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3/16/2009

Comments to the Nuclear Regulatory Commission on the status of Salem 1 and 2 Nuclear Plants

Hello, my name is Richard Schneider, from Delaware. I am a member of the organization called “Coalition to Protect our
Environment. :

There is a major problem with Salem units 1 and 2. It is the devastating destruction of hundreds of millions of fish every year,
year after year, because of the outdated open loop cooling system.

The Salem units 1 and 2 do not have closed loop cooling systems, cooling towers. They draw in 3 billion gallons of water a
day. This kills millions of fish a year, year after year. It is one giant death machine. It does not discriminate. It kilis all
species, all ages.

This needless and senseless massive fish kill can be stopped by building closedloop cooling, cooling towers. Hope Creek, next
to Salem has a cooling tower, so it can be done.

Salem 1 and 2 have been killing millions of fish every year for decades. Salem 1 and 2 shold have built closed loop cooling
systems over 30 years ago when the Clean Water Act section 316-B of the *1970’s told them to stop kiling the fish.

A recent federal court ruling in 2007 also ordered facilities to stop the fish kill. The federal legislation and the recent 2007
federal court ruling state that the “Best Technology Available”, not second best must be used to stop the fish kill. Presently,
closed loop cooling is considered the “Best Technology Available”.

A meager effort of fixing Afew acres of wetlands does not even come close to compensate for the massive fish kill. The federal
law and federal court ruling say “Best” efforts which is closed loop cooling. '

I have some important information about the fish kill problem for the Nuclear Regulatory Commission.

The first is an excellent Wilmington, DE News Journal article by Jeff Montgomery about the massive fish kill along the
Delaware River. Here is an important paragraph from the article, “For example, the nuclear reactor at Hope Creek, near the
Salem units, already uses a cooling tower. It kills 12 million juveniles a year. Salem which draws from the river kills 354
million a year.
o

The second News Journal article by Jeff Montgomery dated January 27th, 2007, explains the recent 2007 federal court ruling
which again states the ‘Best Technology Available’, not second best, should be used to save the Fish.

The third piece of very important information is a fish kill report by the Fisheries Division of the Delaware Department of
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Natural Resources and Environmental Control (DNREC). The report is on the Valero Refméry in Delaware City, DE, across
the river from the Salem 1 and 2 units. The Valero refinery draws in 450 million gallons of water a day. Salem 1 and 2 draw in
3 billion gallons of water a day, six times as much as the refinery. '

The Valero refinery fish kill report states that the refinery’s fish kill is doing great harm to the fish. Closed loop cooling
towers should be used at the refinery to stop the fish kill.

In the report are also several comments about the dual harmful effect of Salem 1 and 2, and the Valero refinery on the fisheries.
This is an excellent report that must be considered.

A section of the report discussing striped bass show the harmful combined effect of the refinery and the Salem 1 and 2 plants. T¢ Statrs
Y In summary, when the kill of these two plants are combined for 1998, the resulting estimate indicates that the plants killed
more than half of tyhe striped bass in the River. "

If Salem 1 and 2 are allowed to operate in the future, they must obey all mles and regulations to receive a permit extension.
" The federal Clean Water Act, section 316-B and the recent federal court ruling of 2007 mandate “Best Technology Available”
closed loop cooling.

The Nuclear Regulatory Commission needs to apply these two laws ili

The Nuclear Regulatory Commission needs to protect the aquatic life in the Delaware River beéause the Salem units are
destroying it. We are just trying to protect this great natural resource, the Delaware River and Bay and its aquatic life.

Thank you.
Richard Schneider
Richard Scl}neider o e
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Impacts of Impingement and Entrainment Mortality by the Delaware City Refinery
on Fish Stocks and Fisheries in the Delaware River and Bay

Desmond M. Kahn, Ph.D., Biometrician
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Two primary sources of information for the following comments are the reports
by Normandeau Associates, Inc (2001) and ESSA Technologies, Ltd. (2001). The former
report presents the results of two years of sampling impingement and entrainment
impacts of the refinery at Delaware City, which at that time was operated by Motiva
Enterprises. The report utilizes the sample data to conduct equivalent adult modeling.
That method develops estimates of the number of animals that would have survived to the
adult stage if they had not been killed by the plant. The approach is helpful because
immature aquatic organisms have very low natural survival rates. Consequently, it can be
difficult to evaluate the impact to adult stocks when hundreds of thousands or millions of
eggs, larvae or juveniles are killed by an industrial water intake.

The report also estimates conditional mortality rates via empirical transport
modeling for weakfish and bay anchovy. Conditional mortality rates estimate the annual
mortality rate of a stock of fish due to an industrial intake, conditional on the assumption
that the plant is the only source of mortality. Normandeau presents modeling results for
only four species: striped bass, weakfish, white perch and bay anchovy. The report
presents no data on blue crab losses, despite the fact that blue crab is the target of a
rélatively intense commercial fishery in the lower Delaware River and Delaware Bay,
seasonally adjacent to the refinery. While the report presents impingement collection
results for all finfish species, it presents no entrainment data on any species besides the
four focus species. Entrainment is usually the largest source of mortality by far in

industrial intakes.

- Neither equivalent adult modeling nor conditional mortality rate estimation
include compensation by fish populations. Compensation refers to the idea that survivors
of impingement and entrainment can compensate for the loss of other fish by surviving at
a higher rate, due to the reduction of competmon Consequently, the estimates are
sometimes referred to as worst case scenarios. This is the standard approach in assessing

- impingement and entrainment impacts (Barnthouse et al. 1984).

