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FOREWORD

This document, "Technical Review and Evaluation of Thermal
Effects Studies and Cooling Water Intake Structure Demonstration
of Impact for the Oyster Creek Nuclear Generating Station:
Revised Final Report" was prepared by Versar, Inc., Ecological
Sciences and Analysis Division, of Columbia, MD under the
direction of Mr. Richard R. Delgado, Project Manager, Thermal
Discharge Program, Division of Water Resources, New Jersey
Department of Environmental Protection (NJDEP). The appropriate
New Jersey Department of Treasury contract numbers for this
work are P21843, P21844, and P42253. ' This report is a revision
of the Final Report dated March 1988. This revision was re~"
guested by NJDEP to allow Versar to incorporate a review of
critical data collected by GPUN that had not previously been
received by Versar (specifically, Addenda Cl and D1).

The purpose of the final report is to summarize the findings:
and conclusions of Versar's review and evaluation of the Oyster
Creek 316 Demonstration and to make recommendations that assist
. NJDEP in making a §316 decision for the Oyster Creek NGS,
including identifying intake technologies for minimizing en-
vironmental harm in preparation for a public hearing. 1In
addition, Versar makes recommendations concerning GPUN's reguest
for special water quality standards for Oyster Creek.
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I. INTRODUCTION

A. BACKGROUND

The Oyster Creek Nuclear Generating Station (OCNGS),
operated by GPU Nuclear (GPUN) and owned by Jersey Central
Power & Light Company (JCP&L, a member of the General Public
Utilities System), is located between the South Branch of the
Forked River and Oyster Creek, two tributaries of Barnegat Bay,
New Jersey (Fig. I-1). The fac111ty consists of a single boiling -
water reactor rated to produce 670 MWe with once-through cooling
water systems (JCP&L 1978). The unit was constructed between
- December 1964 and September 1969. Thermal discharges and
operational testlng initiated in August 1969 with commerc1a1
operation commencing in December 1969.

Construction of the Oyster Creek NGS resulted in the

-dredging and widening of both the Forked River and Oyster

Creek as well as the construction of man-made canals from

these tributaries to the facility... The impacts of water with-

drawal and thermal discharges from the Oyster Creek NGS on

fishery resources and other aguatic biota in the Oyster Creek/

Forked River and Barnegat Bay ecosystems have been a concern-

to state and federal resource management agencies since the

.early 1960s when it was first proposed. These concerns are

- addressed, and station operations are controlled, through the

National- Pollution Discharge Elimination System (NPDES) permit

- program and §316(a) and §316(b) of the Federal Water Pollution

~ Control Act of 1972 as amended by the Clean Water Act (CWA) of ,
1977, -

The CWA provides state resource management and regulatory
agencies with the authority to administer the NPDES permit
program within their jurisdiction(s) under §402. The New-

Jersey Department of Environmental Protection (NJDEP), Division'-
of Water Resources, accepted delegation of the NPDES permit -
program from the U.S. EPA in April 1982. "As a result, NJDEP
presently has. the respon31b111ty for 1ssu1ng flnal determ1nat10ns
regardlng. . , : :

® .Requescs ‘for.variances to thermal ‘effluent lxnltaeLors
at ”yQ'eL Creeck NGES -

L Conformance of plant operatlons and cooling water 1ntake -

- structures at Oyster Creek NGS Wlth the goals of §316(a) -
and SBlG(b) of the CWA

I-1



Srtes by
CRIVER . %Y
e

.

KETTLE CAEEK

ATLANTIC OCEANR

FI\ISLAND BEACH
-'.:l.'

BAANCSAT INLLT

P LONO' BEACH

1SLAND

i manawawsx
caustway

Figure I-1. -

Map of Barnegat ﬁay; New Jersey. -The«inéet shows
the location of Barnegat Bay in relationship to.

.the state of New Jersey and the Mid-Atlantic

Bight (from Chizmadia et al. 1984)
1~2 '



¢ Review and evaluation 'of the documents submitted by
JCP&L for the Oyster Creek NGS in the context of
§316{(a) and §316(b) of the CWA.

Section 316(a) of the CWA gives regulatory agencies the
authority to allow a thermal discharge to exceed effluent
limitations and receiving water quality standards if the owner
and/or operator of the discharging facility can demonstrate
that the existing limitations are more stringent than necessary
to assure the protection and propagation of a balanced, indig-
enous population of shellfish, fish, and wildlife in and on
the body of water into which the discharge is made. Section
316(b) of the CWA requires that the location, design, construc-
tion, and capacity of cooling water intake structures reflect
the best technology available (BAT) for minimizing adverse
environmental impact.

At the time the power plant operator applies for a NPDES
permit, a determination is made as to whether the facility is
in compliance with existing regulations, including thermal
limitations and performance standards. 1If the facility is not
~in compliance with thermal limitations and the operator/owner

has evidence that the existing limitations are more stringent -
than necessary to protect balanced indigenous populations,
then a request can be made for a variance. Requests for a §316
variance must be supported by detailed technical information
in the form of a narrative report. This report is called a
316(a) Demonstration. The operator/owner is also required to
submit the technical information needed to demonstrate that
existing intake structures minimize adverse impacts. The costs
of changes in intake structures or plant operations required to
reduce adverse impacts associated with intake structures,
however, should not be disproportionate with the environmental
benefits that result. The information to evaluate impacts
associated with intake structures and to identify the "best
available technology" for minimizing environmental harm are
submitted by owners/operators of power generating facilities in
a 316(b) Report. Information in §316(a) and §316(b) documents
is used by regulatory agencies to formulate the NPDES permit.

B. THE OYSTER CREEK PROJECT

The Oyster Creek 316 Demonstration submitted to NJDEP by
JCPaL is a rultivclume, narrative report that details flnd1n35
of studies designed to assess the impacts of plant operations
on receiving waters. A single Demonstration was submitted for
316(a) and 316(b). These studies include qualitative pre-
operational/operational comparisons, thermal plume mapping,
spatial comparisons-of water quality and biotic correlations
between areas near the plant and reference locations, estimation

I-3



of biotic losses associated with water withdrawal, and evalua- L
tion of the consequences of plant related losses to the Barnegat
Bay estuary. These studies were conducted over the period
1965-1977 and their results were summarized in the Oyster Creek
§316 Demonstration submitted to the U.S. EPA and NJDEP in 1978.
Environmental conditions in Oyster Creek and Barnegat Bay have
been subsequently evaluated by JCP&L/GPUN from 1978-1986. Reports °
concerning these findings have been submitted as supporting
materials to the original §316 Demonstration. Based on the
information in the Oyster Creek 316 Demonstration, JCP&L stated
that "since no evidence exists that the RIS [Representative
Important Species] populations will be affected by the thermal
discharge of the OCNGS ... it is concluded that this discharge
will not interfere with the protection and propagation of the
balanced, indigenous community of fish and. shellfish in Oyster
Creek and Barnegat Bay." Although some losses of entrained
macrozooplankton and ichthyoplankton have occurred, JCP&L
concludes that "it does not appear that the OCNGS operation has
either affected the structure of the sand shrimp and blue crab.
population or reduced the standing crop of juvenile and adult
blue crab in the bay" and that "the fish community in the bay
has not experienced any variation in species composition or
abundance of populations that reproduce in the bay that were
not also noted for other southern New Jersey and mid-Atlantic
estuaries...therefore, these reductions in Barnegat Bay were -
attributed to environmental factors...rather than OCNGS entrain-
.ment." Finally, JCP&L concludes in the 316 Demonstration that
existing intake structures [Ristroph screens] represent the
best technology available for reducing entrainment and impinge-
ment because "the present intake impact is not significantly
affecting the agquatic community of Barnegat Bay and the pro-
jected high costs of modifying or replacing the intake struc-.

" ture...are not warranted."

Versar, Inc., ESM Operations was awarded a contract in
August 1987 to assist the NJDEP in the technical review and
evaluation of the thermal effects and cooling water intake
studies conducted for OCNGS by JCP&L, GPUN, and their consul-
tants. The overall objective of this review was to provide
a detailed technical evaluation of the Oyster Creek §316
Demonstratlon and related documents that would assist NJDEP in:

¢ Defining what constltuted unacceptable harm to local
and regional environmental resources from operatlon of
the Oyster Creek NGS

® Evaluating the scientific adequacy of the tachnical
material provided by the utility for supporting their
conclusions and recommendations and in determin1ng 1f
additional informatlon was’ required



¢ Establishing alternate effluent limitations for the
Oyster Creek NGS that protect the receiving waters
and their biota to the degree required by the Cwa

® Determining whether mitigation alternatives selected,
or previously installed were the best available for
minimizing adverse environmental harm based on the
degree and type of impact, engineering feasibility,
recent studies of intake technology effectiveness, and
costs.

To assist NJDEP in defining evaluation criteria and decision
points for making a §316 decision of the Oyster Creek NGS,
Versar conducted, in conjunction with Mr. Edward F. Lawson of
the law firm Weston, Patrick, Willard, and Redding, a review of
relevant litigation involving §316(a) and §316(b) of the CWwaA.
This review is summarized in Appendix B and contains information
concerning burden of proof, standard of proof, degree of accept-
able harm, environmental factors considered, and cost-benefit
considerations as they pertain to §316(a) and §316(b) of CWaA.

To assist NJDEP in defining the receiving waterbody, Versar
conducted, in conjunction with Dr. William Goldfarb of Cook
College of Rutgers University, a litigation review of relevant:
litigation defining the boundaries of receiving water bodies.
The legal brief from Dr. Goldfarb is included in Appendix C.

In addition, Versar used the assistance of both Mr. Lawson and
Dr. Goldfarb in determining whether JCP&L is entitled to seek

both an alternative thermal effluent limitation under §316(a)

and a water qualty standards revision under §303(c). This

" material is presented in Appendices B and C. 4

GPUN has reviewed and commented on the material in Appendices
B and C. Versar's responses to their comments are summarlzed
in Chapter II. :

C. POTENTIAL FOR IMPACT OF THE OYSTER CREEK NGS

The magnitude of power plant impacts on aquatic biota is
influenced by plant engineering design and operating practices
(e.g., the location, design, construction, and capacity of
intake siructures and intake water velocities), the magnitude
of temperature increases across condensers (4T),; the anount of
cooling water use relative to the size of the receivirg ‘water
body, che amcunt of "new” water available to dilute plant efflu-
ents, the level of power generation, and the duration of expo-
sure of biota to thermal discharges (Clark and Brownwell 1973;
U.S. Environmental Protection Agency 1976, 1977a, 1977b;
Maryland Department of Natural Resources 1986).  Figure I-2 is
a schematic representation of cooling water flow through a

1-5
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Figure I-2. Schematic path of water flow through a power
generatzng facility showing locat1ons of plant-
organisms interactions

Fish and crabs may accumilate and become entrapped in the intake canal.

"Organisms, mainly fish and crabs, too large to pass through the 9.5 mm intake

screens or 7.6 cm wide trash racks may become trapped on them (i.e., are impinged).
Intake screens are periodically rotated to wash off impinged organisms and return

“them to receiving water. Trash racks are mechanically cleaned periodically and -

impinged organisms returned to the receiving water.

Organisms small enough to pass through intake screens are drawn through the cooling

system (i.e., are entrained). Entrained organisms experience a sudden temperature

rise of from 12-13°C, shear and pressure forces, and many contact internal struc- .

" tures. Entrained organisms may also be exposed to lethal levels of chlorine and its

residuals during time periods when chlorine is applied. Large organisms (fish and-
crabs) may also be entrained into unscreened augmentation pumps. During auxiliary
pump entrainment fish and crabs experience mechanical damage fram contact w1th
internal pump structures.

Ozganlsns survlvxng entrairment ard impingement are exposed to continued -excess
tperatures ani peseibly o enlorine resi®ials during the 2-4 hour transit down

-the discharge conduit and canal erroute back ic the receiving body.

- ¥ -

‘Organisms in receiving waters may be exposed to elevated temperatures in the
discharge plume. Currents associated with the discharge plune may cause
habitat modifications - through bottom scourlng and changes in c1rcu1at10n
patterns.



power generating facility similar to the Oyster Creek NGS
showing major power plant-biota interactions. These interac-
tions fall into three major categories: (1) impingement,

(2) entrainment, and (3) discharge effects. Each of these
modes of impact is discussed below.

Impingement

Impingement consists of trapping large organisms on bar-
riers (e.g., trash racks and intake screens) that are used to
keep condenser tubes free of blockage (Clark and Brownwell
1973). Implngement often causes immediate mortality by abra51on
or by restricting movement of oxygen-bearing water across
gills (U.S. Environmental Protection Agency 1977a; 1977b).
Latent mortality may also occur because organisms physically .
damaged during impingement are more susceptible to disease and
may be less able to compete when returned to the receiving
water body. The methods used to remove impinged organisms and
return them to the receiving water body determine, to a large
degree, the magnitude of impingement mortallty (American Society
of Civil Engineers 1982). Impingement is of major concern when -
losses to juveniles of commercially or recreatlonally 1mportant
species are large relative to the stock size of these biota in
the. receiving water body (Hanson et al. 1977; Barnthouse and
Van Winkle 1981).

Entrainment

Entrainment is the transport of biota through the cooling
~water system; including the condenser, supply water, and dilution .
pump systems. Entrained biota may experience mortality due to
abrasion, rapid velocity changes, shearing flows, rapid tempera-
- ture increases, and toxic chemicals used to prevent biofouling
(Hanson et al. 1977). Entrainment mortality of a large propor-
tion of each year's spawn has the potential to adversely impact
regional population size (Boreman et al. 1978; Polgar et al.
1981). Power facilities which use auxiliary dilution pumps to
reduce thermal discharge temperatures provide a secondary’
source of entrainment of both early life stages and larger
biota (if auxiliary pumps are not screened). Depending upon
the volume cf water used for this dilution, entrainment through -
the augmentation cooling systems can be eguivalent to the
entrainment observed for condenser cocling systems.. Tne .
eatrainment of early developmental stagez is of purticular
concern when intake structures are located in or near spawning
and nursery areas of 1mportant species and a-large proportion
of the regional spawn is entralned (U S. an1ronmental Protection
Agency 1977a, 1977b). :
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Discharge Effects

Discharge water from power plants with once-through cooling
systems is generally released at temperatures above ambient and
may include residues of toxic materials such as copper corroded
from the condenser tubes or chlorine injected to reduce bio-
fouling. Biological effects from exposure to thermal effluents
depend upon the magnitude of the temperature increase compared
with ambient water temperature and the duration of exposure
(Barnett and Hardy 1984). Cold shock is of concern when biota
attracted to thermal effluents during the winter are suddenly
exposed to cold temperatures during plant shutdowns (Hanson et
al. 1977; Barnett and Hardy 1984). Chlorine, toxic to most
estuarine biota in the ppb to ppm range, is of concern when
concentrations in the plant effluents are greater than 0.2 ppm.
Chlorine toxicity is greatest at high temperature (Capuzzo 1979).

Exposure to power plant discharges may also have indirect
or sublethal effects. Sublethal thermal effects are often as
much of a concern as direct thermal mortalities and include
alteration of physiological processes (e.g., growth, reproduc-
tion), movement of resident biota away from the discharge
region, and increases in abundance of nuisance organisms within
the thermally impacted region (Coutant 1977; Coutant and Talmadge
1977; Holland and Hiegel 1981). Thermal effluents can also
represent thermal barriers blocking migration pathways, partic-
ularly of anadromous fish (Coutant and Talmadge 1977).

Site Characteristics

The physical, chemical, and biological characteristics of
the water body adjacent to a power generating facility play a
role in determining the nature and magnitude of power plant
effects as do human uses of the water body. Appendix A sum-
‘'marizes the surrounding ecosystem and the Oyster Creek NGS
characteristics which play a major role in determ1n1ng the
magnitude of plant- blota 1nteract10ns. :

D. REPOR’T' ORGANIZATiON |
. The remalnder of this docunnnt is organlzed in the followxng

“'Crln.‘r.

¢ Chapter II details the evéluation'methddologY, evaluation
criteria and decision points that were used by Versar -
in its review of the Oyster Creek 316 Demonstration



Chapter III describes the selection of RIS (Representa-
tive Important Species) and their associated geographic
boundaries for the assessment of Oyster Creek NGS
impacts on adjacent water bodies

Chapter IV assesses whether the information presented
in the Oyster Creek §316 Demonstration is sufficient
to make a §316 determination

Chapter V critically examines the information available
from the Oyster Creek §316 Demonstration to quantify
the potential population and ecosystem impacts of the
facility

Chapter VI describes the procedure used to determine
whether the Oyster Creek NGS adversely affects balanced
indigenous populations and minimizes impacts to the
degree required by §316(a) and §316(b) of the CWA by
using the.the evaluation criteria and decision points’
developed in Chapter II

Chapter VII describes the procedure used to determine
whether the existing intake structures at the Oyster
Creek NGS represent the "best available technology
(BAT) for minimizing environmental harm

Chapter VIII integrates the findings of the evaluation
process into recommendations and conclusions "

Chapter IX - References
Appendix A - Plant and Ecosystem Characteristics

Appendix B - Review of Relevant Litigation

' Appendlx C - Memorandum Concerning Deflnltlon of

Receiving Waterbody -

Appendix D - Summary and Evaluation of 316 Evaluatlon :
Criteria '

Appendix E - Section 316 Evaluatlon Crlterla from

Sources Other Than Litigated Dec131ons

Append1x F - Relatloqshlp between §316 and Establish-
ment cf Water Quall-y Standards

Appendix G - Determlnatxon of Retrofit Costs at
the Oyster Creek Nuclear Generatlng Statlon
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Appendices H and' I - Estimating the Economic Value
of Fisheries Resources at the Oyster Creek Nuclear
Generating Station. ‘
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II. EVALUATION MﬁTHODOLOGY

The information described in Appendices B through F and
Chapter I are integrated in this chapter into an approach for
determining whether:

Operation of the Oyster Creek NGS protects the receiving
water body to the degree required by §316(a) of the
cwa

» The present intake structures represent the best avail-
able technology for minimizing 1mpact as required in
§316(b) of the CWA.

The procedure developed by Versar allows for the 31mu1taneous
review of the Oyster Creek §316{(a) and §316(b) material.
However, it calls for the compliance determination required by
§316(a) to be made before the determination of the "best tech-
nology available" for minimizing adverse impacts required by
§316(b) is accomplished. The law does not require a determina-
tion as to whether balanced, indigenous populations are pro-
tected (§316(a)) before the available technologies are evaluated
(§316(b)). However, in this manner, the major sources of power
plant impacts (i.e., the problems to be solved) are identified
and the causes of impact understood before potential mitigative
actions are identified and evaluated. Information presented in
Volume II of this report suggests this is a cost-effective and
appropriate manner to conduct §316 reviews and evaluations. 1In
the following sections of this chapter, the rationale for this
overall approach is discussed, and the specific activities
occurring in each step of the evaluation methodology are
described.

A. PROBLEMS ASSOCIATED WITH ASSESSING POWER PLANT IMPACTS

It is not feasible or cost-effective to measure power .
plant effects on all species inhabiting aquatic environments
.(Limburg et al. 1984). This is because ecological theory has
not 1dentified conglomerate measures of system "health" or
defincd generic system preperties that are indicative of over-
all system stetus (gummers et al. 1984), In aidition, the
.magnitude of power ple impacts is related-tc engineering
design and site characteristics (see Chapter 1I). As a result,
state and federal regulations governlng power plant operations’
generally do not provide specific criteria to be used to evalu-
ate power plant 1mpacts (e g.., §316 of the CWA) Rather,
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regulations generally provide regulatory goals, leaving decision
makers, regulators, and the courts with the responsibility for
defining specific evaluation criteria.

Some methods discussed in the §316 litigation review
(Appendix B) that are appropriate to use for assessing power
plant impacts are:

® To focus assessment efforts on target species (often
called Representative Important Species) which are
indicators of system-wide responses

® To direct the evaluation of plant impacts to a suite of
biological processes that cumulatively are indicative
of system-wide alterations, including:

-- Increases in the abundance of nuisance 'species,
which indicate that basic ecosystem processes have
been impaired or are in danger of becoming impaired

- ——- Change in the biological productivity of the re-
ceiving waters, which indicates basic ecosystem
processes have been altered

® To focus assessment efforts on adverse change in the
beneficial uses of receiving waters, which indicates
human uses and values of the water body are threatened
and ensures inclusion of organisms that have commercial
. and recreational value into the evaluation process

® To develop valuation techniques, either ecological
(quantification of population, community, and ecosystem
losses) or economic (dollar value), on which to base
assessments and decisions

®¢ To focus power plant assessments on critical biological
- activities of target species (e.g., spawning and nursery
functions, migration, loss of reproductive population.
elements) because alterations to these activities are
the ones that are most likely to have long-~term conse-
quences o

® To identify and select cost-effective mitigation alter-
natives for minimizing losses, including changes in
operational practices and structural alterations,
assuming that any reductions in losses are beneficial:
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"B. OVERVIEW OF EVALUATION APPROACH

The steps in the evaluation methodology used by Versar to
evaluate the Oyster Creek NGS §316 Demonstration are as follows
(Fig. II-1):

Determine the potent1al for impact at the Oyster Creek
NGS (Step 1)

Develop evaluation criteria and decision points for
assuring the protection of balanced indigenous popula-
tions based on the findings of the §316 litigation
review and criteria in §316(a) regulations and state/
federal guidelines (Step 2)

Modify evaluation criteria as necessary, to be consis-
tent with litigation for establishment of water quality
standards, effluent 11m1tations, mixing zone policies,
and anti-degradation policies in the CWA and New Jersey
Surface Water Quality Standards, the New Jersey Water
Pollution Control Act, and the New Jersey Water Quality
Planning Act (Step 2)

Select RIS and geograph1ca1 ranges abproprlate for
assessing power plant impacts at the Oyster Creek NGS'
(Steps 3 and 4)

Determine the adequacy of the data in the Oyster Creek
§316 Demonstration documents for assessing impacts and
making a determination of compliance with decision
points in §316(a) and for making a best technology

" available determination according to §316(b) (Step 5)

Determine the consequences of missing and/or_inadequate' _
data for assessing impacts and making a §316(a) compliance
determination and a §316(b) best technology avallable

" determination (Step 5) .

Determine the consequences of plant-related losses to
regional RIS populations/communities and ecosystem
stab111ty (Step 6) . :

" Determine compliance with decision poxnts developed
. in Step 2 to identify impacts that must be reduced to

protect the maintenance and precpagation of balanced
indicenous pcpu‘ations (Step 6)

Determine the consequences of fallure to reduce plant-
related 1mpacts (Step 6)
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Step .1 Step 2

Determine the Potential for Impact Conduct Litigation Review

Step 3
Identify RIS

l

Step 4 '
Determine Geographic Range for
Evaluation

Step 5
Evaluate Data Adequacy

. Step 6
Make §316(a) Compliance
Determination

Step 7
Conduct §316(b) BAT Evaluation

Step 8

Prepare Fipal Report
. Step. 9

Participate in Public Hearing

Figure II-1. Versar's assessment methodology
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¢ 1Identify intake structure technologies and/or modifi-
cations to plant operations that represent the best
technology available for minimizing impact to envircn-~
mental resources and attainable uses of receiving
waters (Step 7)

® Integrate the findings of Steps 1-7 into conclusions
and recommendations that can be used for making §316(a)
and §316(b) decisions for the Oyster Creek NGS (Step 8)
and for issuing an NPDES permit that is consistent with
the New Jersey Water Quality Standards and with criteria
described in §316 of the CWA for protecting the nation's
waters (Step 8)

® Prepare for and participate in public hearing on the
establishment of effluent limitations for the Oyster
Creek NGS that protect receiving waters to the degree
required by §316 of the CWA and New Jersey Water
Quality Standards (Step 9).

The steps in the evaluation methodology were the basic organi-

zational structure for conducting the review and evaluation of

the Oyster Creek §316 Demonstration. These steps also provided
the basic structure used to organize this report.

C. SPECIFIC ACTIVITIES_OCCURRING IN EACH STEP OF
THE EVALUATION METHODOLOGY

In Step 1 of the evaluation methodology, information on
plant and site characteristics was used to determine whether
the potential for biological impacts is high or low. All modes ~
of impact (i.e., entrainment, impingement, discharge effects)
were evaluated. This prioritization was used to determine the
amount of information that was required to address potential
"impacts. Less information was required to address impacts with
"~ a low potential for occurring than was required to address .
impacts with a high potential for occurring. Our determination
was that the potential for all modes of power plant impact was
high at the Oyster Creek NGS. This conclusion was reached .
because: : .

fraction of total freshwater inflow and tidal flushing
in Forked River/Oyster Creek as well as Barnegat Ray
" as a whole :

ﬂ_ ® Water use by the Oyster Creek NGS is a relatively large

¢ The AT across condensers, discharge temperature, and = -
the volume of discharges are sufficiently large that a-
substantial portion of the receiving waters could be
impacted and the potential for plant operations to ,
cause reglonal impacts at the population or community :
~level is large >
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® Velocities through intake screens are sufficiently large
to impinge large numbers of indigenous biota

® TImpinged organisms are returned to receiving waters via
‘ “ the discharge canal where they are subjected to discharge
temperatures that are potentially stressful
® The dead end design of the intake canal and high intake
n velocities suggest the potential for entrainment and
impingement is high.

