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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: 


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

invertebrates and seven species of marine grasses 

and algae were impinged. 

0 	 Marine plants were the largest component of material 

in the samples. 

0 	 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 lb). 
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0 	 79.662 of the  t o t a l  i nd iv idua l s  were f i s h e s  

weighing a t o t a l  of 1395 kg (3076 l b ) .  

0 	 During thermal t reatments  (seven f o r  t h e  year )  

108,102 f i s h  weighing 2422 kg (5341 l b )  were 

removed. 

Levels of impingement were lower a t t h e  Encina Power P l a n t  

compared t o  those repor ted  f o r  o t h e r  c o a s t a l  genera t ing  s t a t i o n s  

i n  southern C a l i f o r n i a .  Numbers impinged a t  Encina and o t h e r  

p l a n t s  during a one year per iod ,  including.therma1 t r ea tmen t s ,  w e r e :  

0 	 187,764 f i s h  weighing 3817 kg ( 8 4 1 7 1 b ) a t  Encina 

Power P lan t  Units 1-5 withamaximum flow rate of 

828 MGD. 

260,917 f i s h  weighing 19 ,553kg(43 ,063  1b) a t  Redondo 

Beach Generating S t a t i o n  Units  7 a n d 8  wi th  a m a x i - a 
mum flow r a t e  of approximately 673MGD(7-1). 

0 365,641 f i s h  weighing 16,974 kg (37,423 l b )  a t  San 

OnofreNuclearGeneratingStation Unit 1 wi th  a m a x i ­

mum flow rate  of approximately 500 MGD (7-2) .  

The six h ighes t  ranking f i s h  spec ie s  by numbers impinged 

(83 percent  of a l l  f i s h e s )  are a c t i v e ,  open water forms t h a t  

occur i n  schools .  I n  decreasing o rde r  of abundance, they are 

t h e  queenf i sh ,  deepbody anchovy, topsmelt ,  C a l i f o r n i a  grunion,  

no r the rn  anchovy, and s h i n e r  su r fpe rch .  

Impingement of many f i s h  s p e c i e s  w a s  r e l a t i v e l y  c o n s i s t e n t  

throughout t h e  y e a r .  Levels of impingement, however, showed 

cons iderable  s h o r t - and long-term v a r i a t i o n .  There w e r e  no s i g ­

, ’  
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e 
 nificant correlations between water temperature, salinity, 

cloud cover and ocean wave height and levels of impingement 

when these parameters were analyzed alone. It 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 -< 

29.9ppt,and waveheights >4 ft) had evident 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. a 
 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 increasing 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 
e 
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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 occutred 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 the.maltreatments for the year, 108,102 fish which 


weighed 2422 kg (5341 lb) 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 - 1  
and salinity changes associated with storms, level of illumina­

tion, and the water depth and structural characteristics of 

the intake system. 

0 
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7 . 2  HISTORICAL INFORMATION 

Species l i s t s  and ecologica l  information f o r  f i s h e s  known o r  

expected t o  occur i n  Agua Hedionda Lagoon and t h e  inshore  ocean 

area adjacent  t o  t h e  Encina Power P lan t  are given i n  Sec t ions  

6 . 2  and 6 . 3  of t h i s  r e p o r t .  Detai led information about f i s h e s  

taken i n  these  areas during monthly sanpl ing by Woodward-Clyde 

Consultants i s  given i n  Sec t ion  6 . 5 .  Extensive d a t a  concerning 

benth ic  inve r t eb ra t e s  and p l a n t s  i nhab i t ing  Agua Hedionda Lagoon 

have been repor ted  by Miller (1966), Bradshaw and Estberg (1973), 

and Bradshaw e t  a l .  (1976) (7-3,  7-4 and 7-5) .  These sources 

provide use fu l  background information f o r  t h e  impingement s tudy.  

They also provide a good i n d i c a t i o n  of t h e  f i s h ,  i n v e r t e b r a t e ,  

and p l a n t  spec ie s  l i k e l y  t o  be impinged i n  t h e  cool ing  water 

s y s t e m  of t h e  power p l a n t .  

The impingement s tudy descr ibed i n  t h i s  r e p o r t  i s  the  f i r s t  

d e t a i l e d  one conducted a t  t h e  Encina Power P l a n t .  Previously,  

r egu la r  monthly sampling w a s  c a r r i e d  out  a t  t h e  p l a n t  by the  

San Diego Gas & E l e c t r i c  Company (SDG&E) during t h e  f i v e  year 

per iod November, 1972 - February,  1978 t o  record  t h e  impingement 

of f i s h e s  and l a r g e  c rus taceans .  These records provide  use fu l  

h i s t o r i c a l  information a g a i n s t  which t h e  r e s u l t s  of the d e t a i l e d  

study may be  compared. They a l so  w e r e  u s e d  i n  planning the  

methods used i n  t h i s  s tudy .  

Sampling was conducted by personnel of SDG&E a t  representa­

t ive t i m e s  on 1 t o  4 days p e r  month. A s  descr ibed i n  Sec t ion  

1 6 . 2 . 3 ,  material  washed froin t h e  t r a v e l i n g  screens  passed 
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@ 	 through concre te  troughs and a spout i n t o  l a r g e  metal t r a s h  

c o l l e c t i n g  baske ts .  Impingement samples f o r  SDG&E monitoring 

study w e r e  obtained by placing a netal screen  c o l l e c t i n g  device 

i n  p lace  of  t h e  spout a t  t h e  end of t h e  t rough.  The c o l l e c t o r  

was l e f t  i n  p lace  for a known length  of t i m e  (normally 8 hours) 

and t h e  conten ts  w e r e  then removed and examined. 

A s tandard  da ta  form w a s  used t o  record  t h e  information. 

These monitoring records are maintained by SDG&E. A sample of 

the da ta  form i s  shown i n  Figure 7.2-1. Estimated number of 

i nd iv idua l s ,  estimated t o t a l  weight,  and estimated s i z e  range 

were recorded by month f o r  each of 21 f a m i l i e s  of f i s h e s  and 

f o r  l o b s t e r s  and shrimp, as ind ica ted  i n  Figure 7 .2-1 .  The 

estimated t o t a l  weight of f i s h  c o l l e c t e d  also was recorded. 

The s i z e  of t h e  sampling device employed by SDG&Ewas much 

smaller  than t h a t  used i n  t h e  d e t a i l e d  s tudy and t h e  methods of 

processing t h e  samples w e r e  d i f f e r e n t .  Despi te  t hese  d i f f e ren ­

c e s ,  t h e  r e s u l t s  from both approaches are gene ra l ly  comparable. 

7-7 
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7 . 3  METHODOLOGY 

Quan t i t a t ive  sampling and ana lys i s  of impinged f i s h e s ,  l a r g e  

i n v e r t e b r a t e s  and marine p l a n t s  was conducted twice d a i l y  a t  t h e  

Encina Power P lan t  during t h e  per iod February 4 ,  1979 through 

January 4 ,  1980. Preliminary sampling a l s o  w a s  conducted during 

t h e  per iod January 19 through February 3, 1979 t o  r e f i n e  t h e  

methods used.  Detailed d e s c r i p t i o n s  f o r  a l l  methods of sampling 

and a n a l y s i s  employed i n  t h e  impingement study a r e  given i n  

Appendix B ,  Sect ion 1 6 . 2 . 3  of t h i s  r e p o r t .  Brief  d e s c r i p t i o n s  I/ 

of t h e s e  methods a r e  provided h e r e .  

A morning sample a t  0700 h r  and an evening sample a t  1900 

h r  were taken from l a r g e  nylon n e t s  suspended i n  t h e  metal  t r a s h  

c o l l e c t o r  baskets  assoc ia ted  w i t h  each of t h e  t h r e e  s e p a r a t e  

t r a v e l i n g  screen  systems of t h e  Power P l a n t .  The l o c a t i o n s  of 

these t h r e e  t r a v e l i n g  screen systems, designed as impingement 

s t a t i o n s  1, 4 ,  and 5 ,  a r e  shown i n  Figure 7 .3 -1 .  S t a t i o n  1 was 

l oca t ed  a t  t h e  t r a v e l i n g  screens  of genera t ing  Units 1-3, s t a t i o n  

4 a t  t h e  screens of generat ing U n i t  4 ,  and s t a t i o n  5 a t  t h e  

screens  of generat ing Unit 5 .  By sampling i n  t h i s  way, 12-hr 

accumulation samples were obtained continuously from each of 

t h r e e  screenwell  l o c a t i o n s .  The samples taken a t  0700 h r  repre­

sen ted  impingement t h a t  occurred p r imar i ly  during darkness ,  while  

those taken a t  1900 h r  represented  impingement t h a t  occurred 

dur ing  d a y l i g h t .  

The e n t i r e  contents  of t h e  n e t  c o l l e c t o r  a t  each screenwell  

s t a t i o n  l o c a t i o n  c o n s t i t u t e d  t h e  12-hr accumulation sample. a. 
7-8 00134'73 



0 	 Appropriate methods of subsampling were employed when the  amounts 

of ma te r i a l  and t h e  numbers of ind iv idua ls  of a given animal 

spec ies  w e r e  l a r g e .  These standard subsampling methods a r e  de­

scr ibed  i n  Appendix Section 16.2.3. All da ta  w e r e  recorded on 

standard forms, using a computer coding format.  

I n  the  labora tory ,  a l l  f i s h e s ,  l a r g e  i n v e r t e b r a t e s ,  and 

marine p l an t s  w e r e  so r t ed  from t h e  whole sample o r  subsample 

p r i o r  t o  making i d e n t i f i c a t i o n s ,  counts and measurements. These 

organisms were i d e n t i f i e d  t o  species  o r  t o  t h e  lowest poss ib l e  

taxonomic category,  using keys and re ference  c o l l e c t i o n s .  

The aggregate weight of a l l  animal and p l a n t  ma te r i a l  com­

bined and t h e  aggregate weight of a l l  marine p l a n t s  w e r e  de t e r ­

mined t o  t h e  nea res t  100 g .  The rank order  of abundance of each 

p l an t  spec ies  by estimated volume and t h e  numbers of ind iv idua ls  

of each f i s h  and mot i le  i nve r t eb ra t e  spec ies  w e r e  determined 

and recorded. The t o t a l  body length of i nd iv idua l  f i s h e s  w a s  

determined and recorded t o  t h e  nea res t  1 nun. The w e t  body weight 

of ind iv idua l  f i s h e s  w a s  determined t o  t h e  n e a r e s t  1 g a f t e r  

shaking loose w a t e r  from t h e  body. 

duals combined was determined i n  t h e  same manner. 

To ta l  weight of a l l  i n d i v i -

The q u a l i t a ­

t i v e  body condi t ion  of individual  f i s h e s  w a s  determined, usin.g 

s tandard codes f o r  decomposition and phys ica l  damage as described 

i n  Appendix Sec t ion  1 6 . 2 . 3 .  

Once per  month, f i s h e s  taken i n  one o r  more impingement 

samples a t  each s t a t i o n  a lso w e r e  examined t o  determine t h e i r  

sex and reproduct ive condi t ion .  During per iods  when t h e  amountQ 
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of material impinged w a s  small ,  samples from two t o  e i g h t  

consecut ive days w e r e  used t o  determine reproduct ive  c h a r a c t e r i s ­

t i c s .  

Ind iv idua ls  from t h e  e n t i r e  sample o r  series of samples 

w e r e  used i n  determining reproduct ive  c h a r a c t e r i s t i c s .  A l l  

i nd iv idua l s  w e r e  examined t o  determine t h e  numbers o f  m a l e s  and 

and females of each spec ies  p r e s e n t .  A l l  females were then ex­

amined by v i s u a l  inspec t ion  of t h e  ovary t o  determine reproduc­

t i v e  cond i t ion .  The c h a r a c t e r i s t i c s  and da ta  codes used t o  

i n d i c a t e  t h e  sex of each ind iv idua l  and t h e  reproduct ive  condi­

t i o n  of females a r e  described i n  Appendix Sec t ion  16.2.3. 

Fishes and marine p l a n t s  t h a t  had accumulated i n  t h e  t r a s h  

c o l l e c t o r  t r a i l e r s  assoc ia ted  wi th  t h e  bar  rack  screening system 

a l s o  w e r e  examined a t  0700 h r  each day. The l o c a t i o n  of t h e  b a r  

rack  system, designated as impingement s t a t i o n  9 ,  i s  shown i n  

Figure 7.3-1. 

The con.tents of t h e  t r a s h  c o l l e c t o r  t ra i le rs  w e r e  examined 

q u a l i t a t i v e l y  by searching through t h e  m a t e r i a l .  The accumulated 

m a t e r i a l  cons is ted  pr imar i ly  of larger marine p l a n t s .  The rank 

order  of abundance of each marine p l a n t  spec ie s  by est imated 

volume w a s  recorded. Large f i s h e s  and o t h e r  v e r t e b r a t e  animals 

were removed f o r  i d e n t i f i c a t i o n  and measurements of l eng th  and 

weight,  using t h e  same methods descr ibed f o r  t h e  t r a v e l i n g  screen  

samples. 
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Per t inen t  physical  and meteorological da ta  were obtained 

from measurements and observat ions made during each sampling 

period o r  from records provided by SDG&E. Detai led desc r ip t ions  

of t hese  d a t a  and t h e  methods used t o  ob ta in  them are given i n  

Appendix B ,  Sect ion 16.2.3. 

Meteorological and o the r  physical  da t a  w e r e  taken near t h e  

bar  rack system four  t i m e s  during each 24-hr per iod.  These 

were wind speed (nea res t  1 mph), weather condi t ions ,  cloud cover,  

wave he igh t ,  a i r  and water temperatures (nea res t  0 . 5  C) , and 

sa l in i ty  (nea res t  0 . 1  p p t ) .  

Data concerning t i d a l  he ight  and s t a g e  a t  t h e  time samples 

w e r e  taken and t h e  h ighes t  and lowest t i d e  levels during the  pre­

ceeding 12-hr period w e r e  obtained f r o m  a s i n e  curve t i d e  c h a r t .  

Continuous information concerning t h e  number of c i r c u l a t i n g  

water pumps operat ing f o r  each generat ing u n i t  of t h e  Power P lan t  

and t h e  flow r a t e s  of t h e s e  pumps was obtained from records main­

tained by SDG&E a t  t he  Encina Power P l a n t .  To ta l  f low r a t e s  of 

seawater through each of t h e  t h r e e  t r ave l ing  screen  impingement 

s t a t i o n s  a t  a given t i m e  were then determined from the  number of 

c i r c u l a t i n g  pumps i n  opera t ion  and t h e  known flow rates of t hese  

Pumps ­
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7 . 4  SPECIES COMPOSITION AND OCCURRENCE OF IMPINGED FISHES AND a 
INVERTEBRATES 

The s c i e n t i f i c  and common names of a l l  f i s h e s  and l a r g e  in ­

v e r t e b r a t e  animals taken i n  impingement samples a t  s t a t i o n s  1, 4 ,  

5 ,  and 9 during t h e  per iod February 4 ,  1 9 7 9  - January 4 ,  1980 are 

given i n  Tables 7 . 4 - 1  and 7 . 4 - 2 ,  r e s p e c t i v e l y .  Marine g ra s ses  

and a lgae  taken i n  these  samples a r e  considered s e p a r a t e l y  i n  

Sec t ion  7 . 1 1 .  

A s  shown i n  Table 7 . 4 - 1 ,  t h e  t o t a l  number of f i s h  spec ies  

impinged during t h e  336-day per iod of sampling w a s  7 6 .  A l l  of 

t hese  spec ie s  a r e  known t o  occur e i t h e r  i n  Agua Hedionda Lagoon 

o r  i n  t h e  c o a s t a l  ocean area adjacent  t o  t h e  Encina Power P l a n t ,  

as ind ica t ed  by information considered i n  Sec t ions  6 . 2  and 6 . 5  

of t h i s  r e p o r t .  

Only one s p e c i e s ,  t h e  longf in  sanddab (Ci thar ich thys  xantho­

s t igma) ,  w a s  unexpected i n  t h e  impingement samples, because it 

occurs i n  r e l a t i v e l y  deep water ( >  30 m). However, i t  w a s  repre­

sented i n  t h e  samples by only f i v e  i n d i v i d u a l s .  Somewhat unex­

pected was t h e  occurrence of t h e  C a l i f o r n i a  f l y i n g  f i s h  (Cypsel­

urus  c a l i f o r n i c u s ) ,  of which 31 ind iv idua l s  were taken during t h e  

336-day sampling per iod .  This pe l ag ic  spec ie s  normally occurs 

i n  c o a s t a l  ocean a r e a s ,  but  i t s  presence i n  t h e  impingement sam­

p les  i n d i c a t e s  c l e a r l y  t h a t  it sometimes e n t e r s  Agua Hedionda 

Lagoon. 

A s  i n d i c a t e d  i n  Table 7 . 4 - 2 ,  t h e  t o t a l  number of l a r g e  in ­

v e r t e b r a t e  s p e c i e s  taken i n  t h e  impingement samples w a s  4 5 .  Most * 
7 - 1 2  




TABLE 7.4-1  

SPECIES OF FISHES TAKEN I N  IMPINGEMENT SAMPLES AT THE E N C I N A  


POWER PLANT DURING THE PERIOD JANUARY 1979 - JANUARY 1980 


S c i e n t i f i c  N a m e  

A 2  ZocZinus hoZderi 
W h i s t i c h u s  aqenteus 
Anchoa compressa 
Anchoa dalicatissima 
Anisotremus davidsonii 
A thsrinops nfjYizis 
Atherimpsis CCLI<fornien:;<.s 
.rjrat?hij is t ius j’renatus  
Cizromis punct i.piiini.s 

Citharichtlys s t i p c m  
C i  tharichthis xanthos ti_ma 
Clupen hareqius 

i.~fmntogasteraggregata 
Cpmatogaster g m c i  l i s  
Cynoscion nobizis 
Cjjpseluriis ca Zifornicus 
Dwna Zichthjps vncca 
Decapterus hypodus 
Dorosorna petenense 
Emhiotoca jacksoni 
f i h~rnu2is mor&x 
F’rmi’u Zus p t r r n ) ~ ~)innis 
i;t.nwnennt.q I intw tas 

i;dllhons.itr m c t z  i 
Giri?2I.u ni!~mkms 
i2pmthorux rnmdax 
Gymnura mamomtu 
ilermosiZZa azurea 
Hcterodontus fpancisci 

Common N a m e  

I s l and  kelpf  i s h  

Barred sur fperch  

Deepbody anchovy 

Slough anchovy 

Sargo 

Topsmelt 

Jacksmelt  

Ke lp  sur f  perch 

Blacksmith 

Speckled sanddab 

Longf i n  sanddab 

P a c i f i c  he r r ing  

Shiner  sur fperch  

I s l and  sur fperch  

White seabass  

Ca l i fo rn ia  f l y i n g  f i s h  

P i l e  sur fperch  

Mexican scad 

Threadfin shad 

Black sur fperch  

Northern anchovy 

Ca l i fo rn ia  k i l l i f i s h  -
White croaker  

S t r iped  k e l p f i s h  

Opaleye 

Moray eel 

Cal i fo rn ia  b u t t e r f l y  r ay  

Ze.hra perch 

Horn shark 
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TABLE 7.4-1  (Continued) 

Sc ien t  i f  i c  Name  

Hcterostichus rostmtus 

flyperprosopon argan teum 


HypsobZennius ( r i  Zherti 

Hgpsoblcnnius jenkinsi  

Iiypsopsettu guttu2ata 

Hgpsypops rubicundus 


Leptocot tus  nma tus 

Leuresthes tenuis 

bledialurur ea Ziforniensis 

Menticirrhus unduZatus 

Micrometrus minims 

h g i 2  cephalus 

MusteZus californicus 

tdyliobatis ea Ziforniea 


OZigocottus rubeZlio 

whichthus zophochir 


Para Zabrax clathratus 

ParaZabrax macu Zatotasciatus 

Para Zahrax nebu l i f e r  


Para Zichthy s c?n2ifornicus 

F q r i  Zus s h i  2. Zimus 


Phinerodon f u r m t u s  


Plctijrhinoidis tr iseriata 

Pleuroitichthys r i t t e r i  


Poricht hg s notutus 

Porich t h ys mjr iast e r  

Rhacochi 2us toxotes 

Rhinobatos  productus 


Roncndo?a s t;scir@?zsii 


Common N a m e  

Giant kelpf  i s h  


Walleye su r fpe rch  


Rockpoo 1 blenny 


Mussel blenny 


Diamond t u r b o t  


Gar i b a l d i  


Staghorn s c u l p i n  


C a l i f o r n i a  grunion 


Halfmoon 


C a l i f o r n i a  corb ina  


Dwarf su r fpe rch  


St r iped  mul l e t  


Gray smoothhound 


B a t  r ay  


Rosy s c u l p i n  


Yellow 'snake eel 


Kelp bass  


Spotted sand b a s s  


Barred sand b a s s  


C a l i f o r n i a  h a l i b u t  


P a c i f i c  b u t t e r f i s h  


White s u r f p e r c h  


Thornback r a y  


Spotted t u r b o t  


Pla in f  i n  midshipman 


Specklef i n  midshipman 


Rubberlip s u r f  perch 


Shovelnose g u i t a r f i s h  


Spotf i n  c roaker  
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TABLE 7.4-1  (Concluded) 

Common N a m e  

P a c i f i c  boni to  


Monterey Spanish mackerel 


Sculpin/spot ted sco rp ion f i sh  


Queenf i s h  


Cal i fo rn ia  barracuda 


Pacific angel shark 


Cal i fo rn ia  need le f i sh  


Cal i fo rn ia  tonguef i s h  


Kelp p i p e f i s h  


Bay p i p e f i s h  


P a c i f i c  electric r a y  


Jack mackerel 


Leopard shark  


Yellowfin croaker  


Round s t ing ray  


Salema 

F a n t a i l  s o l e  
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TABLE 7.4-2  
SPECIES OF LARGE MARINE INVERTEBRATE ANIMALS TAKEN 

I N  IMPINGEMENT SAMPLES AT THE ENCINA POWER PUNT 
DURING THE PERIOD JANUARY 1979 - JANUARY 1980 

S c i e n t i f i c  N a m e  

ileoZidin papZZ l o x [  

Aequipecten uequisu Zcatus 
Ag Zaophenia sp  . 
A Zpheus dentipes 
Anthopleura elegantissima 
A p Z y s i a  caZifornica 
Ba Zanus t in t inmbu Z w n  

CaZZianassa caZiforniensis 
Cancer antcnmrius 
Cancer nnthonjyi 
Cancer jordani 
Cancer produc tus 
ChZamys hastntus 
Cmngon nigromaculatcz 
DiuuZuZn sandiegcnesis 
Hsmigrapsus nudus 
l�crmisscnda crassicornis 
Binni tes  mu  Z tirugosus 
Lo Zigo opnlestPCns 
Love?rit-rc m J if orrriis 

Loxorhlyrichus crispa tus 
Liisrnata californica 
Lv tech-inus pictus  
E f q a t h w ~ ~crmuZ ata 
):loIpudiir arenico la 
I\titiZus sd142is 
i.7:minr iuermis 
iktopus bimacu Zntus 

Common N a m e  

Nudibranch 

Speckled s c a l l o p  

Hydro i d  

P i s t o l  shrimp 

Aggregate sea anemone 

C a l i f o r n i a  sea h a r e  

Red and whi te  b a r n a c l e  

Ghost shrimp 

Common rock c rab  

Anthony's rock  c r a b  

Jordan ' s  rock  c rab  

Red rock c rab  

P a c i f i c  spear  s c a l l o p  

Black spo t t ed  shrimp 

San Diego sea s l u g  

Purp le  shore  c rab  

Nudibranch 

Rock s c a l l o p  

Squid 

Sea porcupine 

Masking c rab  

S t r i p e d  shrimp 

Pain ted  u rch in  


Giant keyhole l impet  


Sweet po ta to  cucumber 


Bay mussel 


S t r i p e d  sea s l u g  


Two-spotted octopus 
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TABLE 7 . 4 - 2  

Scientif i c  N a m e  

Octopus birnacu Zoides 


Pachijgrapsus c r a s s i p s  


Punu Zirus interruptus 

?e lag?:o panqym 


Fe Z i ; 7  timi.& 


Penaeus ciz Z ff:;.’rwkn.sis 


I’entido tea r m c a  t a  


P i  lmnuo spinoh7:rsui;us 


Pisastei? oehrnceus 


Podochela h e q h i l  Zi 


Po 2Zicipes po Zymerus 

Po Zyoivhis pcnici 2latus 

Portunus xantusi 

Pugettia productu 

Fpomaia tubereu Liz t a  


Strongylocentrotus purpuratus 

Taliepus nuttaZli 


(Concluded) 

Common Name 

Mud f l a t  octopus 


St r iped  shore  c rab  


C a l i f o r n i a  spiny l o b s t e r  


Purple-s t r iped  j e l l y f i s h  


Dwarf crab 


Cal i fo rn ia  brown shrimp 


K e l p  isopod 


Hairy crab 


Ochre s t a r f i s h  


Spider  crab 


P a c i f i c  goose barnac le  


Hydromedusa 


Swimning c rab  


Kelp crab  


Spider  crab 


Purp le  sea urch in  


Southern ke lp  c rab  
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smaller  Forms, p a r t i c u l a r l y  those l i v i n g  a t tached  t o  impinged 

marine p l a n t s ,  were not  i d e n t i f i e d  o r  considered i n  processing 

t h e  samples because of t i m e  l i m i t a t i o n s .  All of t h e  spec ie s  

l i s t e d  i n  Table 7.4-2 a r e  r e l a t i v e l y  common i n  t h e  a r e a  nea r  t h e  

Power P l a n t  and might be expected t o  be c a r r i e d  i n t o  t h e  cool ing 

w a t e r  system. 

