from both approaches are generally comparable.

QV?ﬂ'
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7.3 METHODOLOGY '
Quantitative sampling and analysis of impinged fishes, large
invertebrates and marine plants was conducted twice daily at the
Encina Power Plant during the period February 4, 1979 through
January 4, 1980. Preliminary sampling also was conducted during
the period January 19 through February 3, 1979 to refine the
methods used. Detailed descriptions for all methods of sampling
and analysis employed in the impingement study are given in
Appendix B, Section 16.2.3 of this report. Brief deécriptions
of these methods are provided here.
A morning sample at 0700 hr and an evening sample at 1900
hr were taken from large nylon nets suspended in the metal trash

collector baskets associated with each of the three separate ‘

traveling screen systems of the Power Plant. The locations of
these three traveling screen systems, designed as impingement
stations 1, 4, and 5, are shown in Figure 7.3-1. Station 1 was
located at the traveling screens of generating Units 1-3, station
4 at the screehs of generating Unit 4, and station 5 at the
screens of generating Unit 5. By sampling in this way, 12-hr
accurmulation samples were obtained continuously from each of‘
three screenwell locations. The samples taken at 0700 hr repre-
sented impingement that occurred primarily during darkness, while
those taken at 1900 hr represented impingement that occurred
during daylight.

The entire contents of the net collector at each screenwell

station location constituted the 12-hr accumulation sample. ‘ ‘ ‘
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Appropriate methods of subsampling were employed when the amounts
of material and the numbers of individuals of a given animal
species were large. These standard subsampling methods are de-
scribed in Appendix Section 16.2.3. All data were recorded on

standard forms, using a computer coding format.

In the laboratory, all fishes, large invertebrates, and
marine plants were sorted from the whqle sample or subsample
prior to making identifications, counts and measurements. These
organisms were identified to species or to the lowest possible
taxonomic category, using keys and reference collections.

The aggregate weight of all animal and plant material com-
bined and the‘aggregate weight of all marine plants were deter-
mined to the nearest 100 g. The rank order of abundance of each
plant species by estimated volume and the numbers of individuals
of each fish and motile invertebrate species were determined
and recorded. The total body length of individual fishes was
determined and recorded to the nearest 1 mm. The wet body weight
of individual fishes was determined to the nearest 1 g affer
shaking loose water from the body. Total weight of all indivi-
duals combined was determined in the same manner. The qualita-
tive body condition of individual fishes was determined, using
standard codes for decomposition and physical damage as described
in Appendix Section 16.2.3.

Once per month, fishes taken in one or more impingement
samples at each station also were examined to determine their
sex and reproductive condition. During periods when the amount

, | 000474
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of material impinged was small, samples from two to eight
consecutive days were used to determine reproductive characteris-
tics.

Individuals from the entire sample or series of samples
were used in determining reproductive characteristics. All
individuals were examined to determine the numbers of males and
and females of each species present. All females were then ex-
amined by visual inspection of the ovary to determine reproduc-
tive condition. The characteristics and data codes used to
indicate the sex of each individual and the reproductive condi-
tion of females are described in Appendix Section 16.2.3.

Fishes and marine plants that had accumulated in the trash
collector trailers associated with the bar rack screening system
also were examined at 0700 hr each day. The location of the bar
rack system, designated as impingement station 9, is shown in

Figure 7.3-1.

The contents of the trash collector trailers were examined
qualitatively by searching through the material. The accumulated
material consisted primarily of larger marine plants. The rank
order of abundance of each marine plant species by estimated
volume was recorded. Large fishes and other vertebrate animals
were removed for identification and measurements of length and

weight, using the same methods described for the traveling screen

samples.
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‘ Pertinent physical and meteorological data were obtained
from measurements and observations made during each sampling
period or from records provided by SDG&E. Detailed descriptions

~ of these data and the methods used to obtain them are given in
Appendix B, Section 16.2.3.
Meteorological and other physical data were taken near the
bar rack system four times during each 24-hr period. These
were wind speed (nearest 1 mph), weather conditions, cloud cover,
wave height, air and water temperatures (ﬁearest 0.5 C), and
salinity (nearest 0.1 ppt).
Data concerning tidal height and stage at the time samples
were taken and the highest and lowest tide levels during the pre-

. ceedir}g 12-hr period were obtained from a sine curve tide chart.
Continuous information concerning the number of circulating
water pumps operating for each generating unit of the Power Plant
and the flow rates of these pumps was obtained from records main-
tained by SDG&E at the Encina Power Plant. Total flow rates of
seawater through each of the three traveling screen impingement
stations at a given time were then determined from the number of
circulating pumpé in operation and the known flow rates of these

pumps .

‘ ' | 000476
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7.4 SPECIES COMPOSITION AND OCCURRENCE OF IMPINGED FISHES AND

INVERTEBRATES

The scientific and common names of all fishes and large in-
vertebrate animals taken in impingement samples at stations 1, 4,
5, and 9 during the period February 4, 1979 - January 4, 1980 are
given in Tables 7.4-1 and 7.4-2, respectively. Marine grasses
and algae taken in these samples are considered separately in
Section 7.11.

As shown in Table 7.4-1, the total number of fish species
impinged during the 336-day period of sampling was 76. All of
these species are known to occur either in Agua Hedionda Lagoon
or in the coastal ocean area adjacent to the Encina Power Plant,
as indicated by information considered in Sections 6.2 and 6.5 .

of this report.

Only one species, the longfin sanddab (Citharichthys.xantho-

stigma), was unexpected in the impingement samples, because it
occurs in relatively deep water (> 30 m). However, it was repre-
sented in the samples by only five individuals. Somewhat unex-
pected was the occurrence of the California flying fish (Cypsel-

urus californicus), of which 31 individuals were taken during the

336-day sampling period. This pelagic species normally occurs
in coastal ocean areas, but its presence in the impingement sam-

pies indicates clearly that it sometimes enters Agua Hedionda

Lagoon.

As indicated in Table 7.4-2, the total number of large in-

vertebrate species taken in the impingement samples was 45. Most ‘
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TABLE 7.4~1
SPECIES OF FISHES TAKEN IN IMPINGEMENT SAMPLES AT THE ENCINA
POWER PLANT DURING THE PERIOD JANUARY 1979 - JANUARY 1980

Scientific Name

Alloclinus holderi
Amphistichus argenteus
Anchoa compressa
Anchoa delicatissima
Anisotremus davidsontii
Atherinops affinis
Atherinopsis californiensis
Brachyistius frenatus
Chromis punctipinnis
Citharichthys stigmaecus
Citharichthys xanthostigma
Clupea harewgus
Cymatogaster aggregata
Cymatogaster gracilis
Cynoscion nobilis
Cypselurus californicus
Damalichthys vacea
Decapterus hypodus
Dorosoma petenense
hiotoca jacksont
Engraulis mordax
Fundulus parvipinnis
Genyonemus  Lineatus
tihbhonsia metsi
virella nigricans
Gummothorax mordax
Gymnura marmorata
Hermosilla azurea

Heterodontus francisci

7-13

Common Name

Island kelpfish
Barred surfperch
Deepbody anchovy
Slough anchovy

Sargo

Topsmelt

Jacksmelt

Kelp surfperch
Blacksmith

Speckled sanddab
Longfin sanddab
Pacific herring
Shiner surfperch
Island surfperch
White seabass
California flying fish
Pile surfperch
Mexican scad
Threadfin shad

Black surfperch
Northern anchovy
California killifish
White croaker
Striped kelpfish
Opaleye

Moray eel

California butterfly ray
Zehra perch

Horn shark

000478



TABLE 7.4-1 (Continued)

Scientific Name

Heterostichus rostratus

Hyperprosopon argenteumn

Hypsoblennius gilberti'
Hypsoblennius jenkinst
Hypsopsetta guttulata
Hypsypops rubicundus
Leptocottus armatus
Leuresthes tenuis
Medialuna californiensis
Menticirrhus undulatus
Micrometrus minimus

Mugil cephalus

Mustelus californicus
Myliobatis californica
Oligocottus rubellio
Ophichthus zophochir
Paralabrax clathratus
Paralabrax maculatotaseiatus
Paralabrax nebulifer
Paralichthys californicus
Peprilus simillimus
Phanerodon furcatus
Platyrhinoidis triseriata
Pleuronichthys ritteri
Poriehthys notatus
Porichthys myriaster
Rhacochilus toxotes

Rhinobatos productus

Roncador stearmsii

Common Name

Giant kelpfish
Walleye surfperch

Rockpool blenny
Mussel blenny
Diamond turbot
Garibaldi

Staghorn sculpin
California grunion
Halfmoon

California corbina
Dwarf surfperch
Striped mullet

Gray smoothhound
Bat ray

Rosy sculpin

Yellow snake eel )
Kelp bass

Spotted sand bass
Barred sand bass
California halibut
Pacific butterfish
White surfperch
Thornback ray
Spotted turbot
Plainfin midshipman
Specklefin midshipman
Rubberlip surfperch

Shovelnose guitarfish

Spotfin croaker

7-14
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TABLE 7.4-1 (Concluded)

Scientific Name

Sarda chiliensis
Seomberomorus concolor
Scorpaena gquttata
Seriphus politus
Sphyraena argentea
Squating californicd
Strongylura exilis
Symphurus atricauda
Syngnathus californienstis
Sungnathus leptorhynchus
Torpedo californica
Trachurus symmetricus
Triakis semifasciata
Umbrina roncador
Urolophus halleri
Xenistius californiensis

Yystreurys liolepis

Common Name

Pacific bonito

Monterey Spanish mackerel
Sculpin/spotted scorpionfish
Queenfish

California barracuda
Pacific angel shark
California needlefish
California tonguefish
Kelp pipefish

Bay pipefish

Pacific electric ray

Jack mackerel

Leopard shark

Yellowfin croaker

Round stingray

Salema

Fantail sole

0004890



TABLE 7.4-2

SPECIES OF LARGE MARINE INVERTEBRATE ANIMALS TAKEN
IN IMPINGEMENT SAMPLES AT THE ENCINA POWER PLANT
DURING THE PERIOD JANUARY 1979 - JANUARY 1980

Scientific Name

Aeolidia papillosa
Aequipecten aequisuleatus
Aglaophenia sp.

Alpheus dentipes
Anthopleura elegantissima
Aplysia californica
Balanus tintinnabulum
Callianassa californiensis
Cancer antennarius

Cancer anthonyi

Cancer Jjordant

Cancer productus

Chlamys hastatus

Crangon nigromaculata
Diaulula sandiegenesis
Hemigrapsus nudus
Hermissenda crassicornis
Einmnites multirugosus
Loligo opalescens

Lovenia cordiformis
Loxorhynchus crispatus
Lysmata californica
Lutechinus pictus
Megathura ercmulata
Molpadia arenicola
Mitilus edulis

Irvanax Linermis

Octopus bimaculatus

Common Name

Nudibranch

Speckled scallop
Hydroid

Pistol shrimp
Aggregate sea anemone
California sea hare
Red and white barnacle
Ghost shrimp

Common rock crab
Anthony's rock crab
Jordan's rock crab
Red rock crab

Pacific spear scallop
Black spotted shrimp
San Diego sea slug
Purple shore crab
Nudibranch

Rock scallop

Squid

Sea porcupilne
Maskirng crab

Striped shrimp
Painted urchin

Giant keyhole limpet
Sweet ‘potato cucumber
Bay mussel

Striped sea slug

Two-spotted octopus

7-16
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TABLE 7.4-2 (Concluded)

Scientific Name

Octopus Dimaculoides
Pachygrapsus crassipes
Panulirus interruptus
Pelagia panopyra

Pelia *umida

Penaeus californieonsis
Pentidotea rescata
Pilumnus spinohirsutus
Pisaster ochraceus
Podochela hemphilli
Pollieipes polymerus
Polyorchis penicillatus
Portunus xantusi
Pugettia producta
Pyromaia tuberculata
Strongylocentrotus purpuratus

Taliepus nuttalli

Common Name

Mud flat octopus

Striped shore crab
California spiny lobster
Purple-striped jellyfish
Dwar{ crab

California brown shrimp

Kelp isopod

- Hairy crab

Ochre starfish

Spider crab

Pacific goose barnacle
Hydromedusa

Swimming crab

Kelp crab

Spider crab

Purple sea urchin

Southern kelp crab

L8422
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smaller forms, particularly thosg living attached to impinged ‘
marine plants, were not identified or considered in processing
the samples because of time limitations. All of the species
listed in Table 7.4-2 are relatively common in the area near the
Power Plant and might be expected to be carried into the cooling
water system.
Most are benthic species that inhabit unconsolidated sedi-
ment or rocky habitats either in Agua Hedionda Lagoon or in the
adjacent nearshore ocean area. Only two large pelagic inverte-
brate species occurred in the samples. They are the squid

(Loligo opalescens) and the purple-striped jellyfish (Pelagia.

panopyra), both common forms in coastal areas of southern Cali-
fornia. ‘

The numerical ranking of each animal specieé taken in sam- ‘
ples at traveling screen stations 1, 4, and 5 is given in Table
7.4-3. Total numbers of individuals of each species and all
species combined taken during the 336-day sampling period also
are shown for each traveling screen station, and for the three
stations combined.

As indicated in Table 7.4-3, 85,957 animals were taken in
the impingement samples at stations 1, 4, and 5 during the 336-
day period, of which 79,662 (92.7 percent) were fishes and only
6,281 (7.3 percent) were invertebrates. The largest total number
of fishes was impinged at station 4 (39,509; 49.6 percent of
total), the next largest at station 5 (25,037; 31.4 pefcent), and

the smallest number at station 1 (15,116; 19.0 percent). Ainong .
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TABLE 7.4-3 (Continued)

COMMON NAME N

JACKSHELT

SWEET FOTATO CUCUMBER
COMMON ROCK CRAB

KELF BASS

SFOTFIN CROAKER

KELF PIPEFISH
CALIFORNIA FLYING FISH
HYDROMEDIUSA

SPOTTLD TURBOT
THREADF IN SHAD

BLACK SFOTTED SHRIMF
WHITE SEABASS

MUSSEL BLENNY

GRAY SHOOTHHOUNL
PACIFIC ELECTRIC RAY
BLACKSMITH

CALIFORNIA SEA HARE
ROCKFOOL BLENNY
SFECKLED SCALLOF
HYDROID

PURFLE SEA URCHIN
NUDIBRANCH

CALIFORNIA KILLIFISH
BASS

HALFMOON

ISLAND! SURFFERCH
SOUTHERN KELP CRAB
FLAINFIN MIDSHIPMAN
ISLAND KELFFISH
MONTEREY SPANISH MACKERAL

FACIFIC RONITO

MORAY EEL

RUBBERL IP SURFFERCH
SHOVELNUSE GUITARFISH
KELF SURFPERCH

BAY BLENNY

FANTAIL SOLE

LONGFIN SANDDAB

FACIFIC SPEAR SCALLOF
HAIRY CRAB
PURPLE--STRIPED JELLYFISH
LEOFARD SHARK

PACIFIC HERRING

SCULFIN/SFOTTEDL SCORFIONFISH

DUARF SURFFERCH
SPECKLED SANDLAL
HORN SHARK

SPECIES NAME

ATHEKINOFSIS CALIFORNIENSIS
MOLPADIA ARENICOLA

CANCER ANTENNARIUS
FPARALABRAX CLATHRATUS
RONCADROR STEARNSII
SYNGNATHUS CALIFORNIENSIS
CYFSELURUS CALIFORNICUS
FOLYORCHIS FENICILLATUS
FLEUKONICHTHYS RITTERI
NOROSOMA FETENENSE
CRANGON NIGROMACULATA
CYNDSCION NORILYS
HYFSOBLENNIUS JENKINSI
MUSTELUS CALIFOKNICUS
TORFEDO CALIFORNICA
CHROMIS PUNCTIFINNIS
APLYSIA CALIFORNICA
HYPSOBLENNIUS GILBERTI
AEQUIFECTEN AEQUISULCATUS
AGLAOFHENIA (COLONY OF HYDROIDEA
STRONGYLOCENTROTUS FURFURATUS
HERMISSENDA CRASSICORNIS
FUNDULUS PARVIFINNIS
PARALAERAX SF.

HEDIALUNA CALIFORNIENSIS
CYMATOGASTER GRACILIS
TALIEFUS NUTTALLI
FORICHTHYS NOTATUS
ALLOCLINUS HOLDERI
SCOMBEROMORUS CONCOLOR
BIRDS *

SARDA CHILTIENSIS
GYMNOTHORAX MORDAX
RHACOCHILUS TOXOTES
RHINOBATOS FRODUCTUS
BRACHYISTIUS FRENATUS
HYFSOBLENNIUS GENTILIS
LARUAL FISH

XYSTREURYS LIOLEFIS
CITHARICHTHYS XANTHUSTIGMA
CHLAMYS HASTATUS

FILUMNUS SFINOHIRSUTUS
FELAG1A FANOFYRA

TRIAKIS SEMIFASCIATA
CLUFEA HARENGUS

SCORFAENA GUTTATA
MICROMETUS MINIMUS
CITHARKICHTHYS STIGMALUS
HETERODONTUS FRANCISCI
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invertebrates, the largest total number was impinged at station
1 (3,104; 49.4 percent), the next largest at station 5 (2,048;

32.6 percent), and the smallest number at station 4 (1,129; 18.0

percent) .

Based on the numerical rankings and numbers of individuals
shown in Table 7.4-3, and on considerations described in Section
6.3, 22 species of fishes were treated as critical species for
the impingement study. These include all of the 15 forms desig-
nated as critical species in Section 6.3 (Table 6.3-1). They

are, in decreasing order of abundance in the samples:

Common Name

Queenfish

Topsmelt

Northern anchovy
Walleye surfperch
California halibut
Giant kelpfish
Barred sand bass
California corbina
Barred surfperch
Spotted sand bass
Striped mullet
Kelp bass

White sea bass

Species Name

Seriphus politus

Atherinops affinis

Engraulis mordax

Hyperprosopon argenteum

Paralichthys californicus

Heterostichus rostratus

Paralabrax nebulifer

Menticirrhus undulatus

Amphisticus argenteus

Paralabrax maculatofasciatus

Mugil cephalus

Paralabrax clathratus

Cynoscion nobilis

S92 000487



California sheephead Pimelometopon pulchrum
Pacific sanddab Citharichthys sordidus
Hornyhead turbot Pleuronichthys verticalis

Seven other fish species represented in the impingement
samples by a total of more than 500 individuals during the 336-
day sampling period (Table 7.4-3) were treated as additional
critical species for purposes of the impingement study. They

are, in decreasing order of abundance:

Commori Name Species Name

Deepbody anchovy Anchoa compressa®
California grunion - Leuresthes tenuis®
Shiner surfperch Cymatogaster aggregata*
Slough anchovy Anchoa delicatissima*
White surfperch Phanerodon furcatus
Round stingray Urolophus halleri*
Salema Xenistius californiensis

Five of these séven, indicated by asterisks, also were treated
as critical species for the nekton studies, as described in
Section 6.3 of this report.

Data for these 22 critically treated species of fishes have
been considered in greater detail than those for the remaining
57 species. 1In some cases, however, as described in the follow-
ing subsections concernihg impingement, there were insufficient

data to allow detailed treatment.

000488



Shown in Table 7.4-4 are the numerical rankings and per-
centages of occurfence for each of these 22 critical species.
The values shown separately for each impingement station and for
all stations combined are based on the total number of individ-
uals of each species taken during the 336-day sampliﬂg period
(Table 7.4-3), expressed as percentages of the total number of
all fishes taken in that set of samples.

The data shown in Tables 7.4-3 and 7.4-4 indicate that the

queenfish (Seriphus politus) had by far the highest level of
impingement at the traveling screen stations (18,681 individuals;

23.4 percent of all fishes). The déepbody anchovy (Anchoa com-

pressa) experienced the second highest level of impingement

(13,299 individuals; 16.7 percent), the topsmelt (Atherinops
affinis) the third highest level, and the California grunion

(Leuresthes tenuis) the fourth highest level (8,583 individuals;

10.8 percent). Two species, the northern anchovy (Engraulis

mordax) and the shiner surfperch (Cymatogaster aggregata) experi-

enced the next highest levels of impingement that were essential-
ly the same (9.3 and 9.2 percent, respectively).

All six of these highest ranking species are very abundant
in the area near the Encina Power Plant, as described in Sections
6.2 and 6.5 of this report. Because of this, their relatively
high levels of impingement are not surprising. Examination of
impingement monitoring records obtained by SDG&E during the

period 1972-1978 (see Section 7.3) indicated that, in general,
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these same groups of fishes also had the highest levels of
impingement during the previous six-year period.

The six species ranking next highest in impingement had
considerably lower, similar levels ranging from 1,877 individuals
(2.4 percent of all fishes) for the walleye surfperch (Hyperpro-

sopon argenteum) to 1,046 individuals (1.3 percent) for the giant

kelpfish (Heterostichus rostratus). All of the remaining species

had levels of impingement that represented less than 1.0 percent
of the total number of all fishes impinged during the 336-day
sampling period. |

Among the 12 species exhibiting levels of impingement grea-

ter than 1.0 percent, only three are bottom fishes (Tables 7.4-3

and 7.4-4). They are the round stingray (Urolophus halleri), . ‘

the California halibut (Paralichthys californicus), and the giant

kelpfish (Heterostichus rostratus). The other nine species are

all relatively active, open water forms. They are also the nine
highest ranking species in terms of levels of impingément (Table
7.4-3).

Seven of the critical species had levels of imﬁingement less
than 0.2 percent (< 189 individuals), as shown in Tables 7.4-3

and 7.4-4. These species are:

Common Name Species Name

Barred sand bass Paralabrax nebulifer

California corbina  Menticirrhus undulatus

Barred surfperch Amphistichus argenteus

Spotted sand bass - Paralabrax maculatofasciatus _ ’
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Striped mullet Mugil cephalus
Kelp bass Paralabrax clathratus
White sea bass Cynoscion nobilis

No individuals of the three remaining critical speciés were taken
in any of the impingement samples during the 336-day period of

the study (Table 7.4-4). These species are:

Common Name Species Name

California sheephead Pimelometopon pulchrum
Pacific sanddab Citharichthys sordidus
Hornyhead turbot Pleuronichthys verticalis

Their absence from the impingement samples is not surprising,
because they are unlikely to occur in the immediate vicinity of
the Power Plant. Pacific sanddab normally occurs at depths

greater than 30 m in the ocean. Because they were absent from

~all impingement samples, these three species were not considered

in the following subsections concerning impingement.

As shown in Table 7.4-4, there was some variation in the
percentage of individuals éf a given species impinged by the
three different traveling screen systems (stations 1, 4, and 5).
However, in general, the levels were fairly consistent between
the three stations. There appears to be no pattern to these
variations shown in Table 7.4-4 and they are presumed to be the
result of random processes. '

As indicated in Table 7.4-3, four large invertebrate species

ranked relatively high in levels of impingement, with more than

7-27 000402



500 individuals of each occurring in all samples during the 336- ‘

day period of the study. Anthony's rock crab (Cancer anthonyi)

had by far the highest level of impingement (1,877 individuals,
40.4 percent of all large invertebrates impinged). However, in
relation to all invertebrate and fish species taken in the im-
pingement samples, Anthony's rock crab ranked seventh at 2.2
percent. Most of the individuals impinged were juveniles or
small adults. Anthony's rock crab is of very slight commerciai
importance in the San Diego area. Two smaller crabs, Portunus

xantusi and Pachygrapsus crassipes, had approximately equal

levels of impingement (14.1 and 13.8 percent, respectively).
These two species, which have no commercial or sportfishing
value, are very common in Agua Hedionda Lagoon. A fourth spe- .

cies, the sqﬁid Loligo opalescens, represented 9.3 percent of

the invertebrates impinged, but only 0.5 percent of all inverte-
brates and fishes combined (numerical rank 17). This species
supports a commercial fishery elsewhere in California.

"Three other invertebrate species of value to man as food

ranked much lower in their levels of impingement (Table 7.4-3).

The California brown shrimp (Penaeus californiensis) ranked
twenty-sixth, representing only 3.2 percent of all large inver-

tebrates impinged. The common rock crab (Cancer antennarius)

ranked forty-eighth, representing only 0.6 percent of all large

invertebrates. The California spiny lobster (Panulirus inter-

ruptus) ranked seventy-sixth, with only two individuals (0.03

pércent) impinged during the 336-day period of the study. ‘
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In general, these results suggest that invertebrates formed
a very small part of the animal material impinged at the Encina
Power Plant. Because of this, they were not included in the more
detailed evaluation described in the following subsections con-
cerning impingement.

The numerical ranking, total number, and size data for each

- fish species taken at the bar rack screening system (station 9)

during the period February 4, 1979 - January 4, 1980 are shown in
Table 7.4-5. No large invertebrates were observed in these
samples. |

Only 22 individuals of 6 fish species were observed in the
bar rack samples (Table 7.4-5). Of these, the Pacific electric

ray (Torpedo californica) was the only common form (16 individu-

als; 72.7 percent of the total). The next most common species

observed was the bat ray (Myliobatis californica), of which two

individuals were observed (9.1 percent). With the exception of

cne large spotfin croaker (Roncador stearnsi), all of the species

observed were rays or sharks (elasmobranch fishes).

All individuals were quite large, with a size range of.380~
1200 mm in total length and individual body weights up to 34.7
kg. Because of the wide spacing of the vertical bars in the bar
rack screening system, impingement of fishes was, as expected,
limited to very few individuals of large size.