The ESSA report contains a critical review of Normandeau (2001). The Essa
report commends the Normandeau report for “providing good, conservative first
estimates of the numbers of striped bass, bay anchovy, weakfish and white perch that are
killed from entrainment and impingement at the refinery from 1998 to 2000. “ Essa
(2001) also describes the estimated mortality rates as “notably high”, and comments, ...
the number of estimated equivalent adults lost to the reﬁnery greatly exceed some

" recreational landings for the study period.”

The sampling conducted by Normandeau began in April 1998 and ran until March
2000. For all practical purposes for fish life in the Delaware River, this period
encompasses two biological years. April 1998 through March 1999 will be referred to as
1998. April 1999 through March 2000 will be referred to as 1999. Species discussed
spawn in spring and summer, and the winter period is not a period of high activity,
although some animals are impinged and entrained, particularly Atlantic croaker, which
spawns in the fall on the continental shelf. Large numbers of larval croaker enter the tidal

Delaware River in fall and early winter.



By and large in these comments, [ accept the estimates of losses presented in the
Normandeau report. I did develop an estimate of the conditional mortality rate of striped

bass due to the refinery, which Normandeau did not provide. I also extended the
equivalent adults estimates to produce models that estimate harvest foregone by the

fishery due to refinery kill.

Initial reading of the report shows fairly large variation between the two years in
estimated equivalent adults of weakfish and striped bass. For striped bass, estimated
Equivalent Adults killed were roughly 40,000 in 1998 and roughly 12,000 in 1999. For
weakfish, the pattern is reversed, with roughly. 30,000 in 1998 and 50,000 in 1999. To
explain this pattern, we need to examine the rainfall totals for those years with their
effects on the salinity distribution in the estuary, which can be thought of as displaying an
estuary gradient from high at the mouth to freshwater at the upper reaches. The
distribution of salinity has over-riding effects on the distribution of estuarine organisms.

' In 1999, a drought year occurred. This shortage of rainfall caused the River’s
salinity at the refinery to be much higher in 1999. Higher salinities in 1999 are illustrated
in Figure 6 of the Normandeau report. Consequently, striped bass larvae and juveniles
would tend to be further up the River above the refinery, since striped bass spawn in -
freshwater. Conversely, weakfish spawn down the Bay, and would tend to move further
up the River in higher numbers near the refinery in years when salinity moves further up
the estuary. The lower number of striped bass killed in 1999, then, can be explained by

the fact that they had shifted distribution further up-River, while greater numbers of
weakfish killed in 1999 is explained by their shift further up the Bay and further up the
lower River in greater abundance that year. A normal non-drought year may tend to be
more similar to 1998 than to 1999, producing a greater impact on striped bass than on
weakfish. White perch showed a pattern similar to striped bass, with much higher

numbers killed in 1998.

STRIPED BASS

Striped bass are the most valuable finfish produced in the Delaware River. They
command a high price in commercial markets and are valued by recreational fishers
because they attain big game size in inshore waters and are available to a wide range of
fishermen as a result. Normandeau estimates that 16.5 million striped bass larvae and
juveniles were killed in 1998, and that 8.5 million were killed in 1999. Low natural
survival rates of these early life stages mean that a relatively small proportion of these
totals would have survived to older ages if they had not been killed by the plant.
Normandeau estimates that 39,819 bass would have survived to age 4 if not killed by the
plant during 1998, and that 12,129 would have survived if not killed in 1999.

In recent years, the recreational minimum size for striped bass in Delaware has
been 28”. Annually, the Delaware Division of Fish and Wildlife, in conjunction with the
Pennsylvania Fish and Boat Commission, conducts an electro-fishing survey of the
Delaware River spawning stock of striped bass on the spawning grounds in the River.



Striped bass have divergent life histories for males and females with different migration
patterns or lack thereof, different growth rates, and consequent different harvest rates at
age as a function of minimum size regulations. I divided the equivalent adults in to 50%
males and 50% females. Tag-recapture data for mature males pooled determined the
average harvest rate for ages 3 through 17 combined was 7% (DDFW 2008). Tag
recapture data indicates that most of the harvest of males below 28” occurs in the
Chesapeake Bay, where the minimum size is 18”. Bass can reach the Chesapeake via the
C & D Canal. The data indicates that by age 7, 7 of 11 females (64%) exceed 28", so |
modeled female harvest beginning at that age. I assumed that annual instantaneous
natural mortality is 0.15, as the Atlantic States Marine Fisheries Commission Stnped

Bass Techmcal Committee does.

Tables 1 and 2 of Normandeau (2001) show the loss to the fishery from the
estimated equivalent recruits killed in 1998 and 1999, respectively. Note that the loss
would have occurred over a number of years, calculated here through age 13, although
older striped bass are normally found in the spring spawning stock survey. For each year
class (fish born in any one year, say 1998), we can sum the total losses to the fishery over
the life time of that year class. For the 1998 kill, the estimated number lost to the fishery
would have been 12,872 striped bass. For the last five years (2003-2007), the average
number of striped bass landed by the Delaware recreational fishery is estimated to be

'20,165. Therefore, the loss from the 1998 kill would be 64% of that total. In fact, if the
fish had not been killed by the refinery, not all the catch would have occurred in
Delaware, since striped bass migrate along the Atlantic coast and between Delaware
River and Chesapeake Bay via the Chesapeake and Delaware Canal. However, a
significant portion could have occurred in the Delaware River and Bay, since males tend
to remain in their natal estuary and females return annually to spawn once they become
mature. For the 1999 kill estimated at 12,129 Equivalent Adults at age 4, the number lost
to the fishery is estimated at 3,921 striped bass, equivalent to 19% of the average

reéreational landings (Table 2).

