EXECUTIVE SUMMARY
IMPINGEMENT MONITORING

Impingement abundance and initial survival sampling at the circulating water intake structure was
conducted by diverting timed subsamples of flow from combined fish and trash troughs into fish
counting pools. Sampling was scheduled during three 24-hour collection events per week from
January through December. A total of 1,560 samples was collected. Sample duration can vary with
fish and detritus abundance, and ranged from 1 to 3 minutes, with 61% of the collections in 2003
being two minutes. Individual finfish and blue crabs were collected from the pools by dip net and
categorized as “live”, “dead”, or “damaged”. Debris (vegetative matter) was examined for fish and
any found were included in the collection. Specimens were sorted by condition category and
species, and were counted, weighed and measured. Ancillary parameters, including weight of
detritus in the subsampled water volume, pump and screen conditions, tide, weather, water
temperature and salinity, were measured during every sampling event.

A total of 52,484 finfish and 1,343 blue crabs were taken in 1,560 samples (total sample time of
2,517 minutes) during 2003. Findings specific to target species include:

o Blueback herring. A total of 409 individuals was taken from 168 of 1,560 samples.
There were two periods of abundance, one during April, and another in October;
individuals were collected in all months but February of 2003. The proportion of
live individuals on an annual basis was 93%.

o Alewife. A total of 85 individuals was taken from 61 of 1,560 samples. Abundance
was highest in October; individuals were present during the late winter and early
spring, and again in the summer and the fall. The proportion of live individuals on
an annual basis was 92%.

o American shad. A total of 113 individuals was taken from 47 of 1,560 samples.
Abundance was similarly high in October and November; individuals were also
collected in May, August, and December. The proportion of live individuals on an
annual basis was 91%.

° Atlantic menhaden. A total of 110 individuals was taken from 55 of 1,560
samples. Abundance was highest in June; individuals were also collected in May,

and July through December. The proportion of live individuals on an annual basis
was 88%.

o Bay anchovy. A total of 1,573 individuals was taken from 430 of 1,560 samples.
Catches were generally high during April through October, with May being the
month of peak abundance; individuals were present in the catch during all months
but February and March. The proportion of live individuals on an annual basis was
84%.

° Atlantic silversides. A total of 627 individuals was taken from 289 of 1,560



samples. Abundance was similarly high in October, November, and December;
individuals were collected in all months of 2003. The proportion of live individuals
on an annual basis was 95%.

° White perch. A total of 31,131 individuals was taken from 1,152 of 1,560 samples.
The catch was generally high during October through December, with November
being the month of peak abundance. A secondary period of abundance occurred in
March; individuals were collected in all months of 2003. The proportion of live
individuals on an annual basis was 97%.

J Striped bass. A total of 2,811 individuals was taken from 556 of 1,560 samples.
Catches were generally high in July through December, with similar peaks in
abundance during July and October; individuals were present in the catch in all
months but May. The proportion of live individuals on an annual basis was 97%.

o Bluefish. A total of 143 individuals was taken from 101 of 1,560 samples.
Abundance was highest in June; individuals were also collected in May and from

July through December. The proportion of live individuals on an annual basis was
82%.

o Weakfish. A total of 9,328 individuals was taken from 336 of 1,560 samples.
Abundance was highest in July; individuals were also collected in May and June, and
from August through November. The proportion of live individuals on an annual
basis was 94%.

o Spot. A total of 14 individuals was taken from 11 of 1,560 samples. Abundance was
highest in July; individuals were also collected in June and from August through
October. The proportion of live individuals on an annual basis was 100%.

° Atlantic croaker. A total of 1,779 individuals was taken from 242 of 1,560 samples.
Abundance was highest in January. A second period of abundance occurred in
November and December; individuals were also collected in October. The
proportion of live individuals on an annual basis was 78%.

ENTRAINMENT ABUNDANCE

Entrainment abundance sampling was conducted in the Salem Generating Station’s circulating water
intake structure by pumping river water out of the intake bay of Circulating Water Pumps 12B or
22A into a plankton net having a 0.5-mm mesh. A typical sample filtered 50 m? of intake water.
During the months of January through March and August through December, routine entrainment
sampling was scheduled during three 24-hour events per week with seven collections at
approximately equal intervals during each event. During the months of April through July, intensive
entrainment sampling occurred during four events scheduled each week with 14 samples scheduled
at equal intervals during each event. Each event monitored a complete diel period encompassing
two tidal cycles. A total of 1,583 out of 1,715 scheduled entrainment abundance samples were
collected during 2003. Each concentrated sample was preserved, and the ichthyoplankton identified.



For each species collected, the life stage was determined, the total number counted, and the lengths
of a subsample were measured.

During the 2003 Salem Entrainment Abundance Monitoring program, totals of 1,598 fish eggs,
35,736 larvae, 4,394 juveniles, and 118 adults representing at least 26 species were collected in
1,583 entrainment abundance samples, with 77,517 m® of sample water filtered. Results specific to
the target species are discussed in descending order of abundance:

o Bay anchovy - A total of 10,194 bay anchovy was collected in January and April
through October, including 1,538 eggs, 7,661 larvae, 928 juveniles and 67 adults.
Bay anchovy were most abundant in July, with larvae being the predominant life
stage.

o Striped bass - A total of 3,931 striped bass was collected in April through July and
September through November, including 31 eggs, 3,279 larvae and 621 juveniles.
Striped bass were most abundant in June, with larvae being the predominant life
stage.

° Atlantic croaker - A total of 2,033 Atlantic croaker, including 82 larvae and 1,951
juveniles, was collected in January and from September through December. Atlantic
croaker was most abundant in November, with juveniles being the predominant life
stage.

o Morone spp. - A total of 676 Morone spp. larvae (<20 mm) was collected during the
months of April through July.

o White perch - A total of 341 white perch, including 237 larvae and 104 juveniles,
was collected during January through July and in November and December. White
perch were most abundant in June and July when larvae and juveniles were the
respectively predominant life stages taken.

o Weakfish - A total of 337 weakfish, including one egg, 126 larvae and 210 juveniles,
was collected during the months of June through September. Weakfish were most
abundant in July, with juveniles being predominant.

o Atlantic menhaden - A total of 157 Atlantic menhaden, including 110 larvae and 47
juveniles, was taken during January, April through July, November and December.
The abundance of Atlantic menhaden was highest in November, with larvae being
predominant

o Atlantic silverside - A total of 114 Atlantic silversides, including two eggs, 93 larvae,
and 19 juveniles, was taken during the months of April through August, October and
December. Atlantic silversides were most abundant in June, with larvae being
predominant.



o Alewife - A total of 82 alewife, including 81 larvae and one juvenile, was collected
during May and June. The abundance of alewife was highest in June with larvae
being predominant.

o Alosa spp. (blueback herring and/or alewife) - A total of 58 Alosa spp., including 57
larvae and one juvenile, was taken during May, June, and July. The abundance was
highest in June with larvae being predominant

o Blueback herring - A total of four blueback herring, one larva and three juveniles,
was taken during June, October, and November.

J Menidia spp. — A total of two Menidia spp. larvae was taken in entrainment
abundance samples in May,

o Spot - A total of two spot juveniles was taken during in June.
BAYWIDE TRAWLS
Bottom Trawl Effort

The 2003 bottom trawl effort was conducted within the Delaware River Estuary, from the mouth of
the Delaware Bay to near Trenton (rkm 0-211) at 70 randomly selected stations allocated from
sampling Zones 1-14. The number of sampling stations designated within each of the eight sampling
zones was allocated using a Neyman allocation procedure based on the proportional area of each
zone and historical fisheries data. One daytime bottom trawl event was completed each month from
April through November 2003 using a 4.9-m (16-ft) semi-balloon otter trawl. Eight surveys were
completed, resulting in the collection of 560 bottom trawls. Target species for this project were
alewife, American shad, Atlantic menhaden, blueback herring, bay anchovy, Atlantic silverside,
striped bass, white perch, bluefish, Atlantic croaker, spot, weakfish, and blue crab. All finfish and
blue crabs were identified to the lowest practicable taxonomic level, enumerated, and recorded on
field data sheets. Length measurements for all target species were recorded to the nearest millimeter.
Surface, mid-depth and bottom water quality were recorded for each sample as well as pertinent
field observations such as water clarity, weather, and tidal stage.

In the 560 bottom trawls that were completed in 2003, 48,246 specimens (47,587 finfish and 659
blue crabs) were collected. Total catch per unit effort (CPUE) was 86.2 for all zones. The results for
target species were as follows:

o Alewife: Eighty-three specimens were collected during the bottom trawl effort
accounting for less than one percent of the total finfish catch. They were collected in
every zone, except Zone 9. Most of them were captured in Zones 3, 6, 7 and 8, and
they were most abundant in November. The CPUE for alewife was 0.1.

e American shad: Twenty-three specimens were caught in bottom trawls, comprising
less than one percent of the total finfish catch. They were present in the April, July



through September and November catches, and were captured in Zones 4, 8, 10, 12
and 13. The CPUE for American shad was <0.1.