Step 2 consisted of developing the evaluation criteria in
Table II-1. The first three evaluation criteria are intended
to indicate whether balanced indigenous populations have been
adversely impacted as a result of power plant operations.
Criterion four protects important beneficial uses of receiving
waters, such as commercial and recreational fisheries. Compli-
ance with criterion five ensures protection of biotic resources
that have been determined by their natural abundance levels to
be sensitive and stressed by anthropogenic activities. The
decision points for each evaluation criterion have been developed
in a manner which allows changes (e.g., losses due to plant
related mortality) up to the point that those changes begin
to threaten the long-~term well being and integrity of the
receiving water body. They represent an integration of the
many decision points identified in Appendices A-F and protect
the most important functional system processes. Therefore,
failure to comply with the decision points for the evaluation
criterion indicate adverse environmental harm. Specific analysis
results are then used to define the sources (i.e., cause) of
that harm .as well as the quantity of its extent.

- In most aquatic ecosystems, it is generally possible to
identify biota which, because of their abundance, distribution,
ecological roles (e.g., food web linkage), or economic impor-
"tance (e.g., commercially exploited species), are essential to,
and/or representative of, the maintenance of balanced, indige--
nous populations of shellfish, fish, 'and wildlife. These
target species of RIS can be used to focus impact assessment
efforts, making the assumption that if populations of these
~ surrogate species are protected, then other populations and the
ecosystem as a whole are protected. Because many RIS are near
the top of estuarine food webs or are key links in food webs,
changes in their abundance or distribution indicate system-w1de
alterations. '

RIS for asscssing impacts of the Oyster Creek NGS were
selected in Step 3. The RIS resulting from this assessment
were compared to the RIS used by GPUN in the Oyster Creek §316
Demonstration. Any discrepancies between the two RIS lists
were identlfied, and the conseguences of these differences to



Table II-1. List of evaluation criteria and decision points
used for the technical review and evaluation of
the Oyster Creek §316 Demonstration and for
determining if power plant operations adversely
affect the receiving water body

Evaluation Criteria

Decision Point for
Non-Compliance with
Evaluation Criteria

® No adverse impacts on spawn- ® Plant-related impacts on RIS

ing and nursery functions,
including migration to and
from spawning grounds

® No significant increase in
the abundance of nuisance
species

o No adverse changes in the

structure of the food web -

and/or functional proper-
ties of the ecosystem '

e No adverse impacts on the

beneficial uses of the
water body o

® No decrease in the abun-'
dance of endangered or .
threatened species

. are associated with declines

- . in an actual or projected de-

~actually result

spawning and nursery activi-
ties potentially result in ap-
preciable long~term declines
or preclude increases in popu-
lation abundance or adversely
affect the completion of RIS
life cycles

Plant-related impacts result
in increases in the population
abundance of nuisance organ-
isms, especially those that

in indigenous populations

Plant-related impacts result
in changes in the abundance
and type of biota occurring at
lower trophic levels to the de-
gree that increases are pro-
jected to be precluded or de-
clines in the abundance or
productivity of higher trophic
levels are projected to or

Plant-related impacts result .
in or are projected to result
in significant declines or pre-
clude increases in boating,
swimming, fishing, or other
human uses of the receiving
water body on a local or
regional scale

Plant-related impacts result

cline or preclude increases
for a species that is federally
or locally recognized as
threatened or endangered
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making a §316 decision were determined. Versar chose to make
an independent selection of RIS rather than use the ones used
by GPUN to ensure that plant impacts on potentially important
indicator organisms were not overlooked.

Step 4 involved making a determination of the geographic
boundaries over which power plant impacts should. be assessed.
The determination of geographic boundaries for assessing impacts
was based primarily on life history attributes of the RIS se-
lected in Step 3 and natural geographic boundaries. Human use
patterns of receiving waters were also considered.

.In Step 5, an assessment was made as to whether the infor-
mation presented in the Oyster Creek §316 Demonstration was
sufficient to make a §316(a) and §316(b) BAT determination.

The litigation review suggests that failure to provide sufficient
information can be a basis for disallowing a request for alter-
nate effluent limitations under §316. The first part of Step

5 consists of defining data needs. A determination was made as

to whether the data and information in the Oyster Creek §316
Demonstrations were collected, processed, summarized, and analyzed,
in a manner that was adequate to assess power plant impacts.

The conseguences -of missing or inadequate data and analyses to

the review and impact assessment process was evaluated by
determining the extent to which the missing data or analyses were
likely to alter conclusions. If missing data were critical to

the evaluation process, a determination was made as to whether
substitute data could be obtained from other sources (e.g., the
scientific literature), or whether data could be adjusted in a
manner which would make them adequate for making §316(a) and
§316(b) decisions. The second part of Step 5 consisted of

making a determination of the adequacy of GPUN's conclusions.

The adequacy of conclusions was determined by evaluating data-
inputs, calculation procedures, and assumptions and rationale, as
well as by evaluating whether the specific analysis procedures

"~ applied were applicable and reasonable. A determination was .
also made as to whether analysis results were correctly interpreted
and supported the conclusions and recommendations.

GPUN(%IE;EED carry out analyses that rigorously quantifled
the populatio ecosystem, or economic impacts associated with

plant-related losses, or to place observed spatial and temporal

" distribution changes into an ecosystem context. As the first .
part of Step 6, we determined the consequences of power plant

" impacts from the Oyster Creek NGS to the receiving waters by

. applying ceveral impac assessment models that quantified losses’
(relative and absciute) at the population and ecosystenm level as
well as estimated losses to fisheries. - ‘

'GPUN contends these models stop short of addressiﬁg the

long-term question of maintenance of balanced, indigenous
populations. The models do operate within an annual‘framework
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and disregard year- o-year phenomena (e.g., modification of
process rates, changes in immigration or emlgratlon) If GPUN
wishes to prepare quantitative analyses which incorporate these
phenomena, the exercise would surely shed light upon a complex,
compliance issue. Given the lack of substantive, empirical
data concerning the maintenance of balanced; indigenous
populations, the impact assessment models provide the best
estimate at this time concerning the potential adverse impacts
of the Oyster Creek facility.

In the second part of Step 6, the information developed
from application of the models in combination with the data and
analyses presented by GPUN were used to evaluate whether the
Oyster Creek NGS adversely affects balanced, indigenous popula-
tions as required by §316(a) of the CWA by determining compliance
with evaluation criteria and decision points defined in Step 2.
Because the evaluation criteria developed represent an integra-
tion of decision points in previous litigation and were con-
sistent with the CWA and New Jersey water quality policies and
standards they have legal precedent. The results of the impact
assessment analyses and the data adequacy review were the
technical basis used to make this determination. As the final
part of Step 6, a determination was made of the consequences
of missing data to making a §316(a) decision and granting an
NPDES permit for the Oyster Creek NGS.

Step 7 involved collecting and integrating the information
needed to determine if intake structures at the Oyster Creek
NGS represented the best available technology (BAT) for minimizing
environmental harm as defined by §316(b) of the CWA. As a part of
" Step 7, we developed and applied econometric models to determine
the costs to ratepayers of requiring effective BAT's. It con-
sisted of seven steps:

e Identification of the adverse impacts to be minimized

o Identification of the available technologles that
- reduce the identified adverse impacts

e Estimation of the ecological benefit likely to'be
derived from each applicable technology

e Estimation of costs for each applicable technolqu

e Optimization of BAT selections based on anticipated
benefits and cpst-effectiveness

e Determination of the'socio-economic consequences of
. requiring BAT (e.g., costs to rate payers)

) Evéluatioh'of the"advetse'impécts.bf“fequiring BAT.
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The proposed methodology calls for a 316(a) determination -
to be accomplished prior to the BAT evaluation. This will
facilitate the most cost-effective BAT evaluation, since the
impacts to be minimized will already have been defined. 1If it
is determined in Step 6 that alternate effluent limitations for
a facility do not protect the maintenance and propagation of
balanced indigeneous populations, then alternate effluent limi-
tations would be denied and the utility must comply with §316(a)
(i.e., BIP must be protected). In some cases, compliance with
these water guality standards would require certain technologies
or operational procedures which would eliminate the usefulness
of others. 1In this manner, it is most cost-effective for NJDEP
to make BAT evaluations with as much knowledge as possible.
(i.e., having made a 316(a) determination).

The next step in the evaluation process (Step '8) was to
integrate our flndlngs into recommendations and conclusions
to assist NJDEP in:

e Defining alternate effluent limitations for the Oyster
Creek NGS and attainable uses for the receiving waters

e Determining effectlveness of tempering pumps
L Defining the BAT for intake structures
® Granting an NPDES permit.

The final step in the study (Step 9), which will occur in
the future, will be to assist NJDEP in preparing for a public
hearing related to the establishment of alternate effluent
limitations for the Oyster Creek NGS.

D. RATIONALE FOR THE APPROACH

The litigation reviews described in Appendices B through F .
suggest that three different assessment methods have preceden-
- tial standing for demonstrating compliance with §316 of the . -~
" CWA including: (1) demonstration of no prior. appreciable harm;
(2) demonstration of no adverse impact on Representative
Important Species (RIS); and (3) submission of biological,
engineering, and other data that satisfy §316 requirements.
GPUN/JCP&L elected to use a combination of approach 1 and
approach 2 in prepar::.ru~ the 5316 Demonstration for the Oyster
Creek NGS.

The no prior apprec1ab1e harm demonstratlon approach L
app11es only to operating facilities and is based upon the pre-
- sumption that if no harm can be shown for existing operations
" then no harm will occur in the. future. Exlstlng effluent
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limitations then can be presumed to be more stringent than
necessary to protect the receiving water body to the degree
required by §316 of the CWA, and plant operations should be
allowed to continue unaltered. A no prior appreciable harm
demonstration is generally based on preoperational/postoperational
comparisons of environmental "health" and survey data qguantifying
spatial changes in biotic distributions attributable to plant
operations. The data presented for the no prior harm demonstrations
were evaluated (Chapter IV) and were judged to be adequate for
phytoplankton, zooplankton, benthic algae, and submerged aquatic
vegetation. Data presented for fish suggested significant.
differences in species number and species composition between
preoperational and operational years and were not adequate for
making a determination as to the influence of the thermal
discharge on fish populations.

A no prior appreciable harm demonstration is also based
upon a rebuttable presumption. A rebuttable presumption is a
factual inference which may be made in the absence of certainty
and which may be rebutted by other evidence. Once the owner/
operator of a power plant has provided substantial, creditable
evidence for no prior appreciable harm, the burden of proof is
on the regulator to either rebut the presumption or to accept
it. Rebutting the conclusions of a no prior appreciable harm
type §316 Demonstration is difficult unless the regulator has
conducted independent studies and/or "new" analyses which allow
them to take an affirmative position. 1In the evaluation meth-
odology used by this study, a series of independant analyses
were used to assess the impact of the Oyster Creek NGS on
spawning and nursery functions, ecosystem productivity, and
beneficial uses (i.e., commercial and recreational fisheries)
of the receiving water body. These independent analyses allow
NJDEP to take an affirmative position when making §316(a) and
" §316(b) decisions for the Oyster Creek NGS and provide a means
for rebutting the no prior appreciable harm portions of the
~ Oyster Creek §316 Demonstrations should it be necessary to do

so. . :

The evaluation methodology used to determine if opera--
tion of the Oyster Creek NGS protected the receiving waters to
the degree required by §316(a) and if intake structures repre-

- sented the best available technology for minimizing environ- -
mental harm relies heavily upon identification and selection of.
RIS and the subsequent evaluation of power plant impacts upon |
these target species. Not only does this approach heve legal
precedent but most cf the data presented in the Oyster Creek
§316 temonstration documnnts are aOyllCEbl“ to it. '
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E. GPUN'S COMMENTS ON EVALUATION METHODOLOGY

GPUN provided comments on the evaluation methodology in
two different volumes (23 December 1987 and 7 July 1988). 1In
short, their concerns were that the evaluation methodology:

Combined the §316(a) and §316(b) review and considered
impingement and entrainment impacts as a part of the
§316(a) review as well as the §316(b) review

e Used impact assessment models to assess the consegquences
of entrainment losses to regional biological populations
and as a result did not rely on the analyses conducted
by GPUN and its consultants when determining the
consequences of power plant-related losses to regional
populations

e Misinterpreted the meanlng of "minimize" in the context
of §316(b)

. e Failed to consider plant-related losses at the
populatlon/communlty level when determining adverse
harm

® Considered worst case conditions or assumptions which
have little chance of occurring when consideration of

extreme conditions which would have a reasonable chance

of occurring would have been more appropriate

® C(Considered adverse impacts on beneficial uses of
receiving water under §316 when consideration of
impacts on beneficial uses is not. specifically required
by §316 of the CWA. S

In this evaluation methodology we do include impingement and
entrainment as a part of our §316(a) evaluation in accordance
with our legal reviews (Appendices B and C). The specific

wording of §316(a) of the CWA as well as precedents established |

by previous §316(a) litigation is unclear as to the degree
entrainment and impingement losses are considered as a part of
§316(a). Clearly §316{(a) is_mainly directed toward losses due

thermal shock of organisms traversxng the condensers and their
return to the receiving body via the cdischarge canal. These
trermal effects are a major source of entrainment mortality l
and interact synergistically with other entrainment stresses
to result in an overall entrainment nortality. Impinged
organisms are returned to the thermal discharge canal and are
also subjected to thermal shock, contributing to impingement
mortality. Therefore, it was our judgement that it would be
of little value, if not impossible, to separate entrainment
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and impingement losses due to exposure to the "thermal component'
from other stresses. 1In addition, previous §316(a) litigation
indicates "other stress" should be included as part of the
§316(a) evaluation. Previous §316 litigation suggests that
because all modes of power plant impact are so interrelated

that when possible it is preferable to evaluate them simul-
taneously and jointly. Because joint evaluation was the

most cost effective method for conducting the review and evalua-
tion of the Oyster Creek 316 Demonstration, NJDEP and its
technical advisors requested that we conduct a joint review.

Versar also used 1mpact models to assess plant-related’
effects at the populatlon/communlty level primarily because the
analyses provided in the Oyster Creek 316 Demonstration were
judged to be insufficient to substantiate the protection of
balanced, indigenous populations unless supported by additional
information on the impacts to regional populations. The impact
models were used to address these shortcomings. It is unclear
as to why GPUN commented that the review methodology did not
consider the consequences of losses at the population or com-
munity level as this is the major purpose of applying the .
models and the lack of these considerations is the major short-
coming of the 316 documents submitted by GPUN. The evaluation
does consider worst case conditions but only those conditions -
which have some likelihood of happening. We agree with GPUN \ M°5°'
that consideration of worst case conditions which had little
chance of occurring would be of little value. Finally, our
evaluation methodology includes beneficial uses, although
§316(a) and §316(b) of the CWA do not specifically address
beneficial uses. We use beneficial uses to ensure inclusion
of important recreational/commercial species (hard clam, winter
flounder, blue crab) under the umbrella of balanced, indigenous
populations. Previous §316(a) and §316(b) litigation indicate
inclusion of adverse impacts on beneficial uses of a water
body is appropriate. This inclusion appears to be in agreement
with the intent of the CWA, :

GPUN felt that the evaluation procedure would require a
reduction of losses even if existing operations were not
adversely harming balanced, indigenous populations. Therefore,.
- GPUN suggested that Versar had misinterpreted the meaning of
the word "minimize" in the §316(b) context. While it is true
"that the evaluation procedure may require a reduction of plant
related losses even if balanced, indigenous populations are
not threatened, such a reduction of losses will be achieved by
methods whose costs are not wholly cdisprouportionete to the
ecclogical benefits that result. Appendix B indicates this is
a reasonable approach. GPUN suggests that if a balanced,
indigenous population exists, then there are no ecological
benefits to reducing plant related losses. This is inconsis- . -
tent with §316(b) which requires the minimization of adverse
environmental impact not the protection of balanced, indigenous
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populations, and may, therefore, be more stringent than §316(a).
The major point of disagreement between Versar and GPUN in
this context is clearly the determined value of the ecological

benefits that result from reducing losses which do not threaten
the balanced, indigenous population.
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III. SELECTION OF RIS, DETERMINATION OF GEOGRAPHIC
. BOUNDARIES, AND BOUNDARIES OF RECEIVING WATERBODY
FOR ASSESSMENT

GPUN chose to base the Oyster Creek 316 Demonstrations on a
combination of the RIS concept and a "no prior harm" demonstra-
tion. Therefore, they had to select specific RIS to consider,
as well as to decide the geographic boundaries over which
Oyster Creek's impact would be evaluated. 1In this section, we
describe the selection criteria used by Versar for making an
independent selection of RIS and deciding on geographic boun-
daries for assessing impacts of the Oyster Creek NGS. We also
contrast Versar's RIS with those used by GPUN and discuss the
consequences of any differences between the two RIS lists for
making a §316 decision and developing final recommendations.
The RIS and geographic boundaries used by GPUN have previously
been reviewed and commented on by a Technical Advisory Group
(TAG) consisting of representatives of concerned state and
federal agencies. Versar considered the comments made during
these previous reviews when selecting RIS, determining the
boundaries of the receiving waterbody for making a §316(a) and
§316(b) decisions for the Oyster Creek NGS, and determining
whether GPUN should be entitled to seek both an alternative
effluent limitation under §316(a) and a water quality standards
revision under §303(g). :

A. SELECTION OF RIS

The RIS assessment approach is based upon the assumption
that species which are essential to, or representative of, the
- maintenance of balanced, indigenous populations of shellfish,.
. fish, and wildlife in the Oyster Creek/Barnegat Bay ecosystem
can be identified. RIS selections for the Oyster Creek §316
Demonstrations should include:

. Species that use the Oyster Creek/Barnegat Bay reglon
as a spawning and/or nursery ground

® Species of commercial and/or recreational value

¢ Species. that are e=sent1a1 to the functioning of the
Oyster Creek/Barnegat Bay ecosystem

. ® Species that are 1mportant linkages in the food web of
the Oyster Creek/Barnegat Bay ecosystem

e Species recognized as threatened or endangered
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® Nuisance species likely to be enhanced by power plant
operations

® Species in each of the above categories that are likely
to be sensitive to power plant operations

o Species which represent all major trophic categories
within the Oyster Creek/Barnegat Bay ecosystem (i.e.,
primary producers, zooplankton/macroinvertebrates,
forage fish, predatory fish, and other vertebrates).

Specific RIS for each of the seven RIS categories were
chosen to include at least one species from each trophic level
category in the above RIS list. Tables III-1 through III-7
summarize the RIS selected by Versar for each category. These
selections were developed from the available scientific litera-
ture (e.g., Kennish and Lutz 1984) as well as the Oyster Creek
".§316 Demonstration documents. Tables III-1 through II1I-7
describe our rationale for the selection of RIS, and at the
bottom of each table a conclusion is reached as to whether the -
RIS used by GPUN adequately represented each RIS category.

The RIS used by GPUN did not include representatives of
habitat formers, threatened or endangered biota, and primary
producers (Table III-8).  GPUN's failure to use a RIS for the
habitat former, primary producer, and threatened and endangered
categories did not adversely affect Versar's ability to review
- and evaluate the Oyster Creek 316 Demonstration. Versar identi-
fied eelgrass as a RIS for both the habitat former and primary
producer categories. 1In addition, Versar chose the Atlantic
Ridley turtle as a RIS for the threatened and endangered category.
Impacts of the Oyster Creek facility on eelgrass are likely to
be localized and were evaluated using existing data. There
appear to be no adverse interactions between the Oyster Creek -

- NGS and threatened/ endangered biota, but Versar reviewed and
‘»evaluated the potential for such interactions. :

B. DETERMINATION‘Of,GBOGRAPHIC BOUNDARIES

The four criteria available for the determination of geo-
graphic boundaries over which the evaluation could be applied
are the use of natural geographic boundaries, regions defined
by human use ratterns, regions over which the life cycles of
RIS are completed, anl regicns in which critical ecological
functions are performed. The litigation review suggested that
the evaluation of §316 impacts should be made within natural
' geographic boundaries unless one of the remaining criteria can .

be shown to be more reasonable._,' .
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Table III-1.

Selection of RIS that use Barnegat Bay as a
spawning and nursery area

Versar Selections . ~ GPUN Selections

Winter flounder ' ' P Winter flounder

Bay anchovy

Sand shrimp

Rationale
for Versar's
Selections

Conclusion:

Bay anchovy

Sand shrimp
Weakfish

Atlantic menhaden
Bluefish

Threespine stickleback °

® A local population of winter flounder
use Barnegat Bay as a spawning and
nursery area, and their larvae are | -
abundant.in entrainment_samples.

- ® Bay anchovy use Barnegat Bay as a
spawning and nursery area, and their
eggs and larvae are the post abundant
ichthyoplankton in entrainment Samples.

_ Bay anchovy adults are the most abundant
fish in impingement samples.

" ® sand shrimp are present in Barnegat Bay
- for most of the year and early develop-~ ]
. mental stages are abundant in entrain-
ment samples.  Large numbers of sand
shrlmp are also 1mp1nged.'

Category is adequately represented by GPUN s

‘selectlons_ :
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Table III-2. Selection of RIS of commerc1a1 and recreational

value

Versar Selections GPUN Selections

Hard clam ' . ' Hard clam

Blue crab : Blue crab

Winter flounder ‘ Winter flounder

] ' Bluefish

Summer flounder
Weakfish
Striped bass
Northern kingfish
Northern puffer
Atlantic menhaden

Rationale ~ ® Hard clams and blue crabs rank fourth

for Versar's . - and fifth in commercial landings for

Selectlons . . ' Ocean County, respectively. About 30%

: B ‘ of the clams and 100% of the blue crabs
comprising Ocean County commercial
landings are caught in Barnegat Bay.

ism caught recreationally in Barnegat .
Bay, and are the seg%gg_gg§;_abgndant
organism impinged. arge numbers of
the early development stages of hard -
clams are entrained.

o ‘Blue crabs are the most abundant organ- .

e wWinter flounder is one of the most
sought after recreational species in
Barnegat. Bay, and their larvae are
abundant in entrainment samples.

Coﬁclusion: Category 1s adequately represented by GPUN s
' selectlons_
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Table III-3. Selection of RIS that are habitat formers

Versar Selections

Eelgrass

Rationale
for Versar's
Selection

GPUN Selections

None

Eelgrass is an important primary pro-
ducer in the ‘Barnegat Bay ecosystem
and serves as important habitat for
benthos, crabs, and fish. It is a
particularly important nursery habltat
for juvenile fish and crabs.

Dredging of the intake and discharge -
canals and plant operations (i.e.,
thermal discharges) can potentially
adversely affect eelgrass stocks.

Conclusions: Category is not adequately represented by GPUN's
' selections. The potential for adverse harm of
thls species warrants evaluat1on.
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Table III-4. Selection of RIS that are important linkages in
the food web

Versar Selections o " GPUN Selections
Bay anchovy . ' Bay anchovy
Sand shrimp o - Sand shrimp

Opossum shrimp

Corophium tuberculatum

Rationale . A e Bay anchovy and sand shrimp are important
for Versar's . ~ forage species in the diets of juvenile
Selection . and adult fish inhabiting Barnegat Bay.

-® Eggs and larvae of bay anchovy are the
" most abundant ichthyoplankton in entrain-
. ment samples, and bay anchovy are the 
" most abundant fish in impingement
samples.

e Sand shrimp are the most abundant
organism in entrainment samples, and
large numbers of them are 1mp1nged.

Conclusion: Category is- adequately represented by GPUN's.
- - selections :
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Table III-5. Selection of RIS recognized as threatened or

endangered
Potential :
Versar Selections _ GPUN Selections
Atlantic Ridley turtle ‘ None
Rationale ® The Atlantic Ridley turtle is classified
for Versar's as an endangered species, and it could
" Selection . . potentially be impinged on trash racks

in front of the auxiliary pumps and the
condenser cooling system of the Oyster
Creek NGS. :

Conclusion: Category is not represented by GPUN's selections,
: ' and the potential for adverse harm to this species
category warrants evaluation. However, no
impingement of sea turtles has been reported from
the Oyster Creek NGS. Power plant interactions
at the Oyster Creek NGS with threatened and
.. endangered species is likely to be negligible.
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Table III-6. Selection of RIS that are nuisance species
: whose abundance is likely to be enhanced by
power plant operations

Versar Selections

Shipworms:
Teredo spp.

Bankia gouldi

Rationale
for Versar's:

- | Selections

GPUN Selections -

Shipworms:
. Teredo spp.

Bankia gouldi

Hydroides dianthus

Boring activities of shipworms cause
severe damage to submerged wooden
structures, and thermal discharges from
the Oyster Creek NGS could potentially .
enhance boring activities, growth rates,
and reproductlve capacity of naturally
occurring shipworm populations.

The Oyster Creek discharge canal is a
potential refuge for subtropical ship-
worm species that do not naturally occur
in Barnegat Bay.

Conelﬁsion: Category is adequately represented by GPUN's
- selectlons
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Table III-7. Selection of RIS that are sensitive to power
plant interactions

Versar Selections

‘Bay anchovy
Atlantic menhaden
Opossum shrimp
Rationale

for Versar's
Selections

GPUN Selections

Bay anchovy
Atlantic menhaden

Opossum shrimp

Bay anchovy are one of the most abundant
forage fish in Barnegat Bay and have high
mortality rates following entrainment .
and impingement. Bay anchovy are also
sensitive to both the high temperatures
and rapid changes in temperature that
could be associated with the Oyster Creek
discharge canal.

'~ Menhaden are an abundant planktivorous

fish in Barnegat Bay and have been re-
ported to experience heat and cold shock
mortalities in the Oyster Creek discharge’
canal. Menhaden also generally have high
impingement and auxiliary pump entrain-
ment mortalities.