Shown in Table 7.4-6 is the ranking by weight of each fish
and invertebrate species taken in samples at traveling screen

stations 1, 4, and 5. Total weights (g) for all individuals

7-29
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TABLE 7.4-5

NUMERICAL RANKING OF LARGE FISH SPECIES IMPINGED AT THE BAR RACK
SCREENING SYSTEM OF THE ENCINA POWER PLANT DURING THE PERIOD
'FEBRUARY 4, 1979 - JANUARY 4, 1980

Number Total Length (mm) Weight (g)
Rank Common Name Scientific Name Observed X Range X Range
1 Pacific electric ray Torpedo californica 16 1015 650-1200 10584  6600-34700
2 Bat ray Myliobatis californica 2 812 805-820 2250  2000-2500
3 California butterfly ray Gymnura marmorata 1 380 1754
3  Thormnback ray Platyrhinoidis triseriata 1 wwo 735
3 Spotfin croaker Roncador stearnsi 1 708 3630
3 Pacific angel shark Squatina californica 1 1130 14500

TOTAL

- 22
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TABLE 7.4-6 (Continued)

CORNON NAME
CALIFORNIA TONGUEFISH
RUBBERLIP SURFPERCH
SUEET POTATO CUCUMBER
BARRED SURFPERCM

KELP CRAB

STRIPED SEA SLUG
YELLOWF IN CROAKER
PURPLE-STRIPED JELLYFISH
PAINTED URCHINM
ZEBRAPERCH

BASS

LEOPARD SHARK

FANTAIL SOLE

PURPLE SHORE CRAB
CONNON ROCK CRAB

8AY PIPEFISH

MEXICAN SCAD
CALIFORNIA SPINY LOBSTER
KELP BASS

XELP PIPEFISH
MONTEREY SPANISH MACKERAL
CALIFORNIA KILLIFISH
CARIBALDI

THREADF IN SHAD
HYDROID

ISLAND SURFPERCH
SOUTHERN KELP CRAB
PACIFIC ANGEL SHARK
SCULPIN/SPOTTED SCORPIONF ISH
HYDROMEDUSA

PURPLE SEA URCHIN
JACK MACKERAL

MUSSEL BLENNY

WHITE SEABASS

ISLAND KELPFISH
PACIFIC HERRING
ROCKPOOL BLENNY
ANCHOV Y

GHOST SHRINP

CIANT KEYHOLE LIMPET
OWARF SURFPERCH

KELP SURFPERCH

BLACK SPOTTED SHRIMP
STRIPED KELPFISH

SEA PORCUP INE

HAIRY CRAB

LONGF IN SANDDAS

HORN SHARK

SPECKLED SANDDAB

HAL FHOON

SCIENTIFIC NAME
SYMPHURUS ATRICAUDA
RHACOCHILUS TOXOYES
MOLPADIA ARENICOLA
AMPHISTICHUS ARGENTEUS
PUGETTIA PRODUCTA
NAVANAX INERMIS

UMBRINA RONCADOR

PELAGIA PANOPYRA
LYTECHINUS PICTUS
HERMOSILLA AZUREA
PARALABRAX SP,

TRIAKIS SEMIFASCIATA
XYSTREURYS LIOLEPIS
HEMIGRAPSUS NUDUS'
CANCER ANTENNARIUS
SYNGNATHUS LEPTORHYNCHUS
DECAPTERUS HYPODUS

PANUL IRUS INTERRUPTUS
PARALABRAX CLATHRATUS
SYNGNATHUS CALIFORNIENSIS
SCOMBEROMORUS CONCOLOR
FUNDULUS PARVIPINNIS
HYPSYPOPS RUBICUNDUS
DOROSOMA PETENENSE
ACLAOPHENIA (COLOMNY OF HYDROIDEA)
CYMATOGASTER GRACILIS
TALIEPUS NUTTALLI
SQUATINA CALIFORNICA
SCORPAENA GUTTATA
POLYORCHIS PENICILLATUS
STRONGYLOCENTROTUS PURPURATUS
TRACHURUS SYRMETRICUS
HYPSOBLENNTUS JENKINSI
CYNOSCION NOBILIS
ALLOCLINUS HOLDERI
CLUPEA HARENGUS
HYPSOBLENNIUS GCILBERTI]
ANCHOA SP.

CALLIANASSA CALIFORNIENS]S
MECGATHURA CRENULATA
MICROMETUS MINIMUS
BRACHYISTIUS FRENATUS
CRANGON NIGROMACULATA
GIBBONSIA METZI

LOVENTIA CORUIFORMIS
PILUMNUS SPINOMIRSUTYS
CITHARICHTHYS XANYHOSTIGHMA
HETERODONTUS FRANCISCI
CITHARICHTHYS STIGMAEUS
MEDTALUNA CALIFORNIENSIS

STATION 1

R

460

10
880
183
600
734

24

1288

945

166

131
120

24

A8
52

72
24
51
122

TOTAL WEIGHT

784
0
236
572
360
92
264
0
230
1200
156
9
388
92
160
194
556
¢
222
56
0
3a
0
86
38
206
14
130
286
129

74
88
74

&4
72

10
104

888
1952
739
1098
838
884
1316
96
190
6
928
996
264
294
176
168
0

4
162
318
416
12
400
300
272
126
160
164
0
17
150

STATION & STATION § TOTAL

- .- - - -

2132
1962
1855
1853
1798
1710
1604
1384
1325
1200
1084
996
652
608
607
604
556
506
502
b2
416
411
400
386
374
358
340
294
286
277
270
244
228
226
202
164
150
126
123
122
120
118
116
104
88
8¢
8¢
74
T4
52

P
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of each species taken during the 336-day sampling period are '
shown for each traveling screen station and for the three sta-
tions combined. Also shown are total weights, rounded to the
nearest 0.1 kg, for all fish species, all invertebrate species,
and all animal material combined.
As indicated in Table 7.4-6, many of these rankings by
weight differed considerably from those based on numbers of
individuals impinged (Tables 7.4-3 and 7.4-4). The round sting-
ray (Urolophus halleri) and the Pacific electric ray (Torpedo

californica) ranked first and second based on total weights of

animal material impinged. The total weight of round stingray

impinged was 185.9 kg (410 1b) or 13.3 percent of all fishes by -

weight. The total weight of vPacific electric ray impinged was ‘
125.9 kg (227.6 1b) or 9.0 percent of all fishes by weight. 1In
contrast, they‘ranked only eleventh and fifty-eighth, respec-

tively, based on numbers impinged. These and other large, heavy-
;podied rays were prominent in the higher rankings based on

weight, with the California butterfly ray (Myliobatis califor-

nica) among the first ten.

The topsmelt (Atherinops affinis) ranked third both in

number and weight of individuals impinged (Tables 7.4-3 and
7.4-6). 1Its total weight of 112.3 kg (247.6 1b) represented 8.0

percent of all fishes by weight. The queenfish (Seriphus poli-

tus), which ranked first in numbers of individuals impinged, also
has a high rank of fourth in terms of weight. Its total weight

~of 91.3 kg (201.3 1b) represented 6.5 percent of all fishes by .

00422
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weight. Among the other species ranked within the first ten on
the basis of numbers impinged, only the deepbody anchovy (Anchoa
compressa) also was ranked within that range on the basis of
weight. It was ranked second by number impinged and seventh by
weight. However, several of the other species ranked within the
first ten by number impinged (Table 7.4-3) did fall within the
first 20 ranks by weight (Table 7.4-6). They are the shiner

surfperch (Cymatogaster aggregata) ranked eleventh by weight,

the walleye surfperch (Hyperprosopon argenteum) ranked twelfth

by weight, and the California grunion (Leuresthes tenuis) ranked

seventeenth by weight.

The specklefin midshipman (Porichthys myriaster) also was a

major component by weight (ramnk 5). Yet this species was ranked
only twenty-first on the basis of numbers impinged. Two large
invertebrate species ranked relatively high .in terms of weight.

They-are the two-spotted octopus (Octopus bimaculatus) ranked

fifteenth, and Anthony's rock crab (Cancer anthonyi) ranked six-

teenth. In contrast, Anthony's rock crab was ranked seventh by
number impinged and two-spotted octopus was ranked only thirty-
eighth. Both species were periodically quite common in the

study area, and their occurrence as major invertebrate components
cf the impingement samples is not surprising.

As indicated in Table 7.4-6, the total weight of all animal
material impinged at the three traveling screen stations during
sampling over the 336-day period was 1548.4 kg (3414 1b). Of
this material, 1395.2 kg (3076 1b) consisted of fishes and 153.2

D500
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kg (338 1b) of large invertebrates. Thus, fishes accounted for

90.1 percent of this material and invertebrates only 9.9 percent.

The highest weight of animals was impinged at traveling screen
station 5 (842.8 kg or 18,158 1b of fishes; 63.1 kg or 139 1b of
invertgbrates). The second highest weight of animals was im-
pinged at station 4 (353.3 kg or 779 1b of fishes; 28.7 kg or

63 1b of invertebrates), and the lowest weight of animals was
impinged at station 1 (199.1 kg or 439 1b of fishes; 6l1.4 kg or
135 1b of invertebrates).

These weights are somewhat lower than the true amounts im-
pinged during the period February 4, 1979 - January 4, 1980,
because sampling could not be completed on all days and because
some badly damaged animals were not weighed. These data also
exclude the weights of fishes removed during tunnel recircula-
tion. However, they represent reasonably accurate estimates for

total weights of material impinged.
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7.5 VARIATIONS IN NUMBER AND BIOMASS OF FISHES IMPINGED IN

RELATION TO ENVIRONMENTAL FACTORS

Short- and long-term fluctuations in numbers and biomass of
fishes impinged during the 48-week study period are considered
in this section, with emphasis on the critical species idenﬁi-
fied in Section 7.4. The possible influences of major environ-
mental factors on impingement also are considered. These
factors are water temperature, salinity, wave conditions, wind
speed, storms and rainfall, cloud cover, and dredging opérations
in outer Agua Hedionda Lagoon. Possible effects on impingement
of day vs. night conditions, tidal conditions, and flow rates in
the cooling water system-are considered separately in Sections
7.6, 7.7, and 7.8, respectively.

Ploté of mean total number and mean total weight of all
fishes impinged at traveling screen station 1 per 24-hr interval
over the period February 4, 1979-January 4, 1980 are shown in
Figures 7.5-1 and 7.5-2, respectively. These mean values are
based on data taken during each 7-day sampling interval. Also
shown on these same figures for comparison is a plot of mean
water temperatures for each of the same 7-day periods. Plots of
these impingement data for traveling screen station 4 are given
in Figurés 7.5-3 and 7.5-4 and for station 5 in Figures 7.5-5
and 7.5-6. Piots of the combined impingement-data for all three
stations are shown in Figures 7.5-7 and 7.5-8.

The mean impingement values for each weekly interval on

which these plots were based are given in Table 7.5-1. Also

7-37 _
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TABLE 7.5-1

MEAN TOTAL NUMBER AND WEIGHT (g) OF ALL FISHES IMPINGED AT ENCINA
POWER PLANT TRAVELING SCREEN STATIONS PER 24-HOUR INTERVAL
OVER THE PERIOD FEBRUARY 4, 1979 - JANUARY 4; 1980

STATION 1 STATION 4 STATION 5 ALL STATIONS
TIME - Total Total Total Total Total Total Total Total
PERIOD WEEK Number Weight Number Weight Number Weight Number Weight
Feb 4-10 1 46 522.0 293 2688.0 116 1786.0 455 4994,0
11-17 2 31 242.0 170 1107.0 90 1148.0 291 2497,.,0
18-24 3 72 788.0 519 5447.0 783 S75%9.0 1374 11994.0
Feb 25-Mar 3 4 91 ?14.0 160 2392.0 s 115 1603.0 386 4909.0
Mar 4-10 5 é 50.0 0 0.0 41 1123.0 47 1173.0
11-17 6 13 73.0 0 0.0 3s 1157.0 4B 1230.0
18-24 7 13 105.0 [ 0.0 30 4583.0 43 4488.0
: 25-31 ] 7 29.0 0 0.0 24 2232.0 31 2261.0
Apr 1- 7 9 5 174.0 0 0.0 271 9573.0 276 9747.0
8-14 10 3 ?1.0 [+] 0.0 21 1135.0 24 1226.0
15-21 11 2 47.0 (] 0.0 18 1470.0 20 1517.0
22-28 12 8 110.0 0 0.0 50 1944,0 58 2054.0
Apr 29-May 5 13 14 185.0 0 0.0 11 2882,0 25 3067.0
May 6-12 14 7 521.0 ] 0.0 [ 0.0 97 S21.0
13-19 15 33 219.0 o 0.0 0 0.0 33 219.0
20~-26 146 67 820.0 0 0.0 o) 0.0 &7 820.0
May 27-Jun 2 17 52 478.0 0 0.0 0 0.0 52 478.0
Jun 3- 9 18 57 288.0 12 ?2.0 49 952, 118 1332.0
10-16 19 21 798.0 42 224.0 61 ?48,0 194 1970.0
17-23 20 107 487.,0 236 1943,0 148 3585.0 491 6015.0
24-30 21 51 274.0 320 927.0 145 2105.0 516 3306.0
Jul 1- 7 22 31 187.0 235 34%.0 102 S593.0 368 1329.0
8-14 23 30 59.0 323 716.0 258 14642,0 611 2417.0
15-21 24 J1 274,0 77 426.0 S8 752, 166 1452.,0
22-28 25 87 237.0 112 278.0 106 1052, 305 1567.0
Jul 29-Aug 4 26 95 - . 972.0 195 476.0 72 3193.,0 362 4641,0
Aug 5-11 27 17 145.0 e 183.0 32 963.0 107 891.0
12-18 28 44 192.0 105 422, 41 945,0 192 1559.0
19-25 29 108 425.,0 380 1012.0 103 1040.0 91 2477.0
Aug 26-Sep 1 30 55 194,0 153 1381.0 53 267.0 261 1842.0
Sep 2- B 31 54 113.0 216 703.0 73 739.0 343 1555,0
o-15 32 5 106.0 &7 109.0 21 234,0 103 449,0
16-22 33 39 168.0 k$ 312.0 20 530.0 90 1010.0
23-29 34 57 463.0 42 365.0 ?0 932.0 189 1760.0
Sep 30-0ct 6 35 41 283.0 100 515.0 93 980.0 194 1778.0
oct 7-13 36 33 2033.0 75 414.c¢ 22 722.0 130 3169.0
14-20 37 34 110.0 94 257.0 28 501.0 154 B68.0
21-27 38 79 471.0 223 209.0 68 760.0 370 2140.0
Oct 28-Nov 3 39 187 494.,0 168 375.0 &2 1114.0 417 1983.0
Nov 4-10 40 88 539.0- 100 430.0 S9 1164.0 247 2133.0
11-17 41 S S520.0 196 675.0 58 640.0 307 1835.0
18-24 42 210 '71100 394 1094,0 189 1353.0 793 3158.0
Nov 25-Dec 1 43 60 S537.0 13 207.0 11 343.0 584 1087.0
Dec 2- B 44 37 235.0 143 1032.0 49 1379.0 22 2646.0
9-15 45 13 152,0 &0 544,0 24 8646.0 97 1562.0
16-22 46 ? 187.0 123 844,0 64 1146.0 196 2177.0
23-29 47 34 391.0 91 773.0 21 357.0 146 1521.0 -
Dec 30-Jan 4 48 8 112.0 33 1523.0 7 1204,0 48 2839.0
48-WK
MEAN 50.4 365.1 126.2 653.0 78.2 1437.0 254.8 2455.s
7-38
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shown in Table 7.5-1 are the overall mean numbers and weights of
all fishes impinged over the 48-week period of the study.

Plots of weekly mean temperature and salinity values for
seawater entering the cooling water system of Fhe Encina Power
Plant during the 48-week period are shown in Figure 7.5-9. As
indicated in Appendix Section 16.2.3, these measurements wefe
made at the point where seawater enters the bar rack screening
system. Weekly mean flow rates, temperature, and salinity
values are given in Table 7.5-2.

Plots of weekly mean values for wave height of the ocean
just offshore from the Encina Power Plant and of cloud cover are
shown in Figure 7.5-10. Observations of wave height for the
ocean were made at a point near where seawater enters Agua
Hedionda Lagoon, the source of cooling water for the Power
Plant. The presumption was that high waves at that point associ-
ated with storm conditions may cause some fishes to move into the
lagoon seeking shelter and thus become more susceptible to
impingement. 'Observations also were made of wave heights in
Agua Hedionda Lagoon adjacent to the bar rack screening system.
However, these wave heights were always less than one foot and
for that reason were not considered to be a significant factor
affecting impingement.

Shown in Table 7.5-3 are detailed data for total number and
total weight of all fishes impinged at traveling screen stations
1, 4, and 5 during each 12-hr sampling interval over the period

February 4, 1979-January 4, 1980. Also shown in this table are

000504
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ENCINA POWER PLANT DURING THE PERIOD
FEBRUARY 4, 1979 - JANUARY 4, 1980

TABLE 7.5-2
WEEKLY MEAN TEMPERATURES (°C), SALINITIES (%.) AND FLOW RATES
(1000 gpm) OF SEAWATER ENTERING THE COOLING WATER SYSTEM OF THE

UNITS 1-3 UNIT 4 UNIT 5 TOTAL PLANT
TIME TEMPECRATURE SALINITY Flow Rate Flow Rate Flow Rate Flow Rate
PERIOD WEEK (°C) (°/00) (1000 gpm) (1000 gpm) {1000 gpm) (1000 gpm)
Feh 4-10 1 13.5 32.5 121 180 220 521
11-17 2 14,5 32.5 134 180 220 534
18-24 3 14.0 31.3 134 153 220 507
Feb 25-Mar 4 14,0 32.1 134 153 220 507
Mar 4-10 5 14,5 32.5 134 0 220 354
11-17 é 15.5 31.5 134 0 220 354
18-24 7 15,0 30.6 134 0 220 354
25-31 8 16.5 30.9 134 0 220 354
Apr 1- 7 ? 17.0 31.8 13% 0 220 334
8-14 10 17,0 31.7 129 0 220 349
15-21 11 17,0 31.9 121 0 220 341
22-28 12 16.0 32.7 127 0 188 315
Apr 29-May i3 17.0 32.4 108 o 220 328
May 6-12 14 16.0 31.1 134 0 0 134
13-19 15 16.5 32.3 134 0 0 134
20-26 14 18.0 32.0 134 i3 0 147
May 27~Jun 17 19.0 32.3 134 0 0 134
Jun 3- 9 18 18,5 32.6 128 27 220 375
10-16 19 20.5 33.0 134 27 215 376 .
17-23 20 20.0 32.5 97 27 220 344
24-30 21 21.5 32.8 88 0 220 308
Jul 1-7 an 20.5 32.6 76 0 220 296
8-14 23 21.0 32,7 ar 27 220 329
15-21 24 19.5 32,4 134 15 220 . 507
22-28 25 21,0 32.4 114 180 220 514
Jul 29-Aug 24 20,0 32.3 134 180 220 534
Aug  5-11 o 22.5 32.5 134 180 220 534
12-18 28 22, 32.5 127 180 220 S527
19-25 29 20.5 32, 133 180 188 501
Aug 26-Sep 30 21,0 2.2 134 180 188 502
Sep 2- 8 31 21,0 32.7 134 180 220 534
9-15 a. 20,5 32.6 134 129 220 483
16-22 33 21.0 32.6 134 153 210 497
23-29 34 19.5 32.4 134 153 220 507
Sep 30-Oct an 16.5 32.8 134 153 20 507
oct  7-13 38 17.5 32.7 134 180 220 534
14-20 37 18.0 32.7 134 180 220 534
21-27 33 17.5 32.7 134 180 220 534
oct 28-Nov 39 14,5 32.8 134 180 220 534
Nov 4-10 40 16,0 32,7 134 180 220 534
11-17 a1 15,0 32.7 134 180 220 534
18-24 42 11.5 32.8 134 180 220 534
Nov 25-Dec 43 14.0 32,8 127 180 220 S27
Dec 2- 8 44 14,0 32.8 134 180 220 534
9-15 45 14,5 33.0 134 171 220 525
16-22 46 15.0 32.8 134 180 220 S34
23-29 47 14.0 32.6 134 13 220 367
Dec 30-Jjan 48 12.5 32.7 134 171 220 525
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TABLE 7.5-3

TOTAL NUMBERS AND WEIGHTS (g) OF ALL FISHES IMPINGED AT ENCINA
POWER PLANT TRAVELING SCREEN STATIONS DURING EACH 12-HOUR

SAMPLING INTERVAL OVER THE PERIOD
FEBRUARY 4, 1979 - JANUARY 4, 1980

790204
790205
790206
790207
790208
790209
790210
790211
790212
790213
790214
790215
790216
790217
790218
790219
790220
790221
790222
790223
790224

7902235
7902p6

790227

e e o e S 8 e 24 T . o e A e 0 4 T B 8 e L R ey e W s o

STATION
1 4 ’ S
TOTAL TOTAL TOTAL
TIME OF DAY TOTAL NUMBER WEIGHT TOTAL NUMBER WEIGH1T TOTAL NUMRER WEIGHT

DAy

21 653 Si4 6426 14 201
NIGHT 0 o 13 79 20 442
DAY s 53 s 1187 13 450
NIGHT 36 1267 47 2303 317 3337
DAY 0 0 130 1054 24 491
NIGHT 0 0 73 768 29 697
DAY 80 116 115 220 72 594
NIGHT 52 558 0 o 9 130
DAY A 15 118 1142 a2 692
NIGHT 3 121 360 660 40 345
DAY 5 2 210 1017 80 3524
NIGHT 96 £90 292 1109 60 376
DAY 18 180 84 630 35 243
N1GHT 0 0 63 181 36 764
oAy 16 25 10 77 as 228
NIGHT 8 446 215 636 20 734
DAY 0 0 0 0 27 343
NIGHT 30 227 285 405 36 £90
DAY 5 7 70 959 4 42
NIGHT 8 54 22 1230 32 517
DAY 1% 11 16 64 - B 61
NIGHT 0 0 &0 349 88 504
DAY 5 149 1 12 12 540
NIGHT 36 221 0 0 101 1185
DAY 1 0 67 894 70 1799
NIGHT 26 161 101 1945 50 247
DAY é 7 21 423 27 503
NIGHT 60 293 108 754 a2 570
LAY 0 0 8 77 10 640
NIGHT 24 211 180 672 21 374
DAY 5 57 0 0 17 1123
NIGHT Start of o 1034 324 1619 36 441
DaY+———Dredging 3 34 27 379 26 530
NIGHT & a1 373 321 1467 54 82
DAY 10 77 191 2673 90 3310
NIGHT @ 47 235 178 680 22 307
DAY O x 27 99 202 3254 1184 8005
NIGHT @ 150 . 610 1269 10259 1716 B&94
DAY x 16 581 157 7741 370 26878
NIGHT 44 1133 291 6544 692 5486
DAY 27 233 3 25 868 5804
NIGHT TR x 54 836 202 2637 355 1698
DAY P’ 14 152 S60 0 0
DAY ® 44 €640 100 7346 84 4198
NIGHT sS4 259 7¢ 605 94 4048
IAY 24 193 63 22686 52 839
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TABLE 7.5-3 (Continued)

790301
790302
790303
790304
790305
790306
790307
790308
790309
790310
790311
790312
790313
790314
790315
790316
790317
790318
790319
790320
790321
790322
790323
790324
790325
790326
790327
790328
790329
790330

790331

STATION
1 4
TOTAL TOTAL
TIME OF DAY TODTAL NUMBER WEIGHT  TOTAL NUMBER WEIGHT
DAY 51 882 72 2393
NIGHTY 57 564 162 1682
DAY a 27 418 49 841
NIGHT O 51 665 59 509
DAY O 40 667 63 1159
NIGHT 120 663 276 5019
DAY 1% 53 [ 0
NIGHT 78 1177 48 911
NIGHT 18 71 0 0
DAY 7 87 0 0
DAY 0 0 0 0
NIGHT 1 8 0 0
nAY 1 3 0 0
NIGHT 4 6 (4} 0
DAY 1 9 0 0
NIGHT 4 17 (4} 0
DAY 1 3 0 0
NIGHT 1 3 0 0
oAy ] 0 0 0
NIGHT 7 136 o] [
DAY 0 2 12 [ 0
NIGHT ® 31 0 0
nay o) 2 6 0 0
NIGHT a 2 é 0 0
DAY 1 3 0 0
NIGHT 12 100 0 0
DAY 4 18 0 0
NIGHT 17 140 0 0
Ay 5 17 0 0
NIGHT @ 18 74 0 0
DAY 5 21 0 0
NIGHT @ 9 55 0 0
DAY x & O 0 0 0
NIGHT x 6 25 0 0
DAY 2 4 0 0
NIGHT @ 14 8o (o} 0
DAY 0 0 0 0
NIGHT X & 5 23 0 0
DAy X A 7 28 0 0
NIGHT * 10 78 (v} 0
DAY O 4 16 0 0
NIGHT @ x 9 k§| 0 0
DAY 15 196 0 0
NIGHT 1 0 0 0
nay 2 o7 0 o
NIGHT 7 04 o 0
DAY 3 1u1 0 0
NIGHT 9 41 0 0
DAY 1 4 0 0
NIGHT 7 24 0 0
DAY 0 0 0 o
NIGHT 8 50 0 0
DAY @ e 1 4 0 0
NIGHT @ © a 7 24 0 0
DAY X A 4 28 0 0
N1GHT x 7 20 0 0
nay 4 17 0 0
NIGHT @ 4 11 0 0
DAY x 0 0 0 0
NIGHT 3 11 0 [
DAY 0 ° o 0
NIGHT TR 4 14 o o
7-42
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TOTAL
TOTAL NUMBER WEIGHT

a7

518
695
1068
0
2067
1444
3796
1636
1674
1299
1043
735
376
316
632
136
600
517
216
314
234
210
122
83
739
624
1367
602
178
890
614
1242
941
a51
728
600
56
2060
1103
489
1503
1166
2764
896
9133
2052
444
576
470
481
843
262
781
851
5529
2536
465
452
545
570
1594
‘147



TABLE 7.5-3 (Continued)