Atlantic croaker: A total of 9,549 specimens were captured in bottom trawls,
accounting for more than 20% of the total finfish collected. They were captured in
Zones 1-10, but were most prevalent in Zone 3 where more than one-third (37.3%) of
them were found. The largest croaker catch was in November and the second largest
was in October. These two months accounted for over 98% of the croaker caught in
2003. The CPUE for Atlantic croaker was 17.1.

Atlantic menhaden: Only one specimen was collected during the bottom trawl effort,
representing less than one percent of the total finfish catch. It was found in Zone 3 in
November. The CPUE for Atlantic menhaden was <0.1.

Atlantic silverside: Twenty-seven specimens were caught in bottom trawls,
representing less than one percent of the total finfish catch. Most of them were caught
in Zones 4 and 5 in August. The CPUE for Atlantic silverside was <0.1.

Bay anchovy: A total of 10,315 specimens were captured during the bottom trawl
effort, comprising 21.7% of the total finfish catch. Bay anchovy were collected in
Zones 1-8 and 10 and during every month sampled. They were most abundant during
November in Zones 1 through 6. The CPUE for bay anchovy was 18.4.

Blueback herring: Five specimens were collected in bottom trawls, accounting for
less than one percent of the total finfish catch. They were taken in May and
November in Zones 2, 3 and 5. The CPUE for blueback herring was <0.1.

Bluefish: A total of 10 specimens were caught during the bottom trawl effort,
representing less than one percent of the total finfish catch. They were collected in
Zones 2 and 4 from July through September and in November. The CPUE for
bluefish was <0.1.

Spot: A total of 11 specimens were captured in bottom trawls, comprising less than
one percent of the total finfish collected. They were observed in Zones 1-4 during
May, August, September and October. The CPUE for spot was <0.1.

Striped bass: A total of 312 specimens were collected during the bottom trawl effort,
accounting for less than one percent of the total finfish collected. Striped bass were
caught in Zones 5-14, but were most abundant in Zones 7 and 8. Although they were
present during every month sampled, they were most prevalent in July and August.
CPUE for striped bass was 0.6.

Weakfish: A total of 1,672 specimens were caught in bottom trawls, representing
3.5% of the total finfish catch. Weakfish were collected in Zones 1-8 and were most
abundant in Zones 2-6. They were present during every month sampled, except April,



and were most abundant in August. The CPUE for weakfish was 3.0.

e White perch: A total of 9,444 specimens were captured during the bottom trawl
effort, comprising 19.8% of the total finfish catch. White perch were present in Zones
3 through 14 and were most abundant in Zones 8-10 and 14. They were taken in all
months and were most abundant in August and September. The CPUE for white
perch was 16.9.

e Blue crab: A total of 659 specimens were collected in bottom trawls in Zones 1-9.
They were most abundant in Zones 5 and 6, and were captured in every month with
peak collections in October and November. The CPUE for blue crab was 1.2.

Pelagic Trawl Effort

The 2003 pelagic trawl effort was conducted within the Delaware River Estuary, from the mouth
of the Delaware Bay to near Trenton (rkm 0-211) at 80 randomly selected stations allocated from
sampling Zones 1-14. The sampling stations were designated in the same manner as the bottom
trawl effort (see bottom trawl effort section above). One nighttime pelagic trawl event was
completed each month from April through November 2003 using a 4 x 6-ft (1.8 x 1.2-m) frame
trawl. Eight surveys were completed, resulting in the collection of 640 pelagic trawls. Target
species for this project were alewife, American shad, Atlantic menhaden, blueback herring, bay
anchovy, Atlantic silverside, striped bass, white perch, bluefish, Atlantic croaker, spot, weakfish,
and blue crab. All finfish and blue crabs were identified to the lowest practicable taxonomic
level, enumerated, and recorded on field data sheets. Length measurements for all target species
were recorded to the nearest millimeter. Surface, mid-depth and bottom water quality were
recorded for each sample as well as pertinent field observations such as weather and tidal stage.

During the 2003 pelagic trawl effort, 154,391 fish and 161 blue crabs were collected in 640 samples.
The total combined catch was 154,552. The highest mean density (all months combined) was
collected in Zone 4 (504.3 per 1000 m*) and the lowest was found in Zone 14 (1.7 per 1000 m’). The
results for target species were as follows:

e Alewife: A total of 142 specimens were caught in pelagic trawls in all zones. They
were captured from July through November.

e American shad: 2,067 specimens were captured during the pelagic trawl effort. They
were seen in all months and were found exclusively in Zones 7-14. American shad
were most abundant in Zone 10 and least abundant in Zone 7.

e Atlantic croaker: During 2003, 48,516 specimens were caught in pelagic trawls in
Zones 1-10. They accounted for approximately 31.4% of the total finfish collected.
Croakers were most prevalent in Zone 4 where more than 57% of the total species
catch was found. The highest monthly mean density was also found in Zone 4 during
November (1,568.42 per 1000 m’).

e Atlantic menhaden: A total of 83 specimens were collected during the pelagic trawl



effort. They were seen in all months and were found exclusively in Zones 2-11. Most
of them were caught in Zones 4, 7 and 8.

e Atlantic silverside: 281 specimens were captured in pelagic trawls. They were taken
from June through November in the lower eight zones. Most of them were located in
Zones 1-3.

e Bay anchovy: This species was the most abundant one in the 2003 pelagic trawl
effort, as 100,790 specimens were caught comprising 65.2% of the total finfish catch.
Bay anchovy were captured in all months and in every zone, except for Zone 13.
Most of them were found in Zones 1-7. Zone 4 (27,402 fish; 293.83 per 1000 m’) and
Zone 5 (22,585 fish; 223.35 per 1000 m®) contained the most fish.

e Blueback herring: A total of 193 specimens were collected in pelagic trawls. They
were caught in every zone, except for Zone 1 in April, July and September through
November. Most of them were found in Zones 8, 11 and 12

e Bluefish: Fourteen specimens were captured during the pelagic trawl effort. They
were collected in Zones 1-7 from June through September.

e Spot: Only one specimen was caught in pelagic trawls. It was found in Zone 1 during
September.

e Striped bass: 181 specimens were collected during the pelagic trawl effort. They were
taken from June through Octoer in Zones 5-14. Zone 9 yielded the largest haul of
bass.

e Weakfish: A total of 564 specimens were captured in pelagic trawls. Weakfish were
collected from June through September in Zones 1-10. Most of them were caught in
Zone 7.

e White perch: 355 specimens were caught during the pelagic trawl effort in Zones 6-
14. They were captured during every month sampled. The most perch were found in
September and the least in June. They were most abundant in Zone 9.

e Blue crab: A total of 161 specimens were collected during pelagic trawl sampling in
Zones 1-7. They were most abundant in Zone 5 and least abundant in Zone 1. Blue
crabs were captured from May through November. They were most abundant in
September and October, least abundant from May through August.

Ichthyoplankton Effort
The 2003 ichthyoplankton effort was conducted within the Delaware River Estuary, from the mouth

of the Delaware Bay to near Trenton (rkm 0-211) at 90 randomly selected stations allocated from
sampling Zones 1-14. The sampling stations were designated in the same manner as the bottom trawl



effort (see bottom trawl effort section above). Two nighttime ichthyoplankton events were
completed each month from April through July 2003 using a 1.0-m diameter, 500-p mesh conical
plankton net. Eight events were completed, resulting in the collection of 720 samples and the
analysis of 719 samples. Target species for this project were alewife, American shad, Atlantic
menhaden, blueback herring, bay anchovy, Atlantic silverside, striped bass, white perch, bluefish,
Atlantic croaker, spot, weakfish, Neomysis americana and Gammarus spp. All specimens of target
species were identified to the lowest practicable taxonomic level, enumerated, and recorded on field
data sheets. Length measurements for all target species were recorded to the nearest millimeter.
Surface, mid-depth and bottom water quality were recorded for each sample as well as pertinent
field observations such as weather and tidal stage.