Normandeau does not indicate the conditional mortality rate for striped bass for
these two years. Consequently, I employed Equivalent Recruit modeling based on the
methods used in Kahn (2000) to estimate the number that would have survived to six
months of age if not killed by the plant (Table 3). Since we have estimates of absolute’
abundance of age six-month striped bass in the Delaware River annually from 1980
through 2007 (Kahn et al. 1998 and updated data), we can then estimate the conditional
mortality rate. For 1998 and 1999, the estimates are 27% and 5%, respectively. One
reason for the decline in mortality rate in 1999 was that drought conditions prevailed.
Declines in fresh-water flow cause the striped bass spawning area and nursery grounds to
move upriver, farther into Pennsylvania and away from the Refinery location. Years with -
normal precipitation may tend to have higher mortality then drought years, as evidenced

here by the higher kill estimated for 1998.

One aspect of industrial water removal from the De]aware River that has barely
been addressed is the cumulative impact of the many different intakes on the River and
on the fishery resources produced by the River and Bay. Since the Normandeau report



has data for 1998, and the PSE&G report on Salem Nuclear Generating Station (1999)
also had data for 1998, I was able to combine the two sources to estimate a combined
conditional mortality rate for 1998. Once the estimated number of Equivalent Recruits
from each plant is added to the estimated number alive in the River, the total number of
striped bass that would have survived is larger than when each plant’s impact is
considered in isolation. That is because each plant’s kill is added to the number of
surviving bass: Consequently, each plant kills a smaller share of the total individually, but
the combined mortality rate is larger than either individually. The estimated number of
live 6-month old bass in 1998 was 1.274 million. The number of Equivalent recruits at
age 6 months from the refinery kill was 0.471 millien, and the number from Salem was
1.169 million. When the two estimates from the two plants are summed, the total is 1.640
million, which exceeds the number of survivors. This total does not include other large
sources of mortality, such as the Edgemoor Power Plant or additional sources in New
Jersey or Pennsylvania that are also located in striped bass nursery areas. In isolation, the
refinery mortality rate was estimated as 27%, while the Salem rate was estimated as 48%.
When the two were combined, the total conditional mortality. rate was 56%. In summary,
when the kill of the two plants are combined for 1998, the resulting estimate mdxcates
that the plants killed more than half of the bass in the River.

WEAKFISH

Total estimated numbers of weakfish killed by the refinery are presented in Tables
8 and 13 of Normandeau (2001). These numbers sum to 680,000 in 1998 and 1.743
million in 1999. The estimation of equivalent adults is quite low from these numbers
killed. That is due to Normandeau’s use of an extremely high estimate of natural
mortality obtained from PSE&G (1999). The estimate is based on the ratio of catches of
yearling weakfish to catches the previous year of young-of-year weakfish in the DFW
juvenile trawl survey. The mortality calculation assumes that catchability of young-of-
year weakfish is the same as that of larger yearling weakfish and ignores the probable
gear avoidance behavior of yearling weakfish when they encounter juvenile trawl gear.
This highly questionable assumption will likely greatly overestimate natural mortality
rate and produce an estimate of Equivalent Adults that is probably biased low,

underestimating the refinery’s impact. -

Estimates of Equivalent Adult weakfish killed by the plant are only calculated to
age one, because 90% of weakfish spawn at age one, in contrast to striped bass, which do
not mature until older ages. That consideration aside, the estimates were 50,047 from the
1999 kill and 29,595 from the 1998 kill. The most recent coastwide stock assessment of
weakfish (Kahn et al. 2006) found that the natural mortality rate of weakfish has
increased since 1995, and that this increase has caused a severe decline of the weakfish
stock coastwide, with attendant declines in landings. Currently, Delaware fishery
weakfish landings in Delaware Bay are at record lows, and the Division of Fish and
Wildlife’s adult fish research trawl survey has a truncated age structure and reduced
density from the peaks in the mid-late 1990s.. The increase in natural mortality means
that the number of Equivalent Adults would actually decline at a higher rate when



modeled at older ages. The recent severe declines in the stock, however, mean that the
additional mortality imposed by the refinery is of grave concern. o

. 1 used the estimated Equivalent Adults produced by Normandeau and input them
into a Harvest Foregone model, similar to the one presented above for striped bass. This
model estimates the landings the fishery could have experienced if the refinery kill had
not occurred. The increased natural mortality estimates from the 2006 coastwide
assessment were employed for ages above age 1; these higher rates would tend to reduce -
the harvest foregone, as weakfish will not survive as long to be landed by the fishery at
higher natural mortality rates. The assumed instantaneous fishing mortality rate was 0.25,
which was the estimate produced by the recent stock assessment.