Most a r e  benth ic  spec ies  t h a t  i nhab i t  unconsolidated sed i ­

ment o r  rocky h a b i t a t s  e i t h e r  i n  Agua Hedionda Lagoon o r  i n  t h e  

ad jacent  nearshore ocean a r e a .  Only two l a r g e  p e l a g i c  inve r t e ­

b r a t e  spec ies  occurred i n  t h e  samples. They are t h e  squid  

(Loligo opalescens) and t h e  pu rp le - s t r iped  j e l l y f i s h  (Pe lag ia  

panopyra),  both common forms i n  c o a s t a l  a r eas  of southern Cali­

f o rn i a  . 

The numerical ranking of each animal spec ies  taken i n  Sam­

p l e s  a t  t r a v e l i n g  screen  s t a t i o n s  1, 4 ,  and 5 i s  given in  Table 

7.4-3.  Total  numbers of i nd iv idua l s  of each spec ies  and a l l  

spec ies  combined taken during t h e  336-day sampling per iod  a l s o  

a r e  shown f o r  each t r a v e l i n g  screen  s t a t i o n ,  and f o r  t h e  t h r e e  

s t a t i o n s  combined. 

A s  ind ica ted  i n  Table 7 .4-3,  85,957. animals were taken  i n  

t h e  impingement samples  a t  s t a t i o n s  1 , . 4 ,  and 5 during t h e  336­

day per iod ,  of which 79,662 (92.7 percent )  were f i s h e s  and only 

6,281 (7 .3  percent)  were i n v e r t e b r a t e s .  The l a r g e s t  t o t a l  number 

of f i s h e s  w a s  impinged a t  s t a t i o n  4 (39,509; 49.6 percent  of 

t o t a l ) ,  t h e  next  l a r g e s t  a t  s t a t i o n  5 (25,037; 31.4 p e r c e n t ) ,  and 

t h e  smal les t  number a t  s t a t i o n  1 (15,116; 1 9 . 0  percent). .  Akong 
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-- 

i n v e r t e b r a t e s ,  t he  l a r g e s t  t o t a l  number w a s  impinged a t  s t a t i o n  

1 ( 3 , 1 0 4 ;  4 9 . 4  percen t ) ,  t h e  next largest  a t  s t a t i o n  5 ( 2 , 0 4 8 ;  

3 2 . 6  p e r c e n t ) ,  and t h e  smallest number a t  s t a t i o n  4 ( 1 , 1 2 9 ;  18 .0  

p e r c e n t ) .  

Based on t h e  numerical rankings and numbers of i nd iv idua l s  

shown i n  Table 7 . 4 - 3 ,  and on cons ide ra t ions  descr ibed i n  Sec t ion  

6 . 3 ,  22 spec ie s  of f i s h e s  were t r e a t e d  a s  c r i t i c a l  spec ies  f o r  

t h e  impingement s tudy.  These inc lude  a l l  of t h e  15 forms desig­

nated as c r i t i c a l  spec ies  i n  Sec t ion  6 . 3  (Table 6 . 3 - 1 ) .  They 

a r e ,  i n  decreasing order  of abundance i n  t h e  samples: 

Common Name 


Queenf i s h  


Topsmelt 


Northern anchovy 


Walleye surfperch 


C a l i f o r n i a  h a l i b u t  


Giant k e l p f i s h  


Barred sand bass 


C a l. i fo r n i a  corbina 


Barred surfperch 


Spotted sand bass 


S t r i p e d  mul le t  


Kelp bass  


White sea  bass  


Species Name 

Seriphus p o l i t u s  

Atherinops a f f i n i s  

Engraul is  mordax 

Hyperprosopon &rgen t  eum 

Para l i ch thys  c a l i f o r n i c u s  

Heteros t ichus  r o s t r a t u s  

Paralabrax nebul i f  er 

Menticirrhus undulatus 

Amphisticus argenteus 

Para labrax  macula tofasc ia tus  

Mugil cephalus 

Para labrax  c l a t h r a t u s  

Cynosc ion  n o b i l i s  
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Cal i forn ia  sheephead Pimelometopon pulchrum 

P a c i f i c  sanddab Cithar ichthys sordidus 

Hornyhead turbot  Pleuronichthys v e r t i c a l  i s  

Seven o ther  f i s h  spec ies  represented i n  t h e  impingement 

samples by a t o t a l  of more than 500 ind iv idua ls  during t h e  336­

day sampling period (Table 7 . 4 - 3 )  were t r e a t e d  as a d d i t i o n a l  

c r i t i c a l  spec ies  f o r  purposes of t he  impingement s tudy.  They 

a r e ,  i n  decreasing order  of abundance: 

Common Name 

Deepbody anchovy 

Cal i forn ia  grunion 

Shiner surfperch 

Slough anchovy 

White surfperch 

Round s t i n g r a y  

Salema 

Species Name 

Anchoa compres sa?\ 

. 	 Leuresthes t.enuis* 

Cymatogaster aggregata* 

Anchoa del icat iss ima" 

Phanerodon furca  t u s  

Urolophus halleri 'k 

Xenis t ius  c a l i f o r n i e n s i s  

Five of these  seven, ind ica ted  by a s t e r i s k s ,  a l s o  w e r e  t r e a t e d  

as c r i t i c a l  spec ies  f o r  t h e  nekton s t u d i e s ,  as described i n  

Sec t ion  6 . 3  of this  r e p o r t .  

Data f o r  these  22 c r i t i c a l l y  t r e a t e d  spec ies  of f i s h e s  have 

been considered i n  g r e a t e r  d e t a i l  than those f o r  t h e  remaining 

57 spec ie s .  I n  some cases ,  however, as described i n  the  follow­

ing subsect ions concerning impingement , t h e r e  w e r e  i n s u f f i c i e n t  

data t o  a l l o w  d e t a i l e d  t rea tment .  
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Shown i n  Table 7.4-4 a r e  t h e  numerical  rankings and per ­

centages of occurrence f o r  each of t h e s e  22 c r i t i c a l  s p e c i e s .  

The values  shown s e p a r a t e l y  f o r  each impingement s t a t i o n  and for 

a l l  s t a t i o n s  combined a r e  based on t h e  t o t a l  number of i nd iv id ­

u a l s  of each spec ie s  taken during t h e  336-day sampling per iod  

(Table 7 .4 -3 ) ,  expressed as percentages of t h e  t o t a l  number of 

a l l  f i s h e s  taken i n  t h a t  set of samples. 

The da ta  shown i n  Tables 7.4-3 and 7.4-4 i n d i c a t e  t h a t  t he  

queenfish (Seriphus p o l i t u s )  had by f a r  t h e  h i g h e s t  level of 

impingement a t  t h e  t r a v e l i n g  screen s t a t i o n s  (18,681 ind iv idua l s  ; 

23.4 percent  of a l l  f i s h e s ) .  The deepbody anchovy (Anchoa ­com­

pressa)  experienced t h e  second h ighes t  level of impingement 

(13 ,299 ind iv idua l s  ; 16.7 percent)  , t h e  topsmelt  (Atherinops 

a f f i n i s )  t he  t h i r d  h i g h e s t  l e v e l ,  and t h e  C a l i f o r n i a  grunion 

(Leuresthes t enu i s )  t h e  f o u r t h  h ighes t  level (8,583 ind iv idua l s ;  

1 0 . 8  pe rcen t ) .  Two spec ie s ,  t h e  nor thern  anchovy (Engraul is  

mordax) and t h e  s h i n e r  surfperch (Cymatogaster aggregata) experi­

enced t h e  next  h i g h e s t  l e v e l s  of impingement t h a t  w e r e  e s s e n t i a l ­

l y  the  same ( 9 . 3  and 9 . 2  pe rcen t ,  r e s p e c t i v e l y ) .  

All s i x  of t h e s e  h ighes t  ranking species are very abundant 

i n  the  a r e a  nea r  t h e  Encina Power P l a n t ,  as descr ibed in  Sect ions 

6 . 2  and 6 . 5  of t h i s  r e p o r t .  Because of t h i s ,  their  r e l a t i v e l y  

high l e v e l s  of impingement a r e  n o t  s u r p r i s i n g .  Examination of 

impingement monitoring records obtained by SDG&E during t h e  

per iod 1972-1978 (see Sec t ion  7.3)  ind ica ted  t h a t ,  in  gene ra l ,  
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t hese  same groups of f i s h e s  a l s o  had t h e  h ighes t  levels of 

impingement during t h e  previous s ix-year  per iod .  

The s i x  spec ies  ranking next h ighes t  i n  impingement had 

considerably lower,  s i m i l a r  l e v e l s  ranging from 1 , 5 7 7  i nd iv idua l s  

( 2 . 4  percent  of a l l  f i s h e s )  f o r  t h e  walleye sur fperch  (Hyperpro­

sopon argenteum) t o  1 , 0 4 6  i nd iv idua l s  ( 1 . 3  percent)  for t he  g i a n t  

k e l p f i s h  (Heterostichus r o s t r a t u s ) .  All of t h e  remaining spec ies  

had levels of impingement t h a t  represented less than  1 . 0  percent  

of t h e  t o t a l  number of a l l  f i s h e s  impinged during t h e  336-day 

sampling per iod .  

Among t h e  1 2  spec ies  e x h i b i t i n g  levels of impingement grea­

t e r  than 1 . 0  pe rcen t ,  only t h r e e  are bottom f i s h e s  (Tables 7 . 4 - 3  

and 7 . 4 - 4 ) .  They are t h e  round s t i n g r a y  (Urolophus h a l l e r i ) ,  

t he  Ca l i fo rn ia  h a l i b u t  (Pa ra l i ch thys  c a l i f o r n i c u s ) ,  and t h e  giant 

k e l p f i s h  (Heterost ichus r o s t r a t u s )  . The o the r  n i n e  spec ie s  are 

a l l  r e l a t i v e l y  a c t i v e ,  open w a t e r  forms. They are a l s o  t h e  n i n e  

h ighes t  ranking spec ies  i n  terms of levels of impingement (Table 

7 . 4 - 3 ) .  

Seven of the  c r i t i c a l  spec ie s  had l e v e l s  of impingement less 

than 0 . 2  percent (2  189 i n d i v i d u a l s ) ,  as shown i n  Tables  7 . 4 - 3  

and 7 . 4 - 4 .  These spec ie s  are:  

Common Name 


Barred sand bass  


Cal i fo rn ia  corbina 


Barred sur fperch  


Spotted sand bass  


Species Name 

Paralabrax nebul i f  er 

Menticir rhus undulatus-
Amphistichus argenteus 

Paralabrax macula tofasc ia tus  
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St r iped  mullet  Mugil cephalus 


Kelp bass Paralabrax c l a t h r a t u s  


White sea bass Cynoscion n o b i l i s  


No ind iv idua l s  of t he  t h r e e  remaining c r i t i c a l  species  were taken 

i n  any of t h e  impingement samples during t h e  336-day per iod of 

t h e  s tudy (Table 7 .4 -4 ) .  These spec ie s  a r e :  

Common Name Species Name 


Cal i fo rn ia  sheephead Pimelometopon pulchrum 


P a c i f i c  sanddab Ci thar ich thys  sordidus 


Hornyhead turbot  Pleuronichthys v e r t i c a l i s  


Their absence from t h e  impingement samples i s  not s u r p r i s i n g ,  

because they a r e  un l ike ly  t o  o c c u r . i n  t h e  immediate v i c i n i t y  of 

0 t he  Power P l a n t .  P a c i f i c  sanddab normally occurs a t  depths 

g r e a t e r  than 30 m i n  the  ocean. Because they were absent  from 

all impingement samples , t hese  t h r e e  spec ies  were not considered 

i n  t h e  following subsect ions concerning impingement. 

As shown in  Table 7.4-4 ,  t h e r e  w a s  some v a r i a t i o n  i n  t h e  

percentage of ind iv idua ls  of a given spec ies  impinged by t h e  

t h r e e  d i f f e r e n t  t r a v e l i n g  screen  sys t ems  ( s t a t i o n s  1, 4 ,  and 5 ) .  

However, i n  gene ra l ,  t h e  l e v e l s  were f a i r l y  cons i s t en t  between 

the t h r e e  s t a t i o n s .  There appears t o  be no p a t t e r n  t o  t h e s e  

v a r i a t i o n s  shown i n  Table 7.4-4 and they a r e  presumed t o  be t h e  

r e s u l t  of random processes .  

A s  i nd ica t ed  i n  Table 7 . 4 - 3 ,  f o u r  l a r g e  i n v e r t e b r a t e  spec ies  

ranked r e l a t i v e l y  high i n  l e v e l s  of impingement, with more than e 
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500 indiv idua ls  of each occurr ing  i n  a l l  samples during t h e  336­

day period of t h e  s tudy .  Anthony's rock crab  (Cancer anthonyi) 

had by f a r  t he  h ighes t  level of impingement (1 ,877  i n d i v i d u a l s ,  

40.4 percent  of a l l  l a r g e  i n v e r t e b r a t e s  impinged). However, i n  

r e l a t i o n  t o  a l l  i n v e r t e b r a t e  and f i s h  spec ie s  taken i n  t h e  im­

pingement samples, Anthony's rock crab  ranked seventh a t  2 . 2  

percent .  Most of t h e  ind iv idua l s  impinged w e r e  j u v e n i l e s  o r  

s m a l l  a d u l t s .  Anthony's rock crab i s  of very s l i g h t  commercial 

importance i n  t h e  San Diego a r e a .  Two smaller c r a b s ,  Portunus 

x a n t u s i  and Pachygrapsus c r a s s i p e s ,  had approximately equal  

levels of impingement (14 .1  and 13 .8  pe rcen t ,  r e s p e c t i v e l y )  . 
These .two spec ie s ,  which have no commercial o r  s p o r t f i s h i n g  

va lue ,  a r e  very common i n  Agua Hedionda Lagoon. A f o u r t h  spe­

c i e s ,  t he  squid Loligo opalescens,  represented  9 .3  percent  of 

t h e  inve r t eb ra t e s  impinged, b u t  only 0 . 5  percent  of a l l  inverte­

b r a t e s  and f i s h e s  combined (numerical  rank 1 7 ) .  This  spec ie s  

supports  a commercial f i s h e r y  elsewhere i n  C a l i f o r n i a .  

'Th ree  o t h e r  i n v e r t e b r a t e  species of va lue  t o  m a n  as food 

ranked much lower i n  t h e i r  levels of impingement (Table 7 .4-3) .  

The Ca l i fo rn ia  brown shrimp (Penaeus c a l i f o r n i e n s i s )  ranked 

twenty-s ixth,  r ep resen t ing  only  3 .2  percent  of a l l  l a r g e  inver­

t e b r a t e s  impinged. The comon rock crab (Cancer an tennar ius)  

ranked fo r ty -e igh th ,  r ep resen t ing  only 0 . 6  percent  of a l l  l a r g e  

i n v e r t e b r a t e s .  The  C a l i f o r n i a  spiny l o b s t e r  (Panul i rus  i n t e r ­

ruptus)  ranked seventy-s ix th ,  with only two ind iv idua l s  (0.03 

percent)  impinged during t h e  336-day per iod of t h e  s tudy .  
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In  genera l ,  these  r e s u l t s  suggest t h a t  inver tebra tes  formed 

a very s m a l l  p a r t  of t h e  animal mater ia l  impinged a t  t h e  Encins 

Power Plant. Because of t h i s ,  they w e r e  no t  included i n  the  more 

de t a i l ed  evaluat ion described i n  the  following subsections con­

cerning impingement. 

The numerical ranking, t o t a l  number, and s i z e  da ta  f o r  each 

f i s h  spec ies  taken a t  t h e  ba r  rack screening system ( s t a t i o n  9) 

during t h e  period February 4 ,  1979 - January 4 ,  1980 are shown i n  

Table 7 . 4 - 5 .  No l a r g e  inver tebra tes  w e r e  observed i n  these 

samples. 

Only 22 individuals  of 6 fish species w e r e  observed in  the  

bar rack samples (Table 7.4-5). O f  these ,  t h e  Pac i f i c  e l e c t r i c  

ray  (Torpedo ca l i fo rn ica )  w a s  the  only common form ( 1 6  individu­

0 a l s ;  7 2 . 7  percent of t h e  t o t a l ) .  The next most common species 

observed w a s  t he  b a t  ray (Myliobatis- c a l i f o r n i c a ) ,  of which two 

individuals  w e r e  observed ( 9 . 1  percent ) .  With the  exception of 

cne l a r g e  spo t f in  croaker (Roncador s t e a r n s i ) ,  a l l  of t he  species  

observed were rays  or sharks (elasmobranch f i s h e s ) .  

All ind iv idua ls  were q u i t e  l a r g e ,  with a s i z e  range of 380­

1200 mm i n  t o t a l  length and individual  body weights up t o  34 .7  

kg. Because of t h e  wide spacing of t h e  v e r t i c a l  bars  i n  the  bar  

rack screening system, impingement of f i s h e s  w a s ,  as expected, 

l imi ted  t o  very f e w  individuals  of l a rge  s i z e .  

Shown i n  Table 7 . 4 - 6  i s  the  ranking by weight of each f i s h  

and inve r t eb ra t e  spec ies  taken in  samples a t  t r ave l ing  screen 

s t a t i o n s  1, 4 ,  and 5 .  Total  weights (g) f o r  a l l  individualsa 
7-29 
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of each spec ies  taken during t h e  336-day sampling period a r e  

shown f o r  each t r a v e l i n g  screen s t a t i o n  and f o r  t h e  t h r e e  s ta­

t i o n s  combined. Also shown are t o t a l  weights ,  rounded t o  t h e  

nearest 0 . 1  kg, f o r  a l l  f i s h  spec ie s ,  a l l  i n v e r t e b r a t e  spec ies ,  

and a l l  animal ma te r i a l  combined. 

A s  ind ica ted  i n  Table 7 . 4 - 6 ,  many of t hese  rankings by 

weight d i f f e r e d  considerably from those based on numbers of 

ind iv idua ls  impinged (Tables 7 . 4 - 3  and 7 . 4 - 4 ) .  The round s t ing ­

ray  (Urolophus h a l l e r i )  and t h e  P a c i f i c  e l e c t r i c  r ay  (Torpedo 

c a l i f o r n i c a )  ranked f i r s t  and second based on t o t a l  weights of 

animal ma te r i a l  impinged. The t o t a l  weight of round s t ing ray  

impinged was 185.9 kg ( 4 1 0  lb)  o r  13.3 percent  of a l l  f i s h e s  by 

weight. The  t o t a l  weight of P a c i f i c  e l e c t r i c  r a y  impinged w a s  

125.9 kg ( 2 2 7 . 6  Ib)  o r  9 . 0  percent  of a l l  f i s h e s  by weight. In 

c o n t r a s t ,  they ranked only eleventh and f i f t y - e i g h t h ,  respec­

t i v e l y ,  based on numbers impinged. These and other l a r g e ,  heavy-

,bodied rays w e r e  prominent i n  t h e  higher rankings based on 

weight,  with t h e  Cal i forn ia  b u t t e r f l y  ray (Myliobatis c a l i f o r ­

nica)  among t h e  f i r s t  t en .  

The topsmelt (Atherinops a f f  in is)  ranked t h i r d  both i n  

number and weight of ind iv idua ls  impinged (Tables 7 . 4 - 3  and 

7 . 4 - 6 ) .  Its t o t a l  weight of 1 1 2 . 3  kg (247.6 l b )  represented 8.0 

percent  of a l l  f i s h e s  by weight.  The queenfish (Seriphus po l i ­

-t u s ) ,  which ranked f i r s t  i n  numbers of i nd iv idua l s  impinged, a l s o  

has a high rank of fou r th  i n  terms of weight.  I ts  t o t a l  weight 

* o f  91.3 kg (201.3 l b )  represented 6.5 percent  of a l l  f i s h e s  by 
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0 	 weight.  Among the  other species  ranked within the f i r s t  ten on, 

t h e  bas i s  of numbers impinged, only t h e  deepbody anchovy (Anchoa 

compressa) a l s o  was ranked wi th in  that range on the  bas i s  of 

weight.  It w a s  ranked second by number impinged and seventh by 

weight.  However, several  of the  o the r  species ranked wi th in  t h e  

f i rs t  t e n  by number impinged (Table 7.4-3) did f a l l  within the  

f i r s t  20 ranks by weight (Table 7 . 4 - 6 ) .  They a r e  the  shiner  

surfperch (Cymatogaster aggregata) ranked eleventh by weight,  

t h e  walleye surfperch (Hyperprosopon argenteum) ranked twel f th  

by weight,  and the  Cal i fornia  grunion (Leuresthes tenuis )  ranked 

seventeenth by weight. 

The specklef in  midshipman (Porichthys myriaster)  a l s o  w a s  a 

major component by weight (rank 5 ) .  Y e t  t h i s  species  w a s  ranked 

@ only twenty- f i r s t  on the  b a s i s  of numbers impinged. Two l a r g e  

inve r t eb ra t e  species  ranked r e l a t i v e l y  h igh . in  terms of weight.  

* They a r e  t h e  two-spotted octopus (Octopus bimaculatus) ranked-
f i f t e e n t h ,  and Anthony's rock crab (Cancer anthonyi) ranked s ix ­

teenth .  I n  con t r a s t ,  Anthony's rock crab w a s  ranked seventh by 

number impinged and two-spotted octopus was ranked only t h i r t y -

e ighth .  Both species  were pe r iod ica l ly  q u i t e  common i n  the  

study a r e a ,  and t h e i r  occurrence a s  major i nve r t eb ra t e  components 

of t h e  impingement samples  i s  not  su rp r i s ing .  

A s  indicated i n  Table 7.4-6,  t h e  t o t a l  weight of a l l  animal 

ma te r i a l  impinged a t  t h e  three t r a v e l i n g  screen s t a t i o n s  during 

E. sampling over t he  336-day period w a s  1548.4 kg (3414 lb). Of 

t h i s  ma te r i a l ,  1395.2 kg (3076 l b )  cons is ted  of f i s h e s  and 153.2 
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kg (338 lb )  of l a rge  inve r t eb ra t e s .  Thus, f i s h e s  accounted f o r  

90.1 percent of t h i s  material and inver tebra tes  only 9.9 percent .  

The h ighes t  weight of animals was impinged a t  t r a v e l i n g  screen 

s t a t i o n  5 (842.8 kg o r  18,158 l b  of f i s h e s ;  63.1 kg o r  139 l b  of 

i nve r t eb ra t e s ) .  The second highest  weight of animals was i m ­

pinged a t  s t a t i o n  4 (353.3 kg o r  779 l b  of f i s h e s ;  28 .7  kg o r  

63 I b  of i nve r t eb ra t e s ) ,  and the  lowest weight of animals w a s  

impinged a t  s t a t i o n  1 ( 1 9 9 . 1  kg o r  439 l b  of f i s h e s ;  61.4 kg o r  

135 l b  of i nve r t eb ra t e s ) .  

These weights are somewhat lower  than t h e  t r u e  amounts i m ­

pinged during t h e  period February 4 ,  1 9 7 9 ' - January 4 ,  1980, 

because sampling could not  be completed on a l l  days and because 

some badly damaged animals were not  weighed. These da t a  a l s o  

exclude the  weights of f i s h e s  removed during tunnel  r ec i r cu la ­

t i o n .  However, they represent  reasonably accura te  es t imates  for 

t o t a l  weights of material impinged. 
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e 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 identi­

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 operations 

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. 