During the 2003 ichthyoplankton effort, 2,171,736 fish larvae and eggs from twelve target species
and three taxa that contain target species were collected in 719 samples which were analyzed. Bay
anchovy (1,633,701; 75.2%) and striped bass (238,493; 11.0%) dominated the total catch. The
results for target species were as follows:

o Alewife: A total of 18,803 fish larvae and eggs were collected in Zones 6-14 during
the 2003 ichthyoplankton effort (sixth in abundance). The heaviest catches were in
Zone 11, 12 and 14. No yolk-sac larvae were collected. Post yolk-sac larvae were
found during all events, except Event 1. The highest mean densities of post yolk-sac
larvae were found during Events 3, 4 and 5. Juvenile alewives were collected only in
Event 7.

e Alosa spp.: Alosa spp. was used as the taxon representing two target species of that
genus, alewife and blueback herring. A total of 13,536 Alosa spp. larvae and eggs
were collected in Zones 9-14. Most of them were in Zones 11-14. Eggs and yolk-sac
larvae were found in Events 1-7. Post yolk-sac larvae and juveniles were only
captured in Event 8.

e American shad: 5,412 fish larvae and eggs were collected during ichthyoplankton
sampling. They were taken in Zones 3 and 9-14 with the greatest catch in Zone 13.
Eggs were found in Events 2-6, yolk-sac larvae in Events 3-7, post yolk-sac larvae in
Events 3-8, juveniles in Events 6-8 and adults only in Event 7.

e Atlantic croaker: No croaker larvae were caught in during the 2003 ichthyoplankton
effort.

e Atlantic menhaden: A total of 20,387 specimens were collected. They represented
approximately 0.9% of the total ichthyoplankton catch (fifth in abundance) and were
taken in Zones 1-7, 10 and 11. Atlantic menhaden were most abundant in Zone 1 and
least abundant in Zones 5-6 and 10-11. Eggs were captured in Events 3-6 and yolk-
sac larvae were caught in Events 3, 4 and 6. Post yolk-sac larvae found during Events
1-6 and juveniles were only taken in Event 1.

e Atlantic silverside: 182 fish larvae and eggs were captured during ichthyoplankton



sampling. Most of them were found in the lower six zones. The greatest numbers of
silverside were in Zone 5. No eggs were collected. Yolk-sac larvae were only taken in
Event 4 and post yolk-sac larvae were found in all events, except Event 2. Juveniles
were captured in Events 1 and 6, while adults were present in Events 1 and 6-8.

Bay anchovy: This species accounted for the largest number of the ichthyoplankton
caught (1,633,701 larvae and eggs; 75.2% of the total ichthyoplankton). Bay anchovy
were captured in every zone. Almost of them were found in Zones 1-8 and the
greatest numbers were found in Zones 1 and 2. Eggs were collected in Events 3-8 and
yolk-sac larvae were taken during Events 3 and 8. Post yolk-sac larvae were taken in
Events 3 and 5-8. Juveniles were captured during Events 5-8. Adults were collected
in all eight events. The highest mean egg densities were found during Events 5-7.
Event 8 yielded the highest density of yolk-sac larvae and the highest densities of
post yolk-sac larvae were found during Events 7 and 8. The highest mean densities of
juveniles and adults were observed in Events 8 and 4, respectively.

Blueback herring: 143 specimens were collected in the ichthyoplankton sampling.
They were found in Zones 6, 7 and 9-14 and most were located in Zones 9, 11 and 12.

Post yolk-sac larvae were captured during Event 8. Juveniles were taken in Events 6-
8.

Bluefish: Only one juvenile bluefish was captured during the 2003 ichthyoplankton
effort. It was collected in Zone 4 during Event 5.

Clupeidae: Clupeidae was used as the taxon representing four target species within
that family, Atlantic menhaden plus three members of the genus Alosa (alewife,
blueback herring and American shad). Clupeidae larvae were found in all zones,
except for Zone 4. Most of them were found in Zones 9-14. Clupeidae larvae were
collected in all events. Only a few were seen during Events 1 and 2 and the highest
mean densities were observed in Events 3 and 4.

Morone spp.: Morone spp. was used as the taxon representing two target species of
that genus, striped bass and white perch. A total of 139,869 of these larvae were
collected in Zones 5-14. The greatest numbers were taken in Zone 8 and very few
were captured in Zones 5 and 13. Morone spp. larvae were found during Events 3 and
5-7. Event 7 had the highest mean density and they were all post yolk-sac larvae.

Spot: No spot were caught during the 2003 ichthyoplankton effort.

Striped bass: A total of 238,493 specimens were collected during the ichthyoplankton
effort representing 11.0% (second in abundance) of the total ichthyoplankton catch.
They were taken in Zones 5-14 and were most abundant in Zone 8. Eggs were found
during Events 2-6 and yolk-sac larvae during Events 2-7. Post yolk-sac larvae were
collected in Events 3-8 and juveniles were found during Events 6-8. Event 4 yielded
the highest mean density of egg and the highest density of yolk-sac larvae was found



during Event 3. The highest density of both post yolk-sac larvae and juveniles was in
Event 7.

e Weakfish: 7,886 fish larvae and eggs were collected during ichthyoplankton
sampling. They were collected in Zones 1-8 and 10 and were most abundant in Zones
1 and 2. Eggs were found in all events, except the first one. Yolk-sac larvae were
only collected during Event 7. Post yolk-sac larvae were collected in Events 3-8 and
juveniles were found during Events 7 and 8.

e White perch: A total of 78,028 specimens were caught during the ichthyoplankton
effort representing 3.6% (fourth in abundance) of the total ichthyoplankton catch.
They were taken in all Zones 7-14 and were most abundant in Zone 8. Eggs were
taken during Events 1-6 and yolk-sac larvae in Events 2-7. Event 3 had the greatest
mean density for eggs and the highest density of yolk-sac larvae was found during
Event 3. Post yolk-sac larvae were collected in Events 3-8 and juveniles were found
during Events 6-8. The highest density of post yolk-sac larvae was observed in Event
7.

e Neomysis americana: During the 2003 ichthyoplankton effort, 16,894,133 opossum
shrimp were collected. At least one million were taken in each of the lower six zones,
throughout which the numbers were relatively evenly distributed. The numbers
decreased from south to north through Zones 7-9. River Zones 10-12 and 14 yielded
few mysids. Zone 13 had many more, but not near as many as in the lower nine
zones.

o  Gammarus spp.: A total of 4,579,228 scuds were captured during ichthyoplankton
sampling. Most of them (90%) were taken in Zones 7-12 and the highest numbers
were taken in Zones 8 and 9. The highest mean densities of Gammarus spp. were
caught during Events 4-8.

BAYWIDE BEACH SEINE

The Baywide Beach Seine Survey was conducted on a monthly basis in June and November, and
twice monthly from August through October 2003. During the design phase of the study in 1995, the
perimeter of the Delaware Bay from Cape May, NJ (rkm 0) to the lower Delaware River at the
Chesapeake and Delaware Canal (rkm 100) was divided into 32 equal-length regions. Each region
was further partitioned into 0.1-nautical mile segments. One fixed station was established within
each of the 32 regions. Eight additional stations were established at bayfront locations adjacent to
PSEG marsh restoration sites. These 40 fixed stations have been annually sampled since 1995. The
gear was a 100- x 6-ft (30.5- x 1.8-m) bagged haul seine with a 1/4-inch (6.25 mm) nylon mesh,
identical to the gear employed by New Jersey Department of Environmental Protection (NJDEP) in
their beach seine program conducted upstream of the present study. The seine was set at high tide
by boat from the shore and pulled in the direction of the prevailing tidal current, wind or surf as
conditions required resulting in the most effective deployment of the gear. Water quality



parameters, including water temperature, salinity, dissolved oxygen and water clarity were measured
with each collection.

The Baywide Beach Seine Survey yielded 22,949 individuals of 49 finfish species from 400
samples. Atlantic silverside (Menidia menidia), and bay anchovy (Anchoa mitchilli) represented 74.6
% of the catch. Nearly half (20 of 49) of the species taken were represented by 10 or fewer
specimens. Only Atlantic menhaden (Brevorrtia tyrannus), bay anchovy, Atlantic silverside, white
perch (Morone americana) and striped bass (Morone saxatillis) were taken during all sampling
events, in all regions and at all beach types.

Findings specific to target species include:

American shad, alewife and blueback herring: Totals of 117 American shad, 52
alewife and 214 blueback herring were taken in beach seine collections in 2003.
American shad was taken in all regions except rkm 21-40, alewife was taken in all
regions tkm 0-100; and blueback herring was taken in all regions except rkm 0-20.

Atlantic menhaden. A total of 603 Atlantic menhaden was taken, comprising 2.6%
of the 2003 seine catch. They were collected during all sampling events; abundance
was highest during the second half of June. Although taken in all regions, Atlantic
menhaden abundance was highest in region rkm 81-100.

Bay anchovy. A total of 5,438 bay anchovy was taken, comprising 23.7% of the
2003 seine catch. Bay anchovy was collected during all sampling events; abundance
was highest during the first half of October. Bay anchovy was most abundant in
region rkm 21-40.