STATION
1 4 5

TOTAL TOTAL TUTAL
DATE TIME OF DAY TOTAL NUMBER WEIGHT  TOVAL NUMBER WEIGHT  TOTAL NUMBER WEIGHI
790401 DAY 22 ay 0 0 220 7171
NIGHY 0 0 0 0 1403 39684
790402 DAY 1 208 0 ] 84 2492
NIGHT 4 702 0 0 72 1475
790403 DAY 0 0 0 0 24 4454
NIGHT 0 0 0 0 20 1054
790404 DAY 2 9 0 ) 20 4970
NIGHT 1 154 0 0 10 1535
790405 DAY 2 39 0 0 8 a9y
NIGHT 1 4 0 0 10 agi
790406 LAY 0 0 0 0 4 56
N1GHT 0 0 0 0 & 193
790407 LAY 0 0 0 0 11 341
NIGHI 2 4 0 0 3 19
790406 DAY 0 0 0 0 2 54
NIGHT 0 0 0 0 16 504
790409 LAY 1 3 ] 0 7 1455
NIGHT @ 3 g6 0 0 é 582
790410 pAY @ O 1 7 0 ¢ 3 131
NIGH1 0 0 o 0 & 2id
790411 DAY o 2 2 0 0 2 &7
NIGHT I\ Q ) 0 22 1880
790412 DAY 1 373 0 0 11 £73
NIGHT 2 19 0 0 13 376
790413 DAY 3 ) 0 0 14 217
NIGHT 3 53 o 0 14 662
/90414 DAY 0 0 o 0 10 337
NIGHT 2 1% 0 0 11 184
790415 DAY x 0 0 0 0 8 an7
NIGHT 1 3 0 0 7 85
790416 DAY 3 14 0 0 9 333
NIGHT 6 65 0 0 17 791
790417 DAY 1 S 0 0 6 448
NIGHT - 1 14 0 0 8 3467
790418 DAY @ 1 35 0 0 9 576
NIGHT @ 1 3 0 0 8 434
790419 DAY 1 29 0 0 10 887
NIGHT 0 0 0 o 8 350
790420 DAY 0 0 0 0 11 847
NIGHT 1 0 0 o 5 649
790421 DAY 0 0 0 0 12 22,
NIGHT 1 162 0 0 11 3970
790422 DAY 0 0 0 0 20 875
NIGHT 0 0 ] 0 12 656
790423 DAY 2 9 0 0 23 321
NIGHT @ 2 11 0 0 14 8213
790424 DAY 1 90 0 o 23 705
NIGHT Dredging 7 126 0 0 53 2307
790425 NIGHY Completed 7 57 0 0 41 1170
790426 DAY 13 207 0 0 65 1871
790427 DAY 0 0 0 0 8 510
NIGHT @ 7 23 ] 0 26 418
790428 DAY 3 13 0 0 0 0
NIGHT 6 125 0 0 18 . 2002
790429 DAY 3 278 0 0 5 509
NIGHT 13 119 0 0 0 ' 0
790430 DAY 0 0 o 0 11 7854
NIGHY 1 5 0 0 9 447
790501 DAY 0 0 0 0 8 332
NIGHT @ 1 2 0 0 8 8903
790502 DAY 0 0 0 (] 9 1144
NIGHT 2 4 0 0 p -y 5397
000508



TABLE 7.5-3 (Continued)

STATION
1 4 5
_ _ TOTAL TOTAL TOTAL
DATE TIME OF DAY TOTAL NUMEER WEIGHT  TOTAL NUMBER WEIGHT  TOTAL NUMBER WEIGHT
790503 DAY 1 2 0 0 4 106
NIBHT a 9 0 o 7 187
790504 DAY 7 162 0 0 o 0
: NIGHT 19 100 0 o 10 346
790505 DAY 6 219 0 0 0 0
NIGHT 41 369 0 0 o 0
790506 DAY 7 60 o 0 0 0
NIGHT 33 615 0 0 0 0
790507 DAY @ 17 294 0 o o 0
NIGHT 53 264 0 0 0 0
790508 DAY @ & & 132 o 0 0 0
NIGHT @ x a8a 467 0 (o] 0 0
790509 DAY 41 164 (0] 0 (o] 0
NIGHT 20% 6560 0 0 0 0
790510 DAY 14 138 0 (o] (o} 0
NIGHT 111 67 0 0 0 o
790511 DAY @ 13 114 0 0 0 o
NIGHT @ 51 356 0 o iy 0
790512 DAY ? 181 o o 0 °
NIGHT 31 %513 0 (] 0 0
790513 DAY 8 115 0 0 0 0
NIGHT 36 152 0 o o 0
790514 DAY 5 103 o 0 0 0
NIGHT a1 132 o o 0 0
790515 DAY 3 358 o o 0 0
. NIGHT 27 168 0 o 0 0
790516 DAY 1 2 0 o o o
NIGHT a4 261 0 o 0 0
790517 DAY 4 10 0 o 0 0
NIGHT 33 . 87 0 o 0 o
790518 DAY 1 2 0 o o o
. NIGHT 8 92 -0 0 0 . 0
790519 DAY 1 3 0 0 o .0
NIGHT 16 47 0 o 0 o
790521 DAY 8 347 0 0 Pt 0
. NIGHTY 40 173 0 [¢) 0 0
790522 DAY 13 50 0 0 o 0
NIGHT a3 299 o 0 0 0
790523 DAY b 4 22 10680 (o] (6] [] 0
790524 DAY @ 4% 345 [0} 0 (o] 0
NIGHT 49 473 0 0 0 0
790525 LAY o $60 0O [ 0 0
NIGHT Y6 730 (o] (V] (4] 0
790526 LAY 1 7 0 0 o 0
NIGHT 24 458 0 0 o) 0
790527 DAY 5 49 o 0 0 0
NIGHT 23 140 0 o 0 0
790528 DAY 8 17 0 o o 0
NIGHT 20 125 o o ° 0
790529 DAY é 242 o 0 0 0 -
NIGHT 20 181 0 0 o 0
790530 DAY 10 23 o 0 o 0
NIGHT 29 163 0 0 0 0
790531 DAY 36 494 0 0 0 0
NIGHT 77 353 0 0 0 0
790601 DAY 17 62 0 it 0 0
NIGHT 50 837 0 0 0 0
790402 DAY @ 5 154 0 0 o 0
NIGHT 56 504 0 o 0 0
7904603 DAY g [2] 0 (o} [+] [}
NIGHT 39 59 0 (4] 0 V]
790404 DAY . 3 16 (4] o] S 149
NIGHT 20 21 o o 0 0
790405 DAY 4 11 4 14 b 1,22
NIGHT 20 70 9 84 0005090
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TABLE 7.5-3 (Continued)

ETATION
1 .4 5
TOTAL TOTAL TOTAL
['ATE TIME OF DAY TOTAL NUMBER WEIGH!  TOTAL NUMBER WEIGHT  TOTAL NUMBER WEIGHT
790606 DAY 9 22 0 0 17 536
NIGHT 27 114 2 13 24 128
750407 NIGHT 53 203 1 2 51 7461
790408 DAY 0 0 1 3 25 643
NIGHT T35 266 1 4 38 893
790609 DAY 40 63 24 42 72 178
NIGHY 117 10295 33 434 80 2759
790610 DAY 12 12 10 15 36 154
NIGHT 10 49 120 235 S 40
790611 DAY 95 406 1 0 31 441
NIGHT 52 8y2 8 47 81 624
790612 DAY 44 98 7 28 52 407
790613 DAY 39 267 11 B2 33 449
790614 DAY 8 33 2 7 a1 620
NIGHT' 35 585 13 253 25 1757
790615 DAY o 46 126 19 126 32 245
NIGHT o 0 22 374 0 0
790616 DAY 29 108 15 57 15 739
NICHTTR @ - 176 2212 25 117 7 182
790417 DAY 0 0 34 446 62 2635
NIGHT o 0 43 455 142 177
790618 DAY 0 0 49 565 19 2060
NIGHT 0 0 35 636 35 1138
750619 DAY 0 0 3 53 0 0
NIGHT 0 0 7 109 62 2426
790620 DAY 0 0 ©9 134 0 0
NIGHT 33 202 102 387 104 1541
790621 DAY 8 24 11 505 53 1590
NIGHT 626 2330 614 5076 78 746
790622 DAY 1 2 55 373 56 1873
NIGHT 34 237 ans 3113 158 3019
790623 DAY 6 & 53 547 111 2549
NIGHY 44 540 271 1178 155 3720
790424 DAY 1 & 54 348 52 1063
NIGHT 1 2 0 0 68 2612
790625 DAY 1 5 a6 151 74 406
. NIGHT 44 AR 3/2 725 91 C 1938
TR042e DAY 14 1121 90 523 79 1735
NIGHT 20 66 232 1399 40 525
TY06L7 DAY 16 76 74 884 84 589
N1GHT 4 5 160 385 65 1711
790628 DAY 6 8 108 145 84 538
NIGHT 9 131 228 52 98 14671
790629 DAY 0 0 DoT 435 80 874
NIGHT 4 é 344 453 0 0
790630 DAY 128 140 0 0 13 187
NIGHT 108 71 316 419 144 76
790701 DAY 2 7 94 231 16 93
NIGHT o 0 g7 370 0 0
790702 DAY 54 a9 60 73 16 56
NIGHT 11 102 &b 107 20 3z5
790703 DAY @ 5 4 95 167 48 178
NIGHT 8 10 228 396 102 499
790704 DAY 4 163 a8 40 48 469
NIGHT 18 26 140 789 70 204
790705 DAY 8 6 48 81 36 543
NIGHT 40 343 672 1199 a5 201
790706 DAY 0 0 54 80 60 843
NIGHT ) 18 52 290 62 385
790707 DAY 2 124 0 0 188 286
N1GHT 54 410 3 11 5 27
790708 DAY 7 4 36 391 49 132¢
NIGHT 6 14 126 291 o 0

7-45 0O0ELe



TABLE 7.5-3 (Continued)

790709
790710
790711
790712
790713
790714
790715
790716
790717
790718

79071¢
790720

790721
790722
790723
790724
790725

790726
790727

790728
790729
790730
790731
790801
790802
790803
790804
790605
790806
790807
790808
790809

790810

TIME OF DAY

MIGHT
ney
NIGHT
DAY
NIGHT
DAY
NIGHT
DAY
NIGHT
DAY
NIGHT
nay
NIGHT
nAY
nay
NIGHT
[AY
NIGHT
AY
NIGHT
nay
NIGHT
nAay
NIGHT
LAY
NIGHT
DAY
DAY
NIGHT
nay
NIGHT
DAY
NIGHT
DAy
NIGHT
LAY
NIGHT
NIGHT
LAY
DAY
NIGHT
nay
N1GHT
nAY
NIGHT
DAY
NIGHT
DAY
NIGHT
nay
NIGHT
DAY
NIGHT
OAY
NIGHT

TR
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575

104

24

128

30
159
248
138

66
39

o9
126
173

12

30

34
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TOTAL
TOTAL NUMEBELR WEIGHT

240
224
101
127
692
26
513
43
180
4?2
472
548
223
?3
&2
119

293
29

62
77
279
100

T0TAL

TOTAL NUMBER WEIGHT

111
1000

B14
8210

2720
2264
4629
26
337

22

537
203

933
211
218
330
212
412

43
1463
127
181
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TABLE 7.5-3 (Continued)

STATION
1 4 5
TOTAL TOTAL TOTAI

DATE TIME OF DAY TOTAL NUMBER WEIGHT  TOTAL NUMBER WEIGHT  TOTAL. NUMBER WETGHT
790811 DAY 4 3 20 149 3 &5
NIGHT 2z 126 145 283 40 336

790812 DAY a 6 8 18 4 7
NIGHT 6 14 12 248 20 557

790813 DAY @ o 0 4 1 3 0
NIGHT 9 12 22 83 5 196

790814 DAY 1 1 13 20 11 346
NIGHT 40 11y 78 1042 33 53

790815 DAY o é 35 71 10 205
NIGHT 12 ' 13 51 185 4 3

790816 DAY o 4 34 29 17 25
NIGHT 24 7459 0 0 36 19nD

790817 NAY 3 o 39 43 30 144
NIGHT 105 2490 390 552 a2 1509

7908168 DAY o ) 42 193 14 509
NIGHT 111 149 396 4462 45 a2

790819 NIGHT 12 14 116 1041 27 191
790821 DAY 33 59 45 426 26 Iz
NIGHT 0 o o 0 A ®

790822 DAY 28 594 0 0 7 349
NIGHT 294 730 386 465 - 152 1008

790823 DAY -0 0 150 198 28 2381
NIGHT 112 27 105 600 118 875

790824 DAY 4 27 18 65 17 249
NIGHT 60 391 260 456 64 910

790825 DAY a 24 800 1185 0 ‘ o
NIGHT 48 a2 168 1131 54 475

790826 DAY 2 13 42 905 0 0
NIGHT 9 105 204 2121 0 0

790827 DAY 2 13 as 443 0 0
NIGHT 31 78 10 2174 2 19

790828 DAY 0 o 0 0 1 11
NIGHT 23 82 82 2159 15 71

790829 DAY @ 6 212 100 463 2 29
NIGHT 28 58 114 230 11 116

790830 DAY @ 4 3 &0 79 12 144
- NIGHT 151 3u1 0 0 46 404
790831 DAY 2 4 iz 120 30 184
NIGHT 24 24 54 273 99 638

790901 LAY 0 0 42 180 18 72
NIGHT TR* 100 452 204 498 132 182

790902 Dhay 14 16 34 : 110 a2 502
NIGHT 86 22 186 1208 303 830

790903 DAY 2 1 34 70 16 1832
NIGHT 162 543 549 1488 0 0

790904 DAY 0 o 21 14 0 ¢
790905 DAY n 2 5 3 10 235
NIGHT 0 0 288 150 0 0

790906 DAY 0 0 8 15 12 140
NIGHT 0 o 42 244 0 0

760907 DAY 5 2 10 53 4 0
NIGHT b8 156 202 734 36 454

790908 DAY 0 0 5 13 0 0
NIGHT TR 12 24 16 65 42 810

790909 DAY 14 135 0 I 3 21
790910 DAY 0 0 3 3 2 55
NIGHT 30 26 138 117 24 54

790911 DAY 0 o 0 0 1 2
NIGHT o 0 14 50 8 33

790912 DAY ) 0 3 13 3 91
NIGHT 0 0 86 137 29 148

790913 NIGHT 0 o 0 ° 3g 392

*Incomplete tunnel recirculation limited to 2 hrs.

- i Kb
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TABLE 7.5-3 (Continued)

 STATION
1 4 5

TOTAL TOTAL TOTAL

DATE TIME OF DAY TOTAL NUMBER WEIGHT TOTAL NUMBER WEIGHT TOYAL NUMEBER WEIGHT
790914 DAY 0] 0 4 14 8 572
NIGHT 15 206 74 301 7 i8
790915 DAY 0 0 é 23 2 10
NIGHT 30 2117 70 115 [4) (4]
790916 DAY (V] 0 6 36 4 i8
NIGHT 11 57 0 0 3 303
790917 DAY 2 31 2 15 3 19
NIGHT 0 0 11, 48 [o) [+]
790918 DAY [ 2 é 8 3 41
NIGHT 0 V] 37 613 18 797
790919 DAY ] 29 [ 3] &7 4 142
NIGHT o] [»] 58 201 30 190
790920 DAY (o] 0 10 48 3 31
NIGHY 228 730 22 491 18 85
790921 DAY 0 0 12 B8é 3 39
NIGHT 1 (o] 37 500 30 1124
790922 DAY 1 292 2 7 17 717
NIGHT é 35 8 44 7 201
790923 DAY 1 2 48 2057 32 418
NIGH) 30 111 46 204 114 1958
790924 DAY 2 @27 i 14 24 171
NIGHT @ 52 2 12 669 33 212
790925 DAY 0 o) S 20 i 10
NIGHT 0 0 24 ] 120 266
790926 DAY 1 11 0 (] 7 424
NIGHT 8% 250 50 755 88 &37
790927 DAY 1 . i3 4 16 20 507
NIGHT 110 866 (V] 4] 5 ) 341
790928 LAY 2 9 S 13 12 619
NIGHT 144 592 93 S82 . 41 424
790929 LAY ] &4 0 ] 6 129
NIGHT 346 22 3 i8 30 407
790930 DAY (] 0 [} [¢] 8 212
NIGHT 2 277 o) 0 75 130
791001 DAY 4 18 é 42 32 100
NIGHT . 42 400 5 86 33 896
791002 DAY o] o] 100 119 9} 40
NIGHT 26 126 S4 79% 44 1581
791003 DAY 4 29 76 873 11 332
NIGHT 36 290 &9 378 27 64
791004 LAY 7 86 18 174 1 9
NIGHT 60 418 231 447 54 734
791005 DAy 0 0 0 (4] @ 1185
NTGHT 20 210 72 14% a9 673
791006 DAY 4] 0 [ o] 25 30
NIGHT 7 130 70 449D 4% 876

791007 LAY 4 35 36 T 2% 42
NIGHT 24 7553 0 0 24 354
791008 DAY b 37 20 113 3 8
NIGHT 16 40 g1 641 21 291
791009 NIGHT 21 48 87 801 38 707
791010 DAY 2 10 ] 41 1 20
NIGHT 0 (1) 0 0 9 2169
791011 NIGH1 80 3341 40 409 0 0
791012 DAY 30 84 4 25 (o] [¢)
791013 DAY 1 13 18 109 0 0
NIGHT TR Q0 0 119 138 0 4]
791014 DAY 9 29 15 126 12 35
791015 DAY 8 4 276 203 4 529
NIGHT 0 0 ) 0 24 28
791016 DAY 1 © 3¢ 31 24 890
NIGHT 75 119 [} ) 34 764
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TABLE 7.5-3 (Continued)

STATION
1 4 : 5
TOTAL TOTAL TOTAL
OATE TIME OF DAY TOTAL NUMBER WEIGHT TOTAL NUMBER WEIGHT TOTAL NUMBER WEIGHT
‘791017 DAY 3 13 10 114 S 68
NIGHT 42 P4 92 401 14 33
791018 DAY 2 36 11 271 14 143
NIGHT 4 14 27 102 0 0
791019 DAY 2 34 10 72 21 41
NIGHT & 30 350 26 160 18 243
791020 DAY r'y o 0 45 44 4 4C
NIGHY @ S 21 64 145 11 442
791021 DAY 1 0 45 81 28 %4
NIGHT 180 201 20 205 24 43
791022 DAY 4 18 90 136 34 29
NIGHT 0 0 117 400 20 Y-S
791023 DAY 26 148Y9 29 2054 3 585
NIGHT 144 416 46 446 0 s]
791024 DAY 4] +) 48 155 48 1218
791026 DAY 0 0 4455 312 &5 126
791027 NIGHT 0 0 144 250 82 287
791028 DAY 78 424 187 604 35 2867
791029 DAY ] o 15 18 (o G
NIGHT 60 70 200 329 . 22 493
791031 DAY o o 120 105 0 0
791101 DAY 0 0 0 0 36 174
N1GHT 192 390 49 284 0 ]
791102 DAY 4] o] (o] 0 ? 26
NIGHT lo4 L% 1S 348 80 220
791103 NIGH1 3138 1 0 ] b 9461
791105 DAYy 40 70 75 261 650 375
791106 DAY 5 305 32 1 114 301
NIGHT 55 3414 30 207 0 0
791107 DAY 7 631 i8 114 18 474
NIGHT 31 182 74 437 34 4226
721108 @AY 40 2684 [+] 0 32 154
791108 NIGHT 25 312 83 530 0 0
791109 DAY 31 2095 44 ?2. é 1i3
NIGHT 48 135 0 0 30 154
791110 DAY . o 0 36 54 8 i1é
NIGHT 202 %01 154 530 21 487
791111 DAY ] 4] 37 792 1693 32 444
NIGHT 82 1017 0 0 0 0
791112 DAY 1 25 38 106 6 49
NIGHT (N (o 234 408 ?3 733
791113 DAY 12 10 12 15 18 887
NIGHT 99 1301 1682 1145 20 41
791114 DAY 0 (v 0 4] 8 173
NIGHT 63 138 V] 0 29 245
791115 DAY (o} 0 ] o] 10 25
NIGRHY o o 0 0 21 235
791116 DAY 26 182 18 395 72 749
NIGHT (o] (o} 0 0 28 66
791117 DAY 1 89 25 &7 2 10%
NIGHT 76 044 74 e92 44 b4é
791118 DAY S 11 80 380 75 327
NIGHT @ 24 311 72 242 44 722
791119 DAY 0 Y] 30 222 28 196
NIGHT ar 61 12 3446 70 2?5
791120 DAY o 0 0 0 0 i8 1863
NIGHT 120 218 24 o1 268 1430
791121 DAY 460 1972 52 231 24 213
NIGHT 0 o 205 552 42 av7
791122 NIGHT 626 1493 1533 . 2827 266 921
791123 DAY (v} 0 244 : BS54 170 178%
791124 DAY TR o /] 112 117 16 - 434
NIGHT 0 0 o 0 94 o000



TABLE 7.5-3 (Continued)

TIME OF DAY

?TATIDN

TOTAL
TOTAL NUMBEK WEIGHT

TUTAL

TOTAL NUMEER WEIGHT
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791125
791126

791127
791128
79112¢
791130
791261
791202
791203
791204
791208
791206
791207
791200
79120%
791210
791211
791212
791213
791214
791215
791216
791217
791218
791219

791220
791221
791222
791224
791225
791226

791227
791228

791229

791230

NIGH1
DAY
NIGHT
nAY
NIGHY
[AY
NIGHT
DAY
NIGHT
Ay
NIGHT
IAY
NIGHT
LAY
NIGHT
DAY
NIGHT
LAY
NIGHT
LAY
NIGHT
DAY
NIGHT
DAY
NIGHT
DAY
NIGHY
DAY
NIGHT
DAY
NIGHT
DAY
NIGHT
DAY
NIGHT
nAay
NIGHT
DAY
NIGHT
LAY
NIGHT
DAYy
NIGHT
DAY
NIGHT
nay
NIGHT
NIGHT O
DAY
NIGHY @
NIGHT
DAY
DAY
DAY
NIGHT
NIGHT
DAY
NIGHT
DAY
NIGHT TR
DAY
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TOTAL NUMBER WEIGHT
204 b4 374
1103 74 3834
0 1743 2989
0 8 13
S92 413 3153
&5 i8 104
0 763 4100
27 22 167
723 u1 311
0 30 548
777 38 253
(o] 40 15%

0 68 901
0 S1 393
"] 48 222
478 87 1020
V] 32 576
V] 40 206
0 25 508
34 9 26
17 18 89
247 174 433
[v] €68 1049
1461 184 1079
202 b6 1128
40 18 65
4469 172 731
0 10 54
[o) 39 352
99 30 100
4] 0 0
0 S 48
148 32 1087
29 32 232
11 o] (o]
173 %0 311
272 0 (o]
206 22 131
(o) 60 758

3 14 44
126 77 692

3 10 2
15 57 1215
242 20 116
] 54 319
127 219 596
0 180 426
266 [o) 0
0 ] 4]
470 79 1331
] 32 731
[} 90 303
[o] [0}
&9 dg 83
(o) 20 167
268 90 804
[} bb 1109
394 bé 317
28 ] 149
282 54 207
18% 11 77
542 6é 447
(o] 16 24
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TABLE 7.5-3 (Concluded)

DATE TIME OF DAY
791231 DAY
NIGHT
800101 NIGHT
800102 DAY
NIGHT
800103 NIGHT
BO0104 DAY
NIGHT
LEGEND
TR - denotes
e - denotes
& ~ denotes
x - denotes
A - denotes

STATION
1 4
TOTAL TO1AL

TOTAL NUMBER WEIGHT TOTAL NUMERER WEIGHT
0 0 -3 28
11 34 0 0
o 0 (o] 0
é 12 30 454
0 0 37 3946
8 43 0 0
1 199 19 5607
i0 193 40 343

times of tunnel recirculation

wind speeds > 12 mph

ocean wave heights for > 4 ft

salinities < 29.9 %,

light-heavy rain
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the specific times of occurrence for. physical conditions possi-
bly related to impingement of fishes. These conditions are:
wind speeds >12 mph (19 kph), ocean wave heights >4 ft (1.2 m),
salinity values i29'9 ppt, associated conditions of light to
heavy rainfall, and times of dredging operationé in outer Agua
Hedionda Lagoon. These physical data were obtained as described
in Appendix B, Section 16.2.3. The specific times of tunnel
recirculation or heat treatment of the cooling water system also
are shown. Effects of tunnel recirculation are considered sepa-
rately in Section 7.12. The format described above for biologi-
cal and physical data in Table 7.5-3 allows their direct inter-
comparison, as described in the analyses of data that follow.

As indicated in Figures 7.5-1 through 7.5-8 and Tables
7.5-1 and 7.5-3, total numbers and biomass of fishes iméinged
varied considerably throughout the year and from week to week.
For all traveling screen stations combined (Figures 7.5-7 and
7.5-8), the greatest number ahd weight of fishes impinged was in
late Februarj, 1979 during a period of winter storms, rainfall,
and low salinity (Table 7.5-3 and Figure 7.5-9). This peak is
most evident in the data for stations 4 and 5 (Figures 7.5-3
through 7.5-6). The highest peak in weight of fishes impinged
occurred at station 5 in early April. As indicated in Table
7.5-2, generating Unit 4 was not in operation from early March
through the end of May and generating Unit 5 also was out of
service in May. This accounts in part for the lower levels of

impingement during that period (Figures 7.5-1 through 7.5-8), as

7-52
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considered separately in Section 7.8. Peak levels of impinge-
ment at station 1 occurred in October and November (Figures
7.5-1 and 7.5-2) and for station 4 in November and early Decem-
ber (Figures 7.5-3 and 7.5-4). Levels of impingement were some-
what lower and variable during the summer and early fall months
(Figures 7.5-7 and 7.5-8).

Parametric correlation analysis was used in an attempt to
determine possible statistical relationships between four physi-
cal variables and the total number and weight of all fishes
impinged at all stations combined during corresponding periods
of time. Weekly mean values for the entire 336-day period of
the study (Tables 7.5-1 and 7.5-2 and Figures 7.5-9 and 7.5-10)
were used for these analyses. The possible correlations consid-

ered and the correlation coefficient determined for each were:

Mean Total Number Mean total Weight
of Fishes Impinged of Fishes Impinged
Mean Temperature ~0.097 -0.227
Mean Salinity -0.002 -0.190
Mean Ocean Wave 0.136 0.141
Height
Mean Cloud Cover 0.097 -0.085

None of these correlations was significant (p values >0.05), as
reflected also by the very low correlation coefficient values.
Comparison of the impingement plots (Figures 7.5-1 through
7.5-8) with those for the physical data (Figures 7.5-9 and

7.5-10) tends to confirm that there were no evident relationships
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between these four physical variables and the mean number or ‘
weight of fishes impinged.