Plots 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 Figures 7.5-3 and 7.5-4 and for station 5 in Figures 7.5-5 

and 7.5-6. Plots 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 a 
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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 Weiqht Number Weight 

Peb 4-10 
11-17 

1 
i
7 

46 522.0 
31 242.0 

293 2688.0 
170 1107.0 

116 1786.0 
90 1148.0 

455 4996 0 
291 2497 0 

18-24 3 72 788 0 519 5447.0 703 5759 0 1374 11994 0 
Fob 25-Mar 3 4 91 914.0 160 2392* 0 115 1603.0 366 4909.0 
W r  4-10 9 6 50.0 0 0.0 41 1123.0 47 1173.0 

11-17 6 13 73.0 0 0.0 35 1157.0 48 1230 0 

25-31 
Apr 1- 7 

8 
9 

7 
fi 

29.0 
174.0 

0 
0 

0.0 
0.0 

24 
271 

2232.0 
9573 0 

31 
276 

2261.0 
9747 0 

0-14 10 3 91.0 0 0.0 21 1135.0 24 1226.0 
15-21 11 2 47.0 0 0.0 18 1470.0 20 1527.0 
22-28 12 8 110.0 0 0.0 50 1944.0 50 2054 0 

Apr 29-Usy 5 
lzay 6-12 

13-13 

13 
14 
15 

14 
97 
33 

185.0 
521 e 0  
21Y.O 

0 
0 
0 

0 . 0  
0.0 
0.0 

11 
0 
0 

2882 0 
0.0 
0.0 

25 
97 
33 

3067 0 
521.0 
219.0 

20-26 
)(.J 27-Jun 2 
Jun 3- 9 

16 
17 
18 

67 
52 
57 

820.0 
478 0 
288.0 

0 
0 
12 

0.0 
0.0 
92.0 

0 
0 
49 

0.0 
0.0 

952t 0 

67 
52 
118 

820t 0 
478.0 
1332 0 

18-24 7 13 105.0 0 0.0 30 4583 0 43 4688.0 

10-16 19 91 798 0 42 224 4 0 61 948.0 194 1970.0 
17-23 20 107 487 0 236 1943.0 140 3505.0 491 6015.0 

Jul  1- 7 22 31 187.0 235 549.0 102 593 0 368 1329.0 
8-14 23 30 59 .0  323 716.0 258 1642.0 611 2417.0 

15-21 24 31 274 0 77 426t 0 S8 7524 0 166 1452.0 
22-20 25 87 237 0 112 278+ 0 106 1052.0 305 1567 0 

Jul  29-A~g4 
A u ~  5-11 

26 
27 

Y5 
17 

972e 0 
145.0 

195 
50 

476 0 
1133.0 

72 
32 

3193.0 
563.0 

362 
107 

4641.0 
091 .O 

12-18 28 46 192.0 105 422.0 41 945 0 192 1559.0 
19-25 

Aug 26-Srp 1 
Scp 2- 8 

29 
30 
31 

IO0 
55 
54 

425.0 
194.0 
113.0 

380 
153 
216 

1012.0 
1381 0 
703 0 

103 
53 
73 

1040.0 
267 0 
739 0 

59: 
261 
343 

2477.0 
1842 0 
1555.0 

24-30 21 51 274 0 320 927.0 145 2105 0 516 3306 0 

9-15 32 1 5  106.0 67 109.0 21 234 e 0  103 449 0 
16-27 33 39 168.0 31 312.0 20 530.0 90 1010.0 
23-29 34 57 463e 0 42 365 0 90 932.0 189 1760.0 

O c t  7-13 
14-20 
21-27 

36 
37 
38 

33 
34 
79 

2033 0 
110.0 
471 e 0  

75 
94 

223 

414.C 
257 0 
909.0 

L-

28 
68 

722.0 
501 e 0  
760.0 

131) 
156 
370 

3169.0 
868 0 
2140.0 

Oct 28-Nov 3 39 187 494.0 168 375t 0 62 1114.0 417 1983.0 
Nov 4-10 40 88 539.0. 100 430.0 59 1164.0 247 2133.0 

11-17 41 53 520.0 196 675.0 58 640.0 307 1835.0 

S e p  30-0ct 6 35 41 203 0 100 515.0 53 980 0 194 1778.0 
33 

18-24 42 210 711.0 394 1094 0 189 1353.0 793 3158.0 
NOQ 25-Dec 1 43 60 537e 0 513 207.0 11 343.0 584 1087.0 
Dec 2- 0 44 37 235 0 143 1032.0 49 1379.0 22P 2646 0 

9-15 45 13 192.0 60 544.0 24 866 0 97 1562.0 
16-22 46 9 187.0 123 844 0 64 1146.0 196 2177.0 
23-29 47 34 391 e 0  91 773 0 21 357.G 146 1521.0. 

Dec 3 0 - ~ a n  4 48 8 112.0 33 1523.0 7 1204 0 48 2839.0 
40-1911 
MEAN 50.4 3 6 5 . 1  126.2 6 5 3 . 0  78.2 1437.0 2 5 4 . 8  2455.5 
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0 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 the 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 were 

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 

0 

oceatl 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 a l l  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 



r 

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

ENCINA POWER P M T  DURING THE PERIOD 
FEBRUARY 4 ,  1979 - JANUARY 4 ,  1980 

UNITS 1-3 UNIT 4 UNIT 5 
TIME TEMPERATURE SALINITY Flow R a t e  Flow R a t e  Flow R a t e  

PERIOD WEEK ("C) P/oo 1 (1000 gpm) (1000 gpm) (1000 gpm) 

Feh 4-11) 1 13.5 32.5 121 180 220 
11-17 2 14.5 32.5 134 180 220 
18-24 3 14.0 31.3 134 153 220 

Feh 25-Mar 3 4 14.0 32.1 134 153 220 
Mar 4-10 

11-17 
J 

6 
14.5 
15.5 

32.5 
31.5 

134 
3 34 

0 
0 

220 
220 

18-24 7 15.0 30.6 134 0 220 
25-31 8 16.5 30.9 134 0 220 

Apr 1- 7 9 17.0 31.8 139 0 220 
8-14 10 17.0 31.7 129 0 220 

15-21 
22-28 

1 1  
12 

17.0 
16.0 

31.9 
32.7 

121 
127 

0 
0 

220 
188 

Apr 29-May 5 13 17.0 32.4 108 0 220 
May 6-12 

13-19 
14 
15 

16.0 
16.5 

31.1 
32.2 

134 
134 

0 
0 

0 
0 

20-26 16 10.0 32.0 134 13 0 
May 27-Jun 2 
Jun 3- 9 

17 
18 

1Y.O 
10.5 

32.3 
32.6 

134 
128 

0 
27 

0 
220 

10-16 19 20.5 33.0 134 27 215 
17-23 20 20.0 32.5 97 27 220 
24-30 21 21.5 32.8 8B 0 220 

JUl 1- 7 22 20.5 32.6 * 76 0 220 
8-1 4 23 21 a 0  32.7 82 27 220 

15-21 24 19.5 32.4 134 153 220 
7, c22-28 *...I 21.0 32.4 114 180 220 

*: -. 22 .5  32.5 134 180 220 
12-1A 29 22.0 32.5 127 180 220 
19-25 39 20.5 32.4 133 180 188 

AUK 26-Sep 1 
S r p  2- 8 

9-1 S 

30 
3 1 
3-.' 

21 .0 
21 .o 
2 @ * 5  

32.2 
32.7 
32.6 

134 
134 
134 

180 
180 
129 

188 
220 
,720 

16-22 3 3 23 .o 32.6 134 153 210 
23-29 

Sep 30-0ct 6 
O C t  7-13 

34 
3:, 
3s 

lg.5 
16.5 
17.5 

32.6 
32.8 
32.7 

134 
134 
134 

153 
153 
180 

220 
220 
220 

14-20 37 18.0 32.7 134 180 220 
21-27 3s 17.5 32.7 134 180 220 

O c t  28-Nov 3 39 14.5 32.8 134 180 220 
NOV 4-10 40 16.0 32.7 134 180 220 

J U l  29-Aug 4 241 20.0 32.3 134 180 220 
Au& 5-11 & ,  

11-17 4 1  15.0 32.7 134 180 220 
18-24 42 11.5 32.8 134 180 220 

Nov 25-Dec 1 43 14.0 32.8 127 180 220 
Dec 2- 8 44 14.0 32.8 134 180 220 

9-15 45 14.5 33.0 134 171 220 
16-22 46 15.0 32.8 134 180 220 
23-29 47 14.0 32.6 134 13 220 

Dec 30-.ian 4 48 12.5 32.7 134 171 220 

TOTAL PLANT 
F l o w  R a t e  
(1000 gpm) 


521 
534 ' 

507 
507 
354 
354 
354 

354 

354 

349 

341 

315 

328 

134 

134 

147 

134
z:0 
344 
308 
296 
329 
507 
514 
534 
534 
527 
501 
502 
534 
483 
497 
507 
507 
534 
534 

534 

534 

534 

534 

534 

527 

534 

525 

334 

367 

525 
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e TABLE 7.5-3 
TOTAL NUMBERS AND WEIGHTS (g) OF ALL FISHES IMPINGED AT ENCINA 

POWER PLANT TRAVELING SCEEN STATIONS DURING EACH 12-HOUR 
SAMPLING INTERVAL OVER THE PERIOD 
FEBRUARY 4 ,  1979 - JANUARY 4 ,  1980 

S T h T I O N  
1 

‘1OT AL 
TIM OF m y  TOTAL NUHBER UEIGHT------------.­

790204 

790205 

tiny 
NIGHT
rinY 

21 
0 
5 

C!53 
0 

53 

514 
13 
35 

6426 
79 

1187 

14 
20 
13 

22 1 
642 
4 SO 

NZGHT 36 1367 47 2303 317 3337 
790206 m y  0 0 130 105‘4 26 491 

N I G H T  0 0 73 768 29 697 
790207 t i n y  BO 116 115 220 7? 594 

N I G H T  52 558 0 0 9 130 
790208 m y  4 15 115 1142 42 6Y2 

N I G H T  3 121 360 660 60 345 
790209 DAY s 2 210 3017 BO 3526 

N I G H T  96 6YO 292 1109 60 370 
790210 DAY 16 180 8 4  ’ 630 35 243 

N1GHT 0 0 63 181 36 764 
790211 UhY 16 25 10 77 45 22D 

N I GHT 8 446 235 636 20 734 
DAY 0 0 0 0 27 343 
N I G H T  30 227 205 405 36 6YO 
DAY 5 7 70 959 4 42  
N I G H T  8 5 4  224 1230 32 517 

790214 tiny 15 11 16 6 4 8 6 1  
N I G H T  0 0 30 349 88 504 

790215 w++Y r.> 145’ 1 12 12 540 
NIGHT 36 221 0 0 101 1185 

790216 rmY 1 0 b7 85’4 70 1799 
N I G H T  26 161 101. 1945 50 247 

790217 DAY 6 7 21 423 27 503 
N I G H T  60 35)3 ioa 754 42 570 

7902161 LIAY 0 0 0 77 10 649 

790219 
N I G H T  
n A  Y 

24 
J 

21 1 
a 7 

1uo 
0 

672 
0 

21 
17 

374 
17.23 

N I G H T  Start Of 54 1034 324 1619 36 641 
790220 3 34 27 379 26 530 

4 1  373 321 1467 56 8 23 
790221 10 77 1 Y 1  2673 90 3310 

4 7  235 178 680 22 307 
790222 27 Y9 402 3254 1184 8005 

150 610 1269 10259 1716 8694 
790223 16 

44 
581 

1133 
157 
291 

774 1 
6544 

370 
692 

2871) 
54 E6 

790224 27 233 3 25 888 5804 
5 4  H3E 2u2 2637 355 1198 

790225 6 14 152 :I&?? 0 0 
7902P6 44, 840 100 736 84 4 l Y 8  

54 ?59 76 605 96 4068 
7901‘27 24 J 93 13. 22B6 52 839 
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TABLE 7.5-3 (Continued) 

790228 DAY 51 802 72 2393 28 518 . 
NIOHT 57 566 162 1602 78 695 

790301 DAY b 27 418 49 841 50 1068 
NIGHT 0 51 665 59 SO9 0 0 

790302 DAY 0 40 
NIGHT 120 

667 
663 

63 
2 76 

1159 
5019 

52 
78 

2067 
1444 

790303 DAY 15 33 0 0 252 3,796 
NIGHT 7B 1177 48 951 32 1636 

790304 NIGHT 18 71-1 0 0 57 1674 
79030s 
790306 

m y  7 
DAY 0 

87 
0 

0 
0 

0 
. o 

56 
28 

1399 
1043 

NIGHT 1 u 0 0 11 735 
790307 D A Y  1 3 0 0 28 376 

NIGHT 4 6 0 0 3.3 316 
790308 DAY 1 9 0 0 14 632 

NIGHT 4 17 0 0 15 136 
790309 any 1 

NIGHT 1 
3 
3 

0 
0 

0 
0 

16 
12 

600 
517 

790310 r iny  0 0 0 0 24 216 
NIGHT 7 136 0 0 15 314 

790311 D4Y 0 3 
NIGHT 9 

12 
31 

0 
0 

0 
0 

9 
9 

234 
210 

790312 

790313 

r w  0 2 
NIGHT A 2 
D A Y  1 

F) 
6 
3 

0 
0 
0 

0 
0 
0 

7 
8 

1 0  739 0. 
NIGHT 32 100 0 0 30 624 

790314 ctny 4 
NIGHT 17 

18 
140 

0 
0 

0 
0 

20 
31 

1367 
602 

790315 nnr J" 17 0 0 14 178 
NIGHT 18 74 0 0 32 890 

790316 DAY 5 21 0 0 10 614 
NIGHT 0 Y 55 0 0 32 1242 

790317 DAY % A  0 
NIGHT X I 

0.>.-5 0 
0 

0 
0 

23 
9 

941 
251 

790318 DAY L 4 0 0 10 728 
NIGHT 0 14 8'; 0 0 20 600 

790319 D A Y  0 0 0 0 1 56 
NIGHT x 4 5 23 0 0 12 9060 

790320 rm Y % A  7 28 0 0 12 1103 

7Y0321 
NIGHT x 10 
D A Y  0 4 
NIGHT 0 x Y 

70 
16 
31 

0 
0 
0 

0 
0 
0 

6 
23 
27 

489 
1503 
1164 

790322 DAY 15 1Y6 0 0 1 1  276 

790323 
NIGHT 1 
LlnY T" 

0 
27 

0 
0 

0 
0 

1% 
21 

096 
9133 

NIGHT 7 24 0 0 27 2052 
790324 DAY 3 1u1 0 0 7 446 

NIGHT Y 41 0 0 18 576 
790325 DnY 1 4 0 0 10 470 

NIGHT 7 24 0 0 16 481 
790326 DAY 0 0 0 0 s 843 

NIGHT E) 50 0 0 9 262 
790327 	 nnY e 1 4 0 0 8 781 

NIGHT .O Ir 7 33 0 0 19 851 
790328 D A Y  % A  4 20 0 0 1 1  5529 

N 1GHT x 7 20 0 0 24 2536 
7903s m y  4 17 0 0 7 

NIGHT 4 11 0 0 19 :;3
790330 DAY % 0 0 0 0 12 645 

NIGHT 3 11 0 0 15 570 
790331 DAY rc 0 0 0 0 8 1594 

NIOHT TR 4 14  0 0 7 '147 
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TABLE 7.5-3 (Continued) 

790401 DAY 22 aY 0 0 220 7171 

790402 
NI(iH1' 
anY 

0 
1 

0 
200 

0 
0 

0 
0 

1403 
84 

3J8E)H
26!,:! 

N I G H T  4 702 0 0 72 1475 
790403 D A Y  0 0 0 0 24 4454 

N I G H T  0 0 0 0 20 1.034 

790405 
N I G H T  
DAY 

1 
2 

1stj 
3Y 

0 
0 

0 
0 

10 
8 

1 c - c ;  
7 'r' 

N I G H T  1 4 0 0 10 8HL 
790406 1.mY 0 0 0 0 4 56 

NlCiHT 0 0 0 0 6 1'93 
790407 D A Y  0 0 0 0 1 1  341 

N I G H l  2 ? 0 0 3 I? 
790400 unY 0 0 0 0 2 54 

790409 
N I G H T  * 0 

1 
0 
.3 

0 
0 

0 
0 

16 
7 

506 
1455 

7Y0410 

790411 

NIGHT 
uny .. 0 
N I L "  
[InY 0 
N I G t i T  

3 
1 
0 
'>-
0 

U b  
7 
0 

12 
0 

0 
0 
G 
0 
0 

0 
0 
0 
0 
0 

6 
3 
6 

12 
22 

3132 
13 1 
3 :i 8 
b -/ 7 
3.880 

790412 D A Y  1 313 0 0 11 c 75 

790413 
N I G H T  
LIAY 

3 1 \) 
Ll 

0 
0 

0 
i) 

13 
1 4  

37c 
237 

N I G H T  3 53 0 0 14 662 
,.'PO 4 1 4 im Y 0 0 0 0 1.0 337 

N I GtiT 2 15' 0 0 1 1  . 186 
790415 Dh Y X 0 0 0 0 8 ' 2 7  

7'90416 
N I G H T  
rlnr 

1 
3 

3 
3 b 

0 
0 

0 
0 

7 
9 

85 
3.33 

NItiHT 6 65 0 0 17 75'1 
790417 DAY 1 e

J 0 0 6 448  
NICihT 1 1 4  0 0 8 367 

790418 DAY 1 35 0 0 Y 576 
NIGt11 1 a 0 0 u 434 

7904 19 M Y  1 2 '? 0 0 10 8U7 
N I G H T  0 0 0 0 8 350 

790404 DAY 2 9 0 0 20 4?70 
as. 

790420 I l A Y  0 0 0 0 11 847 
N I G H 1  1 0 0 0 d 	 649 

790421 D nY 0 0 0 0 12 Y L  * 
N I G H T  1 162 0 0 11 3971 

790422 DAY 0 0 0 0 20 875 
N I G H T  0 0 0 0 12 656 

790423 DAY 2 9 0 0 23 321 
N I G H T  2 1 1  0 0 14 833 

790424 rJA Y 1 90 0 0 23 705 

790425 
790426 

NI G H T + D r e d g i n g  
ICHI' Comp1e ted

[IhY 

7 
7 

1 3  

126 
5 7  

,107 

0 
0 
0 

0 
0 
0 

53 2307 
41 1170 
65 1871 

790427 DAY 0 0 0 0 8 510 
N I G H T  0 7 23 0 0 26 4 i e  

790420 PAY 3 13 0 0 0 0 
N I G H T  6 125 0 0 18 2002 

790429 DAY 3 278 0 0 5 509 
N I G H T  13 119 0 0 0 0 
m y  0 0 0 0 1 1  7854 
N I O H l '  1 5 0 0 Y 447 
PAY 0 0 0 0 8 3 32 
N I G H T  0 1 2 0 0 8 U9Q3 

790502 DAY 0 0 0 0 9 l.l.44-N I G H T  2 4 0 0 b00508"' 

'I? 
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TABLE 7.5-3 (Continued) 


STATION 
1 4 5­

'I'OTAL TOTAL. TOTAL.
DATE T I n E  O f  DAY TOTAL NUHEKR U E I G W  TOTAL NUM#ER YEIQHl TOTAL NUMBER UEIOHT 

790503 DAY 1 28 0 0 4 106 
NI OHT 4 Y 0 0 7 187 

790504 DAY 7 162 0 0 0 0 
N I G H T  19 100 0 0 10 346 

790505 t iny  b 219 0 0 0 0 
N I G H T  41 369 0 0 0 0 

790506 DAY 7 60 0 0 0 0 
N I GHT 33 615 0 0 0 0 

790507 a 17 2v4 0 0 0 0 

790508 
N I G H T  
riny 0 
NIGHT 

6 
X 

53 
s 

�1 b 

204 
132 
467 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

790509 m y  
N I G H T  

4 1  
205 

144 
660 

0 
0 

0 
0 

0 
0 

0 
0 

7YOS10 rtny 14 3 38 0 0 0 0 

790511 
N I G H 1  
L M Y  q P  
N I G H T  e 

1 
111 

13 
51 

385.7 
114 
356 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

790512 D n v  7 101 0 0 0 0 
NI GHT 31 513 0 0 0 0 

790513 DAY R 115 0 0 0 0 
N I G H T  36 152 0 0 0 0 

790514 m y  S 103 0 0 0 0 
N I G H T  41 132 0 0 0 0 

790515 DAY 3 350 0 0 0 0 
N I G H T  27 168 0 0 0 0 

790516 DhY 1 2 0 0 0 0 
NI QHT 44 26 1 0 0 0 0 

7905 17 DAY 4 10 0 0 0 0 
N I G H T  33 07 0 0 0 0 

790518 t iny  1 2 0 0 0 0 
N I G H T  e 92 0 0 0 0 

790519 u n y  
N I G H T  

1 
16 

3 
4 7  

0 
0 

0 
0 

0 
0 

. o  
0 

790521 Dh Y u 347 0 0 0 0 
NIGHT 4 0  173 0 0 0 0 .  

790S22 DAY 13 50 0 0 0 0 
N I G t i l  4 3  2 Y  Y 0 0 0 0 

790523 DAY X 22 1060 0 0 0 0 
790524 DAY 0 4 Y  34s 0 0 0 0 

N I G H T  4Y 473 0 0 0 0 
790525 

N IGH1 
2 : )  
V6 

560 
730 

0 
0 

0 
0 

0 
0 

0 
0 

790526 DAY 1 7 0 0 0 0 
N I G H T  24 458 0 0 0 0 

790527 DAY 5 4 Y  0 0 0 0 
N I G H T  33 140 0 0 0 0 

790528 DAY 8 17 0 0 0 0 

790529 
N I G H T  
DAY 

20 
6 

125 
24 2 

0 
0 

0 
0 

0 
0 

0 
0 ... 

N IGHT 20 101 0 0 0 0 
790530 DAY 10 23 0 0 0 0 

N I G H T  20 163 0 0 0 0 
790531 DAY 36 4 Y 4  0 0 0 0 

N I G H 1  77 353 0 0 0 0 
79060 1 m y  17 62 0 0 0 0 

N I G H T  50 a37 0 0 0 
790602 D h Y  . 5 1> ~ 4  0 

0 
0 0 

NIQHT 36 504 0 0 0 
0790603 KIA r 2 0 0 0 0 : a  

NZQHT 3Y 59 0 0 0 0 
790604 m y  3 ,16 0 0 J 149 

N I O H T  20 21 0 0 0 0 
7POL05 	 nnr 4 11 4 14 b 

NIOHT 22 70 9 e4 
7-L,: 
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TABLE 7.5-3 (Continued) 


~~ ~ ~~~ ~~~ 

S,TAT ION 
1 4 5 

'IUTCIL TOThL T O l A i  

__- ----___--- I-_--
790606 DAY Y "2  0 0 17 5.33 

N I G H T  
790607 N I G H T  

27 
53 

114 
203 

2 
1 

13 
2 

24 
51 

. 128-.. 
I a1 

790600 DAY 0 0 1 3 25 663 
N I G H T  

790605' rinY 
' 35 
40 

266 
63 

1 
24 

4 
4 2  

30 
72 

sp3 
I73 

N I t i H S  117 102s 33 434 00 2)7 f;9 
790610 D nY 12 12 10 15 36 1J4 

N I G H T  10 4 9  I20 235 I) 40 
79061 1 DAY 95 406 1 0 31 4111 

N I G H T  52 uv2 El  4'7 81 624 
790612 DAY 4 4  YfJ 7 28 52 907 
790613 I l n Y  39 267 11 82 33 4L9 
790614 DAY 8 33 L 

J 7 41 . 6 2 0  

DATE T I N E  OF DAY TOTAL NUMHER UEXGti'I TOTnL NUHRER UEIGH'I' TOTAL NUMBER UE1:GHT _ _ _ _  -___ ._--------. .__ ______.^______ .-.------ ----._-_.­

N I G H T '  35 505 13 253 25 1757 
790615 m y

N I G H T  
0 46 

0 
126 
0 

10 
LL. 

126 
374 

32 
0 

2 4 5  
0 

7FOi16 n n Y  2 Y  1oa 15 57 1.5 73P 
N I C H T T R  0 176 2212 25 117 17 182 

790617 DAY 0 0 34 446 62 2635 
NIG H l  0 0 43 455 142 :779 

79061% DAY 0 0 69 565 19 2060 
N I G H T  0 0 3s 636 35 i 130 
IIA Y 0 0 3 53 0 0 
N I G H T  0 0 7 109 62 :? 426 
LinY 0 0 29 1.34 0 0 
N I G H T  33 C ) ' , C ,

L r  L 102 307 104 1341 
790621 DAY a :! 4 1 1  525 53 1590 

N I G H T  626 2330 614 5076 7 0  766 
i.L'790622 DAY 1 7 .J r! 373 56 1 R 7 3  

N I G H T  3 4  237 325 3113 158 3019 
790673 DAY 6 '-.1 53 5 4 7  1 1. 1 2fJ49 

NIG l i l '  44 5 4 0  271 117U 155 3720 
790624 DAY 1 I 54 348 .JL 1.063 

N IGtiT 1 2 0 0 68 2612 
740625 IInY 1 1 4 6 f til 74 Soh 

N I G H T  
T93'62b D A Y  

44 
14 

:!'.A 
1 1 2 1  

3/2
YO 

725 
5'?3 

Y1 
79 

1925 
1735 

N I G t l T  20 66 ~~~~ 13YY 60 :;zs 
D A Y  
N I G H T  

16 
4 

76 
5 

7 4
1(io 

t # 8 4
305 

84 
65 

589 
1711 

790620 DA'I 6 L) 1Gt3 1h5 84 530 
NTGtiT 

7906L'Y Dh Y 
9 
0 

111 
0 

- > y . j*i.-,. c _..v .' 
5:T' 
4 36 

98 
HO 

1671 
8 7 4  

N I G H T  4 L 3JL 4u3 0 0 
790630 D A Y  120 140  0 0 3 3 1 E37 

N I G H T  100 71 316 419 144 S'r'c. 
790701 DAY 2 7 94 231 16 Y :.? 