Atlantic silverside. A total of 11,671 Atlantic silverside was taken, comprising
50.9% of the 2003 seine catch. Atlantic silverside was collected during all sampling
events; their abundance was highest during the first half of October. Atlantic
silverside catches were similarly high in regions rkm 41-60.

White perch. A total of 195 white perch was taken in the 2003 seine catch.
Individuals were taken during all collection events; abundance was similarly high in
the first halves of July and November. White perch abundance was similarly high in
regions tkm 61-80 and 81-100.

Striped bass. A total of 852 striped bass was taken in the 2003 seine catch.
Individuals were taken during all collection events; abundance was highest during
the first half of July. Striped bass were the most abundant in region rkm 61-80.

Bluefish. A total of 100 bluefish was taken in the 2003 seine catch. Bluefish was
most abundance during the second half of August. They were most abundant in
region rkm 0-20.



o Weakfish. A total of 975 weakfish was taken in the 2003 seine catch. Their
abundance was highest during the first half of July. Weakfish were most abundant in
region rkm 0-20.

o Spot. A total of 11 spot was taken in the 2003 seine catch.
° Atlantic croaker. A total of 469 Atlantic croaker was taken in the 2003 seine catch.

Their abundance was highest in the first half of November. Atlantic croaker was
most abundant in region rkm 0-20.

FISH LADDER MONITORING

PSEG Nuclear LLC (PSEG), as a Special Condition of its NJPDES Permit (No. NJ0005622, Part I'V-
B/C Special Conditions, H.4), was required to construct and maintain five fish ladders on Delaware
River estuary tributaries for spawning run restoration of the alewife (4/osa pseudoharengus) and the
blueback herring (4losa aestivalis), collectively known as river herring. Alaska Steeppass fish
ladders have been constructed at eight sites: at Sunset Lake and Cooper River Lake in New Jersey,
and in Delaware at Silver Lake, McGinnis Pond, Coursey Pond, McColley Pond, Garrisons Lake
and Moores Lake. The Biological Monitoring Program Work Plan as modified in 2000 requires that
monitoring for adult passage, adult stocking, and monitoring for juvenile herring use of these sites to
be performed annually until such time as self-sustaining spawning runs have been restored. From
1996 through 2003, the fish ladder monitoring program has entailed monitoring the adult usage of
the fish ladders during the spring spawning run; egg and larval herring (ichthyoplankton) sampling
during the late spring/early summer (1996 through 2000); and sampling during fall to assess the
abundance, size and condition of juvenile herring in the impoundments. A stocking program was
initiated in the spring of 1998 and continued through 2003 to provide a target number of at least five
spawning run adult fish per impoundment surface acre. This stocking element was initiated to
augment the herring runs at selected sites by promoting adult spawning activity within these targeted
impoundments, which in turn should accelerate the rate of increase in spawning run size in
subsequent years.

During 2003, adult passage monitoring, employing a fish ladder exit trap net, occurred from March
18 to June 16. Stocking occurred in late April and early May. The following lists the total numbers
of adult herring counted, counted passing through the ladder, stocked, total counted spawning run
adult herring, the target, and percentage of target goal achieved for each of the eight fish ladder sites:



Counted | Counted | Stocked | Total Target | Percent
Passing Into Pond of Target

Garrisons Lake 34 34 0 34 430 7.9%
Silver Lake 16 15 201 216 1,000 21.6%
Moores Lake 652 510 0 510 135 377.8%
McGinnis Pond 29 29 22 51 157 32.5%
Coursey Pond 348 342 0 342 291 117.5%
McColley Pond 226 171 0 171 245 69.8%
Cooper R. Lake 13 12 197 209 1,000 20.9%
Sunset Lake 64 64 969 1,033 1,000 | 103.3%
Silver Lake (Milford) N/A N/A 0 N/A 143 0.0%
Stewart Lake N/A N/A 0 N/A 185 0.0%

In 2003, adult river herring migrated upstream to spawn in the creeks, spillpools, and ponds
beginning in early March and the run continued through early June. As expected, the adult herring
movement appeared to be associated with rising creek water temperature and sunny days. The
occurrence of adult herring at the fish ladder sites generally coincided with reported spawning
temperatures.

Monthly electroshocker sampling during September through November assessed the abundance, size
and condition of juvenile herring within each of the eight impoundments. The following summarizes
the number of juvenile herring observed for each impoundment:

Juveniles

Garrisons Lake 0
Silver Lake 2
Moores Lake 0
McGinnis Pond 0
Coursey Pond 7
McColley Pond 1
Cooper R. Lake 6,606
Sunset Lake 173

Juvenile herring taken in the ponds were full bodied and appeared to be well fed and in good
condition. These pond-reared herring attained a greater length (1'% times) than that observed
concurrently for juveniles collected from beach seine sampling in the mainstem Delaware River.
The length range of juveniles was smallest in Cooper River.

FISH UTILIZATION OF RESTORERD WETLANDS

To evaluate the faunal response to salt marsh restoration in Delaware Bay, fish assemblages
were compared for small and large creek habitats in four restored marshes and two reference
marshes, and also for treated and reference creeks within a single marsh system (Alloway Creek)
from May to November 2003. Sampling was conducted monthly with otter trawls (4.9 m
headrope, 6 mm mesh, n = 1459 tows) in large marsh creeks (1.79 - 2.44 m depth at high tide)



and with weirs (2.0 x 1.5 x 1.5 m with 5 x 1.5 m wings, 6.0 mm mesh, n = 125 sets) in small
intertidal marsh creeks draining the marsh surface. A total of 47 fish species were collected from
marshes and an additional eight from nearby bay stations; of these, 32% were considered
residents of salt marshes and 68% were transients. Most individuals collected were
young-of-the-year. Of the target species, white perch (Morone americana) were more abundant
in large marsh creeks within the upper bay during the sampling period, and were the most
abundant species in large marsh creeks overall. Bay anchovy (Anchoa mitchilli) were also
abundant in large marsh creeks of the upper bay, and episodically in a small marsh creek at one
upper bay restored site (Mill Creek). The two remaining target species, spot (Leiostomus
xanthurus) and weakfish (Cynoscion regalis), were uncommon overall despite some localized or
episodic catches of relatively high abundance. Weakfish were periodically abundant at Dennis
Township large marsh creeks. Spot were collected mostly in Commercial Township large marsh
creeks and in small marsh creeks at Browns Run during summer. Within Alloway Township
sites, fish were most abundant in large marsh creeks of the Phragmites site and least abundant in
the Treated sites, with the target species white perch explaining much of this trend. However,
another target species, bay anchovy, was most abundant at the Treated site.

The general abundance pattern among large marsh creeks was reversed in small marsh creeks at
Alloway Creek. Fishes were an order of magnitude more abundant in weirs at the Treated site
than at the Spartina or Phragmites site. In all three cases the catch was strongly dominated by
mummichog, but white perch were also relatively abundant at the Treated site. Overall
abundance in small marsh creeks peaked between July and September depending on site, but
individual species peaked between May and October. Abundance in small marsh creeks was due
to, depending on site, primarily four species - mummichog (Fundulus heteroclitus), Atlantic
silverside (Menidia menidia), bay anchovy, and at Mad Horse Creek, naked goby (Gobiosorna
bosc).

Fishes were more abundant in large marsh creeks of one restored salt-hay farm (Dennis
Township) in the lower bay than in the reference marsh (Moores Beach) but less abundant in the
other (Commercial Township). However, assemblages differed among all three and could
account for the differences in abundance. Mean lengths of fishes from large marsh creeks of the
two restored salt hay farms were longer than that of the reference lower bay marsh, a reflection
of a compositional change in the species assemblage. Species richness in those creeks was
greater or similar to that in large marsh creeks of the reference site. In small marsh creeks of the
lower bay, richness was similar or higher at both restored sites versus the reference sites, but
abundance at the reference site was intermediate to abundance at the two former salt hay farms.
Thus, in 2003 the pattern of fish utilization of restored marshes at the former salt hay farms was
similar comparison to the reference marsh for large marsh creeks and small marsh creeks, with
two evaluators (length and richness) always similar or higher at restoration sites, while
abundance was higher than the reference at one restoration site and lower at the other.
Assemblage differences owing to a salinity gradient can explain differences in these composite
measures and both large and small marsh creeks were abundantly utilized by fish and are
functioning well as fish habitat.