Opossum shrimp is an abundant pelagic:
macro-invertebrate that is important in

-~ the Barnegat Bay food web. They are
. potentially sensitive to changes in

temperature regimes associated with -

" entrainment through the Oyster Creek NGS

and through the aux1liary temperlng -
pumps . ,

Conclusion: Category is’ adequately represented by GPUN s
- ' selectlons :
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Table III-8.. Comparison of trophic categories represented by
Versar's and GPUN's RIS selections :

Trophic Catégory

Versar's Selection

GPU's Selection

Primary producer

Zooplankton-

macroinvertebrate

Planktivorous fish

Piscivorous fish

Other vertebrates

Eelgrass

Opossum shrimp
Sand shrimp
Shipworms

Blue crab

Hard clam

Bay anchovy

Winter flounder

Atlantic ridley
turtle

None

Opossum shrimp
Sand shrimp
Shipworms

Hard clam

Corophium

tuberculatum
Hydroides
dianthus

Bay anchovy
Atlantic menhaden

Bluefish ‘
Winter flounder
Weakfish

Summer flounder
Northern kingfish
Northern puffer
Striped bass

None
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For the Oyster Creek NGS, there are three possible choices
for the geographic boundaries of concern; namely, Oyster Creek,
Barnegat Bay, and the coastal waters of the East Coast of the
United States. While the receiving water body should legally
be considered Oyster Creek discharge canal (refer to discussions
in Section C below), the balanced indigenous populations in
Oyster Creek have been irreversibly altered by construction of
the facility. Populations that existed prior to the construc~
tion of the Oyster Creek NGS in the formerly freshwater portion
of Oyster Creek and the formerly terrestrial habitat where the
Oyster Creek discharge connects with Forked River have been
displaced. Any evaluation of the maintenance of balanced,
indigenous populations in these two regions of Oyster Creek
would show, of necessity, complete non-compliance. However,
it would be inappropriate to base the §316 determination for
Oyster Creek NGS on the maintenance of balanced indigenous
populations in Oyster Creek alone, since the State of New
Jersey approved the construction of Oyster Creek NGS and thus
the alteration of Oyster Creek to its present physical form.
Given the irreversible alterations made to Oyster Creek, the
geographic boundary used for evaluation of plant impacts for
all RIS except nuisance species was Barnegat Bay. This selec-"
tion was made because the Bay represents a natural geographic
boundary containing a definable estuarine ecosystem. Barnegat
Bay is also a geographic boundary for many human uses of the
receiving waters. Examinations of successful completion of
life stages of RIS populations could not be evaluated on the
geographic scale of Oyster Creek as no RIS species with the
possible exception of hard clams and shipworms spawn in Oyster
Creek. Protection of RIS on a larger geographic scale than -
Barnegat Bay would not provide a meaningful basis for NJDEP
to make a §316 decision for the Oyster Creek NGS. Oyster
Creek was selected as the approprlate geographlc boundary for
evaluation of enhancement of nuisance species because plant-
related enhancements to the RIS nuisance species selected -
was of greatest concern within Oyster Creek. '

C. DEFINITION OF THE RECEIVING WATER BODY

In order to determine compliance of the -thermal dlscharges

- from the Oyster Creek NGS with New Jersey Surface Water Criteria .

and designated heat d1551pat*on areas (NJAC 7:9-4.1 et seq. ), a
determinaticn of whal constitutes the receiving water body was
required. For this determiration one .of our legal consultants

Pr. William Goiéfaib, J.D. of Ponrington, New Jersey, prpgared
¢ legal brief efxnlng the recciving water body for the Oyster
Creek NGS. The discussions below summarize the findings of Dr.
Goldfarb s legal brlef (see Appendlx o for detalls)
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Three cases have precedent in defining the receiving water
body for the Oyster Creek NGS:

e United States v. Holland, 373 F. Supp. 665 (ﬁ.C. Fla.,
1974)

® Weiszmann v. Corps of Engineers, 526 F. 2d 1302 (5th
Cir., 1976)

© Track 12, Inc. v. District Engiheer, 618 F. Supp. 448
(D.C. Minn., 1985).

All the above cases conclude that artificial water bodies, like
the intake and discharge canal of the Oyster Creek NGS are part
of ‘the "waters of the United States" and are regulated under
the CWA. 1In United States v. Holland, the court directly con-:
fronted the issue of whether artificial waters are "waters of
the United States" by noting:

The conclusion that Congress intended to reach

water bodies such as these canals with the FWPCA

is inescapable. The legislative history...manifests
a clear intent to break from the limitations of the
Rivers and Harbors Act to get at the sources of
pollution. Pollutlng canals that empty into a Bayou
arm of Tampa Bay is clearly an activity that Congress
sought to regulate. The fact that these canals were
man-made makes no difference (373 F. Supp. 665, at

p. 673).

Based on the above cases it is clear that the man-made discharge
canal of the Oyster Creek NGS, as well as Oyster Creek and :
Forked River proper, are "waters of the United States." These
waters also qualify as "waters of the State" under the New
-Jersey Water Pollution Control Act and its attendant regulations,
which refer specifically to artificial water bodies [NJSA

58: lOA—3(t). NJAC 7:14A-1.9)]. o A

S Defining the receiv1ng waters" in a §316 proceeding was

.~ also an issue in previous §316 litigation. 1In In Re Public

. Service Co. of New Hampshire (1977) (see Appendix B) the EPA .

: Admlnlstrator rejected the utility's argument that the rece1v1ng_
waters should be broadly deflned by noting:. :

One of the underlying questions to be considéred
in making the decision in this case was what should

. be considered as the receiving waters. The Hampton-

- Beabrook ares is part of the Gulf of Maine, 2 much
larger body of water, which in turn is part of the
Atlantic Ocean. Obviously an impact which created
an imbalance in the local indigenous populations - -
might not be felt in the Gulf of Maine or the
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Atlantic Ocean. Put another way, if the Atlantic
Ocean (or a part of it as large as the Gulf of
Maine) is to be considered as the receiving water,
then Section 316 might be a dead letter as to
coastal power plants because plants of a size
likely to be built probably would not have an
effect on such an enormous body of water. Therefore,
I think that in order to give effect to Section

316 it is necessary to look at a smaller portion
of the coastal waters where human use or enjoyment
of the marine resource may be affected. The
portion chosen is necessar11y arbitrary to some
extent where, as in this case, there are no obvious’
physical boundaries (10 E.R.C. 1257, at page 1265).

The discharge canal of the Oyster Creek NGS possesses physical
boundaries and should thus be designated as the receiving water
body for thermal discharge. It makes no difference if the _
canal is unavailable for public recreational use (United States
v. Holland). 'In addition, NJDEP has consistently rejected
attempts to ignore tributaries in order to consider larger
water bodies as receiving waters when making NPDES decisions. -

.D. NEED FOR WATER QUALITY STANDARDS MODIFICATION

Under Section 303(g) of the CWA and cohparable state laQ,'“
- "water quality standards relating to heat shall be consistent

. with the requ1rements of Section 316 of this Act."™ This

provision is clear on its face; a "balanced, indigenous
population" is the "bottom line" of acceptable water quality
- under the CWA. 1In his remarks supporting the Conference
Committee Report on the Clean Water Act Amendments of 1977,
Representatlve Roberts discussed the relationships between
Sectlon 316(a) and state water quallty standards.

This act is not intended to change the regulation of
thermal discharges. 1In addition, the conferees must
disagree with the interpretation of Section 316(a) ex-

. pressed by the Senate Committee on Environment- and Public
Works...that Section 316(a) of the existing law does not
preempt State thermal water quallty standards.

In adopting Section 316(a) as part of the 1972 amendments
to the Federal water Pollution Control Acts, ve clearly
intended thei the section apply to thermal limitations
based on State water quality standards as well &s :
technology-based effluent limitations. Therefore, this
_ committee cannot agree with the present interpretation
- expressed in the Senate report....We spec1f1ca11y note
‘ that EPA correctly interpreted the original 1ntent of the
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effect of Section 316(a) on State water quality standards,...
that Section 316(a) operates to affect effluent limitations
based on water quality standards relating to heat....The
purpose of Section 316(a) -- to provide for site-specific
analyses of the impact of thermal discharges -- applies to
effluent liitations based on water quality standards, as

well as to technology-based effluent limitations. 1In -
addition, Section 303(g), which provides that water quality
standards related to heat must be consistent with Section

316 of the act, reinforces the intention that the "balanced,
indigenous population™ standard of Section 316 be the

guiding principle in evaluating thermal discharges. This
interpretation tends to avoid unnecessary capital expenditure,
and thus needless higher costs to the consumer, while
assuring adegquate protection of the aquatic environment.

Thus, 40 CFR sec.131.10(g) (removing designated uses) has been
preempted by Section 316(a) where heat is concerned. EPA
recognizes that protecting a balanced, indigenous population is
"the minimum requirement for standards relating to temperature.”
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IV. DATA ADEQUACY

A. INTRODUCTION

Step 5 in the evaluation methodology developed in Chapter II
is to identify the information required to make a §316 decision
for the Oyster Creek NGS and to determine whether this informa-
tion is available in the Oyster Creek 316 Demonstration documents.
A determination of data adequacy 1nc1udes an evaluation of the
reasonableness of the methods used to collect, summarize, and
interpret the data. This chapter discusses data adequacy for
each of the major categorles of empirical data collected by GPUN
and consists of five sections correspondlng to the major types
of data collected. These sectlons are: .

¢ Hydrothermal assessment
¢ Impingement loss estimates
. Entrainment loss estimates
® Diéqharge effects |
® Barnegat Bay population abundance estimates.

Adequate data must be available in all five categorles in
order for an effective evaluation of the impacts of the Oyster’

" Creek NGS on the Barnegat Bay estuary to be completed.

B. .HYDROTHERMAL ASSESSMEMT

The objectlve of the hydrothermal assessment is to deter-
mine if the thermal discharge from the Oyster Creek NGS is in
compllance with the New Jersey Thermal Discharge criteria.

The primary source of information for this determination is

"the Oyster Creek 316 Demonstration documents although our -

f_evaluatlon -was supplemented by other materials. The receiv--

ing wa*er bocy for thermal discharges has qlrbady been determined

to be the dredged discharge canal vhich joins Oyster Creek,

~hich in curns flows into Barnegat Bay. Oystz2r Creek was .

“widened and deepened (to about 3 meters) to_accgmmodate the-
combined flows of thg condenser discharge (30 m?/s) and the

dilution pumps (33 m /s).” Barnegat Bay, the secondary receiving
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water body, is a w1de shallow bay with small annual mean fresh-
water inflow (< 10 m3/s) and relatively low-amplitude mean
tidal fluctuations (0.15 m) although wind-driven tidal surges
can exceed 1 m.

New Jersey Thermal Discharge Regulations 7:9-4.14(C) en-
titled Surface Vater Quality Cr1ter1a for SE and SC Waters
specify that:

e No thermal alterations causing above-ambient deviations
of more than 4° F (2.2° C) can be incurred during the
period September through May; and of no more than 1.5° F
(0.8° C) from June through August outside the heat
dissipation area

¢ At no time can temperatures exceed 85° F (29.4° C) out- /4 .
side the heat dissipation area -

e The heat dissipation area (area characterized by
definable power plant altered thermal regimes) cannot -
extend to more than 25% of the cross-section or not
more than 2/3 of the surface radial length from point
of discharge to the opposite shore.

GPUN can request and be granted a variance from these
thermal requirements when the impacts do not adversely impact
the maintenance and propagation of balanced, indigenous popula-
tions of fish, shellfish, and other wildlife in or on the
receiving water body, especially the thermal component. GPUN
contends that Barnegat Bay is the relevant receiving water and
. proposed a variance to the summer thermal limitations from 1.5° F
to 4° F because the thermal plume did not act as a barrier to
fish migration. Versar evaluated the compliance of the Oyster
Creek NGS thermal discharge based on the exact physical criteria
set forth in the New Jersey Thermal Discharge Regulations and
considering Oyster Creek as the primary receiving water body
for two reasons. First, as discussed in Chapter II and Appendix’
C, the primary receiving water body is clearly Oyster Creek, "
although Barnegat Bay may be the secondary receiving waters. As’
4 result, the thermal criteria should be applied to Oyster
Creek or to the combination of Oyster Creek and Barnegat Bay.
Second, the role of Barnegat Bay as a migratory path for biota
is irrelevant at this point because the hydrothermal compliance
determination is based solely on physical criteria; namely, the
ability of the receiving water to dissipate waste heat. The
effect of excess waste heat on the normal movement of biota is
secondary to the thermal compliance criteria and can he put
forward as a potential source of waiver after a determination’
has been made as to whether effluent limitations have been
exceeded.

.GPUN presented results of several hydrothermal studies in
-the Oyster Creek 316 Demonstration documents upon which our ‘
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thermal compliance determination was based. Table IV-1l sum-
marizes the hydrothermal studies conducted in the vicinity of
the Oyster Creek NGS. Each of these studies (dye plume mapping,
thermal plume mapping, recirculation studies, and hydrothermal
modeling) are evaluated below.

Dye Studies

Dye studies were used to define the circulation patterns
in Barnegat Bay and to estimate the potential dimensional
characteristics of the thermal plume. During the preoperational
study conducted by Pritchard-Carpenter Associates, dye was
released continuously at the mouth of Oyster Creek for several
weeks. The dye distributions in Barnegat Bay were then measured
during four separate surveys following release. ' The preopera-
tional study released dye for a period of time sufficient to
allow concentrations to approximate a steady state distribution
in Barnegat Bay permitting the accumulation of dye in the
Barnegat Bay system that simulated the distribution of waste
heat. This information therefore represents the best information
that is reasonably available to characterize circulation patterns
in mid-Barnegat Bay.

Two important conclusions can be drawn from these studies.

The first is that the circulation in Barnegat .Bay is wind
driven. As a result, the shape and dimensions ©f the Oyster
Creek thermal plume are greatly influenced by the wind. The
second is that recirculation of dye (and hence a measure of
waste heat) could be large under specific meteorological condi- l
. tions. .Five of the six surveys and predictions showed potential
recirculation (i.e., significant dye concentrations at the

mouth of Forked River, the plant intake) ranging from 5% to :
about 50% of the discharge dye concentration. Although recir- v
culation based upon dye concentration would clearly provide

an overestimate of the recirculation of waste heat (since dye

is more conservative than heat), the present recirculation
values based on dye studies provide an estimate of the likeli-
hood of this phenomena. The surface waters in the vicinity of
Oyster Creek and Forked River (directly adjacent to shoreline)
appear to have a net southward movement toward Barnegat Inlet
while the flow in the deeper areas (>1,000 yards offshore)
“demonstrated a net northerly motion. As dye or waste heat =
traverse the cdistance to "deeper waters," a greater likelihood
of recirculation occurs. The greatest recirculation occurred -H
when winds were from the south, a condition that prevails .
during summer. These results suggest that significant excess
heat could be recirculated to the plant intake particularly for
wind condltlons whlch generally prevall durlng summer.
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Table IV-l1l. Overview
vicinity

of thermal studies conducted 1n the
of the Oyster Creek NGS (1969-1976)*

Studies

Study Specifics

Contractor

Dye plume studies

Thermal plume
mapping

Far field'

Near field

Recirculation
s;udy

4 dye plumes, .preoper-
ational conditions

2 dye plumes, postop-
erational conditions

8 surveys, 5 preop-
eration

6@ surveys

Continuous temperature

monitor for 23 days

" Radiological inven-

Hydrothermal
model

tories of Mn-54
and Co-60

2 -D steady state model,
with water and heat
balance

Prltchard -Carpenter

Assoc. for JCP&L

GPUN for JCP&L

Sandy Hook Mafine‘
Lab for USAEC
EPA for EPA, NJDEP

Woodward Clyde
for JCP&L :

Sandy Hook Marine
Lab for USAEC

Woodward Clyde
Consultants for
JCP&L

- USEPA and NJDEP

Lawler, Matusky :
& Skelly for JCP&L

*Approximately 30 addltlonal surveys have been conducted by

JCpP&L from 1979-1982,

- The results of these surveys were not

avallable to Versar at the tlme of ‘its rev1ew.
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Thermal Plumes

Two types of studies were used to determine the extent of
the Oyster Creek thermal plume from 1969-1976: towed thermistors
and IR thermographic overflights with ground truth thermistor
profiles. A location northeast of the mouth of Oyster Creek
was used for estimating ambient temperature (Fig. IV-1). Versar
fully appreciates the difficulty in representing the ambient
temperature in Barnegat Bay. It is because of this understanding
that Versar feels the location of an ambient temperature station
in the mouth of the Forked River will lead to a potentially
serious underestimation of the size of the A 4°F and & 1.5°F
thermal plumes. While some variations in temperature probably
occur between areas located away from Oyster Creek and the
mouth of the discharge canal (i.e., about 1°F), recirculation
potential at the mouth of Forked River ensures above ambient
temperatures particularly in late summer months. The ambient
temperature location selected by Versar is typically far from
the influence of the plume, exhibited near average bay tempera-~
tures during preoperational surveys, and is not continually
modified by the changing temperatures of the seawater entering
through Barnegat Inlet. The near-field surveys are of limited

. use since temperatures were typically recorded only in the -

vicinity of the discharge, and only to a depth of five feet.

For the most part, ambient temperatures cannot be estimated

for the nearfield surveys, and hence the true extent of the 4 1.5°
F and & 4° F plumes are unknown. The high-altitude flights

appear to be the best for determining detailed surface tempera-
tures distributions, and showed the 1.5° F above ambient summer -
thermal plume extending completely across Barnegat Bay. -

: Of the thermal survey methods used, the low-altitude
-overflights used the best method available for collecting

information to evaluate compliance with NJDEP thermal regula- '

tions. GPUN interpreted these overflights using the Forked

. River ambient temperature station to evaluate the sizes of-

" the A 4°F and the A 1.5°F thermal plumes and determined the.
discharge plumes to be generally in compliance. These over-

-flights demonstrate that the extent of the plume's surface:
width and cross-section frequently exceeded New Jersey Water'

" Quality criteria when examined using the "new" ambient tempera-

ture location selected by Versar. The unspecified altitude

- flights did not extend far enough from the discharge area to

estimate ambient temperature accurately. '

Recirculation Study

In order to estimate. recirculation of heated’ water,vGPUN
monitored the Forked River intake temperature for 23 days and
- compared the 1ntake temperature time series w1th a time series

IVfS



ATLANTIC OCEAN

B. + Stouts Creek

C. Forked River

D.. Oyster Creek

E. Uaretown Creek

F. Llochiel Creek o
G. Intracoastal Xaterway

KEY
/ A. Cedar Creek
[}
]
|
[}

Bathymetty of Barnegat Bay

Figure Iv-1. Loca.ttior'i of region used by Versar to estimate
ambient temperatures (modified from JCP&L 1978)
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of power production by the Oyster Creek NGS, Newark air temper-
ature, and the southerly wind component. 1Intake temperature
gualitatively tracked air temperature, and based on this finding
GPUN concluded that recirculation was small, and that intake
temperature was a reasonable estimate of ambient temperature
(Figure IV-2). Clearly, this analysis and its interpretation
does not reach a reasonable conclusion. A relationship appears
to exist between Forked River water temperature, and the inter-
" action of power production of the Oyster Creek NGS and wind '
condition. Without the raw data used to construct Figure IV-2
this relationship cannot be tested. In addition, this study
completely ignored earlier indications of recirculation obtained
from the dye studies as well as the thermal plume mepping
overflights.

Radiological studies of the distributions of reactor
products (Mn-54 and Co-60) in near-field sediments suggest that -
recirculation occurs at a rate of 18%-22% on an annual average.
Given the predominance of southerly flows of the discharge with
negligible recirculation in much of the year (Carpenter 1963),
the recirculation rates associated with winds from the south
must be significantly higher than the annual average of 22%.

All of these studies suggested recirculation can be substantial
especially during summer when the thermal plume has a northerly
orientation for a substantial portion of the time.

Hydrothermal Modeling

GPUN used a hydrothermal model to assess the compliance
of the Oyster Creek's discharge with the thermal regulations.
The model was formulated as a two-dimensional steady-state
mass and heat balance, and was calibrated to dye and thermal
survey data. Early attempts at verification indicated that
results predicted by the steady-state model for segments upstream
(north) of Oyster Creek were 51gn1f1cantly different from -
observed dye results (Carpenter 1963).  No reasonable set of
parameters would produce steady-state model agreement with the
survey results. Modification of the model to a one-dimensional
unsteady-state, constant parameter model produced "adequate"
verification. Versar contends that the "adequate" verification,
is minimal and simply confirms that the steady-state model is a
poor reflection of the dynamic conditions characterizing Barnegat
Bay. The model was tested under assumed wind/tide conditions.
Limited information on model 1nputs or parameters was presented,
and the informetion provided in the 316 Demenstration docurents
was inadequate to evaluate the model callbratlon or leldatlon
procedures. . _
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The results of the hydrothermal model are compared by
Versar to the New Jersey Water Quality criteria in Table Iv-2.
The model results indicate that recirculation will raise
intake temperatures approximately 2-3° F. The cross-sectional
areas of the model plumes are not in compliance (exceed 25%)
with the 4 1.5° F limit during the summer months (Table 1V-2).
GPUN proposed a modification of the 4 1.5° F summer limit to
a A 4° F. However, no model results were presented to demon-
strate that existing operations for the Oyster Creek NGS would
comply with such a reduction in thermal effluent limitations
if it were approved.

In addition, compliance is determined for both cross-
sectional area and radial extent based on the distance from the
mouth of Oyster Creek to Sedge Island. As discussed in Chapter
III, the appropriate receiving water body is Oyster Creek in
conjunction with Barnegat Bay. Therefore, the appropriate
transect for comparison is from the discharge of OCNGS to
Oyster Creek to Sedge Island. This selection modifies the
surface width and cross-sectional areas used by GPUN and shown
.in Table IV-2. Finally, the model used by GPUN estimates the
steady-state size and shape of the thermal plume not the actual
configurations associated with short-term meteorological events.
As a result, GPUN suggested the steady-state model overestimated
thermal plume area based on the fact that predicted plume sizes
were significantly larger than those based on the thermal
surveys. The steady-state model is just as likely to underes-
timate as overestimate plume size. The bias suggested by GPUN
to be inherent in the model predictions is the result of using
an inappropriate ambient temperature (Forked River) to determine
the A-plumes from the hydrothermal survey data.

The thermal plume modeling conducted by GPUN does not

represent the best available methods for evaluating plume charac- -

teristics. The best method available for simulating dispersion
of thermal discharges in shallow bays like Barnegat Bay at the
time the Oyster Creek 316 Demonstration documents were prepared

would have been a two-dimensional dynamic water and heat balance
model capable of accommodatlng tran51ent events, such as storm

tides and winds.

Imodrtance of Recirculation and Ambient Temperature:

The accurats estiration of ambient temperature and the
amount of recircuvlation of heated discharge wezter are essential
information for the determination of compllance with the New
Jersey Thermal Discharge criteria. . GPUN selected the Oyster
Creek NGS intake temperature as the best estimate of ambient
' temperature based on the results of their recirculation study.
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Table 1V-2.

Percent of surface width and cross-sectional area encompassed by 4 1.5° F
isotherm in summer months and A 4° F isotherm in non- summer months based
on GPUN 2-d hydrodynamic steady state model . '

Oyster Creek and Forked River Generating Statlons

t of Cross~ . % of Cross-

- ) o v of Surface Sectional Area t of Surface Sectional Area
‘ Run Plant wWind Summer or Width Encompassed Encompassed Width Encompassed Encompassed
No. Conditions = Conditfons Non-Summer by 1.5° F Isotherm by 1.5° F Isotherm by 4° F lsotherm by 4°F Isotherm
1 OrnLer (veek No Wind  Summer 43.8 ) . 48.6 : - -
(LHSTO'S) futked River c . .
T2 Gystur Creek . No Wind Non-summer ) -- ' . - ' 22.0 22 .4
(LMSTO7) torked River : - ’ '
B T byster Creek  West ' Summer 42.5 7.0 - -
({LMST12) - F.rkeld River - R ;
T4 “Oyster freek West- NonA-summer ‘ e A R 22.5 23.1
(LMST17)  Foiked River ’ ) :
5 Oyster Creek  South -  Summer ~° 5.0 - 50.0 : - _—
{LMSTOB)  Frrked River _ . : : .
.6 .. Gyster Creek  North .- ° Summer . 37.5 3 a1.1 - -
(tHSTI1) - Forked River K :
7 Oyster Creek No wind = Summer 15.1 - 50.2 - _ -
-{LMSTO4) Farzed River E .
8 Oyster Creek West . .  Summer 4“4 . 49.3 - --
{LMST13) Forked River - ) : :
.9 Uyster Crnek ~ No wind Summer . 4.4 : . 49.3 . - . -
(LMSTO3) Forked River ’
1n Oyster Creek  West . Summer 42.2 o 4647 - ’ -
{LMSTLI5) Focked River :
11 “Oyster Creek. South .. . .Summer -~ . 45.0 - . 50.0 . - ' -
(LHMSTIO) . . T ‘ ‘ . :
12 Oyster Creek-,‘ South . Summer ] o 41.7. - : ' -46 .0 : : - : -

| (LM5T20)




The results of the recirculation study were, however, contra-
dicted by many of GPUN's other hydrothermal studies, which
generally showed significant recirculation. For instance, dye
studies indicated recirculated water was as much as 50% of intake
flow. Similarly, thermal plume surveys (those for which an
ambient temperature could be estimated) indicated apparent
recirculation in 37 of 52 cases, with 5° F above-ambient temper-
rature recorded at the mouth of Forked River. Ambient tempera-
tures could not be determined for the remaining surveys. Even
the hydrothermal model (shown to underestimate plume sizes)
indicated that recirculated water raised intake temperatures
approximately 2-3° F above ambient. These results demonstrate
that recirculation of heated effluent has a consistent influence
on intake temperatures; such that the intake water (Forked

River Stations) cannot be used to estimate ambient temperatures.