_ The estimated total number that could have been landed by the fishery was 3,584
from the 1998 kill and 5,699 from the 1999 kill (Tables 4, 5). These numbers are the sum
of catches expected at each age through age six from the Equivalent Adults estimated for
the two years. However, they can be used as rough estimates of the total number that is
lost to the fishery in any given year. In any given year, fish of a range of ages are part of
the catch, so the total for a year is similar to the total from kill in any one year that is
summed over years. The two sums are roughly equivalent, assuming the original refinery
kill would produce roughly the same number of equivalent adults each year. For example
in 2007, fish of ages three to as high as ten could have been caught in Delaware. Fish that
would have been any of those ages, if not killed by the refinery, could have been
available to the fishery. A comparison of the harvest foregone estimates with recent
landings is somewhat problematic because landings have been declining steadily. In
2007, the National Marine Fisheries Service estimate of the number of weakfish landed in
Delaware by the recreational fishery was only 4,132 weakfish. Five years earlier in 2002,
the estimate was that 121,884 weakfish were landed in the state recreationally. This is a
decline of almost two orders of magnitude. The average number landed recreationally
over the last five years was 12,157 weakfish. The estimated harvest foregone from the
1998 and 1999 refinery kill ranged from 29% to 46% of this number. 4

The kill by the reﬁnery is not expected to decline as the adult stock of weakfish
has declined. That is because neither the coastwide assessment, nor the Delaware
Division of Fish and Wildlife’s index of Young of Year weakfish abundance has declined
to any significant extent. Consequently, available data indicates that the production of
young-of-year weakfish has not declined. Rather survival to catchable sizes has declmed

dramatlcally

Normandeau (2001) estimated the weakfish conditional mortality rate for 1998 as
7.7%. This indicates that of every 13 weakfish produced in Delaware Bay, one would be
killed at the refinery. This should be put in the context of an estimated mortality rate of
17% by the Salem Nuclear Generating Station (PSE&G 1999). The combined mortality
rate of these two facilities would then be 22.9%, meaning that roughly 23% of all
weakfish produced in Delaware Bay would be killed by one of these two facilities.
According to data presented by Normandeau, who cited PSE&G (1999), sampling in the
estuary indicated that by mid-summer, up to 99% of YOY weakfish in the entire Bay and



River system are located in zones subject to entramment into the reﬁnery, meaning a very
“high proportion of the stock is subject to entrainment and 1mpmgement Note that if data
had been available to estimate a mortality rate for 1999, it is probable that it would have
been higher then that of 1998, due to the drought conditions which produced the higher

Equlvalent Adult kill that year.

BAY ANCHOVY

Anchovies are important forage fish for many fish targeted by commercial and-
recreational fisheries, including weakfish, younger striped bass, Atlantic croaker (J. Nye,
NMES, personal communication), summer flounder and bluefish. Total numbers
estimated killed from Tables 8 and 13 of Normandeau (2001) were 17,388,596 in 1998
and 16,732,149 in 1999. Estimated Equivalent Adults killed by the refinery were 1.5
million in both years. Normandeau (2001) estimated that 19.0% of anchovy in the
Delaware Bay and River stock were killed by the refinery in 1998. This level exceeds the
threshold of 15% set by Versar (1991) as an upper limit for mortality of a forage species.
Normandeau states that the reason that mortality was estimated to be that high from the
refinery in that year is that bay anchovy, a small species, is vulnerable to entrainment as a
juvenile for a long period. Second, juveniles in the Delaware estuary system were heavily
concentrated in a region near the refinery that was subject to entrainment during the
period from late June through November. The cumulative impact of continual
entrainment mortality over that period produced the relatively high mortality estimate.

Normandeau (2001) did not develop a Production Foregone model to estimate the
loss in predator biomass attributable to refinery-~induced anchovy mortality. The
destruction of one-fifth of the anchovy stock in the Bay and River reduces the potential
abundance and density of this important forage species to the point that attraction of
desirable predators mentioned above to Delaware Bay and the production of younger
predators targeted by the fisheries could be reduced to a significant degree. The Salem
generating Station also exerts a high mortality rate on bay anchovy. The combined impact
of these two facilities is even more deleterious than each considered alone.

WHITE PERCH

Total numbers of white perch estimated killed in the larval and juvenile stages
were 7.38 million in 1998 and 90,000 in 1999. Normandeau estimates the equivalent
adults at age two as 219,914 from the 1998 kill and 108,377 from the 1999 kill.
Impingement of juveniles and adults was the major source of loss of white perch in 1999,
but entrainment was the major loss source in 1998.

White perch are targets of recreational fishers, particularly during their spnng
spawning run, when they are found far up in tidal tributaries. The DFW trawl survey in
the Delaware River collects ripe adults and high numbers of young of year white perch,
which'is the most abundant species in the River stations. NMFS estimates of the number
of white perch landed in Delaware in the last five years have ranged between 30,000 and
" 65,000 fish. We currently do not have estimates of the harvest rate in Delaware which

makes it difficult to estimate the harvest foregone.



CONCLUSION

The conclusions drawn from the above estimates, mathematical modeling results
and attempts to view results in the context of current fishery landings are that the refinery
has a surprisingly large impact on the fish and fisheries of the Delaware River and Bay.
Located in the nursery zone of striped bass, the finfish with the highest value that is
produced in the River (Atlantic sturgeon excepted), the refinery may be reducing
potential harvest by thousands of fish annually. Recent Delaware recreational harvests of
striped bass have been declining to the level of an estimated 10,095 fish in 2007. The
harvest foregone due to the refinery is estimated to be between 3,921 from the 1999 kill
and 12,872 fish from the 1998 kill. This range is from about 40% to almost 130% of the
most recent harvest. The combination of this refinery kill and that estimated for the
Salem Generating Station in 1998 is estimated to exceed the number of surviving striped -

bass produced in 1998.