In the upper bay, abundance and length of fishes in restoration sites (former Phragmites
dominated marsh) large marsh creeks bracketed those in reference creeks, and richness was



similar. In small marsh creeks, both restoration sites (Mill Creek and Browns Run) exceeded the
reference site (Mad Horse Creek) in abundance and richness, and fish were biggest at the
Browns Run restoration site. Within Alloway Creek, where reference and restored sites were
sampled within a single river system, abundance, mean length, and richness were considerably
higher at the Phragmites site than at either the Treated or reference Spartina site. Richness was
similar between the Spartina and Treated site, mean length was higher at the Treated site, but
abundance was lower. In small marsh creeks at Alloway Creek, the Treated site had the highest
abundance and richness, and also the highest mean size of fish (although similar to that at the
reference Spartina site). The reference Spartina site had the lowest richness. In all cases, the
mean size measure should be treated with caution, as it is representative of a different
assemblage among sites and is not fully weighted in all cases to the relative abundance of species
measured. As a result of the above, in 2003 fish utilization of restored marshes in the upper bay
was similar to or exceeded that in reference marshes, but large marsh creeks of untreated
Phragmites marsh were also well utilized by fish in comparison to naturally vegetated reference
marsh.



CHAPTER 1 - BIOLOGICAL MONITORING ANNUAL REPORT

INTRODUCTION

This report summarizes results of ongoing ecological monitoring programs conducted by
Public Service Enterprise Group (PSEG) of New Jersey. These studies are being conducted in
relation to the operation of the Salem Generating Station (SGS), a two-unit nuclear power
plant. The basis for conducting these studies is the New Jersey Pollutant Discharge
Elimination System (NJPDES) Permit No. NJ0005622 issued by the New Jersey Department of
Environmental Protection (NJDEP), with an effective date of September 1, 1994. This permit
allows the SGS to discharge cooling water into the Delaware River in accordance with
NJPDES Regulations N.J.A.C. 7:14A-1 et. Seq.. In 2001, the NJPDES Permit for the SGS was
renewed with an effective date of August 1, 2001. Custom requirement G.6 of the renewed
permit provided for the continuation and expansion of the studies included in the report.

STUDY AREA

The Delaware Estuary is a continuum of environments: freshwater, tidal fresh water, tidal
brackish water and marine. The characteristics of these varying environments determine
species composition and abundance, temporal and spatial distribution, functional dynamics and
resiliency of the population and communities in this system.

The study area extends from the mouth of the Bay to River Mile 211, just south of the fall line
in Trenton, NJ. Approximately 308 square miles of tidal marshes surround the Estuary, which
play a significant role in water exchange and retention, and in chemical and biological
functions within the system. An important interactive component of the Estuary is the
contiguous ocean water of the Middle Atlantic Bight (Cape Cod to Cape Hatteras), which
exists outside the entrance to the Bay. Pape and Garvine (1982) established that bottom ocean
water from at least 40 km offshore is involved in residual flows into the Bay.

The Delaware Bay is composed of three regions: a shallow flats area on the New Jersey side, a
central channel and alternating shoals with zones of deep water on the Delaware side. The
deep water ranges from 12 - 90 feet with a deep hole reaching 143 feet at the mouth of the Bay
off Lewes, DE. The deep zone is interspersed with long, finger like shoals 0 - 12 feet deep,
which radiate out to the west and north from the mouth of the Bay. Broad expanses of shallow
flats from 9-17 feet deep extend from the deeper water to the shoreline. Beyond the shoreline
and extending up the many tidal creek tributaries are wide expanses of salt marsh.

The water movements within the Delaware Estuary affect the occurrence, distribution, and
abundance of organisms both directly (as a result of net water transport, turbulent mixing, and
exchange of water among the system's components) and indirectly (as a result of its influence
on biologically important water quality parameters such as salinity, temperature, dissolved
oxygen, and turbidity). Tidal circulation, freshwater discharge from the drainage basin and
upstream impoundments, wind-induced flushing, and salinity-induced density gradients are
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major forces that influence the water circulation patterns in the system and result in its highly
dynamic physical and chemical environment.

Tidal transport of water between the ocean and the Delaware Estuary dominates flow and
circulation throughout the Estuary (Polis and Kupferman, 1973). The total flux during each
tidal cycle, 11.02 billion cubic yards, is equivalent to about 23- 24 percent of the standing
volume of the Estuary measured at mean tide level. Tidal flow past the Salem Station is
approximately 448,000 to 472,000 cubic feet per second.

Current speed and direction throughout the Delaware Estuary are primarily dominated by the
tide. Surface tidal currents generally are directed along the longitudinal axis of the Estuary
except in near shore areas of river bends and coves. At maximum ebbing or flooding tide, local
currents at any point within the Estuary may reach speeds of 3.3 to 4.3 feet per second (Polis
and Kupferman, 1973).

Salinity in the Delaware Estuary varies from fresh water at Trenton (River Mile 132), to typical
ocean water concentrations of about 34 parts per thousand on the continental shelf off the
mouth of Delaware Bay. Variables such as freshwater discharge, tidal phase, basin
morphology, and meteorological conditions affect salinity. In the vicinity of Salem, salinity
ranges seasonally from about 0.5 to 20 parts per thousand.

SALEM GENERATING STATION
Location

Salem Generating Station is located on a peninsula known as Artificial Island on the eastern
shore of the Delaware Estuary, 50 miles northwest of the mouth of the Bay and 30 miles
southwest of Philadelphia, PA. Artificial Island was created from the deposition of dredge
spoil material by the Army Corps of Engineers during the first half of the last century. It is
bordered by the River on two sides and by extensive marshes and uplands on the other two
sides. The Salem Units 1 and 2 are identical pressurized -water reactors; each with a net rated
electrical output of 1,162 Mwe. Units 1 and 2 began commercial operation in 1977 and 1981,
respectively.

The Station was sited on the Delaware Estuary to take advantage of the large volume of
relatively low temperature cooling water. This once through cooling water is used to condense
the steam produced by the Units during the process of electric generation. The rated flow for
both units with all twelve pumps operating is 3,168 million gallons per day. Under Special
Condition IV-B/C.H. I of the 1994 NJPDES Permit, Salem is limited to "...a monthly average
rate not to exceed 3,024 million gallons per day". Water is withdrawn from the River through a
shoreline intake structure divided into 12 intake bays. Each bay is 11.5 feet wide at the
entrance with a designed water depth ranging from 31 - 50 feet depending on tide (and factors
influencing tides). This configuration results in an average intake bay entrance design velocity
of 0.87 feet per second at mean high tide and 1.0 foot per second at mean low tide.
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Intake System

The traveling screens are equipped with buckets to catch most impinged organisms and prevent
them from becoming re-impinged. Each screen basket base is fitted with a lip, which creates a
water-filled bucket. The screens rotate continuously to minimize the time during which
organisms may be impinged. Estuarine organisms are captured in the water-filled buckets at
the base of each ascending screen panel to prevent re-impingement. The buckets are emptied
into a sluiceway (part of the fish return system) behind the screens, which return the fish to the
Estuary north of the circulating water intake system (CWS) intake on flood tide and south of
the CWS intake on ebb tide, to prevent re-impingement.

In June of 1996, PSE&G, in compliance with Special Condition IV-B/C.H.2 of the 1994
NJPDES permit, completed the installation of six newly modified traveling screens into the
Unit 2 intake system. Composite material was used in place of stainless steel for the
construction of the fish buckets. This reduced the weight of each screen by 100 pounds (6,200
pounds total). Composite material was also used to construct the individual basket frames,
further saving weight. The lighter weight has enabled the maximum speed of the traveling
screens to double from 17.5 to 35 feet per minute. The leading edge of the bucket is formed
into a hydrodynamic inward bending shape that eliminates turbulence in the bucket, which
could damage fish. New screen mesh with a flat smooth mesh face and 0.25 x 0.5-inch
openings has been installed. The size of the wire in the mesh was reduced from 12 down to 14
gauge, increasing the open area by 25 percent. Mounting and structural hardware for the
basket have been relocated behind the new screen mesh. Eight spray nozzles were added to the
inside spray wash headers to provide a more efficient and even spray pattern. Debris shields
were added to the above the spray nozzles to keep them free of debris. Fish and debris trough
flap seals were redesigned to maintain a closer fit to the traveling screens. All of these
modifications were designed to improve fish survival on the traveling screens.

Discharge

Both CWS water and service water systems (SWS) water are discharged through six 10-foot
diameter pipes (3 per unit) which extend 500 feet into the Estuary. Water depth at the
discharge is approximately 31 feet to the centerline of the pipe. When Salem is operating at
full load, approximately 16 billion BTU/hr are released into the Estuary. The discharge pipes
were designed to minimize the thermal effect on the Estuary by maintaining the discharge
velocity at about 10 feet per second.