These results are not surprising, because the impingement
data are quite variable and it also is very likely that impinge-
ment is influenced by a combination of factors, rather than one
or two in isolation. For example, it might be argued that
impingement was highest in the late fall, winter and early
spring, when water temperatures were lowest (Figures 7.5-1
through 7.5-8). Yet this also was the period of increased cloud
cover, storm conditions, intermittently reduced salinity, and
dredging in Agua Hedionda Légoon.

As a means of evaluating the effects of storm conditions on
impingement, Mann-Whitney U tests were applied to data for total
number and total weight of impinged fishes, shown in Table 7.5-3. ‘
‘Five distinct intervals of storm conditions during the period
February 20-May 12, 1979 were selected, using the physical data
noted in Table 7.5-3 as a guide. These five periods were char-
acterized by wind speeds >12 mph (16 kph), rainfall, salinities
<29.9 ppt in the lagoon, and, in four of the five cases, by
ocean wave heights greater than 4 ft (1.2 m).

All data for a period of 4 to 7 days before the storm began
were compared with all data from the same number of days after
the onset of the storm. For example, in evaluating effects pf
the storm that began on February 20, 1979, data for the foug
days preceding that date were compared with those for the four-

day period starting February 20. Values from each 12-hr sampling

7-54
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interval for total number and total weight of all fishes im-
pinged were analyzed separately by station.

The Mann-Whitney U tests evaluated the null hypothesis that
there was no difference in levels of impingement between the two
consecutive time périodé, against the one-way alternative hypoth-
esis that the level of impingement during storm conditions was
significantly greater than that just preceding the storm. The
results of these Mann-Whitney U test comparisons were as follows
(SIG indicates a significant difference at the level of signifi;

cance shown; NS indicates difference not significant):

Station-1 Station 4 Station 5
Inclusive Dates Number Weight Number Weight Number Weight

2/16 - 2/24 S1G SIG S1G SIG SIG SIG
(p<.10) (p<.05) (p<.05) (p<.05) (p<.05) (p<.05)

3/8 - 3/22 516G NS Unit Off NS SIG
(p< .10) (p<.05)

3/23 - 3/30 NS NS Unit Off NS NS

4/5 - 4/13 SIG 51G Unit Off SIG NS

, (p<.05)  (p<.05) {p< .05)
5/3 - 5/12 SsIc  SIG Unit Off Unit Off

(p~.05)  (p<.10)
The results show that in 13 of the 20 comparisons, the total
number or weight of fishes impinged was significantly greater
following the onset of storm conditions and reduced salinity than
during the period just preceding the storm. In some of the
remaining seven cases that did not show a statistically signifi-
cant difference, there also was a tendency for the numbers and
weights of fishes impinged to be higher following the onset of a
storm than just before it (Table 7.5-3). This evidence indicates

that the combination of conditions associated with storms during
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the winter and spring months often causes a significant increase
in the number and biomass of fishes impinged at the traveling
screens of the Encina Power Plant.

During the period February 20-April 25, 1979, maintenance
dredging was done by SDG&E to remove accumulated sediﬁent from
the outer portion of Agua Hedionda Lagoon. The dredge was
operated six days per week (Monday through Saturday) during this
entire period. There was considerable disturbance -0of the sedi-
meﬁt and turbidity levels were relatively high in the outer
lagoon.

As indicated in Table 7.5-1 and Figures 7.5-1 through 7.5-8,
the highest total numbers and weights of fishes for the 336-day
period of the study were impinged at stations 4 and 5 during the
week of February 18-24, and primarily after Febrﬁary 20 (Table
7.5-3). There also was a less pronounced but evident increase in
the level of impingement at station 1 after dredging commenced.

This apparent effect of dredging was evaluated further by
using a Mann-Whitney U test to compare weekly mean values for
total number and weight of fishes impinged (Table 7.5-1) for the
period February 18-April 28 with those for the succeeding period
of Aprii 29-June 23. The data for all traveling screen stations
combined were used. The Mann-Whitney U test evaluated the null
hypothesis that there was no difference in mean weekly levels of
impingement during and following the dredging operéfions, against
the one-way alternative hypothesis that mean weekly levels of

impingement were significantly greater during the dredging
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operations than following them. The results of these statisti-
cal comparisons indicate that there was no significant differ-
ence (p>0.055 in mean number of fishes impinged during and after
the dredging operations, while the mean weight of fishes was
significantly greater (p<0.05) during dredging than following
it.

In combination, the evidence described above indicates that
dredging operations did have a significant effect in increasing
the impingement of fishes. The same was true for motile inver-
tebrate species inhabiting the unconsolidated sediment bottom of
outer Agua Hedionda Lagoon. During the period of dredging sev-
eral of these species, including particularly the crabs Portunus

xantusi and Cancer spp. and the black spotted shrimp Crangon

nigromaculata, were very abundant in the impingement samples.

Unfortunately, the period of dredging overlapped that of
storm conditions during the winter and early spring. Because of
this, it is difficult to separate the effects of these two con-
founding variébles in evaluating the data.

Shown in Table 7.5-4 are the mean numbers of individuals of
each critical species impinged per 24-hr sampling interval within
each week dﬁring the period February 4, 1979-January &4, 1980.
Corresponding mean weight data for these species are summarized
in Table 7.5-5. The overall mean numbers and weights of each
critical species impinged per 24-hr interval for the 336-day
saﬁpling period as a whole, based on that data in Tables 7.5-4

and 7.5-5, are given in Table 7.5-6. All of these values are
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WEEKLY MEAN NUMBERS OF CRITICALLY-TREATED FISH SPECIES IMPINGED
POWER PLANT PER 24-HR INTERVAL DURING THE PERIOD FEBRUARY 4, 1979

TABLE 7.5-4

AT THE ENCINA
- JANUARY 4, 1980

SPECIES WNAME

- - - - A Wk W e W e Tl W M me T m s S

UROLOPHUS HALLERI
ENGRAUL ]S MORDAX

ANCHOA CONPRESSA

ANCHOA DELJCATISSINA
LEURESTHES TENUILS
ATHERINOPS AFFINIS
PARALABRAX CLATARATUS
PARALABRAX MACULATOFASCIATUS
PARALABRAX NEBULIFER

KENISTIUS C
SERIPHUS PO
RENTICIRRHY
ARPHISTICHU

ALIFORNIENSIS
LITUS

S UNDULATUS

S ARGENTEUS

HYPERPROSOPON ARGENTEUN
CYMATOGASTER AGGREGATA

PHANERODON
NUGIL CEPHA
PARALICHTNY

SPECIES NANM
UROLOPHUS H
ENGRAULIS M
ANCHOA CONP
ANCHOA uELI
LEURESTHES

ATHERINOPS

PARALABRAX

PARALABRAX

AENSTIUS C
SER]FHUS PO
NENT ICIRRHU
AMPHIST JCHU
HRYPERPROSOP
CYRATOGASTE
PHANKROUON

nUGIL CEPHA
PARAL TCHTHY

FURCATUS
LUS
S CALIFORMICUS

t

ALLEKI

ORDAX

RESSA
CATISSInaA
TENUES

AFFINIS
HACULATOFASCIATUS
NEBULIFER
ALIFORNIENSIS
L1TUS

S UNDULATUS

S ARGENTEUS

ON ARGFNTcUM

R AGGREGATA
FURCATUS

LUsS

S CALIFNRNIECUS

MEENX
1
(Feb 4)

13.5
ol
15406
2,0

2
(Feb 11)

6.2

10
(Apr 8)

R
(Feb 18)

3.5

1"
(Apr 15

o

(Feb 25)

1,3

5
(Mar 4)

9
o1
1.7
3,3

13

(Apr 2y

—
.
-~

6
(Mar 11)

.N

14

(’tav b)

7
(Mar 18)

9
o5
6eb
4o
b
146
o1
o0

15
(May 13)

[ ]
(Mar 25)

@ s e i m  — ———————— e M & e mAe S e e e DS

.c
02
3.8
242
oh
21
o0
o0

16
(May 20)

2,0
33.

.d

o3
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TABLFE 7.5-4 Anonowcnomv

SPECIES NAME

UROLOPHUS HALLER]
ENGRAUL IS MORDAX

ANCHOA COMPRESSA

ANCHOA DELICATISSIMA
LEURESTHES TENUIS
ATHERINOPS AFFINIS
PARALABRAX CLATHRATUS
PARALABRAX MACULATOFASCIATUS
PARALABRAX NEBULIFER
RENISTIUS CALIFORNIENSIS
SERIPHUS POLITUS
CYNOSCION NOBILIS
MENTICIRRHUS UNDULATUS
ARPHISTICHUS ARGENTEUS
HYPERPROSOPON ARGENTEUM
CYMATOGASTER AGGREGATA
PHANERODON FURCATUS

MUGIL CEPHALUS
PARALICHTHYS CALIFORNICUS

SPECIES NAME

UROLOPHUS HALLER]
ENGRAUL IS MORDAX

ANCHOA COMPRESSA

ANCHOA DELICATISSIMA
LEFURESTHES TENUIS
ATHERINOPS AFFINIS
PARALABRAX CLATHRATUS
PARALARRAX MACULATOFASCIATUS
PARALABRAX NEBULIFER
XENISTIUS CALIFORNIENSIS
SERIPHUS POLITUS
CYNOSCION NOBILIS
MENTICIRRHUS UNOULATUS
AMPHISTICHUS ARGENTEUS
HYPERPROSOPON ARGENTEUM
CYNRATOGASTER AGGREGATA
PHANEROGON FURCATUS

MUGIL CEPHALUS
PARALICHTHYS CALIFOKRNICUS

WEEKX
33
(Sept 16)

.o
145
o7
o7

1242

1.8
WEEV

(Mov 11)

Teb
21
2145
2.2
17,3
2.7
ol
)
«0
s0
5740
o0
o2
oV
R,
.d
-]
U
(X

34
(Sept 23)

o7

- N~
WV O W

L]
.
[
L]
*

42
(Yov 18)

1.8

1
4
1
134
7

25
(Sept 30)

Ta1
1.0
5.9
145

43
(Nov 25)

7ok
2ok
3101
ceb
Y046
10.3
ob
o0
o8
Gl
33,2
9
3
3

36
(Oce 7)

44

(Dec 2)

Red
1.0
245
o2
1241
1749
o3
.°
5
241
Cho>
o1
.N
3
9
4o/
o1
o
o8

37
(Oct 14)

ol
o8
5.3
1.0
10,4

22,9

['$)
(Dec 9)

1.3

38
(Oct 21)

46

{(Dec 16)

35,4

39
(Oct 28)

A7

(Dec 23)

9.2
6
545
6
15
3.1
Y-
.°
.o
1.7
5.3
o0
.°
.°
1.1
14,8
o0
.e
6

40
(Nov 4)

14

43

(Dec 30)

——  ————— - - = R S e e T - e = S = e A e e s AR e - A e e A e M am e e R M e A e R N G G e e M W 4n G e . Smen

1.9
17
2.6

9

S

& a

0005:
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&>wﬁm 7.5-5 (Continued)

SPECIES NAME

MEEX
17
(May 27)

21
(Jun 24)

22
(July 1)

23
(July 8)

26
(July 15)

e " - " - - " o M A i T S e MR A b M AL M e A T e R o . T R T - o = e Ah = A AR = i R . S N T e A A A G T W 4 o e o W A .

UROLOPHUS HALLERI
ENGRAUL IS MORDAX

ANCHOA COMPRESSA

ANCHOA DELICATISS InaA
LEURESTHES TENUIS
ATHERINOPS AFFINIS
PARALABRAX CLATHRATUS
PARALABRAX MACULATOFASCIATUS
PARALABRAX NEBULIFER
XENISTIUS CALIFORNIENSIS
SERIPHUS POLITUS
CYNOSCION NOBILIS
NENTICIRRHUS UNDULATUS
AMNPHIST ICHUS ARGENTEUS
HYPERPROSOPON ARGENTEUM
CYMATOGASTER AGGREGATA
PHANEROGON FURCATUS

BUGIL CEPHALUS
PARALICHTHYS CALIFORMNICUS

SPECIES NAME

L6,5
o0
11.9
1.0
1.7
1747
o0
o0
o0
o0
3.0
o0
0
o0
53,3
.—W.b
117e4
0
o0

WEEX
25

(July 22)

- - o - - = = = e T TR s . e = = - = e v e . =

UROLOPHUS HALLERI
ENGRAUL IS MORODAKX

ANCHOA COMPRESSA

ANCHOA DELICATISSIMA
LEURESTHES TENU]S
ATHERINQOPS AFFINIS
PARALABRAX CLATHRATUS
PARALABRAK MACULATOFASCIATUS
PARALABRAX NEBULIFER
RENISTIUS CALIFORNIENSIS
SFRIPHUS POLiTUS
CYNOSCION NOBILIS
MENTICIRRHUS UNDULATUS
HYPEKPROSOPON ARGENTEUM
CYMATOGASTER AGGREGATA
FPHANERODON FURCATUS

nuS L CEPHALUS
PARALICHTHYS CALIFORNICUS

10,Y
9C.0
761
«0

.0
53,1
o0

o0
Sebd
)
161,7
0

oV
14
154 44
19,7
. b e
102,5

74 o8
18,9
261.4
541
73.7

2y
(Aug 19)

hBeb
11,8
175,0
1.9
20,1
94.9

30
(Aug 26)

199.7
23741
20640
o7
3646
158.8

3
(Sept 2)

3345
13.8
102,90
o0
8e3
5249
o0

«0

32
(Sept 9)

- s e e e m e - e S o e = -

18 19 24
(Jun 3)  (Jun 10) (Jun 17)
10663 19941 aéTe0

1e5 346 68,2
41,1 71,1 ¢58,8
S 1.3 9.0
165 heS 3549
89.2 70.8 106.8

0 o0 «0

o0 o6 13,6

o0 o7 14,8

o0 .3 1+6
211 ¢749 328.¢

] o0 1.9

o0 o0 1¢9

3 o0 Y]

1403 39,7 3606
34,2 6547 117.9
12.1 2247 0he5
D.W -° NN.O
7.8 1ce8 1¢leb

26 27 PL)
(July 29) (Aug 5) (Aug 12)
72746 41,9 171

4648 ek 9.6
156,1 Bek 40,9
1d.8 9 10,9
o8 8e3 20
5049 19,3 3764

o0 «0 ¥
246,3 ] 0
258,.1 6L o B ']

242 o0 Lol
27546 Yeo2 1695

.0 o0 o0

o0 o0 01,3

DON oft w-c

2547 foeh XY
2648 12,3 Tel

«0 0 37.¢
11,2 11eR 79¢¥%

38,5
343.1
33,8
11.3
49,4
102,0

S9.0
59,9
u~.m

-t OO -

S5
17.
97.

o0

6543
60.9
6545
2k
115,.6
2649
4.0
o0
93.3

27.8
7.3

12
2
17
1

i’

»
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TABLE 7.5-6
OVERALL MEAN NUMBER AND WEIGHT OF CRITICALLY-TREATED mwmonm+ IMPINGED AT ENCINA
POWER PLANT PER 24-HR INTERVAL DURING THE PERIOD FEBRUARY 4, 1979 - JANUARY 4, 1980

Rank Common Name Species Name Mean Number Mean Weight (g)
1 Queenfish Seriphus politus (C) 20.5 O 142.2
2 Deepbody anchovy Anchoa compressa (AC) 4 12.8 106.6
3 Topsmelt Atherinops affinis (C) 12.0 155.3
4 California grunion Leuresthee tenuis (AC) 10.2 65.9
5 Northern anchovy Engraulie mordax (C) 8.2 25.3
6 Shiner surfperch Cymatogaster aggregata (AC) 7.0 88.3
8 Walleye surfperch Hyperprosopon argenteum (C) 3.1 61.5
9 Slough anchovy Anchoa delicatissima (AC) 1.2 5.2

10 White surfperch Phanerodon furcatus (AC) 3.3 25.8

11 Round stingray Urolophus halleri (AC) 1.9 200.6

12 California halibut Paralichthys californicus (C) 1.3 77.2

13 Giant kelpfish Heterostichus rostratus (C) 0.8 6.8

16 Salema Xenistius californiensis (AC) 0.6 2.5

27 Barred sand bass Paralabrax nebulifer (C) 0.2 19.3

kK] California corbina Menticirrhus undulatus (C) 0.1 10.8

36 Barred surfperch Amphistichus argenteus (C) 0.1 1.9

36 Spotted sand bass Paralabrax maculatofasciatus (C) 0.1 13.2

37 Striped mullet Mugil cephalus (C) 0.4 58.6

49 Kelp bass Paralabrax clathratus (C) 0.04 0.6

56 White seabass Cynosction nobilis (C) 0.03 0.2

California sheephead Pimelometopon pulchrum (C) 0.0 0.0
Pacific sanddab Citharicthys sordidus (C) 0.0 0.0
Hornyhead turbot Pleuronichthye verticalis (C) 0.0 0.0

t Symbols (C) and (AC) arec used to indicate critical and additionally-treated
critical species.

7-064



averages based on data from the three traveling screen stations,
not totals for all stations combined.
As indicated in Table 7.5-6, the queenfish (Seriphus

politus) had the highest overall mean number of individuals
impinged (20.5 per 24 hr). It had the third highest mean level

of impingement by weight (142.2 g or 0.31 1b per 24 hr). The

round stingray (Urolophus halleri) had the highest mean level of

impingement by weight (200.6 g or 0.44 1b per 24 hr). The deep-
body anchovy (Anchoa compressa) and the topsmelt (Atherinops

affinis) were second and third in number of individuals impinged
with 12.8 and 12.0 per 24 hr, respectively. Topsmelt had the
second highest mean level of impingement by weight (155.3 g or
0.34 1b per 24 hr), while deepbody anchovy was fourth with

106.6 g (0.24 1b) per 24 hr. The California grunion (Leuresthes
tenuis) was fourth in mean number of individuals impinged per
24-hr interval (10.2) and sixth in mean weight (65.9 g or 0.15
1b).

The weekly means for number and weight of individuals
impinged shown in Tables 7.5-4 and 7.5-5, respectively, provide
detailed information about short-term and seasonal variations in
impingement of the critical species. Impingement of queenfish
was continuous throughout the year. Highest mean numbers of
individuals were impinged during the period mid-June through
early September, when ambient water temperatures were highest
(Figure 7.5-9), and again in November. Lowest mean numbers of

gueenfish were impinged during the period March-May, during a

@ 054: &.‘SQ
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period of relatively low water temperatures. However, the
largest mean weight of individuals impinged was during the week
of February 18 (1101.3 g or 2.4 1b per 24 hr). Impingement of
round stiﬁgray also was continuous and variable throughoﬁt the
year (Tables 7.5-4 and 7.5-5). The largest mean number (13.5)
and weight (1076.9 g or 2.4 1b) of individuals were impinged
during the week of February 4, when water temperatures were low.
The lowest mean numbers (0.1 to 0.4 individuals per 24 hr) were
impinged during the period July-September, when ambient water
temperatures were highest.

The highest mean numbers of deepbody anchovy (100.5 to 160.7
per 24 hr) were impinged in February, and the lowest mean numbers
(0.4 per 24 hr) from mid-April through May (Table 7.5-4). The
largest mean weight of individuals (1744.6 g or 3.9 1b per 24 hr)
also was impinged in February (Table 7.5-5). Topsmelt also -
showed very definite peaks in mean number impinged (100.5 to
136.4 per 24 hr) during February, generally lower numbers
throughout most of the rest of the year, and lowest mean numbers
impinged during April and May. Mean weights of topsmelt showed
a similar pattern.

Impingement of California grunion was relatively continuous
throughout the year, with increasing numbers during September and
October and a peak in mean number impinged during November (134.7
per 24 hr). Lowest mean numbers were impinged during the period

February through June (Table 7.5-4). 1In general, mean weights
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of this species showed a similar pattern (Table 7.5-5). The

northern anchovy (Engraulis mordax) also occurred in the impinge-

ment samples almost continuously throughout the year, with lowest
mean numbers during the period September through early June.
This was followed by variable but increasing mean numbers during
June and July, with a peak of 126.2 per 24 hr in August. Mean
weights of northern anchovy impinged showed a similar pattern.
Shiner sﬁrfperch had relatively high levels of impingement
from late May through late July, with lower, variable levels
throughout the rest of the year. However, the largest mean
weight of shiner surfperch was impinged in February (1101.3 g or

2.4 1b per 24 hr). Both the walleye surfperch (Hyperprosopon

argenteum) and the white surfperch (Phanerodon furcatus) had the

largest mean numbers of individuals impinged in May, relatively
large mean numbers during the early summer months, and much
lower numbers during the remainder of the year (Table 7.5-4).

The California halibut (Paralichthys californicus) had the

highest levels of impingement, in terms of both mean number and
weight, during February (11.3 individuals per 24 hr; 971.2 g or
2.1 1b per 24 hr). 1Its levels of iﬁpingement'were lower through-
out the remainder of the yeaf. Most of these individuals were
small to large juveniles and small adults.

The short-term and seasonal patterns of impingement for most
of the remaining critical species are much less clear (Tables
7.5-4 and 7.5-5). This is due in part to the fact that rela-

tively few individuals were taken in the impingement samples.
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None of these remaining species showed distinct short-term or . ‘

seasonal patterns of impingement.
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7.6 DAY VS NIGHT VARIATION

It is evident from examining the detailed data in Table
7.5-3 that, in general, total numbers and weights of fishes im-
pinged seemed to be higher during the predominantly night time
sampling period (1900 to 0700 hr) than during the preceding
daytime period (0700 to 1900 hr). This was tested by applying
a series of Wilcoxon paired-sample tests t§ the data for all
three traveling.screen stations combined. These data for num-
bers of individuals are shown in Table 7.6-1.

Separate tests were used to evaluate data for each week of
sampling and for total number and total weight-of all fishes
impinged. The data for the 12-hr day and night periods of each
date (Tables 7.5-3 and 7.6-1) were treated as pairs. The Wil-
coxon paired-sample tests evaluated the null hypothesis that
there was no difference in levels of impingement between the 12~
hr day and night periods, against the one-way alternative hypo-
thesis that levels of impingement were significantly higher at
night than during the day. |

The results of these tests for total number of fishes indi-
cated that during 47 of the 48 weeks considered, iﬁpingement was
significantly greater (p<0.05) at night thén during the day.
Similarly, the results for total weight of fishes indicated that
during 44 of the 48 weeks éonsidered, impingement also was
significantly greater (p<0.05) at night than during the day.

The relationships described above are very strikingly
evident in the comparative plots for numbers .of individuals

000524
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TABLE 7.6-1
WEEKLY MEAN TOTAL NUMBER OF FISH IMPINGED PER 12-HR DAY AND
NIGHT SAMPLING INTERVAL AT ENCINA POWER PLANT DURING THE
PERIOD FEBRUARY &, 1979 - JANUARY 4, 1980 ‘

DAY NIGHT
WEEK
1 80,9 9241
2 224 77.0
3 18242 293,2
4 6Le5 8443
S 1447 132
6 8,1 16,0
7 8.4 12.9
g 5¢1 1046
9 7844 109.4
10 48 7.0
11 Se1 5.8
12 1444 16,1
14 1543 81.4
15 3.3 2943
16 1609 5064
17 1244 39.1
18 1441 3249
19 28e4 4543
20 3546 15649
21 64,7 125,3 .
22 L4,3 890
23 £7 48 16366
24 20.‘ 52.1
25 5662 7761
26 2G e 7 1077
27 8.6 34,6
28 13,2 7248
29 105.8 1238
30 2141 7449
31 1349 153,72
32 3¢5 L4346
53 Se3 3248
34 93 60e4
35 1R.0 525
36 11.9 46,5
37 2540 3343
38 6745 8744
39 53,3 139,5
40 3544 6549
41 6L.8 80e4
42 10142 230,0
43 33.9 29243
A L1.4 4542
45 16,6 . 2549
4“6 29.7 5646
47 1845 5040 .
48 1263 1863
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shown in Figure 7.6-1. All of this evidence indicates clearly
that the total number or weight of fishes impinged during the
period 1900 to 0700 hr was usually greater than that impinged
during the preceding daylight period of 0700 to 1900 hr. There
are several possible explanations for this. Many fishes tend to
be more quiescent during darkness. Visual cues used in swimming
and avoidance behavior also would be reduced at that time. Be-
cause of this, some fishes may be more susceptible to being
transported into the cooling water system during periods of
darkness. Another possible explanation is that some fishes may .
-move into the area near the Power Plant during the night to feed
or to seek shelter. Some or all of these processes may be acting

in combination to produce the effects observed.
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7.7 VARIATION IN RELATION TO TIDAL CONDITIONS

Statistical evaluations were done to consider the possible
effects of spring and neap tide conditions on levels of impinge-
ment for fishes. During minimum or neap tide periods, the oscil-
lation of water above and below mean sea level is more compréssed
than during extreme or spring tidal periods, when high tide
levels are lower and the low tide levels higher. The presumption
was that these differences in tidal range might lead to differen-
ces in levels of impingement.

A series of Mann-Whitney U tests was applied to data for
total number and weight of all fishes impinged (Tables 7.5-3 and
7.6~1) during the spring and neap tide periods of each monthly
series of moon phases, using standard tide and moon phase tables
as a basis for classification. Data from all three traveling
screen stations combined were used in these tests.

The Mann-Whitney U tests evaluated the null hypothesis that
there was no difference in levels of impingement between spring
/and neap tide conditions during a given series of moon phases,
against the alternative hypothesis that there was a significant
difference between them.

The results indicate that in only one of 46 test comparisons
for number of fishes and in only two of 46 comparisons for weight
of fishes were the differences significantly different between
spring and neap tide periods (p<0.05). All of the remaining
comparisons show no significant differences (p<0,05) in 1évels

of impingement.
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This evidence suggests that tidal conditions, as considered
in this evaluation, had no evident effects on the total number
or weight of fishes impinged. No attempt was made to evaluate
effects of incoming and outgoing tidal flow on levels of impinge-
ment. This more detailed.eﬁaluation was not possible because
both conditions of tidal flow occurred within a given 12-hr

sampling interval.
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7.8 RELATIONSHIP OF IMPINGEMENT TO FLOW RATES IN THE COOLING

WATER SYSTEM

As described in Section 3.0 and Appendix Section 16.2.3 of
this report, flow rates of seawater into the cooling water system
of the Encina Power Plant and within different parts of the sys-
tem vary, depending on the number of circulating pumps and gener-
ating units in operation. An attempt was made to evaluate the
relationship between levels of impingement for fishes and dif-
ferent conditions of flow rate that occurred during the 48-week
period of the study. This was done by analyzing data for each
traveling screen station separately and for all stations com-

bined.