N I G H T  0 0 87 370 0 0 
790702 any 54 4 9  60 73 16 56 

N I G H T  1 1  1C'2 Lb 107 20 3 2 5  
790703 D t w  0 5 4 95 167 48 17% 

N I G H T  8 10 330 396 102 4Y9 
790704 rmY 4 1G3 40 4 0  40 4 6 9  

N IWIT 18 2CI 140 709 70 204 
790705 DAY 8 6 48 81 36 5kI3 

N I G H T  40 J'i3 622 11YY 4s 20 3 
79070A DAY 0 0 5 4  00 60 843 

EN I G H T  0 1U 42 2YO 62 385 
790707 [tny 2 124 0 0 188 286 

N l G H T  54 410 3 11 5 27 
790708 nnY 7 :4 36 391 49 1329 

N I G H T  6 14 126 29 1 0 0 

7 - 4 5  
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TABLE 7.5-3 (Continued) 

1 

S T A T I O N  
1 4 5 

TOTAL TOTAL 1OTAL 
DATE T I M E  OF DAY---.---.T O l h L  NUfiHER WEIGHT TOTAL NUHDLR WEIGHT TOTAL NUHHEW WEIGHT..--______-___-_..- -.------.-...-------- ----_-_--..-_----_-^.____-___-_________I________ 
79070Y rmr 6 4  112 ZY 1 391 248 2184 

790710 
NIQHT
DAY 

54 
u 

U6 
1 1  

5 6 4  
60 

120Y 
132 

828 
64 

1681 
...?'346 

NI GIIT 0 0 320 628 112 434 
790711 m y  

N IGHT 
10 
12 

10 
10 . 

6 
575 

tj 
103Y 

48 
175 

247 
445 

790712 DAY 0 0 12 10 a 4 5  
WIGHT 24 46 104 148 114 823 

790713 [InY 0 0 32 70 12 1Y 
N IGHT 12 14 90 206 3Y n m  

790714 DAY 1 4 14 54 32 429 
NIGliT 1 1  77 24 427 75 7Eltl. 

790715 DAY 15 14 21 511 27- 68 
N I G H T  84 711 17 89 3 0 

790716 D A Y  0 0 49 62 16 ' 129 
N I G H T  28 26 12EI 154 66 175 

790717 UAY 0 0 6 c 18 22 
N I G H T  76 336 42 60 45 1 1 1  

790718 ~ I A Y  i 1 15 17 13 I. 000 
L 1N I G H T  7 .Pol3 1h 2  b 14 4 5  605 

7YO71Y l lAY  0 0 12 1 I'o0 20 665 
790720 l l A Y  0 0 10 19 4E) 430 

N I G H T  1 0 74 243  6 358 
790721 D A Y  0 ii 0 0 72 Y93 

N I G H T  i 
7 "-45 0 0 100 748 

790722 I I A Y  0 0 0 0 12 209 
N 1GHT 1 .J 0 0 29 595 

7 9 0 ~ 3  IinY 7 8 12 1 I R  30 . Y O 0  
N ICjHT 30 35 E'I 

i.I 25 70 582 
75'0724 D A Y  0 0 1'4 78 21. 17.n 

N I G H T  16 1U 95 203 78 1892 
790725 DAY 54 156 0 0 24 4213 

N I G H T  138 350 0 0 8a 1043 
790716 D A Y  110 1so 128 240 16 23 
790727 OhY 0 361 30 2 2 4  30 38 

N I G H T  115 354 159 101 128 ' 79 
79o720 unY 15 34 2 4 8  127 192 55 

N I G H T  TR 20 63 130 692 104 814 
730729 D A Y  7 31 8 26 0 0 

NIGtiT 70 164 66 515 142 8210 
790730 DAY 0 0 66 43 21 7 

N I G H T  15Y 3100 39 180 37 2720 
790731 M Y  0 0 7 4 2  28 2264 

N I G H T  0 0 59 4'12 39 4629 
790001 N I G H T  0 0 126 548 7 26 
790002 r m Y  3 2 173 223 66 337 
79oao3 DAY L' 3 3 2 93 11 2 2 4  

N I G H T  Y b  699 30 62 16 537 

c 


3790604 rthy 6 10 34 f 1Y L 1 
N 1GHT *-

790805 DAY 0 0 2 1 0 0 
N IGtIT 1 :! 606 0 0 6 933 

790806 DAY 0 0 6 b 20 211 
N IGHT 24  4 2  70 293 38 218 

790807 uny 
N I G H T  

0 
0 

0 
0 

11 
0 

29 
0 

22 
45 

330 
912 

c 

?'>O 1812 550 533 60 203 

790808 IIAY 0 0 4 2  62 J 412 
N I G H T  0 0 56 77 El 43 

790009 DAY 2 10 13 179 7 163 
N I G H T  51 190 8 100 18 127 

790810 DAY 0 0 0 0 6 181 
N I G H T  4 32 6 . 4  El 12 

7-&6 



'l'AHLE 7.5-3 (Continued) 

790811 unY 4 9 20 149 3 65 -,-*NIGHT L i  126 165 203 4 0  336 
790012 m y  4 6 8 18 4 7 

NIGHT 6 14 12 248 20 557 
790813 DAY n 0 (4 1 3 0 

NIGHT 9 12 22 8.3 15 176 
790814 DAY 1 3 13 30 1 1  346 

NIGHT 40 1 is' 78 1042 3s 53 
790015 IlnY -> t 35 71 10 :!25 

NIGHT 12 13 52 185 4 3 
7Y0816 IIplY 2 4 3b ?Y l? 251 

-. .. 

NIGHT 24 7bY 0 0 36 !C>32' 
75'0Ell7 I:I AY 3 s 39 43 30 1.54 

7Y08lEI 
N IGtiT 10% 

-> 
2 .:Ii) 

.-. 390 
4 2  

5:>2 
193 

42 
1 4  

1509 
609 

NIGHT 111 14V 396 462 45 42 
790819 NIGHT 12 14 116 1041 27 1Y1 
790821 DAY 33 59 65 426 26 374 

NIGHT 0 0 0 0 4 9 
790822 DAY 20 5v4 0 0 76 349 

NIGHT 294 730 306 4k15 l f 2  1008 
790823 DAY ' 0  0 150 190 28 2301 

?90824 
NIGHT 
DAY 

112 
4 

2;'5 
27 

105 
38 

600 
65 

118 
17 

873 
249 

NIGHT 60 3Yl 260 456 14 910 
790825 iiny 4 1 4  800 1185 0 c 

NIGHT 48 226 168 1 I31 54 475 
730826 DAY 2 13 42 905 0 0 

N IGI41 9 105 204 2121 0 0 
790827 DAY 2 13 46 443 0 0 

NIGHT 31 70 10 2176 2 19 
790820 114Y 0 0 0 0 1 1 1  

NIGHT 23 82 82 215Y 15 71 
790829 

75'0830 

DAY 
NIGH1 
DAY 

e. 6 
28 

4 

212 
58 

3 

100 
114 
60 

4f13 
230 
79 

2 
11 
12 

29 
116 
144 

790631 
Nl GHT 
slny 

151-? 
351 

4 
0 
32 

0 
130 

4tt 
30 

404 
186 

7905'01 
NIGHT 
m y  
NIGHT TR* 

2kl 
0 

100 

24 
0 

412 

54 
4 2  
204 

273 
180 
498 

99
i a  

132 

638 
72 
lR2 

790902 slny 
NIGHT 

14 
86 

16 
122 

36 
106 

11.0 
1200 

52 
303 

502 
a30 

790903 DAY 2 1 34 70 16 1a x  
NIGHT 162 543 54Y 1688 0 0 

790904 DnY 0 0 21 14  0 0 
790905 D4Y 2 L-l 5 3 10 235 

N IGtiT 0 0 288 3>0 0 0 
790906 DnY 0 0 El 15 12 140 

NIGHT 0 0 42  244 0 0 
75'0907 m y  c

J 2 10 53 4 0 
NIGHT 6LI 156 202 734 36 4b4 

790908 IJAY 0 0 5 1 3 0 0 
NIGHT TR 12 24 16 I 5  42 810 

790909 DAY 14  135 0 0 3 21 
790Y10 DAY 0 0 3 3 2 55 

NIGHT 32 26 138 117 24 54 
DAY 0 0 0 0 1 2 
NIGHT 0 0 14 50 a 30 
L'AY 0 0 6 13 3 91 

790913 
NIGHT 0 0 86 137
NIGHT 0 0 0 0 

29 
30 

14s 
392 

*Incomplete tunnel recirculat  .ion Limited to 2 hrs.  
7-4-7 
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TABLE 7.5-3 (Continued) 


sT A T  I ON 
1 4 S 

TOTAL 'rKJ rni. TOTAL 
DATE TIHE OF DAY TOTAL N U M K R  YEIOH'T TOTAL NUMBER WEIGHT TOThL NUMBER UEIGHT 

_____________-__-----_..-------.---.---.--.- . I---_­_-----*- I_. .-__--------__----__--­
7909 1 4  

7909 1J 

DAY 
N I G H T  
D A Y  

0
IS  
0 

0 
256 

0 

4 
76 

6 

14  
3i)l 
23 

8 
7 
2 

572 
18 
10 

N I G H T  30 217 70 115 0 0 
79091 6 DAY 0 0 6 36 4 18 

N I G H T  11  57 ' 0  0 3 303 
7909 17 tiny 12 31 2 15 3 19 

N I G H T  0 0 11. 4a 0 0 
79091 8 D ~ Y  6 2 6 8 3 41 

N I G H T  0 0 37 613 18 797 
c79091 9 DnY .I ZY E 67 4 142 

N I G H T  0 0 58 20 1 30 190 
790920 uny 0 0 10 68 3 31 

N I GH7 228 730 22 491 18 85 
' 790921 DAY 0 0 12 86 3 39 

N I G H T  1 0 37 500 30 1124 
790922 DAY 1 2 Y Z  2 7 17 717 

N I G H T  6 35 0 4L 7 20 1 - .790923 	 Dh Y 1 2 48 -1 "7 32 418 
NIG H l  30 1 1 1  46 204 1 1 4  1958 

790924 Dh Y I :! 7 1 14  24 171 
N I G H T  JL 72 12 6 6 Y  33 212 

7305'25 rmY 0 0 5 20 1 10 
N I G H T  0 0 24 35 120 266 

790Y26 :In Y 1 1 1  0 0 7 424 
N I G H T  05 1250 50 755 flu 637 

7905'27 DAY 1 , 13 4 16 20 507 

790Y2B 
N I  GIiT 
Dh Y 

110-I 
866 

9 
0 
J 

0 
13  

35 
12 

' 341 
619 

790929 
N I G H 1  
IlAY 

146 
5 

5 y 2  
CI4 

93 
0 

552 
0 

41 
6 

424 
129 

N I G H T  36 221 3 i a  30 407 
790930 [In Y 0 0 0 0 8 212 

N I G H T  32 277 0 0 75 130 
791001 BAY 4 10 6 42 32 100 

N IGtiT 42 400 S �J6 33 896 
791002 DAY 0 0 100 1 1 9  5 40 

791003 
N IGHT 
I:InY 

T'e, 
4 

12a 
I!5' 

51 
76 

795' 
ti'73 

44 
1 1  

1581 
332 

c "I 

791007 [IhY 
N I G H T  

4
24 

3:i
7553 

36 
0 

','. 
L .I 3 

0 
-1 5 
24 

423 
354 

791008 DAY 6 37 20 . 113 3 8 
N I G H T  36 40 a1 64 1 21 291 

79100Y N I G H T  21 48 fl7 �401 36 707 
791010 DAY 2 10 5 41 1 20 

N I G H T  0 0 0 0 9 2169 
791011 N I  GH7 80 3 3 l l  40 409 0 0 
791012 IIA Y 30 04 4 25 0 0 
791013 DAY 1 13 18 109 0 0 

N I G H T  TR 0 0 1 1 Y  138 0 0 
791014 DAY Y 29 15 126 12 35 
791015 Dfl Y 8 4 276 203 4 9 529 

NIGHT 0 0 0 0 24 28 
791016 DAY 1 0 31 31 24 890 

N I G H T  75 119 0 0 34 764 

N IGtiT 36 2'30 69 378 -7 7 64 
79 1004 DAY I 7  136 18 1 7 4  1 9 

N I G H 1  6(i 4 1 U  23 1 4 'J' 7 54 734 
791005 119Y 0 0 0 0 9 118s 

N 1GHT 10 210 7 2  145 6Y 673 
' 9  1006 DA Y 0 0 0 0 25 30 

NIGHT 31 130 70 4 Y ?  4 s  876
' 
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TABLE 7.5-3 (Continued) 

--. -. 

GTATION 
1 4 5 

TOTAL TOThL TUTAl 

---.------.--------------------.-----.--
‘791017 DAY 3 13 10 114 5 68 

NIGHT 42 96 Y 2  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 4 30 550 26 160 18 243 
791020 D A Y

NIGHl’ 
4 0 

5 
0 
21 

45 44 4 
64 145 11 

4c 
442 

791021 DAY 1 0 45 81 28 63 
NIGHT 180 201 20 205 24 43 

791022 DAY 
NIGHT 

4 
0 

10 
0 

YO 136 36 
117 400 -30 

29 
A 6  

791023 DAY 26 148; 29 2054 3 Z185 
NIGUT 144 416 56 496 0 0 

791024 DAY 0 0 48 155 48 1216 
791026 DAY 0 0 455 312 65 1?2k 
791027 NIGHl 0 0 144 250 82 287 
791028 M Y  78 924 107 604 35 2867 
791029 DAY 0 . 0 15 18 I? G 

NIGHT 60 70 2GO 329 22 673 
791031 m y  0 0 120 105 0 0 
791101 UAY 0 0 0 0 36 174 

N1Citil 1Y2 390 49 2H4 0 0 
791102 D A Y  0 0 0 0 9 96 

NIGHT 
791103 NIGHl 

104 
34u 

;i js 
CE: 1 

105 348 00 
0 0 95 

220 
961 

791105 D A Y  40 70 75 261 60 375 
791106 [ M Y  c- .4 i)5 32 91 114 301 

DATE TIHE OF rtny TOTAL NUHEW uEIGti1 TaTnL NUMBER WIGHT TOTAL NUHBEH YEIGHT 
_,___________~______I - - - -_ -______- - - - - ---.-----__----I-

NIGHT c-L-
3J 3 4  1 30 207 0 0 

791107 DhY 7 131 18 1 3 4  18 4.24 
NIGHT 

791108 PAY 
31 
40 

102 
:!a4 

74 
0 

4t)7
0 

36 
32 

422L 
154 

79110~1NIGHT z”J 312 03 530 0 0 
791109 DAY 31 205 44 92. 6 113 

NIGHT 4u 135 0 0 30 154 
791110 DAY 0 0 36 54 8 i 16 

NIGHT 20” 501 156 530 21 487 
791111 DAY El 37 792 1693 32 464 

NIGHT 82 1017 0 0 0 0 
791112 DAY 1 25 36 106 6 49 

NIGHT 0 0 “34 408 93 753 
791113 PAY 12 10 12 15 ia 887 

NIGHT 99 1301 182 1146 20 61 
791114 D A Y  0 0 0 0 8 175 

NIGHT 63 138 0 0 24 245 
791115 DAY 0 0 0 0 10 25 

NIGHT 0 0 0 0 21 b‘JJ 

791116 LsnY 26 182 18 395 7 2  ’ 749 
NIGHT 0 0 0 0 20 6C 

791117 DAY 1 UY 15 67 25 1GF 
NIGHT 76 u44 74 0‘?2 44 666 

79111E DAY S 11 00 380 79 327 
NIGHT 24 311 72 942 46 722 

79111~m y
NIGHT 

791120 DAY 

0 
28 
0 

0 
61 
0 

30 
12 
0 

222 
346 
0 

28 
70
i e  

196 
95 
153 

NIGHT 120 218 64 91 268 1430 
791121 DAY 460 1972 52 231 24 213 

NIGHT 0 0 205 552 62 877 
791122 NIGHT 626 1693 1533 2827 266 921 
791123 DAY 0 0 246 854 170 I.785 
791124 DhY 

NIGHT TR 
0 
0 

0 
0 

112 
0 

117 
0 

16 
94 

’ 434 

0 j.’$ 

e, 
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224 

DATE TIHE OF 

791125 DAY 
791136 D A Y  

NIGH1 
791127 m y  

NIGHT 
791128 a n y  

NIGHT 
791124' DAY 

NIGHT 
7y i i30  m y  

N IGHT 
7Y1201 LtAY 

N 1GHT 
791202 IlRY 

NItiHT 
7Y120J D A Y  

NIGHT 
791204 DAY 

NIGHT 
791205 IlhY 

NIQHT 
791206 UAY 

NIQHT 
791307 m y  

NIliHT 
791200 m y  

NIGHT 
791205* DAY 

N IGH7 
791210 DAY 

N IGUT 
791211 DAY 

NIGHT 
791212 DAY 

NIGUT 
791213 DAY 

NIGHT 
791214 m y  

NIGHT 
7 ~ 1 x 5rtny 

NIGHT 
791216 D A Y  

NIGHT 
791217 DAY 

NIGHT 
791218 DAY 

NIGHT 
791215' DAY 

NIGHT 
791220 NIGHT 
791221 DAY 

NIGH1 
791222 NIGHT 
791224 DAY 
791235 m y  
791226 DAY 

NIGtfT 
75'1227 NIGHT 
7 9 1 2 2 ~  	m y

NIGHT 
791229 DAY 

TABLE 7.5-3 (Continued) 

STATION 
1 4 

TOThL 1 OTAL . 
DhY TOTISL NUtifiER NEIGH1 TOTnL NUHBER WEIQHT 

4 0  204 64 3 Y  4 
207 1103 74 304 

0 0 1743 29EIY 
0 0 0 13 

50 5Y2 413 3153 
15 65 18 104 
0 0 763 4105 
b 27 22  169 
31 723 51 311 
0 0 30 548 
40 777 30 253 

5 
IU lAL 

TOTAL NLtHBER W I G H T  

0 0 
0 0 

0 0 

7 135 
0 0 
0 0 
0 0 

15 21 
0 0 

26 1320 
6 152 

0 0 40 1.55 c 343 
0 0 68 Y O 1  12 359 
0 0 5 1 393 3 3. 97 
0 0 4u 222 18 1003 

4 5 4 7E3 87 1020 13 498 
0 0 32 576 10 5807 
0 0 40 :? 06 8 489 
0 0 25 508 41 391 
1 34 Y 26 28 105 
6 17 18 09 0 0 

3 $1 

0 
247 

0 
174 
ut3 

433 
1049 

14 
'A 3.. l Y 1  

282 
30 161 186 1079 1 4  93 
40 202 56 1128 32 221 
16 4 0  18 6% 11 
77 4 6 Y  172 731 24 235 

0 0 10 54 17 302 
0 0 3 Y  352 30 1033 
5 99 30 100 10 111 
0 0 0 0 26 316 
0 0 5 4 0  6 152 

3'2 140 32 1OB7 0 0 
4 29 32 232 6 414 
4 11 0 0 7 107 

11 173 5'0 311 13 4 96 
21 372 0 0 0 0 
13 206 22 l31 18 543 
0 0 60 75B 13 811 
1 3 14 44 6 126 
Y 126 77 692 15  1652 
2 3 10 29 6 170 
4 15 57 1215 12 382 
u 242 20 116 10 57 
0 0 54 319 17 243 

21 127 219 596 18 813 
0 0 1EO 426 5' 4 1850 

11 266 0 0 29 ,1403 

0 
0 

10 
0 

470 
0 

79 
0 

1331 
20 
v4 

90 
994 

0 0 32 731 0 0 
4 0 0 YO 303 4 0  279 

0 
4 

0 
69 $ 0 

8 3  
42 

7 
593 
128 

A 0 0 20 167 ?-J 404  
2 4 258 YO 804 24 200 
0 0 66 ll0Y 0 0 

52' 394 66 317 0 0 
2 ?El u lff9 c 

26 282 54 2Y7 0 
4 105 11 77 8 17; 

NIGHT TR 4 0 542 66 437 30 4 8 1  
791230 D h Y  0 0 16 2 3  0 0 
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TABLE 7.5-3 (Concluded) 


STAT ION 
1 4 5 

791231 D A Y  0 0 4) 2 0 0 
N I G H T  1 1  3 Y  0 0 . O  

ROO101 N I G H T  0 0 0 0 1:' 
800102 BAY I I ?  30 454 0 

N I G H T  0 0 37 396 0 
800103 N I G H T  a 63 0 0 0 
800104 DAY 1 1Y 9  19 5607 8 

N I G H T  10 193 40 3 4 3  10 

LEGEND 


TR - denotes t i m e s  of tunnel r ec i r cu la t ion  

0 - denotes wind speeds 1 2  mph 
0 -denotes ocean wave heights  f o r  2 4 f t  

x - denotes s a l i n i t i e s  5 29.9 %, 
A - denotes l ight-heavy r a i n  
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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 -<29.9 ppt, associated conditions of light to 

heavy rainfarl, and times of dredging operations 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. 

A s  indicated in Figures 7 . 5 - 1  through 7.5-8 and Tables 

7.5-1  and 7.5-3,  total numb'ers and biomass of fishes impinged 

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 and weight of fishes impinged was in 

late February, 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. A s  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 inipinge­

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 a l l  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 t o t a l  Weight
of Fishes ImGinged 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  var iab les  and the mean number o r  

weight of f i shes  impinged. 

These r e s u l t s  are not  surpr i s ing ,  because t h e  impingement 

da ta  a r e  q u i t e  va r i ab le  and it  a l so  i s  very l i k e l y  t h a t  impinge­

m e n t  i s  influenced by a combination of f a c t o r s ,  r a t h e r  than one 

o r  two i n  i s o l a t i o n .  For example, it might be argued t h a t  

impingement was highest  i n  the  l a t e  f a l l ,  winter  and e a r l y  

spr ing ,  when water temperatures were lowest (Figures 7.5-1 

through 7.5-8).  Y e t  t h i s  a l s o  was the period of increased cloud 

cover,  storm condi t ions,  i n t e rmi t t en t ly  reduced s a l i n i t y ,  and 

dredging i n  Agua Hedionda Lagoon. 

A s  a means of evaluat ing the  e f f e c t s  of storm conditions on 

impingement, Mann-Whitney U tests were applied t o  da ta  f o r  t o t a l  

number and t o t a l  weight of impinged f i s h e s ,  shown i n  Table 7.5-3. 

Five d i s t i n c t  i n t e r v a l s  of storm conditions during t h e  period 

February 20-May 1 2 ,  1979 w e r e  s e l ec t ed ,  using the  phys ica l  data 

noted i n  Table 7.5-3 as  a guide.  These f i v e  periods w e r e  char­

ac te r ized  by wind speeds ->12 mph (16 kph), r a i n f a l l ,  sa l in i t ies  

-	~ 2 9 . 9p p t  i n  t he  lagoon, and, i n  four of the  f ive cases, by 

ocean wave heights  g rea t e r  than 4 f t  ( 1 . 2  m). 

All data  f o r  a period of 4 t o  7 days before the  storm began 

were compared w i t h  a l l  data  from the  same number of days after 

t h e  onset of t h e  storm. For example, i n  evaluat ing effects of 

t h e  s to rm t h a t  began on February 20 ,  1979,  data  f o r  t he  fou r  

days preceding t h a t  da te  w e r e  compared with those for t he  four-

day period s t a r t i n g  February 20. Values from each 12-hr sampling 
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interval for total number and total weight of a l l  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 tw:, 

consecutive time periods, 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 SIC SIC 
(p.: .lo) (p< .05) 

SIG SIG 
(p< .05) (pc. .05) 

S I G  S I G  
(p< .05) (p.: .O5) 

318 - 3/22 SIG NS 
(1% . l o )  

Unit O f f  NS S I G  
(p< .O5) 

3 / 2 3  - 3/30 NS NS Unit O f f  NS NS 

415 - 4 / 1 3  SIG SI G  Unit O f f  SIG NS 
(p' .OS) (p< .05) (F.OS> 

5 1 3  - .  5/12 sIC sI(: Unit O f f  
(p' . 0 5 )  (p' .lo) 

Unit Off 


T h e  results show t ha t  in 13 of the 20 comarisons, the total 

number or weight of fishes impinged was significantly greater 

following the onset of storm conditions and reduced salinity thas 

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 duringa 
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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 sediment 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 .of the sedi­

ment and turbidity levels were relatively high in the outer . 

lagoon. 


