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EXECUTIVE SUMMARY 

Normandeau Associates Inc. (NAI) conducted impingement and entrainment studies 

at Ravenswood Generating Station in Queens County, New York over a one-year period that 

began in  February 1 994. These were the second impingement and entrainment studies 

performed for the three electric generating units (Units 1 0, 20, and 3 0) that draw their 

condenser cooling water from the East River. Impingement sampling began in February and 

focused on the numbers of fish and blue crabs as well as the amount and type of debris 

impinged over a 24-hour period. Impingement sampling was conducted weekly, usually on 

Wednesday at 1 200 hours. Entrainment sampling began in February and focused on entrain­

ment of fish eggs, larvae and juveniles. Entrainment sampling was conducted concurrent with 

impingement sampling. Sampling was conducted once per week from May through August, 

and twice per month for the remainder of the year. For both impingement and entrainment, 

samples were collected and analyzed for four fixed diurnal periods. 

Sixty-one species of fish were impinged during the study. The five most common 

species were winter flounder, grubby, northern p ipefish, Atlantic silverside and Atlantic 

herring. Together these species made up 68% of the impingement collection. The total 

estimated number of fish impinged were 22,275 at Unit 1 0, 24,453 at Unit 20, and 35 , 575 at 

Unit 30  for a combined total of 82,303 . Impingement rates were generally similar among 

units, during period of concurrent operation. Impingement rates were highest in April and 

January. The April peak was composed primarily of winter flounder, and the January peak 

was composed primarily of grubby. 

An estimated blue crab impingement was 2,33 2  at Unit 1 0, 2 ,740 at Unit 20, and 

1 ,988 at Unit 3 0  for a total of 7,060 blue crabs. B lue crabs were most abundant from May 

through December. 

An estimated volume of 1 5, 9 1 4  gallons of debris were impinged at Units 1 0, 20 and 

3 0  combined. A total of 6,23 1 gallons were impinged at Unit 1 0, 6, 1 1 9 gallons were 

impinged at Unit 20 and 3 ,564 gallons were impinged at Unit 30. Aquatic vegetation was the 

Ravenswood 1 993-1994 E- l 
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most common category of debris impinged (26.4%) fol lowed by paper and plastic (24 .5%) and 

terrestrial vegetation ( 1 9 .7%). Aquatic vegetation and paper and plastic were collected 

throughout the study. Terrestrial vegetation was most common in the fall .  

Thirty-eight taxonomic groups were entrained at Ravenswood Station comprising 1 7  

egg, five yolk sac-larvae, 2 3  post yolk-sac larvae, and 1 6  young-of-the-year (YOY) species. 

An estimated 1 56 .8  mill ion fish eggs were entrained. Egg entrainment rates were highest in 

April and May primarily due to entrainment of fourbeard rockling eggs. An estimated total 

of 99.7 mi llion larvae were entrained. Post yolk sac-larvae were the most common larval 

lifestage entrained. Entrainment of post yolk-sac larvae was highest in April, and July through 

September, primarily due to entrainment of grubby in April, bay anchovy in July through 

September. 

An estimated total of 2 .0  mil l ion YOY fish were entrained, based on the collection 

of 288 YOY fish in entrainment samples. Northern pipefish (55 . 0%), and smallmouth 

flounder ( 1 3 . 3%) were the most numerous YOY fish entrained. 

Ravenswood 1 993-1994 E-2 
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1.0 INTRODUCTION 

This is the second report on the Ravenswood Generating Station impingement 

and entrainment monitoring, which was conducted in accordance with Consolidated Edison 

Company of New York, Inc.'s (Con Edison), Request for Proposal (RFP) No. SC-92-0328E 

and its technical attachments. The first report presented results of studies on impingement and 

entrainment from September 199 1  through September 1 992 (LMS 1 993). This report presents 

the results of impingement and entrainment studies conducted between February 1 993 and 

January 1 994, and follows the format of LMS ( 1 993). 

The objectives of studying impingement at the Ravenswood Station were to: 

Estimate the number of fish and blue crabs impinged by the cooling water 
intake screens of the station's three condenser cooled electrical generating 
units over a one-year period. 

e Determine the species and size classes (young of year and yearl ing and 
older) of fish collected from each generating unit's cooling water intake 
screens during four discrete 6-hr sample periods (0000 to 0600, 0600 to 
1 200, 1 200 to 1 800, and 1 800 to 2400 hrs). 

Measure lengths (to the nearest mm) of 50 individuals of each fish species 
and size class randomly selected from the combined 24-hr impingement 
sample at Units 1 0, 20, and 30 .  

Determine the number of  blue crabs impinged during each discrete 6-hr 
sample period and measure carapace widths (to the nearest mm) of 50  
individuals randomly selected from the combined 24-hr impingement 
sample at Units 1 0, 20, and 3 0. 

Determine if there is a diel pattern in fish impingement rates. 

Characterize the debris collected from each unit's cooling water intake 
screens during each discrete 6-hr sample period by general type, measure 
the debris volume in gallons, and determine the proportionate contribution 
of various general types of debris (e.g . ,  macrophytes, sessile invertebrates, 
floating plastic trash). 

Determine the collection efficiency for representative fish species once 
during each three-month interval over a 24-hr period . 

Ravenswood 1 993-1994 1 - 1  
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The objectives of studying entrainment at the Ravenswood Station were to: 

Estimate the numbers of ichthyoplankton entrained by the station's three 
condenser cooled electric generating units over a one-year period . 

• Determine the species and life stages (egg, yolk-sac, post yolk-sac, and 
juvenile) of entrained fish. 

Enumerate by species and l ife stage (egg, yolk-sac, post yolk-sac, and 
juvenile) entrained ichthyoplankton collected from each depth during four 
discrete 6-hr sample periods (0000 to 0600, 0600 to 1 200, 1 200 to 1 800, 
and 1 800 to 2400 hrs). 

Section 2 .0  of this report presents a description of the Ravenswood Generating 

Station, field and laboratory methods, sampling design, and analytical methods. Section 3 .0 

provides estimates of the number of fish and blue crabs impinged, species composition, and 

relative abundances, and describes seasonal and diurnal impingement patterns. 

Ravenswood 1 993-1994 1 -2 
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2.0 MATERIALS AND METHODS 

Fifty-two weekly impingement surveys were conducted at the Ravenswood 

Station from 2 February 1 993 through 24 January 1 994. Samples were collected from each 

operating unit. Thirty-three entrainment surveys were conducted at the Ravenswood Station 

from 23 February 1 993 through 18  January 1 994. Entrainment samples were collected weekly 

from May through August 1 993 and biweekly from February through April 1 993 and 

September 1 993 through January 1 994. 

Ravenswood Station descriptions, field collection procedures, sample analysis, 

and analytical procedures for impingement and entrainment are presented in the following 

sections .  

2.1 STATION AND SITE DESCRIPTION 

The Ravenswood Station (Long Island C ity, New York) is located on the East 

River j ust east of Roosevelt Island (Figures 2- 1 and 2-2). The East River, which connects 

Long Island Sound to the northeast with upper New York Harbor to the south, is a tidal strait 

rather than a river. 

The East River is a major waterway for commercial shipping traffic, with 

numerous industries, piers, and other developed areas along its shores. The East River 

shoreline has been bulkheaded and filled for development and shoreline stabilization, especial­

ly in the areas around the Ravenswood Station. Heavy noncommercial and pleasure boat 

traffic is transient through this area. Several sewage treatment plants and combined sewer 

outfalls enter into the East River. They discharge untreated sewage into the river during heavy 

storm events . Garbage loading facilities and garbage barge traffic through the area contribute 

to floating trash found in the river. 

Ravens·wood 1993-1994 2- 1 
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The northeast section of the East River is wide with shallow bays and marshes 

that provide nutrients as wel l as nursery areas for marine and estuarine species. Fifty-one 

species of fish were impinged at Ravenswood Station in 1 99 1  through 1 992 (LMS 1 993). The 

five most common species were blueback herring, bay anchovy, silver hake, Atlantic si lver­

side, and lined sea horse. Together these species made up 78% of the impingement collection. 

An estimated total of 83, 1 1 1  fish were impinged at the three units. Twenty-nine species of 

fish were collected in entrainment collections. Ten species were present as eggs, two as yolk­

sac larvae, 1 9  as post yolk-sac larvae, and 1 3  as young-of-the-year. An estimated 1 67 mi llion 

eggs, 202,022 yolk-sac larvae, 6.4 million post yolk-sac larvae, and 1 .2 mil l ion young-of-the­

year were entrained at the three units. 

The Ravenswood Station consists of three gas-Ioil-fired units (Nos. 1 0, 20 and 

30) with a rated capacity of 363 ,  363,  and 1 000 MW, respectively. Ravenswood Units 1 0, 20, 

and 30 began operation in  1 963 , 1 963 , and 1 965, respectively. Once-through cooling water 

flow is 222,600 gallons per minute (gpm) at Unit 1 0, 2 14,000 gpm at Unit 20, and 537,000 

gpm at Unit 30  (Table 2- 1 ) .  Cooling water flows during the study period for Units 1 0, 20  and 

30  are presented in F igure 2-3 . The maximum service water flow is 1 6,000 gpm at each unit. 

Cooling and service water is drawn from the East River into a protected embayment directly in 

front of each unit's traveling screens (Figure 2-2). A log screen (bar rack) reduces the amount 

of floating debris and large material reaching the 3/8 in. square mesh traveling screens 

(Figures 2-4 and 2-5). F ish, crabs, and debris removed from the water by the traveling screens 

are washed from the screens' mesh panels into a screenwash sluiceway at each unit. Each 

sluiceway empties into an open p it. Currently a collection basket in each p it fi lters out fish, 

crabs, and debris which are periodically removed for disposal in a landfil l .  An improved 

return system for impinged fish and crabs is currently under development and will be installed 

shortly so that impinged fish and crabs will be delivered to the East River after being washed 

from the traveling screens. The filtered washwater flows from the pit through a large diameter 

pipe to the circulating water discharge canal. 

Ravenswood 1993-1994 2-4 
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TABLE 2-1. RAVENSWOOD PLANT DESIGN CHARACTERISTICS. 

UNIT 10 UNIT 20 UNIT 30 

INTAKE 

Number of circulating pumps 2 2 2 

GPM 222,600 2 1 4,000 537,000 

Number of service water 2 2 2 
pumps 

GPM 1 6,000 1 6,000 1 6,000 

Number of traveling screens 4 4 6 

Type of traveling screens Conventional Conventional Conventional 

Mesh size (in.) 0 .375 x 0 .375 0 .375 x 0 .375 0 .375 x 0 .375  

GENERATORS 

Primary fuel Gas Gas Low-su Ifur oil 

Alternate fuel Low sulfur oi l  Low sulfur oil Gas 

Capacity (Gross MW) 3 83 3 83 1 ,000 

CONDENSERS 

Cooling system Once through Once through Once through 

Plow (CPS) 477.00 477.00 1 , 1 95 .00 

AT 8.7°C 8 .7°C 1 0AoC 

1 5 .7°P 1 5 . 7°P 1 8 .8°P 

DISCHARGE 

Type Common Discharge C anal 

Ravenswood 1 993-1994 2-5 



1.4 

I.J 

1.1 

I. Q 
.... 
::z 0.9 
:z: � O.B 
..J 
:: 0.1 
:::Ii 

• 0.4 
3: o ..J 0.5 
L.. 

0.4 

0.1 

0.0 

Unit 10 

� 
r=l 

'-- -'--

....., I� � � m\--yfrr n 

I 

l � "-

FEB MAR APR MAY JUN JUl AUG SEP OCT NOV DEC JAN FEB 

.., 
::z 

:z: 
0 
-
..J 
..J 
-
:::Ii 

3: 
0 
..J 
"'-

Unit 20 
I.J 

1.2 

1.1 

1.0 

a.s 

O.S 

0.7 

0.6 
0.5 

O.� 

0.3 

0.1 

O. I 

0.0 

FEB MAR APR MAY JUN JUl AUG SEP OCT NOV DEC JAN FEB 

Figure 2-3. Cooling water flow at Units 10 and 20 at Ravenswood Generating Station, 
February 1993 through February 1994 

2-6 



Unit 30 

�' �� Ifl{l� 
..J 
::: 1 
::ll 

FEB MAR APR MAY JUN JUl AUG SEP OCT NOV DEC JAN FEB 

Units 10, 20 and 30 

,.., 
::z 

% � 
0 
-
..J 
.... 
-
::ll 

� J 
0 
..J 
t... 

if\ 

FEB MAR APR MAY JUN JUl AUG SEP OCT NOV DEC JAN FEB 

Figure 2-3 (Cont). Cooling water flow at Unit 30 and Units 10, 20 and 30 combined at Ravenswood 
Generating Station, February 1993 through February 1994 

2-7 



N 
I 

co 

NOT TO SCALE 

CIRCULATING 
WATER 

PUMPS 

Figure 2-4. Cross section of intake bay and traveling screen units 10 and 20 at Ravenswood Generating Station. 



N 
I '-D 

� 0 � 
M.HW . +4.49 ft a: 

I 
(/) 

M.LW. EL. -0.04 II � a: f-
EXT. L.W. EL. -3.91 It w 0 0 z :::> � 

FLOW 
('J w 

� 0 0 � 5 w ('J I 
� � 
..J 0 :::> � 
CD a: 

EL. -24.011 

NOT TO SCALE 

Z w w 0: 0 
(f} 

w t'J 0 z 
:::> ::::i 
t'J w > 
Z � w a: 
W f-a: 01 (/) 
W z 
LL � 

FLOW 

.. , J,.\\ 

CIRCULATING � 
WATER ' , 

PUMPS 

•..... .. I!.! ..... ' �t::�::::::::,] tWtn;;jS!'%t:a.;:::ti2! EL. -22.5 ft 

Figure 2-5_ Cross section of intake bay and traveling screen unit 30 at Ravenswood Generating Station_ 



Normandeau Associates Inc. 

Entrained fish, invertebrates, and debris continue on with the cooling water 

passing through the intake bays to the open pump chamber where circulating and service 

pumps draw water for plant cooling and service water. A portion of the service water that is 

used to wash debris and organisms from the screens follows the same route as impinged fish 

and debris .  Cooling water is pumped through large pipes to the condensing units, where it is 

used for cooling and as a result leaves the condensers and plant at a warmer temperature than 

when it entered the plant. The maximum design change in temperature (Do T) with all units 

operating at maximum capacity is approximately l OOC ( l 7°F). All three units discharge 

through a common canal at the south side of the plant. 

2.2 FIELD METHODS 

2.2.1 Impingement 

Detailed impingement sample collection procedures are found in the Standard 

Operating Procedures for Impingement and Entrainment Sampling at Ravenswood Generating 

Station (NAI 1 994). The station operates conventional traveling screens (four each at Units 1 0  

and 20 and six at Unit 30) on an automated preset wash schedule of approximately one 1 0-min 

wash cycle every 1 -2 hrs. Screenwash material is deposited in large collection baskets located 

in the open pit at the end of each unit's screenwash sluice. During the study on sampling days 

the existing basket was replaced with a sampling basket. Sampling baskets were 3 x 3 x 2- 1 12 

ft high and were constructed of 5/1 6 square-in. mesh slightly smaller than the 3/8 square-in.  

traveling screen mesh s ize (Figure 2-6) .  These baskets were suspended and secured below the 

screenwash discharge using a davit and winch system. 

During each weekly 24-hr survey, fish, blue crabs, other invertebrates, and debris 

were collected in impingement baskets located at the end of each unit's screenwash sluice. 

Sample days usually began 
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on Tuesdays at 1 200 hrs, unless plant operating problems or a major holiday occurred on that 

date. A preset intermittent screenwash at Units 1 0, 20, and 30  was scheduled to begin at 1 200 

hrs on each Tuesday and end at 1 200 on each Wednesday. The sample period began after 

wash cycle was observed and the impinged debris and fish were discarded. Collections were 

divided into four discrete 6-hr sample periods beginning at 1 200 hrs ( 1200 to 1 800, 1 800 to 

2400, 0000 to 0600, and 0600 to 1 200 hrs). During periods of high debris loading the station 

washed the screens on a continuous wash schedule. 

2.2.1.1 Sample Collection Procedures 

Upon arrival at Ravenswood, the number of units on line, the screenwash 

schedule, number of screens washing, and circulating pumps operating were recorded. In 

preparation for a collection, the screens, screenhouse, and sluiceways of all operating units 

were flushed of all fish, b lue crabs, and debris from 1 1 00 to 1 200 hrs. The sample day began 

at 1 200 hrs with the insertion of collection baskets at Unit 1 0, 20, and 30 .  The washwater 

from the screens carried the fish, blue crabs, and debris down the sluiceway from the traveling 

screens to the collection area where they were retained in the collection basket. 