The mortality of weakfish due to the refinery is of special concern, since weakfish
have declined throughout their range coastwide. The Delaware Bay stock has seen one of
the earliest and steepest declines. The harvest foregone that I have estimated from the kill

. of weakfish by the refinery is roughly equal or greater than the 2007 recreational harvest

in number

The rather surprising estimate provided by Normandeau that the refinery kills an |
estimated 19% of the total bay anchovy stock in the Bay and River indicates that the
refinery could be having a noticeable impact on the total productivity of the Bay and
River for the production of desirable predator species as well as reducing the attraction of
adult predators. The combination of the refinery and the Salem Generating Station is
certainly taking a significant part of the forage base of Delaware Bay. This is especially
true because bay anchovy is a small-bodied species vulnerable for much of its llfespan as

~ the Normandeau report points out.

' While the 1mpacts of facilities such as the refinery, which withdraws several
hundred million gallons of cooling water per day, are normally considered in isolation,
the joint impact of all such facilities is of a quite large magnitude. Consequently, the
impact of each site should be reduced to the extent possible in order to reduce the overall
degradation of fisheries and ecosystem integrity. The only feasible method of producing a
large reduction in entrainment and impingement mortality at this facility is the
installation of closed-cycle cooling. The refinery has been operating with its current
intake structures since the early 1950s; significant improvement appears to be long

overdue.

REFERENCES CITED
NOte: Troh Killed two ways

ENtWMNWhENt Fish sucKed theough like 3
T tvan through 3 tuwnel. |

Imﬂﬂgﬁé "’F,sL PINN&J. ag;mt debr/s 56\"6&»./

terwms used




Bamthouse, L. W., J. Boreman, S. W. Christénsen, C. P. Goodyear, W. V. Winkle, éhd
D. S. Vaughan. 1984. Population biology in the Courtroom: The Hudson River
Controversy. Bioscience 34:14-19.

ESSA Technologies Ltd. 2001. Review of report on 1mpmgement and entrainment at the
cooling water intake structure of the Delaware City refinery, April 1998-March
2000. Toronto.

Normandeau Associates, 1. 2001. Impingement and entrainment at the coohng water
gltakc; structure of the Delaware City refinery, April 1998-March 2000. Spring

ity, PA.



Table 1. - Striped bass harvest foregone from the estimated Equivalent Adu(ts from the 1998 kill at the Delaware City

Refinery. The original estimate at age 4 was 39,819 age 4 siriped bass (Normandeau 2001).
| assumed a 50:50 sex ratio. Natural mortality is assumed to equal 14% per year.
Males are assumed to have a 7% exploitation rate per year (DDFW 2608).
Females are assumed to have a 24% exploitation rate oncé they reach age 7.
MALES FEMALES
Number Alive, Jan. 1 Landings, No. Number Alive, Jan. 1 Landings, No.
2002 4 19,910 ) 19,9810
2003 5 17,138 : 1,200 17,136
2004 8 13,752 . 863 14,749
2005 7 11,038 773 12,695 3,047
2006 8 8,857 620 8,085 ) 1,943
2007 9 7,108 498 5,161 1,238
2008 10 5704 - 399 3,201 ' 790
2000 11 4,578 320 2,008 ' 504
2010 12 . 3,674 257 1,338 221
2011 13 2,366 136 853 205
Total 5,401 Total 8048
13,449

total landed, sexes combined



Striped bass harvest foregone from the estimated Equivalent Adults from the 1998 kill at the Detaware City

Table 2.
Refinery. The original estimate at age 4 was 12,129 age 4 striped bass (Normandeau 2001).
| assumed a 50:50 sex ratio. Natural mortality is assumed to equal 14% per year. o
Males are assumed to have a 7% exploitation rate per year (DDFW 2008).
- Females are assumed to have a 24% exploitation rate once they reach age 7.
MALES FEMALES
Number Alive, .
Jan. 1 Landings, No. v Number Alive, Jan. 1 Landings, No.
2003 4 6,064 ‘ 6,064
2004  § 5218 365 5219
2005 6 4,189 203 . 4,492
2008 7 3,361 235 3,867 928
2007 8 2,698 . 189 2,485 ' 592
2008 ] 2,165 | 152 1,572 377
2000 10 1737 122 1,002 241
2010 11 1,394 88 639 - 153
2011 12 - 1,118 78 408 98
20122 . 13 898 63 260 62
Total 1.595 Total 2,451

totat landed, sexss combined 4.046'



Table 3. Estimation of Equivalent'Recruit losses due to entrainment and impingement of YOY striped bass and the Conditional Mortality rate By
the Delaware City Refinery for 1998 and 1999, and for the Salem Nuclear Station for 1998. A combined mortality rate is estimated for 1998

from the two plants. Input data for SNGS from Kahn (2000). Input parameter values for z, d, and djHAT are provided.
YS = Yolk-Sac, PYSL = Post Yolk Sac Larvae, JUV1 = First stage Juvenile (to age 6 months)®

. ‘Egas © YSlarvae - - PYSlarvae © Juvi
- Z - 069 - - 0368 - - - - 0.1104 - 0.0175
o L : Untill
4 2 -6 - . 48 .14 October 15
“d,HAT 0.679335628 1.600160319 .~ - 6222252148 32.32124805
Num.
Number Eqgs = Number Surviving : Num. Surv. To Num. PYSL Surv. To
PLANT YEAR  Entrained toYSlarvae  Num.YSL Entrained PYSL "Entrained TJuvt
" DCR 1999 160,000 64,323 20,000 11,032 7,860,000 97,396
DCR 1998 - 40,000 16,081 1,700,000 338,485 15,340,000 192,058 -
comBl - . , 340, ,
NED 1998 . _
SNGS 1998 1,714,186 689,134 384,612,806 76,255,534 54,805,461 1,153,606