A s  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 February 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 April 29-June 2 3 .  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 operations, against 

the one-way alternative hypothesis that mean weekly levels of 

impingement were significantly greater during the dredging 
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e operations than following them. The results of these statisti­

cal comparisons indicate that there was no significant differ­

ence (p>0,05)in mean number of fishes impinged during and after 

the dredging operations,while the mean weight of fishes was 

significantly greater (p<O- 0 5 )  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 specfes, 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 variables 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 during the period February 4 ,  1979-January 4 ,  1980. 

Corresponding mean weight data f o r  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 

sampling 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 area 
7-57 
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-- 

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 ( 2 0 . 5  per 24 hr). It had the third highest mean level 

of impingement by weight ( 1 4 2 . 2  g or 0.31 lb per 2 4  hr). The 

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


impingement by weight (200 .6  g or 0.44  lb per 24 hr). The deep-

body anchovy (Anchoa compressa) and the topsmelt (Atherinops 


affinis) were second and third in number of individuals impinged 


with 1 2 . 8  and 1 2 . 0  per 24 hr, respectively. Topsmelt had the 

second highest mean level of impingement by weight ( 1 5 5 . 3  g or 

0 . 3 4  l b  per 24 hr), while decpbody anchovy was fourth with 

106.6 g ( 0 . 2 4  lb) per 2 4  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  

l b ) .  

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 


e a r l y  September, when ambient water temperatures were highest 

(Figure 7 . 5 - 9 ) .  and again in November. Lowest mean numbers of 

e queenfish were impinged during the period March-May, during a 
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peri.od of relatively low water Lemperatures. However, the 

largest mean weight of individuals impinged was during the week 

of February 18 (1101.3 g or 2 . 4  lb per 2 4  hr). Impingement of 

round stingray also was continuous and variable throughout the 

year (Tables 7 . 5 - 4  and 7.5-5). The largest mean number (13.5) 

and weight ( 1 0 7 6 . 9  g or 2 . 4  lb) 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 ( 1 0 0 . 5  to 1 6 0 . 7  

per 2 4  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  lb per 2 4  hr) 

a l s o  was impinged in February (Table 7 . 5 - 5 ) .  ’ Topsmelt also -
showed very definite peaks in mean number impinged ( 1 0 0 . 5  to 

1 3 6 . 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 ( 1 3 4 . 7  

per 24 hr). Lowest mean numbers were impinged during the period 

February through June (Table 7 . 5 - 4 ) .  In 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 2 4  hr in August. Mean 

weights of northern anchovy impinged showed a similar pattern. 

Shiner surfperch had relatively high levels of impingement 

from late May through late July, with lower, variable levels 

t:hroughout the rest of the year. However, the largest mean 

weight of shiner surfperch was impinged in February.(1101.3 g or 

2 . 4  lb per 2 4  hr). Both the walleye surfperch (Hyperprosopon 

argentem) 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 lb per 24 hr). Its levels of impingement were lower through­

out the remainder of the year. 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.
Q 
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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 de t a i l ed  data  i n  Table 

7 . 5 - 3  t h a t ,  i n  general ,  t o t a l  numbers.and weights of f i s h e s  i m ­

pinged seemed t o  be higher during the  predominantly n ight  time 

sampling period (1900 t o  0700 h r )  than during the ,preceding  

daytime period (0700 t o  1900 h r ) .  This w a s  t e s t ed  by applying 

a series of Wilcoxon paired-sample tests t o  t h e  da t a  f o r  a l l  

t h r e e  t rave l ing  screen s t a t i o n s  combined. These data  f o r  num­

bers  of individuals  a r e  shown i n  Table 7.6-1. 

Separate tests were used t o  evaluate da ta  f o r  each week of 

sampling and f o r  t o t a l  number and t o t a l  weight of a l l  f i s h e s  

impinged. The data  f o r  t h e  12-hr day and night  periods of each 

d a t e  (Tables 7.5-3 and 7.6-1) w e r e  t r ea t ed  as p a i r s .  The W i l ­

coxon paired-sample tes ts  evaluated t h e  n u l l  hypothesis t h a te 
t he re  was no difference i n  levels of impingement between t h e  12­

h r  day and night  per iods,  aga ins t  the  one-way alternative hypo­

t h e s i s  t h a t  l eve ls  of impingement w e r e  s i g n i f i c a n t l y  higher a t  

n igh t  than during the day. 

The r e s u l t s  of these tests f o r  t o t a l  number of f i s h e s  ind i ­

cated t h a t  during 47 of t h e  48 weeks considered, impingement w a s  

s i g n i f i c a n t l y  g rea t e r  (p<0.05) at night  than during t h e  day. 

S imi la r ly ,  the  r e s u l t s  f o r  t o t a l  weight of f i shes  indicated t h a t  

during 44 of the  48 weeks considered, impingement a l s o  was  

s i g n i f i c a n t l y  g r e a t e r  (p<0.05) a t  n igh t  than during the  day. 

The re la t ionships  described above are very s t r i k i n g l y  

evident i n  t h e  comparative p l o t s  for numbers of individualsa 
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TABLE 7 .6-1 

WEEKLY MEAN TOTAL NUMBER OF F I S H  I M P I N G E D  PER 12-HR DAY AND 

N I G H T  SAMPLING INTERVAL AT E N C I N A  POWER PLANT DURING THE 
PERIOD FEBRUARY 4 ,  1979 - JANUARY 4 ,  1980 
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e shown i n  Figure 7 .6-1 .  All of t h i s  evidence ind ica tes  c l e a r l y  

t h a t  the  t o t a l  number or weight of f i shes  impinged during the  

period 1900 t o  0700 h r  was usual ly  g rea t e r  than t h a t  impinged 

during t h e  preceding daylight period of 0700 t o  1900 h r .  There 

a r e  severa l  possible explanations f o r  t h i s .  Many f i s h e s  tend t o  

be more quiescent during darkness.  Visual cues used i n  swimming 

and avoidance behavior a l s o  would be reduced at t h a t  t i m e .  Be­

cause of t h i s ,  some f i s h e s  may be more suscept ible  t o  being 

transported in to  the  cooling water system during periods of 

darkness.  Another possible  explanation i s  t h a t  some f i s h e s  may. 

move i n t o  the  area near the  Power Plant during the  n ight  t o  feed, 

o r  t o  seek s h e l t e r .  Some or a l l  of these processes may be a c t i n g  

0 i n  combination t o  produce the  e f f e c t s  observed. 
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7 . 7  VARIATION I N  RELATION TO TIDAL CONDITIONS 

S t a t i s t i c a l  evaluations were done t o  consider t h e  poss ib le  

e f f e c t s  of spr ing and neap t i d e  conditions on levels of impinge­

ment f o r  f i s h e s .  During minimum o r  neap t i d e  per iods ,  the  o s c i l ­

l a t i o n  of w a t e r  above and below mean sea level i s  more compressed . 

than during extreme o r  spr ing  t i d a l  per iods,  when high t i d e  

l eve l s  a r e  lower and the  low t i d e  levels higher .  The presumption 

was t h a t  these d i f fe rences  i n  t i d a l  range might lead  t o  d i f fe ren­

ces  i n  l eve l s  of impingement. 

A s e r i e s  of Mann-Whitney U tes ts  was appl ied t o  data f o r  

t o t a l  number and weight of a l l  f i s h e s  impinged (Tables 7.5-3 and 

7.6-1) during t h e  spr ing and neap t i d e  periods of each monthly 

s e r i e s  of moon phases,  using standard t i d e  and moon phase t a b l e s  

as a bas i s  f o r  c l a s s i f i c a t i o n .  Data from a l l  t h r e e  t rave l ing  

screen s t a t i o n s  combined w e r e  used i n  these t es t s .  

The Mann-Whitney U tests evaluated t h e  n u l l  hypothesis t h a t  

t he re  was no d i f fe rence  i n  l eve l s  of impingement between spr ing 

and neap t i d e  conditions during a given s e r i e s  of moon phases,  

aga ins t  the  a l t e r n a t i v e  hypothesis t h a t  t he re  was a s i g n i f i c a n t  

d i f fe rence  between them. 

J 

The r e s u l t s  i nd ica t e  t h a t  i n  only one of 46 tes t  comparisons 

f o r  number of f i s h e s  and i n  only two of 46 comparisons f o r  weight 

of f i s h e s  w e r e  t h e  d i f fe rences  s i g n i f i c a n t l y  d i f f e r e n t  between 

spr ing and neap t i d e  periods ( ~ ~ 0 . 0 5 ) .All of t h e  remaining 

comparisons show no s i g n i f i c a n t  d i f fe rences  (p<O,05) i n  levels 

of impingement. 
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This evidence suggests t h a t  t i d a l  condi t ions,  as  considered 

i n  t h i s  evaluat ion,  had no evident e f f e c t s  on t h e  t o t a l  number 

o r  weight of f i shes  impinged. No attempt was made t o  evaluate 

e f f e c t s  of incoming and outgoing t i d a l  flow on levels of impinge­

ment. This more de ta i led  evaluation was no t  possible  because 

both conditions of t i d a l  flow occurred wi th in  a given 12-hr 

sampling i n t e r v a l .  

7 - 7 3  




7.8 	 RELATIONSHIP OF IMPINGEMENT TO FLOW RATES IN THE COOLING 

WATER SYSTEM 

As described i n  Section 3 .0  and Appendix Section 1 6 . 2 . 3  of 

t h i s  r e p o r t ,  flow r a t e s  of seawater i n t o  the  cooling w a t e r  system 

of t h e  Encina Power P lan t  and wi th in  d i f f e r e n t  p a r t s  of t h e  sys­

t e m  vary,  depending on the  number of c i r c u l a t i n g  pumps and gener­

ating u n i t s  i n  operat ion.  An attempt w a s  made t o  evaluate  the  

r e l a t ionsh ip  between l e v e l s  of impingement f o r  f i s h e s  and d i f ­

f e r e n t  conditions of flow rate  t h a t  occurred during t h e  48-week 

period of the  study. This w a s  done by analyzing da ta  for each 

t r ave l ing  screen s t a t i o n  separa te ly  and f o r  a l l  s t a t i o n s  com­

bined. 

The basic  b io logica l  da ta  on which these  evaluat ions w e r e  

based, t o t a l  number and weight of a l l  f i s h e s  impinged, a r e  

given i n  Tables 7.5-1 and 7.5-3. Mean flow rates of water moving 

p a s t  t he  th ree  t r ave l ing  screen s t a t i o n s  associated with genera­

t i n g  Units 1-3, 4 ,  and 5 and mean t o t a l  flow rates of w a t e r  f o r  

all generating u n i t s  combined a re  shown i n  Table 7.5-2 f o r  each 

weekly i n t e r v a l  during t h e  period February 4 ,  1979 t o  January 4 ,  

1980.  The methods of determining flow r a t e s  are described i n  

Appendix Section 1 6 . 2 . 3 .  

Plo t s  of these  weekly mean flow rate  data  a r e  shown together  

i n  Figure 7.8-1 f o r  comparison. The long period during March -
J u l y  when Unit 4 w a s  out of s e r v i c e  o r  operat ing a t  a low level 

of flow, and t h e  period during May when Unit 5 w a s  out  of ser­

vice,  a re  r e f l e c t e d  i n  t h e  plots. Variat ions i n  flow a t  each 
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e t rave l ing  screen s t a t i o n  and f o r  the 'cool ing  water system as a 

whole a l s o  are evident.  

Weekly mean data  f o r  t o t a l  numbers of f i s h e s  impinged a t  

s t a t i o n s  1, 4 ,  and 5 a r e  shown i n  Figures 7.8-2,, 7 . 8 - 3 ,  and 

7 . 8 - 4 ,  respec t ive ly .  A l s o  shown i n  these f igu res  are the  cor­

responding p l o t s  of weekly mean flow rates. P lo ts  of mean t o t a l  

numbers of a l l  f i shes  impinged a t  t h e  th ree  s t a t i o n s  combined and 

the  combined flow r a t e  f o r  a l l  generating u n i t s  are shown i n  

Figure 7 . 8 - 5 .  

Parametric co r re l a t ion  analysis  w a s  used i n  an attempt t o  

determine poss ib le  s t a t i s t i c a l  re la t ionships  between flow rates 

of t h e  cooling w a t e r  and the  t o t a l  number and weight of a l l  

fi.shes impinged during corresponding periods of t i m e .  Weekly 

mean values for the  e n t i r e  48-week period of t h e  study (Figures 

7 . 8 - 2  through 7 . 8 - 5 )  were employed i n  these analyses.  

The poss ib le  cor re la t ions  considered and t h e  co r re l a t ion  

coe f f i c i en t  determined f o r  each were 

s ign i f i can t  co r re l a t ion  a t  the level 

Stat ion  S ta t ion  4 
Flow Rate Number Weight Number Weight
For : of Fishes  of Fishes of Fishes  of Fishes  

A l l  Units 
Combined 0.181 0.138 0 .392  0.332

SIG SIC 
(p<.05) (pc .OS) 

Units 1-3 0.047 0.168 

U n i t  4 0.428 0 . 3 4 9  
SZG SIC 

(p'.QS) (p.:.OS) 

Unit 5 

a s  follows (SIG ind ica tes  

shown) : 

S t a t i o n  5 All Stat ions  Combined 
Number Weight. Number Weight

of Fishes  of Fishes  of Fishes_ of Fishes  

0.140 -0.012 0.315 0.156
SIG 

(P<. 0 5 )  

0 .204 0 . P 7 b  
s 1c 

(pc . O S  
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These r e s u l t s  ind ica te  tha t  there  were s t a t i s t i c a l l y  s i g n i f i c a n t  

p o s i t i v e  cor re la t ions  between t o t a l  flow r a t e  f o r  a l l  u n i t s  com­

bined and both t o t a l  number and weight of a l l  f i s h e s  impinged 

a t  s t a t i o n  4 .  There a l so  were s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n s  

between the  flow r a t e  of water passing t o  generating Unit 4 and 

the  t o t a l  number and weight of f i s h e s  impinged a t  s t a t i o n  4 .  The 

flow r a t e  f o r  a l l  u n i t s  combined showed a s i g n i f i c a n t  p o s i t i v e  

c o r r e l a t i o n  with t o t a l  number of f i s h e s  impinged a t  a l l  t r ave l ing  

screen s t a t i o n s  combined, but not with t o t a l  weight of these  

f i s h e s .  The flow r a t e  of water t o  generating Unit 5 showed a 

s i g n i f i c a n t  pos i t i ve  c o r r e l a t i o n  with t o t a l  weight of f i s h e s  

impinged a t  s t a t i o n  5 ,  but not with the t o t a l  number of f i s h e s .  

These co r re l a t ion  analyses suggest t h a t ,  i n  general ,  

levels of impingement increased i n  r e l a t i o n  t o  increasing flow 

rates of t he  cooling water.  E f f e c t s  of o the r  f a c t o r s  and random 

v a r i a b i l i t y  probably tended t o  mask o r  a l t e r  t h i s  r e l a t i o n s h i p  

i n  some cases .  This appears t o  be the  case f o r  l e v e l s  of i m ­

pingement a t  s t a t i o n  1, as  shown i n  Figure 7.8-2. Despite t h e  

f a c t  t h a t  t he  f l o w  r a t e  of w a t e r  p a s t  t h e  t r ave l ing  screens a t  

t h i s  s t a t i o n  was r e l a t i v e l y  cons t an t ,  l e v e l s  of impingement 

var ied  widely. 

I t  i s  i n t e r e s t i n g  t o  note  t h a t  during March, A p r i l ,  and 

e a r l y  May, when generating Unit 4 was not  operat ing and t o t a l  

flow r a t e s  i n t o  the  cooling w a t e r  system of the  Power P lan t  w e r e  

reduced from approximately 500,000 gpm t o  350,000 gpm (Figure 

7.8-1, Table 7.5-Z), impingement a t  s t a t i o n s  1 and 5 declined and 

7-76 




e general ly  tended t o  remain a t  l o w  levels (Figures 7 .8-2  and 

7 . 8 - 4 ,  Table 7 .5 -1 ) .  While by no means conclusive,  t h i s  evidence 

suggests t h a t  such a reduction i n  flow r a t e  of water enter ing the  

Power Plant from the  lagoon tended t o  reduce impingement a t  

s t a t i o n s  1 and 5 ,  despi te  the f a c t  t h a t  flow rates a t  t he  t r a ­

ve l ing  screens f o r  generating Units 1-3  and 5 remained r e l a t i v e l y  

constant during t h e  e n t i r e  period (Figure 7 . 8 - 1 ,  Tab le  7 . 5 - 2 ) .  
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7 . 9  BODY CONDITION AND S I Z E  DISTRIBUTIONS OF FISHES I M P I N G E D  

The degree of decomposition and t h e  degree of physical  

damage found during examination of a l l  of the  impinged f i s h e s  

w e r e  character ized on grading sca l e s  of 1 t o  4 ,  as shown i n  Table 

7 .9 -1 .  The mean values of these two est imates  of body condition 

are shown i n  Table 7 .9 -2  f o r  t h e  1 9  c r i t i c a l l y  t r ea t ed  species .  

Separate mean values a r e  shown f o r  each t r ave l ing  screen s t a t i o n  

and f o r  a l l  s t a t i o n s  combined. These means are based on a l l  data  

obtained during t h e  48-week period of t h e  study. 

In  genera l ,  there  w a s  l i t t l e  decomposition of t he  f i s h e s  

impinged a t  t he  th ree  t r ave l ing  screen s t a t i o n s .  Almost all of 

the  c r i t i c a l  species were assigned decomposition codes of 1 o r  

2 .  A l s o ,  i n  m o s t  cases the re  w a s  r e l a t i v e l y  l i t t l e  physical 

damage t o  t h e  f i s h .  Together, these da t a  ind ica t e  t h a t  most of 

t h e  f i s h e s  impinged probably were a l ive  a t  t he  t i m e  they reached 

the t r ave l ing  screens and passed i n t o  t h e  c o l l e c t o r  baske ts .  

Direct observation of the  f i s h e s  i n  t h e  sampling n e t s  confirmed 

t h i s  f a c t .  A majori ty  of those t h a t  had entered sampling ne t s  

and t r a s h  c o l l e c t o r s  recent ly  appeared t o  be a l ive and i n  r e l a ­

t i v e l y  good condi t ion.  Much of t h e  observed decomposition prob­

ably occurred while t he  f i s h  were held i n  t h e  sampling ne t s  over 

periods of severa l  hours.  On many occasions when the  t r ave l ing  

screens had been operated shor t ly  before  the  sampling net w a s  

removed, most of t he  f i s h  w e r e  s t i l l  a l ive i n  t h e  ne t  a t  the  

time t h e  samples were co l l ec t ed .  Routinely,  these  l ive  f i s h e s  

were placed i n  holding tanks a t  t h e  Encina laboratory and w e r e  
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e re leased a f t e r  being processed a s  p a r t  of t he  sample. These 

individuals  appeared t o  be i n  good condition when re leased .  

There was a t  least one exception t o  the  genera l iza t ion  

described above. For periods of up t o  several days after tunnel 

r ec i r cu la t ion  (heat t reatment) ,  t h e  impinged f i s h e s  w e r e  no t ice­

ably more decomposed than a t  o the r  t i m e s  during t h e  year .  One 

c r i t i c a l  species ,  t h e  spotted sand bass (Paralabrax maculato­

f a s c i a t u s ) ,  was impinged i n  s ign i f i can t  numbers only after per­

iods of tunnel r ec i r cu la t ion ,  and thus the  mean values given i n  

Table 7.9-2 f o r  decomposition of t h i s  species are much higher 

than f o r  other  species .  To some extent t h i s  also appeared t o  

be t r u e  f o r  t he  barred sand bass (Paralabrax n e b u l i f e r ) ,  a t  l eas t  

a t  screenwelf s t a t i o n  5.a 
The ove ra l l  average decomposition and damage codes f o r  t h e  

19 c r i t i ca l  species a t  the t h r e e  s t a t i o n s  w e r e :  

Mean 
Sta t ion  Decomposition Code 

1 1..25 

4 1 .24  

5 1.60 

Mean Physical 
Damage Code 

1 . 3 9  

1 . 4 2  

1 .84  

From these  overa l l  values i t  i s  apparent t h a t  screenwell  s t a t i o n s  

1 and 4 were approximately equal i n  the  amount of physical  damage 

experienced by impinged f i s h e s .  Damage a t  s t a t i o n  5 appeared t o  

be s l i g h t l y  more severe.  

Some d i f fe rences  i n  degree of physical  damage also w e r e  

observed among species .  There appeared t o  be a f a i r l y  d i r e c te 
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r e l a t ionsh ip  between the  amount of damage and t h e  f r a g i l i t y  o r  

d e l i c a t e  morphological c h a r a c t e r i s t i c s  of t h e  spec ies .  For 

example, a l l  three of t he  anchovy species  shown i n  Table 7 .9 -2  

-(Anchoa compressa, A .  del ica t i ss ima and Engraulis mordax) w e r e  

subject  t o  much more damage than t h e  two r e l a t i v e l y  more "firm­

fleshed" a the r in id  species  (Atherinops a f f i n i s  and Leuresthes 

t enu i s ) .  S i m i l a r  co r re l a t ions  can be  seen f o r  the sciaenids  and 

o ther  groups. 

The da ta  a l s o  w e r e  examined f o r  poss ib le  r e l a t ionsh ips  i n  

s i z e  of f i s h e s  and physical damage t h a t  occurred during impinge­

ment. S ize  da ta  f o r  t h e , c r i t i c a l  species  are summarized i n  

Table 7.9-3.  Disregarding t h e  fragi le ,anchovy spec ies ,  a general  

trend appears t o  be evident i n  which the  l a r g e r  species  of f i s h e s  0 seem t o  be s l i g h t l y  more damaged during impingement than smaller 

spec ies .  However, more extensive analyses of t h e  data would be 

required t o  v e r i f y  t h i s  r e l a t ionsh ip .  

From Table 7 . 9 - 3  i t  i s  evident t h a t  a considerable s i z e  

range of each species  was impinged. For example, individuals  of 

the  strong swimming s t r i p e d  mullet  (Mugil cephalus) varying from 

67 to  630 mm i n  t o t a l  length w e r e  impinged (mean = 303 m m ) .  This 

may ind ica t e  t h a t  t h e  impingement w a s  no t  necessa r i ly  a function 

of swimming speed, s t r eng th  o r  stamina. Once aga in ,  however, 

more de t a i l ed  ana lys i s  of t h e  da ta  would be required t o  v e r i f y  

t h i s  observation. The mean lengths of severa l  of t h e  impinged 

species  w e r e  represented i n  t h e  samples p r imar i ly  by smaller 

j uven i l e  s i ze s .  However, t h i s  could be a t t r i b u t e d  t o  t h e  na tu ra l  a 
7-82 



7 -83 




a t t r a c t i o n  of smaller f i s h e s  t o  bays and e s tua r i e s  such as Agua 0 
Hedionda Lagoon, r a t h e r  than a s e l e c t i v i t y  i n  the  s i z e  of f i s h e s  

impinged i n  the  cooling w a t e r  s y s t e m  of t h e  Encina Power Plant .  
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7.10 SEX RATIOS AND REPRODUCTIVE CONDITION OF CRITICAL SPECIES 

Using the  methods described i n  Appendix B ,  Section 16.2.3,  

monthly samples of f i shes  w e r e  analyzed i n  d e t a i l  i n  an attempt 

t o  determine the  sex r a t i o s  and female reproductive condition 

f o r  the  19 c r i t i c a l l y  t r ea t ed  species. The dates f o r  which regu­

lar 12-hr impingement samples were employed in  these analyses 

were : 

February 4 ,  1979 

March 6-8 and 11-14 

Apri l  9-12 and 15-17 

May 7-10 and 13-15 

June 13-16 

Ju ly  29-31 

August 27-30 

September 26 -27 

November 6-8 and 27-29 

December 3 1  

January 2 - 3 ,  1980 

Data obtained f o r  each t rave l ing  screen s t a t i o n  and f o r  a l l  the 

dates  indicated within a given month w e r e  pooled. The r e s u l t s  

of these analyses a r e  described i n  t h i s  subsection. 

The monthly analyses provided data  f o r  only 11 of the  19  

c r i t i c a l l y  t r e a t e d  species .  They are: 

Common N a m e  Species Name 

Queenfi s h  Seriphus po l i tu s  

Topsmelt Atherinops a f f i n i s  
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Northern anchovy 


Walleye surfperch 


California halibut 


Deepbody anchovy 


California grunion 


Shiner surfperch 


Slough anchovy 


Round stingray 


Salema 


Engraulis mordax 


Hyperprosopon argenteum 


Paralichthys californicus 

Anchoa compressa 

Leuresthes tenuis 

Cymatogaster = m a 

Anchoa delicatissima 

Urolophus halleri 


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 7.10-1gives 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 immature 

individuals for which the sex could not be determined. In gen­

eral, approximately 70 to 80 percent of the individuals examined 
1 

in these samples were immature. As indicated in Table 7.10-1, 


the numbers of adult males and females of a species present in 


samples for a given month generally were small. 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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e 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,tern1 


numbers of adult males and females taken in the samples. 