F ish were removed from the basket at the end of each discrete 6-hr sampling 

period for identification of species and size/length class and enumeration. B lue crabs were 

also enumerated and debris was classified by type and volume was measured to the nearest 0 . 1 

gal. Debris types included: plastic and paper, aquatic vegetation, terrestrial vegetation, shrimp 

and crabs, benthic organisms, bryozoans and tunicates, and ctenophores. The sample period 

ended after approximately 24 hrs with the withdrawal of the c'lllecting baskets from Unit 1 0, 

20, and then 30 .  
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2.2.1.2 Screenwash Efficiency Studies 

Screenwash efficiency studies were scheduled to occur once every three months 

(February to April, May to July, August to October, November to January). Species selected 

for collection efficiency determination were those fish species constituting greater than 1 0% of 

each quarter's total col lection or those of recreational or commercial importance that were 

collected during that three-month period. If representatives of those species were not 

available, substitutes were selected from species of comparable size and body shape. Up to 

1 00 tagged dead fish per species/size category were released (between the trash racks and the 

traveling screens at either Unit 1 0, 20, or 3 0) and the number of fish released and recovered in 

each size class was recorded. 

Blue crabs were identified and counted separately from the debris "crabs and 

shrimp". No collection efficiency study was conducted for b lue crabs .  Factors contributing to 

losses for impinged fish such as being soft-bodied and therefore being vulnerable to disintegra­

tion and deterioration on the screen or in the collection basket prior to collection or loss due to 

river currents or wave action on inert bodies on the screen are not likely to contribute to large 

losses for blue crabs, which have a relatively hard cover and are mobile on the screen. In 

addition, because blue crabs are mobile, losses from collection efficiency releases due to their 

active avoidance of the screen or their abil ity to actively avoid being washed from the screen 

would not be separable from true sampling losses. 

2.2.1.3 Water Quality Data Collection 

At the beginning of each discrete 6-hr sample, water qual ity measurements were 

made at mid-depth, immediately in front of the center of the Unit 20 intake structure. If Unit 

20 was not operating, measurements were taken in from of Unit 1 0  or 3 0, whichever was 

operating. Parameters included water temperature (nearest O. I°C), conductivity (nearest 

).lmho), sal inity (nearest 0 . 1 ppt) calculated from the conductivity sample, DO (nearest 0 . 1 

mg/l), and Ph (nearest 0 . 1 unit). Dissolved oxygen (DO) and water temperature were 
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measured using a YSI Model 57  dissolved oxygen-water temperature meter. Conductivity was 

measured using a YSI Model 33  conductivity meter. A Cole Parmer Ph pen was used to 

measure Ph. Salinity was calculated from conductivity using the following formula: 

{err: -0.0858(1n(T+3»2 + 1.9488] ) 
Salinity (ppt) = -100 In 1-

178500 

where CT = conductivity (�lmho/cm) at temperature T 

2.2.1.4 Station Operating Data 

( 1 )  

For each discrete 6-hr period, the operation of each unit, circulating pump, and 

traveling screen were recorded. Exact times when circulating water pumps and service water 

pumps were either turned on or off were obtained and entered into a computerized database 

which calculated exact water withdrawals during each collection period. 

2.2.1.5 Sample Analysis 

Enumeration of fish species and blue crabs along with a volume estimate of 

debris by category were made for each discrete 6-hr period at each unit being sampled. Each 

fish species was divided into two length classes (LC) for enumeration . LC 1 fish were equal to 

or less than the upper length limit of young of year for a given species, as determined from 

the Hudson River Utilities' sponsored fisheries monitoring surveys; LC2 fish included all 

yearling and older fish (length >LC 1 upper length l imit). There was only one size class for 

blue crabs. 

The length limits that define LC 1 and LC2 were specific for each taxon and 

increased during the year as year classes of fish grew in length. January 1 was considered the 

birth date for all taxa and the upper length limit for LC 1 was assigned a value of 20 mm for 
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all species on 1 January. This convention is similar to that used by the National Marine 

Fisheries Service. Therefore, any species that was recruited as a YOY fish at the end of a 

given year was automatically considered age 1 after January of the next year. 

All field enumeration and weight subsampling for enumeration was subject to 

quality control (QC) checks. After enumeration, samples were combined by species and size 

class for length analysis .  Up to 50  of each fish species and size class and up to 5 0  blue crabs 

were randomly selected to be measured (blue crab carapace width was measured from point to 

point). All measurements were made to the nearest 1 mm and were subject to QC checks. 

Volumetric estimates were made on biological and nonbiological debris in terms 

of gallons (to the nearest 0 . 1  gal) for each unit and 6-hr period. Trace amounts were l isted as 

less than 0 . 1 gal «0. 1 gal). Debris was placed in the fol lowing classes: paper and plastic; 

terrestrial vegetation; aquatic vegetation; benthic organisms; crabs and shrimp; b ryozoans and 

tunicates: ctenophores. 

2.2.1.6 Analytical Procedures 

Weekly impingement samples were used to estimate the number of fish impinged 

at Ravenswood Station. Each month was divided into weekly periods of seven days each. As 

a result, the first two months of a calendar quarter contained four weeks and the last month of 

a quarter contained five weeks. The number of fish collected in each 24-hour sampl ing period 

was divided by the total plant flow sampled within that period to estimate the weekly 

impingement rate. Weekly rates were averaged to produce a monthly mean impingement rate 

per unit volume (Mj). Monthly estimates were that rate times the plant flow for the month 

(Fj) .  The monthly estimates (FjM) were summed to obtain an annual estimate (A). The 

coefficient of variation (CV) was calculated as the standard deviation of the monthly estimates 

divided by the mean of the monthly estimates. A similar procedure was used to estimate the 

amount of debris and blue crabs collected from the traveling screens. Prior to calculating 
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impingement rates for fish, the number of fish collected was adjusted for collection efficiency 

and this adjusted count was used in calculating impingement rates. 

The estimated variance of the annual total was calculated by summing the 

monthly variances . The following formula was used to calculate the variance of monthly 

estimates (FjMj): 

where 

Fj 
;, total monthly cooling water volume 

Sj = standard deviation of the weekly interval 
impingement rates 
dj = number of collection dates per month 
?l = number of weekly i ntervals sampled per month 
Nj = number of days in  the month 

(2) 

A monthly diel distribution index was computed to determine the temporal 

impingement distribution of common species and life stages. Data were used only when all 

four diel periods were sampled for a given sample date. Diel periods 1 -4 were defined as the 

four discrete 6-hr sample periods 1 200 to 1 800 hrs, 1 800 to 2400 hrs, 0000 to 0600, and 0600 

to 1 200 hrs. 

where 

Ids 
------- x 100 

4 

L 
d=l 

DLds 
= diel index for die I period d on sample date s 

Ids 
= impingement rate for diel period d on sample date s 

Ravenswood 1993-1994 
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2.2.2 Entrainment 

Detailed entrainment sample collection procedures are found in the Standard 

Operating Procedures for Impingement and Entrainment Sampling at Ravenswood Generating 

Station (NAT 1 994). Entrainment sampling was conducted within the combined discharge of 

Units 1 0, 20, and 30. Samples were collected from three 4-in. sampling pipes in the discharge 

canal that enabled s imultaneous sample collection from the surface (3 ft below ML W), 

m iddepth (8 ft below MLW), and bottom ( 1 3  ft below MLW). Discharge water was pumped 

from each depth using Homelite 4-in. trash pumps. Actual gallons per minute (gpm) as 

measured by in- l ine Signet flow meters were adjusted to 3 1 0  to 330 gpm when possible; 

however, due to increased head at low water times, this pumping rate was not always attained. 

Collected discharge water was filtered through 5 0S-micron conical nets suspended in 270-gal 

sample containers (Figure 2-7). Sample days usually began at 1 200 hrs on Tuesday, unless 

plant operational problems or a major holiday occurred during the period. Collections were 

d ivided into four discrete 6-hr sample periods beginning at 1 200 hrs ( 1200 to 1 800, 1 800 to 

2400, 0000 to 0600, and 0600 to 1 200 hrs). 

The nets were set into position to fi lter the sample water at the beginning of each 

d iscrete 6-hr sample period. The time that water began to enter the sampling nets, the number 

of gallons pumped, and metered flow rates (gpm) were recorded. Each 6-hr sample was 

composited from shorter intervals. Total sample time and gallons recorded for each 6-hr 

sample. A total of 1 2  samples were collected over the 24-hr period (three depths x four 

d iscrete 6-hr sample periods). 

2.2.2.1 Pump Calibration 

The pumping rate was cal ibrated by timing (to the nearest 0 .1  sec) the fill ing of a 

270-gal lon calibration tank. The amount of gallons pumped was divided by the number of 

seconds, this value was multiplied by 60 sec to give a gallon per minute rate. 
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2.2.2.2 Sample Handling Procedures 

Plankton nets were exchanged every 20 to 1 20 min. A washdown pump was 

used to condense the sample into the cup at the bottom of the net. The contents were funneled 

or poured into labeled sample containers. Care was used to ensure that the net and collection 

cup were completely emptied of their contents . At times, a SOO-micron or smaller sieve was 

used to remove. excess water from the sample prior to preservation. Each subsample was 

preserved with S% buffered formalin to equal a minimum of 2 .S% (SO:SO mix of S% formalin 

to sample by volume). 

2.2.2.3 Water Quality Data Collection 

At the beginning of each 6-hr sample, water quality measurements were made at 

the surface in the discharge canal. Parameters included water temperature (nearest 0 . 1 0c) and 

DO (nearest 0 . 1  mg/l). 

2.2.2.4 Sample Analysis 

Entrainment samples were analyzed by Lawler, Matusky and Skelly, Engineers. 

A sample consisted of those ichthyoplankton collected from each discrete 6-hr collection at the 

combined discharge of Units 1 0, 20, and 30 at the surface, m iddepth, and bottom. Each 

sample was assigned a unique field sample number in sequence by depth, day, and time order, 

beginning with 600 1 .  

Fish eggs, larvae, and juveniles were removed from the samples using the 

following procedure: 

Samples were stained with rose bengal to facil itate sorting. 
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The sample contents were poured into a s ieve with a mesh equivalent to or 
finer than 505 /-lm and rinsed with water to remove the preservative. Any 
yearling and older fish were recorded by length class . 

If the sample contained large numbers of eggs or larvae, a subsample was 
prepared fol lowing accepted procedures. 

Fish eggs, larvae, and juveniles were removed from the sample us ing 
forceps, pipettes, and probes. Only those fragments that included the head 
were counted. 

A total count of eggs and "larvae" ( i .e . ,  yolk-sac larvae, post yolk-sac 
larvae, and juveniles combined that were removed from the sample) was 
maintained. 

When sorting was completed, the sample was rechecked for organisms. 
After the sample was rechecked, vials containing the sorted organisms 

. were labeled and placed in a box designated for sorted samples. The 
sorting results and date and time completed were recorded in a log. 

• The remaining sample contents were carefully washed into the original 
sample container, appropriately preserved, and returned to the storage area. 

After sorting, ichthyoplankton were identified by species and life stage and were 

counted using the following procedure: 

• The pertinent l ist of upper total length l imits for young-of-the year and 
yearling Hudson River fish were recorded to determine whether any 
specimens were yearlings or older. These l imits were developed from the 
Hudson River Utilities' fish monitoring surveys. 

Specimens were rinsed free of preservative and submerged in water in a 
petri dish. A binocular microscope with an ocular m icrometer was used to 
examine the specimens and identify them to the lowest practical taxon 
(usually species) by referring to the literature, the reference collections, 
and by consulting with fellow identifiers. 

The life stage of each specimen was determined. Pertinent l ife stages were 
defined and identified as follows: 

Egg: The embryonic development stage, from spawning until hatching. 
Eggs frequently become damaged during collection and sample processing. 
Damaged eggs were counted only if an embryo could be matched to an 
egg capsule (chorion). 
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Yolk-sac larva: The transition stage from hatching through the develop­
ment of a complete, functional digestive system (regardless of the degree 
of yolk and/or oil globule retention). 

Post yolk-sac larva: The transition stage from development of a complete, 
functional digestive system to transformation to juvenile form (regardless 
of the degree of yolk and/or oil globule retention), including the lepto­
cephalus stage of eels. 

Juvenile: The stage from completed transformation to Age 1 .  Eels were 
considered juveniles unti l their length reached their LC2 cutoff length in 
effect for the date of sample collection. A juvenile has a ful l  complement 
of fin rays identical to that of an adult. 

The specimens of each life stage were counted and counts recorded by 
species and life stage. 

No measurements were taken. 

Identified organisms were placed in vials with an adequate amount of 
preservative for storage. Specimens were removed for inclusion in the 
reference collection. For those removed, the species, life stage, and 
numbers were l isted in the comments section of the form and their removal 
was noted on a tag retained inside the appropriate vial. All vials were 
labeled for a single sample, initialed, and banded together. The number of 
vials for the sample were recorded on the data form. 

Characteri stics considered in identifying specimens included the following: 

Morphology (overall shape, relative size, and position of various body 
parts and structures) 

Presence of specialized structures (e.g.,  oi l  droplets) 

Meristics (counts of myomeres, fin rays) 

Pigmentation (presence or absence of melanoPhftes in specific positions) 

Rate of development (size when certain characteristics are acquired or lost) 

Spawning season 

Geographic range 
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Higher taxonomic categories (e.g . ,  genus, family) were used only when a 

specimen was damaged or belonged to a group or stage that was not described adequately 

enough to make a conclusive assignment to a species. 

2.2.2.5 Analytical Procedures 

Weekly and biweekly entrainment samples were used to estimate the number of 

ichthyoplankton entrained at Ravenswood. Each month was divided into four periods of seven 

days each corresponding to the assignment of periods and months for impingement analysis. 

The number of ichthyoplankton (fish eggs, yolk-sac larvae, post yolk-sac larvae and young of 

year) collected in each 6-hr period (summed over surface, mid and bottom sampl ing depths) 

was divided by the total volume sampled in each period to estimate the weekly entrainment 

rate. The weekly rates were averaged to produce a monthly mean entrainment rate per unit 

volume (M). The monthly estimates were that rate times the plant cool ing water flow for the 

month (F). The monthly estimates (FjM) were summed to obtain an annual estimate (A). 
The coefficient of variation (CV) was calculated as the standard deviation of the monthly 

estimates divided by the mean of the monthly estimates. 

The estimated variance of the annual total was calculated by summing the 

monthly variances. The following formula was used to calculate the variance of monthly 

estimates (FjMj). 

where 

Fj = total monthly cool ing water volume 
Sj = standard deviation of the weekly interval 

entrainment rates 
dj = number of collection dates per month 
nj = number of weekly intervals sampled per month 
Nj = number of days in the month 

Ravenswood 1993-1994 
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TABLE 3-10. (CONTINUED) 

UNITS 10, 20, AND 30 COMBINED 

TAXON TOTAL YOUNG-OF- YOUNG-OF-THE- TOTAL YEARLING YEARLING AND 

THE YEAR FISH YEAR FISH PERCENT AND OLDER FISH OLDER FISH PERCENT 

WINTER FLOUNDER 349 3.7 24,912 34.2 
GRUBBY 45 0.5 15,898 21.8 
NORTHERN PIPEFISH 427 4.6 6,062 8.3 
ATLANTIC SILVERS IDE 601 6.4 3,725 5.1 
ATLANTIC HERRING 19 0.2 4,017 5.5 
NORTHERN SEAROBIN 3,469 37.2 49 0.1 
SMALLMOUTH FLOUNDER 354 3.8 3,051 4.2 
BAY ANCHOVY 694 7.4 1,425 2.0 
BLUEBACK HERRING 377 4.0 1,395 1.9 
SPOTTED HAKE 0 0.0 1,670 2.3 
STRIPED BASS 229 2.5 1,430 2.0 
CUNNER 0 0.0 1,490 2.0 
THREESPINE STICKLEBACK 0 0.0 1,246 1.7 
SILVER HAKE 473 5.1 440 0.6 
WINDOWPANE 155 1.7 774 1.1 
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3.0 RESULTS AND DISCUSSION 

3.1 WATER QUALITY 

Average intake water temperatures on sample days followed a seasonal pattern 

throughout the study period. At the beginning of the study in early February 1 993 the average 

temperature was 4 .0oe (Figure 3-1 ;  Appendix A) and remained fairly steady through early 

March. A rapid increase was observed through the spring and early summer months to a high 

temperature of 25 .3°e during the 3 August 1993 sampling event. Temperatures remained 

around 24°C through m id-September when a decreasing trend was observed reaching a low of 

1 . 8°e during the 1 8  January 1994 sampling event. Average d ischarge temperatures followed a 

s imi lar seasonal pattern (Figure 3- 1 ). The lowest average discharge temperature of 7 . 1  °e 

occurred during the 1 8  January 1 994 sample and the highest (30. 8°C) with the 3 August 1 993 

sample . Average d ischarge temperatures ranged from approximately 1 ° to 7°C h igher than 

average intake temperatures (Figure 3- 1 and Appendix A). The design maximum A T with all 

units operating at maximum capacity is l Ooe . 

Average dissolved oxygen (DO) also exhibited a seasonal pattern (Figure 3- 1). 
Ambient water temperature was a primary influence on DO concentrations during the study. 

At the start of the study on 2 February 1 993 the DO in the intake water averaged 1 1 .3 mg/l. 