The basic biological data on which these evaluations were
based, total number and weight of all fishes impinged, are
given in Tables 7.5-1 and 7.5-3. Mean flow rates of water moving
past the three traveling screen stations associated with genera-
ting Units 1-3, 4, and 5 and mean total flow rates of water for
all generating units combined are shown in Table 7.5-2 for each
weekly interval during the period February 4, 1979 to January 4,
1980. The methods of determining flow rates are described in
Appendix Section 16.2.3.

Plots of these weekly mean flow rate data are shown together
in Figure 7.8-1 for comparison. The long peribd during March -
July when Unit 4 was out of service or operating at a low level
of flow, and the period during May when Unit 5 was out of ser-

vice, are reflected in the plots. Variations in flow at each

000529
7-74



traveling screen station and for the‘cboling water system as a
whole also are evident. \

Weekly mean data for total numbers of fishes impinged at
stations 1, 4, and 5‘are shown in Figures 7.8-2, 7.8-3, and
7.8-4, respectively. Also shown in these figures are the cor-
responding plots of weekly mean flow rates. Plots of mean total
numbers of all fishes impinged at the three stations combined and
the combined flow rate for all generating units are shown in
Figure 7.8-5.

Parametric correlation analysis was used iﬁ an attempt to
determine possible statistical relationships between flow rates
of the cooling water and the total number and weight of all
fishes impinged during corresponding periods of time. Weekly
mean values for the entire 48-week period of the study (Figures
7.8-2 through 7.8-5) were employed in these analyses.

The possible correlations considered and the correlation

coefficient determined for each were as follows (SIG indicates

significant correlation at the level shown):

Station 1 Station 4 Station 5 All Stations Combined
Flow Rate Number Weight Number Weight Number Weight Number Weight
For: of Fishes of Fishes of Fishes of Fishes of Fishes of Fishes of Fishes of Fighes
All Units )
Combined 0.181 0.138 0.392 0.332 0.140 -0.012 0.315 0.156
S1G SIG SIG
(p<.05) (p<.05) (p<.05)
Units 1-3 0.047 0.168
Unit 4 0.428 0.349
S1G S1¢
(p<.05) (p~.05
Uuit 5 0.204 0.276
S1G
(p<.05)
- n
000550
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These results indicate that there were statistically significant
positive correlations between total flow rate for all units com-
bined and both total number and weight of all fishes impinged

at station 4. There also were significant positive correlations
between the flow rate of water ﬁassing to generating Unit 4 and
the total number and weight of fishes impinged at station 4. The
flow rate for all units combined showed a significant positive
correlation with total number of fishes impinged at all traveling
screen stations combined, but not with total weight of these
fishes. The flow rate of water to generating Unit 5 showed a
significant positive correlation with total weight of fishes
impinged at station 5, but not with the total number of fishes.

These correlation analyses suggest that, in general,
levels of impingement increased in relation to increasing flow
rates of the cooling water. Effects of other factors and random
variability probably tended to mask or alter this relatiomship
in some cases. This appears to be the case for levels of im-
pingement at station 1, as shown in Figure 7.8-2. Despite the
fact that the flow rate of water past the traveling screens at
this station was relatively constant, levels of impingement
varied widely.

It is interesting to note that during March, April, and
early May, when generating Unit 4 was not operating and total
flow rates into the cooling water system of the Power Plant were
reduced from approximately 500,000 gpm to 350,000 gpm (Figure

7.8-1, Table 7.5-2), impingement at stations 1 and 5 declined and

000541
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generally tended to remain at low levels (Figures 7.8-2 and
7.8-4, Table 7.5-1). While by no means conclusive, this evidence
suggests that such a reduction in flow rate of water entering the
Power Plant from the légoon tended to reduce impingement at
stations 1 and 5, déspite the fact that flow rates at the tra-
veling screens for'generating Units 1-3 and 5 remained relatively

constant during the entire period (Figure 7.8-1, Table 7.5-2).
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7.9 BODY CONDITION AND SIZE DISTRIBUTIONS OF FISHES IMPINGED

The degree of decomposition and the degree of physical
damage found during examination of all of the impinged fishes
were characterized on grading scales of 1 to 4, as shown in Table
7.9-1. The mean values of these two estimates of body‘condition
are shown in Table 7.9-2 for the 19 critically treated species.
Separate mean values are shown for each traveling screen station
and for all stations combined. These means are based on all data
obtained during the 48-week period of the study.

In general, there was little decomposition of the fishes
impinged at the three traveling screen stations. Almost all of
the critical species were assigned decomposition codes of 1 or
2. Also, in most cases there was relativel&xlittlé physical
damage to the fish. Together, these data indicate that most of
the fishes impinged probably were alive at the time they reached
the traveling screens and passed into the collector baskets.
Direct observation of the fishes in the sampling nets confirmed
this fact. A majority of those that had entered sampling nets
and trash collectors recently appeared to be alive and in rela-
tively good condition. Much of the observed decomposition prob-
ably occurred while the fish were held in the sampling nets over
periods of several hours. On many occasions when the traveling
screens had been operated shortly before the sampling net was |
removed, most of the fish were still alive in the net at the
time the samples were collected. Routinely, these live fishes

were placed in holding tanks at the Encina laboratory and were
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MEAN DECOMPOSITION AND DAMAGE CODES FOR ALL INDIVIDUALS OF CRITICALLY-TREATED

TABLE 7

.9-2

SPECIES EXAMINED AT ENCINA POWER PLANT DURING 1979

SPECIES NAME

UROLOPHUS HALLERI
ENGRAUL IS MORDAX

ANCHOA COMPRESSA

ANCHOA DELICATISSIMA
LEURESTHES TENUIS
MTHERINOPS AFFINIS
PARALABRAX CLATHRATUS
PARALABRAX MACULATOFASCIATUS
PARALABRAX NEBULIFER
XENISTIUS CALIFORNIENSIS
SERIPHUS POLITUS
CYNOSCION NOBILIS
MENTICIRRHUS UNDULATUS
BMPHISTICHUS ARGENTEUS
HYPERPROSOPON ARGENTFUM
CYMATOGASTER AGEGREGATA
PHANERODON FURCATUS

MUGIL CEPHALUS
PARALICHTHYS CALIFORNICUS

STATION
1

DECOMP DAMAGE

1457
1643
131
1425
1407
1445
1400
175
1«13
1e24
119
133
1400
1.00
1408
1440
1405
133
14040

1.29

2e32

1.80
1,83
1e26
Q.mb
1.00
1460
1425
1623
138
1.00
1400
1,08
129
1.48
1,18
1667
1.4

(A
DECOMP

1416
.—OQA
1435
1,28
117
1.30
1.00
¢e00
1e61
1.07
1421
1,00
.—..—0
1409
1423
1426
T1e14
100
1.10

DAMAGE

1436
2,16
176
1481
136
139
1,00
1475
Teb0
1,18
137
1440
1425
Te27
1426
1.28
1424
1450
1418

5

DECOMP DAMAGE

1,76
1492
1.71
1433
1,42
1.73
1,50
3.85
2435

1431

1434
1400
121
Te21
1469
1.54
1.14
1¢15
1¢26

1470
2466
237
2403
2.06
1496
1450
3.39
2442
136
1e64
125
Tebe
1458
1+90
1e62
1,28
1.53
133
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released after being processed as part of the sample. These
individuals appeared to be in good condition when released.
There was at least one exception to the generalization
described above. For periods of up to several days after tunnel
recirculation (heat treatment), the impinged fishes were notice-
ably more decomposed than at other times during the year. One

critical species, the spotted sand bass (Paralabrax maculato-

fasciatus), was impinged in significant numbers only after per-
iods of tunnel recirculation, and thus the mean values given in
Table 7.9-2 for decomposition of this species are much higher
than for other species. To some extent this also appeared to

be true for the barred sand bass (Paralabrax nebulifer), at least

at screenwell station 5.
The overall average decomposition and damage codes for the

19 critical species at the three stations were:

Mean Mean Physical

Station Decomposition Code Damage Code
1 1.25 1.39
4 1.24 ‘ 1.42
5 1.60 1.84

From these overall values it is apparent that screenwell stations
1 and 4 were approximately equal in the amount of physical damage
experienced by impinged fishes. Damage at station 5 appeared to
be slightly more severe. |

Some differences in degree of physical damage also were

observed among species. There appeared to be a fairly direct
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relationship between the amount of damage and the fragility or
delicate morphological characteristics of the species. For

example, all three of the anchovy species shown in Table 7.9-2

(Anchoa compressa, A. delicatissima and Engraulis mordax) were
subject to much more damage than the two relatively more "firm-

fleshed" atherinid species (Atherinops affinis and Leuresthes

tenuis). Similar correlations can be seen for the sciaenids and
other groups.

The data also were examined for possible relationships in
size of fishes and physical damage that occurred during impingé—
ment. Size data for the critical species are summarized in
Table 7.9-3. Disregarding the fragile anchovy species, a general
trend appears to be evident in which the larger species of fishes
seem to be slightly more damaged during impingement than smaller
species. However, more extensive analyses of the data would be
required to verify this relationship.

From Table 7.9-3 it is evident that a considerable size
range of each species was impiﬁged. For example, individuals of

the strong swimming striped mullet (Mugil cephalus) varying from

67 to 630 mm in total length were impinged (mean = 303 mm). This
may indicate that the impingement was not necessarily a function
of swimming speed, strength or stamina. Once again, however,
more detailed analysis of the data would be required to verify
this observation. The mean lengths of several of the impinged
species were represented in the samples primarily by smaller

juvenile sizes. However, this could be attributed to the natural
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attraction of smaller fishes to bays and estuaries such as Agua .
Hedionda Lagoon, rather than a selectivity in the size of fishes

impinged in the cooling water system of the Encina Power Plant.
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7.10 SEX RATIOS AND REPRODUCTIVE CONDITION OF CRITICAL SPECIES
Using the methods described in Appendix B, Section 16.2.3,

monthly samples of fishes were analyzed in detail in an attempt
to determine the sex ratios and female reproductive condition
for the 19 critically treated species. The dates for which regu-
lar 12-hr impingement samples were employed in these analyses
were:

February 4, 1979

March 6-8 and 11-14

April 9-12 and 15-17

May 7-10 and 13-15

June 13-16

July 29-31

August 27-30

September 26-27

November 6-8 and 27-29

December 31

Januafy 2-3, 1980
Data obtained for each traveling screen station and for all the
dates indicated within a given month were pooled. The results
of these analyses are described in this subsection.

The monthly analyses provided data for only 11 of the 19

critically treated species. They are:

Common Name Species Name
Queenfish . : Seriphus politus
Topsmelt Atherinops affinis

7-85 | 000550



Northern anchovy Engraulis mordax

Walleye surfperch Hyperprosopon argenteum
California halibut Paralichthys californicus
Deepbody anchovy Anchoa compressa
California grunion | Leuresthés tenuis

Shiner surfperch 'Cymatogaster aggregata
Slough anchovy Anchoa delicatissima
Round stingray Urolophus halleri

Salema Xenistius californiensis

Adults of the other eight critical species did not occur in the
samples used. One additional species, the specklefin midshipman

(Porichthys myriaster), also was included because the individ-

uals impinged had unusual reproductive characteristics.

Table 7.10-1 gives the number of males and females of each
species and the resulting sex ratio (M/F). These data are shown
separately by month. Values also are given for all months}com-
bined. Not shown in Table 7.10-1 are the numbers of immatdre
individuals for which the sex could not be determined. In;gen—
eral, approximately 70 to 80 percent of the individuals examined
in these samples were immature. As indicated in Table 7.16—1,
the numbers of adult males and females of a species present in
samples for a given month generally were sﬁall. Because of
this, the sex ratio estimates for some species varied consider-
ably from month to month. The data for round stingray and deep-
body anchovy illustrate the problem. Sex ratios estimated for

round stingray varied from 0.18 to 1.67 and those for deepbody
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TABLE 7.10-1 (Concluded)

SPECIES NAME

———— e - > = e > S e D = S e D S e SVem s e G e T 4 Y W = 0 - S e = Se e " o = 4k e " A M mr e = - - ——— " " - - - "

UROLOPHUS HALLERI
ENGRAUL IS MORDAX

ANCHOA COMPRESSA

ANCHOA DELICATISSIMA
PORICHTHYS MYRIASTER
LEURESTHES TENUIS
ATHERINOPS AFFINIS
XENISTIUS CALIFORNIENSIS
SERIPHUS POLITUS
HYPERPROSOPON ARGENTEUM
CYMATOGASTER AGGREGATA
PARALICHTHYS CALIFORNICUS

07 JULY
NO. OF
MALES

cCoocooNDD MmO W

1979
NO. OF
FEMALES

17

SCooocoOo=oo NSO

RATIO
(M/F)

018
00
025
100
«00
VY
2400
«0u
00
vl
«00
«0G

vg AUGUST 1979
NOe OF NQ, OF

HALEFS

CoOOoO0CwoCocNOrOS

FEMALES

CoOoODCCOoOVOoOoOCO

RATIO
(M/F)

+00
«00
v20
« 00
40
00
« 00
« 00
200
«00
«00
o 00

09 SEPTEMBER 1979

TR MR MR Sm SR R MR wm e MR e mm G e S W R TR M M e R e N e M e e B W M MR D G MR M e e Y W SR AR e e e e A e Sl e e e e R Y AN SR G AN SR N W ER e AR . a M e

SPECIES NAME

- - " " - - b P an W T T an o M em R T T T e e e o e . e -
. R i L Ty

UROLOPHUS HALLERI
ENGRAULIS MNRDAX

ANCHOA COMPRESSA

ANCHOA DELICATISSIMA
PORICHTHYS MYRJASTER
LEURESTHES TENUIS
ATHERINOPS AFFINIS
XENISTIUS CALIFORNIENSIS
SERIPHUS POLITUS
HYPERPROSOPON .ARGENTFUM
CYMATOGASTER AGGREGATA
PARALICHTHYS CALIFORNICUS

11 NOVEMBER 1979

NOs OF
MALES

24

ON b ed © SO =W

NOe OF
FEMALES

23
4

1
1
0
5
3
0
1
0
0
G

RATIO
(M/F)

1.04
75
© 900
100
200
20
.uu
00
1,00
00
«00
00

12 DECEMBER p@uw

NOe. OF NO. OF

MALES

OO0 QIO OoOO0OOWN

FEMALES

DD OODODODODO N

RATIO
(M/F)

1667
«0C
00
+ 00
«00
00
«00
200
«00
«00
00
«00

NO. OF NO. OF RATIO
MALES FEMALES (M/F)
1 3 .33
Q 0 00
2 1 2.00
0 0 «00
0 0 « 00
2 17 12
0 0 0 00
0 0 o 00
0 0 «00
0 0 000
0 0 «00
0 0 00
ALL MONTHS
NOs OF NOs OF RATIO
MALES FEMALES (M/F)
58 82 0.71
3 4 0.75
35 68 0.51
8 20 0.40
3 10 0.30
6 26 0.23
14 38 0.37
1 0 0.00
1 1 1.00
1 0 0.00
2 C 0.00
3 1 3.00
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anchovy from 0.13 to 9.00 (Table 7.10-1). It appears very un-
likely that these reflect true variations in sex ratio of the
impinged individuals from month to month. Instead, it is more
likely that the variations were due primarily to the small total
numbers of adult males and females taken in the samples.

The data for all months combined show that deepbody anchovy
and round stingray had sex ratios of 0.51 and 0.71, respectively.
This indicates that, overall, the proportion of females impinged
was greater than that of males. The same was true for slough
anchovy, with an overall sex ratio of 0.40.

Some species showed more consistency in their sex ratios.
The specklefin midshipman occurred in samples only during June,
July, and August. In both instances, however, the numbers of
females were much greater than the numbers of males, with sex
ratios of 0.20 and 0.40 (Table 7.10-1). The sex ratio for both
months combined was 0.30. With one exception in each case, the
same was true for California gfunion (sex ratios of 0.12 to 0.33)
and topsmelt (sex ratios of 0.15 to 0.50). Sex ratios of these
two species for all months combined were 0.23 and 0.37, respec-
tively. California halibut were taken only in the samples for
March. As indicated in Table 7.10-1, there were more males than
females, giving a sex ratio of 3.00. Data for the remaining
species were too limited to allow generalizations about their
sex ratios (Table 7.10-1). Among the eight species for which

adequate data were available, seven had overall sex ratios well
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below 1.00, indicating that the number of adult females impinged

was greater than the number of males.

Table 7.10-2 summarizes data concerning the reproductive
condition of females for 11 critical species of fishes. No
adult females of the remaining eight critical species occurred
in the reproductive samples. Data also are included for speck-
lefin midshipman. The reproductive condition codes shown in
Table 7.10-2 are the following:

Female Reproductive

Condition Code Criteria

1 Immature Ovary small and completely
undeveloped

2 Developing Ovary small but with eggs
visible

3 Ripe Ovary large with eggs visible;

eggs can be expelled by
pressure on body wall

4 Spent Ovary ragged in appearance
Additional reproductive condition codes used for
embiotocid and elasmobranch fishes only:

5 Carrying young fishes - early stages of
) development

6 Carrying young fishes -~ late stages of
development

These codes were assigned to individual females by dissecting
and examining the ovaries and by determining the presence of
young in embiotocids (surfperches) and elasmobranchs (rays).

A detailed description of these methods is provided in Appendix

Section 16.2.3. The values in Table 7.10-2 are the percentages
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TABLE 7.10-2
PERCENTAGES OF FEMALES IN DIFFERENT STAGES OF REPRODUCTIVE
CONDITION SHOWN BY MONTH FOR THE PERIOD
. FEBRUARY 1979 - JANUARY 1980
ENCINA POWER PLANT

MONTHLY REPROUUCTIVE CONDITION FOR SERIPHUS POLITUS
REPRODUCTIVE CONDITION CODE

1 Z 3 4 5 I
MONTH N % 3 % » %
02 1 00 100 «00 «00 000 «0¢C
03 1 1400 «00 00 000 «00 o 00
04 1 1409 e 00 e 00 o N0 o 00 « 0V
06 1 o 00 100 « 00 200 00 «0u
07 4 25 «50 «25 o 00 00 009
09 1 0V oNO « 00 1400 « 00 Y]
11 1 1.00 « 00 00 «00 «00 e 00
MONTHLY PzFRODUCTIVE CONDITION FOR ANCHOA COMPRESOE
REPRODUCTIVE CONDITION CODE
1 2 3 4 5 6
MONTH N % % X 3 4 4
01 2 e300 Y 000 o 00 +00 00
03 16 25 o 75 «00 «00 +00 e 04
04 1 «00 1.00 00 00 «00 00
06 24 «00 YA oh2 o 04 «00 o0C
07 4 oS50 50 «00 «00 « 00 «00
08 20 095 «05 +00 «00 «00 D
09 1 100 «00 000 «00 00 «00
11 1 100 00 e 00 o 00 e 00 « 00
MONTHLY REPRODUCTIVF CONDITION FOR ATHFRINOPS AFFINIS
REPRODUCTIVE CONDITION CODE
1 2 3 4 5 o
MONTH N % % % » % b3
01 4 .00 1.00 000 .00 .00 .OU
02 13 «00 «85 «15 «00 e 00 o 00
03 13 «08 obb b6 «00 «00 «00
04 4 «00 250 50 « 00 o 00 «0d
07 1 DV 100 «00 «00 000 000
08 1 100 « 00 00 e 00 00 o010
11 3 1.00 « 00 « 00 «00 «00 «00
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.TABLE 7.10-2 (Continued)

MONTHLY REPRODUCTIVE CONDITION FOR LEURESTHES TENUIS

) REPRODUCTIVE CONDITION CODE
1 2 3 4 5 o

MONTH N X % x X x %
04 3 «00 67 «33 «00 «00 e 00
05 1 «00 <00 1400 $00 «00 «00
06 2 00 00 1,00 «00 «00 000
08 6 1400 000 «00 « 00 000 W00
09 17 ol 29 <00 029 000 «00
11 ) «80 20 w00 +00 000 00

MONTHLY REPRODUCTIVE CONDITINON FOR ENGRAULIS MORDAX
REPRODUCTIVE CONDITION CODE

1 l 3 4 5 6
MONTH N X X % % X X
03 1 .00 1,00 000 000 e 00 $00
04 1 o NU 1400 «00 «00 «00 e00
07 1 100 «00 e00 «00 «00 )
08 1 1.00 «00 000 .00 000 000
11 4 o 75 25 <00 e00 e00 W00

MONTHLY REPRODUCTIVE CONDITION FOR CYMATOGASTER AGBREGATA
- 1
REPRODUCTIVE CONDITION CODE }
1 2 3 4 5 6
MONTH N X % X X % %
03 5 .00 .00 .00 .00 1,00 00
04 15 07 020 o 07 «13 +13 A
05 1 «00 1400 «00 + 00 «0G DG
06 1 000 «00 1,00 «00 «00 00
08 1 1409 «00 e00 o 00 «00 «00

00057
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‘ TABLE 7.10-2 (Continued)

MONTHLY REPRODUCTIVE CONDITION FOR HYPFRPROSOPON ARCEMTEUM

REPRODUCTIVE CONDITION CODE

1 2 3 4 5 2
HONTH N % % % X 9 A
032 1 «00 «00 «00 00 o 00 108
04 5 «00 40 «00 240 00 o2V
0s 5 o 00 «80 «00 00 «00 024
g6 e

MONTHLY REPRODUCTIVE CONDITION FOR ANCHOA DELICATISSIMA

REPRODUCTIVE CONDITION CODE

1 2 3 4 S ¢

MONTH N » b 1 X X % »
. 03 17 '06 |916 .00 '00 .00 cﬂv
07 2 « 00 1.00 « 00 «00 « 00 W Ou
11 1 N0 100 «00 «00 o0C «0u

MONTHLY REPRODUCTIVE CONDITION FOR UROLOPHUS HALLERI
REPRODUCTIVE CONDITION CODE

1 2 3 4 5 o

MONTH N % X ¥ 4 A % b ]
01 1 1.”0 .OG .00 ) .00 ‘(‘0 OOU
02 1 1«00 «00 + 00 «00 o 0U 00U
03 2 1.00 «00 «00 00 00 00
04 4 T«00 «00 N0 o 00 « 00 «00
G5 4 1.00 «00 «00 «00 o NU o0U
66 6 1eC0 00 00 «00 «00 00
67 10 1.00 o 00 « 00 « 00 o 00 e 00
08 1 14020 o 00 « 00 00 N0 «00
U9 3 Y «00 + 00 «00 «00 «33
11 22 100 « 00 «00 e 00 o 00 o040
12 3 1400 o090 o 00 «00 o 00U eOu
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TABLE 7.10-2 (Concluded) .

MONTHLY REPRODUCTIVE CONDITION FOR PARALICHThHYS CALIFORNICUS

REPRODUCTIVE CONDITION CODE

1 2 3 4 5 o
MONTH N % % X . b 3 b9
03 1 1,00 «00 «00 «00 «00 2«00

MONTHLY PEPRODUCTIVE CONDITION FOR HETEROSTICHUS ROSTRATUS
REPRODUCTIVE CONDITION CODE

1 2 3 A S 6
MONTH N % % X % % X
11 2 W00 .50 050 o0U .00 W00

MONTHLY QEPﬁODUCTIVE CONDITION FOR PORICHTHYS MYRJASTER
REPRODUCTIVE CONDITION CODE

1 4 3 4 5 6
MONTH N % X X % % A
06 5 7 W00 240 260 00 «00 0U
07 l «00 «00 100 200 00 o0V
08 5 00 000 1.00 000 000 e 0C
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of females in each of these different stages of reproductive
condition, shown by month for the period February 1979 to
January 1980.

The data for queenfish show a clear pattern of reproductive
development, despite the fact that the number of females exam-
ined was relatively small. Only females with immature ovaries
ér those with developing eggs in the ovaries were encountered in
the samples during the period from January to June. Females
with developing and ripe ovaries occurred in the July samples,
and a spent female was present in August.

For deepbody anchovy, both ripe and spent females were
taken only during the June collections (Table 7.10-2). Females
with immature ovaries were present during January, March, July
through September, and November. Those with developing ovaries
were noted during January, March, April, and June through
August.

For topsmelt only females with immature ovaries were en-
countered in the August and November samples (Table 7.10-2).
Only females with developing eggs occurred in January, and both
developing and ripe females were encountered in the samples for
February, March and April. For California grunion, only females
with immature and developing ovaries occurred in samples during
the period from August to November. Developing and ripe females
were taken in April, and only ripe females were encountered in

May and June.
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Only females with immature or developing ovaries were taken ‘
in the monthly samples for both northern anchovy and slough
anchovy. However, the numbers of individuals_examined were very
small (Table 7.10-2).

'The two species of surfperches, shiner surfperch and waii-
eye surfperch, showed fairly distinct patterns of reproductive
-‘activity. For shiner surfperch, only females with immature and
developing ovaries were encountered in May and August. A ripe
female occurred in June. Females carrying young were encoun-
tered in March and April. Both spent females and those carrying
young in advanced stages of development occurred in the April
samples. Female walleye surfperch carrying young in advanced

stages of development were encountered in March, April and May.

Spent females also occurred in April and June. Females of the
round stingray had only immature ovaries in all samples except
those for September. The latter contained one female carrying
young in an advanced stage of development.-

Only one immature female of California halibut was taken in
the reproductive samples. Female giant kelpfish occurred only
in the November samples. Females with both developing and ripe
ovaries were present in this sample. Female specklefin midship-
man occurred in impingement samples during June, July, and
August. As indiqated in Table 7.10-2,-almost all of them (10 of

12) had ripe ovaries.
While these data are limited, they do indicate that for most

of the 12 species considered, adult females in all stages of
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reproductive development are impinged. Possible exceptions are
northern anchovy, slough anchovy, round stingray, and California
halibut. However, too few individuals of all these species
except round stingray were taken in the samples to evaluate this
question adequately.