Heated effluent from the cooling water discharge is characterized by a difference in
temperature (AT) from the ambient River water and results in a thermal plume. The AT
normally varies from approximately 15°F to 21°F depending upon the CWS flow. Thus, the
discharge water temperature can range from about 45°F in winter to about 100°F in summer.
The AT is reduced by approximately one-half between the time the CWS water is discharged
through the pipes until it reaches the surface approximately 40-50 seconds later. This is due to
the fact that the water discharged (at 10 feet per second) is turbulently mixed with ambient
River water. During this time, the plume buoyantly rises in the water column. The
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characteristics of the thermal plume are determined by convective spread, mass transport by
ambient currents, diffusion and dispersion, and loss of heat to the atmosphere. These processes
are affected by the temporal and spatial variations within tidal cycles, meteorological
conditions, and plant operations

MONITORING PROGRAMS

Custom Requirement G.6 of the 2001 NJPDES Permit required PSEG to develop and
implement an “Improved Biological Monitoring Work Plan” (IBMWP) for the Delaware
Estuary. The results presented herein are from programs conducted per the approved 2000
Biological Monitoring Work Plan.

This report contains a separate section for each of the Biological Monitoring Work Plan
(BMWP) programs that were performed during 2003. Programs discussed include; fish
utilization of restored wetlands, elimination of impediments to fish migration, bay-wide trawl
survey, beach seine survey, entrainment abundance monitoring, and impingement abundance
monitoring.
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IMPINGEMENT MONITORING

INTRODUCTION

Impingement monitoring is conducted annually as stipulated in the New Jersey Pollutant
Discharge Elimination System (NJPDES) permit issued for the Salem Generating Station (SGS),
and will continue through the term of the permit. The specified monitoring was performed in
2003 as described in the Procedures Manual for Biological Monitoring Program for the Delaware
Estuary (PSEG 2002). The objectives of this monitoring program are to estimate the temporal
occurrence and abundance of each fish species impinged at Salem Units 1 and 2, and to estimate
their initial survival. These estimates are important parameters for assessing the effects of Salem
on the Delaware Estuary’s fish populations.

During 2003, there was a refueling and maintenance outage at Salem Unit 2 from October 11
through November 17, 2003. During the outage, the number of operating circulating water
pumps in the Circulating Water Intake Structure (CWIS) was 4 to 9. However, during the other
months, 83% of the impingement samples were collected when 11 or 12 circulating pumps were
in operation. This chapter presents the overall results of sampling and specific findings
regarding the occurrence of SGS finfish target species: blueback herring (4losa aestivalis),
alewife (Alosa pseudoharengus), American shad (Alosa sapidissima), Atlantic menhaden
(Brevortia tyrannus), bay anchovy (4Anchoa mitchilli), Atlantic silversides (Menidia menidia),
white perch (Morone americana), striped bass (Morone saxatilis), bluefish (Pomatomus
saltatrix), weakfish (Cynoscion regalis), spot (Leiostomus xanthurus), and Atlantic croaker
(Micropogonias undulatus).

MATERIALS AND METHODS

Impingement abundance sampling during 2003 was scheduled three days per week during
January through December. Sampling consisted of ten (10) samples taken at approximately 2Y5-
hour intervals during each 24-hr period. The 24-hr sampling event provided for monitoring over
a complete diel period and two full tidal cycles. The three 24-hr periods were chosen randomly
within the seven-day weekly sampling time frame. During 2003, all of the 1,560 scheduled
samples were collected.

Organisms impinged on the continuously rotating traveling screens at Salem are lifted from the
river in water-filled buckets or troughs fitted at the bottom of each screen panel (Figure 2-1).
These buckets provide a temporary environment during the vertical transport of the screen, and
are designed to prevent most organisms from falling back into the screen well and becoming re-
impinged. As the bucket travels over the head or top sprocket, organisms slide onto the screen
face and are spray-washed into the fish trough by a low-pressure spray. The screen continues its
downward movement and debris on the screen mesh is washed into the debris trough by a high-
pressure wash. These fish and debris troughs converge and discharge to the Delaware River
either to the north or south of the CWIS depending on tidal current direction to reduce re-
impingement. To collect impingement samples, a timed sub-sample of total flow from the
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converged fish and debris troughs was diverted into the appropriate north or south fish counting
pool (Figure 2-2) as dictated by tide and trough discharge direction. Sample duration ranged
from one to three minutes and was dependent largely on specimen and detrital abundance.
Sample duration was two minutes for 61% of the collections in 2003. At the end of the timed
interval, trough flow was returned to the river discharge mode, and the sample was allowed a
5-min acclimation period before the pool was drained. As the pool was drained, debris
(vegetative matter) was examined for finfish and blue crab, and any found were included in the
collection. The condition of the specimens collected was determined according to the following
criteria:

Live - Swimming vigorously, no apparent orientation problems, behavior
normal

Dead - No vital signs, no body or opercular movement, no response to
gentle probing

Damaged -  Struggling or swimming on side, evidence or indication of abrasion

or laceration

Specimens in each category were sorted by species, and the total number and weight of each was
determined. All specimens or a representative subsample (at least 100 specimens) of each
species, drawn equally from each condition category, if possible, were measured to the nearest
millimeter. Weights were determined to the nearest 0.1 g with an Acculab® Model 121
electronic scale.

The following parameters were recorded with all samples: the number of pumps and screens in
operation, screen speed, tidal stage and elevation, air temperature, sky condition, wind direction,
wave height, water temperature, and salinity. Air and water temperatures were measured with a
field thermometer, and salinity was measured using a refractometer. Detritus taken with the
sample was weighed to the nearest 0.1 kg with a Chatillon® suspended scale.

RESULTS AND DISCUSSION

Collection totals of 52,484 finfish of 56 species and 33 families, and 1343 blue crab were taken
in 1,560 samples (2,517 min sampled) at the Salem CWIS during 2003 (Table 2-1). All SGS
designated finfish target species were taken, and summaries on the period of occurrence and
abundance (expressed as a density in terms of the number/million cubic meters of intake water or
n/10°m”), initial survival (species catches of < 5 individuals in a given month are not considered
in the discussion), length, and inferred age for each of these species are presented below in
phylogenetic order. Target species include: blueback herring, alewife, American shad, Atlantic
menhaden, bay anchovy, Atlantic silverside, white perch, striped bass, bluefish, weakfish, spot,
and Atlantic croaker.

Blueback herring - A total of 409 specimens was taken in impingement samples during 2003;
collection frequency was 168 out of 1,560 samples (Table 2-1). They were collected during all
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months except February (Figure 2-4). During their period of occurrence, monthly mean water
temperatures and salinities ranged from 2.9 to 27.2 °C and from 2.7 to 6.9 ppt, respectively
(Figure 2-3). Blueback herring exhibited two periods of abundance with early spring and fall
seasonal peaks in monthly mean density of 125.80 and 102.09 in April and October, respectively
(Figure 2-4). During the other months in which they occurred, monthly mean densities ranged
from 0.57 (May) to 77.81 (March). Annual percent live, dead, and damaged were 93, 5, and 2,
respectively; monthly (= 5 specimens taken) initial survival (percent live and damaged) ranged
from 75% in August to 100% in September (Tables 2-1 and 2-2). Length range was 38-278 mm
FL, and specimens < 98 mm comprised over 98% of the individuals measured (Figure 2-5).

Alewife - A total of 85 specimens was taken; collection frequency was 61 out of 1,560 samples
(Table 2-1). They were collected in March and April, and in July through December, when
monthly mean water temperatures and salinities ranged from 6.1 to 27.2°C and from 3.6 to 5.9
ppt, respectively (Figures 2-3 and 2-6). Alewife was most abundant in October, with a monthly
mean density of 24.92. During the other months in which they occurred, monthly mean densities
ranged from 0.81(December) to 17.53 (April) (Figure 2-6). Annual percent live, dead and
damaged were 92, 3 and 5 respectively; monthly (> 5 specimens taken) initial survival ranged
from 71% in August, to 100% in April, July, September and October (Tables 2-1 and 2-2).
Length range was 48-113 mm FL (Figure 2-7).

American shad - A total of 113 specimens was taken; collection frequency was 47 out of 1,560
samples (Table 2-1). They were collected in May and August and again in October through
December; during the months in which they were collected, monthly mean water temperatures
and salinities ranged from 6.9 to 27.2°C and from 3.6 to 5.4 ppt, respectively (Figures 2-3 and 2-
8). American shad abundance was similarly high in impingement samples during October and
November, with a monthly mean densities of 55.47 and 42.22, respectively; while during the
other months in which they occurred, monthly mean densities ranged from 0.57 (May) to 4.07
(December) (Figure 2-8). Annual percent live, dead and damaged were 91, 8, 1; monthly (> 5
specimens) initial survival ranged from 80% in December to 96% in December (Tables 2-1 and
2-2). Length range was 48-138 mm FL (Figure 2-9.