DO concentrations remained above 1 1  mg/l through early April 1 993. DO in the intake water 

began to decline as temperatures rose during the spring dropping to around 4.5 mg/l to 5 .5  

mg/l during the July and August 1 993 collections. The lowest average observed DO concen­

tration of 3.5 mg/l occurred during the 13 July 1 993 collection. DO concentrations then 

gradually increased with dropping temperatures through the fall . 

DO values were generally higher in the discharge than the intake samples during 

the warmer months and lower during the colder months. The lowest average DO observed in 

the d ischarge, 3.7 mg/l , occurred during the 13 July 1 993 sample and the highest, 1 2.2 mg/I, 

occurred in the winter during the 2 March, 16 March 1 993 and again during the 1 1  January 

1 994 sample. 

Ravenswood 1993-1994 3- 1 



.14 
.12 
.10 

28 

26 

,.-... 24 
U 

0 22 '-..../ 

CI) 20 
I.-
::J 1 8  ....., 
0 
I.- 1 6  CI) 
0.. 1 4  E 
CI) 1 2  

I-
1 0  

8 

6 

4 

2 
0 

1 6  

1 4  -

1 2  -
,.-... 
"---. 

01 1 0  -E 
'-..../ 

c 
CI) 
01 8 -
>-
X 

a 
6 -"'0 

CI) 
> 
0 (JJ 4 -(JJ 

0 
2 -

co 
o • 

o CXJ ••• 
0 0 0 

cfJ 
0 0 

. 0 . • 
•• •• 

0 0 
•• 

• 0 0 

o 0 • 
o 

FEB MAR 

• 

• 

APR MAY JUN 

1 9 9 3  

• 
� fjI. 

JIll • • 

�. 
0 
�" IlJ 

� o JIII� 

JUL AUG SEP OCT NOV 

0 
.110 '-. 

•• CO 000 0 o II. • 
i.. � �" 

II 
• • II 

FEB MAR APR MAY JUN 

1 9 9 3  
• I n take 

11 

JUL AUG SEP OCT NOV 

o D i sc h a rg e  

0 
• 

• 

00 
0 

III 0 

JIll 
DEC JAN 

1 9 9 4  

• 
· 0  

DEC JAN 

• 

1 9 9 4  

Figure 3-1. Average intake and discharge water temperature and dissolved oxygen at 
Ravenswood Generating Station, February 1993 through January 1994. 
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Salinity at Ravenswood is characteristic of a mixed fresh- and seawater system. 

The average observed intake salinity levels fluctuated between 1 8  and 22 ppt from the start of 

sampling on 2 February 1 993 through early June 1 993 (Appendix A). A low of 1 5  ppt 

occurred during the 20 April 1993 sampling event. From mid-June through late October 1 993 

the salinity range increased to 22 to 25 ppt and then dropped slightly to 20 to 24 ppt from 

November through the end of the study in late January 1994 . Intake pH values varied 

throughout the sampling period, ranging from a low of 6 .7  to a high of 8 . 5 ;  pH values were 

generally higher (ranging from 7 .8  to 8 . 5 )  during late winter and early spring, with the typical 

range the rest of the year from 7 .3  to 7 . 8 .  

3.2 SPECIAL STUDIES 

3.2.1 Collection Efficiency 

Impingement collections from the intake screens of Ravenswood Station do not 

account for 1 00% of the fish impinged because fish can be lost prior to impingement due to : 

( 1 )  scavenging by crabs, fish and birds; (2) river currents and wave action; (3) screenwash 

procedures; and (4) deterioration and d isintegration of impinged fish on the screen or collec­

tion nets prior to basket retrieval. Collection efficiency studies were conducted at ERGS to 

measure these losses. 

Collection efficiency studies were conducted in March, September, and December 

of 1 993 . Species targeted for use in the study were those fish constituting greater than 1 0% of 

each quarter's col lection and fish of recreational or commercial importance. 

Ten species of fishes, bay anchovy, hogchoker, rainbow smelt, white perch, 

winter flounder, grubby, Atlantic si lverside, cunner, striped bass, and three spine stickleback 

were used in collection efficiency studies. Col lection efficiency data for individual species 

were used to adjust the impingement counts for that species by quarter. Collection efficiency 

data were also used to adjust impingement counts for fishes with similar morphology. As 
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examples, impingement counts of all flatfish were adjusted by the collection efficiency factor 

for hogchokers or winter flounder, depending which was used. Impingement counts for bay 

anchovies were adjusted by the collection efficiency factor for the similar bodied rainbow 

smelt. For other fishes, impingement counts were adjusted by the mean collection efficiency 

for that quarter. 

Mean collection efficiency was relatively high during the study, ranging from 

53 .3% at Unit 20 during the fourth quarter to 93 . 7% at Unit 30 during the first quarter (Table 

3- 1) .  No collection efficiency studies were performed during the second quarter. Collection 

efficiency values for the third quarter were used for the second quarter. If a given unit was 

not operating on the scheduled day for collection efficiency studies, impingement counts at 

that unit for the quarter were adj usted by the mean collection efficiency values for the other 

units. 

Collection efficiency was relatively constant among units and quarters with the 

exception of Unit 20 during the fourth quarter. The overall collection efficiency 5 3 .3% at 

Unit 20 during the fourth quarter was the lowest recorded during the study. Col lection 

efficiency for individual species ranged from 1 00% for various species in the third quarter to 

5 1 . 1  % for white perch in the fourth quarter. 
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TABLE 3-1. QUARTERL Y COLLECTION EFFICIENCY RESULTS FOR 
THE RAVENSWOOD GENERATING STATION. 

NUMBER PERCENT 
QUARTER UNIT SPECIES RELEASED RECOVERY 

1 1 0  Winter flounder 1 5 5  68 .0  
Grubby 224 79.0 
Atlantic silverside 30 90.0 
Cunner 26 6 1 .5 
Striped bass 4 75 .0  
Three spine stickleback -.1 66.7 

Total 442 74.4 

30 Winter flounder 1 95 9 1 .7 
Grubby 274 94.5 

. Atlantic silverside 47 9 1 .5 
Cunner 29 1 00.0 
Striped bass 2 1 00 .0 
Three spine stickleback .-2 1 00 .0  

Total 5 54 93 .7 

3 1 0  B ay anchovy 300 57.0 
Hogchoker 300 57 .6  
Rainbow smelt 300 73.3 
White perch 300 1 00 .0  

Total 1 2,00 72 .0 

4 1 0  Winter flounder 60 95 .0 
Grubby 1 00 94.0 
White perch 200 84.0 
Atlantic silverside -.2Q 76.7 

Total 420 86.9 

20 Winter flounder 208 5 5 . 8  
Grubby 192 54.7 
White perch 360 5 1 . 1  

Total 1 60 53 .3  
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3.3 IMPINGEMENT 

Fifty-two weekly impingement surveys were conducted at Ravenswood Station 

from 2 February 1 993 through 24 January 1 994. Sampling dates (start date of 24-hr sample) 

and days that a unit operated are l isted for each unit in Tables 3 -2, 3 -3 ,  and 3-4 . Operating 

dates cover the 52-week sampling period. Average daily sampling volumes were simi lar to the 

average daily operating volumes. 

3.3.1 Fish Abundance and Composition 

A combined total of 9,7 1 0  fish were collected at Ravenswood Units 1 0, 20, and 

30  from February 1 993 to January 1 994 (Appendix B).  When adjusted for collection 

efficiency and scaled to operating volume, an estimated total of 82,203 fish were impinged 

(Table 3-5). The estimated total number impinged was 22,275 fish at Unit 1 0, 24,453 at Unit 

20, and 3 5,575 at Unit 30 (Tables 3 -6, 3 -7, and 3 -8). As a measure of precision, the coeffi­

c ients of variation for these annual estimates were 1 9, 1 1 , and 4 1  % for Units 1 0, 20 and 3 0, 

respectively. The 9,7 1 0  fish actually collected comprised 6 1  species at Units 1 0, 20  and 3 0  

combined (Table 3 -9). Most of these were marine species tolerant of only m inimal freshwater 

influences, seven were euryhaline species tolerant of lower salinity conditions, seven were 

anadromous, one was catadromous, and two could be considered primarily freshwater. The 

five numerically dominant species at all three units combined were winter flounder, grubby, 

northern p ipefish, Atlantic si lverside and Atlantic herring, together accounting for 68% of the 

estimated total number of fish impinged (Table 3 - 1 0). Winter flounder and grubby were by 

far the most abundant at each unit, accounting for 30 .7  and 1 9 .4% of the total impinged, 

respectively. 

Unit 1 0  had the highest total monthly estimated impingement abundances during 

the winter months with the highest during January 1 994 (4,908 fish), which was 22% of the 

total for the year (Table 3 -6). Average monthly impingement rates at Unit 1 0  ranged from 3 .9 

fishll 06 m] in July to 3 05 .9 fishll 06 m3 in April (Figure 3-2; Appendix C). 
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TABLE 3-2. COMPARISON OF IMPINGEMENT SAMPLING DATES, AVERAGE 
SAMPLING VOLUMES, OPERATING DATES AND AVERAGE 
DAILY OPERATING VOLUMES AT UNIT 10 DURING FEBRUARY 
1993 THROUGH JANUARY 1994. 

AVERAGE AVERAGE 
DAILY DAILY 

SAMPLING OPERATING 
SAMPLING VOLUME STANDARD OPERATING VOLUME STANDARD 

MONTH YEAR DATES· (106m3) DEVIATION DATES ( I06m3)b DEVIATION 

Feb 93 2,9, 1 .28 0 . 1 4  2-28 l .3 9  0 . 0 1  

1 6,23 

Mar 93 2,23, 1 .29 0.02 1 -6, 0.63 0.64 

30 20-3 1 

Apr 93 6,27 · 1 .29 0.0 1 1 - 12,  0 .59 0.63 

26-30 

May 93 4, 1 1 , . 1 .26 0.05 1 -30 0.73 0.57 

2 5  

Jun 93 8 , 1 5, 1 . 1 5  0 . 1 6  2-6, 0.80 0.59 

2 1 ,29 8-4, 

26-30 

Jul 93 7, 1 3  1 .24 0.05 1 - 17,  0.67 0.62 

28-3 1 

Aug 93 3 , 1 0, 1 .27 0 . 1 0  1 -3 1  1 .05 0.5 1 

1 7,24,3 1 

Sep 93 1 4,28 0 .7 1  0 .66 1 -3 0  0 .34 0 .44 

Oct 93 5, 12,  0.92 0 .45 1 -3 1  1 .27 0.30 

1 9,26 

Nov 93 2,9, 1 .28 0.02 1 -30 l . l 8  0.32 

1 6,23,30 

Dec 93 7, 1 4, 1 .27 0 . 1 8  1 -3 1  l .3 0  0.27 

2 1 ,28 

Jan 94 4,1 1 ,  1 .05 0 .36  1 -3 1  1 .08 0.45 

1 8,24 

aDate is start of 24-hr sample. 
brncludes service water, except days when no circulating pump operated. 
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TABLE 3-3. COMPARISON OF IMPINGEMENT SAMPLING DATES, AVERAGE 

DAILY SAMPLING VOLUMES, OPERATING DATES AND AVERAGE 

DAILY OPERATING VOLUMES AT UNIT 20 DURING FEBRUARY 

1993 THROUGH JANUARY 1994. 

AVERAGE AVERAGE 

DAILY DAILY 
SAMPLING OPERATING 

SAMPLING VOLUME STANDARD OPERATING VOLUME STANDARD 
MONTH YEAR DATES' (106m3) DEVIATION DATES (106m3)b DEVIATION 

Feb 93 2, 1 6, 1 . 14  0.05 1 -9, l .04 0.28 

23 1 1 -28 

Mar 93 2,9, 1 . 1 9 0.04 1 -24 0.74 0.57 

16  

Apr 93 1 3 ,20, 1 .2 1  0.03 1 0-28,30 0.73 0.60 

.27 

May 93 4 , 1 1 ,  1 . 1 8  0.05 1 -3 1  1 . 1 7 0 . l 7  

1 8,25 

Jun 93 1 ,8,  1 . 1 0 0 . 1 1  1 -3 0  1 . 1 7 0.07 

1 5 ,2 1 ,  

29 

JuI 93 7, 1 3 ,  1 . 1 6  0.07 1 -3 1  1 . 1 4  0.24 

20,27 

Aug 93 1 0 , 1 7, 1 . 1 8 0 .06 1 -3 1  l .06 0.39 

24,3 1 

Sep 93 8, 1 4, l .22 0 . 0 1  1 -3 0  1 . 1 4  0.3 1 

2 1  

Oct 93 1 2 , 19,  l .25 0 . 0 1  1 ,5-3 1 1 .02 0.48 

26 

Nov 93 2,9, 1 .05 0 .41  1 -30 1 .2 1  0 . l 9  

1 6,2 1 ,  

23 

Dec 93 7, 1 4, l .08 0 . 1 4  1 -3 1  1 .04 0.30 

2 1 ,28 

Jan 94 4, 1 1 , 1 . 14  0.02 1 -3 1 1 . 1 6  0.02 

1 8,24 

aDate is start of 24-hr sample. 
b1ncludes service water, except days when no circulating pump operated. 
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TABLE 3-4. COMPARISON OF IMPINGEMENT SAMPLING DATES, AVERAGE 

DAILY SAMPLING VOLUMES, OPERATING DATES AND AVERAGE 

DAILY OPERATING VOLUMES A T  UNIT 30 DURING FEBRUARY 

1 993-JANUARY 1 994. 

AVERAGE AVERAGE 
DAILY DAILY 

SAMPLING OPERATING 
SAMPLING VOLUME STANDARD OPERATING VOLUME STANDARD 

MONTH YEAR DATES· (106m3) DEVIATION DATES (106m3) DEVIATION 

Feb 93 2 ,9, 2 . 83 0.33 1 -28 2.76 0.72 

1 6,23 

Mar 93 2,9, 2.84 0.22 1 -3 1  2 .9 1  0 .58  

1 6,23, 

30 

Apr 93 6, 1 3 ,  3 .03 0.03 1 -30 3 .00 0.3 8 

20,27 

May 93 28-30 0.01 0 .02 

Jun 93 1 5,2 1 ,  2 .56 0.37 9-30 1 .94 1 .3 3  

29 

JuI 93 7 , 1 3 ,  2 .97 0.04 1 -3 1  2 .56 0.87 

27 

Aug 93 3,3 1 2.75 1 -3 1 1 . 1 3  1 .24 

Sep 93 8 , 1 4  2.99 0 .09 1 -24 1 .69 1 .5 1  

Oct 93 

Nov 93 

Dec 93 

Jan 94 

aDa te i s  s tart o f  2 4 - hr s amp l e . 
b Include s s ervi c e  wa ter , except days when no c i rcul a t i ng pump opera t e d . 
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TAXON 

ALEWIFE 

AMERICAN EEL 

AMERICAN SHAD 

ATLANTIC CROAKER 

ATLANTIC HERRING 

ATLANTIC MENHADEN 

ATLANTIC SEASNAIL 

ATLANTIC SILVERS IDE 

ATLANTIC TOM COD 

BAY ANCHOVY 

BLACK SEA BASS 

BLUEBACK HERRING 

BLUEFISH 

Btr:'TERFISH 

COD FAMILY 

CONGER EEL 

CUNNER 

FEATHER BLENNY 

FLYING GURNARD 
FOURBEARD ROCKLING 

FOURSPINE STI CKLEBACK 

FOURS POT FLOUNDER 

G I ZZARD SHAD 

GOOSEFISH 

GRUBBY 
GULF STREAM FLOUNDER 

HOGCHOKER 

INLAND SILVERSIDE 

INSHORE LIZARDFISH 

L I NED SEAHORSE 

LITTLE SKATE 

LOOKDOWN 

TABLE 3 - 5 .  ESTIMATE OF THE TOTAL NUMBER OF FISH IMPINGED FROM FEBRUARY �994 THROUGH JANUARY 1 9 9 4  AT ��VENSWOOD UNITS 1 0 ,  2 0 ,  AND 3 0  COMBINED. 
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2 5  

17 
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81 
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1 1  

2 6  

o 

2 8 6  
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7 
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o 