Assessment of Compliance with Thermal Discharge Criteria

The results of the thermal studies were used by GPUN to
support the argument that the Oyster Creek NGS was in compliance
with New Jersey Thermal Discharge Criteria. Versar completed a
critical examination of all GPUN's hydrothermal data and concluded
that the Oyster Creek NGS thermal discharge was not in compliance
with New Jersey Thermal Dlscharge regulations. A summary of the
results of GPUN's and Versar's compliance assessment is presented
in Table IV-3.

GPUN's Assessment of Thermal Compliance

GPUN suggested that the New Jersey thermal criteria for
heat dissipation areas did not apply to the Oyster Creek NGS
because thermal discharges were not a barrier to fish migration
" and the purpose of the criteria is to prevent thermal blockage

. of migrating fish. 1In addition, they reported that fish have

.never migrated through Oyster Creek but did migrate through
Barnegat Bay. Hence, the heat 61551pat10n criteria should be
applied only to Barnegat Bay as the receiving water body. GPUN -
stated that the hydrothermal model results indicated that the

A 4° F plume covered less than 2/3 of the surface width of -
Barnegat Bay and less than 1/4 of the cross sectional area.
Thus, Oyster Creek NGS complied with the criteria for heat
Cissipation ereas. Howsver, GPUN did not provide any specific
data that cupported this conclusion. In addition, our aralysis
indicated that the A 1.5° F plume covered more than 1/4 of the
cross-sectional area of Barnegat Bay (from Oyster Creek to

Sedge Island). GPUN finally states that temperatures greater
"than 85° F occur outside the heat dissipation area occasionally.

C1v-11



Table 1IV-3.

Comparison of thermal compliance assessments
by GPUN and Versar

Train of Logic

GPUN Assessment

Versar Assessment

1.

3.

4.

Recirculation study:
minimal recirculation

Ambient temperature
assessment:

Assuming recirculation is.

small, Forked River intake

temperature = ambient
temperature

A T values in plume cal-

" culated from plant 4 T

in an undefined manner,
assumed ambient T

A T values and dye
results used to cali--
brate and verify model
in an undefined

manner

Model test simulations

indicate that:

e 4° F plume covers <-2/3fn

width (1.5° F limit
argued inapplicable on.
biological grounds)

® 4° F plume covers < 1/4

cross-section (model assumes
maximum plume depth of 5 ft;

so all subsurface deoths are _'

at or near ambient)

Therefore, OCNGS is in
compliance with bio-
loglcally reasonable
limits in NJ Water
Onality Criteria

" frequent noncompliance

GPUN. recirculation study:
inconclusive

Region for ambient tem-
perature assessment
identified from far field
and preoperational tem-
perature data; identified
bay area NE of mouth of
Oyster Creek

A T values estimated

from ambient T (when
available) and measured -
plume temperatures

‘Recirculation estimated

from:

e Dye plumes at Forked
- River

- & A T values (from 3

above) at Forked River

“‘Model results

indicate recirculation

" to Forked River

Plume widths and cross-
sections. indicate

|

- Therefore, best avail-

able data’ (not modeling)
indicates OCNGS fre- .
gquently not in compli-

ance with NJ guidelines
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However, GPUN argued that these hlgh temperatures were represent-
ative of ambient conditions and the >85° F criteria should be
disregarded at Oyster Creek. However, no data were provided to
support this p051t10n. In summary, GPUN argued that Oyster

Creek NGS is in compliance with the biologically reasonable
thermal guidelines derived from the New Jersey thermal dlscharge
cr1ter1a. . :

Versar Assessment of Thermal Compliance

Versar examined the available thermal plume maps for com~-
pliance with the thermal regulations within three conditions:
(1) Oyster Creek, (2) the combined Oyster Creek-Barnegat Bay
system, and (3) Barnegat Bay alone. - We applied a strict inter-
pretation of the thermal discharge criteria;. potential waivers
from the regulations on biological grounds were not addressed.
All plumes failed the cross-sectional and the surface width
criteria when the receiving water body was considered to be
Oyster Creek. For the Oyster Creek and Barnegat Bay system,
all plumes failed the cross-sectional criterion because approx-
imately 44% of the total cross-sectional area was within Oyster
Creek. Forty percent of the thermal plumes fail the 2/3 surface
width criterion when the combined Oyster Creek/Barnegat Bay
system was considered to be the receiving body (Table Iv-4).

If Barnegat Bay alone was considered the receiving water body,
48% of the plumes with sufficient data to determine compliance
failed the cross sectional criteria and 21% failed the surface
width criterion (Table 1IV-4). There were occasional failures
in non-summer months (September-May), meaning that the A 4°F
isotherm exceeded the allowed heat dissipation area.

When viewed in this context, the steédy-state model results -

(Table IV-2) are likely to fail the thermal criteria based on
the combination of Oyster Creek and Barnegat Bay. Without the
spec1f1c model parameters, estimates are not-possible. However,

given that 44% of the total cross-sectional area of the transect

lies between the OCNGS discharge and the mouth of Oyster Creek,.
the cross-sectional area of the 4 4°F or A 1.5°F plume likely

exceeds 25%.
C. IMPINGEMENT

The mejor obje\tlve'of the impingement eveluaticn wes to
determine the magnituce of impingement loss assnciated with '
normal operation of the Oyster Creek NGS. These estimates
were then used to evaluate. the impact of the facility on fisher-
ies resources and natural populations. Impingement loss was
calculated as the product of species-specific.annual impingement
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New Jersey thermal discharge criteria

Number of‘available thermal plume overflights which comply, do not comply,
or for which inadequate data are available to determine compliance with

Barnegat
Bay

Oyster
Creek
and
Bacrnegat
Bay -

Summer

Non~-Summer Total
: Inadequate Inadequate Inadequate
Pass Fail Data Pass Pail Data Pass Fail Data

1/4 Cross .

.|scetional 5 7 24 8 S 12 13 12 36
Arca
2/) Surface
Width 8 . 3 25 11 2 12 19 5 37
overall -5 7 24 8 5 12 13 | 12 36
1/4 Cross
Sectional 0 36 0 0 25 0 0 61 0
Area
2/3 Surface
width 5 7 24 10 3 12 15 10 36
Overall 0 36 0. o | 25 0 0 61. 0




and species-specific mortality rates (immediate and latent).
Annual impingément was estimated using data from an intake
screen sampling program after correcting for both screen col-
lection and sampling efficiencies.

We critically examined the methods used to:

e Collect impingement samples

¢ Determine collection efficiency

e Estimate impingement mortality.

The purpose of this examination was to determlne whether best
methods reasonably available were employed.

Total Annual Impingement

Impingement studies were conducted annually at Oyster
Creek NGS from September 1875 through December 1985. Both
similarities and differences exist among the various years of
these studies. Similarities include the location of impingement
sampllng, the sampling gear used, and the techniques used for '
processing impingement samples. For 9 out of the 10 years of
study, samples were collected iz:ff}fglarged section of the 7/4’
sluiceway using a device with all0 mm mesh screen. 1In the 4
last year of impingement sampling (1984-1985), the fish return
system was modified so that the screen wash flow could be v
diverted into a holding pool where a (6.4 mm screen mesh net was )2
used to collect previously impinged bivta. The impingement
studies provide data on the number of organisms impinged and
can be used to estimate annual impingement.

Major differences among years include the type of travel-.

" ing screens, the mode of screen wash operation, the length of"

. impingement sampling time, the frequency of sampling, and the

"time of day at which samples were collected. Until 1980,

Oyster Creek NGS utilized conventional vertical traveling

screens. In 1980, the conventional screens were replaced with
Ristroph screens. Both types of screens have a 9.5 mm mesh 2%
screen. The screen rotation and wash operation varied from

1975 to 1985 depending upon the magnitude of debris and orga-
nisms impinged on the screens. . The freguency of sampling and

the time of day in‘which sanples were taken changed appreciably
nver the years. The frequancy cf sarmpling ranged from ons to

four days per week. The sampling period encompassed all -
times of day, and except for the period September 1977-March _3 'S
1979, samples were taken both durlng the day and night. : J



GPUN used two general equations to estimate annual impinge-
ment. Between 1975 and 1979 the following equation was employed:

ESTIMATED DAYS NUMBER MEAN HOURLY

ANNUAL = OYSTER CREEK X HOURS X IMPINGEMENT
IMPINGHENT NGS OPERATED IN A FOR DAY(NIGHT)

FOR DAY(NIGHT) : A DAY (NIGHT)

Individual impingement samples were used to generate a mean
hourly impingement for day (24 hours) and night (12 hours).
During the time period when samples were only taken at night
(September 1977-May 1979), the equation was modified to reflect
total annual 1mp1ngement only at nlght.

Between 1980 and 1986, the following equatlon was used to
estimate total annual 1mp1ngenent'

ESTIMATED o ' MEAN DAILY
ANNUAL = 7 DAYS/WEEK i X IMPINGEMENT
IMPINGEMENT  WEEKS : FOR WEEK i

Mean daily and hourly values are based on actual sampling-

time £ individual~samples. GPUN did not provide data for

the éampling duration} therefore, we could not directly verify I
thei timates. ' o ,

Table IV-5 presents GPUN's estimates for annual impinge-
ment between 1975 and 1985. All species collected in impinge-
ment samples were identified and counted, however, annual ‘
impingement estimates were calculated for only the species
indicated in Table 1V-5. No species which was impinged in large
numbers is missing from this list except grass shrimp which was
not selected as an RIS. To consolidate these data we calculated
. average annual impingement for the major species over the 10.

year period (Table IV-6). Considerable variation exists among .
years as indicated by the large standard errors in Table IV-6.
In addition, the highest annual impingement values (extreme
years) were more than five times the average values. When
average annual impingement was recalculated excluding the
values from the years of highest impingement, the standard
errors were significantly decreased, indicating that the extreme -

years account for a large portlon of the long~term variabilitv -
for each species. , : .

Both the cc n\ewtlonal and R1st*oph intake screens have a
9.5 mm mesh to protect internal plant structures from debris
and organisms in intake flows. However, the mesh size of the
sampling gear used to collect impingement samples was 10.7 mm
from 1975-1984 and 6.4 mm from 1984-1985. For years in which
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Table IV-3.

Estimated annual(impﬁhgemehl (no. of organisms) of selected species and

all or?a?isms combine y study vear adjusted for differences in sampling
effort'?’ (EA 1986)

LI"AI

SEP 1973 - SEP 1976 ~ BEP 1977 ~ SEP 1978 - SUP {919 - REP 1980 - SIP 198) - BEP (987 - WKW leB -

__ SmecleaMewe____  _AUG L9126 _AUG 197P . _AVG R92B_ _AVG 1913 _AVG 1380 _AVG 1981 _AUG lP82_ _MAR19R). _OCT.1).

Totsl

Blueback herring 28,120 27,49 42,279 103,498 35,034 29,91 18,181 26,122 32,190
Atlantic menhaden 17,788 94,90 34,460 9,388 pILYR 12,003 9135 6,334 & 654
<> Bay enchovy 1,811,350 §47,202 155,858 146,338 2%,611 76,994 147,110 25,49 199,882
Atlantic rtrveraide 61,272 33,051 8¢ 687 196,164 133,912 268,961 43,622 117,089 ‘26,9
Morthern plpefish 36,066 11,220 11,881 51,700 29,822 92,602 - 42,808 18,479 107,825
Rivel leh . - 14,0086 3,933 3,661 9,658 1,39 9,158 1,228 3,639 &,
Ueakfinh 11,7% 27,297 20,839 3,212 46,186 37.401 19,936 §,1% 11.00)
Morthern kingf!ah 16 103 23 .20 m? m 2t 18 0
Sommer floundny 4,266 2,300 1,088 1,308 6,440 8,228 1,012 2,802 3,412
Winter floumler 8,508 - 18,618 17,600 §AD,4A2 16,122 48,511 13,787 37,8319 18,209%
Morthern puller 3. 1,51¢ 0,414 272 A0 17,119 1,436 . 635 ”»
Sand shelwp - 3,342,14) 600,278 ),793,335 ‘_._!!_!,j" 3,365,978 6,821,212 1,602,897 ‘8,933,771 12,090,788
Blue crab - $,627,1%) 210,691 T,t167.289 310,8)3 277,727 1,831,654 248,473 Ak,2AD  1,333,89%
Uther species 319,342 ~ 180,647 $2},860 877,982 235,526 1,039,840 . 8Os a7 424,541 2.8606 715

TOIE,AB6,103  3,4B1,39 6,043,508 6,682,083 4,258,936 10,292,611 2,910,425  3.6T9,.81h 21,967 ,38)

) Ni_;lﬁ sanples only vere collected for the period {rom September 1977 through May 1979,




Table IV-6. Mean annual impingement (number of individuals)
~and observed extreme impingment for selected
species at the Oyster Creek NGS
Average Annual _
Impingement Standard
Species (1975-1985) Error Extreme (Year)
Sand shrimp 5,154,601 ‘ 1,612,004 17,090,788 (1984)
Blue crab 1,230,234 587,275 5,627,253 (1975)
Bay anchovy 310,247 188,443 1,811,550 (1975)
Atlantic 138,060 30,764 276,943 (1984)
silverside ' :
Winter 38,866 . 14,265 148,442 (1978)
- flounder . '
Atlantic . 23,575 10,333 94,960 (1976)
menhaden A
Weakfish 20,577 4,699 46,186 (1979)
Bluefish 6,082 1,321 14,086 (1975)
Summer 3,506 810 8,228 (1980)

flounder
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sanpling gear mesh size was larger than the intake screen mesh
size (1975-1983), there is a potential to underestimate the
magnitude of annual impingement. (GPUN in their comments

dated July 1988 indicated that the same mesh was used for
impingement samples in '1975-1984 as was used on the screens and
that the 1.2 nm mesh difference was due to differences between
actual mesh and manufactured specifications.) Annual 1mp1nge—
ment estimates for later years, when the smaller mesh size -
impingement sampling gear was used, may not be directly compar-
able to estimates obtained for earlier years. A gear eff1c1ency
study conducted in 1981 indicated that the loss of organisms
through the 10.7 mm mesh is probably large (approxlmately 25%).
The lack of direct comparability of 1mp1ngement estimates pre-
and post-1983, resulting from-differences in mesh sizes, may be
partlcularly significant for smaller species. In fact, the
highest impingement estimates for two of the smaller species
(sand shrimp and Atlantic silverside) occurred in 1984-1985
when the sampling gear with smaller mesh size was used. For
sand shrimp, annual impingement for 1984-1985 was more than
twice 'that of the year with the next highest impingement esti-
mate (17,100,000 vs..6,800,000). Thus, it appears that the
best sampling methods reasonably available were not used to
estimate the magnitude of impingement from 1975-1983. From
1975-1983, sampling gear deficiencies contributed to a signifi-
cant underestimate of annual impingement. It is not possible
for us to adjust these underestimates using the information
provided by GPUN (i.e., a correction to make small mesh collec-
tions comparable to large mesh screens was not prov1ded) because
data to estimate what the magnltude of this correction should
be was not provided.

GPUN's calculations of annual impingement were also not
corrected for intake screen collection efficiency. Rather,
GPUN assumed intake screen collection efficiency was 100%.
Intake screen collection efficiency is an important parameter
in estimating 1mp1ngement loss because impinged organisms do
not always remain on the screens until they can be collected.
Impinged organisms can pass around or under screen panels and
- become entrained, fall off the screens, swim away, or be eaten
‘'while they are on the screens by scavengers. No collection 1
efficiency studies were performed for the conventional vertical\
traveling screens. Ristroph screen collection efficiency =
studies were conducted in 1985. For these studies, preserved, .
fin-clipped Atlantic silversides were released in front of the ﬁﬂ
intake screens and recollected in screen wash samples for 30 S ©
minutes. Mean collection efficiency was 90% in May and 53% in - 70%
_Novenmker. GP:.IN suggested that the decreas2 in collection 43~
efficiency between May and hovenber was due to screen deterior-
ation and wear.

A major deficiency of the Ristroph screen collection
efficiency study was that GPUN used‘'only one test species.
Many previous 316 Demonstrations (e.g., PSE&G 1984) have shown
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that intake screen collection efficiencies are species-specific
and range from 75% to 92%. Therefore, GPUN did not use best
methods reasonably available for estimating screen eff1c1ency.

To be protective of the resource, we used the lower intake screen
collection efficiency (53%) determined by GPUN for estimating
total annual impingement. In addition, because no information
on conventional screen collection efficiency was available, we
assumed that conventional screen efficiencies were similar to
those of Ristroph screens. We consider both of these assumptions
to be protective of environmental resources.

Mortality Studies and Impingement Losses

Impingement mortality studies were conducted between 1975
and 1978, and in 1985. Immediate mortality rates were measured
between 1975 and 1978 in conjunction with impingement sampling.
For these studies, impinged organisms were placed in insulated
coolers after they were collected from intake screens and after
5 to 10 minutes the number of live, dead, and damaged were
determined. Immediate mortality rates were measured in 1985 in
conjunction with the latent mortality tests rather than by the
"cooler method." Latent mortality tests were conducted for all
years by holding organisms in both ambient and heated water for
96 hours. GPUN did not provide a detailed discussion of the
experimental procedures for the latent mortality tests but
based on the data provided it appears that over the years the
timing of 1mp1ngement mortallty tests encompassed all seasons
and 4-7 major RIS.

For the 1975-1978 mortality tests, impingement mortality
rates do not appear to have been corrected for holding system
mortality. In 1985, holding system mortality was estimated by
collecting non-impinged organisms and holding them for 96
hours. Survival was uniformly high (96-100%) for control or-
‘ganisms held in ambient water. Test results from 1975-1978 and
1985 provided mortality estimates for conventional traveling
screens and Ristroph screens, respectively.

. Estimates of immediate and latent mortality rates were
.used to calculate total mortality (Table IV-7). Identical
species were not tested in all studies; hence, no latent mor-
tality data for Atlantic menhaden and blue crabs impinged on
Ristroph screens was provided. For the calculation of impinge-
ment loss of these species, we assumed the mortality rate for
impingement on Ristroph screens was identical to that determined
for conventional screens. The estimates of total 1mp1ngeme1t
mortality rate for bay anchovy and Atlantic menhaden indicated
that these species are sensitive to impingement whereas winter
flounder is not. Mortality rates for conventional screens and
Ristroph screens generally appeared to be similar suggesting
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Table IV-7. Total mortality rate estimates (%) determined from
immediate and latent mortality studies ’

Conventional Screens Ristroph Screens
Ambient' Heated Ambient Heated
(Immediate) - (Latent) (Immediate) (Latent)
Bay anchovy 96 99 8l 96
Atlantic ' 41 48 20 33
silverside . :
Winter €lounder 4 . .4 : 7 .23
Atlantic . 73 : 86 . * T
‘ mz2nhaden '
Sand shrimp 14 29 ' 5 50
Blue crab S 12 13 ' * S

*Not available at Oyster Creek NGS, assumed conventional’
screen i.ortality rate for Versar calculations

- ——— A e - e ——— e e e e = e
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that the Ristroph modification of intake structures did little

to protect environmental resources. Bay anchovy and Atlantic
silverside showed a slight decrease in mortality rates with the
Ristroph screens compared to conventional screens, but winter
flounder showed a slight increase in mortality rate. Sand shrimp
mortality rate decreased in ambient water with Ristroph screens
but increased in heated water,

The major shortcomings of the impingement mortality studies
are that mortality estimates were not determined for all RIS
and that on some occasions sample sizes were small. Despite
these shortcomings we concluded that GPUN used best methods
reasonably available to estimate impingement mortality. 1In
lieu of additional data, we assumed 100% mortality for species
not included in the mortality tests in our calculations of im-
pingement loss. This assumption is protective of environmental
resources.

GPUN calculated impingement loss between 1975 and 1978 for
selected species, however, GPUN did not adjust for collection
efficiency, underestimating actual loss by approximately 50%.
GPUN's calculations therefore did not reflect the best methods
reasonably available for estimating impingement loss. Data are
available, however, to adjust total impingement rates and to
recalculate impingement loss for the Oyster Creek NGS (Table
1V-8). These estimates were based on total mortality rates
measured in heated water and a screen efficiency of 53%.
Mortality rates measured in heated water were used rather than
those in ambient water because:

e Until 1977, the terminus of the fish return system waé
located in the condenser discharge directly exposing
previously impinged organisms to the effects of heated
water

e Dye and thermal plume studies indicate that the water
in the discharge canal is well mixed within several
"hundred feet of the fish return terminus so that fish
returned to the region adjacent to the dilution pump
discharge are quickly exposed to heated effluent durlng

their return to Barnegat Bay.

Versar also calculated average annual impingement loss for
1980~1985 (the time period in which Ristroph screens were used)
excluding 1982-1983 data because of the extended outage that
occurred at that time (Table IV-2). Data for years in which
" sonventicnal screens were used Is not relevant teo the present
impact assessment or the present conditions at Oyster Creek.

The losses incurred under Ristoph screens are. appropriate for
assessing impingement impact because this is the technology
presently employed at Oyster Creek NGS. .
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Table IV-8.

1980-85 Ristroph screens)

‘Annual impingement loss at the Oyster Creek NGS'based on total
wortality rate in heated water for major RIS and 53% screen eﬁfic1ency
(1975-79 conventional screens;

: Total
A Winter Sand Blue Impingement
Year ' Anchovy Silverside Flounder Shrimp Qrab Menhaden loss
75-76  2.383,389 55,492 672 1,828,720 1,380,270 28,864 7,842,383
" 76=77 247,962 31;744 1,405 328,454 56,585 154,086 1,489,285
77-78 | 291,131 78,509 2,083 2,075,609 . 286,316 88,369 4,072,277
78-79. 273,709 177,658 11,203 2,636,799 76,252 15,233 5,175,213
79-80 159,915. 139,392 1,217 1,841,760 68,122 5,561 2,887,971
80-81 139,461 _167,466 2i,052 6,435,115 n 440,954 19,480 9,552,308
81-82 266,463 28,406 11,182 1,512,167 60,946 14,859 3,575,908
g2-83(a) 46,183 73,403 16,325 4,675,256 10,853 10,278 5,761,460
84-85 354,578 172,43q 7,900 16,123,385 327,182 7,552 22,742,701

(a) september-March only.




Table IV-9. Average annual impingement loss applicable to the
Oyster Creek 316 Demonstration review and
evaluation based on mortality rate for heated
water and 53% screen efficiency

Ristroph Screens

1980-1985 :
. (without 1982-83 data)(a)

Species o lfean Loss Standard Error(b)

Bay anchovy 253,567 ' 62,490

Atlantic silverside 122,769 47,203
 [#inter flounder | 13,378 © 3,952

Sand shrimp . 8,023,556 4,292,019

Blue crab Lo 7 . 276,361 112,604

Atlantic menhaden - 13,964 3,472

Total impingement loss 11,956,972 5,662,105

(2)1982-1983 data not included because major oitage
occurred reducing impingement losses.

(b)standard error of annual losses.
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D. ENTRAINMENT

The major objective of the entrainment studies was to

- determine the magnitude of entrainment losses associated with
normal operation of the Oyster Creek NGS. At the Oyster Creek
NGS, entrainment losses include through-plant condenser entrain-
ment and dilution pump entrainment. Organisms entrained through
the plant passed through the traveling screens and were defined
as entrainable-size. Dilution pumps at Oyster Creek NGS are
unscreened and some organisms that would be impinged on intake
screens (defined as impingeable~size) as well as entrainable-size
individuals pass through these pumps. Total annual entrainment
was estimated using data from condenser and dilution pump
discharge sampling programs after correcting for collection
eff1c1ency. Entrainment loss was calculated as the product of
species-specific annual entrainment rates and the species- spec1£1c
mortallty rates associated with each of these sources of en-
tralnment. .

A Versar critically examined the methods used to collect
entrainment samples, to determine collection efficiency, and to

estimate entrainment mortality. The purpose of this evaluation

" was to determine whether best methods reasonably available were

employed and to determine whether reasonable estimates of
entrainment could be made from data available in GPUN s 316
Demonstratlon and associated documents.

Annual Entrainment Estimates for Entrainable-Size Organisms

' Estimates of annual through-plant entrainment of microzoo-
plankton. (<0.5 mm) were made by GPUN in the Oyster Creek 316
Demonstration during 1975-1976. - Annual condenser entrainment = .
for macrozooplankton (>0.5 mm) and ichthyoplankton was estlmated
by species and life stage for 1975-1976 and for 1977-1979.
Estimates of condenser and dilution pump entrainment were -
presented for the 1979-1980 and 1980-1981 for selected macro-
zooplankton and ichthyoplankton. The sampling frequency and
analytical methods for estimating entrainment differed from year
to year. However, in-1986, condenser and dilution pump entrain-
ment of entrainable-size organisms was recalculated by GPUN for
each year (1975 1981) us1ng the follow1ng analyt1ca1 method:

Annual e Voluue pumped ' Mean entralnment
Entrainment = L in week . X density £or
we )

ek . , -~ a week

Annual estimates were made for microzooplankton for 1975-1976
(Table IV-10), for selected macrozooplankton for 1975-1981
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Table IV-10 - Estimated number (x 109) of selected microzoo-

' plankton passed through the condenser and dilu-
tion pumps at Oyster Creek NGS from September
1975 through August 1976 (from EA 1986)

Condenser | _Dilution

Copepod nauplii ..~ - 18,060.90 = 17,720.20
" Acartia c¢lausi C 1,203.43 1,376.50
Acartia tonsa . ‘ 865.53 . 934.39
Acartia spp. T T 3,643.79 3,687.18
Oithona ¢olcarva . w 23.77 28.02
Oithona spp. . T 932,25 " 974.36
Paracalanus crassirostris - . - . 1.15 - . 1.21
Rotifers : © - 4,769.21 - ¢ 4,573.78:
Bivalve larvae S 682.27. " - 632.76
M. percenaria larvae . oo - 63,53 48.80°
- Mulinija lateralis = - 140.62 -+ . 124.25 7
" Barnacle larvae . o e 6460 . 6.88
Polychaete larvae’ - -~ "~ 73,792.18 ' 3,227.45. "'
" Polvdora spp. larvae. - .- 7 ' 5,73 - 5,82

Gastropod larvae : - 618.40 « . 547.91

E . I‘v-;.'(!