Relatively large numbers of female round stingray were
taken (57). Yet the ovaries of all but one of these were im-
mature. In the case of specklefin midshipman, on the other
hand, 10 of the 12 adult females encountered were in ripe

condition.

000562
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7.11 IMPINGEMENT OF MARINE PLANTS

In terms of volume, the largest component of biological
material normally encountered in impingement samples at the
Encina Power Plant consisted of marine algae and grasses. Most
of -this was large or small fragments of detrital plant material
that had broken free from the bottom and entered the cooling
water system in floating or drifting masses.

The species of vascular plants (marine grasses) and marine
algae encountered in impingement samples at stations 1, 4, 5, and
9 during the study are listed in Table 7.11-1. Seven species
were represented in these samples. Fragments of other species
may have been present in very small amounts, but were not
identified. | |

Very large accumulations of marine plant material were 'im-
pinged and removed at the bar rack screening system (station 9),
shown in Figure 7.3-1. All seven species listed in Table 7.11-1
were taken in the bar rack samples. The rankings for these,
based on frequency of occurrence and estimated relative volume,
are shown in Table 7.11-2. The two highest ranked species, eel

grass (Zostera marina) and giant kelp (Macrocystis pyrifera),

had essentially the same frequency of occurrence at station 9,
but the volume of eel grass was generally greater in most sam-
ples. Eel grass is a very common species in. Agua Hedionda
Lagoon, forming extensive beds in shallow water as described in
Section 6.0 of this report. Similarly, giant kelp is the dom-

inant large marine alga in shallow ocedn areas near the Power

7-98
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TABLE 7.11-1
SPECIES OF MARINE GRASSES AND ALGAE TAKEN IN
IMPINGEMENT SAMPLES AT THE ENCINA POWER PLANT
DURING THE PERIOD JANUARY 1979 - JANUARY 1980

Scientific Name 4 Common Name

Vascular plants
(marine grasses):

Phyllospadix torreyi Torrey's surf grass
Zostera marina Eel grass
Algae:

Codium fragile Codium

Cystoseira setchelli Bladder chain

Egregia menziesii Feather boa

Macrocystis pyrifera Giant kelp

Sargassum agardhianum Sargassum
000564
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RANKING OF MARINE GRASS AND

TABLE 7.11-2
ALGAL SPECIES (BASED ON VOLUME) IMPINGED AT

THE BAR RACK SCREENING SYSTEM OF ENCINA POWER PLANT DURING
THE PERIOD FEBRUARY 4, 1979 - JANUARY 4, 1980

Frequency of cuwww Occurrence at Each Rank

Rank Common Name Scientific Name Rank 1 Rank 2 Rank 3 Rank 4 Rank 5-6 Total
1 Eel grass Zostera marina 163 28 4 0 0 195
2 Giant kelp Macrocystis pyrifera 34 155 5 0 0 194
3 Feather boa Egregia menziesili 1 12 138 8 1 160
4 Sargassum Sargassum agardhianum 0 0 13 99 6 118
5 Torrey's surf grass Phyllospadix torreyi 0 0 13 13 59 85
6 Codium Codium fragile 0 0 1 5 0 6
7 Bladder chain Cystoseira setchelli 0 0 0 0 2 2

7-100
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Plant. Because of this, their large volumes in the impingement

samples are not surprising. The feather boa (Egregia menziesii)

and sargassum (Sargassum agardhianum) also were relatively common

in samples at station 9. Most of the plant material impinged on
the bar rack screening system consisted of relatively large
masses or fragments.

A plot showing variation in mean total volume of material
impinged at station 9 per 24-hr interval for each month of the
study appears in Figure 7.11-1. Almost all of this material
consisted of marine plants. Levels of impingement were highest
in February and lowest in May and June. In general, the highest
levels of impingement occurred following storms. The reason for
this presumably is that storm waves and surge dislodge and trans-
port large amounts of plant material. In late Oétober, the log
boom at the ocean entrance to Agua Hedionda Lagoon broke. After
this time, much larger volumes of plant material were impinged
at the bar rack system and at the traveling screens. This
increase in volume at station 9 is evident in Figure 7.11-1.

All seven plant species listed in Table 7.11-1 also ;ccur—
red in the samples at traveling screen stations 1, 4, and 5. The
rankings for these species, based on frequency of occurrence and
estimated relative volume in all traveling screen samples com-
bined, are shown in Table 7.11-3.

As in the bar rack samples, eel grass and giant kelp had
essentially the same total frequency of occurrence, but the vol-

ume of first-ranked eel grass was greater in a majority of the
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RANKING OF MARINE GRASS AND ALGAL SPECIES IMPINGED AT
ENCINA POWER PLANT TRAVELING SCREEN STATIONS DURING
THE PERIOD FEBRUARY 4, 1979 - JANUARY 4, 1980

TABLE 7.11-3

Frequency of Occurrence

Rank Common Name Scientific Name Rank 1 Rank 2 Rank 3 Rank 4 Rank 5 >Rank 5 Total
1 Eel grass Zostera marina 1039 322 35 11 0 1 1408
2 Giant kelp Macrocystis pyrifera 363 999 40 2 0 0 1404
3 Sargassum , Sargassum agardhianum 1 27 464 268 20 1 781
4 Feather boa Egregia menziesii 5 41 368 171 13 1 599
5 aonnm%.m surf grass Phyllospadix torreyi 4 15 222- 144 148 23 556
6 Codium Codium fragile 0 7 119 139 86 25 376
7 Bladder chain Cystoseira setchelli 0 0 7 17 29 6 59

-
567

000:
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samples (Table 7.11-3). Sargassum ranked third, feather boa was
fourth, Torrey's surf grass was fifth and codium was sixth in
order of estimated volume. The seventh-ranked brown alga,
biadder chain, occurred much less frequently in traveling screen
samples and was generally represented by much smaller volumes ci
material than for the other species.

A plot showing mean total weight of all plant material
impinged per 24-hr period for each week of the study is given in
Figure 7.11-2. The weekly mean values on which this plot is
based also are shown in Table 7.11-4. These weekly mean values
were determined from the data obtained during each day of sam-
piing at the three traveling screen stations. They represent the
average value for the three stations, rather than the total for
all stations combined.

As indicated in Table 7.11-4, the overall mean value for the
48-week period was 51.45 kg (113 1b) per day. Weekly mean values
ranged from 20.57 kg (45 1b) per day in mid-May to 103.53 kg
(228 1b) per day in early November (Figure 7.11-2; Table 7.11-4).

A second peak of 93.83 kg (212 1b) per day occurred in late June.
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TABLE 7.11-4
WEEKLY MEAN TOTAL WEIGHT OF ALL MARINE PLANT MATERIAL IMPINGED
AT ENCINA POWER PLANT TRAVELING SCREEN STATIONS PER 24-HR
INTERVAL DURING THE PERIOD FEBRUARY 4, 1979 - JANUARY 4, 1980

MEAN WEIGHT (g)

DATE . WEEK PER 24 HRS
Feb. 4 1 44571.4
Feb. 11 2 49314.3
Feb. 18 3 56628.6
Feb., 25 4 45714.3
Mar. 4 5 44342.9
Mar. 11 6 46028.6
Mar. 18 7 30685.7
Mar. 25 8 40371.4
Apr. 1 9 32202.9
Apr. 8 10 41571.4
Apr. 15 11 34171.4
Apr. 22 12 56285.7
Apr. 29 13 34314.3
May © 14 23200.0
May 13 15 20571.4
May 20 16 20914.3
May 27 17 26657.1
Jun. 3 18 68914.3
Jun. 10 19 93828.6
Jun. 17 20 69771.4
Jun. 24 21 91828.6
Jul, 1 22 60342.9
Jul. 8 23 63200.0
Jul. 15 24 52314.3
Jul. 22 25 60542.9
Jul. 29 26 59228.6
Aug. 5 27 62000.0
Aug. 12 28 58085.7
Aug. 19 ' 29 52066.7
Aug. 26 30 78514.3
Sept. 2 31 54114.3
Sept. 9 32 41657.1
Sept. 16 33 50571.4
Sept. 23 34 54857.1
Sept. 30 35 53950.0
Oct. 7 36 41028.6
Oct. l4 37 60085.7
Oct. 21 38 41166.7
Oct. 28 39 43800.0
Nov. 4 40 103533.3
Nov. 11 41 58171.4
Nov. 18 ‘ 42 46714.3
Nov. 25 43 40457.1
Dec. 2 44 60514.3
Dec. 9 45 59171.4
bec. 16 46 51971.4
Dec. 23 47 45960.7
Dec. 30 48 43500.0
48 -WEEK MEAN 51446.0

i)

s

#)
Kl
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7.12 TUNNEL RECIRCULATION

Tunnel recirculations (thermal treatments) were performed
at approximately six-week intervals during the year to prevent
fouling (see Section 3.1.5.10 for a description of procedures).
Treatments were generally run on Saturday evenings during periods
of lower power demand and during a high tide. Temperatures in
the channels were raised to about 41 C_(lOS F) and held for
approximately 2.5 hours. Depending upon ambient temperature,
the time required to bring the temperature up to 41 C can take
up to two hours. Cool down time to return to ambient can also
take a similar time span, so that the complete operation can take
up to six hours. Generally the treatment is completed by about
0500 or 0600 hr on Sunday morning. During this operation,
organisms in residence in the intake channels between the trash
rack and traveling screens (Figure 7.3-1) are killed.

Seven thermal treatments were conducted during 1979
(February, April, June, July, September, October, and December).

All organlsms 1mp1nged durlng thermal treatments were collected

and a rank order 11st1ng of all species was compiled (Table
7.12-1). A total of 73 fish and 34 invertebrate species were
obtained. Fourteen species occurred in the thermal treatment
sampling that were not captured during daily impingement sampling
(Table 7.12-2). Impingement samples coupled with ﬁhermal treat-
ment and regular lagoon net collections resulted in a total of

96 different fish species from Agua Hedionda Lagoon (Table 7.12-

3) during the year long study.
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TABLE 7.12-1

RANK ORDER OF THERMAL TREATMENT SPECIES CAPTURED FROM
JANUARY THROUGH DECEMBER, 1979 AT ENCINA POWER PLANT

SPRCIES NARE

ANCHOA COBPRESSA
ATHERINOPS APFINIS
ENGRAULIS MORDAY
CYRATOGASTER AGGREGATA
LEORESTHES TENNIS
HYPERPROSOPON ARGENTEUN
SERIPHUS POLITUS
OROLOPHOS HALLERI
RETEROSTICHUS ROSTRATUS
ORDER DECAPODA

GIRELLA NIGRICANS
PARALABRAX MACNLATOFASCIATUS
PIANEBODON FURCATUS
PARMLABRAX CLATHRATUS
PARALABRAX MEBULIFER
ANCHOA DEZLICATISSINA
BRACHYNRANS

PORICHTHYS MYRIASTER
PARALICHTHYS CALIFORNICUS
PACRYGRAPSUS CRASSIPES
WABRINA RONCADOR

PARILY ATHERINIDAE
RYPSOBLENNIUS JENKINSIT
RYPSOBLENNIOS GILBERTI
HYPSOPSETTA GIUTTULATA
ANPHYSTICHAUS ARGENTROS
IEWISTIOS CALIPORNIENSIS
CANCER ANTERNARIDS
GE¥YORERUS LIBEATUS
LOLIGO OPALESENS
ENBIOTOCE JACKSONT
LEPTOCOTTIUS ARMATUS
ANISOTRERUS DAYIDSONIT
OCTOPOS

SPHYRAENA ARGENTEA

SQUID (TEUTHOIDEZA)
DOROSONA PETENENSE
HYPSOBLENNIUS SP.
MYLIOBATIS CALIFORNICA
CHEILOTREMA SATURNON
CHROMIS PUNCTIPINNIS
DAKALICHTHYS VACCA
MENTICIRRHUS UNDULATOS
CANCERIDAE

GCYMNORA MARSORATA
SYRGNATHUS LEPTORRYNCHUS
ATHERINOPSIS CALIPORNIENSIS
FUNDHLOS PARYIPINNIS

COMNON WANE
DEEPBODY ANCHOVY
TOPSAFLT

NORTHERN ANCHOVY
SHINER SURFPERCH
CALIFORNIA GRUNION
VALLEYE SURFPERCH
QUEENFISH

ROUND STINGBAY
GIANT KELPFISH

OPALERYPR

SPOTTED SAND BASS
WHITE SURFPERCH

KELP BASS

BARRED SAND BASS
SLOUGH ANCHOVY

CRABS

SPYCKLEFIN MIDSHIPHAN
CALIPOBNIA HALIBUT

*SHORE CRABP

YELLOWPIN CROAKER

RUSSEL BLENNY
ROCKPOQL BLENNY
DIANOND TURBOT
BARRED SURPPERCH
SALEMA

CONNON ROCK CRAB
VHITE CROAKER
SQUID

BLACK SURFPERCH
STAGHORN SCULPIN
SARGO

CALIFORNIA BARRACTUDA
SQUID
THREADFIN SHAD

BAT RAY

BLACK CROAKER
BLACKSHITH

PILE SURFPERCH
CALIFORNIA CORBINWA
ROCK CRABS

CALIPORRIA BOUTTERPLY RAY

BAY PIPEFISH
JACKSHELT
CALIFORNIA KILLIFISH
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NINBER
CANGHT
23142
21788
19567
12326

9671 |

8305
uss
16385
1421
811
617
616
604
566
518
46H
376
34s
3129

323

306
288
21
259
185
166
161
144
125
99
A9
82
79
76
75
68
59
58
89
46
36
32
29
28
24
24
21
21

TOTAL
VEIGHT
182179
166058
93981
275549
81708
522797
96320
404237
36212
28577
64921
87360
8609
38505
26724
1405
31718
62191
52995
25595
T423
34225
2100
923
35897
15946
1389
396
6084
7446
8u11
2762
5778
5038
1268
609
255
535
15806
881
2227
5529
4634
22
9998
82
4279
95

RANK

[}
)
]
]
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TABLE 7.12-1 (Concluded)

SPECIES NARE
HERMOSILLA 2ATUREA
PORTONDS SP.

PORTINUS YANTOSII
PANTILY PORTNNIDAR
PARILY PENARIDAZ
PEPRILNS SIATLLINGS
CYNOSCION NOBILIS
HNAJIDAE

BEDYALUMA CALIPORRIEZNSIS
¥TCIL CEPHALDOS
RONCADOR STEABNSII
MICRCNETRUS NINIAUS
PACHYGRAPSUS SP.
PLATYRAINOIDIS TRISERIATA
BRACHYISTIUS PRENATUS
CALLIANASSA
BYPSOBLENNIUS GRETILIS
BUSTELUS CALIPORNICUS
PENAEUS CALIFPORWIENSIS
PANULIRUS INTERRUPTUS
SCOMBER JAPONICUS
RYPSYPOPS RUBICUNDUS
PUGETTIA PRODUCTOUS
PLEURONICHETHYS YEBRTICALIS
SARDA CHILIENSIS
SQUALUS ACANTHIAS
STBONGYLORA EXILIS
CANCER ANTRORYI
GIBBONSIA ELEGANS
GYANOTENRAY RORDAX
MUSTELUS RENLEX
NENERTEAN

OXYLEBIDS PICTOS
POGETTIA SP.

TALIPOS

APLYSIA SP.

CARCER PRODUCTUS

CANCER SP.

CLIBOCOTTIUS ANALIS
EPTALTOS NOUTALLYI
GIBBORSIA METZI
GRAPSIDAER

HALICHORRES SEMICIRCTUS
HIPPOLYTE CALIPOREIENSTS
ICTALORUS MELAS

IDOYEA RESECATA

NAVANAY INERAIS

OPHICHTROUS ZOPHOCHIR
OXYJOULIS CALIFORNICA
PARAXANTEIAS TAYLORI
SCONBERONORUS CONCOLOR
SCORPAENA GUTTATA
SEBASTES PAUCISPIRIS
SEBASTES RASTRELLIGER

STRONGYLOCENTROTNS PUORPURATUS

SYRPHURUS ATRICATUDA
TORPEDO CALIPORNICA
TRACRUROS SYMNETRICUS
TRIBE CARIDES
CIRRIPEDIA

KzLe

NAYTILIDAR

TOTAL

COANOY WANE
ZEBRAPRRCH
SWINBIRG CRAD
SVINNING CRAB
SWIANING CHAR
PENAZID SHRINP
PACIFIC BUTTERFISH
FAITE SRABASS

KELP CRAB

HALPNOON

STRIPED NDLLET
SPOTFPIN CROAKER
DUARP STHPPERCH
SAORE CRAB
THORNBACK

KELP SUBFPERCH
GROST SHRINP

BAY BLENNY

GRAY SNOOTHHOUND
PENAEXID SHRINP
SPIFY LODBSTER
PACIPIC RMACKEREL
GARIBALDI

NORTHERN KELP CRAB
NORNYHEAD TURBOT
PACIFIC BONITO
SPINY DOGPISH
CALTPORNIA NEEDLBPISH
ANTHONYS ROCK CRAB
SPOTTED KELPPISH
CALTIPOBRNIA RORAY
BROWN SMOOTHROUND
RIBBON WORNS
PAINTED GRRENLING
KELP CRAB

KELP CRAB

SEA HARE

CONMON ROCK CRAB

YOOLY SCULPIN

KELP CRAB

STRIPRD KELPPISH
SHORE CRABS

ROCK WRASSE

SHRINP

BLACK DOLLAPRAD

KELP XSOPOD

STRIPED SEAR SLOG
YELLOY SKAKE EEL
SENORITA

LMMPY CRAB

MORTEREY SPANISH HACKEREL
SCULPIZ OR SPOTTED SCORPITONPISH
BOCACCIO

GRASS ROCKFPISH

PORPLE TRCHIN
CALIPORNIA TONGUEPISH
PACIFIC ELECTRIC RAY
JACK RACKEREL

CARID SHRINP
BARNACLES

ASSORTED NUSSELS
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LLETY ] TOTAL
CAUGHT FEIGAT RANK
21 778 a6
18 0 87
18 10 47
17 97 48
15 38 n9
15 775 49
13 81 S0
13 65 50
10 150 - 51
10 5593 51
10 11884 51
8 80 52
8 ] 52
8 3896 52
7 362 53
7 0 s3
7 22 53
7 2498 53
7 179 53
6 1061 54
6 808 L1}
5 1911 55
5 ] 55
3 492 56
3 1284 56
3 4050 56
3 510, S6
2 0 s7
2 .18 57
2 11050 57
2 1300 57
2 0 57
2 20 57
2 0 57
2 o 57
1 0 S8
1. 1 58
1 3705 58
1 20 58
1 70 58
1 5 se
1 2 58 |
1 90 58 |
1 0 58
1 68 58 |
1 1 $8
1 12 58 |
1 257 58 |
1 20 S8
1 0 58
1 25 58
1 120 58
1 21 58
1 670 58
1 0 58
7 25 58
1 8280 58
1 o 58
1 0 58
0 5120 59
0 137814 s9°
0 24031 s9
110160 2682373
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TABLE 7.12-2
FISH SPECIES COLLECTED DURING THERMAL TREATMENT
THAT WERE NOT COLLECTED DURING DAILY IMPINGEMENT SAMPLES

IN 1979 AT THE ENCINA POWER PLANT

SCIENTIFIC NAME

COMMON NAME

Cheilotrema saturnum
Hypsoblennius gentilis
Scomber japonicus
Pleuronichthys verticalis
Squalus acanthias
Biggonsia elegans
Mustelus henlei
Oxylebius pictus
Clinocottus analis
Halichoeres semicinctus
Ictalurus melas
Oxyjulis ca}ifornica
Sebastes paucispinis

Sebastes rastrelliger

Black croaker

Bay blenny
Pacific mackerel
Horneyhead turbot
Spiny dogfish
Spotted kelpfish
Brown smoothhound
Painted greenling .
Wooly sculpin
Rock wrasse

Black bullhead
Seniorita

Bocaccio

Grass rockfish

000573
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o TABLE 7.12-3
FISH SPECIES CAPTURED IN ACUA HEDIONDA LACOON (TRAVLS,
GILL NETS, SEINE, TRAVELING SCREENS, THERMAL TREATMENT)

SAMPLES AT THE ENCINA POWER PLANT DURING 1979

SCIENTIFIC NAME

COMMON NAME

Alloclinus holderi
Amphistichus argenteus
Anchoa compressa
Anchoa delicatissima

Island kelpfish
Barred surfperch
Deepbody anchovy
Slough anchovy

Anisotremus davidsonii Sargo
Atherinops affinis Topsmelt
Jacksmelt

Atherinopsis californiensis

Brachyistius frenatus

Cheilotrema saturnum
Chromis punctipinnis
Citharichthys stigmaeus
Citharichthys xanthostigma
Clinocottus analis

Clupea harengus
Cymatogaster aggregata
Cymatogaster gracilis
Cynoscion nobilis
Cypselurus californicus

Damalichthys vacca
Decapterus hypodus
Dorosoma petenense

Embiotoca jacksoni
Engraulis mordax

Fundulus parvipinnis

Genyonemus lineatus
Gibbonsia elegans
Gibbonsia metzi
Gillichthys mirabilis
Girella nigricans
Gobionellus longicaudus
Gymnothorax mordax
Gymnura marmorata

Kelp surfperch

Black croaker
Blacksmith

Speckled sanddab
Longfin sanddab

Wooly sculpin

Pacific herring

Shiner surfperch
Island surfperch
White seabass
California flying fish

Pile surfperch
Mexican shad
Threadfin shad

Black éurfperch
Northern anchovy

California killifish

~ White croaker

7-109

Spotted kelpfish
Striped kelpfish
Longjaw mudsucker
Opaleye

Longtain goby
Moray eel

California butterfly ray
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TABLE 7.12-3

(Continued)

SCIENTIFIC NAME

COMMON NAME

Halichoreres semicinctus
Hermosilla azurea
Heterodontus francisci
Heterostichus rostratus
Hyperprosopon argenteum
Hypsoblennius gentilis
Hypsoblennius gilberti
Hypsoblennius jenkinsi
Hypsopsetta guttulata
Hypsypops rubicundus

Ictalurus melas
Ilypnus gilberti

Leptocottus armatus
Leuresthes tenuis

Medialuna californiensis
Menticirrhus undulatus
Micrometrus minimus
Mugil cephalus

Mustelus californicus
Mustelus henlei
Myliobatis californica

Oligocottus rubellio
Ophichthus zophochir
Oxyjulis californica
Oxylebius pictus

Paraclihus rostratus
Paralabrax clathratus
Paralabrax maculatofasciatus
Paralabrax nebulifer
Paralichthys californicus
Peprilus simillimus
Phanerodon furcatus
Platyrhinoidis triseriata
Pleuronichthys ritteri
Pleronichthys vertecalis
Porichthys notatus
Porichthys myriaster

7-110

Rock wrasse

Zebra perch

Horn shark

Giant kelpfish
Walleye surfperch
Bay blenny
Rockpool blenny
Mussel blenny
Diamon turbot
Garibaldi

Black bullhead
Cheekspot goby

Staghorn sculpin
California grunion

"Halfmoon

California corbina
Dwarf surfperch
Striped mullet
Gray smoothhound
Brown smoothhound
Bat ray

Rosy sculpin
Yellow snake eel
Senorita

Painted greenling

Reef finspot

Kelp bass

Spotted bass

Barred sand bass
California halibut
Pacific butterfish
White surfperch
Thornback ray
Spotted turbot
Horneyhead turbot
Plainfin midshipman
Specklefin midshipman

000575



TABLE 7.12-3 (Concluded)

SCIENTIFIC NAME

COMMON NAME

Quietula y-~cauda

Rhacochilus toxotes
Rhinobatos productus
Roncador stearnsi

Sarda chiliensis

Scomber japonicus
Scomberomorus concolor
Scorpaena guttata
Scorpaenichthys marmoratus
Sebastes paucispinis
Sebastes rastrelliger
Seriphus politus
Sphyraena argentea
Squalus acanthias
Squatina californica
Strongylura exilis
Symphurus atricauda
Syngnathus californiensis
Syngnathus leptorhynchus

Torpedo californica
Trachurus symmetricus
Triakis semifasciata

Umbrina roncador
Urolophus halleri

Xenistius californiensis
Xystreurys liolepis

Shadow goby

Rubberlip surfperch
Shovelnose guitarfish
Spotfin croaker

Pacific bonito

Pacific mackerel
Monterey Spanish mackerel
Sculpin/spotted scropionfish
Cabezon

Bocaccio

Grass rockfish

Queenfish

California barracuda
Spiny dogfish

Pacific angel shark
California needlefish
California tonguefish
Kelp pipefish

Bay pipefish

Pacific electric ray
Jack mackerel
Leopard shark

Yellowfin croaker
Round stingray

Salema
Fantail sole

2
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Generally, those species that ranked high in abundance .
during thermal treatment were the same species that ranked high
in daily impingement samples. Over 90 percent of the fish col-
lected during all thermal treatments were comprised of 9 major
Aspecies (Table 7.12-1) which also comprised 88 percent of the
total daily impingement catch. A total of 108,102 fish were
killed during thermal treatments for the year. This, compared
with 79,662 fish removed by daily impingement sampling for the
year, indicétes that significant numbers of fish reside in the

intake tunnels without being impinged.

| Several species (opaleye, spotted sand bass, kelp bass,

barred sand bass, mussel blenny, and rockpool blenny) weré taken

in much higher numbers during thermal treatments than during

daily impingement samples. The data suggest that these species .
are able to survive within the tunnels, with a low probability

of being impinged. 1In the case of the two blennies, this may

be due to their preference for a sedentary habit among encrusting
growths and fouling organisms. Such a lifestyle would lead to

a scarcity of encounfers with the traveling screens.

As for the three species of bass, their demersal habits'and
swimming strength may account for the low daily impingement
removals. Opaleye also hide in holes and crevices at times and
are strong swimmers.