2 8  

7 

o 

o 

o 

4 , 6 6 0  

7 

o 

2 7  

o 

o 

o 

MAR 

9 9  

7 

o 

52 

o 

6 8  

1 , 0 4 0  

o 

o 

4 9 8  

o 

6 6 9  

10 

o 

8 9  

o 

o 

o 

2 , 4 5 8  

o 

7 6  

o 

o 

APR 

3 9  

4 4  

2 3  

o 

3 , 3 6 2  

o 

o 

1 5 6  

2 1  

o 

o 

3 5 3  

o 

7 

2 3  
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7 

o 

4 2  

o 

o 

o 

4 , 4 4 9  

o 

o 

3 5 2  

MAY 

2 5  

o 
3 5 3  

o 

o 

2 9  

2 6 2  

3 9 9  

o 
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o 

o 

15 

12 

2 4 6  

10 

o 

3 6 6  

JUN 

o 

2 3  

o 

o 

2 2 7  

o 

o 

62 

119 

o 

3 3  

10 

o 

1 3 5  

3 7  

o 

o 

n 

o 

o 

3 0  

o 

o 

o 

JUL 

10 

10 

o 

18 

o 

17 

3 4  

9 

o 

12 

o 

o 

o 

o 

o 

AUG 

1 1:  

o 

o 

8 3  

o 

7 5 0  

3 5  

2 6 0  

o 

54 

10 

o 

3 5  

o 

o 

13 

SEP 

o 

0-

o 

o 

2 1 1  

11 

1 6 4  

3 5  

3 8  

4 8  

1 0  

o 

142 

o 

o 

o 

ocr 

21 

16 

o 

1 2 0  

3 5  

3 02 

o 

3 9  

o 

o 

o 

o 

5 5  

o 

NOV 

152 

91 

o 

o 

11 

1 3 9  

2 1  

2 3 9  

6 5  

1 2 8  

o 

22 

o 

7 

o 

o 

1 8  

o 

o 

DEC 

214 

15 

3 4  

62 

1 , 0 0 8  

o 

102 

233 

148 

o 

7 

21 

55 

7 

o 

13 

o 

o 

145 

o 

2 6  

o 

JAN 

13 

13 

2 7  

1 3  

o 

7 0 3  

o 

27 

o 

o 

2 0  

1 9 4  

7 

o 

9 7  

7 4  

7 

3 , 7 79 

o 

TOTAL 

6 1 0  

1 4 4  

2 2 0  

2 7  

4 , 03 6  

153 

7 8  

4 , 3 2 6  

4 3 2  

2 , 13 5  

3 2 5  

1 , 772 

3 3  

3 1 9  

7 

1 9 9  

1 , 4 9 0  

116 

10 
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7 

110 

8 1  

7 

1 5 , 9 4 3  

7 

10 

27 

73 

8 2 0  

7 

13 

PERCENT 

0 . 74 

0 . 1 8  

0 . 2 7  

0 . 0 3  

4 . 9 0  -

0 . 19 

0 . 10 

5 . 26 

0 . 53 

2 . 5 9 

0 . 3 9  

2 . 15 

0 . 04 

0 . 3 9  

0 . 01 

0 . 24 

1 .  8 1  

0 . 14 

0 . 01 

0 . 23 

0 . 0 1 
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0 . 10 

0 . 01 
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0 . 01 

0 . 01 

0 . 03 
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0 . 01 
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TABLE 3 - 5 .  ( CONTINUED) 

TAXON 

NAKED GOBY 

NORTHERN KINGFISH 

NORTHERN PIPEFISH 

NORTHERN PUFFER 

NORTHERN SEAROBIN 

NORTHERN STARGAZER 

POLLOCK 

RAINBOW SMELT 

RED HAKE 
ROCK GUNNEL 

SCUP 

SEABOARD GOBY 

S I LVER HAKE 
SILVER PERCH 

SMALLMOUTH FLOUNDER 

SPOT 

SPOTFIN BUTTERFLYFISH 

SPOTTED HAKE 
STRIPED BASS 

STRIPED CUSK-EEL 

STRIPED KILLIFISH 

STRIPED SEAROBIN 

SUMMER FLOUNDER 

TAUTOG 

THREES PINE STICKLEBACK 

WEAKFISH 

WHITE CATFISH 

WHITE PERCH 

WINDOWPANE 

WINTER FLOUNDER 

TOTAL 

FEB 

3 9  

o 
4 7 3  

o 

o 
7 

1 0 1  

79 

o 

1 9 5  

o 
110 

o 
o 

1 8  

1 0 5  

10 

o 
o 

1 0  

3 4 3  

2 8  

3 2  

3 , 16 7  

10 , 9 5 7  

MAR 

9 4  

1 , 9 7 7  

4 4  

9 9  

1 0 6  

o 
o 

4 0  

o 
1 6 4  

o 

1 0 8  

1 5 3  

o 

o 

2 7  

5 4 9  

16 

18 

2 , 3 6 2  

1 0 , B 4 5  

APR 

1 3  

2 , 24 8  

o 
o 
o 
7 

117 

2 9  

1 6 8  

4 4  

o 
1 , 5 8 7  

o 

1 , 3 2 8  

III . 

7 

7 

7 

4 2  

1 3  

4 2 1  

1 4 0  

14 , 1 0 6  

2 9 , 54 5  

MAY 

o 
o 

6 3 5  

1 0  

1 8  

o 
o 

15 

4 4 0  

o 
o 

1 1 8  

14 

o 
2 4  

2 2  

1 0  

2 5  

6 6  

8 7  

3 1 3  

3 , 74 7  

JUN 

1 3 4  

2 5  

22 

o 
o 
o 
o 
o 

o 
9 

o 

· 8  

o 

2 0  

o 
o 
o 

4 9  

9 6 2  

JUL 

o 
l O S  

o 
9 

o 
o 

o 

7 

o 

o 
o 

4 B  

178 

�,8 9  

AUG 

3 9  

o 
4 5  

o 
o 

o 
o 
o 

5 0  

o 

o 
55 

19 

4 4  

1 , 512 

SEP 

5 3  

63 

4 5 9  

o 

4 8  

2 0  

3 14 

11 

l O B  

1 , 754 

OCT 

o 
12 

2 3 9  

1 3 7  

1 , 0 2 8  

o 

o 
o 
o 

3 9  

8 2  

1 5  

o 
o 

16 

o 
o 

15 

3 5  

2 , 214 

NOV 

1 3 6  

3 2  

5 3 6  

11 

o 

o 
o 

6 5  

1 0  

1 3  

7 

3 2  

16 

o 

3 0  

1 6  

2 4  

1 , 821 

DEC 

1 3 9  

1 , 4 0 7  

14 

1 0 0  

o 
7 

4 0 1  

32 

332 

o 

159 

o 

22 

4 3  

22 

66 

5 9  

4 , 9 2 9  

JAN 

o 
o 

3 0 8  

o 
o 
o 
o 

4 2 3  

2 0 7  

o 
o 

115 

o 
7 3 5  

7 

57 

1 , 0 3 1  

o 
o 
o 
o 

2 0  

2 94 

7 

4 9  

4 6 0  

4 , 6U 

13 , 5 2 9  

TOTAL 

1 4 6  

12 

6 , 4 8 9  

2 6 4  

3 , 5 1 8  

2 4  

7 

6 9 1  

4 3 6  

4 1 9  

7 

2 0  

9 1 3  

1 2 5  

3 , 4 0 5  

7 

1 , 6 7 0  

1 , 6 5 9  

17 

3 4 6  

2 9  

1 4 0  

1 , 2 4 6  

151 

7 

619 

929 

2 5 , 2 6 1  

62 , 3 0 3  

PERCENT 

0 . 18 

0 . 01 

7 . 6 S 

0 . 3 2  

4 . 27 

0 . 03 

0 . 01 

0 . 64 

0 . 5 3  

0 . 5 1  

0 . 0 1  

0 . 02 

1 . 11 

0 . 15 

4 . 14 

0 . 0 1  

0 . 0 1  

2 . 0 3 

2 . 02 

0 . 02 

0 . 01 

0 . 4 2  

0 . 03 

0 . 17 

1 . 5 1 

0 . 18 

0 . 0 1 

. 0 . 7 5 

1 . 13 

3 0 . 6 9 
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TAXON 

ALEWIFE 

AMERICAN EEL 

AMERICAN SHAD 

ATLANTIC CROAKER 

ATLANTI C  HERRING 

ATLANTIC MENHADEN 

ATLANTI C  SEASNAIL 

ATLANTIC S I LVERS IDE 

ATLANTIC TOMCOD 

BAY ANCHOVY 

BLACK SEA BASS 

BLUEBACK HERRING 

BLUEFISH 

BUTTERFISH 

COD FAMILY 

CONGER EEL 

CUNNER 

FEATHER BLENNY 

FLYING GURNARD 

FOURBEARD ROCKLING 

FOURSPINE STICKLEBACK 

FOURS POT FLOUNDER 

GIZZARD SHAD 

GOOSEFISH 

GRUBBY 

GULF STREAM FLOUNDER 

HOGCHOKER 

INLAND SILVERS IDE 

INSHORE LIZARDFISH 

LINED SEAHORSE 

LITTLE SKATE 

FEB 

3 l  

II 

o 

o 

lO 

3 3 7  

o 

o 

o 

1 0 4  

o 

5 5  

o 

o 

o 

9 6 0  

o 

o 

2 0  

o 

MAR 

l B  

a 

a 

l 8  

5 2 5  

o 

o 

o 

2 8 9  

o 

o 

o 

5 6  

o 

9 

o 

o 

3 4 l  

o 

1 9  

TABLE 3 - 6 .  ESTIMATE OF THE TOTAL NUMBER OF FISH IMPINGED FROM FEBRUARY 1 9 9 4  THROUGH JANUARY 1 9 9 4  AT RAVENSWOOD UNIT lO . 
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a 
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o 
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o 

o 
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o 

o 

o 
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o 

o 

9 

o 

o 

o 

14 
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o 

o 
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o 
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lO 

o 

o 

o 

o 

o 

o 

SEP 

o 

o 

o 

3 2  

1 1  

l3 

o 

o 

o 

o 

o 

53 

OCT 

o 

9 

1 6  

o 

o 

o 

8 6  

3 5  

2 5 8  

1 6  

o 

o 

o 

o 

o 

o 

o 

3 2  

NOV 

6 7  

o 

5 9  

o 

o 

62 

o 

62 

4 4  

9 6  

o 

o 

o 

o 

7 

o 

o 

o 

o 

DEC 

4 4  

l5 

15 

o 

o 

4 3  

o 

3 8 5  

o 

6 8  

9 9  

7 4  

o 

7 

7 

26 

o 

7 

o 

o 

o 

o 

l O l  

o 

o 

7 

JAN 

o 

o 

o 

o 

o 

o 

2 2 8  

o 

o 

o 

o 

7 

1 4 l  

o 

7 

3 3  

2 0  

7 '  

l , 2 0 3  

o 

o 

o 

TOTAL PERCENT 

2 0 l  

5 4  

l O S  

s a l  

5 4  

l B  

l , 714 

117 

l , 2 6 l  

1 4 3  

7 9 7  

23 

189 

90 

3 4 9  

3 6  

3 2  

3 3  

2 7  

7 

3 , 5 76 

10 

2 0  

3 9  

2 4 4  

7 

0 . 9 0  

0 . 2 4  

0 . 4 8  

0 . 0 0 

2 . 6 l 

0 . 24 

O . O S 

7 . 6 9 

0 . 52 

5 . 6 6 

0 . 64 

3 . 5 8  

0 . 11 

0 . S 5 

0 . 0 0 

0 . 4 0 

L 5 7  

o . 16 

0 . 0 0 

0 . 14 

0 . 0 0 

O . lS 

0 . l2 

0 . 03 

16 . 0 6 

0 . 0 0 

0 . 04 

0 . 0 9 

0 . 1 8 

L 1 0 

0 . 0 3 

STDERR cv 

7 2  3 5 . 8 6 

2 3  4 2 . 64 

6 0  5 5 . 54 

o 

1 0 2  1 7  . 5 6  

3 4  62 . 63 

9 4 7 . 82 

3 5 0  2 0 . 4 0  

6 0  5 0 . 9 8 

5 7 6  4 5 . 6 9  

4 5  3 L  19 

2 5 0  3 L 3 7 

2 2  9 4 . 11 

ll7 GL B 9  

a 

3 5  3 9 . 22 

1 D  3 2 . 44 

I B  4 S . 92 

o 

15 4 7 . 73 

o 

2 4  7 L  7 4  

2 0  7 L 9 7  

G 9 2 . 5 8  

1 , 0 0 9  2 8 . 2 l 

a 

9 9 4 . 4 9  

l B  9 2 . 5 8  

3 0  7 7 . 0 9 

8 7  3 5 . 75 

92 . l l 
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TABLE 3 - 6 .  ( CONTINUED) 

TAXON 

LOOKDOWN 

NAKED GOBY 

NORTHERN KINGFISH 

NORTHERN PIPEFISH 

NORTHERN PUFFER 

NORTHERN SEAROBIN 

NORTHERN STARGAZER 

POLLOCK 

RAINBOW SMELT 

RED HAKE 

ROCK GUNNEL 

SCUP 

SEABOARD GOBY 

SILVER HAKE 

S I LVER PERCH 

SMALLMOUTH FLOUNDER 

SPOT 

SPOTFIN BUTTERFLYFISH 

SPOTTED HAKE ·  
STRIPED BASS 

STRIPED CUSK-EEL 

STRIPED KILLIFISH 

STRIPED SEAROBIN 

SUMMER FLOUNDER 

TAUTOG 

THREESPINE STI CKLEBACK 

WEAKFISH 

WHITE CATFISH 

WHITE PERCH 

WINDOWPANE 

WINTER FLOUNDER 

TOTAL 

FEB 

2 0  

o 

1 7 B  

o 

o 

o 

o 

o 

11 

o 

o 

66 

o 

4 3  

o 

11 

3 9  

o 

10 

7 B  

o 

o 

11 

1 0  

4 0 7 

2 , 4 12 

MAR 

o 

1 B  

o 

6 1 5  

o 

o 

o 

o 

1 B  

3 7  

1 B  

o 

o 

o 

6 6  

o 

B 4  

3 5  

o 

o 

2 6 4  

o 

4 3 6  

2 , B B4 

APR 

o 

o 

4 02 

o 

o 

o 

o 

4 B  

o 

3 2  

o 

o 

o 

o 

B 7  

o 

o 

1 3 6  

4 B  

o 

7 

o 

o 

o 

o 

o 

1 2 0  

3 5  

2 , 2 0 6  

4 , 6 2 1  

MAY 

o 

o 

o 

2 6 3  

o 

o 

o 

o 

1 B  

o 

1 5  

1 9 3  

o 

5 9  

o 

o 

o 

15 

o 

o 

o 

3 7  

6 4  

9 2  

1 , 53 5  

JUN 

o 

o 

o 

5 1  

o 

o 

o 

o 

o 

o 

o 

o 

o 

9 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

3 14 

JUL 

o 

o 

27 

o 

o 

o 

o 

o 

o 

o 

7 

o 

o 

o 

o 

o 

4 1  

7 5  

AUG 

o 

o 

10 

o 

2 2  

o 

o 

o 

o 

o 

2 B  

o 

o 

5 5  

o 

2 9  

1 , 0 3 6  

SEP 

o 

o 

7 

1 1  

1 B  

o 

o 

o 

o 

o 

o 

o 

o 

4 

o 

11 

11 

o 

o 

o 

1 3  

1 B 4  

OCT 

o 

1 3 6  

1 0 2  

6 4 3  

o 

o 

o 

16 

7 0  

o 

o 

o 

16 

o 

2 0  

1 , 4 6 4  

NOV 

o 

o 

2 4  

2 2  

272 

o 

o 

22 

1 3  

7 

22 

1 6  

o 

o 

3 0  

1 6  

13 

8 6 3  

DEC 

o 

3 B  

5 3 3  

o 

o 

3 8  

o 

o 

7 

o 

1 4 4  

1 0 9  

o 

o 

9 9  

o 

o 

o 

4 3  

2 0  

2 0  

1 , 9 8 0  

JAN 

o 

o 

1 4 1  

o 

o 

1 4 3  

8 7  

o 

o 

3 4  

2 3 6  

7 

7 

4 0 2  

o 

o 

O '  

7 

1 2 6  

o 

7 

2 1  

2 1 7  

1 , 8 2 9  

4 , 9 0 B  

TOTAL PERCENT 

o 

3 7  

o 

1 , 8 9 3  

1 4 2  

1 , 4 8 8  

o 

2 4 7  

1 3 4  

6 8  

7 

2 9 7  

7 0  

7 5 6  

7 

7 

3 2 7  

6 7 8  

o 

o 

3 3  

3 7  

4 7 6  

1 4 3  

7 

2 12 

3 6 9  

0 . 0 0 

0 . 17 

0 . 00 

8 . 5 0 

0 . 64 

6 . 6 8 

0 . 00 

0 . 0 0 

1 . 11 

0 . 6 0 

0 . 3 1  

0 . 03 

0 . 0 0 

1 .  3 3  

0 . 3 1  

3 . 3 9  

0 . 0 3 

0 . 03 

1 . 4 7  

3 . 0 5  

0 . 0 0 

0 . 0 0 

0 . 15 

0 . 0 4 

0 . 17 

2 . 14 

0 . 64 

0 . 0 3 

0 . 9 5  

1 . 66 

5 , 1 0 1  2 2 . 9 0 

2 2 , 2 7 5  1 0 0 . 0  

STDERR cv 

o 

2 5  6 6 . 54 

o 

4 2 6  22 . 4 9  

4 2  2 9 . 92 

3 3 6  22 . 62 

8 1  3 2 . 63 

7 3  54 . 5 7 

3 6  5 3 . 4 7  

7 9 2 . 11 

o 

1 1 0  3 7 . 22 

6 5  9 2 . 5 8 

2 2 9  3 0 . 3 5  

7 92 . 5 8  

7 9 2 . 5 8  

1 1 8  3 6 . 20 

1 5 1  22 . 2 1  

o 

1 9  5 6 . 87 

9 4 . 4 9  

1 8  4 7 . 84 

2 2 0  4 6 . 25 

6 2  4 3 . 6 1 

92 . 5 8 

3 0  14 . 26 

1 1 8  3 1 . 9 8 

2 , 2 9 9  4 5 . 06 

4 , 3 3 0  19 . 4 4  

W ----------________________________________________________________________________________________________________________________ ___ 

.... 
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TAXON 

ALEWIFE 

AMERICAN EEL 

AMERICAN SHAD 

ATLANTIC CROAKER 

ATLANTIC HERRING 

ATLANTIC MENHADEN 

ATLANTIC SEASNAIL 

ATLANTIC S I LVERS IDE 

ATLANTI C  TOM COD 

BAY ANCHOVY 

BLACK SEA BASS 

BLUEBACK HERRING 

BLUEFISH 

BUTTERFISH 

COD FAMILY 

CONGER EEL 

CUNNER 

FEATHER BLENNY 

FLYING GURNARD 

FOURBEARD ROCKLING 

FOURSPINE STICKLEBACK 

FOURS POT FLOUNDER 

GIZZARD SHAD 

GOOSEFISH 

GRUBBY 

GULF STREAM FLOUNDER 

HOGCHOKER 

INLAND SILVERS IDE 

INSHORE L I ZARDFISH 

LINED SEAHORSE 

LITTLE SKATE 

LOOKDOWN 

FEB 

1 0  

o 

� O  

� �  

4 1  

� O  

3 5 5  

1� 

�2 

o 

9 2  

o 

o 

o 

o 

o 

4 2 2  

o 

MAR 

73 

o 

o 

o 

o 

3 4 �  

o 

o 

o 

1 4 1  

o 

o 

� 2 5  

10 

o 

2 4  

o 

o 

3 4 6  

o 

o 

o 

o 

TABLE 3 - 7 .  ESTIMATE O F  THE TOTAL NUMBER O F  FISH IMPINGED FROM FEBRUARY � 9 9 4  THROUGH JANUARY � 9 9 4  AT RAVENSWOOD UNIT 2 0 . 