(Table IV-11l), and for selected ichthyoplankton for 1975~1981°
- (Table 1IV-12). No measure of within year variation was
, prov1ded for entrainment loss estlmates.

_ GPUN did not use the best methods reasonably avallable to_
A calculate annual entralnment.' Three major 11m1tatlons existed:

“'-_0 No -correction for gear efficiency (sampling eff1ciency)
was made.despite the fact that extrusion and av01dance

are likely

e _No correct1on for collectlon efflc1ency was made,
'~ although most samples were taken from one fixed dxs- .
charge location :

- @ Dilution pump entralnment estlmates were obtained by
. assuming densities pa551ng through dilution pumps were
equal to those passing through the condenser cooling -
system; however, no data were prov1ded to adequately
: support this assumption._

S Gear eff1c1ency of GPUN's entrainment’ sampllng program is
not likely to be 100% for entrainable-size macrozooplankton and.
ichthyoplankton. Extrusion of some organisms through 505 wum~

.- mesh is likely. Some literature data suggest that as much as "

87% of small fish larvae may not be sampled by 505 um-mesh . .
(McGroddy and Wyman 1977; Houde and Lovdal 1984; O'Gorman 1984;°
" *Tomljanovich and Heuer 1986). Larger macrozooplankton and - .
. larger fish larvae also avoid sampling nets. Towed-net gear-
‘efficiency for larval and juvenile fish has been estimated to

. range from 6 to 48% (Murphy and Clutter 1972; Loesch et al.-

1976; Kjelson and Johnson 1978; Bowles and Merriner 1978; LMS
1980). In addition, Thayer et al. (1983) found that catches of

-”.larval fish (10-25 mm in length) increased by a factor of about

five as net tow speed was increased from 2 to 7 m/s. GPUN:

.. density estimates were obtained with a fixed net that was not -

. towed at all. Flow through GPUN's net was provided by intake _
flows which are about 1.0 m/s. . For all of the above reasons, -
GPUN's density estimates clearly were underestimates of actual
. entrainment. den51ty, hence, the assoc1ated entralnment estlmates

_were underestlmates. S :

There are two potent1a1 collect1on eff1c1ency problems
assoc1ated with the entrainment sampllng locations used by -
" GPUN. ‘First,: orly one discharge port was sampled, and no data
were provided to demonstrate that densities of entrained organisms

 were the same at all discharge port sampling locations.. Differ-

- ences among sites are likely due to differences in the operation
.of circulation pumps.: No data were provided, however, to . =
- 'indicate whether these differences in. density.among discharge
ports would result in underestimates or overestimates of entrain-
" ment calculated from the selected locatlon. The second potential
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Table IV-ll.f Estimated number (x.107) of hacrozooplankton passed through the condenser

. and dilution pumps at Oyster Creek NGS from September 1975 through August
-1981 (from EA 1986) , 4

EP - AUG " _SEP _1976_= AUG 1977 SEP_]1977 - AUG 1918

Condensexr _Dilution .c.ﬂﬂ.‘iﬂﬂiﬁ.. _DLI.!ELQQ_ Condenger - . Dilution

- Family Hyatdae I (1,116.04. - 1,228.95  1,903.90 1,877.42 "~ 898.27  909.28
 Neomysis americana’ . 752,12 - 1,042.77  1,557.64  1,695.03 ~ -855.80 . . B76.04

; Mysidopsis bigelowi ‘} Sl seussT 7731 0 101.30 92.56 . 53.40 47.52

- Crangon zoese - " - ‘g1g.95 - §78.86 - 107.43 202.91  B73.55 828.43
Crangon undet. . f-vf' | 13, 25 o19.02 0 B.98  9.28 . 55.07  58.71

' callinectes 'sps zoeae::ﬂ'-"‘ 13,287 7 3.09 T <1.26 O 1.8s . 1.70 ' 1.87

2 | callinectoc sp. meg. ' © 0 \.g.99 © . g.86 ' 32,18 23.46  10.32 833
éi-‘ Cerapus 12h~19511 D a0 23 ,,f»f 2.2 3.8 13.93 12023
©o |t coxephiwmree ot tapse - 20.68 0 8059 1147 98.04 1 61.99
¢ ggchepusjowm- . 0 g0 0 © - . 0.0 ° - 0.22 26.39 - 18.53

G. tuberculatum = . 0.29 0.32 0.47 0.52 170.42 107.60
Gammaridse " .- - . .. g.16 0.23 . 1.36 - 1.36 - 1.6 1.7

. Ctemophora .. . o a7.80 4849 . 142 . 1.1 9147 83.60
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' Table IV-11.

Continued

. Fami}y.Hysidée '
. . ) N om " am L4 an .

uxg;ignz__ higelowi’
_:anzgn zoeae -

'_ggg_ggn undet.'ﬂ ;
" Cal Llﬂgg tey sp. ‘zoeae- -

"Ca llinectcs sp. mege
".Cerapug tubularis .

QQ:Ophzum 3p.
g gg;hgrug;ggm
C.. E.hﬂli_lQLEB

Gammarxdne

: C;enoghora

. " SEP 1978 = AUG 1929
- Condenser

Dilution
196.11 - 217.24
637.82  657.63
'37.93 42.53
" 416.88 363.91
©o27.28 29.21
L0717 0480
oWl L 0.4
033 032
496 4.8l
L1486 1.9
- 15.69 . 15.36
L. 2,68 L 2,74
R 7N S B

86.85 -

_SEP_1979 - AUG 1980 _-

Condenser . _Dilutjon
1,69.68  1,569.92
1,382.26 - 1,296.22

77.22 75.67
240.52 - - 161.86

6.00 ' 5.63

1.65 1.5

Lk 3a7

Ch1a3 L Tar s
© 32.05 28,25
3.18  3.05
1.78 1.73
~0.08° - 0.04
234.88 | 188.66

SEP | - AUG :

Condenser Dilution
1,689.95  1,665.77
1,631.14 1,338.80

72.55 73.75
377.02 407.74
40.67 43.70 ¢
0.10 0.01
' 3.56. - .3.26
T17.01 16.75
89.16 ' 96.69
 8.59 9.28
2.83 2.95
0 0
18.28 16.13




0E-AT - -

Table IV-12. ‘Estimated number (x 106) of selected ichthyoplankton passed through the
. - ' condenser and dilution pumps at Oyster Creek NGS from September 1975
through August 1981 (fErom EA 1986) :

. _SEP 1975 - AUG 1976 _ ° _SEP 1976 - AUG 1977 SEP_1977_ - AUG 1978
. Condenser Dilution Condenser Dilutjon Condenser Dilution

Silverside larvae -

| C1s.8L- 1205 0 - 572 3.68 38.28 31,27
.Bny}anchovy.larYné' 1,152.09 1,165.82 . 457.41  297.71 - 497.35 - . 533.39
_ Bay anchovy eggs . C14,135.76  13,535.11 - 196.71 179.06  1,994.76  2,158.24
. Vinter flounder larvae ,_~' 116.25 140,86 " 850.84 865.00 597.58 - 635.09
~ Sand lanc: larvae 27.57- . 36,92 . 109.77°°  109.35 . 142.28 - _ 151.69
< Goby ‘larvae’ ~ 614,02 . 591.79 - 101.19 84.19 160.19  162.60
Naked goby . juvenxles Co6.T1 ¢ . 7077 - 0.1 T 0.21 0.77 . 0.8
Blenny larvae . - 11,56 10.54 1815 . U12.24 1738 1435

Northern pipefish juveniles: . s4.38 4842 . 7.16° . 5.39 36.53 - 38.29
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Table IV-12. Continued

" Condenser _Dilution
66.50 - 55.52

éilverside larvae '

Bay anchovy lsrvae . -
Bay anchovy eggs.
“i“té'.f19“"53r'lqrvgez:‘,»

Sand_lance larvae.

Goby larvae . .
"»’}Naked'goby'jUVenileq{_V;:‘”
" Blenny larvae o

_ Northern pipefiah,jh&enilés'?

SEP 1978 - AUG 1979

_SEP 1979 - AUG_ 1980

©1,270.35 - 1,412.46
©3,029.43 © 3,241.40 .
" 1,077.08 80 8. 80
U1,29.87 . 1,389.67 -
85.64 - 97,31

SRR Y CER W 1,
- 30.69 - 33.29

Condensex
5.110'

144,12
475.46 -
_ :‘(a)‘

C(a)

. 188.49 -

;.1.82

S 8.43

1737

Dijution
1.71

| 135,26

322.38
- (a),
(a)
144.17

© 1.8

14.48

SEP
Condenser
105;56
314.06
3,8’8059

126.05
133.67
167.79

1.93
4.2

42.06

- AUG

Dilution
98.94
318.98
3,914.51
128.36
147.90
 202.61
2.91
4.37
39.03




". tion should be adjusted for gear efficiency, collection effi-
. ciency, and potential differences between condenser and dilution.
pump densities. Errors due to mechanical destruction are likely

collection efficiency problem is that discharge samples were
used to calculate entrainment, and no adjustment was made for
mechanical destruction. Mutilation of organisms to a degree
that they could not be identified or counted would result in
underestimates of entrainment losses. Examinatioon of density
at the intake and discharge ports indicated densities were
lower, in many cases, at discharge sampling locations than at.
" the intake locations for macrozooplankton and larvae. These
data suggested that mechanical destruction may be more of a
problem for smaller organisms (e.g., macrozooplankton and fish
- larvae) than for larger organisms.(e.g., juvenile fish). No
statistical analyses comparing intake and discharge sample
densities were presented by GPUN in the 316 Demonstration -
documents. However, in their comments on this report, GPUN
provided the summary statement based on additional analyses
that "a paired T-Test of the mean densities in intake and

. discharge samples indicated no significant differences.™

- However, the nature of the data used is unclear (e.g., were’

" ichthyoplankton and zooplankton combined? Were all dates~used?)’ 

~and the quest1on of whether some species or some size classes

. may experience measureable mechanical destructlon remalns

_unanswered.

§ The third major 11m1tatlon ‘of GPUN's entrainment estlmates
was that entrainment through the dilution pumps was estimated

. by assuming that condenser discharge densities were representa- -
- tive of dilution pump entrainment. No studies were conducted
to support the assumption. Because the intake structures of the -

" dilution pump system are located on the opposite side of the
intake canal and had a different configuration, it was possible
that the number and type of organisms entrained through the
dilution. pumps were different from the condenser system.

The estimates of entrainment provided in the 316 Demonstra-

."to be less than a factor of 2 and do not, therefore, require -
* further consideration. The effect of sampling a single fixed

location is unknown in direction (overestimate or underestimate)
.or magnitude. Eggs and macrozooplankton larvae are generally not
capable of avoiding towed nets and thus we assumed gear efficiency

to be 100% for all macrozooplankton larvae and fish eggs even:
though fixed nets were used to sample these organisms. Towed
net gear efficiency estimates for fish larvae and juveniles :

- range from 6%~48% depending on conditions (Thayer et al. 1983;

urphy and Clutter 1972).° A fixed net sampling design was used
to sample larvae and juveniles at the discharge station.. As '
‘previously noted,. fixed nets are more easily avoided by larvae
and juveniles than towed nets; -thus, an efficiency of 10% was -

" assumed for juvenile and adult invertebrates, and larval and

' Juvenlle fish. Revised estimates of annual entrainment for RIS
- us1ng these correctlon factors are given in Table IV-13.-

Iv- 3 2
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Table IV-12. .Estlmated annual entrainment (m1111ons) of entrainable-size invertebrates
: o ' and flsh at Oyster Creek NGS adjusted for gear eff1c1ency

Opossum ’ S ‘ ) : ,
. Shrimp Sand Sand Shrimp Blue Blue Ray Bay Winter
- Mercenaria Juvenile Shrimp Juvenile " Crab Crab Anchovy Anchovy Flounder
Year y ° Lacvae = - .and Adult Zoeae and Adult Zoeae Megalopae Eqg Larvae Lacvae
75/76 Condensec 63,530 . 75,212° 9,170 - 1,325 33 1000 14,136 11,521 - 1,163
~ Diluti.. . 48,800 - . 104,277 6,789 . 1,902 . 31 89 . 13,535 11,858 1,409
76/17 Condensor - . .-=* 155,764 1,074 898 13 322 197 4,574 8,508
Dilutien - . = 169,503 2,029 928" 19 235 179 2,977 8,650
77/78 condensec. i - . - ' 85,580 . 8,736 5,507 17 103 1,995 4,974 - 5,976
" Dpilution L= ..°87,604 77 @,284 . 5,871 .19 83 2,158 5,334 6,351
78/79 Condensec. - - . ..63,782° 4,169 . 2,728 © -7 - 4 ° . 3,020 12,704 10,771
_ pllution = .. 65,763 3,639 . 2,921 .84 3,241  14,125. 8,088
79/80 ' Condensae ' ‘ ~¢ . 0 138,224 - 2,405° .- - 600 - 17" 49 - 415 1,441 -
. pilutlon . = 129,622 " 1,619 - 563 T 18 . 32 322 1,353 -
80/81 Condenser - - - 143,114 - 3,770 . 4,067 ° 1 .36 - 3,819 3,141 1,261

“Dilution - . o= 133,880 4,077 4,370 . -~ 0.1 . 33 3,915 3,190 1,284

*only 1975-1976 data collected.




Recently, Versar completed field studies to determine the
collection efficiency of fixed nets in a discharge canal at
a Maryland power plant (Versar 1988). Using dead, dyed fish
"injected" into the condenser intake cooling system (i.e., all
- fish went through the cooling system), collection efficiencies
ranged from 0% to 37% using a grid of fixed nets completely
covering the discharge canal cross-section. This study suggests
the correction factors used were in the appropriate range.

Mortality Studies and Entrainment Losses for Entrainable-Size
Organisms ~

-

Immediate entrainment mortality by RIS was determined for
- selected periods from 1975-1985. Organisms were classified as
live, stunned, or dead. - Mortality rates were based only on :
- dead individuals, and estimates of latent mortality were provided
only for bay anchovy and winter flounder in 1985 and only for .
condenser entrainment but not dilution pump entrainment.
"Entrainment mortality was incorrectly calculated from 1975-1979
~as simply the difference between discharge mortality and intake
mortality. Estimates of total condenser entrainment mortality
should be calculated as thevproduct of initial and latent
mortalities as they were in 1985. 1In 1986, immediate mortality
estimates were recalculated for all previous years to correct
this problem.

GPUN did not calculate entrainment loss estimates for
microzooplankton. For bay -anchovy eggs and larvae and w1nter
flounder larvae, temperature dependent latent mortality was’ used
- to calculate losses. No estimates of mortality rates of '
. entrainable-size organlsms entrained through dilution pumps
were made. :

GPUN did not use the best ‘methods reasonably available to

" calculate annual entrainment.losses of. microzooplankton, macro- . .
zooplankton, and 1chthyop1ankton from entralnment estlmates

'because' . .

'e Only 1n1t1e1 mortality was considered (i.e., stunned
- individuals were included as live) except for two flsh
spec1es

. ® No correctlon for mortallty durlng chlorlnatlon was

' made ané¢, during these daily periods, mortality of
organisws in contacco wzth cnlorlﬂa ed water is likely
to approacn 100% : ' '

' 0: Data on the’ mortallty of organisms entrained through
' dilution pumps were not provided.
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The first two limitations resulted in underestimates of entrain-
ment losses. The third limitation, applying condenser entrain-
ment mortality rates to dilution pump entrainment, was probably
protective of the resource since mortality was expected to be
less for organisms entrained through dilution pumps than those
entrained through the condensers.

Because GPUN did not provide estimates of macrozooplankton

entrainment losses for each year, nor estimates -of dilution

pump entrainment losses for any year, Versar estimated these
losses from our adjusted estimates of annual entrainment. For
Mercenaria mercenaria, the only RIS microzooplanktonl a mortality"’
of 100% was assumed for both condenser and dilution pumps.
Mortality rates of 100% were assumed for macrozooplankton
entrained through the plant and the dilution pumps since GPUN
did not provide adequate estimates of latent mortality for the’
entrainable-size invertebrates. These adjustments are protective
of the resource since mortality is not likely to be 100% for

all invertebrates entrained, particularly those entrained’
- through dilution pumps. Adjusted estimates of entrainment

. losses of ichthyoplankton were calculated as the estimate of
annual entrainment times the annual average temperature-dependent,
mortality for each year which was computed as the estimated - ,
number killed in a year divided by the estimated number entrained-
in that year. The average annual entrainment loss (and standard
error) for three years when long-term outages did not occur. o
(197571976, 1977/1978, and 1980/1981) are given in Table IV-14.

Annual Dilution Pump Entrainment Estimates for Implngeable-51ze
Organisms

GPUN did not use the best methods reasonably available to

calculate annual entrainment of impingeable-size organisms
" through the dilution pumps at Oyster Creek NGS. Two major
limitations occurred: estimates were made for only one year
. (1984-85), thereby precluding consideration of year-to-year vari-
. ability, and no corrections for collection efficiency were made.

Several factors influence collection eff1c1ency of the dllutlon
pump sampler. : . _ . .

. Avoidance of the stat1onary gear set 7 2 m from the °
dilution pump. dlscharge was likely

e Mechanical destruct*on was not accounted for since
‘ only ?ischarge samples were collected

e Velocity at the mouth of the. sampler varled dependlng

‘on dilution pump.operating mode and may have affected
the efficiency of the samples ' :
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Table IV-14. Versar's estimated mean (and standard error)
annual entrainment losses for entrainable-size
organisms at Oyster Creek NGS for 1975/1976,

" (1,685)

1977/1978, 1980/1981 (millions)
Dilution

Condenser Pump Total
Mercenaria larvae 163,530 . 48,800 . 112,330

(=)* (~) -
Opossum shrimp 101,302 108,587 209, 889

Juvenile and adult (21,119) (13,531) S
Sand shrimp zoeae c 7,225 6,383 _'13;608

| ©(1,732) ¢ (1,231)

Sand shrimp 3,633 4,048 ° 7,681
Juvenile and adult o (1,227) . (1.157) - -
Blue crab zoeae. L 17 17 :34

' (9) - (9): '
Blue crab hegalobae : 80 68 - 148
‘ : (22)" 3 .{18) -
Bay anchovy egg - 5,182 . 5,071 10, 253
. . : 0 .(3,299) . 0 (3,106) '
Bay‘ancﬁovy‘larvae_, “"6,545'_1‘ 6,794 .. 13}339'
| | - (2,543) (2,607) o
" Winter flounder larvae - 2,099 2,231 4,330
- e : ©(1,588) <

*Only-dne”year_of data.
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e Some individuals that were not entrained.through the
dilution pumps may have entered the sampler

® Only one discharge location was sampled.

Avoidance by a large percentage of organisms surviving :
dilution pump passage was likely. Mechanical damage to organisms .
was likely to be relatively small as the dilution pumps at Oyster
Creek NGS were designed to minimize damage to organisms. The
velocity at the mouth of the sampler varies greatly (0.03 to
1.1 m/s) depending on dilution pump operating mode. Because
the dilution pump sampler was not towed, but suspended in a
fixed position, sampling efficiency was related to the velocity
of the dilution pump discharge which was generally less than
1 m/s. These aspects of gear efficiency are llkely to result
in severe underestimates of dllutlon pump entrainment.

.. In 1986, GPUN proposed that organisms not entrained through
“.dilution pumps may be captured by the dilution pump sampler.

This hypothesis was based on the observation that entrainment

of impingeable-~size organisms was greater for the dilution

pumps than was impingement of similar-size organisms on the

. traveling screens in front of the condensers. A special study

- was conducted to address this question. Because of the- study's
many limitations, no conclusions could be drawn. However, if
_organisms were able to swim into the dilution pump sampler, they
would also have been able to avoid it, making the gear used an

" inappropriate sampling gear for estimating d11ut10n punp entraln—,
ment losses. :

A Given the limitations associated with GPUN's estimate of
dilution pump entrainment losses of impingeable—sizé organisms,
~and the confounding information concerning collection efflclency,.
" Versar has calculated a range of entrainment estimates for RIS -
- based)on collection efficiencies of 1%, 10%, and 100% (Table
" IV=15 : . : . -

_‘Mortallty Studles and Entralnment Losses for Implngeable Slze '
Organlsms

, Initial mortality was recorded for each dilution pump .
- sample taken during 1975-1977 and 1984-1985, and latent mortality
.studies were conducted during 1975 to 1977. For latent morality
studies, organisms were held for 96 hrs at ambient or condenser
discharge Lemperature, or thy were allowed to {loat down the
discharge canal in live boxes. Relatively few tests were made
on small numbers of fish, and no information or data was provided
of how mortalities were adjusted for holding mortality.
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Table IV-15. Estimated magnitude of dilution pump entrain-
: ment (millions) of impingeable-size RIS at
. Oyster Créek NGS during 1984-1985, adjusted

for different collection efficiencies

Collection Efficiency

10%

100% 1%
Sand shrimp 38.8 387.6 3875.7
Blue crab 3.4 34.3 - 343.3
Bay anchovy 35.1 : 350.8 '-3507.7
-winterlfloghdér . 0.07 0.7: .”_7.2
‘ Bluefiéh | | o 3.1 30.6
1Atléntic menﬁadeh .6.08.. :0.8}"

7.9
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GPUN did not estimate entrainment losses of impingeable-
size organisms through dilution pumps. Therefore, Versar
applied mortality estimates to the adjusted estimates of dilution
pump entrainment to calculate a range of entrainment losses for
RIS through dilution pumps (Table IV-16). Due to the poor -
design of the mortality studies, Versar used impingement mortality
rates to estimate dilution pump mortality for sand shrimp, blue
crab, bay anchovy, winter flounder, and Atlantic menhaden.

E. DISCHARGE EFFECTS

To assess the discharge effects of Oyster Creek NGS on

. balanced, indigenous biota, GPUN provided information from both
an RIS and a no prior harm perspective. Using the RIS approach,
effects were evaluated by determining:

e The percentage of Barnegat Bay avo1ded by RIS due to
' the thermal plume

® The magnitudes of heét shock and'cold shock mortalities

" ® The magnitude of changes in growth,. teprodﬁction, .
' mortality, and incidence of parasitism and dlsease on
RIS due to the thermal plume.

Using the no prior harm approach, the distribution of organisms -
was compared between pre-operational and operational time periods
and between thermally affected and unaffected stations. In -
this section, we describe general conclusions resulting from

- the 316 Demonstration analyses and make 1ndependent assessments .
. of those impacts based on revised thermal mapping data and

- sensitivity analysis. .

- Avoidance Temperatures and Thermal Plume Exclusion

. GPUN assessed RIS avoidance of the thermal plume by con--
ducting a series of laboratory temperature avoidance studies.
_The percent area of Barnegat Bay avoided by each species was’
then estimated by integrating the temperature avoidance results .
for each species with the isotherms generated by a hydrothermal
. plume model. HKigh ambient water temperatures in the summer ‘
" months,; parti<ularly in August, resulted in the greatest area
of thermal pluire exclusion. Avoidance temperatures lower than
those determined experimentally were used when field observa-
- tions indicated a species may have a lower- avoidance temperature
than indicated by the avoidance experiments (Table IV-17).  No
avoidance evaluations were conducted for macrozooplankton by '
GPUN, with the exception of sand shrlmp.. E
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Table IV-16. Estimated losses due to dilution pump entrain-
ment losses (millions) for impingeable-size RIS
at Oyster Creek NGS during 1984~1985, adjusted |
for different collection efficiencies and
mortality rates

Collection Efficiency

1008 108 1%
sand shrimp | 19.4 193.8 1937 .9
'Blue crab . . o 4.5 446
Bay anchovy . .f_"(;j. ._j5133.7 © . 336.7 _. 35@7.4
© Winter floﬁnder o "ffi 2: f 0.02 ;;  -'0;2- :l 1.7
§ Atlantlc menhaden S ~{t.'  _'0.07 _ 7 26.7', 'A1"_6.8
Blueflsh e T 0.3 . 3. 0 .30.6
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Table IV-17.

Avoidance temperatures of RIS in Barnegat Bay
during August

" Larvae -

Experimental . ~  Used in §316
Results - Demonstration
(°C) ~ (¢C)
Menhaden 33.9 30
Bay anchovy '-’32 | 31
Bluefish 33.5° 32
. Winter flounder - o 27.8 27.8
Blue crab | 4;f - 37.5 36 f o
Striped bass L0333 30.5
Weakfish 31 i1
Summer flounder 30 30 -
Opossum .shrimp .~ - - - 29
Sand shrimp - | - .28
Mercenaria .
. Adults = S
- 29

3 iVj’41




There are deficiencies in GPUN's estimates of the area
avoided by Barnegat Bay RIS. First, the area of avoidance was
based on a hydrothermal plume model which underestimates the
size of the plume and its associated isotherms (see Chapter 1V,
Section B). 1In addition, the percent area avoided by RIS was
calculated by GPUN based on the area of Barnegat Bay from Good
Luck Point to Gulf Point (Cedar Beach to Gulf Point for invert-
ebrates). All of Barnegat Bay, from Bay Head to the Manahawkin
Causeway, should be used to calculate area of avoidance, and
the avoidance percentage should be based on total volume rather
than total area.