The total weight of fish collected during thermal treatments
was 2,422.4 kg (5,341 1b) (63 percent oflthe total removed by

both thermal treatment and daily impingement during 1979). The
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average weight (per fish) for all fish collected during thermal
treaﬁments was 22.4 g, which was 32 percent greater than the
average weight of fish obtained from daily impingement samples
(17 g).

Fish impingement during thermal treatments varied seasoﬁal—
ly. Greatest abundances were taken during February and the
least, during December (Tables 7.12-4 through 7.12-10). The
greatest weight of organisms removed occurred in February and
the smallest weight, in July. Averagelweight per organism
varied during'the year from 10.3 to 36.0 g. Smallest organisms
were abundant in summer treatments (July - September) and the
largest were more abundant in winter and spring.

Different traveling screens removed different amounts of
organisms during periods of tunnel recirculation. Generally
speaking, screen 5 (Unit 5) caught the most organisms'(54 percent
of total removal by thermal treatment). Screens 1 (Units 1, 2,
and 3) and 4 (Unit 4) accounted for 30 and 16 percent, respec-
tively, of the total number of organisms killed during thermal
treatment. However, based on weight of organisms, screen 5
again ranked first (79 percent), screen 4 ranked second (12 per-
cent), and screen 1 ranked last (9 percent). The data show
that the greatest numbers and largest organisms were impinged
in the longest intake tunnel (leading to screen 5), while a
significant number of smaller species were impinged at screen 1,
and a smaller number of larger organisms were impinged in the

intermediate length tunnel of screen 4 (Table 7.12-11). No

000578
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TABLE 7.12-4
INVENTORY OF SPECIES REMOVED BY

AT ENCINA POWER PLANT DURING

THERMAL TREATMENT
FEBRUARY, 1979

SCIENTIFPIC NANE
SQUALUS ACANTHIAS
ANSTELUS CALIFORNICOS
TORPEDO CALIPORNICA
PLATYRHINOIDIS TRISERIATA
DROLOPHUS HALLERI
GYYNURA TARMORATA
GYMNOTHORAX RORDAX
DOROSOMA PETENENSE
ENGRANLIS MORDAX
AKCHOA COUMPRESSA

ANCHOA DELICATISSINA
POPICHTHYS MYRIASTER
LENRESTHES TENNIS
ATHERINOPS APPINIS
SYBGNATHUS LEPTORHYNCHOS
SCORPAENA GUTTATA
SERASTES RASTRELLIGER
SE23ASTES PAOCISPINIS
LEPTOCOTTNS ABMATOS
PARALABRAX CLATHRATUS
PABALABRAX MACOULATOFASCIATOS
PABALABRAX NEBULIPER
TENISTIOS CALIFORNIENSIS
ANISOTRENOS DAVIDSONIX
SEEIPHUS POLITUS

AXRRIWA RONCADOR
BENTICIRRHUS ONDULATUS
PORCADOR STEARNMSII
GIRELLA BIGRICANS
HERMOSILLA AZDREA
MEDIALOKA CALIPORNIERSIS
ENBIOTOCA JACKSONI
ARPHISTICHUS ARGEMTENS
AYPERPROSOPON ARGENTEON
CINATOGASTER AGGREGATA
BRACHTIISTIUS FPRENATOS
DAMALICHTHYS VACCA
PHANBRODON PURCATUS
HYPSIPOPS ROBICONDOS
SPHYRAENA ARGENTEA
OIYJOLIS CALIPORNICA
MALICHORRES SENICISCTUS
AYPSOBLERNTIUS GILBERTI
HYPSOBLENNIUS JENKINSY

e o o o T e P O e i e e

connoN NANE

SCREEN
TS1

WONBER
CAUGHT

TS4
STABER

TS5
BOHBER

WEPIGHT CAUGHT VEIGHT CAUGHT VEIGHT

SPINY DOGPISH

GRAY SHOOTHHOUND
PACIFIC ELECTRIC RAX
THORNSACK

BOUSND STINGRAY
CALIFORNIA EOTTERFLY RAX
CALIFORNIA MORAY
THREADFIN SHAD
NOBTHERN ANCHCVY
DEEPBODY ANCHOVY
SLOOGH ANCHOVY
SPECKLEPIN MIDSHIPMAN
CALIFORNIA GROUNION
TOPSAELT

BAY PIPEFISH

SCOLPIA OB SPOTTED SCORPIONPISH
GPASS ROCKFISH
BCCACCIO

STASHORN SCULPIN
KELP 3AS5S

SPOTTED SAND BASS -
BARRED SAND BASS
SALE®A

SARGO

ONERAPISA

YELLOWFIR CROAMKER
CALIFOBNIA COBBINA
SPOTFIY CROMKER
OPALEYE

ZEERAPERCH

HALPAOOY

BLACK SUBPPERCH
BABRRED SORPPERCH
WALLZYE SURFPPERCH
SHINER SURFPERCH
KELP SURFRERCH

PILE SUBFPEBCH

SHITE SOURPPERCH
GARIBALDI

CALIPORNIX BARRACUDA
SENORITA

BOCr ®WRASSE

BOCKPOGL BLENNY
HOSSEL BLENEY

396
29

8401

18

19

221

4280

52
2030
141

24
41989
1

139

17

20

45

16

21

1989

266

1299

21
20
21

- -

1
L]

1
511
3

1
47
1

4528
4

1906

15366 3o9gs

[

38 208
95 302

120
1500 1
929 151

79
2346 8108
29 3690

D s et NN W

1500
1694

252
155444
1635
6100

20
32226
13

38098

120
670
211
204
12951
36240

180
3260
3159
19538
4552

26268

700

897
11050
344540
142794
162
2726
m
961

62

TOTAL
CAOGHT

1

4339
3695

25

- NN

221

TOTAL

WEIGHT

D D O i U W e S e ol

1500
1694
4280
252
155588
1635
6100
0

72
36162
154

3

24
95453
1
123
670
211
208
12996
36335
145
120
1690
4266
3159
1558
4552
26288
700

0

897
11250
346886
142868
162
2802
n
961
83

20

90
137
1989

579

0090
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TABLE 7.12-5
INVENTORY OF SPECIES REMOVED BY THERMAL TREATMENT

AT ENCINA POWER PLANT DURING APRIL, 1979

SCIEZNTIPIC NANE

- o e - = —

CORNON NANE

SQUALOS ACANTHIAS
NUSTELOS CALIFOR¥ICOS
MYLIOBATIS CALIFORFICA
UROLOPHUS HALLERI
GYANURA MARSORATA
DOROSORA PETENENSE
ENGBANLIS RORDAX

ABCHOA COMPRESSA

APCHOA DELICATISSINA
PORICBTHYS RYRIASTER
ICTALORUS NELAS
STROBGYLUBA EXILIS
FOBDULOS PARVIPINNIS
LZIRESTHES TENUIS
ATHERINOPSIS CALIFORNIEBNSIS
ATREPINODPS APPINIS
SYNGUATHUS LEPTORHYNMCRHUS
PARALABRAX CLATHRATUS
PAFPALABEAX HACOLATOFASCIATOS
PARALADEAY NEROLIPER
IEN1STIUS CALIPORNIENSIS
ARISOTRENCGS AVIDSONIX
SERIPHOS POLITNS

UNBRINA BONCADOR
XEWTICIRRHNS UNDOLATAS
ROBCADOR STERANSIY
GIRELLA NIGRICANKS
ANPRISTICHOS APGRNTEDS
BYPERPROSOPOR ARGENTETY
CYMATOGSASTER AGGREGATA
BRACEYISTIUS PEENATOS
1ICBONETRIS WININIS
DAMALICHTBYS YACCA
PHAFERODCM FPURBRCATOS
2UGIL CEPRALOS
BYPSOBLENVIUS GILBEBRTI
BETEROSTICHUS ROSTRATUS
SCONBER JAPOBICHS
PEPRILOS SIAILLIAUS
PABALICHTHIS CALIPORMICHS
PLEUROFICHTHYS YERTICALIS
RYPSOPSETTA GOTTOLATA
FATABAY INERRIS

APLYSIR 5P,

SPINY DOGFISH
GRAY SHOOTHHOOND
BAT BAY

FONED STINGRAY

CALIFORNIA BUTTERFLY EAY

THREADPIN SHAD
FORTHERN ANCHOVY
DEEPBODY ANCHOVY
SLOUGH ANRCRGVY
SPECKLEFIN MIDSHIPBAN
BLACK BULLHEAD
CALIFOPNIA NEEDLEFISH
CALTFPOBRNIA KILLIFISR
CALIFORNIA GETIRION
JACKSHELT

TOPSAELT

BAY PIPEFISH

KELP BASS

SPOTTED SAND BASS
BARFED SAND BASS
SALENA

SARGO

QUEENFISH
TELLOWPIN CROAKER
CALIFORRIA CORBINA
SPCTPIN CROAKIER
OPALEYE

EARPED SURFPERCE
VALLEYE SOEPPERCH
SHINER SURPPERCH
KELP SURFPEFRCH
DVARF SURFPERCH
PILE SOPYPERCH
WRITE SORPPERCH
STRIPED RULLET
ROCKPOOYL BLENBY
GIANT KELPPISH
PACIFIC NACKEREL
PATIPIC BUTTERPISH
CALIFORNIA RALIBOT
HOBNYHEAD TOBBOT
DIANOND TURBOT
STRIPPD SEA 510G
SEA HARE

SCREEN
51

BONBER
CAUGHT WEIGHT CADGHT WEIGHT

0 " e e e R T o e Y AR S S A o o e e T B o R A Tl D 2y o S D S A S P S e A o B Wy

1

1
2005

3234

652
76

7903

€8

14529

6

69

110
118

19

4082

260

34

278

12

55
NORBEER
CANGHT REIGHT

2140

~

= ~
-t DN s N~ =D&

-

2550
364
2225
88400
2350
169
104
20634
6
2050

250

28
3009
22412

902
5950
28290

4

4o
2692
4
€34

8300
ERE}
67146
25597
200
80
449
829
767

1696
42
130
1850
192
7500

10TAL

2
1
6

Mo

L)

=
-ttt ot £ O KB d N D e S

TOTAL
CATGHT WRIGH?

2550
364
2225
85052
2350
245
108
3250
6

2050
68
250
0

28
3009
36961
6
9N
6060
2918
4

40
2711
4
634
4082
8000
313
67406
25597
200
a0
440
843
767
278
1700
42
130
1850
192
7500
12

0
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TABLE 7.12-6
INVENTORY OF SPECIES REMOVED BY THERMAL TREATMENT
AT ENCINA POWER PLANT DURING JUNE, 1979

SCIENTIFIC NMAAR
AYLIQBATIS CALIFPORNICA
UROLOPHUS HALLEBRI

GYMNURA MABNORATA
ENGRAULIS MORDAX

ABCHOA COMPRESSA

ANCHOA DELICATISSINA
PORYTCHTHYS MYRIASTER
FAAILY ATHERINIDAE
LEURESTHES TENOIS
ATHERINOPSIS CALIPORBNIENSIS
ATHEBINOPS AFPINIS
OXYLEBIUS PICTUS
LEPTOCOTTUS ARMATUS
PABRALABRAY CLATHRATNS
PARALABRAX MACULATOFASCIATUS
PABALABRAX WSEBULIPER
XENISTIOS CALIPORNIBNSIS
ABISOTREADS DAVIDSONIIX
SERIPAUS POLITIS

OSBRINA RORCADOR
BERTICIRRHOS OUNDOULATUS
GENYOMENUS LINREATAS
BONCADOR STEAEBNSII
GIRELLA BIGEBICASS
EABIOTOCA JACKSORL
ARPHISTICHOS ABGENTEDS
HYPERPBROSOPON ARGENTEUM
CYXATOGASTER AGGREGATA
DARALICHTHYS VACCA
PHABNERODON FPURCATDS
EIPSYPOPS RUBICUNDUS
CHROAIS PNRCTIPINNIS
AUGIL CEPHALOS
HYPSOBLENNINS SP.
BYPSOBLENMNIUS GILBERTI
HYPSOBLENNIUS JENKIESI
AETERQOSTICHOS BROSTRATOS
PARALICHTHYS CALIFPORBICUS
PLEURONICHRTHYIS VERTICALIS
HYPSOPSETTA GUTTOLATA
BYTILIDAE

OCTOPUS

ORDER DECAPODA

FARILY PEMARIDAE

ConRnON MNANE

SCREES
s
NOUNBER

5%
o8B ER

CAOGHT WRIGHT CAUGHT WEBIGHY CADGAT WEIGHT

BAT RAY

ROOND STINGPRAY
CALIFORNIA BUTTEBPLY RAY
NORTAERN ANCHOVY
DEBPBODY ANCHOVY

SLOOGH ARCHOVY
SPECKLEFIN NIDSHIPAAN

CALIPORNIA GRURION
JACKSNELT
TOPSMELT

PAINTED GREENLING
STAGHORM SCOLPIN
KELP BASS

SPOTTED SAND BASS
BABRBED SAYD BASS
SALENA

SABGO

QUEENFISH
TELLOWPIV CBOAKER
CALIFORNIA COBBINA
WHITE CBOAKER
SPOTPIN CROAKER
OPALEYE

BLACK SORPPERCH
EARBED SUSPPPRCH
WALLEYE SOURFPERBCH
SHINER SURPPERCH
PILE SURFPEECH
VHITE SNRFPPEPCR
GARIBALDI
DLACKSHITH
STBIPED MULLET

ROCKPOOL BLERENY
RUSSEL BLEWNY
GIANT KELPPISH
CALIPORNIA HALIBYUT
HORNYHEAD TOBBOT
DIABOND TORBOT
ASSORTED BUSSELS

PENAEID SHRINP

L]
2
572
30
7
16

64

33
14

10

26
66

52
17

12

2942
8
4219
106
2813
23

598
20

1742
1179
1008

20

15

546

2756
516

17

457

750

245031
21918

TS4

NUYBER
1 500

2
1128 8187
1 150
921 10867
5 25
17 4259
1 350

3

11
2 200
120 3875

9
45 3517
4 850
182 11612
1613 3026
165 1576
1 290

12
417 3139
1 100
2 360

1
490 6066

292
3

289

252
289

2
425

22
12
38
73

134
43

51200
1400

1743

37425
34225

350
6840

400
1314
7900
175%

1250
10840

175
2120
1000
7525

539

459

36172
11525

675
2081

300

400
2630

535

2734
29856

3420

TOTAL
CAUGHT

1
306
3

q
1949
30
259
288
16

3
1510
2

27
38
72
90
11

5
375
9

1
115
1

85
12

2
794
2392

245

58
52

668
[T}

18

890
12

TOTAL
VEIGHT

400
54142
1400
8
14149
106
302138
34225
23
500
18305
20
425
7306
9429
2762
[+}
1670
14750
0

175
56137
1000
8921
634
450
50538
21067
675
3657
300
717
2630
535
457

0
6614
3086
300
3424
28031
']
28004
0
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4 TABLE 7.12-7
INVENTORY OF SPECIES REMOVED BY THERMAL TREATMENT :
AT ENCINA POWER PLANT DURING JULY, 1979

SCREBN
51 TS4 755
NANBER NOABER SUNBER T0TAL TOTAL

SCIEMTIFIC NANE COugo¥ minE CAUGHT WEIGHT CAUGAT WEIGAT ' CAUGHT WEIGHT CAUGHT WBIGHT

- " v — A 5 o B R o iR = A S O o S R AT TP Y D T A R D T S S 7 . e S S o o 0 o U P W D M 0 R O P Sy

3

t

0005R

NUSTELUS HENLEX BROWN S4OOTHBOUND 2 1300 2 1300
PLATYRHINCIDIS TRISERIA A THORNBACK 1 1000 1 1000
NYLIOBATIS CALIPORNICA BAT RAY 20 6590 20 6590
NROLOPHUS HALLERI BOOND STINGEAY 150 22500 150 22500
GYMMORA MARNOBATA CALIPORNIA BOTTERPLY RAY 2 770 2 770
ENGRAOLIS MOBDAX NOETHERN ANCHOYY 6164 103850 389 1042 15 50 6568 12042
ANCHOA COMPRESSA DEEPBODY ANCHOYY 912 4871 859 5199 996 10215 2761 20285
ABCAOAM DELICATISSINA SLOOGH ANCHCVY 18 142 18 142
PORICATHYS NYRIASTER SPECFLEFIN RIDSHIPMAN 1 200 36 75690 37 1760
LETRESTHES TEWUIS CALIFORNIA GROAION 20 100 378 699 33 384 431 1143
ATRERINOPSIS CALYFORNIENSIS JACKSYELT . 1 300 1 300
ATHERINOPS AFPPINIS TOPSNELT 363 826 69 653 200 3843 632 5322
PARALABRAX CLATHRLTUS KELP BASS 29 2730 29 2730
PABALABRAX MACULATOPASCIATUS SPOTTED SAND BASS 30 11206 a0 11206
PASALABRAX NEBULIPER BABRED SAND BASS 3 71 10 800 13 871
XEEISTIUS CALIPORNIENSIS SALEEA 1 432 1 432
SERIPAUS POLITUS QUEBNFISA 69 450 1 4 45 5617 115 6071
USBRIBA RONCADOR YZLLOSPIN CBOAKER 45 1800 45 1800
RENTICIRRAOS UBDULATUS CALIPORNIA COBBINA 3 340 3 440
GENYOREROS LINEATOS WHITE CROAFER 5 210 6 210
RONCAD  STEARNSII SPOTFIN CROAFER 1 160 1 160
GIRELLA KIGRICANS OPALEYE 39 15 17 40 1 345 s7 542
ENBIOTOCA JACKSONI BLACK SNEFPERCH 13 950 . 13 950
HYPERPROSOPON ARGENTEUM ¥ALLEYEZ SORPPERCH 2 171 50 3610 52 3781
CYRATOGASTER AGSREGATA SHIBER SUBPPERCH 15 78 131 1961 146 2039
DAMALICHTAYS YACCA PILE SUBPPERCH 3 1000 3 1000
CHRONIS POMCTIPINMIS BLACKSRITH 3 512 3 512
HYPSOBLENRIOS JEBRINSI NOSSEL BLENNY 40 97 40 97
BETEZROSTICHOS BROSTRATOS GIANT KXELPPISH 1717 1301 3 18 15 1357 199 2676
GIBBOBSIA ARTZL STRIPED XELPPISH 1 5 1 5
PABALICHTHYS CALIPORNICHS CALYPORNIA .BALIBOT 25 5882 25 5482
HYPSOPSETTA GOTTOLATA DIAROND TUBEOT 9 1396 9 1196
oCTOPYIS . 1 520 1 520
ORDER DECAPODA 321 571 321 573
PANOLIRTS INTEBRUPTUS SPINY LORSTER 1 200 1 200
CANCER ANTENNARIUS CONMON BROCK CRAB 132 196 132 196
PACHYGRAPSUS CRASSIPES SHORE CBAB 99 3130 39 130
KELP 3800 0 3800
*TOTAL JOLY 7977 19586 2103 8855 1710 98932 11990 127373
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TABLE 7.12-9
-INVENTORY OF SPECIES REMOVED BY THERMAL TREATMENT
AT ENCINA POWER PLANT DURING OCTOBER, 1979

SCREEN
TSt TS4 755
NUBBER NONBER BUNBER TOTAL TOTAL

SCIENTIFIC NARE CONNON uANR CANGHT WEIGHT CANGHT YPIGHT CAUGET VWEIGHT CAOGHT WEIGHT
PLATYRAINCIDIS TBISERIATA THORWBACK 4 2420 4 2420
BYLIOBATIS CALIFOBNICA BAT RAY 2 491 2 491
UROLOPHUS HALLERI BONND STINGRAY 115 25864 115 25864
GYNNUBA BARNOBATA CALIPORNIA BUTTE! PLY BAY 1 225 6 2743 7 2968
OPHICBTHUS Z0PHOCHIR YELLOW SBAKE EEL 1 257 1 257
ENGRAULIS NOBDAX NORTHERYN AYCHOVY 3 7 54 567 57 574
ASCHOM COMPRESSA DEEPBNDY ANCHOVY 462 1911 402 938 2681 27250 3545 30095
ANCHOA DELICATISSINA SLOGGH ANCROVY 152 342 : 152 342
PORICATHYS MYRIASTER SPECKLEPIN AIDSHIPYAN 2 870 2 870
PUBDULUS PARVIPINNIS CALTPORNIA KILLIPISH 19 95 19 95
LEURESTHES TENOIS CALIFORNIA GRUNIGH 1919 14098 a39 5988 2627 36242 5385 57328
ATAERINOPS APPINIS TOPSEELT 92 sS40 L} 1545 223 2085
CLIBOCOTTOS ANALIS ¥OCLY SCULPIN 1 20 1 20
PARBALABRAX CLATHRATES KELP BASS 9 474 83 5686 92 6160
PARALABRAX HACULMTOFASCIATUS SPOTTED SAND B, SS 1 159 is 3818 39 31977
PARALABRAX WEBOLIFER BARRED SAYD BA! 10 572 89 6144 99 6716
IERISTIOS CALIFORNIENSIS SALEEA 2 17 11 3217 13 384
APRISOTRENOS DAVIDSOMII SARGO 1 15 47 1922 48 1937
SERIPHUS POLITUS QUEENPISH 23 149 135 2207 267 7381 425 9797
CINOSCION MOBILIS RRITE SEABASS 1 763 1" 763
URBRINA RONCADOR YELLOWPI® CROAKES i S0 33 186 kT 236
RENTICTRRHOS OMDOULATUS CALIFOENIA COBBINA 1 400 3 726 4 1130
RONCADOR STEARNSII SPOTPIN CROAKER 1 1300 1 1300
CHEILOTRENA SATURBO® BLACK CBOAKER 1 45 22 836 33 481
GIRELLA NIGRICANS CPALEYE 1 1397 85 8304 96 9701
PERAOSTLLA AZUBBA ZEERAPERCE 19 76 19 76
ENBIOTOCA JACKSONT BLACK STRFPERCH 1 60 5 39) 6 550
RYPERPBOSOPON ARGENTEDN WALLEYE SOURPPRRCH 84 2360 107 31889 191 6245
CIAATOGASTER AGGREGATA SHINER SYURFPERCE 51 760 126 1712 177 2472
DARALICHTHYS VACCA PILE STURFPERCH 1 S90 1 590
CHBOAIS PUNCTIPINSIS BLACKSHITH 1 51 22 752 23 803
N0GIL CEPRALUS STRIPED MOULLET ] 2196 3 2196
SPRYRAENA ARGENTEA CALIFORNIA EARSACODA 3 58 22 109 25 167
BYPSOBLENNIOS GEXTILIS BAY BLENNY 1 1 0
BYPSOBLENBIUS GILBERTI ROCKPOOL BLENNY 1 1 0
HYPSOBLENRIUS JEWKINST MUSSEL BLENNY 1 1 0
BBTEROSTICAUS ROSTRATUS GIANT KELPPISH 3 110 100 3621 103 31N
SARDA CHILIENSIS PACIFIC BONITC 3 1293 3 1284
PARALICHTHYS CALIPOBMICUS CALIFORNIA HALIBUT 6 481 63 7909 69 81381
BIPSOPSETTA GUTTILATA DIAYOND TORBOT 8 2175 8 2118
SQUID (TEZOTHOIDEA) SQUID 68 609 68 609
ocToeus 3 a2s 3 825
PANOLIRUS INTERI OPTOS SPINY LOBSTER 1 169 1 169
KELP 13300 86325 0 59625
*TOTAL OCTOBER 2690 30775 1578 17556 6883 207518 11111 197513
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TABLE 7.12-11
FISH, INVERTEBRATE, AND ALGAE COLLECTIONS AT TRAVELING SCREENS
FOR ENCINA POWER PLANT, JANUARY - DECEMBER, 1979

Screen 1 (Units 1-3) Screen 4 (Unit 4) Screen 5 (Unit 5)

Daily Thermal Yearly Daily Thermal Yearly Daily Thermal Yearly All Screens

Impinged Treatment Total Impinged Treatment Total Impinged Treatment Total Yearly Total
Fish
Numbers 15,116 31,411 46,527 39,509 16,863 56,372 25,037 59,831 84,868 187,767
Weight (Kg) 199.1 156.3 355.4 353.3 201.4 554.7 842.8 2,088.5 2,931.3 3,841.4
invertebrates
Numbers 3,104 750 3,854 1,129 830 1,959 2,048 477 2,525 8,338
Weight (Kg) 61.4 55.5 116.9 28.7 7.3 36.0 63.1 18.0 81.1 244.0
Weight of 44.1 8.0 85.6 137.8
Kelp, Algae
(Kg)
TCT:L NUMBER 50,381 ‘ 58,331 87,393 196,105
(f£ish & invert.)
ICTAL WEIGHT (Kg) 472.3 590.7 3,012.5 4,075.4
{fish & invert.)
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traveling screen was consistently number one in terms of number
of organisms captured during each thermal treatment. All three
screens ranked number 1, 2, and 3 during various thermal treat-
ments; however, screen 5 ranked number one more frequently than
the others, screen 4 ranked second most frequently, and screen 1
ranked third most frequently. With regard to weight of organisms
captured, screen 5 consistently ranked first.

The study shows that certain numbers of fish species inhabit
the intake tunnel systems without being impinged. Some relative-
ly large individuals apparently live in the tunnels and their
numbers appear to be greatest in winter and lowest during
summer. However, all these organisms are killed during thermal
treatments. Following each treatment repopulation of the tunnels
begins, as organisms move into the intake from Agua Hedionda
Lagoon. A number of lagoon species do not appear to move into
the Plant and thus are not subject to impingement or thermal
treatment (Table 7.12-12).