APR MAY JUN JUL AUG SEP OCT NOV DEC JAN TOTAL PERCENT STDERR cv 

o 

o 

6 5 3  

o 

o 

6 6  

8 

o 

6 9  

o 

o 

�6 

o 

o 

3 6 �  

o 

o 

� 0 9  

o 

1 0  

o 

o 

o 

2 5 8  

o 

o 

o 

2 0 �  

2 0 9  

o 

� 0 8  

o 

o 

o 

o 

o 

�2 

o 

o 

o 

o 

o 

� 8 0  

o 

1 9 9  

o 

o 

o 

1 2  

o 

o 

16 8 

o 

o 

o 

4 1  

8 1  

o 

9 

1 0  

o 

o 

5 9  

1 0  

o 

o 

o 

o 

o 

o 

2 0  

o 

o 

o 

o 

o 

1 0  

10 

o 

1 8  

o 

o 

1 7  

9 

3 4  

o 

9 

o 

o 

9 

o 

o 

9 

o 

o 

o 

o 

o 

o 

11 

o 

o 

6 9  

o 

119 

3 5  

2 5  

o 

o 

2 3  

o 

o 

o 

o 

12 

o 

o 

13 

o 

o 

o 

o 

113 

o 

1 1 9  

o 

10 

2 1  

o 

3 1  

10 

o 

o 

o 

3 2  

o 

1 2  

o 

o 

3 4  

o 

4 4  

o 

2 3  

o 

o 

o 

o 

o 

o 

o 

o 

23 

o 

o 

B 5  

o 

3 2  

o 

� 1  

7 7  

2 1  

1 7 7  

2 1  

3 2  

o 

o 

22 

o 

o 

o 

o 

10 

o 

1 7 0  

1 8  

o 

1 8  

o 

6 2 3  

o 

3 3  

1 3 3  

7 4  

o 

14 

2 9  

o 

o 

13 

o 

4 5  

o 

1 8  

1 3  

1 3  

2 7  

1 3  

o 

4 7 5  

o 

2 7  

o 

o 

o 

1 3  

5 3  

o 

6 4  

5 4  

o � 

2 , 5 7 6  

o 

o 

o 

3 7 4  

4 9  

9 1  

2 7  

1 , 1 2 9  

6 9  

1 0  

2 , 1 7 0  

2 9 1  

8 2 8  

1 B 2  

6 0 4  

10 

4 6  

o 

9 6  

2 7 3  

7 3  

1 0  

3 3  

77 

5 4  

o 

3 , 9 9 3  

o 

3 4  

3 2 7  

13 

1 .  53 

0 . 2 0 

0 . 3 7 

0 . �1 

4 . 62 

0 . 2 8 

0 . 04 

8 . B B 

1 . 19 

3 . 3 B  

0 . 74 

2 . 4 7  

0 . 04 

0 . 19 

0 . 0 0 

0 . 3 9  

1 . 12 

0 . 3 0  

0 . 04 

0 . 13 

0 . 0 0 

0 . 3 2 

0 . 22 

0 . 00 

16 . 3 3  

0 . 00 

0 . 0 0 

0 . 0 0 

0 . 14 

1. . 34 

0 . 0 0 

0 . 0 5  

8 9  23 . B O  

2 1  4 2 . 6 8 

3 2  3 5 . 4 6  

2 5  9 2 . 5 6  

4 3 8  3 6 . 76 

3 2  4 5 . 99 

10 9 4 . 4 9  

3 3 1  15 . 25 

14 0 4 8 . 02 

2 0 9  2 5 . 2 9  

4 5  24 . 6 6  

1 1 9  19 . 75 

9 9 2 . 58 

26 5 7 . 0 5 

o 

4 7  4 9 . 02 

62 2 2 . 55 

3 3  4 5 . 5 3 

1 0  9 4 . 11 

15 4 6 . 7 0 

o 

4 7  6 0 . 4 7  

2 9  5 3 . 4 6 

7 0 4  17 . 64 

o 

o 

o 

1 5  4 3 . 0 3 

5 B  17 . 72 

o 

12 94 . 4 9  

�--------------------------------------------------------------------------------------------------------------------------------------------
� 
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TABLE 3 - 7 .  ( CONTINUED) 

TAXON 

NAKED GOBY 

NORTHERN KINGFISH 

NORTHERN PIPEFISH 

NORTHERN PUFFER 

NORTHERN SEAROBI N  

NORTHERN STARGAZER 

POLLOCK 

RAINBOW SMELT 

RED HAKE 

ROCK GUNNEL 

SCUP 

SEABOARD GOBY 

S I LVER HAKE 
S I LVER PERCH 

SMALLMOUTH FLOUNDER 

SPOT 

SPOTFIN BUTTERFLYFISH 

SPOTTED HAKE 

STRIPED BASS 

STRIPED CUSK-EEL 

STRIPED KILLIFISH 

STRIPED SEAROBIN 

SUMMER FLOUNDER 

TAUTOG 

THREESPINE STICKLEBACK 

WEAKFISH 

WHITE CATFISH 

WHITE PERCH 

WINDOWPANE 

WINTER FLOUNDER 

TOTAL 

FEB 

12 

6 5  

o 

o 

o 

2 1  

14 

o 

5 3  

1 0  

o 

3 9  

10 

66 

10 

o 

1 7 6  

1 , 4 5 0 

MAR 

1 0  

o 

2 6 2  

o 

o 

o 

o 

1 9  

3 1  

o 

o 

1 7  

16 

o 

o 

6 8  

o 

o 

o 

o 

o 

1 0 7  

16 

3 5 1  

1 , 9 8 0  

APR 

o 

o 

5 6 1  

o 

o 

1 5  

o 

2 3  

6 2 8  

o 

o 

4 0 7 

o 

o 

o 

o 

a 

8 5  

1 8 8  

3 , 24 7  

MAY 

o 

o 

3 72 

1 0  

o 

o 

o 

o 

o 

o 

2 4 7  

o 

5 9  

1 4  

o 

o 

9 

D 

1 0  

2 5  

o 

o 

2 9  

2 3  

2 2 1  

2 , 2 1 2  

JUN 

o 

o 

8 3  

2 5  

2 2  

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

2 0  

o 

o 

o 

o 

o 

2 7  

5 9 4  

JUL 

o 

8 1  

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

3 3  

7 7  

3 2 5  

AUG 

o 

o 

2 9  

2 3  

o 

a 

o 

o 

o 

o 

o 

o 

15 

3 7 3  

SEP 

13 

5 2  

3 3 3  

o 

o 

o 

2 7  

o 

o 

o 

o 

o 

o 

o 

1 7 8  

a 

o 

o 

5 2  

9 9 2  

OCT 

12 

1 0 3  

3 5  

3 8 5  

o 

2 3  

1 2  

15 

o 

o 

o 

o 

o 

15 

15 

7 5 1  

NOV 

o 

o 

1 1 2  

1 0  

2 6 4  

1 1  

o 

o 

o 

o 

o 

4 2  

1 0  

o 

1 0  

o 

o 

o 

o 

o 

o 

o 

1 0  

o 

9 5 8  

DEC 

o 

o 

1 0 1  

8 7 5  

14 

o 

6 2  

o 

o 

o 

2 5 8  

3 2  

2 2 4  

o 

o 

6 0  

o 

o 

o 

o 

14 

14 

66 

3 9  

2 , 9 4 8  

JAN 

o 

o 

1 6 7  

o 

o 

o 

o 

2 7 9  

1 2 0  

o 

8 1  

a 

4 9 9  

o 

51 

6 3 0  

o 

o 

1 3  

1 6 8  

o 

2 8  

2 4 3  

3 , 012 

8 , 6 2 2  

TOTAL PERCENT 

2 2  

1 2  

1 , 9 4 9  

1 2 2  

1 , 9 2 2  

24 

3 7 0  

1 8 7  

4 1  

a 

o 

4 9 6  

54 

1 , 63 9  

o 

5 2 7  

8 2 8  

10 

187 

13 

51 

3 8 0  

o 

1 8 3  

3 9 8  

0 . 0 9 

0 . 05 

7 . 9 7  

0 . 5 0 

7 . 8 6 

0 . 1 0  

0 . 0 0 

1 . 5 1 

0 . 7 7  

0 . 17 

0 . 0 0 

0 . 0 0 

2 . 0 3  

0 . 2 2 

6 . 7 0  

0 . 0 0 

0 . 0 0 

2 . 1 5 

3 . 3 9  

0 . 04 

0 . 0 0 

0 . 77 

0 . 0 5 

0 . 2 1 

1 .  5 5  

0 . 0 0 

0 . 0 0 

0 . 7 5 

1 . 63 

4 , 174 17 . 0 7 

24 , 4 5 3  1 0 0 . 0  

STDERR cv 

15 6 7 . 6 8  

11 9 4 . 4 9  

2 4 9  1 2 . 76 

6 4  5 2 . 47 

4 7 4  2 4 . 6 6 

16 6 6 . 02 

o 

6 3  17 . 12 

8 2  4 3 . 86 

2 8  7 0 . 0 5 

o 

o 

9 7  19 . 6 0  

2 3  4 2 . 23 

4 1 0  2 5 . 0 0 

o 

2 D  4 0 . 5 0 

1 9 9  2 4 . 0 8 

10 94 . 4 9  

o 

1 4 1  7 5 . 5 4  

12 9 2 . 5 8  

2 1  4 0 . 14 

91 2 3 . 9 9 

4 0  2 1 . 8 5 

94 23 . 5 3  

9 6 9  2 3 . 22 

2 , 72 7  11 . 15 
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TAXON 

ALEWIFE · 

AMERICAN EEL 

AMERICAN SHAD 

ATLANTIC CROAKER 

ATLANTIC HERRING 

ATLANTIC MENHADEN 

ATLANTIC SEAS NAIL 

ATLANTIC S ILVERSIDE 

ATLANTI C  TOM COD 

BAY ANCHOVY 

BLACK SEA BASS 

BLUEBACK HERRING 

BLUEFISH 

BUTTERFISH 

COD FAMILY 

CONGER EEL 

CUNNER 

FEATHER BLENNY 

FLYING GURNARD 

FOURBEARD ROCKLING 

FOURSPINE STI CKLEBACK 

FOURS POT FLOUNDER 

GIZZARD SHAD 

GOOSEFISH 

GRUBBY 

GULF STREAM FLOUNDER 

HOGCHOKER 

INLAND S I LVERS IDE 

INSHORE LIZARDFISH 

LINED SEAHORSE 

LITTLE SKATE 

FEB 

7 

14 

7 

o 

o 

3 0  

o 

� 2 9  

o 

14 

o 

9 0  

o 

o 

7 

116 

o 

2 8  

7 

o 

o 

o 

3 , 2 7 8  

7 

o 

7 

o 

MAR 

7 

o 

7 

4 4  

5 0  

1 7 5  

o 

o 

o 

6 7  

o 

o 

o 

o 

4 8 8  

o 

5 6  

o 

o 

o 

� , 7 7 0  

o 

o 

o 

o 

5 7  

TABLE 3 - 8 .  ESTIMATE OF THE TOTAL NUMBER OF FISH IMPINGED FROM FEBRUARY � 9 9 4  THROUGH JANUARY �9 94 AT RAVENSWOOD UNIT 3 0 . 

APR 

B 
2 7  

7 

o 

2 , 2 8 2  

o 

o 

7 3  

14 

o 

o 

1 9 0  

o 

o 

7 

7 

2 3 9  

7 

o 

3 4  

o 

o 

o 

o 

3 , 2 5 4  

o 

o 

1 9 2  

o 

MAY JUN 

o 

o 

o 

o 

1 1  

o 

o 

10 

o 

�o 

o 

o 

11 

o 

o 

o 

o 

o 

o 

JUL 

o 

o 

o 

o 

o 

12 

o 

o 

o 

a 

o 

AUG 

o 

a 

o 

o 

o 

o 

o 

o 

o 

4 6  

o 

o 

o 

o 

o 

o 

o 

15 

o 

o 

o 

SEP 

o 

a 

o 

o 

6 5  

3 2  

2 5  

1 7  

o 

16 

o 

o 

o 

o 

5 7  

o 

o 

OCT NOV DEC JAN TOTAL PERCENT 

3 6  

4 1  

2 1  

o 

2 , 3 2 6  

3 0  

5 0  

4 4 2  

24 

4 6  

3 7 2  

8 5  

7 

14 

8 6 8  

� 2 8  

7 

o 

0 . 10 

0 . 12 

0 . 0 6 

0 . 00 

6 . 54 

0 . 0 8  

0 . 14 

1 . 24 

0 . 07 

0 . 13 

0 . 0 0 

1 . 04 

0 . 0 0 

0 . 24 

0 . 02 

0 . 04 

2 . 44 

0 . 02 

0 . 00 

0 . 3 6 

0 . 02 

0 . 0 0 

0 . 0 0 

0 . 0 0 

8 . 3 7 4  23 . 54 

7 0 . 02 

7 

2 4 9  

0 . 0 0 

0 . 02 

0 . 0 0 

0 . 7 0 

0 . 0 0 

STDERR cv 

n 4 8 . 6 6  

�7 4 0 . 0 6 

11 5 3 . 4 7  

7 8 2  3 3 . 62 

�1 3 5 . 83 

2 3  4 6 . 74 

7 8  17 . 65 

B 5 L S 9  

3 2  6 9 . 0� 

o 

� 2 9  3 4 . 78 

o 

17 2 0 . 0 1 

9 2 . 5 8  

6 5 . 4 7  

3 2 6  3 7 . 5 6 

6 9 2 . 5 8 

3 2  24 . 7 6  

6 92 . 5 8 

o 

o 

2 , 4 8 5  2 9 . 6 8 

7 9 2 . 58 

92 . 5 8  

8 1  3 2 . 3 3 
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TABLE 3 - 6 .  ( CONTINUED) 