Versar recalculated the percent of Barnegat Bay that was
avoided due to excessive heat during the month of August (extreme
condition) using the avoidance temperatures presented in the
. 316 Demonstration for all RIS except winter flounder and sand
" shrimp. Winter flounder and sand shrimp are cool water species
" and are not abundant in Barnegat Bay during August. Therefore,
we calculated the area avoided by winter flounder and sand
. shrimp in June when these RIS are more abundant. The recalcu-

- lation of avoidance areas was based on the percent total volume
of Barnegat Bay from Bay Head to Manahawkin Causeway and the
mean areas and volume associated with the hydrothermal maps

- presented ‘in the 316 Demonstration. The adjusted estimates -

(based on % volume) for RIS species are presented 1n Table IV-18.

_ Versar conducted a sensitivity analysis on the effect of
reductions in the avoidance temperature on the size of the-

avoidance area (Table IV-19). A 1° C decrease in avoidance
temperature generally doubled the avoidance area for all species ’
except bluefish and blue crab (the two most thermally tolerant
‘species). A 2° C decrease in avoidance temperature increased

the area of exclusion by approximately a factor of four for all
fish except bluefish (threefold increase) and blue crabs (no -

.- 'change). The area of avoidance is sensitive to errors in the’

-determination of the avoidance temperature. Because GPUN often
.used lower avoidance temperatures in the §316 Demonstration than -
indicated by their experimental results, the uncertainty associ- '
ated with the avoidance temperature does not create any diffi-

- culties in assessing the effect of normal dlscharge temperatures

~ on avoidance.

Best methods reasonably available were not employed because,'

avoidance studies were not conducted with opossum shrimp and
sand shrimp. Although the best methods reasonably available to
assess the percent area of exclusion were not used, the overall
exclusionary effect of the plume was localized and smail. The
" exclusion of fish was primarily confined to the discharge canal
~ which comprises about 2-4% of the total volume of Barnegat Bay. .

The avoidance temperatures used in the 316 Demonstration were
the lowest of several available estimates and should be protecf
tive of the resource. Finally, the entire thermal plume in
August is small relatlve to the total area of Barnegat Bay (6~ 10%)
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Table IV-18. Percent of Barnegat Bay potentially excluded
from selected species during August

GPUN Estimate _
(¢ Area - Gulf : Versar's Estimate
Point to Good Point (¢ Vol - Barnegat Bay)

Menhaden _ .é.l - 2.9
Bay ;nchovy' T 2.6 k _ : - <1.0
Bluefish | A: . 2.1 A' l , <1.0
Winter flounder(é) v"-. 7.8   ﬁ"  ':; f; -‘: (3.0)f'i
Blue crab: o  i_ <1.0 .'}g-;-;: ) <1.0 -
Cwedkgish . 44 a0 5
‘Summer flounder : ‘f _1f9i- SRR O S
Opossum shrimp",‘ . 4.0 . .;. - :ZH1  5.5
‘Sand shrimp(a) ; .:' | - 0.5 5_  ~  f f- - &'(1.6)
'.Me:cenaria' | .:.‘ | :i | tl | |
Adults(b) S ,:___jéf :-“, ff'_,",'fr:1 <1.0

Larvae I . 'Qf.ﬁ';ﬁ L .: . S 2

(a)Moves to deeper water. in summer -- data in parédtheéis
‘are percentages of bottom area avozded 1n June.
(b)Bottom area . . . . .
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Sensitivity of selected isotherms in Barnegat
Bay excluded to selected RIS during August due
to OCNGS discharges .(Percentage of volume of

Barnegat Bay avoided.)

Larvae

o°C -1°C - -2°C
~Menhaden 2.9 6.9 15.6
Bay anchovy <1,0.. 2.9 6.9
Bluefish _ - <1.0 - <1.0 2.9
‘Winter flounder(2) . (3.0) (4.9) (6.0)
Blue crab o _:{1.0,. | T 1.0 | : <1.0
weakfish a0 - 2.9 6.9
‘Summer f;dunderJ i .::2.9;_i i 6.9 15 .6
A Opossum shrimp | ; §,5j:l .9.5 ] ‘ 19.7
‘sand shrimp(2) (1.6) '(2.4)1: © (2.9)
_;Mercenaria "' o e |
Adults(b) }gl::ff-“. 1.9 3.9
512,f75.'v

©19.0

(a)% of bottom area, percentage

in June.

( )Bottom area.

in parenthesis is area avoided
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Cold Shock-Heat Shock Mortalities

Cold shock and heat shock mortalltles were assessed by con-
ducting a series of laboratory experiments using specimens
acclimated to various ambient temperatures. In general, experi-
mental results showed that fish acclimated to higher temperatures
were more resistant to heat shock and that fish acclimated to
colder temperatures were more resistant to cold shock. Averaged
over all acclimation temperatures and species, mortalities
greater than 50% occurred at 4Ts ranging from 7.0 to 19.5° C
for heat shock and from -6.5 to -15.0° C for cold shock (Tables
IV-20 and 1IV-21, respectlvely). Typical winter and summer A Ts-
ranged from 7.9-10° C.

There are deficiencies in the assessment of Oyster Creek
NGS heat shock and cold shock mortalities. Although extensive
laboratory data were generated, the information was not used to
estimate losses due to actual heat and cold shock events at the
facility. For example, heat shock occurs when fish are entrained
through the augmentation pumps and released into the heated

" discharge canal. 1In addition, fish washed from the intake

screens are released into the discharge canal and within a short
time_are. subjected to heat shock. Furthermore, estimates of

cold shock mortality losses due to winter plant shutdowns could-
have been estimated using experimental data and density estimates

in the discharge canal. No estimates associated w1th losses from

.these sources were presented.

Versar evaluated the sensitivity of heat-cold shock mortal-
ity under two AT regimes, 7.8° C (the long-term average AT)
and 12° C (a potential extreme 4 T). The incidence of cold

shock mortality was not sensitive to the assumption used in the

'; §316 Demonstration of a AT of -10° C. 1In contrast, heat

shock was generally sensitive to the assumption of a AT of
10° C and significant heat-shock mortality occurred at ATs as

- low as 7.8° C.

Although the best methods reaSoﬁably'avaliable for evalu-

| ating the effects of heat shock and cold shock mortality.on the

fish populations in Barnegat Bay were not used, the overall’
effects of heat shock and cold shock are likely small and .
localized. Heat-cold shock mortalities. are generally limited

to fish inhabiting Oyster Creek. These losses constitute a small

- percentage of the fish population of Barnegat Bay. However,

losses within Oyster Creek due.to cold shock can be potentially
high, particularly during winter (when fish are attractec to

~the dlscharge canal from nany areas w1th1n Barnegat Bay).
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Table IV-20. General results of heat shock tests: ATs
which caused greater than 50% mortality

AT (°C)
Atlantic ﬁenhaden ‘ I - 10
Bay anchovy - ' k _ 10
Blue fish o 1w
Weakfish o ' . 7
Winter flounder S  ‘ : 19.5
Blue crab R ;-; L -  : 18 (from litgrqgu;e)»
Opossum shrimp - l'l U L 17.5..
_sand shrimp;.- . | f;: ; 1 o '"‘>1§.2
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Table IV-21. General results of cold shock tests: ATs
which caused greater than 50% mortality

AT (°C)
Atlantic menhaden: : 10
Bay anchovy : 6.5
Blue fish | S 9
Weakfish | ) , _ 10
Winter flounder L . .. No mdrtaiity at > -15
Opossum'shrihp : .. DO .:;: ' No tests |
ASand shrimp.;"-j . ::;_ f-:_:;:&o-mortaiity at-<ﬁ—7;7:.
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Population and Community Atttibutes

GPUN chose to approach the Oyster Creek 316 Demonstration
using a combination of the RIS concept and a "no prior harm"
concept. In the species distribution portion of the 316
Demonstration, GPUN attempted to show that within the operational
years of Oyster Creek NGS, relatively minor changes in abundance,
_distribution, growth, mortality, parasites, and diseases can be
attributed to the facility (RIS concept). In addition, GPUN
attempted to show that few communlty differences between pre-
operational and operational time periods could be attributed to
. operations of the Oyster Creek NGS (no prior harm)

1. RIS Studies

GPUN conducted studies on the .possible effects of the
.Oyster Creek NGS on the distribution, abundance, and growth
rates of selected fish species, opossum shrimp, sand shrimp,
and hard clam, as well as changes in the mortality of hard
clams, in the reproductive potential of fish species, and in.
the occurrence of parasites and diseases for fish populations.
in Barnegat Bay. GPUN's methods to determine these effects
varied 51gn1f1cant1y among study years.

a. Fish Studies

The result of GPUN's regression analysis relating fish

'A,abundance to 16 independent variables (five of which were

-‘related to the operation of Oyster Creek NGS) showed that plant
operating conditions accounted for 1-22% of the annual variation
.in the survey catch data in Barnegat Bay.  Statistical analysis
on the condition factor (an indicator of the general degree of
physiological well being) of menhaden showed that the condition
factor was lower for fish in Oyster Creek than Barnegat Bay.
populations. However, the consequence. of this change in condl-
tion was of little 51gn1f1cance.

The frequency of parasites and diseases found among the -
fish collected in seining and trawling surveys was very low.
Out of thousands of fish collected verv few instances of external
par351tes, diseases, and physical deformities were noted and no.
ncreases in these factors were noted in thermally impacted

’ ar"as..

_ Observed sex ratios.of bay anchovy at theérmally affected
and unaffected sites were compared to. the expected rates of
50/50. Almost 80% of the comparisons resulted in significantly
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more females than males, but few differences in sex ratios were
found in thermally influenced regions. Gonad condition was
determined for Atlantic menhaden. However, the number and
percent of specimens in various gonad conditions (immature,
mature, enlarged, ripe, and spent) were analyzed by combining-
thermally influenced and uninfluenced stations. Thus, the
effect of thermal effluent on gonad condition could not be
evaluated.

GPUN did not use the best methods reasonably. available to
determine Oyster Creek NGS effects on fish distributions,
abundance and composition in Barnegat Bay. However, based on
the results presented, plant effects on fish dlstrlbutlon and
abundance appeared to be small and localized.

b. Invertebrate Studies

.® Hard Clams

Pre-operat10na1 and operat10nal distribution studles
indicate that densities of hard clams smaller than 66

. mm are extremely low—in—the Oyster Creek region (Campbell

1969). In 1978, over 70% of the population in the
vicinity of the Oyster Creek NGS was greater than 66
mm. Densities of small clams (1-5 mm in size) in the
vicinity of the Oyster Creek NGS ranged from 20 to -
1,580 per square meter in 1978 and from 4 to 80 per
square meter in 1979. These young clams were found
exclusively in sandy sediments and were noticeably
absent from the deeper muddy central portion of the bay :
where muddy sediments predominate. Few clams, large or

" small, inhabited areas north and east of Forked River.

~ Clam densities were generally highest in the southern
end of Barnegat Bay. The estimated standing crop of .

" hard clams in the central bay amounted to approximately’

948 MT of flesh in 1969 and 190 MT in 1978 (Kennish et

~al. 1984).

Hard clams within.a 1.6 km radius of Oyster Creek had a.
10-25% reduction in growth rate compared to clams 1nha-
biting other regions of Barnegat Bay (Kennish and
- Olsson 1975). The effects of thermal discharges on
- growth were mainly limited tc summer months. Experimen-
- tal studies have ¢ena2relly fcund that hard clams do not =
grow at temperatures in excess of 31° C (Calabrese and
Davis 1970). - : :

Mortality parameters were examined in natural "hard clam

populations as well as for clams that were transplanted
to a thermally 1n£1uenced reglon of Oyster Creek and a
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non-thermally influenced reference station (Kennish
1977). Summer and winter were the seasons of highest
mortality in natural hard clam populations. It was
proposed that stresses associated with reproduction and -
the increase in predators were the major causes of
summer mortalities. The low winter temperatures coupled
with reduced levels of food were identified as the
major causes of high winter mortality. While the
overall mortality rate for hard clams transported to

the thermally influenced region of Oyster Creek was not
higher than those tranported to control regions not
influenced by thermal discharges, a higher proportion

of the clams transplanted into the thermally impacted
area died at an earlier age.

GPUN did not conduct specific studies to assess clam
reproductlve condition; however, examination of growth
rings in 1973 revealed that no spawning growth breaks
occurred in clams collected from a thermally influenced
region of Oyster Creek whereas spawning growth breaks

" were found in clams collected from reference 51tes that
were not affected by thermal discharges.

.. Macrozooplankton.

Distribution studies of adult sand shrimp were conducted
only during the operational period. No sand shrimp

distributional data were provided for the preoperatlonal, -

period. The operational data indicated that sand
. shrimp were attracted to thermally influenced regions
" of Oyster Creek in the winter. As a result, in '
winter months, sand shrimp abundances in Oyster Creek
were nearly twice those found at thermally unaffected -
"stations.. During the summer (typically in July and
August) as sand shrimp avoidance temperature (28° C)-
was approached, they migrated to colder, deeper regions
of the Atlantic Continental shelf. Sand shrimp appear-
to avoid thermally impacted regions of Oyster Creek 1n
the late sprlng and early fall. :

2. No Prior Harm Studies. 

4. Fish

. Fish abundance data presented for the no prior appreciable -
harm studies were examined by part1t10n1ng catches into three .
functional groups.' residents (flsh whlch complete their life
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cycle in Barnegat Bay); migrants (fish which complete part of
their life cycle in Barnegat Bay after migrating); and wvisitors
(short-term residents which migrate into Barnegat Bay from the
Atlantic Ocean to feed). Significant changes in the number of
species in each functional group were detected at thermally
influenced stations between preoperational and operational years..
Similar changes in number of species were also seen at stations
which were not affected by thermal discharges. Significant
changes in spec1es composition were detected at thermally
influenced stations.between preoperational and operational
years. Similar changes were not detected at thermally unaf-
fected stations. GPUN attributed these changes in distribution
mostly to the dredging of Forked River and Oyster Creek and the
resulting increased depth and currents rather than thermal
discharges. No information was presented, however, to support
this hypothe51s. .

GPUN also compared the median annual catch per unit effort
between preoperational and operational years using data collected:
by their fish survey study. Bay anchovy (Anchoa mitchilli) and
Atlantic menhaden (Brevoortia tyrannus) had significant (a =
. 0.05) reductions in relative abundance after the facility was
- constructed. This finding is, however, of limited value because

. of sample design limitations it is not possible to determine

. .1f observed differences are due to power plant operations or
~,natura1 causes., .

"Results of the flsheries studles conducted in Barnegat Bay -
. were of limited value for asse551ng power plant effects. Major .
problems identified were: - '

o ® A poor distribution of sampllng stations (i.e., the
fish community inhabiting the open waters and eastern
shore of Barnegat Bay were poorly sampled)

e No detailed data on the influence of the thermal plume
on fish avoidance (e.g., trawl surveys evaluating the °
" effects of tidal or wind mediated changes 1n the thermal '
plume on fish dzstributlonal patterns)

-..® A poorly de51gned ana1y31s plan evaluatlng power plant
' effects on f£ish distributional patterns (e.g., Friedman
ANOVA could have been used to test for consistent patterns
among the station locations that were sampled).’ :

. be. Benthos.

Most benthic organisms have limited mobility and cannot
avoid changes in environmental conditions imposed by perturba-
tions. Therefore, the benthos are particularly appropriate
biological indicators for assessing power plant discharge
effects under the context of no prior harm.
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Benthic surveys were conducted in western Barnegat Bay in
- the region of Oyster Creek between 1965-1973 to document the
abundance and distribution of benthic assemblages prior and
subsequent to the operations of Oyster Creek NGS. Data collected
between 1965-1968 were considered by GPUN to be of a qualita-
tive nature and were not submitted as part of the 316 Demonstra-
tion nor included as a major part of the evaluation of no prior
appreciable harm. Benthic data collected between 1969-1973
were submitted as summary tables and figures as a part of the
evaluation of no prior appreciable harm.

These studies showed that a significant decrease in benthos
density occurred throughout Barnegat Bay (i.e., all stations
surveyed and biomass) between 1969 and 1970. This decrease was
most severe in thermally impacted regions of Oyster Creek but
was clearly not totally due to power plant operations. Benthic
densities remained low and relatively constant throughout the
remainder of the study. The mean number of benthic species per
sample did not vary among stations or years in a manner which
indicated power plant mediated changes in distributions.

In 1973-74, an additional benthic study was conducted to
assess the local effects of the thermal plume on the benthos in
the vicinity of Oyster Creek. Sampling took place during July,
August, September, and November 1973 and again a year later in
August 1974. This study was designed to evaluate only spatial
differences in benthic distributions. 1Including the 1974 data
in analyses makes it impossible to differentiate between spatial
and temporal differences. The number of benthic species is -
significantly greater near the mouth of Oyster Creek than at
reference locations located in thermally unaffected areas near
Oyster Creek. No significant station differences in total
benthic densities or biomass were observed by this study.

The sampling methods used by GPUN to sample benthos (i.e., .
" collection gear, sieve mesh size, repllcatzon) limit the useful-

. ness of the data for assessing the impact of plant operations

~ on these biota. Flrst, the collection gear that was used

(i.e., ponar grab) is designed for sampling soft mud sediments,
‘not the firmer muddy-sand sediments typlcal of Barnegat Bay. :
Although area sampled by the ponar grab is relatively consistent -
from sample-to-sample regardless of sediment type, the variation
in the volume of sediments collected may be great. In sandy
sediments, the ponar grab generally takes a shallow sample of
sediments, thereby underestlmatlng densities of benthic organisms
-living more than 1-5 cm Geep in the sediments. For example,

trne ~0110w1'? cuotatica from Lovaland et al. (1971) describes = -
thie phenonencn. "There is an cbvious relatlﬂnship betweezn the
amount of sediment brought up by the ponar and the sediment
characteristic: "the finer the sediment, the more the ponar
brings up per drop. 1In other words, at Oyster Creek, where the
sediments are quite variable, but generally characterized by
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having a median grain diameter of 229y, we must drop the
ponar at least seven times in order to obtain a "full" ponar
(2= 7000 mls)." Secondly, benthic samples were washed through
a 1.5 mm mesh screen. This mesh size is not small enough to
collect juveniles of many dominant benthic species inhabiting
Barnegat Bay resulting in a substantial underestimate of the
densities of these biota. Finally, although seven grabs were
taken at each station, the samples were pooled during sample
processing to create one sample per staion. Therefore, the
among sample variation cannot be estimated, making it impossible
to rigorously evaluate spatial differences within regions. 1In
addition to the sampling limitations, adequate preoperat1ona1
data were not collected to make a confident comparison between
preoperational and operational benthic abundances or distribu-
tions. Therefore, best methods reasonably available were not
used for the benthic surveys. :

c. Phytoplankton

Studies investigating phytoplankton composition, primary.
production, and biomass were conducted in the Oyster Creek .
region between 1969 and 1972. Oyster Creek showed 30%, 20%,
and 18% lower gross primary productivity, net primary produc-
tivity, and phytoplankton standing stock, respectively, than A
Forked River. A lower phytoplankton species diversity was also.
observed in Oyster Creek following the initiation of plant .
operations. In Barnegat Bay, however, no 51gn1f1cant change 1n
phytoplankton species composition, abundance, and primary -

. productivity was found between preoperational and operational :
~periods. In addition, no documented algal blooms have occurred:-

" within the thermal plume area. Impact of Oyster Creek NGS on"

~the phytoplankton community was confined to the discharge

canal and .Oyster Creek. A balanced, indigenous phytoplankton '

community exists in Barnegat. Bay and appears to be unaffected

by the discharge of Oyster .Creek NGS. It appears .that best

. methods  reasonably available were used to evaluate power plant’
E 1mpacts on phytoplankton.A,.._ : . 4

d. Zoqplankton

A study to 1nvestlgate the distribution and- abundance of
zooplankton in western Barnegat Bay was conducted between 1975~
1277, The stuldy dic not fini any cdifferences in holeplarktcn
densities between stations that could be attributed to power
plant operations. 'Generally, no station differences in mero-
plankton were observed either, except in November, when signifi-
cantly lower total meroplankton densities were ‘observed at the
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thermal plume stations. Significant spatial-temporal interac-
tions in Analysis of Variance (ANOVA) models limited the useful-
ness of macrozooplankton survey results for evaluating power
plant impacts; however, if spatial differences in distribution
or abundance due to power plant operations occurred, they were
small. Although analyses could have been conducted to compen-
sate for the spatial-temporal interactions, and test directly
for spatial differences in macrozooplankton community parameters
due to power plant operations (e.g., ANOVA's testing for
station differences could have been conducted for each .date),

it is unlikely the result of such would alter the conclusions
drawn. Therefore, best methods reasonably available were used
for evaluation of power plant impacts on the zooplankton com-
munity. Generally, no spatial differences existed that vere -
attributable to power plant operations.

e. Benthic Algae and Submerged Aquatic Vegetation

Qualitative surveys of benthic algae were conducted :
between Cedar Creek and the town of Barnegat from 1965-1973.
These data indicated that most indigenous algae were unattached,
forming an unattached mat along the bottom and were not uni-
formly distributed. Many algal species were seasonal and were
present only during certain times of the year. Several heat
sensitive species of Phaeophyta were excluded from thermally
impacted regions of Oyster Creek in the summer. A substantial
. bay-wide increase in the relative abundance of Codium fragile
occurred during the study period. This species is generally
considered to be a nuisance species along the East Coast (JCP&L
1978). Codium was first observed in Barnegat Bay in 1965 and
‘ appeared to be displacing endemic species. By 1969, it ranked

- fourth in frequency and second in b1omass. ‘and by 1972, Codium

ranked first in frequency and fourth in biomass. By 1973,
however, Codium had declined in relative abundance to fourth
-in frequency and sixth in biomass, and endemic species appeared
to be outcompeting Codium. 1In general, long lasting shifts
in.dominance or drastic changes in spatial and temporal patterns

- of benthic algae abundance were not observed.

Informat1on on submerged aquatlc vegetatlon (SAV) was
~obtained as a part of benthic algae surveys. Eel grass, Zostera
marina, was the dominant SAV in Barnegat Bay.- Widgeon grass,
Ruppia maritima, also occurred partlcularly along the eastern
shore. Zostera occurred extens1ve1y in the. estuarine zones of
'Forked River and Oyster Creek prior to the dredging operations
assoilated with censtruction of the Uyster Creek NGS (Taylor
1970), but no information exists regarding densities or distri-
butional patterns subsequent to construction. Eel grass was
the dominant SAV in Barnegat Bay following construction of the .
Oyster Creek NGS and has not been affected by the. thermal
dlscharge except in the 1oca1 estuarlne zones' of Oyster Creek
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and Forked River. Best methods reasonably available were used
to survey benthic algae but not SAV. Specific surveys to map
SAV distribution and abundance during the pre~ and post-
operational periods should have been conducted. Because plant
effects on these biota were limited to the immediate discharge -
- region this def1c1ency is of no conseguence. .

f. Nuisance Species

GPUN examined the effects of thermal discharges from the
Oyster Creek NGS on nuisance species of shipworms which cause
boring damage to piers, pilings, and docks throughout the
" Barnegat Bay region. Two subtropical (non-native) species of
shipworms, Teredo bartschi and T. furcifera, were found in :
Barnegat Bay for the first time in 1975. T. bartschi was found.
exclusively in thermally influenced areas by GPUN studies and
by non-utility studies (Hoagland 1983). It occurred at six -
different thermally impacted stations between 1975 and 1982 and -
was the dominant borer at several thermally impacted stations
for three consecutive years. T. furcifera was reported in .
{relatlvely high abundances by GPUN from both thermally influenced

stations and a non-thermally influenced station in Manahawkin -
Bay. Non-utility studies collected T. furcifera primarily from -
thermally influenced stations and did not report this specxes
'from Manahawkin Bay (Hoagland 1983).

Two native shipworm species, Teredo navalis and Bankia

. gouldi, have been collected in Barnegat Bay every year since.

1975. Statistical analyses comparing abundances among stations
did not find consistently higher abundances of these species at
.thermally influenced stations. Statistical tests were also
conducted comparing abundances by year to examine the possiblity

- that years of prolonged outages might cause reduced abundance

- of shipworms due to cold stress or reduced reproductive capa-
- bility. These tests did not show a clear correlation between
years of outages and years of low shipworm abundance.

Average annual percent-destruction to long-term and short- .
term exposure panels by shipworms was determined for 1975 to
1985 by station. However, no analyses were conducted to de-
termine if differences in the panels existed between thermally
. influenced and non-influenced stations or between years with-

and without prolonged outages. Examination of general trends‘
in-Ltke data showed that shipworm damag: was heavy at both
therraily influenced 2nd non-influenced stations and that.
‘thermzliy infiuvenced stations ¢id nol exhibit consistently
higher destruction rates than non-influenced stations. Addi-
tlonally, no clear relatlonshlp between percent destructlon and
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outages were evident. These conclusions were limited by the
fact that the percent destruction data were not reported by
species and no statistical analyses were accomplished. 1In
response to this limitation, GPUN provided statistical analyses
on percent destruction by year in their comments dated July
1988, These analyses support the conclusion that there is

not a clear relationship between percent destruction and outages.

Shipworms are capable of reproducing all year long in '
thermal discharges of the Barnegat Bay region (Nair and Saraswathy
1971). Therefore, the thermal discharge from Oyster Creek NGS '
- could lengthen the breeding season and enhance reproductive
success of these nuisance species in thermally influenced areas.

. Thermally influenced stations, however, did not have consistently
-~ higher shipworm settlement rates than stations that were not
- affected by thermal discharges.