CONTINUED



Table 3, continued. CMR = Conditional Mortality Rate

Equivalent
Recruits,
: . Oct 15
Num  TotalJUViI  Num
Juvl from JUV1 - NUM Impinged Num JUV1
Entrained entrainment |mpinged JUV1surviving 10/15
620,000 717,386 1,199 287 97,863
3,270,000 3,462,058 - 314 : 5 . 470,962
‘ _ » _ 1,639,938
7,430,940 8,584,636 5,631 1,348 1,168,976

Num alive
in River
from NJ

YOY Index

as of 10/15

1,848,580
1,274,547
1,274,547
1,274,547

Total
JUV1
including

Plant .
Losses

1,946,443

1,745,509
2,914,485
2,443,523

Conditional

Mortality
Rate

0.05
0.27
0.56
0.478

YEAR
1999
1998
1998
1998

SOURCE
DCR
DCR

COMBINED
SNGS



Table 4. Weakfish harvest foregone from the Equivalent Adult total estimated by Normandeau
(2001) from the 1998 kill by the Delaware City refinery. M is the instantaneous natural mortality rate
estimated based on the 2006 coastwide weakfish stock assessment (Kahn et al. 2006).
Instantaneous fishing mortality rate is 0.25

YEAR M AGE number alive, Jan. 1 . : : Landings, No.
1999 0.51 1 29,595 0
2000 0.60 2 17,772 0
2001 0.60 3 9,753 ' 1,888
2002 0.75 4 5,353 985
2003 . 0.41 5 2,528 526
2004 0.57 6 1,678 185

total 3,584



Table 5. Weakfish harvest foregone from the Equivalent Adult total estimated by Normandeau .
(2001) from the 1999 kill by the Delaware City refinery. M is the instantaneous natural mortality rate
estimated based on the 2006 coastwide weakfish stock assessment (Kahn et al. 2006).
Instantaneous fishing mortality rate is 0.25

YEAR
2000
2001
2002
2003
2004
2005

M

0.51
0.60
0.60

0.75

0.41
0.57

AGE

1
2
3
4
5
6

number alive, Jan. 1 -
50,047
27,466
15,074
7,120
4,725
2,662

total

Landings, No.
0.
0
2,774
1,481
923
520

5,699
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~ Cooling systems
ravage river life,

activists charge

Big mdustnal sites on the Delaware kill
tens of billions of fish, crabs each year

By JEFF MONTGOMERY
The News Joumal

A few industrial sites with cooling
systems that draw water from the
Delaware River are killing tens of bil-
lions of fish, fry and crabs each year,
making them, by some accounts, the
biggest predators in the river.

Now five of the largest water users
are up for state petmit renewals, giving
regulators nd environmental groups
the chance for a public debate over in-
dustrial cooling-water demands.

The giant intakes continuously pump
in and discharge river water to cool
equipment and systems, sucking tril-

lions of gallons from stretches of the

Delaware that include nurseries and
feeding grounds for some of the region’s
most popular and valuable aquatic life,
including striped bass and weakfish.
“The river and bay simply cannot

sustain this kind of day-in and day-out
destruction,” said Tracy Carluccio, a
staff member for the Delaware River-
keeper Network.

Carluccio’s group last year joined
several others in suing the Environmen-
tal Protection Agency for failing to con-
trol damage from some cooling water in-
takes. The lawsuit, along with alarming
research, has put the issue in the spot-
light just as several of the plants come
up for new permits.

Some of the fish are trapped on the
intake screens, others are descaled. The
ones that are pulled through the screens
are killed by heat or torn apart by the
sheer force of the water.

The deaths caused by the intakes
threaten the entire river and bay ecosys-
tem, environmental groups say, and re-
sult in tens of millions of dollars in eco-
nomic losses.

See INTAKES — A6
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Intakes: Towers could spare

FROM PAGE A1 -

The intakes at the Salem nu-
clear power complex, Conectiv's
Edge Moor power plant, the
Delaware City refinery and
Conectiv's Deepwater, N.J.,
plant destroy roughly 607 mil-
lion year-old fish annually - a
federal estimate based on indus-
try reports that some experts
say might be too low. If fish eggs,
larvae and other organisms are
added, the number lost rises to
tens of billions.

At the river’s four largest
power plants, annual economic
damages are estimated at $49
million, mostly commercial and
recreational fishing losses, ac-
cording to one Environmental
Protection Agency study.

“The final estimates may
well underestimate the full eco-
logical and economic value of
these losses,” an EPA research
office reported in 2002.

The best alternatives to in-
takes are massive water-cooling
towers, which could dramati-
cally reduce the number of fish
killed. But installing the towers
would cost hundreds of millions
of dollars, which could be
passed on to customers.