TAXON 

LOOKDOWN 

NAKED GOBY 

NORTHERN KINGFISH 

NORTHERN P IPEFISH 

NORTHERN PUFFER 

NORTHERN SEAROBIN 

NORTHERN STARGAZER 

POLLOCK 

RAINBOW SMELT 

RED HAKE 
ROCK GUNNEL 

SCUP 

SEABOARD GOBY 

SILVER HAKE 
SILVER PERCH 

SMALLMOUTH FLOUNDER 

SPOT 

SPOTFIN BUTTERFLYFISH 

SPOTTED HAKE 

STRIPED BASS 

STRIPED CUSK-EEL 

STRIPED KILLIFISH 

STRIPED SEAROBIN 

SUMMER FLOUNDER 

TAUTOG 

THREESPINE STICKLEBACK 

WEAKFISH 

WHITE CATFISH 

WHITE PERCH 

WINDOWPANE 

WINTER FLOUNDER 

TOTAL 

FEB 

o 

7 

o 

2 3 0  

o 

o 

o 

7 

7 0  

6 6  

o 

o 

7 6  

o 

5 7  

7 

2 7  

o 

o 

o 

o 

1 9 8  

o 

7 

2 1  

2 , 5 6 4  

7 , 0 9 5  

MAR 

o 

6 7  

o 

1 , 0 9 9  

o 

o 

o 

o 

7 

3 1  

8 8  

o 

o 

2 3  

o 

82 

o 

2 5  

5 0  

o 

o 

o 

1 7  

1 7 9  

o 

o 

1 , 5 7 5  

5 , 9 8 1 

APR 

o 

13 

o 

1 , 2 8 5  

o 

o 

7 

6 0  

1 4  

1 3 6  

o 

o 

2 1  

o 

8 7 2  

o 

7 8 4  

5 3  

7 

o 

o 

7 

3 4  

1 3  

o 

2 1 7  

9 7  

1 1 , 7 1 1  

2 1 , 6 7 7  

MAY JUN 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

1 3  

5 4  

JUL 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

15 

61 

8 8  

AUG 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

22 

o 

o 

o 

o 

1 9  

o 

1 0 2  

SEP 

o 

o 

3 2  

o 

1 0 8  

o 

o 

2 1  

o 

2 0  

o 

o 

o 

o 

o 

1 2 6  

o 

o 

o 

o 

o 

4 2  

5 7 8  

ocr NOV DEC JAN TOTAL PERCENT 

o 

8 7  

2 , 64 7 

o 

1 0 8  

o 

7 

7 4  

1 1 5  

3 1 1  

o 

2 0  

1 2 0  

1 , 0 1 1  

o 

o 

8 1 6  

1 5 3  

7 

8 

1 2 6  

7 

51 

3 9 1  

2 2 4  

1 6 1  

0 . 0 0 

0 . 24 

0 . 0 0 

7 . 44 

0 . 0 0 

0 . 3 0 

0 . 0 0 

0 . 02 

0 . 21 

0 . 3 2 

0 . 87 

0 . 0 0 

0 . 06 

0 . 3 4 

0 . 0 0 

2 . 84 

0 . 0 0 

0 . 0 0 

2 . 29 

0 . 43 

0 . 0 2 

0 . 02 

0 . 3 5 

0 . 02 

0 . 14 

1 . 1 0 

0 . 02 

0 . 0 0 

0 . 6 3 

0 . 4 5  

15 , 9 8 6  4 4 . 9 4 

3 5 , 5 7 5  1 0 0 . 0  

STDERR cv 

o 

55 6 2 . 9 0 

o 

5 2 9  1 9 . 9 B  

o 

5 7  5 2 . 3 7  

6 9 2 . 5 8  

4 8  6 5 . 3 2 

67 5 8 . 3 7 

7 1  22 . 9 5 

o 

B 9 5 . 62 

4 9  4 0 . 70 

o 

4 2 3  4 1 .  8 2  

o 

2 1 3  2 6 . 07 

4 8  3 1 . 21 

9 2 . 5 8  

9 2 . 5 6  

7 9  62 . 6 5  

6 9 2 . 5 8 

2 9  5 5 . 64 

5 0  1 2 . 92 

9 5 . 62 

o 

1 3 3  5 9 . 27 

3 8  23 . 71 

1 0 , 5 0 0  6 5 . 6 8 

14 , 5 5 6  4 0 . 9 2 
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TABLE 3 - 9 . S PE C I E S  COMPOS I T I ON OF F I SH COLLECTED I N  I M P I NGEMENT 
SAM PLES AT RAVENSWOOD UNI T S  1 0 , 2 0 ,  AND 3 0 ,  FE BRUARY 
1 9 9 3  THROUGH JANUARY 1 9 9 4 . 

ASS EMBLAGE 

Cat adromous 
E s t ua r i ne 

F r e s hwa t e r  

M a r i n e  

COMMON NAME 

Ame r i can e e l  
A l ewi f e  
Ame r i can shad 
At l an t i c  t omcod 
B ay anchovy 
B l ueback h e r r i ng 
Fou r s p i ne s t i c k l e b a c k  
Hogchoker 
I n l and s i l ve r s i de 
Rainbow sme l t  
S t r iped b a s s  
S t r i p e d  k i l l i f i s h 
Three s p i ne s t i c k l eb a c k  
Whi t e  p e r c h  
G i z z a rd shad 
Whi t e  c a t f i s h 
At l an t i c  c roak e r  
At l ant i c  h e r r i ng 
At l ant i c  menhaden 
At l ant i c  s e a s na i l  
At l ant i c  s i l ve r s i de 
B l a c k  s e a  b a s s  
B lue c rab 
B l ue f i s h 
But t e r f i s h 
Cod f ami l y  
Conge r e e l  
Cunne r 
Feather b l enny 
F l ying gurnard 
Fourbeard r o c k l i ng 
Fourspot f l ounder 
Goo s e f i sh 
G rubby 
Gul f  s t r e am f l ounder 
I n s hore l i z a rdf i s h 
L ined s e aho r s e  
L i t t l e  s ka t e  
Lookdown 
Naked goby 
Northern k i ng f i s h  

Ravenswood 1993-1994 

S C I ENT I F I C  NAME 

Angu i l l a  ros tra ta 
Al osa pseu doharengus 
Al osa sapi di s s ima 
Mi croga dus t omcod 
Anchoa mi t chi l l i  
Al osa a e s t i va l i s  
Apel t e s  qu adra c u s  
Trinec t e s  ma cu l a t u s  
Men i di a  beryl l in a  
Osmeru s mordax 
Moron e saxa t i l i s  
Fundu l u s  maj a l i s  
Ga s t eros t e u s  a c u l ea t u s  
Moron e ameri cana 
Doros oma cepedi anum 
Ame i uru s ca t u s  
Mi cropogon i a s  undu l a t u s  
Cl upea harengu s 
Brevoor t i a  tyrannu s  
L ipari s a t l an t i c u s  
Men i d i a  m en i di a  
Cen tropri s t i s  s tri a t a 
Ca l l in e c t es s api du s  
Poma t om u s  sal ta trix 
Pepri l u s tri a can th u s  
Ga d i da e  
Conger ocean i cu s  
Ta u t ogol abrus a dspers u s  
Hypsobl enn i u s  hen t zi 
Dac tyl op t erus vol i tans 
En ch elyop u s  cimbri u s  
Para l i ch thys obl ongus 
Loph i u s  ameri can u s  
Myoxocepha l u s a enaeus 
Ci thari ch thys arc t i frons 
Synodus foe t ens 
Hippocamp u s  ere c t u s  
Raj a eri n a c ea 
Sel en e vomer 
Gobi osoma bosci 
Men t i c i rrh u s  saxa t i l i s  

( c ont i nue d )  
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TABLE 3 - 9 . 

ASS EMBLAGE 

( CONT I NUED ) 

COMMON NAME 

N o r t h e rn p ip e f i s h 
N o r t he rn puf f e r  
N o r t he rn s e arobin 
Northe rn s t a rg a z e r  
P o l l o c k  
R e d  hake 
R o c k  gunne l  
S c up 
S e aboard goby 
S i lver hake 
S i l v e r  p e r c h  
Sma l lmou t h  f l ounde r 
S p o t  
S po t f in but t e r f l yf i s h  
S po t t e d  hake 
S t r i p e d  c us k - e e l  
S t r i p e d  s e a rob in 
S umme r f l ound e r  
Tautog 
Weakf i s h  
windowpane 
W i n t e r  f l ounder 

Ravenswood 1 993-1994 

S C I ENT I F I C  NAME 

Syngna thu s  f u s c u s  
Spho eroi des ma cu l a t u s  
Pri on o t u s  carol i n u s  
A s t roscop u s  gu t t a t u s  
Pol l a chi u s  vi ren s 
Urophyci s ch u s s  
Phol i s  gunnel l u s 
S t en o t omus chrysops 
Gobi o s oma ginsbu rgi 
Merl u c c i u s  bi l in eari s 
Bai rdi e l l a  chrys o u ra 
E t ropu s  mi cros t om u s  
L e i os t om u s  xan th urus 
Cha e t odon ocel l a t u s  
Urophyci s regi a 
Ophi d i on margi n a t um 
Pri on o t u s  evol ans 
Para l i ch thys den ta t u s  
Ta u t oga oni t i s  
Cyn o s ci on rega l i s  
Scoph tha lmus a qu o s u s  
Pl euron e c t e s  ameri can u s  

3- 1 9  
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TABLE 3 - 10 . PERCENT COMPOS I TION OF THE 1 5  MOST ABUNDANT F I SH SPECIES IN RAVENSWOOD 
IMPINGEMENT COLLECT I ONS , FEBRUARY 1 9 93 THROUGH JANUARY 1 9 94 .  

UNI T  l O  UNIT 20 UNIT 30 UNITS 1 0 ,  20 , AND 30 COMBINED 
TAXON TOTAL PERCENT TOTAL PERCENT TOTAL PERCENT TOTAL PERCENT CUMULATIVE PERCENT 

W I NTER FLOUNDER 5 , l O l  22.9 4 , 174 l7 . l  1 5 , 986 44 . 9  25 , 261 30 . 7  30.7 
GRUBBY 3 , 576 l6.1 3 , 9 93 l6.4 8 , 374 23 . 5  l 5 , 943 1 9.4 50 . 1  
NORTHERN P I PE F I S H  1 , 8 93 8 . 5  1 , 949 8.0 2 , 647 7.4 6 , 48 9  7 . 9  58.0 
ATLANT I C  S ILVERS I DE l , 7l4 7 . 7  2 , 170 8.9 442 1 . 2 4 , 326 5.3 63 . 3  
ATLANTIC HERR ING 5 8 l  2.6 1 , 129 4 . 6  2 , 326 6.5 4 , 036 4 . 9  68 . 2  
NORTHERN SEAROBIN l , 488 6 . 7 1 , 922 7.9 l08 0 . 3 3 , 5 l8 4 . 3  72.5 
SMALLMOUTH FLOUNDER 756 3 . 4  1 , 639 6.7 1 , 01 1  2.8 3 , 405 4 . 1  76.6 
BAY ANCHOVY 1 , 261 5.7 812 3 . 3  46 O.l 2 , l 1 9  2.6 79 . 2  
BLUEBACK HERRING 7 97 3.6 604 2 . 5  372 1.0 1 , 772 2 . 2  8 1 . 4  
SPOTTED HAKE 327 1.5 527 2 . 2  816 2.3 1 , 670 2 . 0  83 . 4  
STRI PED BAS S 678 3.0 828 3.4 1 5 3  0 . 4  1 , 65 9  2.0 85 . 4  
CUNNER 349 1.6 273 1 . 1  868 2.4 1 , 490 1 . 8 87.2 
THREES P INE S T I CKLEBACK 476 2.l 380 1.6 3 9 1  1 . l  1 , 246 1 . 5  88.7 
S ILVER HAKE 297 1 . 3 496 2 . 0  l20 0.3 9 13 1 . 1  90 . 9  
W INDOWPANE 369 1.7 398 1 . 6 161 0.5 929 1.1 89 . 8  
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Estimated total numbers of fish impinged (8,622, Table 3-7) and monthly 

impingement rates (265 .4 fishl l 06 m3, Figure 3 -2;  Appendix C) at Unit 20 were highest during 

January 1 994. This peak was associated with the impingement of yearling and older winter 

flounder. The higher numbers and rates occurred during the winter and early spring months 

when yearling and older fish dominated the sampling collections. From September through 

December 1 993 young-of-the-year fish were more dominant during which time northern sea 

robin was the most abundant species. 

At Unit 30 samples were collected only during the months of operation (February -

March 1 993,  June - September 1 993). April exhibited the highest total estimated numbers of 

fish (2 1 ,677) 73% of which were yearling and older winter flounder (Table 3 -7). Monthly 

impingement rates were also highest during April  (279 .5  fishl l 06 m3) (Figure 3-2; Appendix 

C). 

Monthly impingement rates were h igher for Unit 1 0  than the other two units 

during March through May, August, October and January. Impingement rates were generally 

higher at Unit 20 during the remaining months. Based on an annual average impingement 

rate, Unit 1 0  (75 .3 fishl l 06 m3) was s lightly higher than Unit 20 (67.4 fishl l 06 m3) (Appendix 

C). Since Unit 30 was not in operation during the entire study period, an annual comparison 

cannot be made. However, for those months when Unit 3 0  was operating, the monthly rates 

were s imilar or lower than those of Units 1 0  and 20 except in  February when the rate was 

highest. 

3.3.2 Fish Length Frequency Distribution 

Length-frequency distributions for young-of-the-year (YOY) and yearling and 

older fish col lected in the impingement samples are given in Appendix D. Winter flounder 

were the most numerous fish impinged at Ravenswood Station during the sampling year. Few 

YOY winter flounder were collected (Table 3 - 1 0). YOY winter flounder first appeared in 
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impingement collections in June 1 993 at a mean length of 44 mm (Appendix D-87). The 

mean length of YOY winter flounder generally increased through the sampling year. Yearling 

and older winter flounder were present in impingement collections every month except June, 

August and November. Few yearl ing and older fish greater than 200 mm were impinged. 

Based on the monthly mean lengths, the majority of the winter flounder impinged were 

yearling fish (Appendix D-88). 

Grubby were the second most abundant fish impinged at Ravenswood Station 

during the sampling year. Few YOY grubby were impinged and it is not possible to determine 

recruitment patterns. Mean lengths of yearling and older grubby were relatively constant 

during the sampling year indicating either little growth, or emigration of larger and older 

individuals (Appendix D-3 8). Length frequencies indicated that yearl ing fish predominated in 

impingement collections . .  

Northern pipefish were the third most abundant species impinged. Newly spawned 

YOY northern pipefish first appeared in impingement collections in October and November 

(Appendix D-48). Relatively few northern p ipefish were impinged and it is not possible to 

determine recruitment patterns. Yearling and older northern pipefish were present in impinge­

ment collections every month of the sampling year (Appendix D-49). During the winter and 

early spring months when northern pipefish were most common, average mean length 

increased steadily and length frequencies were unimodal indicating the presence of one year 

class, probably yearling fish. 

3.3.3 DieI Occurrence of Abundant Fish Species 

Diel indices for two life stages (young-of-the-year and yearling and older) are 

presented in Figures 3-3 through 3-9 for the three most abundant species at each unit. Only 

dates when all four diel periods were sampled are included. Diel impingement rates are 

presented in Appendix E. 
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Figure 3-3. Diel  impingement indices for young-of-the-year and yearling and older winter flounder 
at Unit 10 of Ravenswood Generating Station, February 1993 through January 1994. 
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Figure 3-4. Diel impingement indices for young-of-the-year and yearling and older grubby at 
Unit 10 of Ravenswood Generating Station, Feb ruary 1 993 through January 1 994. 
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Figure 3-5. Diel impingement indices for young-of-the-year and yearling and older northern 
pipefish at Unit 10 of Ravenswood Generating Station, February 1993 through 
January 1994 .  3-27 
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Figure 3-6. Diel impingement indices for young-of-the-year and yearling and older winter 
flounder at Unit 20 of Ravenswood Generating Station.  February 1993  through 
January 1 994. 
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Figure 3 -7.  Diel impingement indices for yearling grubby, young-of-the-year and yearling and 
older Atlantic silverside at Unit 30 of R avenswood Generating Station, February 1 993 
through Janu ary 1 994. 3-29 
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Figure 3-8 .  Diel impingement indices for young-of-the-year and yearling and older winter 
flounder at Unit 30 of Ravenswood Generating Station,  February 1993 through 
January 1 994. 
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Figure 3 -9 .  Diel impingement indices for yearling grubby and yearling and older northern 
pipefish at Unit 30 of Ravenswood Generating Station, February 1 99 3  through 
January 1 994. 3-31 
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At Unit 1 0  the most abundant species were winter flounder, grubby, and northern 

pipefish . Relatively few YOY winter flounder were impinged during the sampling year. The 

majority of impingement of YOY winter flounder occurred during the 1 200, 0600 and 0000 hr 

sampling periods (Figure 3 -3) .  No YOY winter flounder were impinged between 1 800 and 

0000 hours. Yearling and older winter flounder showed a different diel impingement pattern. 

The diel impingement index was greatest during the night during the 1 800 and 0000 hr 

sampling periods. Very few yearl ing and older winter flounder were impinged during the 

1 200 hr sampl ing period. YOY grubby collections occurred only during the 0000 and 1 800 hr 

sampling periods in August and December. The majority of yearling and older grubby were 

generally impinged during the 0000 and 1 800 hr sampling periods (Figure 3 -4). There were 

no d istinct diel patterns for either young-of-the-year or yearling or older pipefish; although 

some months showed a similar pattern to grubby with higher numbers during the 0000-0600 

and 1800-2400 hr sampling periods (Figure 3 -5). 

The three most abundant species at Unit 20 were winter flounder, grubby, and 

Atlantic silverside. Both l ife stages of winter flounder showed slightly h igher impingement 

rates during the 0000-0600 and 1 800-2400 hr sampling periods (Figure 3 -6). As with Unit 

1 0, yearling and older grubby were impinged primarily during the 0000 and 1 800 hr sampling 

periods (Figure 3-7). No young-of-the-year grubby were caught. Atlantic s ilverside showed 

no distinct diel pattern for either life stage although no YOY Atlantic si lverside were impinged 

during the 0600- 1 200 hr sampling period (Figure 3 -7). 