Given the large natural variations in shipworm distribution. .
- and abundance in Barnegat Bay, detecting the effects of Oyster
Creek NGS on shipworm populations is probably best accomplished
by making preoperational/operational comparisons. GPUN did not
collect any preoperational shipworm data; however, the earliest
records of shipworm damage in Barnegat Bay are from the 1880s
when destructive borer activity was recorded for railroad

bridges at Manahawkin Bay and Toms River. Heavy shipworm
destruction was also reported from Barnegat Bay in 1922 (Atwood
and Johnson 1924, cited in JCP&L 1978). Although preoperational
shlpworm activity was recorded in Barnegat Bay, none was recorded:
in Oyster Creek or Forked River prior to operation of the -

Oyster Creek NGS. 1In fact, it is unlikely that shipworms
occurred much above the mouths of these tributaries prior to _
dredging of the intake and discharge canals because the environ- -
mental conditions, particularly salinity, were not suitable for
inhabitation by shipworms. As stated in the Oyster Creek 316
Demonstration, "Prior to the construction of the OCNGS, the
Forked River and Oyster Creek were described as slow-flowing,’
freshwater creeks” and as stated in the Final Environmental

" Statement for Oyster Creek NGS (U.S. Atomic Energy Commission:
1974), "Oyster Creek, which was freshwater to about 2500 ft
downstream of U.S. Route 9 is now saltwater from its entrance
into the discharge canal above the highway to its mouth."
Construction of the Oyster Creek NGS altered Oyster Creek and

‘the south branch of the Forked River from a freshwater environ-
ment which did not support shlpworms to an estuarine env1ronment
which does. . :

The methods vsed by the utility to'collect shipworms since

" 1975 were the best methods reasonably available and have been
fairly consistent for all study years allowing direct comparisons
of data from year to year. However, the analysis technigues
used were not sufficient to clearly evaluate the potential .
“effects of Oyster Creek NGS on shlpworm populatlons, partlcularly
recru1tment success., :
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. These limitations notwithstanding, some conc1u51ens.can
be drawn regardlng Oyster Creek NGS's effects on shipworm popula-
tions:

.. Shipworm activity was limited or non-existent in the
upper part of Oyster Creek and Forked River prior to
construction and operation of Oyster Creek NGS, while
shlpworms have been abundant in Oyster Creek and Forked
River since operations began

® Operation of Oyster Creek NGS facilitated the establish~-
ment of reproducing populations of the subtropical
species, Teredo bartschi in the past and the potential
for this species to be reintroduced and become estab-~"
lished exists as long as prolonged winter outages do
not occur .

.® Operation of Oyster Creek NGS did not extend the settle- ;
ment period or recruxtment potent1a1 for native species

of shipworms.

3. Fish Kill Monitoring .

GPUN's methods for monitoring and quantifying the magni-
tude of fish kills were not consistent among years. For instance,
estimates of the number of fish killed during the 1972-1974
period were determined by counting visible specimens and typi-
cally varied greatly among observers. After 1974, GPUN attempted
to guantify the magnitude of each kill event by collecting and
counting 'all dead fish. Total catches for these surveys were
increased by 25% to account for uncollected dead fish. During
some (but not all) kill events, trawl samples were taken in the
discharge canal to estimate the abundance of dead non-floating -
-fish. 1In addltlon,'lnten51ve sampling was conducted during
" scheduled w1nter shutdowns, 1nclud1ng traw11ng prior to the
shutdown, to assess. the species composition in the canal.- :
- Visual observations of non-floatlng kills were made u51ng dlvers
"during one scheduled shutdown in December 1982. .

, During the first six years of plant operatlon, fish kills"

in the discharge canal were. large. Estimates of cold shock kills
renged as high as 1.2 million menhaden for one event in January -
1973 (Table IV-22). Most of the fish kills occurred during
colder months and were the result of cold =hcck impacts on fish
ov~rwintering in the circharge canal. Several summer heat

shock fish kills were also documented. . Summer kiils were’
usually a result of augmentation pump fallure, and the subsequent
rapid increase in discharge canal water temperatures. Summer
heat kills were generally of lesser magnitude than winter cold
~shock kills. (Table. I1V-22). One chlorine related fish kill was
documented (January. 1974). ' S
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Table IV-22.

Estimated number of Eish killed by major events recorded in the
-~ Oyster Creek discharge canal

112 i/?g‘a) 1773 2/73 .

Blue runner .

Atlantic -

needlefishu
Scup .

Bay'énchovy?

Oyster
- toadfish

Tautog

Striped bass

.20

8/73 - 1774(P) 11,74 2775 11775
Menhaden 100,000~ 718,000~ Several 2,000 500 9,900~
: 1,100,000 1,200,000 thousand 4,000 180, 000 100
Bluefish 100~ 50-
~ 3,600 100
Crevalle . | o 7-
- Jack - 100
.Weakfish '

(a)gi11s documented, but no numbers provided. -
(b)chlorination system failure. S
‘(S)Actual number, not estimate.

( )Crevallg jack and blue runner combined.
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Table IV-22. Continued

- - — e i

12/75

4776%3) 10777 8/79(P)  1/80

7780%¢) 11780

12/82

7/87

Menhaden  365-450

Bluefish

Crevalle
. Jack .

WeakEish

Blue runner

‘Atlantic -
. . needlefish .

Scup
Bay anchovy

Oysterf

. toadfish

,Tautog

Striped bass

© 100-200

5,447

©60-100

’ 62
©-60-100

1,531

161

4,880 5,000

17,402(d) 2,655

80

28

10

36

13

5071




GPUN instituted operational changes at Oyster Creek NGS in
1974, as required by NIJDEP as part of the Oyster Creek NPDES
permit. For instance, during a winter-time shutdown the augmen-
tation pumps were immediately shut down to retain residual heat
"in the discharge canal. Other operational changes included
running the augmentation pumps in the fall when bay water
temperatures begin to decline to decrease the attractiveness of
the discharge canal as overwintering habitat. These changes
decreased the number and severity of fish kill events during
shutdown events.

There are several limitations of the fish kill monitoring
program. The collection techniques used for quantifying the
number of fish killed may have favored species that float
immediately after death (e.g., menhaden) leaving the number of
non-floating fish killed unguantified. 1In addition, GPUN
adjusted the number of dead fish collected for a 25% loss of
dead fish to predators by multiplying the total catch by 1.25.

- GPUN's adjustment is correct if the predators removed 25% of the
- fish that were collected by GPUN (which is naturally impossible).
" 1t is incorrect if the predators removed 25% of the dead fish

in the water. To adjust the number of actual fish killed by
.25%, the number of observed fish should be multiplied by 1.33
(catch = 0.75 actual)

The best methods reasonably available_to assess the effects
of fish kills on Barnegat Bay RIS were not used. Estimates of
- the number of fish killed prior to 1974 were not accurately
gquantified and were likely severe overestimates. Estimates of

- the magnitudes of fish kills after 1974 were probably underesti-

mates. However, given the operational changes at Oyster Creek
NGS which reduced the severity of fish kills, and the fact that
kills were confined to the discharge canal, the overall effect
is small relative to the size of fish populations in Barnegat o
'Bay. Any modification to augmentation pump operations to further '
optimize operations must consider the effects of potential. ’

~ cold-shock kills in winter and heat-shock kills in summer.. :

- 4., Beneficial Uses of Oyster Creek NGS

Besides evaluatlng the dlscharge effects of Oyster Creek
NGS on the biota of Barnegat Bay, Versar reviewed the beneficial
uses of Oyster Creek and surrounding.areas and examined the
potential impact of the power plant on recreational and commer-

- ecitl fisheries. Mater1a1s used to conduct this evaluation in-

T civded the $218 D~ncrstratloﬂ and *he fisheries ch¢9t~ra in
Kennisi and Lutz (;984) . :
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a. General Use Patterns

An aerial survey in 1972 of the beneficial uses of the
upper Barnegat Bay (Barnegat Inlet to Bay Head) revealed that
boat fishing and boating comprised 73% of all uses (Table
Iv-23). Bathing, bank fishing, sailing, and other uses comprised
a-much smaller percent of human uses (Halgren 1973). The
dominant use of Oyster Creek was bank fishing. Thirty-four -
percent of all bank fishing in upper Barnegat Bay occurred in
Oyster Creek. About 5% of all human uses of upper Barnegat Bay
occur in Oyster Creek. The proportion of human usage of the-
Oyster Creek area (5%) is greater than the proportion of physi-
cal shoreline Oyster Creek encompasses of the upper Barnegat
Bay region (1%).

b. Recreational Fiéhery

Recreational bank fishing was the most popular use of Oyster -

* Creek. The months of greatest bank fishing activity in Oyster

Creek were July through September. Based on data from 1975-1977, .

a substantial portion of the western Barnegat Bay recreational
"-landings of summer flounder, winter flounder, bluefish, spot,

. and blue crab were caught in Oyster Creek (Table IV-24),

Oyster Creek was also the most productive fish area censused,
yielding the highest catch per individual. . Blue crabs comprised .
. 90% of these catches. The thermal discharge of Oyster Creek: ‘
- NGS has extended the recreational fishing season from 8 to 10
months by attracting fish and crabs during the fall and winter.

‘c. Commercial Fishery

- Commercial landings and value of selected finfish and -
shellfish for Ocean County and Barnegat Bay between 1975-1979
"are presented in Table IV-25. During this period, Barnegat
_Bay commercial landings and their economic values were not
recorded separately from Ocean County, but Barnegat Bay's
" contribution to Ocean County landings was available (EA 1981)
Almost all of Ocean County's commercial landings of bluefish,
weakfish, and summer flounder were from outside Barnegat Bay,

" whereas the Ocean County catch of white perch and blue crab
were almost entirely composed of Barnegat Bay catches. Hard
clams comprised 50% of the Barnegat Bay commercial landings. and
€1% of the market value. Total value of the Barnegat Eay
commercial catch over the five years was under two million-

- dollars, with a mean annual value of about $250,000. There has
been no documented detrimental effect of Oyster Creek NGS on

the Barnegat Bay commercial fishery although hard clam harvests
have been declining. "The standlng crop of hard clams in’
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Table IV-23. Uses of upper Barnegat Bay 1972 (Barnegat

Inlet - Bay Head)

¢ of Each Use . % of Each
‘Barnegat Bay Outside of Use in
Uses (%) Oyster Creek Oyster Creek’
Boat fishing 38 37.2 0.8
Boating N 35 34.3 0.7
Bathing 9 ': . 8.9 0.1
Bank fishihg. | 8 - 5.3 2.7
Sailing. R -6 5.9 0.1
other .. - 4 _3.9 0.1
| “ TOTAL: 95.5

o
e
w
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Table IV~24.

Percent of western Barnegat Bay recreational
landings of selected species caught in Oyster
Creek (1975-1977)

Species ' ‘ | %
Blue crab ” ' 44
Bluefish o . 60
Spot | . 57
Winter flounder- - . 65

_  American eel:‘A - o 17
.Summer fléqndér ‘ "E' 85

. weakfisn - . <1
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Table IV-25.

Commerciél landings (kg) and value ($) of selected finfish and shellfish

for Ocean County and Barnegat Bay, New Jersey (from U.S. Department of
Commerce 1975-1979)

SPECIES

BLUEFISH

WEAKFISH '

SUMMER .

FLOUNDER

WINTER
FLOUNDER

"AMERICAN

EEL.

WHITE PERCHl

BLUE CRAB .

HARD CLAM -

{MEATS)

"TOTAL VALUT

MEAN VALUE

OCEAN COUNTY

CATCH

-1Q75??9

1,032,951

670,530

311A;;7;7
‘.£40,$7§.
iév,azé[:_
57,251

259,142

1,354,802

" VALUE ($)
or OCEAN
.COUNTY CATCH

© 1975-79

380,648

‘338,648
4,113011
Y 62,726

pa,i7t~'

32,058
191,493

4,412,331}

"9,620,110

11,202,814

v CAUGHT BARNEGAT

VALUE ($)
IN ' BAY OF BARNEGAT
BARNEGAT BAY CATCH BAY CATCH
1975-19 1975-79
<t ' ¢ 10,330 ¢ 3,807 .
<1 - ¢ 6,705 < 3,390
BRI U ' ¢ 31,447 ¢ 41,130
T 30-63 - 42,113 - 88,436 18,818 - 39,517
6 -7 49,600 . 40,884
98-100 56,106 - 57,251 31,417 - 32,058
‘100 o 259,342 191,493
- 30-36 406,441 - 487,729 1,323,700 - 1,588,440

1,624,639 - 1,940,719

206,830 - 242,590




Barnegat Bay has declined since the mid-1960s. Between 1965
and 1978, for example, the standing crop in the central bay
decreased approximately 80%. This decline is reflected in
commercial landings of the hard clam during the 1970s, which
were reduced not only in Barnegat Bay but throughout New Jersey"
(Kennish and Lutz 1984).

Conclusions for Discharge Effects

The thermal discharge from Oyster Creek NGS exceeded New
Jersey Thermal Discharge criteria, and thus the potential for
biological impact was sufficiently large to require detailed
evaluation. 1In many cases, GPUN did not examine the biological
impact of Oyster Creek NGS's thermal discharge with best methods
reasonably available (see Table IV-26). However, it made little
difference to the §316 review process that best methods reason-
ably available were not used. Based on data available in the
Oyster Creek 316 Demonstration and the scientific literature,
the potential adverse effects of the thermal discharges on the
Barnegat Bay ecosystem were determined and found to be localized
and to have few or no regional consequences.

F. POPULATION ABUNDANCE ESTIMATES

Surveys to estimate population abundance of fish, macroin-

. vertebrates, ichthyoplankton, and macrozooplankton were done by
GPUN in Barnegat Bay during 1976 and 1977. Four species of fish
and macroinvertebrates (bay anchovy, northern pipefish, winter
flounder, and blue crab) were sampled in two periods per year.
Sand shrimp were sampled once in the trawl survey. Other RIS
ichthyoplankton (e.g., blueflsh, weakflsh) ‘were not sampled due
to low abundance. .

There are several 11m1tat10ns of the GPUN trawl surveys-

e Several of the target spec1es (bay anchovy, sand shrlmp,
juvenile flounder and juvenile crab) could easily escape
- the mesh size used in the surveys (3 8 cm) resultlng
.in underestimates of densities

. fGea* collecticn eff1c1ency was rcot estlwated, a“d no -
- standard corrscticns wars applied :

e - The daytlme sampling scheme used probably underestimated
sand shrimp population abundance which are generally
more actlve and collected at hlgher abundances at night

'y Sampllng frequency,was not adeguate for sandAshr1mp,
which have at least two generations per year
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Table IV-26. Versar's evaluation of methods used by GPUN to
determine thermal discharge effects

. Best
" Methods - Best
Not Methods
Used Used
Avoidance tenperatures and _ . ; X
thermal plume exclus1on ' o
Cold shock -- heat shock mortalities ' B :X
Population/community a;tributés 
1) RIS |
Fish ~ . . . . '“";ﬂ:'~' ' > S L
Hard clam SO - : B L X
- Other invertebrates- . . X
2) No prior harm . _ :
Fish ke
Benthos - R " - X '
Phytoplankton SR < X
Zooplankton = X
Benthic algae: X
Shipworms X
, 3)'Fish kill moniﬁoring"x S e X
' 4) Beneficial uses of Oyster |
. Creek VGS ‘ :
Recreat10na1 flshery .ﬂf‘ L - - X

" Commercial flshery S S _ : X




e Sampling times did not coincide with peak abundances of
the fish

e Surveys covered only a portion of Barnegat Bay

® No seasonal or annual abundance estimates were made
with the exception of bay anchovy and winter flounder.

Ichthyoplankton and macrozooplankton were sampled with

. towed ichthyoplankton nets and an epibenthic sled during 1976
and 1977 based on a stratified random sampling scheme. Only

- the 1977 data were provided in the 316 Demonstration. Limita-
tions of the ichthyo- and macrozooplankton surveys are s1m11ar
- to the fish surveys:

® Daytime sampllng probably underestimated demersal and
" vertically migrating animals such as opossum shrimp
(PSE&G 1984)

® . Gear eff1c1ency was not tested, and no correction factor .
- was applled

e ' Sampling frequency was insufficient to characterize-
. seasonal abundances of opossum shrimp, blue crab zoeae
" and megalopae, and .winter flounder larvae. because
sampling times did not correspond to periods of hlgh
seasonal abundance

e The surveys covered generally less than 50% of Barnegat
Bay.

Microzooplankton population surveys were carried out twice
during 1976. Twelve to fifteen randomly selected gquadrats were
sampled with a Clarke-Bumpus sampler, and larvae were identified -
to class. The data are given in the 316 Demonstration working
" papers, but not in the text. Limitations of this survey were
that hard clam larvae were not identified from the samples, and
that sampling twice per year was insufficient to estimate total
seasonal population of m1crozoop1ankton due to thelr rapid
turnover rates. ‘

Since GPUN did not address gear efficiency, Versar estimated
gear efficiency to be about 10% for larvae and juveniles based
on scientific literature.  We assumed the gears used had a 100%
gear efficiency for eggs and microzooplankton. These eff1c1ency
rates were applied to GPUN s instantaneous population data.
Ver= r's peopulation esti mates, as well as szasonal pcpulation

stimates (adjusted for seascnal turnover rates), are presented.
1n Table IV-27. Seasonal abundance was calculated as the -
product of mean instantaneous density, the volume of Barnegat -
Bay, and the turnover rate of the specific life stage population
(e.g., daily during the period of availability for bay anchovy
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Table Iv-27, GPUN population estimates (number of individuals) and Versar adjusted
» " population estimates (number of individuals) for Barnegat Bay RIS

GPUN . ' _ Versar
Estimated ) " Corrected - i
Instantaneous Mean Population Corrected Seasonal |
Population (#) . Size (#)  Population Size (1)
“‘May Anchovy .. eggs - 1977 - 3.6 x 1092) 3.6 x 109 2.2 x 1oll
' | L " lacvae . 1977 2.3 x 108(3) 2.3 x 109 9.2 x 109
e adqlgs"'l977‘» ~N:A. ,
- adults © 1976 May 5.7 x 106 - 5,7 x 107
. _ L ~Oct. 2.6 x 106 2.6 x 107 _
Winter Flounder . larvae 1977 = .~1.4 x 1093} 1,4 x 1010~ 7.1 x 1010
| | _adults 1977 1.1 x 105 _ 1.1 x 106 |
| - " adults 1976 1.9 x 105 1.9 x 106
. PBlue crab . zoealP) 1977 - 1.0 x 107 1.0 x 107 2.3 x 107
' - .megalopae 1977 1.4 x 108 1.4 x 102 1.4 x 1010
‘juv. and 1977 East 6.0 x 105 6.0 x 106
- adults .- West 1.0 x 105 1.0 x 106
juv. and 1976 Fast 3.6 x 106 3.6 x 107
adults - West 2.6 x 105 2.6 x 107

‘”)Calchlated as meﬁn from Table 4.3-20 in OCNGS. 316 Demonstration.

1Y 20ea avoid low'saflnity,.western bay where sampliﬁg'was done.
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Table IV-27.' -Continued

. ;adU1tS.'

."GPUN .. Versar’
Estimated "Corrected -
Instantaneous Mean Population = Corrected Seasonal
Population (#) " Size (%) Population Size (#})
Sand Shcimp - " . .zoeae 1977 1.4 x 108 ° - 1.4 x 108 2.5 x 107
: adults ® 1977 5.6 x 104 5.6 x 10° 1.2 x 106
Oboasum'S!_‘-ri.mP' juv. .an"d."'197"7 :",' 1.8 x 109 1.8 x 1010 5.5 x 1010




eggs). The gear efficiency adjustments were identical to those
used to estimate entrainment losses but the gears used for the

population surveys were probably less efficient because of the

additional sampling problems described above.

The GPUN population data and hence the population abundance
estimates were highly uncertain. The adjustments made by Versar
to these estimates in order to be protective of the resource
further increased the uncertainty of the population estimates,
and the estimates and any assessments made from them must be
interpreted with extreme caution. :

Entrainment impacts, as percentages of instantaneous
population size, were calculated by GPUN (Table IV-28), and
were expressed as percent entrained within 12 hours. GPUN's
rationale for using 12-hour entrainment losses was that the
population surveys represented instantaneous estimates of
standing crop taken during approximately a l12-hour period. A
comparison of this standing crop estimate for a species to the
number entrained during a similar period can give an indication
whether or not the form is subjected to losses greater than the-
average volume of water removed from central Barnegat Bay by
OCNGS during a similar period (l1.1% of Bay volume in 12 hours).
Entrainment loss rates greater than 1.1% would indicate poten-
tial concentration near Forked River. The instantaneous rates
cannot be used to evaluate seasonal or annual losses at the
population level without modification to reflect seasonal or
.annual abundance of the target species. Table IV-28 shows when
extended to a full season, the GPUN instantaneous rates provide
ridiculous estimates of overall losses to Barnegat Bay popula-
-tions. While this is an inappropriate extrapolation of GPUN's
instantaneous losses, it is the only way the data could be
interpreted and shows that the demonstration does not provide
the information necessary to evaluate the impact of total

. annual condenser and dilution pump entrainment. Clearly, the

population abundance values must be put into proper perspective
to gauge the potential effects of entrainment losses on the
populations of Barnegat Bay. '

‘Given the uncertainty of extrapolating the GPUN population
estimates to reflect seasonal abundances, Versar applied a .
~simple model to estimate entrainment losses that does not depend'
on the population data, but instead estimates entrainment
losses as the volume fraction of Barnegat Bay pumped by Oyster
Creek NGS each day. The volumetric model assumes a homogeneous:
Gistribution of entrainable size organisms in Barnegat. Bay,
complete remixing of the bay, and no significant water exchange
~ between Barnegat Bay and adjacent water bodies (e.g., Atlantic
Ocean). The latter two assumptions are clearly protective of
the resources. This model estimated the upper limit of possible
entrainment losses.. It should not be used as an unbiased
estimate of entrainment losses but rather to characterlze the
maximal limit of entralnment loss.
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The volumetric entrainment model was as follows:
Me - l - e-rtm(l"C)
where

Me = mortality'due to entrainment during the occurrence
of a specific life stage

r = daily entrainment rate, as the volume fraction of
the bay entrained per day :

t = time in days that the life stage was vulnerable to"
entrainment

m = the mortality of entrained organisms

c = rec1rcu1at10n rate of discharge water back to the
intake canal. :

Oyster Creek NGS pumped a maximum of 65.0 m3/s with the
dilution pumps on, and 32.1 m3/s with the dilution pumps off.
Barnegat Bay has a total volume of 2.38 x 108 m3, which cor--

" responds to Oyster Creek NGS pumping 2% or 1% of the total

volume per day with the dilution pumps on or off, respectively.
" Representative results of the model are given in Tables 1IV-28
and IV-29, for no recirculation and 30% recirculation, respec-

. tively.

Versar is well aware of the inappropriateness of the loss
estimates provided in Tables 1V-28 and IV~29. These estimates
are not intended to describe the impact of OCNGS entrainment
upon Barnegat Bay populations. Rather, they serve to exemplify
the limited use which can be made of the 12-hour instantaneous
population abundances and 12 hour entrainment values provided
by GPUN.

The GPUN populétion surveys did not use the best methéds

A ”~rea50nab1y available. The surveys and the adjusted population-

_estimates have excessive uncertainty, and the estimates can

- only be used with extreme caution. The volumetric entrainment
loss model showed that entrainment losses were potentially "

high for species with planktonic life stages that were vulnerable
to entrainment for periods of 30 days or more. . Only more -
quantitative estimates of the overall impacts of entrainment
losses and their relatlonshlp to Barnegat Bay seasonal: and/or ,
‘annual populations will mcre clearly. descrlbe the notentlal (if
any) 1mpa:ta of these losses. 4
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Table IV-28. Percent entrainment of RIS populations in 1977 using GPUN's 12-hr
estimates and volume method applied by Versar

. . . . GPUN 12-hr
Mean ‘ ©  Entrainment :
GPUN 12-hr Duration Extrapolated Volume
Entrainment of - to an Annual © Method
(% Entrained/ Life Stage Cycle (3 (% Entrained/
12-hr)(a) (Days) - Entrained/yr)(b) ' .yr).
Bay anchovy . eqq 0.5 1.5 - 1.5 2.2
larvae 6.4 3% 97.8 45.0
Winter flounder larvae ‘ 1;05 15 - 27.0 . 20.0
Blue crab | zoeae ' :'11.8 B 40 o _-".99}9 s 55.0
megalopae - 0.25 . . . . 7.5. 77 3.7 . 14,0
sand shrimp - zoeae 5.1 . 30 95,3 " 45.0°
| juvenile . - . nalc) 90 . o NA(C)" : - 83.0(d)
Opossum shrimp juvenile 1.2 B 120 - 88.5 - ' 91.0

and adult

(a)Mean values from Tables 4.3-19 and 4.3-20 in OCNGS 316 Demonstration; ‘assumed
mortality 100s. : : A o '

(b)Annual loss = l1-e~2Lt, where L is the 12~hr loss rate and t is the duration
(in days) of a life stage. . - - S : ' '

(c)NA - Not applicable. ' - - L 4 .

(d)since GruN did not provide an entrainment rate for juvenile sand shrimp,
Versar used the percent of water entrained (2%).