Conectiv’'s Edge Moor plant
draws water from a section of

the river near the Cherry Island
tt;l-iapt:d "ba spawning zirea for 3417} .
8 ass. Financial losses to ) k " Delaware River each Hei e _ge g .
. “and recreatior Sty vare River cach year. Here are ‘
commercial snd rereational gy WS [ bica] intale syste
Moor were estimated by the fed- ' ‘ Creek, off the Delaware River. Pumps take
eral government at $12.5 million a rate of millions of g:fllg:; ?i g;y, along wil
ayear
~Tir Delaware City, the Valero Into the
refinery has rendered the entire '

population of bay anchovies
vulnerable, according to a 2001
study. Anchovies are an impor-
tant food source for many other
creatures in the river and bay.

“There hasn't really been a
significant change to the intake
system at the refinery, I don't be-
lieve, since the mid-60s at least,”
said Roy Miller, who directs
state fish and shellfish pro-
grams. “It's high time.”

In 2002, the EPA estimated
that the refinery intakes destroy
775,879 pounds of weakfish an-

the river. The water.

nually. Only 16,892 pounds of the va g o

popular sport fish are taken by _ passes thr'gugﬁ; oy &

recreational fishing. trash fence” bullt to. e
y, screen out large - *

A DNREC consultant esti- A
mated in 2001 that the refinery debris.
killed nearly 40,000 striped bass
in a single year, double the num-
ber caught from fishing. Count-
ing egg and larval losses, the
EPA estimated the same refin-
ery cost the river 662,871 pounds
of striped bass, more than four
times the number taken by rod

per vear)



Y and vee or'net s,
" Federa] officials estimated

fish losses at the Delaware City
refinery at $5.8 million annually.
. The De y refinery

combined with the Salem nu-

Photo/GLOBEXPLORER

clear plant could kill 34 percent  source: EPA
of the bay’s anchovy popula-
tions each year and as muchias  ygu) GSSES ON U).S. WATERWAYS ‘ Age 1’ fislrlosses

23 percent of the river’s weak-
fish, or sea trout, according to
the DNREC consultant’s report
from 2001.

Detaifs obscured
For decades, the cooling
water carnage went on with lit-

Fish losses in the Delaware River estuary were among the highest
of any examined in several case studies developed by the Environmen-

tal Protection Agency.
Delaware River losses included an e

stimated 6.9 million pounds of

weakfish, 59 million pounds of striped bass, 11.8 million pounds of
spot and 171 milfion pounds of Atlantic croaker.

The "age 1 equivalent” number is an es
killed by cooling water intakes that ar

lived long enough to reach 1 year old/

<

tle notice, obscured in part by ' v
huge backlogs in state permit EQUIVALENT IN POUNDS OF .

reviews. Most debate flared dlgi- FISH LOST YEAR-OLD FISH Wllmlngtun

ing the permit reviews carri - p— = Edge
out for Salem. But few details E:il::vware River Hook 6159 million 72 million « 135 bill
were available on other large in- - een Marcus Hook, Pa, . |« 157 mil
takes, _ and Salem, N.J.

“These are hidden, stealth (7 power plants, . Canectiv
fish olls that take place under.  2refiveries twofoctorles) 33 bilio
water, out of Sight out o - T ——
mind.” said Maya K. van 2;?;;?:0 B‘:Zr ,:lznis 18.9 billion 118 million £
Rossum, who directs the 26 boilers) ' . .llnl1 4.“3 blilli»
Delaware Riverkeeper NetWorK. o e e e+ e e+ e e et e e « 7.3 millic
“That’s why they're allowed to  Ohio River 36.1 million 11.1 million
happen. It changes the whole dy- (29 plants, mostly utilities) :
changes the whole food chain.” Brayton Pt, Mass., ' 3.84 million 7 miillion

But now, with gpul.llblic pres-  power plant (near Fall River, R1.) are waiting to reissue permits I
Sure growing, regUIAtOTS are &= e e e e 208 T I poor® B
leaning on the plants’ operators D:&rg:t ?::‘st'or':ali\::lgnroe 106 million 34 million at the nearby Oyster Creek gg ager
to change their practices and POWerp - clear plant is resolved. oper
consider alternatives to the in-  source:EPA At Oyster Creek, which stan
takEe: Iv;‘::uter ;:ooljng svstem‘si._ ldira\vvs t;v_:%ter from a Delaware b

water resources direC- ooneervation group, sai t ) iver tributary, Barnegat Bay, i
tor Evelyn McKnight said last regmt;‘c’:is nee%r to f,rigsduféi: 3,’,‘",5,‘; ss;!&hn state regulators, the Eivirog: hlg%
week her agency has targeted 't invest in that technalogy. hi sga ency h mental Protection Agency and wet!
Conectiv’s plantand Valero'sre- ~”«Industry almost across the VAo National Marine Fisheries Com-  set
finery for renewal of long out- poard has blatantly denied that “'% p a eitnl’ mission all have recommended 1
dated permits. That permitting they're having any impact, anaLoneclly  cooling towers. fish
process is carried out by the which common senss tells us is to consider : fish
states. During the renewal juet not right,” Dillingham said. cooling-water  Could set precedent ‘ gior
process for Valero and ConectiV, “Thig really is a case where the systems that Oyster Creek’s owner, Amer- SYS
Delaware regulators said they industries are using sticks-and- Spare more Gen, has opposed the cooling fror
will push the companies to con- stones kind of technology, and fish. - tower demand, arguing that the :
sider installing cooling water they’re asking for a pass. ) project could cost hundreds of Wil
supply systems, which could They’'re saying ‘We don’t want Ele added that talks with the re- millions of dollars, - ~ Ker
cost millions. ) . to be brought into the 21st cen- finery have been hampered by  “I think what happens at Ma