Atlantic menhaden — A total of 110 specimens was taken; collection frequency was 55 out of
1,560 samples (Table 2-1). They were collected during May through December, when monthly
mean water temperatures and salinities ranged from 6.9 to 27.2°C and from 2.7 to 5.9 ppt,
respectively (Figures 2-3 and 2-10). Atlantic menhaden was most abundant in June, with a
monthly mean density of 43.43 (Figure 2-10); during the other months in which they occurred,
mean densities ranged from 0.59 (August) to 8.04 (May). Annual percent live, dead, and
damaged were 88, 11, and 1, respectively; monthly (> 5 specimens) initial survival ranged from
88% in June and October, to 93% in May (Tables 2-1 and 2-2). Length range was 28-103 mm
FL (Figure 2-11). In June, when 75% of the total catch was taken, the modal length was 53mm
FL.

Bay anchovy - A total of 1,573 specimens was taken; collection frequency was 430 out of 1,560
samples (Table 2-1). They were collected in all months of 2003 except February and March
(Figure 2-12). During their period of occurrence, monthly mean water temperatures and
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salinities ranged from 2.9 to 27.2°C and from 2.7 to 6.9 ppt, respectively (Figure 2-3). Bay
anchovy exhibited two distinct periods of abundance; one in the spring, and the other in the
summer and early fall. A spring peak occurred in April and May, with monthly mean densities
of 227.89 and 390.90, respectively (Figure 2-12). Density declined markedly in June, and then
increased to a sustained secondary period of abundance during July through October, when mean
densities ranged from 82.85 to 96.67. Annual percent live, dead, and damaged were 84, 14, and
2, respectively; monthly (= 5 specimens) initial survival ranged from 52% in November to 95%
in May (Tables 2-1 and 2-2). Length range was 13 to 93 mm FL, however individuals ranging
from 63 to 73 comprised 53.7% of the subsample measured (Figure 2-13).

Atlantic silverside - A total of 627 specimens was taken; collection frequency was 289 out of
1,560 samples (Table 2-1). They were collected in all months of 2003 (Figure 2-14). Monthly
mean water temperatures and salinities ranged from 1.9 to 27.2°C and from 2.7 to 9.9 ppt,
respectively (Figure 2-3). Atlantic silverside abundance was similarly high during October
through December, with mean densities ranging from 107.26 to 140.05 (Figure 2-14). In the
other months in which they occurred, monthly mean densities ranged from 0.57 (May) to 43.20
(August). Annual percent live, dead and damaged were 95, 4 and 1, respectively; monthly (= 5
specimens) initial survival ranged from 90% in February, to 100% in July (Tables 2-1 and 2-2).
The length range was 28-108 mm FL, however individuals ranging from 53 to 73 comprised
58.5% of the subsample measured (Figure 2-15). During the winter and spring months (January
through June), modal lengths (frequencies > 1) ranged from 73 to 93mm FL. While during the
summer and fall (July through December), modal lengths ranged from 48 to 73mm FL.

White perch - A total of 31,131 specimens was taken; collection frequency was 1,152 out of
1,560 samples (Table 2-1). They were collected in all months of 2003, when monthly mean
water temperatures and salinities ranged from 1.9 to 27.2°C and from 2.7 to 9.9 ppt, respectively
(Figures 2-3 and 2-16). White perch were modestly abundant during early spring, and very
abundant in late fall and winter months, with seasonal peaks in monthly densities of 1,515.74 and
12,137.59 in March and November, respectively (Figure 2-16). Mean densities in October and
December were 5,685.66 and 5,401.80, respectively. In the other months they occurred, mean
densities ranged from 18.31 (June) to 850.74 (January). Annual percent live, dead, and damaged
were 97, 2, and 1, respectively; monthly (> 5 specimens) initial survival ranged from 94% in
June to 100% in May (Tables 2-1 and 2-2). Length range was 23-278 mm, however individuals
ranging from 58 to 68 comprised 52.8% of the subsample measured (Figure 2-17). Monthly
modal lengths ranged from 38mm FL in July to 113 mm FL in March, May and June.

Striped bass - A total of 2,811 specimens was taken; collection frequency was 556 out of 1,560
samples (Table 2-1). They were collected in all months of 2003 but May (Figure 2-18). During
their period of occurrence, monthly mean water temperatures and salinities ranged from 1.9 to
27.2°C and from 2.7 to 9.9 ppt, respectively (Figure 2-3). Striped bass abundance in
impingement collections during 2003 had three distinctive features: bimodal peaks during
summer and early fall, with monthly densities of 604.21 in July and 622.99 in October; a
protracted period of relatively high mean densities July through December, with values
(excluding peaks referenced earlier) ranging from 99.27 to 249.14, and relatively low abundance
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in the remaining months, with densities < 29.75 (Figure 2-18). Annual percent live, dead and
damaged were 97, 2, and 1, respectively; monthly (= 5 specimens) initial survival ranged from
96% in September to 100% in January, March, April, June, October, and December (Tables 2-1
and 2-2). Length range was 18-453mm FL, however individuals ranging from 43 to 58
comprised 52.1% of the subsample measured (Figure 2-19). Modal lengths ranged from 23 mm
FL in June to 98 mm FL in April.

Bluefish - A total of 143 specimens was taken; collection frequency was 101 out of 1,560
samples (Table 2-1). They were collected from May through October, when monthly mean water
temperatures and salinities ranged from 16.7 to 27.2°C and from 2.7 to 5.9 ppt, respectively
(Figures 2-3 and 2-20). Bluefish abundance was highest in June, when the mean density was
38.72 (Figure 2- 20). Monthly mean densities in the other months of occurrence, ranged from
1.15 (May) to 19.26 (July). Annual percent live, dead, and damaged were 82, 11, and 7,
respectively; monthly (> 5 specimens) initial survival ranged from 79% in July to 100% in
August and (Tables 2-1 and 2-2). Length range was 43-148 mm TL, and individuals ranging
from 48 to 68 comprised 50.4% of the subsample measured (Figure 2-21).

Weakfish - A total of 9,328 specimens was taken; collection frequency was 336 out of 1,560
samples (Table 2-1). They were collected during May through November, when monthly mean
water temperatures and salinities ranged from 13.3 to 27.2°C and from 3.7 to 5.9 ppt,
respectively (Figures 2-3 and 2-22). Weakfish abundance was highest in July with a monthly
mean density of 3,405.74 (Figure 2-22). In the remaining months of their occurrence, mean
density ranged from 1.14 (November) to 1,856.42 (August). Annual percent live, dead and
damaged were 94, 5, and 1, respectively; monthly (= 5 specimens) initial survival ranged from
93% in October, to 99% in September (Tables 2-1 and 2-2). Length range was 28-243 mm TL;
individuals ranging from 48 to 63 comprised 58.4% of the subsample measured (Figure 2-23).
The modal lengths increased from 28 mm TL during June to 83 mm TL in September.

Spot - A total of 14 was taken; collection frequency was 11 out of 1,560 samples (Table 2-1).
They were collected during June through October, when monthly mean water temperatures and
salinities ranged from 17.1 to 27.2°C and from 2.7 to 5.9 ppt, respectively (Figure 2-3 and 2-24).
Spot abundance was highest in July, with a monthly mean density of 5.25 (Figure 2-24). In the
other months of their occurrence, mean density ranged from 0.52 (June) to 1.18 (August).
Annual percent live was 100 (Table 2-1). Length range was 53-193 mm TL (Figure 2-25).