The data for all months combined show that deepbody anchoty 


and round stingray had sex ratios of 0.51 and 0.71, respectively. 


This ifidicates 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 grunion (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 f o r  

March. A s  indicated in Table 7.10-1, there were more malcs 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 

1 Immature 


2 Developing 

3 Ripe 

4 Spent 

Criteria 


Ovary small and completely

undeveloped 


Ovary small but with eggs

visible 


Ovary large with eggs visible; 

eggs can be expelled by 

pressure on body wall 


Ovary ragged in appearance 


Additional reproductive condition codes w e d  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 I N  DIFFERENT STAGES OF REPRODUCTIVE 

CONDITION SHOWN BY MONTH FOR THE P E R I O D  
FEBRUARY 1979 - JANUARY 1980 

ENCINA POWER PLANT 

MONTHLY R � P R O D U C T i V E  CONDITION FOR S E R I P H U S  POLJIUS 

REPRODUCTIVE CONDITiON CODE 


MONTHLY REPRODUCTIVF CONDITION FOR ATHkRJbiOPS A F F I Y J S  
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TABLE 7.10-2 (Continued) 

MONTHLY R k P R O D U C T I V E  C O N D I T I O N  F O R  L E U R F S T H E S  T F N U I S  

REPRODUCTIVE CONDITION CODE 

1 2 3 4 5 0 

WONTH Y r x x P x n _ _ _  ............................ 
0 4  3 0 0 0  0 6 7  033 0 0 0  000  .oii 
0 5  1 0 0 0  000 1.00 0 0 0  0 0 0  000 
0 6  2 0 0 0  0 0 0  1 0 0 0  0 0 0  0 0 0  0 0 0  
08  6 1.00 0 0 0  0 0 0  0 0 0  000 e 0 0  
0 9  1 7  011 . 2 Y  000  .ZY 0 0 0 .  0 0 0  
11  5 0 8 0  e 2 0  000  e 0 0  e 0 0  e 0 0  

____________--_---__-----------

MONTHLY R k P R O DUCTIVE C O N D I T I ’ I N  F O R  E N G R b U L  Is M O R D A X  

MONTHLY R E P R O D U C T I V E  C O N D I T I O N  F O R  CYMATOSASTkR A 6 C R E 6 A T A  
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TABLE 7.10-2 (Continued) 

MONTHLY R E P R O O U C T l V E  CONDIT  I O N  FOR HYPFRPROSOPOW AQetHsELJh . 
REPRODUCTIVE CONDITION CODE 


I 2 3 I 5 3 
HQNTH N % % YL % I6 A 

0 3  1 0 0 0  0 0 0  0 0 0  0 0 0  0 0 0  1 . 0 0  
01 5 .no  060 0 0 0  0 6 0  003 . 2 d  
05 
0 6  

5 
z 

.no 
0 5 0  

0 8 0  
0 0 0  

000  
. o o  

0 0 0  
0 5 0  

.00
* o o  

02 ii 
0 9 0  

NONTHLY R L P R O D U C T I V E  C O N O I T I O N  FOR ANCHOA D E L l C A T I S S I H A  
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TABLE 7.10-2 (Concluded) 

MONTHLY R E P R O D U C T i V E  C O N O I T I O N  FOR P A R A L I C H T h Y S  C A L I F O R N I C U S  

REPRODUCTIVE CONDITION CODE 

1 2 3 4 5 b 


N % % w S L ' 1 r 
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0 


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 

GT 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 wall­


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 indicated 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

rmture. In the case of specklefin midshipman, on the other 

hand, 10 of the 12 adult females encountered were in ripe 

condition. 



-- 

7 . 1 1  IMPINGEMENT OF MARINE PLANTS 

In  terms of volume, t h e  l a r g e s t  component of b i o l o g i c a l  

ma te r i a l  normally encountered i n  impingement samples a t  the  

Encina Power P lan t  consis ted of marine a lgae  and g ras ses .  Most 

of . t h i s  w a s  large o r  small fragments of d e t r i t a l  p l a n t  ma te r i a l  

t h a t  had broken f r e e  from the  bottom and entered the  cooling 

water sys tem i n  f l o a t i n g  o r  d r i f t i n g  masses. 

The species  of vascular  p l an t s  (marine grasses)  and marine 

a lgae  encountered i n  impingement samples a t  s t a t i o n s  1, 4 ,  5 ,  and 

9 during the  study a r e  l i s t e d  i n  Table 7 .11-1 .  Seven species  

were represented i n  these samples. Fragments of o ther  spec ies  

may have been present i n  very small amounts, but  w e r e  no t  

i d e n t i f i e d .  

Very l a r g e  accumulations of marine p l an t  ma te r i a l  w e r e  5 m ­

pinged and removed a t  t he  bar rack screening system ( s t a t i o n  9), 

shown i n  Figure 7 . 3 - 1 .  All seven species l i s t e d  i n  Table 7 . 1 1 - 1  

were taken i n  the  bar  rack samples. The rankings for t hese ,  

based on frequency of occurrence and estimated r e l a t i v e  volume, 

a r e  shown i n  Table 7.11-2. The t w o  highest  ranked spec ie s ,  e e l  

g rass  (Zostera marina) and g i a n t  kelp (Macrocystis p y r i f e r a ) ,  

had e s s e n t i a l l y  the  same frequency of occurrence a t  s t a t i o n  9 ,  

but t h e  volume of e e l  g rass  w a s  genera l ly  g r e a t e r  i n  most sam­

p l e s .  Eel g ra s s  i s  a very common species  in.Agua Hedionda 

Lagoon, forming extensive beds i n  shallow w a t e r  as described i n  

Sect ion 6 . 0  of t h i s  r e p o r t .  S i m i l a r l y ,  g i an t  kelp i s  the  dom­

inan t  l a rge  marine alga i n  shallow ocean a reas  near t h e  Power 
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TABLE 7 . 1 1 - 1  
SPECIES OF MARINE GRASSES AND ALGAE TAKEN I N  
IMPINGEMENT SAMPLES AT THE ENCINA POWER PLANT 
DURING THE PERIOD JANUARY 1979 - JANUARY 1980 

S c i e n t i f i c  Name 

Vascular plants
(marine grasses)  : 

Phy l lospad ix  t o r r e y i  

Zos t e ra  marina 

Algae : 

Codium f r a g i l e  

C y s t o s c i r a  s e t c h e l l i  

Egregia menzies.i.i 

Mzcrocystis p y r i f e r a  

Sargassum agardhianum 

Common Name 

Torrey 's  su r f  grass  

Eel gras s  

Codium 

Bladder chain 

Feather boa 

Giant kelp 

Sargassum 
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0 Plant .  Because of t h i s ,  t h e i r  l a rge  volumes i n  the  impingement 

samples a r e  not su rp r i s ing .  The fea ther  boa (Egregia menziesii)  

and sargassum (Sargassum agardhianum) a l s o  w e r e  r e l a t i v e l y  com-~on 

in samples a t  s t a t i o n  9 .  Most of t he  plant  mater ia l  impinged GX. 

the bar rack screening system consisted of r e l a t i v e l y  l a rge  

masses o r  fragments. 

A p l o t  showing v a r i a t i o n  i n  mean t o t a l  volume of material 

impinged a t  s t a t i o n  9 per  24-hr i n t e rva l  f o r  each month of t h e  

study appears i n  Figure 7.11-1.  Almost a l l  of t h i s  material 

consisted of marine p l a n t s .  Levels of impingement were highest  

i n  February and lowest i n  May and June. In  general ,  the  highest  

levels of impingement occurred following storms. The reason f o r  

t h i s  presumably i s  t h a t  storm waves and surge dis lodge and t rans­

0 por t  l a rge  amounts of p l an t  mater ia l .  I n  l a t e  October, t h e  log  

boom a t  t h e  ocean entrance t o  Agua Hedionda Lagoon broke. 

t h i s  time, much l a r g e r  volumes of p lan t  mater ia l  w e r e  impinged 

After  

a t  the bar  rack system and a t  t he  t rave l ing  screens.  This 

increase i n  volume a t  s t a t i o n  9 i s  evident i n  Figure 7 .11-1 .  

A l l  seven p lan t  spec ies  l i s t e d  i n  Table 7 .11-1  a l s o  occur­

red i n  the  samples a t  t r ave l ing  screen s t a t i o n s  1, 4 ,  and 5.  The 

rankings f o r  these spec ies ,  based on frequency of occurrence arrd 

estimated r e l a t i v e  volume i n  a l l  t r ave l ing  screen samples com­

bined, a r e  shown i n  Table 7.11-3.  

A s  i n  t he  bar  rack samples ,  eel grass  and g i a n t  kelp had 

e s s e n t i a l l y  the  s a m e  t o t a l  frequency of occurrence,  bu t  the  vol­

m e  of f i r s t - ranked  eel  g ra s s  was grea te r  i n  a majority of the a 
7-101 
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0 samples (Table 7 .11-3) .  Sargassum ranked t h i r d ,  f ea the r  boa w a s  

four th ,  Torrey's surf grass  w a s  f i f t h  and codium w a s  s i x t h  i n  

order of estimaced voiume. The seventh-rankeci brown a l g a ,  

biadder chain,  occurred much less frequent ly  i n  t r ave l ing  scree:i 

sanples and w a s  generally represented by much smaller volumes cf 

m t e r i a l  than f o r  the  other  species .  

A p l o t  showing mean t o t a l  weight of a l l  p lan t  material 

ixiipinged per 24-hr period f o r  each week of t h e  study i s  given i n  

Figure 7 .11 -2 .  The weekly mean values on which t h i s  p l o t  i s  

based a l so  a re  shown i n  Table 7 .11-4 .  These weekly mean values 

-cere determined from t h e  da ta  obtained during each day of sam­

pl ing  a t  t he  th ree  t rave l ing  screen s t a t i o n s .  They represent  :ks 

average value f o r  t he  t h r e e  s t a t i o n s ,  r a the r  than t h e  t o t a l  f o r  

a l l  s t a t i o n s  combined. 

A s  indicated i n  Table 7.11-4, t h e  ove ra l l  mean value f o r  che 

48-week period was 51.45 kg (113 lb )  per day. Weekly mean values 

ranged from 20.57 kg (45 l b )  per day i n  mid-May t o  103.53 kg 

(228 l b )  per day i n  ea r ly  November (Figure 7.11-2; Table 7.11-4). 

A second peak of 9 3 . 8 3  kg (212 lb )  per day occurred i n  l a t e  J u x .  
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TABLE 7 .11 -4  a
WEEKLY PIEAN TOTAL WEIGHT OF ALL MARINE PLANT MATERIAL IMPINGED 

AT ENCINA POWER PLANT TRAVELING SCREEN STATIONS PER 24-HR 
INTERVAL DURING THE PERIOD FEBRUARY 4, 1 9 7 9  - JANUARY 4 ,  1980 

DATE
-
Feb. 4 
Feb. 11 
Feb. 18 
Feb. 25 
Mar. 4 
Mar. 11 
Mar. 18 
Mar. 25 
Apr. 1 
Apr. 8 
Apr. 15 
hpr. 22 
Apr. 29 
May 6 
May 13 
May 20 
May 27 
Jun .  3 
Jun .  10 
Juii. 1 7  
Jun .  24 
Jul . 1 
J u l .  8 
J u l .  15 
J u l .  2 2  
J u l .  29 
Aug. 5 
Aug. 12 
Aug. 19 
Aug. 26 
S e p t .  2 
S e p t .  9 
S e p t .  16 
S e p t .  23 
Sept. 30 
Oct. 7 
Oct. I 4  
Oct. 2 1  
O c t .  28 
Nov. 4 
Nov. 11 
Nov. 18 
Nov. -15 
nc.c. 2 
D P C .  9 
I)CC . 16 
1)rc . .? 3 
Der. 30 

48-UEUI EEAN 

MEAN WEIGHT (9 )  
WEEK PER 24 HRS-

1 	 44571.4 
49314.3 
56628.6 . 
45714.3 
44342.9 
46028.6 
30685.7 
40371.4 
32202.9 

10  41571.4 
11 34171.4 
12 56285.7 
13  34314.3 
14 23200 .O 
15 20571.4 
1.b 20914 - 3  
17 26657.1 
18 68914.3 
19 93828.6 
20 69771.4 
21 91828.6 
22 60342.9 
23 63200.0 
24 52314.3 
25 60542.9 
26 59228.6 
27 62000.0 
28 58085.7 
29 52066.7 
30 78514.3 
31 54114.3 
32 41657.1 
33 50571.4 
34 54057.1 
35 53950.0 
36 41028.6 
37 60085 .7 
38 41166.7 
39 43800.0 
40 103533.3 
41 58171.4 
42 46714.3 
43 40457.1 
44 60514.3 
45 59171.4 
46 51971.4 
47 45960.7 
48 43500.0 

51446 .O 
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7 . 1 2  TUNNEL RECIRCULATION 

Tunnel r ec i r cu la t ions  (thermal treatments) were performed 

a t  approximately six-week i n t e r v a l s  during the year t o  prevent 

foul ing (see Section 3.1.5.10 f o r  a descr ipt ion of procedures).  

Treatments w e r e  general ly  run on Saturday evenings during periods 

of lower power demand and during a high t i d e .  Temperatures ir, 

the channels were ra i sed  t o  about 41 C (105 F) and held f o r  

approximately 2 .5  hours. 


the  t i m e  required t o  bring the  temperature up t o  41 C can take 


Depending upon ambient temperature, 

up t o  two hours.  Cool down time t o  r e tu rn  t o  ambient can a l s o  

take a s imi la r  t i m e  span, so t h a t  t he  complete operation can take 

up t o  six hours.  

0500 o r  0600 hr  on Sunday morning. 

Generally the  treatment i s  completed by about 

During t h i s  operat ion,  

organisms in  residence i n  t h e  in take  channels between the  t r a s h  

rack and t r ave l ing  screens (Figure 7.3-1) are k i l l e d .  

Seven thermal treatments w e r e  conducted during 1979 

(February, Apr i l ,  June, Ju ly ,  September, October, and December). 

All organisms impinged during thermal treatments w e r e  co l l ec t ed  
-I_ 

and a rank order l i s t i n g  of a l l  species  w a s  compiled (Table 

7 .12 -1 ) .  A t o t a l  of 73 f i s h  and 34 inver tebra te  species w e r e  

obtained. Fourteen species occurred i n  t h e  thermal treatment 

sampling t h a t  were not  captured during da i ly  impingement sampling 

(Table 7 .12-2) .  Impingement samples coupled with thermal t r e a t ­

ment and regular  lagoon n e t  co l l ec t ions  r e su l t ed  i n  a t o t a l  of 

96 d i f f e r e n t  f i s h  species  from Agua Hedionda Lagoon (Table 7.12­

3) during t h e  year long study.0 
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--- --- --- - CO9RbN ----------- CAnGHT ------ ---- 

TABLE 7 .12 -1  
RANK ORDER OF THERMAL TREATMENT SPECIES CAPTURED FROM 
JANUARY THROUGH DECEMBER, 1979 AT ENCINA POWER PLANT 

S P I C I C S  NARC 

ANCROI CORPRESSA 
ATHIRIYOPS APFIMIS 
IINGRAULIS R O d b A X  
CIIIATOCASTIB A G C B E G I T A  
LEO RESTHES TEROIS 
HIPCRPAOSOPOM ARGEWTEUH 
SLPIPHUS POLITUS 
OBOLOPHUS HILLER1 
RETCROST ICHOS ROSTR ATUS 
ORDER DECAPODA 
CIRELLA NICRICINS 
P A R I L A B R A I  RAC~LATOFASCIATUS 
PIIANEBODON FURCATOS 
F A R I L A B R A X  CLITHRATOS 
PARALADRAI MEBULIFER 
ANCHOA Dl!L1CATISSIRA 
BR ACHY nR I N S  
PORICHTHIS MIRI ASTER 
PARALXCHTHIS CAI. I YnRNICllS 
PACBXGRIPSUS CRASSIPES 
WRDPIWA EORCA30R 
r i n I L r  ATHIRINIDAE 
R T P S n l l L V N I V S  JENKINS1  
RTPSOBLEIMIOS GILBERT1 
MTPSOPSCTTA G'JTTVLATA 
a n P M T s n c n o s  ARCEIITEOS 
IEIISTIOS CALIFORRICNSIS 
camcm ANTERWARIDS 
GGMIOICI IUS LIIEITOS 
LOLICO OPALCSCIS 

IRBIOTOCI J 1CKSOIII 

LCP%OCOtTOS AR3ATOS

InIsomtznos DAIIDSOMII 

OCTOP 0s 

SPHYRIEWA ABCLNPIA 

SQOIO (TEOTHOIDZA) 

DOROSOIII PITENENSE 

HTPSOBLENNIUS SP. 

IIILLOBITIS C A L I l O R R I C l  

CHEILOTRERA SATURNtIfl 

cnnonis P I N C T I P I N ~ I S  

D A R A L I C H f f 3 I S  I I C C I  

MENTICIRRHUS OYDOLATOS 

CANCEBIDAC 

CTRWORA l l A B l O R A T l  

SYYCNATHUS LIPTORHYNCHUS 

ATHERTWOPSIS CALIFOBNIENSIS 

FU#DIJLOS P I S V I P I Y M I S  


N A R E  

DEEPBODY INCHOVI 

T O P ~ H R L T  

NORTHERN ANCMOVY 

S H T N E R  SURFPERCH 

CALIFORNII  CRONIOW 

VALLEYE SURFPERCH 

QOEEMFISH 

EOFND ST?NGltAI 

C I L R T  KELPFISA 


OPALEYE 

SPOTTED S A N D  BASS 

YHITE SIIWFPBRCH 

KELP BASS 

BARRED SAND BASS 

SLOUGH INCHOVI 

CRABS 

SPLCKLBPIN RIDSHIPRAN 

CALI?OBNI A HA LIBAT 

SHORE CRAB 

YGLI.OYPIN CROAKER 


ROSSHL DLKRRT 

ROCKPOOL BEENIT 

DIAEOND TURBOT 

BIRRED SURFPERCH 

SALE91  

COIIRON ROCK CRAB 

P R I T G  CBOAXLR 

SQOID 

aLacK S~JR~PIRCH 
STAGHORN SCOLPIN 
S I R G O  

CALX FORI1A B A R  A ACnDa 
SOOID 
T B R E r D F r R  SHAD 

BAT 111 

BLACK CBOAKER 

BLACKSHITH 

P I L I  SOB?PGRCtl 

CALIFORMII COBBIWA 

ROCK CRABS 


wiianen 	 TOTAL 
WEIGHT------__R A N K  

23112 182179 1 
21788 166058 2 
19567 9398 1 3 
12326 275519 1 
9671 . 81708 5 
A305 522797 6 
3485 96320 7 
1685 108237 8 
1421 36212 9 
811 28577 10 
617 61921 11 
616 87360 12 
604 8609 13 
566 38505 10 
518 26720 15 
160 1405 16 
376 3178 17 
3u5 62191 i e  
129 52995 19 
323 2555 20 
306 7423 21 
208 31225 22 
277 2100 23 
2S9 923 20 
1 R 5  35897 25 
166 15916 26 
161 1389 21 
1110 396 28 
125 6084 29 
99 7106 30 
R9 Bull 31 
A2 2762 32 

79 5778 33 

76 5038 34 

75 126R 35 

68 609 36 

59 205 37 

58 535 38 

09 15806 39 

46 8R1 40 

36 2227 01 

32 5529 02 

29 e631 93 

28 22 UP 


CALIPORWIA BOTTER?LI 811 24 9998 15 
BAT P I P L P I S H  20 82 15 
JACKSRCLT 21 4279 46 
CALIFORMU K r L L I r x s w  21 95 Y6 

a 
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--- -- - ----- C O l l O B  ----------- CAOCHT ------ 

1 

TABLE 7.12-1 (Concluded) 

- --. 

S I K C I K S  N A R K  

US!IIOSILLA A28111 
POETONDS SP. 
PORTnNUS XAII7OSII 
? A  IILY ' PORTnNIDAK 
III I L Y  P I N  IC f  DIZ 
PKPIILIJS s r n I L L z I o s  
CT UOSCIOW NODI L I S  
IAJ IOAL 
llLDIALOYA CALIIORRILYSIS  
U ' I G I L  CKPHALOS 
ROYCA DOE ST EA ENS1 I 
RICBOWTRUS nxnInos 
PACBYGRAPSOS SP. 
PLATYQtlIROIOIS TRISKIIATA 
BRACHYISTIOS rREWATOS 
CALLIARASSA 
lYPSOBLZNNIUS GEHTILIS  
IUSTELOS C A L I I O B l I C U S  
DLNAEWS CALIFOINIKBSIS  
PAROLIRDS IITLRRDPTOS 
SCOBBZB J APON ICUS 
BYPSYPOPS RUBJCONOOS 
POGZTTIA PBODWCTOS 
PLEOROMXCBTHYS 111RSICALIS 
SARDA C H I L I C N S I S  
3QUALOS ACANTUIAS 
STRORGYLORA C X I L I S  
CAWCLR ANTROlTI 
CIBBOYSIA CLCGANS 
GYIYOTBnBAX IORDAI 
IDSTELUS RCYLBI 
U E l l D T t  A N  
O I I L C B I O S  PICTOS 
POCETTIA SO. 
TA L I  POS 
APLISIA SP. 
CANCER PRODUCTOS 
CAYCCB SP. 
CLIUOCOTYUS ABALIS 
GPYALTOS NUTALLII 
CIBBONSIA RET21 
CR A PSIDA t 
HA11CRDCRttr SCI'ICINCTIIS 
nx PPOLYTE CALI 10sIIKNSYs 
ICTlLORUS RLLAS 
IDOTKA IISGCATA 
Y A V L I A X  IWLRRIS 
OPHICRTROS ZOPEOCUIR 
O I ' l J O L I S  CALI  tbRWICA 
PARAIAN?BIAS TAlLOBI  
scon BERO I O R  us COIlCOLOR 
SCORPAGUA CUTTLTI 

S I  81STE S PA UC ISP I  I1S 

SEBASTCS RISTRGLLIGPR 

STPOHGILOCCUTBOT~SPIRPIRATOS 

SYRPRORUS ITRICAnDA 

TORPEDO CALIPORWICA 

TRACAUROS STI f lZTRICOS 

TRIBE CARIDCS 

CIPBIPGDIA 

KELP 

R YTILT DA E 


TOTAL 


B A R 1  

ZRBRAIIIRCU 
s w n t l x u c  CMD
swImInc CRAB
siinnxic CBAB 
e w u m  sunsw 
PAC I  ? I C  BnTT CRF ISR 

B n I S B  SXABASS 

KELP CRAB 

H A t C R 0 0 N  
STRIPCD IIILLLT 
SPOTCIB CROAKER 
D m A I C  SIR?PtRCt l  
SAORC CRAB 
TUOlYBACK 
KCLC SOR?PZIfCH 
CROST SHRIMP 
B l Y  B L C R I I  
O R A T  SlOOTAHOOBD 
PCNACID SBRIHP 
S P I l I  LOSSTER 
PACIrXC IACKKRCL 
G ARIBALDI 
UORTRIBB l C L P  CRAB 
RORITHLAD TURBO? 
P A C I I I C  BONITO 
S P I Y I  DOGIISH 
CAI.IIORNIA NItDLK?ISII 
AYTHOIYS ROCK CRAB 
SPOTTKD KCLPI ISH 
CALICOERIA R O Q I T  
BROWN SROOTHAOOWD 
RIBBON moans 
PAINTED GRKCYLIYC 
KELP CRIB 

KELP CRAB 

SKA H A I I C  

connow ROCK C R A B  


YOOLT SCWLPIW 

KELP CPAB 

STRIPBD K E L P I I S B  

SRDIC CBABS 

ROCK URASSC 

SHRIIP 

BLACK DDLLlLAE 

KGLP ISOPOD 

STDIPCD SEA SLOG 

YELLOW SNAKZ CllL 

SS!llORISA 

L n n p r  C R A B  

RONTKREY SPANISH IACKClKL 

s c a L e m  OR SPOTTED s c a u P I o w I s ~  

BOCICCIO 

GRASS POCKPISn 

PnRPLE VRCHII 

CAL I ?O R N I  A TONCW E? 158 

P A C I F I C  KLGCTBIC R A T  

JACK MACRCRCL 

CAnID SURIRP 

RARNLCLKS 


ASSOBTCD RUSSGLS 

-
UllIBdp 

21 778 16 
18 0 1 7  
18 10 17 
17 97 40 
15 38 09 
15 775 09 
13 833 50 
13 65 50 
10 150 5 1  
10 5593 51  
10 1188U 5 1  
8 no 52 
8 0 52  
8 3896 52 
7 362 5 3  
7 0 53 
7 22 53 
7 2198 53 
7 179 53 
6 1061 54  
6 BOB 54 
5 191 1 55 
5 0 55 
3 492 56 
3 1241 56 
3 4050 56 
3 510. 56 
2 0 57 
2 . 1 8  57 
2 11050 57 
2 1300 5 1  
2 0 57 
2 20 57 
2 0 57 
2 0 57 
1 0 58 
1 1 58 
1 3705 58 
1 20 58 I 