The specific times when tunnel recirculation was conducted
were given in Table 7.5-3. Examination of data in this table for
total number and weight of fishes impinged indicates that some-
times there were residual effects of tunnel recirculation lasting
for one or more days following the operation. During those
periods, larger than usual numbers and total weights of fishes
occurred in the samples, despite the fact that all material im-
pinged during the 6-hr period of the tumnel recirculation itself

was removed by sampling at that time.
000550
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TABLE 7.12-12 : .
FISH SPECIES COLLECTED IN AGUA -HEDIONDA LAGOON
THAT WERE NOT COLLECTED AT THE TRAVELING SCREENS
AT ENCINA POWER PLANT DURING 1979

SCIENTIFIC NAME COMMON NAME
Scorpaenichthys marmoratus Cabezon

Paraclinus rostratus Reef finspot
Gobionellus longicaudus Longtail goby
Gillichthys mirabilis Longjaw mudsucker
Ilypnus gilberti Cheekspot goby
Quietula y-cauda Shadow goby
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This effect was evaluated statistically by comparing the
levels of impingement for 48-hr periods just before and just
after tunnel recirculation. The 12-hr period 1900-0700 hr,
within which tunnel recirculation occurred, was omitted from
consideration. The comparisons were made with a series of Mann-
Whitney U tests on total number and weight of all fishes impinged
for the three traveling screen stations combined. These tests
evaluated the null hypothesis that there was no significant
difference in levels of impingement before and after tunnel re-
circulation, against the one-way alternative hypothesis that the
level of impingement was significantly greater after tunnel re-
circulation than before. |

A comparison was not made for the tunnel recirculation of
February 24-25, 1979, because of possible confounding effects
associated with a storm and the start of dredging operations at
that time (Table 7.5-3). The incomplete tunnel recirculation
on September 1-2, 1979 also was not considered, because it
lasted only two hours.

The results of the Mann-Whitney U tests were as follows
(SIG indicates a significant difference at the level of signifi-

cance shown; NS indicates difference not significant):

Dates of Tunnel Total Number Total Weight
Recirculation of Fishes of Fishes
3/31-4/1 SIG SIG

(p<.05) (p<.05)
6/16-6/17 SIG SIG
(p<.10) (p<.05)
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Dates of Tunnel
Recirculation

7/28-7/29
9/8-9/9
10/13-10/14

11/24-11/25
12/29-12/30

Total Number
of Fishes

NS
NS

SIG
(p<.05)

NS
NS

Total Weight
of Fishes

NS
NS
NS

NS
NS

For only three of the seven tunnel recirculations considered were

levels of impingement significantly greater following recircula-

tion than just before.

It is clear from the statistical results .

and from examination of Table 7.5-3 that residual effects of

impingement sometimes did occur following tunnel recirculation,

but not in all cases.
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7.13 DISCUSSION

The nature and extent of entrapment and impingement of
fishes and invertebrates in cooling water systems of power plants
is influenced by a number of physical and biological factors
(7-6, 7-7, 7-8, 7-9, 7-10, 7-11, 7-12, 7-13, and 7-14). The
primary physical factors involved appear to be water temperature,
velocity of flow and other flow characteristics in the’éooling
water system, waves, surge, turbulence and salinity changes
associated with storms, level of illumination, and the water
depth and structural characteristics of the intake system. All
of these factors contribute.to'impingement through their inter-
actions with the species-specific and size-specific behavior
and condition of fishes and invertebrates inhabiting the area
adjacent to the intake, including the attraction of many species

to man-made structures (7-15, 7-16, and 7-17). The detailed, =~ |
/

two-year study of environmental factors affecting impingement of /

/

fishes at the Redondo Beach Generating Station in Redondo Beach,i
Caiifornia (7-18), is particularly useful as a basis for cém.par—g
ing the results of this study at the Encina Power Plant. |

Specific interpretations of results from this impingement
study are considered in preceding subsections of the report. A
more general interpretation of the important results is provided
here.

The detailed, daily sampling programs conducted during the

period February 4, 1979 - January 4, 1980 provided a very com-

prehensive set of data concerning impingement of fishes, large
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invertebrates, and marine plants in the cooling water system of
the Encina Power Plant. The methods used were effective in
obtaining accurate quantitative and qualitative data.

During the 336-day period of the study, 76 species of fishes,
45 spécies of large invertebrates, and 7 species of marine
grasses and algae were impinged at the traveling screens and the
bar rack screening system. All were species common in Agua
Hedionda Lagoon or in adjacent ocean areas.

Johnson et al. (1976) (7-19) reported that 112 species of
fishes were impinged in the cooling water system of generating
.Units 7 and 8 at the Redondo Beach Generating Station during the
two-year period September 1974 - August 1976. In common with the
Encina Power Plant, these units use cooling water drawn from an
area inhabited by both bay and ocean species. However, the in-
take structure at the Redondo Generating Station is located near
the head of the Redondo Submarine Canyon. As a result, the fish
fauna and the marine biota in general are particularly rich in
spec;es composition (7-20 and 7-21). These characteristics
probably explain in part the difference in number of species

impinged at the two power plants.

The total amount of fish and invertebrate material impinged -

at the traveling screens of the Encina Power Plant during the

336-day period was 85,943 individuals, with a combined weight of
approximately 1548.4 kg (3414 1b). Of these, 79,662 individuals
were fishes weighing a total of 1395.2 kg (3076 1b). In contrast

to this, Johnson et al. (1976) (7-22) reported that an estimated
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260,917 fishes weighing 19,553.4 kg (43,063 1b) were impinged
at the traveling screens for Units 7 and 8 of the Redondo Beach
Generating Station during the 52-week (364-day) period September
1, 1974 - August 31, 1975. These figures included fishes im-
pinged during tunnel recirculation. '
Several differences between the two power plants probably
account for the very different total levels of impingement
observed. The cooling water systems supplying Units 7 and‘8 of
the Redondo Generating Station had a maximum flow rate of 468,000
gpm, in contrast to a maximum flow rate of 534,300 gpm for all
Units of the Encina Power Plant (41,900-220,060 gpm per Unit).
The cooling water passes through a relatively longrconduit from
366 m (1200 ft) to the Redondo Beach Generating Station, while
the cooling water conveyance channels of the Encina Power Plant
(Figure 7.3-1) are shorter. The structures through which water
enters the cooling water system are different at the two power
plants and the velocity of flow into the intake structure is
relatively high at the Redondo Beach Generating Station (% = 73.2
‘cm/sec or 2.4 ft/sec). 1In addition, the richer fish fauna in
King Harbor and at the head of the Redondo Submarine Canyon
probably contributed to the higher levels of impingement repor-
ted at Redondo Beach. In any case, the results obtained in this
study indicate that the levels of impingement for fishes and-
invertebrates are relatively low at the Encina Power Plant com-
pared to those for the Redondo Beach Generating Station and other

large coastal power plants in southern California.
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The queenfish (Seriphus politus) had by far the highest '

level of impingement at the Encina Power Plant in terms of number
of individuals (18,681 individuals, 23.4 percent of all fishes).

It also ranked fourth in weight (6.5 percent of all fishes). The

deepbody anchovy (Ahchoa compressa) had the second highest level
of impingement (13,299 individuals; 16.7 percent of all fishes)
and ranked seventh in weight. Next in order by number of indi-

viduals impinged were the topsmelt (Atherinops affinis), the

California grunion (Leuresthes tenuis), the northern anchovy

(Engraulis mordax), and the shiner surfperch (Cymatogaster

aggregata), represented by from 9.2 to 13.7 percent of all fishes
impinged. All six of these highest ranking species were common

in the area near the Encina Power Plant during the study. All

also are relatively active, open water forms. Because of these
characteristics, it is not surprising that they form the large
majority (83.1 percent) of all individuals impinged.

Generally similar results were reported for the Redondo
Generating Station (7-23). 1In 1974-75, the highest ranking
fishes in number impinged were northern anchovy (38 percent of
all fishes), shiner surfperch (16 percent), and queenfish (16
percent).

The six species ranking next highest in impingement at the
Encina Power Plant had considerably lower, similar levels ranging
from 1877 individuals (2.4 percent of all fishes) for the walleye

surfperch (Hyperprosopon argenteum) to 1046 individuals (1.3

percent) for the giant kelpfish (Heterostichus rostratus). All
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of the remaining species had levels of impingement that repre-
sented less than 1.0 percent of the total number of all fishes
impinged. Two of these six, walleye surfperch and the white
surfperch also were important components of impingement samples
at Redondo Beach (7-24).

Among thé 12 species exhibiting levels of impingement
greater than 1.0 percent at the Encina Power Plant, only three

are bottom fishes. Tﬁey are the round stingray (Urolophus hal-

leri), the California halibut (Paralichthys californicus)

and the giant kelpfish (Heterostichus rostratus). In general,

bottom fishes are less susceptible to impingement because they
are heavy-bodied forms influenced very little by water flow more
than 1 to 2 m above the bottom. The giant kelpfish normally
remains close to the fronds and blades of the giant kelp

(Macrocystis pyrifera). It probably is carried into the cooling

water system with the large masses of giant kelp that have
broken off from the kelp canopy.

Many of the rankings by weight differed considerably from
those by number of individuals impinged. The round stingray

(Urolophus halleri) and the Pacific electric ray (Torpedo cali-

fornica) ranked first and second on the basis of weight (13.3
percent and 9.0 percent of all fishes), respectively. Other
heavy-bodied rays within the first ten species on the basis of
weight were the sixth ranked California butterfly ray (Gymnura

marmorata) and the tenth ranked bat ray (Myliobatis californica).

Johnson et al. (1976) (7-25) noted a similar large component of
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elasmobraﬁch fishes in the biomass of impingement samples at the
Redondo Beach Generating Station. They found that 33 perceﬁt

of the impinged fishes by weight consisted of sharks and rayé,
and that during 1974-75 Pacific electric ray accounted for 9
percent ofhall fishes by weight. |

' The topsmelt (Atherinops affinis) ranked third in the im-

pingement samples at the Encina Power Plant, both in number and
weight of individuals, representing 8 percent of all fishes by

weight. The queenfish (Seriphus politus) ranked fourth in

weight. Thus, all three of these open water species ranked high
in both numbers and weight of individuals impinged.

The rankings of fishes on the basis of weight are a useful
component of the impingement study. Yet they are less important
ecologically than the rankings based on number of individuals
impinged. This is because most population processes of the
species involved are more directly affected by the numbers of .
individuals in the population and variation in these numbers
than they are by the total biomass of individuals. For this
reason, selection of additional critical species was based on
the numerical rankings and total numbers of individuals impinged,
as described in subsection 7.4.

Both the numbers and weights of fishes and invertebrates
varied considerably throughout the year and from day to day and
week to week. Results of correlation analyses indicated that
there were no significant correlations between weekly mean values
of temperature, salinity, ocean wave height, or cloud cover on
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either the weekly mean total numbers or weights of fishes im-
pinged. The lack of significant correlations may be a reflection
of the fact that impingement is influenced by a combination of
factors, rather than by one or two acting in isolation.

The seasonal pattern of changes in impingement for some
critical species of fishes appeared to be related either directly
or indirectly to water temperature. For example, the queenfish

(Seriphus politus) had the highest levels of impingement during

the period mid-June through early September, when ambient water
temperatures were highest. Lowest mean numbers were impinged
during the period March-May, when water temperatures were rela-

tively low. In contrast, the largest numbers of round stingrays

(Urolophus halleri) were impinged in February, when water tem-
peratures were low, and the smallest numbers were impinged from
July to September, the period of highest water temperatures.

~ While this evidence does not show conclusively that water tem-
perature is related to levels of impingement, it suggests that
temperature prdbably is involved in the ﬁrocess for some species.
This had been shown to be the case in other studies of impinge-
ment (7-26, 7-27, 7-28, 7-29, and 7-30).

Effects of five distinct storm periods on numbers and
weights of fishes were evaluated statistically by comparing data
for periods of 4 to 7 days before and after onset of storms. The
storm periods were characterized by wind speeds > 12 mph (16 kph),
rainfall, salinities < 29.9 ppt in the lagoon, and ocean wave

heights > 4 ft ( (1.2 m). Four of the five storm periods had

00069
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significant effects, with larger numbers or weights of fishes .
impinged during the storm conditions than just before.
The results do not allow specific assessment of the indi-
vidual physical conditions involved, but only their combined
effects. However, it is very likely that all of these physical
conditions, .and possibly the associated increase in turbidity as
ﬁell, act in combination to cause increased impingement. Tur-
bulent water conditions in the ocean adjacent to the entrance to
Agua Hedionda Lagoon may affect impingement by causing fishes to
seek shelter in the lagoon. Johnson et al. (1976) (7-31) and
others (7-32, 7-33, 7-34, and 7-35) have observed similar effects
in other studies.
Johnson et al. (1976) (7-36) reported that storms accompan-
ied by high wind speeds caused turbulent water conditions around .
the intake structure of the Redondo Beach Generating Station.
During six storms over the two-year period September 1974 -
August 1976, in which wind speeds averaged greater than 17.3 mph

(27.7 kph) for 24-hr periods, 208,052 fishes were impinged in

19 days. This represented 24 percent of all fishes impinged
during the two-year period of their study. Two major storms
alone accouﬁted for 21 percent of all fishes impinged. They also
found that the mean number of.fishes impinged per day during
storm periods (x = 8223) was significantly greater than during

normal periods (x = 817).

7-136

-

000501

#



The effects of storm conditions on the area around the in-
take structure of the Redondo Beach Génerating Station undoubted-
ly are much greater than for the Encina Power Plant. At Redondo
Beach the intake structure for Units 7 and 8 is located in an
area directly exposed to wind, ocean swells, and turbulence,
while at the Encina Power Plant water enters the system from the
relatively sheltered outer part of Agua Hedionda Lagoon. Evi-
dence of this is the fact that during‘storms, when ocean wave
heights exceeded 4 ft (1.2 m), wave heights in outer Agua
Hedionda Lagoon remained less than 1 ft (0.3 m). This difference
presumably is one major reason why storm conditions had much less
pronounced effects on levels of impingement at the Encina Power
Plant.

Dredging operations to remove accumulated sediment from
outer Agua Hedionda Lagoon during the period from February 20 to
April 25, 1979, also caused increased impingement of fishes and
invertebrates. This was true particularly for species living in
the lagoon. Evidence from statistical comparisons between levels
of impingement during and following the dredging operations sup-
port this conclusion. Unfortunately, the period of dredging
overlapped that of storm conditions during the winter and early
spring, so that it was difficult to separate the effects of these
two confounding variables.

Most of the effects of dredging operations in increasing
impingement are relatively obvious ones. Disturbance and removal

of bottom sediment would cause displacement of benthic fishes

7-137 Q0OGO2



and invertebrates into the water column, making them more vulner-
able to impingement. High levels of turbidity in the lagoon
caused by dredging would reduce light levels and visibility
markedly, with a resulting increase in impingement of fishes.

In addition, both benthic and open water fishes probably were
attracted into the areas affected by dredging to feed on organ-
isms displaced by disturbance of the sediment. The resulting
higher densities of some species in the outer part of Agua
Hedionda Lagoon probably contributed to the higher levels of
impingement observed.

Evaluation of more detailed information about short-term and
seasonal variations in impingement of fishes qonsidered as criti-
cal species suggests that for most of them impingement was rela-
tively continuous throughout the year. However, the numbers and
weights of individuals for each species varied greatly from day
to day, week to week, and seasonally. In some cases these varia-
tions appeared to be related directly or indirectly to effects
of water temperature, storm conditions, dredging operations in
outer Agua Hedionda Lagoon, and other envirommental factors.

There is a very clear evidence that the numbers and weights
of fishes impinged during the night and early morning period .
primarily of darkness (1900 to 0700 hr) were significantly
greéter in almost all cases than those during the day (0700 to

1900 hr). Diurnal effects of this kind on impingement have been
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reported for several freshwater cooling systems (7-37, 7-38,
7-39, and 7-40).

There are a number of probable reasons for this evident day-
night difference in levels of impingement at the Encina Power
Plant. Many fishes tend to be relatively quiescent and reduce
their swimming activities during darkness. The visual cues used
by most species of fishes in swimming and avoidance behavior also
would be reduced at low levels of illumination. Because of these
effects, some species would be more susceptible to being trans-
ported into the cooling water system and impinged during periods
of darkness. Another possible effect is that some species may
move into the areé of Agua Hedionda Lagoon adjacent to the Encina
Power Plant during darkness to feed or seek shelter. Higher
densities of these individuals might then contribute to increased
levels of impingement. Several of the species with high levels
- of impingement at the Encina Power Plant are active at night.

These include the queenfish (Seriphus politus), the northerng

anchovy (Engraulis mordax), and the Pacific electric ray (Torpedo

californica).

As in the case of evaluating effects of storm conditioms,
it is very difficult to consider each of these possible causal
factors in isolation. Specific field and laboratory experiments
would be required to do so.

Results of correlation analyses and evaluation of variations
in impingement indicate that, in general, there was a direct

relationship between increasing flow rates of cooling water and
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the impingement levels of fishes. Johnson et al. (1976) (7-41) .
reported a similar relationship for Units 7 and 8 of the Redondo
Generating Station. They found that an average of twice as
many fishes were impinged during periods when all four circulator
pumps supplying‘these units were in opéfation (468,000 gpm;
maximum intake velocity of 97.5 cm/sec or 3.2 ft/sec) than when
only two pumps were operating. The numbers of fishes impinged
were significantly different at these two levels of flow.
Swimming capabilities of fishes and their reactions to flow
velocities at the point where cooling water enters the Power
Plant are known to influence impingement. Schuler and Larsen
(1975) (7-42) showed in laboratory tests using.simulated intake

structures that entrapment of fishes increases with increasing

approach velocities of water at the intake. Johnson et al.
(1976) (7-43) also reported the results of field and laboratory
studies to evaluate the swimming capabilities and impingement

of four species, the queenfish (Seriphus politus), the northern

anchovy (Engraulis mordax), the shiner surfperch (Cymatogaster

aggregata), and the white croaker (Genyonemus lineatus). Of
these,.only the northern anchovy showed significantly higher
levels of entrapment and impingement with four, as opposed to
two, circulator pumps of Units 7 and 8 in operation at the
Redondo Generating Station. Results of their laboratory studies
also showed that shiner surfperch and white croaker both have
swimming capabilities greater than those required to escape from

flow with approach velocities up to 97.5 cm/sec (3.2 ft/sec) at
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the point where cooling water enters the intake structure.

Such velocities exceed those measured in the cooling water system
of the Encina Power Plant. However, the specific swimming capa-
bilities of most fish species impinged at the Encina Power Plant
are not known.

Genérating Unit 4 at the Encina Power Plant was out of ser-
vice during March, April, and May and the total flow rates of
cooling water into the plant were reduced from approximately
500,000 gpm to 350,000 gpm. During this time impingement at the
traveling screens for the two units remaining in operation de-
clined and generally remained at relatively low levels. While
not conclusive, this evidence ‘suggests that such a reduction in
total flow rate of water entering the Power Plant from Agua
Hedionda Lagoon tended to reduce impingement at the traveling
screens of both units still in operation, despite the fact that
the flow rates within the conveyance channels for these two units
remained approximately the same. This possible effect could be
eQaluated further through comparisons of impingement levels at
different total flow rates. The information obtained would be
of practical value in determining the optimal flow characteris-
tics of the cooling water system to maintain low levels of

impingement.

In general, there was little decomposition or physical

damage evident among most species of fishes in the impingement

000GOS
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samples. However, following tunnel recirculation (heat treat-
ment) the numbers of decomposed individuals increased, reflec-
ting the fact that substantial numbers of dead fishes from the
tunnel recirculation remained in the conveyance channels for
periods of several days before they were impinged.

Observations during sampling indicated that when first
washed into the sampling nets and trash collector units, most
fishes were alive and in relatively good condition. Death and
decomposition of most individuals appeared to Be the result of
exposure out of water in the trash collector baskets, rather
than to impingement on the traveling screens. Live fishes re-
moved from the sampling nets and held in tanks supplied with sea-
water recovered and appeared to be normal. These individuals
were routinely releésed.

There appeared to be a fairly direct relationship between
the amount of physical damage and the fragility or delicate mor-
phological characteristics of a given species. For example,
all three of the anchovy species were subject to much more dam-
age than the two relatively more "firm-fleshed" atherinid spe-
cies and other fishes. Aside from the anchovies, there also
appeared to be a tendency for species with larger body size to
sustain slightly more physical damage than those of smaller size.

The sex ratios of the round stingray (Urolophus halleri),

the deepbody anchovy (Anchoa compressa), the slough anchovy

(A. delicatissima), the topsmelt (Atherinops affinis), the

California grunion (Leuresthes tenuis), and the specklefin
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midshipman (Porichthys myriaster) all reflected the fact that

frequently larger numbers of adult femalesAthan males were im-
pinged. The causes of this are not clear. However, in the
case of the specklefin midshipman all of the females impinged
were in advanced stages of reproductive development. Johnson
et al. (1976) (7-44) reported similar observations on midship-
man species, shiner surfperch, and other species that when
impingement of females was greater than that for males, the
females usually were in an advanced reproductive stage. This
evidence suggests that reproductive condition of females in
: some species, including specklefin midéhipman and shiner surf-
perch, influences their susceptibility to impingement. Blaxter
(1969) (7-45), in a review concerning swimming performance of
fishes, noted that reproductive condition can influence swimming
capabilities. As Johnson et al. (1976) (7-46) have indicated,
the orientation behavior of female fishes also may change when
they are in an advanced reproductive state. It is difficult to
assess the impact such differential impingement of females in
reproductive condition would have on the natural populatioms.
While the data obtained concerning reproductive condition are
limited, they do indicate that for most of the 12 species con-
sidered, adult females in all stages of reproductive develop-
ment occurred in the impingement samples.

The largest component 6f marine organisms in almost all
impingement samples from the bar rack and traveling screen sta-

tions consisted of marine grasses and algae. Large rays and

Y47, €
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sharks accounted for a relatively small part of the material
impinged at the bar rack screening system. Eel grass (Zostera

marina) and the giant kelp (Macrocystis pyrifera) were the

dominant species in terms of volume. 1In general, the highest
levels of impingement at the bar rack system occurred during

and following storms. The reason for this appears to be that
surge and wave action associated with storm conditions dislodge
and transport large amounts of plant material. However, impinge-
ment of plants at the traveling screens gene;ally was greater

during the summer and fall.
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PLANT Encina F]SH OBSERVATIONS month of _February 1974
3=6-T4 NORMAL OPERATION, 7 hours obscrved on each

ATE
D date shown below

-3 sh Estimetod Number Estimate of S51ze Range

gt Fash Tota} Wejght Inches

ATMERINIDAE (SILVERSIDE FAMILY)
JACKSMELT, TOPSMELT-ATHERINQPS SPP. 10 2 1b 37

BATRACHOIDIDAE (TOADFISH FAMILY)
SLIM MIDSHIPMAN-PORICHTHYS MYRIASTER

BELONIDAE (NEEDLEFISH PAMILY)
CALIFORNIA NEEDLEFISH-STRONGYLURA EXILIS

BOTHIDAE (LEFTEYED FLOUNDER FAMILY}
CALIFORNIA HALIBUT-PARALICHTYS CALIFORNICUS

CARANGIDAE (JACK FAMILY)
PACIFIC JACK MACKEREL-TRACHURUS SYMMETRICUS
CALIFORNIA YELLOWTAIL-SERIOLA DORSALIS

CLUPEIDAE (HERRING FAMILY)
PACIFIC SARDINE-SARDINOPS CAERULEA 5 1 1b 3-6

CYBIIDAF (SPANISH MACKEREL FAMILY)
CALIFORNIA BONITO-SARDA LINEOLATA

EMBIOTOCIDAE (SURFPERCH FAMILY)
ALL SPECIES COMBINED

2 1b 15

ENGRAULIDAFE (ANCHOVY FAMILY)
NORTIERN ANCHOVY-ENGRAULIS MORDAX

0.5 1b 3-6

GIRECLLIDAL {NIBBLER FAMILY)

OPALEYE-GIRELLA NIGRICANS 0.5 1b 8

o | o e

HUGQJBAE (MULLET FAMILY)
TRIPED MULLET-MUGIL CEPHALUS

0.5 1b 2-3

OSMERIDAY. {SMELT FAMILY)
SURF SMELT-HYPOMESUS PRETIQSUS

PLEURONECTIDAE (RIGHTEYED FLOUNDER FAMILY)
SOLE, FLOUNDER, TURBOT 1 0.5 1b 9

SCIAENIDAE (CROAKER FAMILY)
QUEENFISH-SERIPHUS POLITUS
WHITE SEABASS-CYNOSCION NOB IL1S
SPOTFIN CROAKER- RONCADOR STEARNSI
YELLOWFIN CROAKER-~UMBRINA B_Q ADOR
OTHER

SCOMBRIDAE (MACKEREL FAMILY}
PACIFIC MACKEREL-PNEUMATOPHORUS DIEGD

SCORPALNIDAE (ROCKFISH FAMILY)
SCULPIN-SCORPAENA GUTTATA

SERRIANIDAE (BASS FAMILY!)
KELP BASS-PARALABRAX CLATHRATUS
SAMND BASS-F, NEBULIFLR
SPOTTED BASS-P. MACULATOFASCIATUS o 2 1o A=h

SPHYRAENIDAE
CALIFORNIA RARRACUDA-SPHYRAENA ARGENTEA

DASYATIDAE (STINGRAY FAMILY) 4 4 1b B8-12

RAJIDAE (SKATE FAMILY)

SHARKS

CALIFORNIA SPINY LOBSTER-PANULIRYUS INTERRUPTUS

MYSIDAE {(SHRIMP FAMILY)

OTHER SPECIES 1 0,3 1b o1

Estimated total pounds of f{ish during obsexvation 13 -3 1lb

Remsrks: (Include unusual events such as red tide, excessive rain, which has affected amount 2f fish observed
Circulating Water Tunnel Heat Treating feriod, February 10, 1974

SAN DIEGO GAS & ELECTRIC COMPANY

Standard form used by SDG&E in
recording impingement data.
Encina Power Plant - August 1, 1980

PREPARED BY: FIGURE NO.
. WOODWARD-CLYDE CONSULTANTS 7.2-1
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SCHELNS [ MPRISTNENT $T4)
Ispingement Statiom 1
(Units 1-~3)

Ispingement Station 3
(Unit 3)
SCRTENS (o menRNY 3YA)

SRTRANMINT 3TATION

BAR BACKS { sePmieTRENT $TA)
Impingement Station 9

Impingement Station 4 (Bar rack)

(Unit &)
SCACENS { 1ur motnEwT 874 )
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SAN DIEGO GAS & ELECTRIC COMPANY

Coollng water system of
Power Plant showing the

| Auguat 1. 1980

the Encina
location of

the .four impingement sampling stations
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