At Unit 30 the most abundant species were winter flounder, grubby, and northern 

pipefish. Unit 3 0  was not operating during March 1 993 and October 1 993 through January 

1 994, so no diel data are available during those months. Yearling and older and YOY winter 

flounder showed no distinct diel patterns although relatively few yearl ing and older winter 

flounder were impinged during the 0600- 1 200 sampling period (Figure 3-8) .  Yearling and 

older grubby again showed somewhat of a pattern with the majority of fish impinged during 

the 0000-0600 and 1 800-2400 hr periods (Figure 3 -9). Too few young-of-the-year grubby 

were impinged to be meaningful .  There was also no diel impingement pattern for yearling and 

older northern pipefish (Figure 3-9). No young-of-the-year northern pipefish were impinged. 
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3.3.4. Blue Crabs 

A total of 928 blue crabs (unadjusted for collection efficiency) were collected at 

Ravenswood Units 1 0, 20, and 3 0  combined from February 1 993 to January 1 994 (Appendix 

F). When scaled to the operating volume, the estimated total number impinged was 2,332  at 

Unit 1 0, 2,740 at Unit 20, and 1 ,988 at Unit 3 0  (Table 3 - 1 1 ), for a total estimated impinge­

ment of 7,060 blue crabs. 

Monthly impingement rates followed similar patterns for each unit when all units 

were operating (Figure 3 - 1 0). Few blue crabs were impinged during February through April 

1 993  and January 1 994. Two d istinct peaks in impingement rates occurred. The first peak 

occurred during June at Unit 1 0  (39 .5  blue crabsll 06 m3) and in July at Unit 20 (86.4 blue 

crabsll 06 m3). The second peak occurred in November at Unit 1 0 (69 .7  blue crabsll 06 m3) 

and Unit 20  (94 .8  blue crabsl l 06 m3) (Figure 3 - 1 0; Appendix G). Monthly impingement rates 

for Unit 3 0  ranged from 1 8 . 1  to 3 8 .2 b lue crabsll 06 m3 for June through September 1993 . 

During the winter of 1 993 very few blue crabs of any size were collected. The 

early spring collections were composed primarily of smaller blue crabs, in the length range of 

20 to 5 0  mm (Appendix H). As summer progressed the length distribution reflected blue crab 

growth and the appearance of larger crabs. In the early fall 1 993 collections, smaller 

individuals, primarily in the range of 20 to 60 mm, and larger crabs around 1 00 to 1 50 mm, 

appeared in the collections. As fall progressed larger crabs disappeared from samples, and the 

smaller crabs again disappeared in the winter months. 

The d isappearance of blue crabs from Ravenswood impingement collections 

coincided with declining water temperatures (Figure 3 - 1 ). The seasonal fluctuation observed 

at Ravenswood closely mirrored known extensive spawning movements of b lue crabs into and 

out of coastal waters. As temperatures rise in spring and early summer, mature male and 

female blue crabs migrate into estuaries of shallow water and low salinity to mate. As 

temperatures begin to decline in early fall, females move downriver into deeper waters with 

higher salinities (20-30 ppt) to spawn (Lippson et al. 1 980). Male and juvenile blue crabs 
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FEB MAR 

Unit 10  0 6 

Unit 20 17  0 

Unit 30 0 7 

Total 17  13  

-- Unit not operating . 

APR 

6 

6 

6 

18  

TABLE 3-11 . ESTIMATED NUMBERS OF BLUE CRABS IMPINGED AT RAVENSWOOD UNITS 10, 20, 30 , 
AND COMBINED, FEBRUARY 1993 THROUGH JANUARY 1994. 

1 993 1 994 

MAY JUN JUL AUG SEP OCT. NOV DEC JAN 

59 265 69 139 12 826 766 184 0 

1 75 467 663 68 135 494 642 57 15  

671 621 441 242 

234 1 , 403 1 . 352 649 389 1 . 320 1 . 408 241 15 

STD 

TOTAL ERROR CV 

2 , 332 478 20 . 5  

2 , 740 360 13 .2  

1 , 988 330 1 6 . 6  

1 , 060 
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Figure 3 - 1 0. Average monthly impingement rate of blue crabs at Units 10, 20, and 30 of 
Ravenswood Generating Station, February 1 993 through January 1994. 
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remain in lower salinity water (Wil liams 1 965) until moving into deeper waters during late fall 

and winter, where they burrow into the bottom and become inactive. 

A combined total of 2,087 gal of debris was collected at Ravenswood Units 1 0, 

20, and 30  from February 1 993 through January 1 994 (Appendix I). Adjusted for operating 

volumes an estimated 6,23 1 gal, 6, 1 1 9 gal, and 3 ,564 gal were impinged at Units 1 0, 20, and 

30 respectively (Tables 3 - 12 ,  3 - 1 3 ,  and 3 - 1 4), for a combined total of 1 5,9 1 4  gal (Table 3 - 1 5) .  

Monthly average impingement rates for debris at Units 1 0  and 20 followed a 

seasonal pattern with peak rates occurring in October (Figure 3 - 1 1 ;  Appendix J). Peak 

average monthly impingement rates were 3 3 .3 galll 06 m3 in October at Unit 1 0  and 23 .6 

galll 06 m3 in October at Unit 20 (Figure 3 - 1 1 and Appendix J) .  For the months when Unit 3 0  

was operating the peak rate was 1 4 .2 gall l 06 m3 which occurred during September (Figure 3 -

1 1 ; Appendix J). 

The majority of the debris impinged by all three units (70.6%) consisted of aquatic 

vegetation, paper and plastic, and terrestrial vegetation (Table 3- 1 1) .  Seasonal patterns 

impingement rates were d iscernable: bryozoans and tunicates were found in  collections 

primarily from May through November; ctenophores in late summer; and terrestrial vegetation 

in the fal l  (Figure 3 - 1 1 ). Paper and plastic and aquatic vegetation were collected throughout 

the study. 

3.4 ENTRAINMENT 

Thirty-three entrainment surveys were conducted at the Ravenswood Station from 

23 February 1 993 through 1 8  January 1 994. Sampling dates (start date of 24-hr sample) and 

days that Ravenswood operated (any day a unit was in operation was considered an operating 
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DEBRIS TYPE 

Aquatic vegetation 

Benthic organisms 

Bryozoans and tunicates 

Crabs and shrimp 

Ctenophores 

Other 

Paper and plastic 

Terrestrial vegetation 

TOTAL 

FEB 

39 
8 

12 

0 
29 
89 

..1Q 
227 

TABLE 3-12.  ESTIMATED VOLUME OF DEBRIS <IN GALLONS) IMPINGED AT RAVENSWOOD UNIT 10. 
FEBRUARY 1993 THROUGH JANUARY 1994. 

1993 
MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

67 55 89 132 136 157 47 270 132 135 
6 4 4 1 13 6 5 

12 152 41 57 96 112 354 158 73 
4 1 7  13 41 2 33 17 16 
0 0 0 27 10 34 11 25 0 1 

29 41 5 1 15 9 3 0 158 
71 48 73 78 42 82 29 236 72 255 

..11 � ...u � J ...Jl � -.m 190 � 
212 150 379 351 261 510 234 1 . 177 569 1 .149 

1994 
JAN TOTAL PERCENT STDERR CV 

189 1 . 449 23.2 19 55. 4  
9 68 1 . 1  60 .4  

1 7  1 . 091 17 .5  28 108.6 
3 168 2 . 7  3 86 .0 
0 108 1 . 7  4 139.5  
0 293 4 . 7  13 181 . 8  

499 1 . 573 25 .2 39 104 . 1  
� 1.482 23 .8  45 126 . 7  
1 . 012 6 .231 100.0 10 152 . 1  
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oa 

DEBRIS TYPE 

Aquatic vegetation 

Benthic organisms 

Bryozoans and tunicates 

Crabs and shrimp 

Ctenophores 

other 

Paper and plastic 

Terrestrial vegetation 

TOTAL 

nB 

16  
8 
8 
4 
0 

19 
50 

.J.Q 
132 

TABLE 3-13. ESTIMATED VOLUME OP DEBRIS <IN GALLONS) IMPINGED AT RAVENSlIooD UNIT 20. 
nBRUARY 1993 THROUGH JANUARY 1994. 

1993 
MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

48 97 99 217 204 229 179 151 105 80 
16  5 4 9 1 8 14 5 1 5 
15 38 248 55 53 86 312 179 94 29 
3 5 7 33 25 8 13 16 16 7 
0 0 4 28 33 18 99 13 2 0 

24 16 61 18  8 5 13 0 12 0 
76 68 83 229 66 102 129 189 94 106 

.J.§ � ..n 107 -1 ...fl. 45 189 227 245 
218 264 519 695 396 553 803 741 551 470 

1994 
JAN TOTAL PERCENT STDERR CV 

126 1 .551 25.3  20 52 .6 
8 81 1 . 3 1 67 .3  

21  1 . 138 18.6 29 104.6  
2 138 2.3 3 82.6 
0 196 3.2 8 184.8 
0 176 2 .9  5 114.4 

382 1 .575 25. 7  27 72.3 
237 1.264 20.7  n. 89 .0 
776 6 . 119 100.0 8 128.2 
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DEBRIS TYPE 

Aquatic vegetation 

Benthic organisms 

Bryozoans and tunicates 

Crabs and shrimp 

Ctenophores 

Other 

Paper and plastic 

Terrestrial vegetation 

rofAL 

- Unit not operating 

FEB 

74 
10 
17 
10 
1 

34 
109 
� 
348 

TABLE 3-14. ESTIMATED VOLUME OF DEBRIS <IN GALLONS) IMPINGED AT RAVENSHooD UNIT 30, 
FEBRUARY 1993 THROUGH JANUARY 1994. 

1993 
MAR APR MAY J1lN JUL AUG SEP OCT NOV DEC 

223 319 157 187 95 143 
19 8 33 0 18 
36 60 35 48 62 296 
12 11 33 41 12 8 
0 3 28 46 70 117 

80 12 8 12 0 42 
299 115 65 49 28 82 
104 III .J..2 J ..li .2Q 
775 639 379 384 281 757 

1994 
JAN rofAL PERCENT STDERR CV 

1 . 200 33.7 39 48.3 
89 2 . 5  4 92 .3  

555 15.5 37 122.3 
128 3 .6  5 71 .3  
265 7 . 4  17  115.4 
187 5 .3  11  104.7 
746 20. 9  34 84.9 
393 1 1 .0  17  82.2 

3 ,564 100 .0  10  119.9 
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TABLE 3-15 . PERCENT COMPOSITION OF DEBRIS IMPINGED AT RAVENSWOOD UNITS 10,  20 , AND 30 , 

FEBRUARY 1 994 THROUGH JANUARY 1 994 . 

UNIT 10  UNIT 20  UNIT 30 TOTAL 

COMBINED 

CUMULATIVE 

DEBRIS TYPE TOTAL (gal ) PERCENT TOTAL (gal ) PERCENT TOTAL (gal ) PERCENT (gal ) PERCENT PERCENT 

Aquatic vegetation 1 . 449 23 . 2  1 . 551 25 . 3  1 . 200 . 33 . 7  4. 1 99 26 . 4  2 6 . 4  

Paper and plastic 1 . 573 25 . 2  1 . 575 25 . 7  746 20 . 9  3 , 894 24 . 5  50 . 9  

Terrestrial vegetation 1 . 482 23 . 8  1 . 264 20 . 7  393 1 1 . 0  3 . 1 40 1 9 . 7  70 . 6  

Bryozoans and tunicates 1 . 091 1 7 . 5  1 . 138 1 8 . 6  555 1 5 . 6 2 . 783 1 7 . 5  88 . 1  

other 293 4 . 7  176 2 . 9  187 5 . 3  656 4 . 1  92 . 2  

Ctenophores 108 l . 7  196 3 . 2  265 7 . 4  569 3 . 6  95 . 8  

Crabs and shrimp 1 68 2 . 7  138 2 . 3  128 3 . 6  434 2 . 7  98. 5  

Benthic organisms � 1 . 1  � 1 . 3 � 2 . 5  � 1 . 5 100 . 0  

TOTAL 6 . 231 6 . 1 1 9  3 . 564 15. 913 
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Figure 3 - 1 1 .  Average monthly impingement rates of categories of debris at Units 10, 20 and 30 of 
Ravenswood Generating Station, February 1 993-January 1994. 
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day) are l isted in Table 3 - 1 6 . Entrainment samples were collected weekly from May through 

August and biweekly from February through April and from September through January from 

the surface, middepth, and bottom strata of the common discharge canal. Sample volumes 

given in Table 3 - 1 6  are summed over depth. 

A combined total of 25,363 fish eggs and larvae and 288 YOY were col lected at 

Ravenswood (Appendix L). When scaled to operating volume a total of 256 .5  mi l l ion fish 

eggs and larvae were estimated to have been entrained during the sampl ing year (Table 3 - 1 7), 

consisting of 1 56 .8  m il lion eggs and 99.7 mil l ion larvae (including unidentifiable l ife stages). 

An additional 2 .0  mi l l ion YOY were estimated to have been entrained during this time, based 

on the collection of 288  YOY fish in entrainment samples. Logistics of sampling device setup 

resulted in placernept of the entrainment sampling intake downstream of where fish were 

impinged. F ish that were small enough to go through the impingement sampl ing collection 

basket would be discharged to the canal. It is therefore likely that some YOY entrainment 

estimates included impinged fish. 

Estimated numbers of fish eggs entrained at Ravenswood were highest during 

April (Figure 3 - 1 2) due to a large concentration of fourbeard rockl ing eggs. Fourbeard 

rockling eggs were also the most abundant egg entrained in May but at a much lower density 

than in April .  Estimated numbers of winter flounder eggs were higher than any other species 

in February and March. Fourbeard rockling eggs accounted for 64.3% of the eggs. Eggs of 

13 taxa were identified in entrainment samples including 4 groups of eggs identified to the 

fam ily level (Table 3 - 1 8) .  Most of the eggs were entrained from February through July. A 

peak entrainment rate of 1 , 1 66 eggs/l 03 m3 occurred on 1 3  April 1 993 (Figure 3 - 1 2  and 

Appendix M). 

Yolk-sac larvae were observed from February through May and again in August. 

Grubby (sculpin family) made up 98 .6% of the yolk-sac larvae entrainment estimate. Some 

larval grubby from February through May could not be identified to life stage and were 

therefore excluded from the yolk-sac and post yolk-sac calculations but are included in total 

entrainment estimates under unidentifiable life stage (Table 3 - 1 7). Other yolk-sac larvae 
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TABLE 3-16. COMPARISON OF ENTRA.INMENT SAMPLING DATES, AVERAGE 
SAMPLING VOLUMES, OPERATING DATES AND AVERAGE 
DAILY OPERATING VOLUMES AT RAVENSWOOD STATION 
DURING FEBRUARY 1993 THROUGH JANUARY 1994. 

AVERAGE AVERAGE 

DAILY DAILY 

SAMPLING OPERATING 

SAMPLING VOLUME STANDARD OPERATING VOLUME STANDARD 

MONTH YEAR DATESa (m3) DEVIATION DATES (106m3) DEVIATION 

Feb 93 23 3,222 1-28 5 . 1 8  0.72 

Mar 93 2,16 3,743 756.9 1 -3 1  4.28 0.44 

Apr 93 1 3,27 4,227 29. 1 1 -30 4 .31  0.5 1 

May 93 4, 1 1 ,  4,2 1 9  74.5 1-3 1 1 .90 0.58 
1 8,25 

Jun 93 1 ,8,15, 3,759 582 . 1  1-30 3 .91  1 .73 
2 1 ,29 

Jul 93 7, 13 ,  4,224 7 1 .9 1 -31  4.37 1 .07 
20,27 

Aug 93 3, 10, 4,221 66.0 1 -3 1  3 .24 0.98 
1 7,24,3 1 

Sep 93 8,21 4, 1 83 7 1 .8 1-30 3 . 1 8  1 .50 

Oct 93 5 , 19  4, 108 55.2 1-3 1  2.29 0.52 

Nov 93 2,23 4,055 26.7 1 -30 2.39 0.35 

Dec 93 1 4,2 1 4, 174 24.5 1-3 1 2.34 0.40 

Jan 94 1 1 , 1 8  4,254 46.8 1-3 1 2.24 0.45 

aDat e  is s tart of 2 4 - hr s ampl e .  
bInc ludes s ervi c e  wat e r ,  except days when no c i rculating pump operated . 
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TABLE 3 · 1 7. ESTiMATED NUMBER OF EGGS, LARVAE, AND JUVEN ILES ENTRAINED FROM FEBRUARY 1993 TO JANUARY 1994 AT RAVENSllOOO GENERATiNG STAT I ON .  