1 10 58 
1 
1 

5 
2 

58 
58 ' 

1 90 58 I 
1 
1 

0 
L8 

5 8 ,  
58 

1 12 58 '1 257 58 

1 1 58 ' 
1 20 58 
1 0 58 
1 25 58 
1 120 58 
1 2 l l  58 
1 670 58 
1 0 58 
1 25 58 
1 0280 58 
1 0 58 
1 0 58 
0 5120 59 
0 337811 59 
0 2U031 59 

110160 2612373 
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TABLE 7 .12-2  
FISH SPECIES COLLECTED DURING THERMAL TREATMENT 

THAT WERE NOT COLLECTED DURING DAILY IMPINGEMENT SAMPLES 
I N  1979 AT THE ENCINA POWER PLANT 

SCIENTIFIC NAME 

Chei1otrema sa t u r nurn 


Hypsobl e n n i u s  gentilis 


Scomber j a p o n i c u s  


P l  e u r o n i c h t h y s  v e r t i c a l i s  


Squalus a c a n t h i a s  


B i  ggons i  a el egans 


Mus tel u s  hen1ei 


O x y l e b i u s  p i c t u s  


C 1inocott u s  ana 1i s  


Hal ichoeres  s e m i c i n c t u s  


I c t a l u r u s  mclas 


0 x y . j u . l  .is cd1.ifornii'ci 


S c b a s  tcs p a u c i s p i ~ i i s  


Sebastes r a s  trell i g e r  


COMMON NAME 

Black croaker 

Bay blenny 

Pac i f i c  mackerel 

Homeyhead turbot  

Spiny dogfish 

Spotted k e l p f i s h  

Brown smoothhound 

Painted greenl ing 

Wooly scu lp in  

Rock wrasse 

Black bullhead 

Sefior it a  

Bocaccio 

Grass rockfish 

7-108 




TABLE 7.12-3 

FISH SPECIES CAPTURED IN AGUA HEDIONDA LAGOON (TRAWLS.
G I L L  NETS, SEINE, TRAVELING SCREENS, THERMAL TI&ATMENT)

SAMPLES AT THE ENCINA POWER PLAhT DURING 1979 

~ 

SCIENTIFIC NAME 

A11o c l i n u s  holderi 

Amphis t i c h u s  a r g e n t  e u s  

Anchoa compressa 

Anchoa d e l i c a t i s s i m a  

A n i  sotremus  d a vid sonii 

A t h e r i n o p s  a f f i n i s  

A t h e r i n o p s i s  c a l i f o r n i e n s i s  


B r a c h y i s t i u s  f r e n a  t u s  


Che i lo t rema  sa turnum 

Chromis punc  tip i  nnis 

C i  t h a r i c h t h y s  st i gmaeus  

C i  t h a r i c h t h y s  xan thos t igma  

C1inocott u s  anal  is 

C I  upea ha rengus  

Cyma t o g a ster aggrega t a  

Cymat o g a ster g r a c i  1is 

Cynoscion nobilis 

Cypse lurus  c a l i f o r n i c u s  


Damal ich thys  vacca 

Decapterus  hypddus  

Dorosoma petenense 


Embiotoca j a c k s o n i  

Engra u l  is m r d a x  


Fundulus p a r v i p i n n i s  


Genyonemus l i n e a t u s  

G i  bbonsia el egans  

Gibbons ia  m e t z i  

G i  1l i c ht h y s  m i r a b i  1is 

G i r e l l a  n i g r i c a n s  

Gobionellu s  l o n g i c a u d u s  

Gymnothorax mordax 

Gymnura marmora t a  


COMMON NAME 

Is land kelpf i s h  

Barred surfperch 

Deepbody anchovy

Slough anchovy

Sargo

Topsmelt 

Jacksmelt 


Kelp surfperch 


Black croaker 

Blacksmith 

Speckled sanddab 

Longf i n  sanddab 

Wooly scu lp in 

Pac i f i c  he r r ing 

Shiner surfperch 

Is land surfperch 

White seabass 

Cal i forn ia  f l y i n g  f i s h  


P i l e  surfperch 

Mexican shad 

Threadfin shad 


Black surfperch 

Northern anchovy 


Cal i forn ia  k i l l i f i s h  


White croaker 

Spotted ke lp f i sh 

Str iped  ke lp f i sh 

Longj aw mudsucker 

Opaleye

Longtain goby

Moray eel 

Cal i forn ia  b u t t e r f l y  ray 
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TABLE 7.12-3 (Continued) 

SCIENTIFIC NAME 

H a l i c h o r e r e s  s e m i c i n c t u s  

H e r n w s i l l a  azurea  

Heterodon tus  f r a n c i s c i  

H eterost i c h u s  r o s t r a  t u s  

Hyperprosopon argenteum 

Hyp s o b l  enni u s  gen  ti1i s  

Hypsob lenn ius  g i l b e r t i  

Hy p s o b l  enni u s  j enkinsi 

H y p s o p s e t  t a  g u t  t u l a t a  

Hypsypops rub icundus  


I c t a l u r u s  me las  

I1ypnus  g i l b e r t i  


L e p t o c o t t u s  armatus  

L e u r e s t h e s  t e n u i s  


Medialuna c a l i f o r n . i e n s i s  

Mentici r r h u s  undula tu s  

M i  c r o m e t r u s  minimus 

Mugi 1 cepha 1u s  

M u s t e l u s  c a l i f o r n i c u s  

M u s t e l u s  hen1ei 

My1i o b a t i s  c a l i f  ornica  


01ig o c o t  tu s  r u b e l  1i o  

Ophicht h u s  zophochi  r 

o x y j u l i s  c a l i f o r n i c a  

O x y l e b i u s  p i c t u s  


p a r a c l i h u s  r o s t r a t u s  

Para labrax  cl a t h r a  t u s  

Paralahrax  macula t o f a s c . i atiis 

Para labrax  n e h u l i f e r  

P a  ral ichthys c a l i f  ornic u s  

P e p r i l u s  s i m i l l i m u s  

Phanerodon � u r c a tu s  

Pla  t y rh ino id i s  t r i s e r i a t a  

P l e u r o n i c h t h y s  r i t ter i  

P1 eroni cht hys verte c a l  i s  

P o r i c h t h y s  n o t a t u s  

Porich t h y s  m y r i a s  ter 


COMMON NAME 

Rock wrasse 

Zebra perch

Horn shark 

Giant kelpf i s h  

Walleye surfperch 

Bay blenny

Rockpool blenny

Mussel blenny

Diamon turbot  

G a r  i b a l d i  


Black bullhead 

Cheekspot goby 


Staghorn sculpin 

Cal i forn ia  grunion 


Halfmoon 

Cal i forn ia  corbina 

Dwarf surfperch 

Str iped  mullet  

Gray smoothhound 

Brown smoothhound 

B a t  r a y  


Rosy sculp in 

Yellow snake eel 

Seiiorita 

Painted greenl ing 


Reef f in spo t 

Kelp bass  

Spotted bass 

Barred sand bass 

Cal i fo rn ia  h a l i b u t  

P a c i f i c  b u t t e r f i s h  

White surfperch 

Thornback r a y 

SDotted turbot  

Hbrneyhead turbot  

Plainf  i n  midshipman

Specklef i n  midshipman 
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'SABLE 7.12-3 

SCIENTIFIC NAME 

Q u i e t u l a  y-cauda 


Rhacoch i lus  toxotes 

Rhinobatos  produc tus  

Roncador s t e a r n s i  


Sarda chiliensis 

Scomber j a p o n i c u s  

Scomberomorus concolor 

Scorpa ena gu tt a  t a  

Scorpaeni  c h t h y s  marmora t u s  

S e b a s t e s  p a u c i s p i n i s  

Sebas  tes r a s  trellig e r  

S e r i p h u s  p o l i  t u s  

Sphyraena argen tea  

Squa lus  a c a n t h i a s  

Squa t ina  c a l i f o r n i c a  

S t r o n q y l  ura e x i  1i s  

Symphurus a t r i c a u d a  

Syngna t h u s  c a l i f  orni ensis 

Syngnathus l e p t o r h y n c h u s  


Torpedo ca 1i fornic a  

Trachurus  symmetr icus  

T r i a k i s  s e m i f a s c i a t a  


Umbrina roncador 

Urolophus h a l l e r i  


Xenis tiu s  c a l  iforniensis 

X y s  tr e u r y s  1io1e p i s  


(Concluded) 

COMMON NAME 

Shadow goby 

Rubber 1i p  surf  perch 

Shovelnose g u i t a r f i s h 

Spotf in  croaker 


Pac i f i c  bonito 

Pac i f i c  mackerel 

Monterey Spanish mackerel 

Sculpin/spotted scropionfish 

Cabezon 

Bocaccio 

Grass rockf i sh  

Queenf i s h  

Cal i forn ia  barracuda 

Spiny dogfish 

P a c i f i c  angel shark 

Cal i forn ia  needlef i sh  

Cal i forn ia  tonguefish 

Kelp p ipef i sh 

Bay p ipe f i sh  


Pac i f i c  e l e c t r i c  r a y 

Jack mackerel 

Leopard shark 


Yellowfin croaker 

Round s t ingray  


Salema 

Fan ta i l  s o l e  
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Generally,  those species  t h a t  ranked high i n  abundance 

during thermal treatment were the  same species  t h a t  ranked high 

i n  daily'impingement samples .  Over 90 percent of t h e  f i s h  col­

lec ted  during a l l  thermal treatments w e r e  comprised of 9 major 

species (Table 7 .12-1)  which a l s o  comprised 88 percent of t he  

t o t a l  d a i l y  impingement catch.  A t o t a l  of 108,102 f i s h  w e r e  

k i l l e d  during thermal treatments f o r  t h e  year .  This ,  compared 

with 7 9 , 6 6 2  f i s h  removed by d a i l y  impingement sampling f o r  t he  

year ,  i nd ica t e s  t h a t  s i g n i f i c a n t  numbers of f i s h  r e s i d e  i n  the  

in take  tunnels  without being impinged. 

Several  species  (opaleye,  spot ted sand bass ,  kelp bass ,  

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

i n  much higher numbers during thermal treatments than during 

d a i l y  impingement samples. The da ta  suggest t h a t  these species  

a r e  ab le  t o  survive within t h e  tunnels ,  wi th  a low p robab i l i t y  

of being impinged. I n  the  case of t h e  two b lennies ,  t h i s  may 

be due t o  t h e i r  preference f o r  a sedentary hab i t  among encrusting 

growths and foul ing  organisms. Such a l i f e s t y l e  would lead t o  

a s c a r c i t y  of encounters with the  t r ave l ing  screens.  

A s  f o r  t h e  th ree  species  of bas s ,  t h e i r  demersal hab i t s  and 

swimming s t r eng th  may account f o r  t h e  low d a i l y  impingement 

removals. Opaleye a l s o  hide i n  holes  and crev ices  a t  t i m e s  and 

are s t rong s w i m m e r s .  

The tot .a l  weight of f i s h  co l l ec t ed  during thermal treatments 

was 2 ,422 .4  kg (5,341 l b )  (63 percent of t h e  t o t a l  removed by . 

both thermal treatment and d a i l y  impingement during 1979) .  Fhe 

I a 
I 
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e 

average weight (per f i s h )  f o r  a l l  f i s h  co l lec ted  during thermal 

treatments w a s  22.4 g ,  which w a s  32 percent g rea t e r  than the  

average weight of f i s h  obtained from d a i l y  impingement samples 

(17 �9. 
Fish impingement during thermal treatments var ied seasonal­

l y .  Greatest abundances were taken during February and the  

l e a s t ,  during December (Tables 7.12-4 through 7.12-10) . The 

g r e a t e s t  weight of organisms removed occurred i n  February and 

t h e  smallest weight, i n  Ju ly .  Average weight per organism 

varied during the  year from 10 .3  t o  36.0 g .  S m a l l e s t  organisms 

w e r e  abundant i n  summer treatments (July - September) and the  

l a r g e s t  were more abundant i n  winter and spr ing.  

Different  t r ave l ing  screens removed d i f f e r e n t  amounts of 

organisms during periods of tunnel r ec i r cu la t ion .  Generally 

speaking, screen 5 (Unit 5) caught the  most organisms (54 percent 

of t o t a l  removal by thermal treatment).  Screens 1 (Units 1, 2 ,  

0 

and 3) and 4 (Unit 4) accounted f o r  30 and 16  percent ,  respec­

t i v e l y ,  of t h e  t o t a l  number of organisms k i l l e d  during thermal 

treatment.  However, based on weight of organisms, screen 5 

again ranked f i r s t  (79 pe rcen t ) ,  screen 4 ranked second (12 per­

c e n t ) ,  and screen 1 ranked las t  (9 percent ) .  The da ta  show 

t h a t  the g r e a t e s t  numbers and l a r g e s t  organisms were impinged 

i n  the  longest in take  tunnel ( leading t o  screen 5 ) ,  while a 

s i g n i f i c a n t  number of smaller species  were impinged a t  screen 1, 

and a smaller number of l a r g e r  organisms w e r e  impinged i n  the  

a intermediate length tunnel of screen 4 (Table 7.12-11) .  N o  
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t r ave l ing  screen was cons is ten t ly  number one i n  terms of number 

of organisms captured during each thermal treatment.  A l l  t h r e e  

screens ranked number 1, 2 ,  and 3 during various thermal t r e a t ­

ments; however, screen 5 ranked number one more frequent ly  than 

the  o t h e r s ,  screen 4 ranked second most f requent ly ,  and screen 1 

ranked t h i r d  most f requent ly .  With regard t o  weight of organisms 

captured,  screen 5 cons is ten t ly  ranked f i r s t .  

The study shows tha t  c e r t a i n  numbers of f i s h  species inhabi t  

t he  in take  tunnel systems without being impinged. Some r e l a t i v e ­

l y  l a r g e  individuals apparently l i v e  i n  the  tunnels and t h e i r  

numbers appear t o  be g r e a t e s t  i n  winter and lowes t  during 

summer. However, a l l  these  organisms are k i l l e d  during thermal 

treatments.  Following each treatment repopulation of t he  tunnels 

begins,  a s  organisms move i n t o  t h e  intake from Agua Hedionda 

Lagoon. A number of lagoon species  do not appear t o  move i n t o  

0 

2. 
 t he  P lan t  and thus are not subjec t  t o  impingement o r  thermal 

treatment (Table 7.12-12) . 
The s p e c i f i c  times when tunnel  r ec i r cu la t ion  w a s  conducted 

were given i n  Table 7.5-3.  Examination of data  i n  t h i s  t a b l e  f o r  

t o t a l  number and weight of f i s h e s  impinged indica tes  t h a t  some­

times thcre  were res idua l  e f f e c t s  of tunnel r e c i r c u l a t i o n  l a s t i n g  

f o r  one o r  more days following the  operation. During those 

per iods ,  larger than usual numbers and t o t a l  weights of f i s h e s  

occurred i n  the  samples, desp i t e  t h e  f a c t  t h a t  a l l  material i m ­
k pinged during t h e  6-hr period of t h e  tunnel r e c i r c u l a t i o n  i t s e l f  

0 w a s  removed by sampling a t  t h a t  t i m e .  
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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 


S c o r p a e n i c h t hy s  niarrnora tus 


Para#22inus r o s t r a  tus 


G o b i o n e l l u s  l o n y i c a u d u s  


G i l l i c h t h y s  m i r a b i l i s  


I1ypnus gilberti 


Q u i e t u l a  y-cauda 


COMMON NAME 


Cabezon 


Reef finspot 


Longtail goby 


Longjaw mudsucker 


Cheekspot goby 


Shadow goby 
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T h i s  e f f e c t  was evaluated s t a t i s t i ca l ly  by comparing the  

leve ls  Df impingement f o r  48-hr periods j u s t  before and j u s t  

a f t e r  tunnel r ec i r cu la t ion .  The 12-hr period 1900-0700 h r ,  

within which tunnel r ec i r cu la t ion  occurred, w a s  omitted from 

considerat ion.  The comparisons were made with a s e r i e s  of Mann-

Whitney U tests on t o t a l  number and weight of a l l  f i s h e s  impinged 

fo r  the  t h r e e  t rave l ing  screen s t a t i o n s  combined. These tests 

evaluated t h e  n u l l  hypothesis t h a t  t h e r e  w a s  no s i g n i f i c a n t  

d i f fe rence  i n  l e v e l s  of impingement before  and a f t e r  tunnel r e ­

c i r c u l a t i o n ,  against  t he  one-way a l t e r n a t i v e  hypothesis t h a t  the  

l eve l  o f  impingement w a s  s i g n i f i c a n t l y  g rea t e r  a f t e r  tunnel r e ­

c i r c u l a t i o n  than before.  

A comparison w a s  not made for t he  tunnel r e c i r c u l a t i o n  of 

February 24-25, 1979,  because of poss ib le  confounding e f f e c t s  

associated with a storm and the  s ta r t  of dredging operations a t  

t h a t  t i m e  (Table 7.5-3).  The incomplete tunnel r e c i r c u l a t i o n  

on September 1-2, 1979 a l s o  w a s  not considered, because i t  

l a s t ed  only two hours.  

The r e s u l t s  of t h e  Mann-Whitney U tests were as follows 

(SIG i nd ica t e s  a s i g n i f i c a n t  d i f fe rence  a t  the  l e v e l  of s i g n i f i ­

cance shown; NS indica tes  d i f fe rence  not  s i g n i f i c a n t ) :  

Dates of Tunnel 
Recirculat ion 

Total  Number 
of Fishes 

Total  Weight 
of Fishes 

3/ 31-41 1 SIG SIG 
( p c .  05) (P<.05) 

6/16-6/17 SIG 
(P<. l o >  

SIG 
( p i .  05) 
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Dates of Tunnel 
Recirculat ion 

Total  Number 
of Fishes 

T o t a l  Weight 
of Fishes  

7 / 28-7 129 NS N S  

918-919 NS NS 

10113-10/14 SIG 
( p < .05) 

EJ S 

1 1 / 2 4 - 1 1 / 2 5  NS NS 

1 2 / 2 9 - 1 2 / 3 0  NS NS 

For only three of the  seven tunnel r e c i r c u l a t i o n s  considered were 

levels of impingement s i g n i f i c a n t l y  g rea t e r  following r ec i r cu la ­

t i o n  than j u s t  before .  It i s  c l e a r  from t h e  s t a t i s t i c a l  r e s u l t s  

and from examination of Table 7.5-3 t h a t  r e s idua l  e f f e c t s  of 

impingement sometimes did occur following tunnel  r e c i r c u l a t i o n ,  

but  not i n  a l l  cases .  

I . 
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7 . 1 3  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 cooling 

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. A l l  

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, i 
i 

two-year study of environmental factors affecting impingement of i 
fishes at the Redondo Beach Generating Station in Redondo Beach, i 

California (7-18), is particularly useful as a basis for compar-
J 
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

0 prehensive set of data concerning impingement of fishes, large 
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i nve r t eb ra t e s ,  and marine p l an t s  i n  the  cooling water system of 

t h e  Encina Power P lan t .  The methods used were e f f e c t i v e  i n  

obtaining accurate quan t i t a t ive  and q u a l i t a t i v e  da ta .  

During the  336-day period of the  study, 76  species  of f i shes ,  

45 species  of l a rge  inve r t eb ra t e s ,  and 7 species  of marine 

grasses  and algae w e r e  impinged a t  t he  t rave l ing  screens and t h e  

bar  rack screening system. All were species common i n  Agua 

Hedionda Lagoon o r  i n  adjacent ocean areas. 

Johnson e t  al. (1976) (7-19) reported t h a t  1 1 2  species  of 

f i s h e s  were impinged i n  the  cooling water s y s t e m  of generat ing 

Units 7 and 8 a t  t h e  Redondo Beach Generating S t a t i o n  during t h e  

two-year period September 1 9 7 4  - August 1976.  I n  common with the  

Encina Power P lan t ,  these u n i t s  use cooling water drawn from an 

area  inhabi ted by both bay and ocean species .  However, t h e  in­

take s t r u c t u r e  a t  t he  Redondo Generating S ta t ion  i s  loca ted  near  

t he  head of t h e  Redondo Submarine Canyon. As a r e s u l t ,  t h e  f i s h  

fauna and t h e  marine b i o t a  i n  general  a r e  p a r t i c u l a r l y  r i c h  i n  

spec ies  composition (7-20 and 7-21). These c h a r a c t e r i s t i c s  

probably explain i n  pa r t  t he  d i f fe rence  i n  number of species  

impinged a t  t h e  two power p l a n t s .  

The t o t a l  amount of f i s h  and inve r t eb ra t e  material impinged 

a t  t h e  t rave l ing  screens of t h e  Encina Power P lan t  during t h e  

336-day period w a s  85,943 indiv idua ls ,  wi th  a combined weight of 

approximately 1 5 4 8 . 4  kg ( 3 4 1 4  l b ) .  Of these ,  79,662 indiv idua ls  

w e r e  f i s h e s  weighing a t o t a l  of 1 3 9 5 . 2  kg (3076 l b ) .  In con t r a s t  

t o  t h i s ,  Johnson e t  a l .  (1976) (7-22) reported t h a t  an estimated 
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260,917 f i shes  weighing 19,553.4 kg (43,063 lb )  were impinged 

at  the  t rave l ing  screens f o r  Units 7 and 8 of t h e  Redondo Beach 

Generating S ta t ion  during the  52-week (364-day) period September 

1, 1974 - August 31,  1975. These f igures  included f i s h e s  im­

pinged during tunnel r ec i r cu la t ion .  

Several d i f fe rences  between the  two power p l an t s  probably 

* account f o r  the  very d i f f e ren t  t o t a l  l eve l s  of impingement 

a 


observed. The cooling w a t e r  systems supplying Units 7 and 8 of 

t he  Redondo Generating S ta t ion  had a maximum flow r a t e  of 468,000 

gpm, i n  cont ras t  t o  a maximum flow r a t e  of 534,300 gpm f o r  a l l  

Units of t he  Encina Power Plant  (41,900-220,000 gpm per Uni t ) .  

The cooling water passes through a r e l a t i v e l y  long conduit from 

366 m (1200 f t )  t o  t he  Redondo Beach Generating S ta t ion ,  while 

t h e  cooling water conveyance channels of t h e  Encina Power P lan t  

(Figure 7.3-1) a r e  sho r t e r .  The s t ruc tu res  through which water 

en ters  the cooling water system a r e  d i f f e r e n t  a t  the  two power 

p lan ts  and t h e  ve loc i ty  of flow i n t o  the  in take  s t r u c t u r e  i s  

r e l a t i v e l y  high a t  th'e Redondo Beach Generating S ta t ion  (2 = 73.2 

cm/sec o r  2 .4  f t / s e c ) .  In addi t ion ,  the  r i c h e r  f i s h  fauna i n  

King Harbor and a t  t he  head of  t he  Redondo Submarine Canyon 

probably contributed t o  the  higher levels of impingement repor­

ted a t  Redondo Beach. I n  any case,  the  r e s u l t s  obtained i n  t h i s  

study ind ica t e  t h a t  t he  l e v e l s  of impingement f o r  f i s h e s  and 

inver tebra tes  are r e l a t i v e l y  low a t  the Encina Power P lan t  com­

pared t o  those f o r  t h e  Redondo Beach Generating S ta t ion  and o ther  

l a r g e  coas t a l  power p l an t s  i n  southern Ca l i fo rn ia .  

7-131 



The queenfish (Seriphus p o l i t u s )  had by f a r  t h e  h ighes t  

l e v e l  of impingement a t  t he  Encina Power P lan t  i n  terms of number 

of individuals  (18,681 indiv idua ls ,  2 3 . 4  percent of a l l  f i s h e s ) .  

It a l s o  ranked four th  i n  weight ( 6 . 5  percent of a l l  f i s h e s ) .  The 

deepbody anchovy (Anchoa compressa) had the  second h ighes t  level 

of impingement (13,299 indiv idua ls ;  16.7 percent of a l l  f i s h e s )  

and ranked seventh i n  weight. Next i n  order by number of i nd i ­

v idua ls  impinged were the  topsmelt (Atherinops a f f i n i s ) ,  t he  

Cal i forn ia  grunion (Leuresthes t e n u i s ) ,  t he  northern anchovy 

(Engraulis mordax), and the  sh iner  surfperch (Cymatogaster 

s r e g a t a ) ,  represented by from 9 . 2  t o  13.7 percent of a l l  f i s h e s  

impinged. All s i x  of these h ighes t  ranking species  were common 

i n  the  area near t he  Encina Power P lan t  during the  study. All 

a l so  a r e  r e l a t i v e l y  a c t i v e ,  open water forms. Because of these  

c h a r a c t e r i s t i c s ,  i t  i s  not su rp r i s ing  t h a t  they form the  l a r g e  

majori ty  (83.1 percent) of a l l  ind iv idua ls  impinged. 