Atlantic croaker - A total of 1,779 specimens was taken; collection frequency was 242 out of
1,560 samples (Table 2-1). They were collected in January and October through December,
when monthly mean water temperatures and salinities ranged from 2.9 to 17.1°C and from 3.6 to
6.9 ppt, respectively (Figures 2-3 and 2-26). Atlantic croaker was most abundant during January,
with a monthly mean density of 552.95 (Figure 2-26). They were secondarily and similarly
abundant during November and December, with densities of 345.74 and 392.47, respectively.
Annual percent live, dead, and damaged were 78, 11, and 11, respectively; monthly (= 5
specimens) initial survival ranged from 84% in January, to 99% in October (Tables 2-1 and 2-2).
Length range was 18-253 mm TL, and individuals ranging from 38 to 48 comprised 54.3% of the
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subsample measured (Figure 2-27). Modal lengths were 68 mm TL in January, 38 mm TL in
October, and 43 mm TL in November and December.
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Table 2-1
Annual catch statistics of finfish and blue crab taken in impingement sampling at the
Salem Generating Station circulating water intake structure, January through December 2003
Nimhar af camnlac = 1 AN
Total minutes sampled =2,517
Total pump volume sampled (cubic meter) = 17,576,387
Detritus mean density (kg/million cubic meters) = 951.81

. Collection Initial Percent Total Mean density

Species Frequency Li Number (n/10°m’)
ive Dead Damaged | (ollected
Blue crab | Callinectes sapidus 430 99 1 0 1343 76.41
Lampreys - Petromyontidae
Sea lamprey | Petromyzon marinus 11 100 0 0 13 0.74
Freshwater eels - Anquillidae
American eel | Anguilla rostrata 42 92 2 49 2.79
Herrings - Clupeidae
American shad Alosa sapidissima 47 91 8 1 113 6.43
Blueback herring Alosa aestivalis 168 93 5 2 409 23.27
Alewife Alosa pseudoharengus 61 92 3 5 85 4.84
Atlantic menhaden Brevoortia tyrannus 55 88 11 1 110 6.26
Gizzard shad Dorosoma cepedianum 142 91 2 7 370 21.05
Anchovies - Engraulidae
Striped anchovy Anchoa hepsetus 2 0 50 50 2 0.11
Bay anchovy Anchoa mitchilli 430 84 14 2 1573 89.50
Carps and minnows - Cyprinidae
Carp Cyprinus carpio 3 100 0 0 3 0.17
Eastern silvery minnow Hybognathus regis 70 97 2 1 293 16.67
Bullhead catfishes - Ictaluridae
Channel catfish Ictalurus punctatus 63 81 6 13 85 4.84
White catfish Ameiurus catus 1 0 100 0 1 0.06
Brown bullhead Ameiurus nebulosus 24 30 3 17 30 1.71
Toadfishes - Batrachoididae
Opyster toadfish | Opsanus tau 5 40 40 20 5 0.28
Goosefishes - Lophiidae
Goosefish | Lophius americanus 1 0 100 0 1 0.06
Cods - Gadidae
Spotted hake Urophycis regia 100 99 1 0 1040 59.17
Silver hake Merluccius bilinearis 2 50 50 0 2 0.11
Cusk-eels - Ophidiidae
Striped cusk-eel | Ophidion marginata 55 98 1 1 225 12.80
Needlefishes - Belonidae
Atlantic needlefish | Strongylura marina 7 100 0 0 9 0.51
Killifishes - Cyprinodontidae
Mummichog Fundulus heteroclitus 22 100 0 0 28 1.59
Striped killifish Fundulus majalis 15 100 0 0 21 1.19
Silversides - Atherinidae
Atlantic silverside | Menidia menidia 289 95 4 1 627 35.67
Stickleback - Gasterosteidae
Threespine stickleback | Gasterosteus aculeatus 3 100 0 0 3 0.17
Pipefishes - Syngnathidae
Northern pipefish | Syngnathus fuscus 48 98 2 0 61 3.47
Searobins - Triglidae
Northern searobin Prionotus carolinus 7 100 11 0.63
Striped searobin Prionotus evolans 7 100 8 0.46
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Table 2-1 Continued

. Initial Percent Total .
Species Collection . Number Mean dgnsity
Frequency Live Dead Damaged Collected (n/10° m’)
Temperate basses - Percichtyidae
‘White perch Morone americana 1152 97 2 1 31131 1771.18
Striped bass Morone saxatilis 556 97 2 1 2811 159.93
Sea basses - Serranidae
Black sea bass Centropristis striata 1 100 0 0 1 0.06
Sunfishes - Centrarchidae
Bluegill Lepomis macrochirus 27 96 0 4 28 1.59
Pumpkinseed Lepomis gibbosus 1 100 0 0 1 0.06
Redeared sunfish Lepomis microlophus 1 100 0 0 1 0.06
Black crappie Pomoxis nigromaculatus 1 100 0 0 1 0.06
Perches - Percidae
Yellow perch | Perca flavescens 25 100 0 0 28 1.59
Bluefishes - Pomatomidae
Bluefish | Pomatomus saltatrix 101 82 11 7 143 8.14
Jacks - Carangidae
Crevalle jack Caranx hippos 1 100 0 0 1 0.06
Lookdown Selene vomer 1 100 0 0 1 0.06
Permit Trachinotus falcatus 1 100 0 0 1 0.06
Drums - Sciaenidae
Weakfish Cynoscion regalis 336 94 5 1 9328 530.71
Silver perch Bairdiella chrysoura 2 100 0 0 2 0.11
Spot Leiostomus xanthurus 11 100 0 0 14 0.80
Atlantic croaker Micropogonias undulatus 242 78 11 11 1779 101.22
Black drum Pogonias cromis 15 86 7 7 15 0.85
Butterflyfishes - Chaetodontidae
Spotfin butterflyfish | Chaetodon ocellatus 1 100 0 0 1 0.06
Mullets - Mugilidae
Striped mullet | Mugil cephalus 7 92 0 8 12 0.68
Stargazers - Uranoscopidae
Northern stargazer | Astroscopus guttatus 1 100 0 0 1 0.06
Gobies - Gobiidae
Naked goby | Gobiosoma bosc 55 94 6 0 72 4.10
Butterfishes - Stromateidae
Butterfish | Peprilus triacanthus 4 100 0 0 8 0.46
Lefteye flounders - Bothidae
Smallmouth flounder Etropus microstomus 3 100 0 0 4 0.23
Summer flounder Paralichthys dentatus 39 100 0 0 44 2.50
Windowpane Scophthalmus aquosus 29 100 0 0 56 3.19
Righteye flounders - Pleuronectidae
Winter flounder | Pleuronectes americanus 17 87 4 9 23 1.31
American soles - Achiridae
Hogchoker | Trinectes maculatus 592 99 0 1 1798 102.30
Toungefishes - Cynoglossidae
Blackcheek tonguefish | Symphurus plagiusa 1 100 0 0 1 0.06
Puffers - Tetraodontidae
Northern puffer | Sphoeroides maculatus 1 100 0 0 1 0.06
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Monthly percentages live (L), dead (D), and damaged (D*) for target species taken in impingement sampling at the Salem
circulating water intake structure during 2003. n = number of individuals sampled. Values represent initial observed

Table 2-2

Blueback herring Alewife American shad
Month n L D D* n L D D* n L D D*
January 2 50 50
February
March 102 93 4 3 2 100
April 122 96 2 2 17 88 12
May 1 100 1 100
June 2 100
July 3 100 5 100
August 8 63 25 12 7 71 29 1 100
September 7 100 18 89 11
October 127 97 3 31 100 69 96 4
November 31 84 13 3 4 75 25 37 84 13 3
December 4 75 25 1 100 5 80 20
Total 409 85 113
Atlantic menhaden Bay anchovy Atlantic silverside
Month n L D D* n L D D* n L D D*
January 3 67 33 46 93 7
February 20 85 10 5
March 3 100
April 221 88 11 1 1 100
May 14 93 7 681 93 5 2 1 100
June 83 88 12 75 85 13 2 15 80 7 13
July 3 67 33 153 71 28 1 17 100
August 1 100 140 67 29 4 73 93 7
September 2 100 167 88 9 3 35 97 3
October 1 100 111 64 33 3 150 95 5
November 4 100 21 52 48 94 98 2
December 2 100 1 100 172 97 2 1
Total 110 1573 627
White perch Striped bass Bluefish
Month n L D D* n L D D* n L D D*
January 1357 94 1 5 39 97 3
February 641 95 2 3 41 93 2 5
March 1987 95 2 3 39 97 3
April 587 98 1 1 20 100
May 37 84 16 2 100
June 35 77 6 17 13 100 74 86 10 4
July 797 98 2 1035 97 3 33 67 21 12
August 1022 98 2 421 96 3 1 6 100
September 324 97 3 196 95 4 1 10 60 20 20
October 7073 99 1 775 100 18 94 6
November | 10637 97 2 1 87 99 1
December 6634 98 1 1 145 99 1
Total 31131 2811 143
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Table 2-2 continued
Monthly percentages live (L), dead (D), and damaged (D*) for target species taken in impingement sampling at the Salem Generating
circulating water intake structure during 2003. n = number of individuals sampled. Values represent initial observed condition.
Waealfich Snat Atlantic craaker

Month n L D D* n L D D* n L D D*
January 882 65 17 19
February
March
April
May 4 100
June 3 100 1 100
July 5834 94 5 1 9 100
August 3137 95 4 1 2 100
September 253 97 1 2 1 100
October 96 92 7 1 1 100 112 98 1 1
November 1 100 303 96
December 482 85 8 7
Total 9328 14 1779
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Figure 2-4. Monthly mean density (n/10° meters’) of blueback herring taken in impingement
sampling at the Salem circulating water intake structure during 2003.
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