Those radiator-like cooling tury in terms of reducing our repeated ownership and man- Qyster Creek will tell a lot about "It
towers recycle and reuse water, environmental impact.’” agement changes at the com- what will happen at Salem,” tot
drastically reducing the num- DNREC Secretary John Plex. said Norm Cohen, who directs '
ber of fish that are killed. Hughes said his agency has _Federal rules allow compa- Unplug Salem, a group that fo)- ma

For example, the nuclear re- urged both Valero and Conectiv nies to avoid upgrading their lows PSEG Nuclear’s operations PS
actor at Hope Creek, near the to consider cooling-water sys- cooling systems if they can closely the
Salem units, already uses a coo)- tems that spare more fish. prove the changes are too costly. Construction of a new cool-
ing tower. It kills 12 million juve- “We’ve got a strong argu- Valero officials could not be ing tower at Salem, PSEG Nu- the
nile fish each year. Salem, which ment. I’'ve made the argument reached for comment on the clear cautioned, could cost $852 Mi
draws from the river, kills 354 personally at the highest levels company's plans. million and force prolonged ©f
million a year. with Valero that ... they need to For the Salem plant, negotia- shutdowns at what is now the W

Tim Dillingham, who directs look at cooling water as a major tions are more protracted. nation's second-largest nuclear Cor

investment issue,” Hughes said. There, New Jersey regulators complex. orj
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‘Age 1’ fish losses,

The “age 1 equivalent” number
kifled by cooling water intakes
lived Jong enough to reach 1y

z

. ..+ 33 billion qpllons  PBr yesr
& 1 miltion."age 1" equivalent fish lost

PhoI/GLOBEXPLORER  The News Joumal/DAN GARROW
S
at awe 1 year old or would have

@
Edge Moor/Hay Read powsr plants

- =135 biflion galions per year
' -:._157 mﬂhnq:'m1"equ¥valentﬁsh lost

Conictly

» 14.3 bilfion gallons per

i operation has caused “no sub-
i stantial harm to fisheries.”

' gion as well as improvements in:

P

-y 4

T ety —

mate of the number of fish

WAL trety s e g e g

N.J.

Eddystone powsr plant
» 320 billion galions pglragf:r

» Fish impacts not avai

miliion “age ¥ aqulgalu:m fish lost

‘The News Journal

In the company’s application
to New Jersey’s environmental
agency, Salem’s owners said the

In lieu of a change to its cool-
ing system, PSEG has restored
habitat on thousands of acres of
wetlands that it said would.off-
set fish losses at its plant.
fe l’ll'he _compa:xyhh?s financed;
fish bypass dams around the re-

systems that scare fish away

from its intakes. ,
“It was just a buyout,” said

William “Frenchie” Poulin,

£
Contact Jeff Montgomery at 678-4277 4
or jmontgomery@delawareonline.com. ;
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Federal judges say utilities must better protect marine life

By JEFF MONTGOMERY, The News Journal
Posted Saturday, January 27, 2007

In what environmental groups call a major victory for the Delaware River, an appeals court
Friday rejected federal standards that allow power plants to continue using cooling-water
intake'systems that kill billions of fish and aquatic life each year.

A three-judge panel of the 2nd Circuit Court of Appeals struck down Environmental
Protection Agency regulations that allowed power plants to avoid building cooling towers
or other systems that protect fish from getting caught up and killed by intakes.

On Delaware River, utility and industrial intakes draw billions of gallons of water to cool
down equipment. But they also suck in and kill billions of creatures. Environmental groups

say the losses threaten the river's ecosystem.

The court said utilities must use the best technology available to minimize fish losses. Using
cost-benefit studies, utilities had claimed the marshland and water restoration projects they

financed made up for the loss to aquatic life.

The EPA accepted the industry alternatives at PSEG Nuclear's Salem plant and other sites.

But in its ruling, the court rejected the general use of systems that fail to minimize direct,

plant-related environmental damage. "The statutory directive requiring facilities to adopt the

best technology cannot be construed ... to take measures that produce second-best results,"

the court’s opinion, still subject to appeal, noted. PSEG Nuclear, the owner of the Salem

- and Hope Creek nuclear plants on the New Jersey shore of the Delaware, has attempted to
use marshland restoration projects to make up for fish lost to intakes at the sprawling Salem

plant.

The Hope Creek facility uses a cooling tower. "The Delaware has suffered for many years
from these big industries and facilities ignoring the law," said Maya K. van Rossum, who
directs the Delaware Riverkeeper Network. "They've invested I don't know how much
money trying to thwart the application of the law, and now their feet are going to be held

to the fire."

Regulators and conservation groups have complained that intakes along the Delaware
jeopardize nurseries and feeding grounds for some of the region's most popular and

~ valuable aquatic life. They cause the death of millions of striped bass, weakfish and smaller
forage fish. "This historic decision validates what the environmental community has been
saying for decades,” Alex Matthiessen, president of Riverkeeper Inc., said. "EPA has ...
repeatedly failed to protect fish and wildlife from needless devastation at the hands of power

plants.”

It was unclear Friday what effect the ruling would have on permit applications under review
for large water intakes along the Delaware River, including Salem, Conectiv’s Edge Moor
plant in Wilmington, its Deepwater, N.J., plant and Valero's Delaware City refinery. "This
decision by the 2nd Circuit further complicates a very complicated regulatory matter," said
Kevin C. Donnelly, water resources director for Delaware's Department of Natural

3