LI FESTAGE TAXON FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN TOTAL PERCENT STDERR CV 

UN I DENT ! F I EO 

aUTTER F I SH a 0 a a a a 5 , 195 a a 0 a 5 , 195 0.73 4 , 809 92.58 

GRUBBY 3 1 5 , 067 263 , 466 4 1 , 089 29, 53 1  a a a 0 a 0 a 649 , 153 91 .45 123 , 175 18.97 

SMALLMOUTH FLOUNDER a 0 a a a 1 0 , 457 0 a a a 1 0 , 457 1 .47 5 , 590 53.45 

UNIDENT I F IABLE 4 5 , 0 1 0  0 a a a 0 a a a 0 45 , 0 1 0  6.34 0 . 00 

TOTAL 360, 077 263 , 466 4 1 , 089 29,531 a 1 5 ,652 a 0 709, 8 1 4  100.0 123,520 1 7.40 

EGG 

ATLANTI C MENHADEN a a 96,185 473 , 2 1 9  1 ,445 ,882 1 5 ,065 0 a a a 0 2,030 ,351 1 .30 869 , 074 42.80 

BAY ANCHOVY a a 0 a 5 , 03 5 , 932 4 , 132,870 487,413 0 a a a 9 , 656 , 2 1 5  6 . 1 6  2 , 049,541 21 .23 

CUNNER a 0 a a 0 1 , 45 5 , 854 246 , 1 89 a 0 0 a 1 , 702 , 043 1 .09 619,711  36.41 

FEATHER GLENNY a a 9 , 226 a a a 0 a a 0 9 , 228 0 . 0 1  6, 544 92.58 

FOUR BEARD ROCKL l NG 360, 077 I ,  n7,459 85,389, 269 1 3 , 284,450 42,800 a 0 a 0 a 100,804,055 64.30 36,403 ,351 36. 1 1  

FOURS POT FLOUNDER a a a 1 6 , 036 a 0 0 0 a a 1 6 , 036 0 . 01 1 4 , 846 92.58 

GOBY FAM I LY a a a 0 0 1 5 , 065 0 a a 0 a 1 5 , 065 0 . 0 1  1 3 , 948 92.58 

GRUBBY 585 , 1 24 228,340 671 ,032 547,501 a a a a a 0 a a 2 , 03 1 , 997 1 .30 537, 620 26.46 

HERRING FAM I LY a a 0 6, 125 a a 0 a 6 , 1 25 0 . 00 5 , 671 92.58 

HOGCHOKER 0 a a 9 , 769 0 0 0 a 0 a 9 , 769 0 . 0 1  5 , 805 59.42 

MUMMICHOG a 0 0 0 1 1 4 , 816 1 96 , 3 1 1  0 a 0 0 0 3 1 1 , 126 0 .20 141 ,750 45 .56 

S I LVER HAKE a 0 22, 080 3 , 666, m  528,370 1 0 , m  0 0 a a 4 , 228, 003 2 . 70 1 ,381 , 9 1 3  32.68 

S I LVERS IOE FAM I LY a 0 a 27,684 a a 0 0 a a 27, 684 0 . 02 25,631 92.58 

SUMMER FLOUNOER a 0 a a a a 221 , 366 395, 075 0 a a 616,441 0 .39 355 , 73 1  57.71 

'-' 
.1.. -4 





TABLE 3 · 1 7  • ( CONT I HUED ) 

Ll FESTAGE TAXON FEB MAR APR MAY JUN JUL AUG SEP OCT NOIf DEC JAN TOTAL PERCENT STDERR CIf 

TAUTOG 0 0 0 1 3 3 , 853 3 , 250 ,369 966 , 1 1 4  5 , 388 0 0 0 0 0 4 , 35 5 , 724 2.78 894,282 20.53 

\lI NTER FLOUNOER 7,471 , 589 1 7 , 33 1 , 224 5 , 906, 047 3 , 28 1  0 0 0 0 a 0 0 0 30 , 71 2 , 1 4 1  1 9 . 59 5 , 764, 1 1 5  1 8 . 77 

IJRASSE FAM I LY 0 0 0 0 23, 224 1 8 1 , 493 25,657 , 0 ° 0 0 230, 375 0 . 1 5  102 , 3 1 2  44 .41 

TOTAL 8 , 4 1 6 , 790 1 9 , 287, 023 92,062,534 1 4 , 490 , 189 1 3 , 599, 6 1 3  7,332, 874 931 , 261 247, 024 395 , 075 0 0 1 5 6 , 762,381 100.0 4 1 , B17, 1 24 26.68 

YOLK SAC LARVAE 

AMER I CAN SAND LANCE 0 35 , 126 0 0 0 0 0 0 0 0 3 5 , 1 26 0 . 19 34, 1 08 97. 1 0 

BAY ANCHOVY 0 0 0 0 0 181 ,820, a 0 a 0 0 181 ,820 0.98 168, 332 92.58 

GOBl FAM I LY 0 0 0 a 0 1 0 , 390- 0 0 0 0 0 10,390 0.06 9 , 6 1 9  92.58 

GRUBBY 4 ,320,919 4 , 689, 826 9 , 098,570 1 93 , 01 9  0 0 0 0 0 1 8 ,3,02 , 334 98.63 2, 067, 966 1 1 .30 

II I NTER FLOUNDER 0 0 27,215 0 0 0 0 0 a ° 0 27, 2 1 5  0 . 1 5  26, 225 96.36 

TOTAL 4 , 320, 9 1 9  4,.724 , 952 9 , 1 25 , 785 ' 1 93 , 0 1 9  0 0 1 9 2 , 209 0 0 0 0 1 8 , 55 6;884 100.0 2 , 1 17,086 1 1 .41 

POST· YOLK SAC LARVAE 

AMER I CAN SAND LANCE 765 , 1 63 1 58 , 067 177,031 6,448 0 0 0 0 0 0 21 , 883 1 , 128,591 1 .40 2 1 0 , 675 18.67 

ATLANTI C CROAKER 0 0 0 0 0 0 0 0 9 , 145 a 9 , 145 0 . 0 1  8 , 864 96.92 

ATLAN T I C  HERRING 0 0 0 0 0 0 0 33 , 1 85 45 , 880 0 79 , 065 0 . 1 0  33 , 144 41 .92 

ATLAN T I C  MENHADEN 0 0 0 0 7, 533 0 0 0 0 7,533 0 . 0 1  6, 974 92.58 

ATLAN T I C  S I LVERSIDE 0 0 6,308 0 22, 595 0 0 0 0 28,903 0 . 04 2 1 , 71 9  75 . 14 

ATLAN T I C  TOOCoo 0 46, 849 1 , 21 3 , 198 47,962 0 0 0 0 0 0 1 , 308, 009 1 .63 747,365 57. 14 

BAY ANCHOVV a 0 0 6 , 883 1 2,324,431 7, 1 02,882 1 4 , 563, 309 96, 989 5 0 , 087 9 , 1 4 5  0 34, 1 5� , 727 42.49 8 , 770 , 538 25 .68 

w 
.1-
v. 





TABLE 3 · 1 7 .  (CONTINUED) 

Li FESTAGE TAXON 

BUTTERFISH 

CUNNER 

GOSY FAM I LY 

GRUBBY 

HERRING FAMI L Y  

HOGCHOKER 

INSHORE L l ZARDFISH 

NORTHERN P I  PEF I SH 

SI LIIERS IDE FAMILY 

SMALLMOUTH FLOUNDER 

SPOTTED HAKE 

SUMMER FLOUNDER 

TAUTOG 

UNIDENT I FIABLE 

WEAKFISH 

WI NDOWPANE 

WI NTER FLOUNDER 

TOTAL 

w 
1. V> co 

FEB 

o 
o 
o 

7 , 5 1 6 , 598 

o 
a 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

8,281 , 761  

MAR 

o 
o 
o 

8 , 238, 292 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

8,443, 208 

APR 

o 
o 
o 

1 8 , 842, 530 

o 
o 
a 
o 
a 
o 
o 
o 
o 
o 
o 
o 

864,469 

2 1 , 097,227 

MAY 

o 
o 
o 

1 , 756 , 237 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

2 , 33 1 , 158 

4, 148, 1 1 4  

JUN 

o 
o 

6, 1 1 0  

o 
6 , 883 

o 
o 
o 

1 2 , 250 

o 
20,090 

o 
o 
o 
a 

2 1 3 , 653 

599,73 1  

865 ,601 

JUl 

1 5 , 483 

7,532 

676 , 6 1 4  

o 
7,532 

o 
o 

75, 529 

a 
o 
o 
o 

38, 140 

7,741 

1 5 5 , 048 

7,532 

o 
1 3 , 54 5 , 909 

AUG 

o 
o 

698,098 

o 
o 

5 , 236 

1 5 , 585 

36,716 

o 
5 , 236 

o 
o 
a 

5 , 262 

1 5 ,652 

o 
o 

7,884,667 

SEP 

o 
o 

1 , 063,505 

o 
o 
o 
o 

1 6 , 9 1 8  

o 
a 
o 
o 

8 , 5 1 4  

o 
o 

1 5 ,65 2 , 246 

OCT 

137,671 

o 
o 
o 

8, 044 

a 
8 , 198 

o 
8, 044 

o 
o 
o 
o 
o 

258,946 

NOli 

o 
o 

1 6 , 747 

a 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
a 
o 

1 00 , 020 

DEC 

o 
o 
o 
a 
o 
o 
o 
a 
o 
o 
o 
a 
o 
a 
o 
a 
o 

64, 1 71 

JAN 

o 
a 

o 
o 
a 
o 
o 
o 
o 
o 

1 4 ,626 

o 

o 
o 
a 

36,509 

TOTAL PERCENT 

1 5 , 483 

7,532 

2, 798,945 

36,353,657 

14,414 

5 , 236 

1 5 , 585 

137, 207 

1 2 , 250 

1 3 , 434 

20, 090 

22, 670 

38, 140 

1 3 , 003 

1 79 , 2 1 4  

221 , 185 

3 , 795 ,358 

80, 378,379 

0 . 02 

0 . 0 1  

3 . 48 

45 .23 

0 . 02 

0 . 0 1  

0 . 02 

0 . 1 7  

0 . 02 

0 . 02 

0 . 02 

0 . 03 

0 . 05 

0 . 02 

0 . 22 

0 . 28 

4 . 72 

1 0 0 . 0  

STDERR 

1 4 , 334 

6 , 973 

406, 375 

3 , 0 1 0 , 281 

9,446 

4 , B48 

1 4 ,426 

49, 737 

1 1 ,342 

9 , 269 

1 2 , 295 

7,752 

1 3 , 590 

8 , 666 

92, 686 

67, 642 

958, 875 

9,481 , 748 

CV 

92.58 

92.58 

1 4 . 52 

6 . 28 

65 . 53 

92.58 

92.58 

36.25 

92. 58 

68.99 

61 .20 

34 . 1 9  

35 .63 

66.64 

5 1 .  72 

30.58 

25.26 

1 1 .80 





TABLE 3-1 7.  (CONT INUED) 

Ll FEST AGE TAXON 

YOUNG OF THE YEAR 

ATLANTIC TOMCOD 

BAY ANCHOVY 

BUTTER F I SH 

FEATHER BLENNY 

GOal FAM I LY 

GRUBBY 

NAKED GOBl 

NORTHERN P !  PEf I SH 

NORTHERN PUFFER 

NORTHERN SEAROB I N 

NORTHERN STARGAZER 

PR! ONOTUS SPECIES 

SEABOARD GOBl 

SMALLMOUTH FLOUNDER 

SUMMER FLOUNDER 

III NDOI/PANE 

TOTAL 

'-' 
� 
0\ 

FEB 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

MAR 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

APR 

o 
o 
o 
o 
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TABLE 3 - 18 .  SPEC IES AND L I FE STAGE COMPOS ITION O F  FISH COLLECTED I N  ENTRAINMENT SAMPLES AT 
RAVENSWOOD GENERATING STATION . FEBRUARY 1993 THROUGH JANUARY 1994 . 

L I FE STAGE COMMON NAME SCI ENT I F I C  NAME ASSEMBLAGE 

EGGS At l anti c menhaden Brevoortia tyrannus M 

Bay anchovy Anchoa mi tch i 7 7 i  E 

Cunner Tautogo 7 abrus adspersus M 

Feather bl enny Hypsob 7ennius hentzi M 

Fourbea rd rock l i ng Enche 7yopus c imbrius M 

Fourspot fl ounder Para 7 i chthys ob 7ongus M 

Goby fami l y  Gobi i dae M 

Grubby t�oxocepha 7us aenaeus M 

Herri ng fami l y  Cl upei dae E - M  

Hogchoker Trinectes macu 7a tus E 

Mummi chog Fundu 7us heteroc 7 i tus E 

Si l ver h a k e  Mer 7 uccius b i  7 inearis  M 

Si l vers i de fami l y  Atheri ni dae E - M  

Summer f l  ounder Para 7 i chthys denta tus M 

Tautog Tautoga on i t i s  M 

Wi nter fl ounder P 7euronectes americanus M 

Wrasse fami l y  Labri dae M 

YOLK- SAC LARVAE Ameri can s a nd l ance Ammodytes ameri canus M 

Bay anchovy Anchoa mi tch i 7 7 i E 

Goby fami l y  Gobi i dae M 

Grubby Myoxocepha 7us aenaeus M 

Wi nter fl ounder P 7euronectes americanus M 

POST YOLK- SAC LARVAE Ameri can s a nd l ance Ammodytes americanus M 

At l ant i c  c roaker Micropogon ias undu 7a tus M 

Atl anti c  herri ng C 7 upea harengus M 

At l a nti c  menhaden Brevoort ia  tyrannus M 

At l a nti c s i l vers i de Men idia men idia M 

At l a nti c tomcod Mi crogadus tomcod E 

Bay anchovy Anchoa mi tch i 7 7  i E 

Butterfi s h  Pepri 7us triacanthus M 

Cunner Tautogo 7abrus adspersus M 

Goby fami l y  Gobi i dae M 

Grubby Myoxocepha 7 us aenaeus M 

Herri ng fami l y  Cl upei dae E - M  

Hogchoker Tr inectes macu 7a tus E 

I nshore l i zardfi s h  Synodus foetens M 

Northern pi pefi s h  Syngnathus fuscus M 

Si l vers i de fami l y  Atheri ni dae E - M  
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TAB LE 3 · 18 .  (CONTINUED) 

L I FE STAGE 

YOUNG OF THE YEAR 

UN I DENTI F I ED 

A - Anad romous 

C - Catad romous 

E - E u ryha l i ne 

M - Mari ne 

E -M - Euryhal i ne-Ma r i ne 

Ravenswood 1 993-1994 

COMMON NAME 

Sma l l mouth fl ounder 

Spotted hake 

Summer f1 ounder 

Tautog 

Wea kfi s h  

Wi ndowpane 

. Wi nter fl ounder 

At l anti c tomcod 

Bay anchovy 

Butterfi s h  

F eather bl enny 

Goby fami l y  

Grubby 

Naked goby 

Northern pi pefi s h  

Northern puffer 

Northern sea robi n 

Northern stargazer 

P r i onotus spec i es  

Sea boa rd goby 

Sma l l mouth fl ounder 

Summer f1 ounder 

W i ndowpane 

Butterfi sh  

G rubby 

Sma l l mouth f1 ounder 

SCI ENTI FIC NAME ASSEMBLAGE 

Etropus mi crostomus M 

Urophyc is regia M 

Para 7 ichthys denta tus M 

Tautoga on i t is M 

Cynosc ion rega 7 i s M 

Scophtha 7mus aquosus M 

P 7euronectes americanus M 

Mi crogadus tomcod E 

Anchoa mi tch i 7 7  i E 
Pepri  7 us tri acanthus M 

Hypsob 7 ennius hentzi M 

Gobi i dae M 

Myoxocepha 7 us aenaeus M 

Gobi osoma bosci M 

Syngnathus fuscus M 

Sphoero ides macu 7 a tus M 

Prionotus caro 7 inus M 

Astroscopus guttatus M 

Pri onotus s p . M 

Gobi osoma ginsburgi M 

Etropus microstomus M 

Para 7 ichthys denta tus M 

Scophtha 7mus aquosus M 

Pepri 7us triacanthus M 

Myoxocepha 7us aenaeus M 

Etropus microstomus M 
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collected were American sand lance in March, winter flounder in April and goby and bay 

anchovy in August. 

Of the estimated 99 mi IIion larvae assigned a l ife stage, 8 1 .2% were post yolk-sac 

larvae. Grubby (45 .2%) and bay anchovy (42 . 5%) made up the estimated majority of post 

yolk-sac larvae entrained at Ravenswood. Grubby were predominant between February and 

may while bay anchovy were predominant between June and December. Post yolk-sac larvae 

of 20 species and three families were identified in entrainment collections. 

YOY of year of 1 5  species were present in entrainment samples from May through 

December. Northern pipefish accounted for 5 5% of the estimated young of year entrainment, 

followed by smallmouth flounder ( 1 3 . 3%), bay anchovy (8 . 1 %) and gobies (7. 1 %). Highest 

rates oCCl,lITed in the summer when several species of fish were present. 
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