Generally s imi l a r  r e s u l t s  were reported f o r  t h e  Redondo 

Generating S ta t ion  (7-23). I n  1974-75, the  h ighes t  ranking 

fishes i n  number impinged were northern anchovy (38 percent of 

a l l  f ishes) ,  sh iner  surfperch (16 pe rcen t ) ,  and queenfish (16 

percent ) .  

The s i x  species  ranking next h ighes t  i n  impingement a t  t h e  

Encina Power Plant  had considerably lower, s i m i l a r  l e v e l s  ranging 

from 1877 individuals  (2 .4  percent of a l l  f i s h e s )  f o r  t he  walleye 

surfperch (Hyperprosopon argenteum) t o  1046 indiv idua ls  (1 .3  

percent)  f o r  t he  g i an t  ke lp f i sh  (Heterostichus r o s t r a t u s ) .  A l l  
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of the  remaining species had l e v e l s  of impingement t h a t  repre­

sented l e s s  than 1 . 0  percent of t he  t o t a l  number of a l l  f i s h e s  

impinged. Two of these  s i x ,  walleye surfperch and t h e  white 

surfperch a l so  were important components of impingement samples 

a t  Redondo Beach (7-24). 

Among the  12 species exhibi t ing l eve l s  of impingement 

grea te r  than 1 .0  percent a t  the  Encina Power P l a n t ,  only th ree  

a r e  bottom f i s h e s .  They a r e  the  round s t ingray  (Urolophus h d ­

l e r i ) ,  t he  Cal i fornia  ha l ibu t  (Paralichthys ca l i fo rn icus )  

and the  g i an t  ke lp f i sh  (Heterostichus r o s t r a t u s )  . In general ,  

bottom f i shes  a r e  l e s s  suscept ib le  t o  impingement because they 

a re  heavy-bodied forms influenced very l i t t l e  by w a t e r  flow more 

than 1 t o  2 m above the  bottom. The g ian t  ke lp f i sh  normally 

remains c lose  t o  the fronds and blades of t h e  g i an t  kelp 
e 

-(Macrocystis p y r i f e r a ) .  It probably is  ca r r i ed  i n t o  the  cooling 

water system with the  l a r g e  masses of g i an t  kelp t h a t  have 

broken off  from the  kelp canopy. 

Many of the  rankings by weight d i f f e red  considerably from 

those by number of individuals  impinged. The round s t ingray  

(Urolophus h a l l e r i )  and t h e  P a c i f i c  e l e c t r i c  r ay  (Torpedo C a l i ­

-fornica)  ranked f i r s t  and second on the  b a s i s  of weight (13.3 

percent and 9.0 percent of a l l  f i s h e s ) ,  r e spec t ive ly .  Other 

heavy-bodied rays  within the  f i r s t  ten species  on t h e  bas i s  of 

weight were the  s i x t h  ranked Cal i forn ia  b u t t e r f l y  r a y  (Gymnura 

marmorata) and the  t en th  ranked bat ray (Myliobatis c a l i f o r n i c a ) .  

Johnson et a l .  (1976) (7-25) noted a s i m i l a r  l a r g e  component ofa 
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elasmobranch f i s h e s  i n  the  biomass of impingement samples a t  t h e  

Redondo Beach Generating S ta t ion .  They found t h a t  33 percent 

of t he  impinged f i s h e s  by weight consis ted of sharks and r ays ,  

and t h a t  during 1974-75 P a c i f i c  e l e c t r i c  r a y  accounted f o r  9 

percent of a l l  f i s h e s  by weight. 

The topsmelt (Atherinops a f f i n i s )  ranked t h i r d  i n  the  i m ­

pingement samples a t  t he  Encina Power P l a n t ,  both i n  number and 

weight of ind iv idua ls ,  represent ing 8 percent of a l l  f i s h e s  by 

weight. The queenfish (Seriphus p o l i t u s )  ranked fou r th  i n  

weight. Thus, a l l  t h ree  of these  open water species  ranked high 

i n  both numbers and weight of ind iv idua ls  impinged. 

The rankings of f i s h e s  on t h e  b a s i s  of weight a r e  a use fu l  

component of t h e  impingement study. Y e t  they are l e s s  important 

ecological ly  than the  rankings based on number of ind iv idua ls  

impinged. This i s  because most population processes of t he  

species  involved a r e  more d i r e c t l y  a f f e c t e d  by the  numbers of 

ind iv idua ls  i n  the population and v a r i a t i o n  i n  these  numbers 

than they a r e  by the  t o t a l  biomass of ind iv idua ls .  For t h i s  

reason, s e l e c t i o n  of add i t iona l  c r i t i c a l  species  w a s  based on 

the  numerical rankings and t o t a l  numbers of ind iv idua ls  impinged, 

as  described i n  subsection 7 . 4 .  

Both t h e  numbers and weights of f i s h e s  and inver tebra tes  

var ied considerably throughout t he  year and from day t o  day and 

week t o  week. Results of c o r r e l a t i o n  analyses indicated t h a t  

t he re  were no s i g n i f i c a n t  co r re l a t ions  between weekly mean values  

of temperature, s a l i n i t y ,  ocean wave he igh t ,  o r  cloud cover on 
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' e i t h e r  t h e  weekly mean t o t a l  numbers o r  weights of f i s h e s  im­

pinged. The lack  of s i g n i f i c a n t  co r re l a t ions  may be a r e f l e c t i o n  

of the  f a c t  t h a t  impingement i s  influenced by a combination of 

f a c t o r s ,  r a t h e r  than by one o r  two ac t ing  i n  i s o l a t i o n .  

The seasonal pa t t e rn  of changes i n  impingement f o r  some 

c r i t i c a l  species of f i s h e s  appeared t o  be r e l a t e d  e i t h e r  d i r e c t l y  

or  i n d i r e c t l y  to  w a t e r  temperature. For example, t h e  queenfish 

(Seriphus po l i tu s )  had the  highest  levels of impingement during 

the  period mid-June through e a r l y  September, when ambient water 

temperatures were h ighes t .  Lowest mean numbers were impinged 

during the  period March-May, when water temperatures w e r e  r e l a ­

t i v e l y  low. In con t r a s t ,  t he  l a r g e s t  numbers of round s t ingrays  

0 (Urolophus h a l l e r i )  were impinged i n  February, when w a t e r  tem­

peratures  were low, and the  smallest  numbers w e r e  impinged from 

Ju ly  to  September, t he  period of highest  w a t e r  temperatures. 

While t h i s  evidence does not show conclusively t h a t  w a t e r  tern­

perature  is  r e l a t ed  t o  l e v e l s  of impingement, it suggests t h a t  

temperature probably i s  involved i n  the  process f o r  some species .  

This had been shown t o  be t h e  case i n  other  s tud ie s  of impinge­

ment (7-26, 7-27, 7-28, 7-29, and 7-30). 

Effec ts  of f i v e  d i s t i n c t  storm periods on numbers and 

weights of f i s h e s  w e r e  evaluated s t a t i s t i c a l l y  by comparing data  

f o r  periods of 4 t o  7 days before  and a f t e r  onset of storms. The 

storm periods were character ized by wind speeds -> 1 2  mph (16 kph), 

r a i n f a l l ,  s a l i n i t i e s  -< 29 .9  ppt  i n  the  lagoon, and ocean wave 

heights  -> 4 ft ( (1 .2  m). Four of t h e  f ive storm periods hada 
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s i g n i f i c a n t  e f f e c t s ,  with l a rge r  numbers o r  weights of f i s h e s  

impinged during t h e  storm conditions than j u s t  before .  

The r e s u l t s  do not allow s p e c i f i c  assessment of t h e  ind i ­

vidual physical  conditions involved, but only t h e i r  combined 

e f f e c t s .  However, i t  i s  very l i k e l y  t h a t  a l l  of these  physical 

conditions , .and possibly t h e  associated increase  i n  t u r b i d i t y  as 

w e l l ,  a c t  i n  combination t o  cause increased impingement. Tur­

bulent  w a t e r  conditions i n  t h e  ocean adjacent t o  the  entrance t o  

Agua Hedionda Lagoon may a f f e c t  impingement by causing f i s h e s  t o  

seek s h e l t e r  i n  the  lagoon. Johnson e t  a l .  (1976) (7-31) and 

others  (7-32, 7-33, 7-34, and 7-35) have observed s i m i l a r  e f f e c t s  

i n  o ther  s t u d i e s .  

Johnson et  a l .  (1976) (7-36) reported t h a t  storms accompan­

ied by high wind speeds caused turbulen t  water conditions around 

the  in take  s t r u c t u r e  of t h e  Redondo Beach Generating S ta t ion .  

During s i x  storms over the  two-year period September 1974 -
August 1976, i n  which wind speeds averaged g r e a t e r  than 17.3 mph 

( 2 7 . 7  kph) f o r  24-hr per iods,  208,052 f i s h e s  w e r e  impinged i n  

19  days.  This represented 24 percent of a l l  f i s h e s  impinged 

during t h e  two-year period of t h e i r  study. Two major storms 

alone accounted f o r  21 percent of a l l  f i s h e s  impinged. They also 

found t h a t  t he  mean number of f i s h e s  impinged per  day during 

storm periods (2 = 8223) w a s  s i g n i f i c a n t l y  g r e a t e r  than during 

normal periods (X = 817).  
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The e f f e c t s  of storm conditions on t h e  area around the  in ­

take s t r u c t u r e  of t he  Redondo Beach Generating S ta t ion  undoubted­

l y  are much grea te r  than f o r  t h e  Encina Power P lan t .  A t  Redondo 

Beach the  in take  s t r u c t u r e  f o r  Units 7 and 8 i s  located i n  an 

a rea  d i r e c t l y  exposed to  wind, ocean swel l s ,  and turbulence,  

while a t  t he  Encina Power P lan t  water en te r s  t he  system from the 

r e l a t i v e l y  she l te red  outer  p a r t  of Agua Hedionda Lagoon. Evi­

dence of thi.s i s  the  f a c t  t h a t  during storms, when ocean wave 

heights  exceeded 4 f t  ( 1 . 2  m) , wave heights  i n  outer  Agua 

Hedionda Lagoon remained l e s s  than 1 f t  ( 0 . 3  m). This d i f fe rence  

presumably i s  one major reason why storm conditions had much less 

pronounced e f f e c t s  on l eve l s  of impingement a t  the  Encina Power 

P lan t  

Dredging operations t o  remove accumulated sediment from 

ou te r  Agua Hedionda Lagoon during the  period from February 20 t o  

Apri l  25, 1979,  a l s o  caused increased impingement of f i s h e s  and 

@ 

i nve r t eb ra t e s .  This w a s  t r u e  p a r t i c u l a r l y  for species  l i v i n g  i n  

the  lagoon. Evidence from s t a t i s t i c a l  comparisons between levels 

of impingement during and following the  dredging operat ions sup­

port  t h i s  conclusion. Unfortunately,  t he  period of dredging 

overlapped t h a t  of storm condi t ions during the  winter  and e a r l y  

sp r ing ,  so  t h a t  it w a s  d i f f i c u l t  t o  separate  the  e f f e c t s  of t hese  

two confounding va r i ab le s .  

Most of t h e  e f f e c t s  of dredging operations i n  increasing 

impingement a r e  r e l a t i v e l y  obvious ones. Disturbance and removal 

of bottom sediment would cause displacement of benthic f i s h e se 
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' 	 and inver tebra tes  i n t o  the water column, making them more vulner­

ab le  t o  impingement. High l eve l s  of t u r b i d i t y  in  the  lagoon 

caused by dredging would reduce l i g h t  levels and v i s i b i l i t y  

markedly, with a r e s u l t i n g  increase i n  impingement of f i s h e s .  

In addi t ion ,  both benthic  and open w a t e r  f i s h e s  probably w e r e  

a t t r a c t e d  in to  t h e  areas af fec ted  by dredging t o  f eed 'on  organ­

i s m s  displaced by dis turbance of t he  sediment. The r e s u l t i n g  

higher dens i t i e s  of some species  i n  the  outer  p a r t  of Agua 

Hedionda Lagoon probably contributed t o  the  higher  l e v e l s  of 

impingement observed. 

Evaluation of more de t a i l ed  information about short-term and 

seasonal va r i a t ions  i n  impingement of f i s h e s  considered as c r i t i ­

c a l  species suggests t h a t  f o r  most of them impingement w a s  rela­

t i v e l y  continuous throughout t h e  year.  However, the numbers and 

weights of individuals  f o r  each species var ied g r e a t l y  from day 

t o  day, week t o  week, and seasonal ly .  I n  some cases these  varia­

t ions  appeared t o  be r e l a t e d  d i r e c t l y  o r  i n d i r e c t l y  t o  effects 

of water temperature,  storm condi t ions,  dredging operat ions i n  

outer  Agua Hedionda Lagoon, and other environmental f a c t o r s .  

There i s  a very c l e a r  evidence t h a t  t he  numbers and weights 

of f i shes  impinged during t h e  n ight  and ea r ly  morning period 

pr imari ly  of darkness (1900 t o  0700 h r )  w e r e  s i g n i f i c a n t l y  

g rea t e r  i n  almost a l l  cases than those during t h e  day (0700 t o  

1900 h r ) .  Diurnal e f f e c t s  of t h i s  kind on impingement have been 
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reported f o r  several  freshwater cooling systems ( 7 - 3 7 ,  7-38, 

7-39 ,  and 7 - 4 0 ) .  

There a r e  a number of probable reasons f o r  t h i s  evident day-

night  d i f fe rence  i n  l e v e l s  of impingement a t  t he  Encina Power 

P lan t .  Many f i s h e s  tend t o  be r e l a t i v e l y  quiescent and reduce 

t h e i r  swimming a c t i v i t i e s  during darkness. The v i s u a l  cues used 

by most species of f i s h e s  i n  swimming and avoidance behavior a l s o  

would be reduced a t  low l e v e l s  of i l luminat ion.  Because of these  

e f f e c t s ,  some species would be more suscept ib le  t o  being t rans­

ported i n t o  the  cooling water system and impinged during periods 

of darkness. Another possible  e f f e c t  i s  t h a t  some species may 

move i n t o  the  area of Agua Hedionda Lagoon adjacent t o  the  Encina 

Power Plant  during darkness t o  feed  o r  seek s h e l t e r .  Higher 

d e n s i t i e s  of these individuals  might then cont r ibu te  t o  increased 

l e v e l s  of impingement. Several of t he  species with high l e v e l s  

of impingement a t  the  Encina Power P lan t  a r e  a c t i v e  a t  n igh t .  

These include the  queenfish (Seriphus p o l i t u s ) ,  the  nor thern '  

anchovy (Engraulis mordax) , and the  Pac i f i c  e l e c t r i c  r a y  (Torpedo 

c a l i f o r n i c a )  . 
As i n  the  case of evaluating e f f e c t s  of storm condi t ions ,  

i t  i s  very d i f f i c u l t  t o  consider each of these  poss ib le  causal  

f a c t o r s  i n  i s o l a t i o n .  Spec i f ic  f i e l d  and laboratory experiments 

would be required t o  do so. 

Results of c o r r e l a t i o n  analyses and evaluation of va r i a t ions  

i n  impingement ind ica t e  t h a t ,  i n  genera l ,  t he re  w a s  a d i r e c t  

r e l a t ionsh ip  between increasing flow r a t e s  of cooling w a t e r  and 
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the  impingement l eve l s  of f i s h e s .  Johnson et  a l .  (1976) ( 7 - 4 1 )  

reported a s imi la r  r e l a t ionsh ip  f o r  Units 7 and 8 of t h e  Redondo 

Generating S ta t ion .  They found t h a t  an average of t w i c e  as  

many f i s h e s  were impinged during periods when a l l  four  c i r c u l a t o r  

pumps supplying these u n i t s  were i n  operation ( 4 6 8 , 0 0 0  gpm; 

maximum in take  ve loc i ty  of 97 .5  cm/sec o r  3 . 2  f t / s e c )  than when 

only two pumps were operat ing.  The numbers of f i s h e s  impinged 

w e r e  s i g n i f i c a n t l y  d i f f e r e n t  a t  these two l eve l s  of f low. 

Swimming c a p a b i l i t i e s  of f i s h e s  and t h e i r  r eac t ions  to  flow 

v e l o c i t i e s  a t  the point where cooling water en te r s  t h e  Power 

Plant a r e  known to  inf luence impingement. Schuler and Larsen 

( 1 9 7 5 )  ( 7 - 4 2 )  showed i n  laboratory tests using simulated in take  

s t ruc tu res  tha t  entrapment of f i s h e s  increases with increasing 

approach v e l o c i t i e s  of w a t e r  a t  the  intake.  Johnson e t  a l .  

( 1 9 7 6 )  ( 7 - 4 3 )  a l s o  reported the  r e s u l t s  of f i e l d  and laboratory 

s tudies  t o  evaluate t h e  swimming c a p a b i l i t i e s  and impingement 

of four spec ies ,  t he  queenfish (Seriphus p o l i t u s ) ,  t h e  northern 

anchovy (Engraulis mordax), t he  sh iner  surfperch (Cymatogaster 

m w ) ,and the white croaker (Genyonemus l i n e a t u s ) .  O f  

these, only t h e  northern anchovy showed s i g n i f i c a n t l y  higher 

leve ls  of entrapment and impingement with fou r ,  as opposed t o  

two, c i r c u l a t o r  pumps of Units 7 and 8 i n  operat ion a t  t h e  

Redondo Generating S t a t i o n .  Results of t h e i r  l abora tory  s tudies  

also showed t h a t  sh iner  surfperch and white croaker both have 

swimming c a p a b i l i t i e s  g r e a t e r  than those required t o  escape from 

flow with approach v e l o c i t i e s  up t o  9 7 . 5  cm/sec ( 3 . 2  f t / s e c )  a t  
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t he  point where cooling w a t e r  en t e r s  t he  in take  s t r u c t u r e .  

Such v e l o c i t i e s  exceed those measured i n  the  cooling water system 

of t he  Encina Power P lan t .  However, t he  s p e c i f i c  swimming capa­

b i l i t i e s  of most f i s h  species impinged a t  t he  Encina Power P lan t  

a r e  not known. 

Generating Unit 4 a t  the  Encina Power Plant'was out of ser­

v i c e  during March, Apr i l ,  and May and the  t o t a l  flow r a t e s  of 

cooling w a t e r  i n t o  the  plant  were reduced from approximately 

500,000 gpm t o  350,000 gpm. During t h i s  time impingement a t  the  

t r ave l ing  screens f o r  t he  two u n i t s  remaining i n  operation de­

c l ined  and general ly  remained a t  r e l a t i v e l y  low l e v e l s .  While 

not conclusive,  t h i s  evidence suggests t h a t  such a reduction i n  

t o t a l  flow rate  of water enter ing the  Power Plant  from Agua 

Hedionda Lagoon tended t o  reduce impingement a t  t he  t r ave l ing  

screens of both u n i t s  s t i l l  i n  operat ion,  desp i t e  t he  f a c t  t h a t  

t he  flow r a t e s  within the  conveyance channels f o r  these  two u n i t s  

remained approximately the  same. This poss ib le  e f f e c t  could be 

evaluated f u r t h e r  through comparisons of impingement l e v e l s  a t  

d i f f e r e n t  t o t a l  flow rates. The information obtained would be 

of p r a c t i c a l  value i n  determining t h e  optimal flow charac te r i s ­

t i c s  of t he  cooling w a t e r  system t o  maintain low l e v e l s  of 

impingement. 

In  genera l ,  there  w a s  l i t t l e  decomposition o r  physical  

damage evident among most species  of f i s h e s  i n  the  impingement 
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samples. However, following tunnel r e c i r c u l a t i o n  (heat  t reat­

ment) the numbers of decomposed individuals  increased,  r e f l e c ­

t i n g  the f a c t  t h a t  s u b s t a n t i a l  numbers of dead f i s h e s  from the  

tunnel r ec i r cu la t ion  remained i n  the  conveyance channels f o r  

periods of several days before  they were impinged. 

Observations during sampling indicated t h a t  when f i r s t  

washed i n t o  the  sampling n e t s  and t r a s h  c o l l e c t o r  u n i t s ,  most 

f i s h e s  w e r e  a l i v e  and i n  r e l a t i v e l y  good condi t ion.  Death and 

decomposition of most ind iv idua ls  appeared t o  be t h e  r e s u l t  of 

exposure out of water i n  t h e  t r a s h  c o l l e c t o r  baske ts ,  r a t h e r  

than t o  impingement on t h e  t ra .vel ing screens.  Live f i s h e s  re­

moved from the  sampling n e t s  and held i n  tanks supplied wi th  sea­

water recovered and appeared t o  be normal. These ind iv idua ls  

were rout ine ly  re leased .  

There appeared t o  be a f a i r l y  d i r e c t  r e l a t i o n s h i p  between 

t h e  amount of physical  damage and t he  f r a g i l i t y  o r  d e l i c a t e  mor­

phological c h a r a c t e r i s t i c s  of a given species .  For example, 

a l l  three of t h e  anchovy spec ies  w e r e  subjec t  t o  much more dam­

age than the  two r e l a t i v e l y  more "f irm-f leshed" a t h e r i n i d  spe­

cies and other  f i s h e s .  Aside from t h e  anchovies,  t h e r e  a l s o  

appeared t o  be a tendency f o r  species  with l a r g e r  body s i z e  t o  

s u s t a i n . s l i g h t l y  more physical  damage than those of s m a l l e r  s i ze .  

The sex r a t i o s  of t h e  round s t ing ray  (Urolophus h a l l e r i ) ,  

the  deepbody anchovy (Anchoa compressa), t h e  slough anchovy 

-( A .  del icat iss i rna) ,  the  topsmelt (Atherinops a f f i n i s ) ,  the 

Cal i forn ia  grunion (Leuresthes t e n u i s ) ,  and t h e  specklef in  
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' midshipman (Porichthys myriaster)  a l l  r e f l e c t e d  the  f a c t  t ha t  

frequently l a rge r  numbers of adul t  females than males were i m ­

pinged. The causes of t h i s  are not clear. However, i n  the 

case of t h e  specklef in  midshipman a l l  of t he  females impinged 

w e r e  i n  advanced s tages  of reproductive development. Johnson 

e t  a l .  (1976) (7-44) reported s imi la r  observations on midship­

man species ,  shiner  surfperch, and other  species  t h a t  when 

impingement of females was  g rea t e r  than t h a t  f o r  males, t he  

females usual ly  w e r e  i n  an advanced reproductive s tage .  This 

evidence suggests t h a t  reproductive condition of females i n  

some species ,  including specklefin midshipman and shiner su r f -

perch, influences t h e i r  s u s c e p t i b i l i t y  t o  impingement. Blaxter 

(1969) (7-45), i n  a review concerning swhning performance of 

f i s h e s ,  noted t h a t  reproductive condition can influence swimming 

c a p a b i l i t i e s .  A s  Johnson et a l .  (1976) (7-46) have indicated,  

the o r i en ta t ion  behavior of female f i s h e s  a l s o  may change when 

they are i n  an advanced reproductive s ta te .  It i s  d i f f i c u l t  t o  

assess  the  impact such d i f f e r e n t i a l  impingement of females in  

reproductive condi t ion would have on the  n a t u r a l  populations.  

While the  data  obtained concerning reproductive condition a r e  

l imi ted ,  they do ind ica t e  t h a t  f o r  most of t h e  1 2  species con­

sidered,  adu l t  females i n  all stages  of reproductive develop­

ment occurred i n  t h e  impingement samples. 

The l a r g e s t  component of marine organisms i n  almost a l l  

impingement samples from t h e  bar rack and t r ave l ing  screen sta­

t ions  consisted of marine grasses  and a lgae .  Large rays ande 
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sharks accounted f o r  a r e l a t i v e l y  s m a l l  p a r t  of t h e  material 

impinged a t  the bar rack screening system. E e l  g rass  (Zostera 

marina) and the  g i an t  ke lp  (Macrocystis pyr i fe ra)  were t h e  

dominant species i n  terms of volume. I n  general ,  the  highest  

l e v e l s  of impingement a t  t h e  bar r ack  system occurred during 

and following storms. The reason for t h i s  appears to be t h a t  

surge and wave ac t ion  assoc ia ted  with storm conditions dislodge 

and t ranspor t  l a rge  amounts of p l an t  material. However, impinge­

ment of p lan ts  a t  the  t r ave l ing  screens general ly  w a s  g rea t e r  

during t h e  summer and fall. 
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