)




Table 1IV~-29. Versar entrainment mortality with 30% recircu-

lation

Entraihment Days Net
- Mortality Exposed Loss
Bay anchovy. égg _ 75% 1.5 1.6%
larvae 1008 30 34
Winter flounder  larvae 75% 15 15%
Blue crab , zoeae : 100% 40 43%
- megalopae 100% 7.5 10%
Sand shrimp - zoeae 1008 30 - 34%
. : : : juvenile .100% 90" 72%
Opossum shrimp’ = juvenile and 1008 120 81%

C " adult -
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V. IMPACT ASSESSMENT

The impacts of losses due to operations of the Oyster
Creek NGS were examined from two perspectives by GPUN -- no
prior harm and Representative Important Species. No prior harm
assessments generally require information that characterize the
biotic community prior to operation of the facility and afterward.
A finding of no change in biotic composition, abundance or
population-level attributes {e.g., growth, reproduction, parasi-
tism) between the preoperational and operational periods is
then interpreted as the result of the facility having no impact
on balanced, indigenous populations. The data presented by .
GPUN in the §316 Demonstration generally provided data on effects
of plant operations on spatial patterns (far-field stations
versus thermally influenced stations). Few data were presented
by GPUN which included comparison of the preoperational and
. operational periods. Those that were presented showed signif-
icant differences in fish and shellfish community composition
and abundance in Oyster Creek and Forked River. Because Oyster
Creek was completely dredged and parts of Forked River were
also modified in the construction of the facility, it was dif-
ficult, if not impossible, to show no prior harm for the Oyster
Creek biotic community. Oyster Creek after operation of the
facility had very little in common with Oyster Creek prior to
construction. Thus, the no prior harm portion of the Oyster
Creek 316 Demonstration is of little utility for making a 316
decision if the water body of concern is Oyster Creek. If the
Oyster Creek/Barnegat Bay ecosystem represents the water body
of concern then overall losses to the ecosystem could be effec-
tively evaluated in a no-prior harm framework, given the ‘proper .
data were available. 'These .data would require careful analyti-
cal screening to extract any locetional biases due to the '
physical/chemical gradients inherent in large estuarine systems.
While GPUN has collected and analyzed data scattered over many
years of operation, too little care has been exercised to:
minimize the uncertainties associated wlth the analyt1cal
results. These 1nclude- ' :

e Poor sample replicablllty

e Lack of “true"_controls _ .

P Implicit cove r1ate= nested wlthln the data sets..

Spatlal and tenporal patterns are - usually defined by
contrasting population characteristics between environments .

(i.e., between thermally affected and unaffected stations).
Factors and .processes contributing to observed patterns - are
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then identified by inferential analysis of survey data.
Collection of data in estuarine environments comparing and
contrasting the effect of a single factor (i.e., temperature)
cannot be completed, generally, without confounding the data
with the effects of several additional factors corresponding to
natural estuarine gradients. These confounding factors make
direct comparisons extremely tenuous. Only after the effects

of these "extraneous" factors are removed from the data, can the
"true" effects of the target factor be determined.

The no prior harm evaluation presented by GPUN is riddled
with these types of data inconsistencies which make a direct
determination of the level of impact of the operation of OCNGS
all but impossible. These data problems can be addressed from
two perspectives. Either the data can be reanalyzed, removing
the confounding covariates, or the data can be examined from an
RIS loss perspective. Versar chose to evaluate the losses due
to the operation of OCNGS using three assessment models.

Empirical data collected by GPUN were used to estimate A
entrainment and impingement losses. Before the consequences of -
these losses to Barnegat Bay RIS populations can be evaluated,
however, the estimates must be put into the context of natural
population size, productivity, reproductive success, equivalent
adults, and/or mortality due to other sources (e.g., commercial
and recreational fish harvests, natural fish kills, or mortality
due to other industrial sources). GPUN used only comparisons
of 12-hr entrainment losses to instantaneous Barnegat Bay =
population sizes to evaluate impact (with the exceptlon of bay
- anchovy and winter flounder). This type of comparison is
useful only for populations which would reproduce rapidly
(e.g., zooplankton) but not for longer-lived populations. To
supplement these data, Versar used three assessment models as
screening tools to place entrainment and impingement losses
into the context of population-level consequences. 7Two of the
models (production foregone and spawning/nursery area) also |
were relevant to the assessment of consequences of plant-related
losses to the Barnegat Bay ecosystem as a whole. . ‘

A. OVERVIEW OF MODELS USED

The three 1mpact assessment models used by Versar are .
designed to estimate the fractional reduction. in RIS populations
cr papulatxon processes thet was directly attrlbutable to the
M ster Treck fcc*;lty. Trese nodels wvere th

°« Equivalent Adult Model (EAM) -
® Production Foregone Model (PFM) . .
L] Spawnlng/Nursery Area of Consequence Model (SNAC)
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The PFM and SNAC estimate the fractional reduction in RIS
populations (or segment of an RIS population) attributable to
the Oyster Creek NGS. The fractional reduction concept is
illustrated both graphically and mathematically in Fig. v-1.:

All three models have numerous assumptions and data input
requirements (Tables V-1 and V-2), including the assumption
of no compensation at the population level and the input require-
ment for the duration of each life stage. SNAC does not require
information concerning absolute population size nor entrainment
or impingement loss measurements to estimate the fractional
reduction attributable to the Oyster Creek NGS (i.e., SNAC
results are insensitive to gear efficiencies when a single
gear type is used to collect the data)

B. EQUIVALENT ADULT MODEL (EAM)

- Purpose and Application for EAM

The equivalent adult model (EAM) evaluated the number of
RIS -which would have survived to adulthood if entrainment or
"impingement losses had not occurred. The number of equivalent
adults is estimated by summing the product of losses of each
lifestage and their respective survival rate to adults. Versar
applied this model to winter flounder, bay anchovy, opossum
shrimp, sand shrimp, hard clam, and blue crab. Our analyses
for EAM included both entrainment and impingement losses. The
EAM was relatively simple to apply and required little informa-
- tion. However, the data that were required (survivorship
.rates and absolute entrainment/impingement) were often subJect
to large variability and were generally difficult to measure.

Assdmptions and Data Requirements for EAM

The primary assumption of EAM was that there was no compeén-.
satory response by populations to offset plant-induced losses.
EAM required absolute estimates of plant-induced losses. It
also required the duration of each life stage/age.class and
instantaneous mortality rates or surv1vorsh1p rates to maturity.’
The values of these model 1nputs are shown in Table V-3,

Implementation and Results for EAM

Table V-4 summarizes;équ1§alent adult losses-calculated
after adjusting entrainment loss.estimates for sampling gear .
efficiency. These loss estimates included both entrainment and-

impingement losses. This table also compares the equ1va1ent
' ' V-3 : : -



Number No Plant Losses
at Occurring
Time (1) .
Plant Losses
Occurring A
B
" Time (t)
A = Population at time (f) with no plant losses
B = Population at time (t) with plant losses .
AFr'actional ﬁédﬁ_ction S -"_ ' A- B | B . Condit.ion‘_ail '
in Population Due to = ~. —— "= 1- — = Plant-Related
Plant Losses at Time (t) -~ -~ =~ A - - A Mortality . rate:

Figure V-1. Condépt'of,fractiohalﬁredﬁction_ih populétion size
for estimating the consequences of plant related
losses - - S o :



Overview of assumptions of impact assessment models used by Versar to

determine the consequences of entraxnment and impingement losses to RIS

populatlons

hssumption

Spawning/ Production Equivalent

~Nursery Area Foregone : Adult

Model Model Model

‘No compensatory response

in the population to

' plant-induced mortality

Population 15 at - statlc

equilibrium.

Actual (absolute) abundance

.of population 1s known

'Actua] (absolute) magn1tude of
plant-rclated losses are known

Relative abundance {e.g..
catch per unit effort) of .the

,,popu]atxon is known over
‘'space and time

“Mortal1ty is constant

within an age class

Entxre d1str1but10nal
range of RIS is sampled

- Density of RIS in water

passing through plant is -

equal to density at the intake

Population comprises a

‘single cohort

X R X




Data inputs to impact assessment models used by Versar to determine the

over time and space

Table V—2 .
- consequences of entrainment and impingement losses to .RIS populations
~ Spawning/ Production Equivalent
, Nursery Area Foregone Adult
Input ' Model
1. Mortality”estimates | X
(natural or total)_
2. Initial populétien size
.before cohort is subject
_to plant- 1nduced mortality
3. Absolute 1mpingement/entra1n- X
ment Iosses by week and 11£estage
4,: Duratlon of llfestages - X
"5.: Duration ‘of cohort (llfespah)
" 6. .Growth rate'byllifestage o
7. Through~plant mortality rate
8. Size of region containing the
- population subject to impact
9. Plant water withdrawai‘raﬁe
10. Entraxnment probability -
by size. class
11. Relative abundance of anlmals




Table V-3. Parameters used to evaluate equivalent adult losses for the Oyster
' - Creek NGS ‘ '

L : Plant-Related
- Life Stage Cumulative Losses (Entrain- Equivalent
E : ° Survival Survival . ment and ‘ ' Adult
Species . - -Life Stage. - - Rate Rate Impingement) s Losses
Winter Eggs . ©.0347(1) 4.549E-7 - -
. £lounder : . ' : 4
o - Larvae -.0215(1) 1.311E-5 4.30E9 5.63E4
S0¥ -..1500(2) 6.097E-4 - '2.13E5 1.29E2
1w e .250002) - 4,065E-3 - -
24 0.357103) " 1.626E-2 - - -
HE T - .3571(3) 4.553E-2 - -
4+ - .3571(3) 1.275E-1 - -
YT .357. (3) - - --
“Total S S 5.64E4
Bay - . Eggs .2490(4) 5,229E-5 1.03E10 1.38E7

anchovy- R Lo ‘ L .

s ‘ Larvae . .0370(4) ©2.100E-4 1.33E10 7.21E7
0+ .1461(4) 5.676E-3 '3.51E8 5.13E7
1+ .1971(4) - 3.885E-2 -- -

. 14 .1971(4) - -- --
Total - 1.37E8(0+)




Table V~3. Continued
= Plant-Related
Life Stage Cumulative Losses (Entrain- Equivalent
Survival Survival - ment and Adult
Species Life Stage Rate Rate Impingement) Losses
Opossum 0+ .0497(4) 8.210E-3 2.1E11 1.72E9
shrimp : R .
>0+ .1652(4) - -- -
Total | 1.72E9
" sand shrimp  Larvae . ' .010(5) 1.60E-4 1.36E10 2.18E6
" R TR " ogol(5) 1.60E-2 7.68E9 1.23E8
Y ./200(5) - 2.02E8 4.04E7
Total . . | ' 1.64E8
Hard clam . Larvae - - .0160(6) 3.240E-7 1.12E11 3.63E4
o 0+ .0001(7) 2.025E-5 -- --
1+ .4500(7) 2.025E-1 -- -
2+ - ~ .4500(7) 4.500E-1 -- -
3+ 1.000(7) - -- --
Total | B 3.63E4




Table V-3. Continued .

Plant-Related

- Life Stage Cumulative - Losses (Entrain- Eduivalent

‘ Survival Survival ment and Adult
Species Life Stage °~ . = Rate Rate - Impingement) - Losses
Blue crab  Zoeae . - .0061(8) 1.701E-7 3.7087 1.58E1
" Megalopae . "~ .0010(9) 2.788E-5 . 1.50E8 '1.04E4

o+ . .0700¢9) " 2.788E-2 — | -

"1+ "..sss0(10)  3.983E-1 -— -

SUs1e7 L T.a500010) L el o -

Totéllf
L 1.04E4

(1)gpuN 1978 ’
(2)coates et al. 1970
(3)Howe et al. 1976
(4) PSESG 1984 .
. (5)Estimated’
(6)carriker 1961
(7)Hibber: 1977 :
(8)sandoz and Rogers 1944
(9)Tagatz 1968 : .
(10)Flschlcr 1965




0T-A

Table V-4. Comparison of equivalent adult losses at Oyster Creek NGS (corrected for
: sampling gear efficiency) to Barnegat Bay fisheries.
.that bay anchovies, sand shrimp, and opossum shrimp are not harvested in

Barnegat Bay

Blanks indicate

. . Mean Mean . '
N Age Commercial Recreational 3 % 3
-1 Estimated of Estimated Fishery Fishery Commercial Recreational Combined
| Species Loss Loss ‘Loss (1975-1980) (1976-1978) Fishery Fishery . Fisheries
- A® . (yr) (bs)(d@)  (1bs)(b) (1bs) (b) :
Bay 137,000,000 * >0+
anchovy . . |
‘Hard . . 59,100 >3+. .8,865 112,565 37,140 8 . - 24 6
clam . e _ PR
Blue . 10,400 >1+. 3,432 ° 114,110 155,850 3 2 1
crab . S ' S ' :
Winter - 56,400 >3+ 56,400 46,394 182,439 122 31 25
flounder oo - : : : '
Opossum 1,720, ooo,ooo 50+
shrlmp ‘
Sand _164,000,000 50+
shrimp - ‘

(a)Conver51on of loss in numbers to pounds is based on average weight of commercial catch (U.S.

poC 1975-1979) -

b)sources: Derlved £naﬁ H111man and Kenn1sh 1984




adult losses to commercial and/or recreational fisheries in
Barnegat Bay to obtain a perspective of the magnitude of loss
estimates.

Summary and Conclusions for EAM

Based on the above information, we concluded the equivalent
adult losses for RIS, with the exception of winter flounder, do
not exceed the average commercial fishery for Barnegat Bay for
the period 1975-1980. The winter flounder fishery is an under-
utilized stock and is generally not a targeted fishery because
of the average small size of this species in Barnegat Bay.
Barnegat Bay represents a nursery area for winter flounder
comprised of young, developing juveniles. Projected equivalent
adult losses for bay anchovy, opossum shrimp, and sand shrimp
were a significant amount of forage biomass for major commercial -
fishes, but the production foregone model provided a better '
means with which to evaluate these losses.

The equivalent adult model requires accurate estimates of
plant-induced losses. Because of the large uncertainty associ- .
ated with the corrected entrainment losses, the results of EAM
~are also highly uncertain. More reliable estimates of probable
adult losses cannot be determined without better estimates of
entrainment losses (i.e., without estimates of gear efficiency).

C. PRODUCTION FOREGONE MODEL (PFM)

Purpose and Application for PFM

Versar used the production foregone model (PFM), to estlmate
the proportional decline in annual net production lost from a
population due to entrainment and 1mp1ngement at the Oyster. .
. Creek facility. Net productivity for a species is calculated
based on the product of the number of organisms in each life
stage and their associated growth rates. The individual 1life
stage net production rates are summed to estimate total net
productivity for a species. We computed the annual net pro-
ductivity of a population as if there were no impingement or
entrainment losses (A), and the annual net productivity of
that population subjected to entrainment and impingement (B).
The fractional loss rate was then calculated as (A-B}/A.

' Versar applied the PFM to three species (bay anchovy,'

opossum shrimp, and sand shrimp) to estimate fractional declines
in the productivity of major forage items in Barnegat Bay.-
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Assumptions and Data Requirements for PFM

The PFM involved two major assumptions which affected
interpretation of model results. These assumptions were:

e There was no compensatory respohse in the populations
(e.g., in growth or mortality) due to plant-related
losses

e The population was at static equilibrium.

The assumption of no compensatory response by the population was
protective since this assumption likely resulted in an overesti-
mate of plant effects. The assumption of equilibrium makes the
application of the model to a specific data set pertinent to

all years. 1In reality, bay anchovy, opossum shrimp, and sand
shrimp populations are rarely at static equilibrium, and based
on limited information, annual changes in recruitment and
distribution for these as well as other species in Barnegat Bay
and similar estuarine habitats were large. Thus, the assumption
of an equilibrium population was only protective if the specific
data used in the model represented extreme to average conditions
of abundance.

The execution of PFM required data inputs of the abundance
of each age class (based on initial population size and age-
specific mortality rates), incremental weight gain by age, and
estimates of entrainment and impingement losses.

Implementation and Results for PFM

Versar obtained estimates of initial population sizes for.
RIS from GPUN's bay-wide surveys and sampling at the plant . -
intake. Mortality rates for developmental stages were prlmarlly
obtained from the scientific literature (Table V-3). The :
plant-induced mortality rates were obtained from exploitation
rate calculations. Growth rates were obtained from the scien-
tific literature. Plant-induced losses were estimated from the
_onsite monitoring program and the through-plant mortality stud1es.
Entrainment losses were corrected for gear ef£1c1ency.

Versar's app11cat1on of PFM to bay anchovy, opossum shrlnp,
a~Jd sand shrimp oopulatlon resulted in estimated losses in . '
annua: net productivity of the Barnegat Bay populations of .

12.4% (354,000 1lbs), 8.7% (67,000 1bs),. and 16.5% (1,650,000

lbs), respectively. Bay anchovy production losses were relatively
high (12.4%) mainly from significant losses to the post-larval

and juvenile stages hence fewer 1+ anchovies were produced. - The
natural mortality rate from the juvenile to 1+ age class was

B V‘-1.2'.



Table V-5. Parameter values for production foregone model as

applied to Oyster Creek NGS

Mortality Rate

Species Life Stage- (day~1)
Bay anchovy(a) Egg 1.39
' Prolarvae .6398
Postlarvae .0848
Juvenile .0428
1+ .0045
2+ .0045
3+ .0045
4+ .0045
Sand shrimp(b) Larvae .2056
' Juvenile .0842
Adult .0023

Opossum shrimp(a) Larvae .128
‘ Juvenile .1535.

.01

Adult

(a)Calculated from data prov1ded in Appendix XII, Table 4- 31
of the Salem 316(b) Demonstratlon (PSE&G 1984).

(b)Estimated based on data provided in ‘the Oyster Creek NGS
316 Demonstratlon (JCP&L 1979)
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‘relatively large; thus a small proportion of juveniles were
predicted to reach 1+ age class. 1In contrast, the juvenile
stage was the most productive life stage for anchovy (i.e.,
largest percentage weight increase). As a result, even though
only a small percentage (< 5%) of total abundance were 1+ year
old fish, these losses represented a large relative percentage
(12.4%) of population-level production from egg to the 1+ age
class. The overall production loss due to bay anchovy is only
354,000 1bs. If the bay anchovy biomass that was estimated to
be lost by the PFM was converted to predator biomass through one
trophic transfer at the rate of 30% assimilation and assuming
anchovies comprised only 10% of the predators' diets, then lost
anchovy biomass would be projected to be equivalent to about '
10,600 1bs of predators.

Relative production losses for opossum shrimp and sand
shrimp represent significant losses in net productivity.
Similar projected predator production losses for opossum shrimp
and sand shrimp assuming a 10% assimilation rate, one trophic
transfer, and 50% of predators diets for opossum shrimp and 10%
for sand shrimp resulted in the losses of 3,300 and 16,500
pounds of predators, respectively. Almost a11 the losses for
opossum shrimp and sand shrimp resulted from entrainment of
juvenile and adult life stages. High natural mortality rates
for the early life stages of these organisms combined with high
net productivity resulted in moderately high production loss. e
rates for sand shrimp (1,650,000 1bs) and opossum shrlmp (67,000
lbs).

Summary and Conclusions for PFM

The PFM required an absolute or relatlve estimate of
population size and plant-related losses. Poor Bay-wide - :
abundance data were presented in the §316 Demonstration resul-
ting in adjusted values for Bay-wide base population levels o
which were highly uncertain. Based on the above information, -
. we concluded that the relative net production losses for the
three RIS represented large portions of forage population =
. production but that the absolute magnitudes of these losses. -
- were small (< 355,000 lbs) except for sand shrimp. Production
loss resulting from entrainment and impingement losses for. sand
shrimp were estimated to be about 1,650,000 lbs. A rough
estimate of predator losses due to th1s reduced forage produc-
tion of sand shrimp was approximately 16,500 lbs. The coave-
rsior to predator b1onass uses the assumpt10ﬂs prev;ouslv
~dlscusseo.

Better productlon foregone estlmates (i.e., with 1ess

uncertainty) would have been obtained if better estimates of
seasonal population abundances for bay anchovy, sand shrlmp,
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and opossum shrimp had been available. However, with the
exception of sand shrimp, the absolute magnitude of the produc-
tion losses were too low to have any observable effects upon
the net productivity of the forage populations. Regardless,
the projected losses to Barnegat Bay predators were only 30,000
pounds or roughly 6% of the combined fisheries for blue crab
and winter flounder (maJor predators of bay anchovy, opossum’
shrimp and sand shrlmp in the Barnegat Bay ecosystem). A
better comparison would be to the biomass of the predator
populations rather than the combined fisheries. 1If the fisheries
take 10% of the adult biomass of these two species then the

estimated forage losses represent less than 1% of the Barnegat
" Bay predator biomass.

D. SPAWNING/NURSBRY'ARBA OF CONSEQUENCE MODEL (SNAC)

Purpose and Application for SNAC

Versar used the spawning/nursery area of consequence model
(SNAC) to estimate the relative population losses from the :
aquatic communities of Barnegat Bay due to plant-induced losses .-
at the Oyster Creek facility. The approach used empirical
field data in the framework of several mathematically simple,.
conceptual models as a screening tool to evaluate impact.
Potential loss of equivalent adults due to entrainment of
early life-stages were estimated, and the impact of these
losses in terms of an ecologically meaningful measure of con-
sequent loss in ecosystem productivity and in terms of potential
value changes in the regional fishery was evaluated. Propor-
tional population losses are calculated as the ratio of specific
- lifestage power plant-related losses to the size of the base

population. The proportional population loss is used to . :
~estimate the proportional loss to local fisheries by multiplying

the total fisheries dollars in the region attributable to the - °
species of interest by the proportional population loss and
then normalizing this to a percent of the total regional fishery.:
The population loss rate is also used to calculate the propor-
tion of net ecosystem productivity that could be lost due to
plant-related losses as the proportion of ecosystem productivity
used by a species multiplied by the population loss rate. :

Aisumptions and Data Reguirements for SHAC

The SNAC model was based on four major assumptions'wnich
affected the interpretation of model results. These assumptions -
were: . o

e There was no compensatory response in the populat1ons
due to plant related losses A
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e The population was at equilibrium

e The populations did not change prey preferences in
: relation to plant-induced losses

e . There were reasonable estimates of local and regional
densities and hydrographic data.

Implementation and Results of SNAC

Versar obtained estimates of local and regional life-stage-
specific densities from GPUN's bay-wide surveys and intake
monitoring program. Operational and hydrographic data were
available from the Oyster Creek 316 Demonstration and entrain-
ment/impingement probabilities were determined from these data.
Entrainment/impingement mortality rates were available from -
_mortality studies conducted by GPUN or were assumed to be 100%
for entrainment when no data were available.

Versar's application of SNAC to winter flounder, bay
anchovy, hard clam, blue crab, sand shrimp, and opossum shrimp
populations resulted in potentially significant relative popula-
tion losses to sand shrimp (Table V-6). Bay-wide densities for
all invertebrate RIS, were assumed to be equivalent to the
densities determined during the population abundance surveys.

. The relative population losses portrayed in Table V-6 are our
"best-estimate" of population-level losses based on available
population abundance data,

Economic losses associated with SNAC population losses were
generally small based on the value structure of the Barnegat
Bay commercial fishery. The largest contributor to economic
losses appeared to be potential hard clam fishery losses which
were about 1% of the regional fishery. One percent of the ' -
Barnegat Bay clam fishery is equal to approximately $4,000
" (dock-side value). The present economic evaluation did not -
" include the economic value of recreational fisheries, equipment
.or fuel for either commercial or recreational fisheries, or - .
- ancillary economic values associated with fishing (e.g., motel,
restaurant, or guide costs). Inclusion of these costs would
" likely reduce the relative impact to_ the regional economic
. structure but would increase the total associated dollar value
“lost (presently $4,760) substantially.’ _—

The proposed relative population losses resulted in small
relative losses in ecosystem net production (Table V-6). Even’
the 16.6% population-level loss to sand shrimp results in a
very minor impact on the trophic dynamics of Barnegat Bay (<1%).
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Table V~6.. Results of SNAC model as applied to the Oyster Creek NGS

, . : Economic Ecological
Species Population (* of Barnegat Bay (3 Net Ecosystem
S (% of Abundance) Commercial Fishery) Production)

Winter fiouﬁééf 2.1% : < 0.1% < 0.1%
Bay ancﬁovy | 3.2% - | 0% < 0.13%
Hard clam 1.8 1.2 0.13
Blue crab f_- f0,4% : " o <.0.1% < 0.1%
Sand sheimp  leues R T 0.3%

<0.1%

Opossum shrimp'. ;;f

2.0 0%




Summary and.Conclusions for SNAC

Based on the above information, we concluded that relative
population losses for sand shrimp could conceivably threaten
the maintenance of a balanced, indigenous population. This
relatively high loss results from the preferential distribution
of sand shrimp in regions of the waterbody which are highly at
risk to entrainment/impingement (i.e., mouth of Forked River).
As a result of this distribution, the length of the life cycle
of sand shrimp, and the high rates of condenser entrainment,
dilution pump entrainment, and impingement, the projected
;population losses of sand shrimp are 16.6%. The significance
of this level of loss should be evaluated in terms of its
potential impact upon local economies (e.g., regional fisheries),
ecosystem productivity or energetics, and the capacity for
population renewal, Clearly, the SNAC projections suggest no
direct economic ramifications of the losses and minimal re-
diversion of ecosystem productivity (i.e., 0.3 grams of net
production per 100 g produced). This minimal impact results -
from the minor role sand shrimp play in the Barnegat Bay food
web., Sand shrimp mature in a short time period, produce several
generations in each year, live a relatively short time, and
experience minimal predation pressure. These life history
characteristics enable the population to recover quickly from
disturbances (i.e., population losses). Unlike longer-lived
species which reproduce.only once per year (e.g., winter
flounder), sand shrimp can withstand relatively large, con-
sistent reductions in population survival (i.e., 10%8~-20%)
without reducing the population's capacity to renew itself.
Thus, while direct population losses to sand shrimp may appear
. substantial (16.6%), this loss rate is unlikely»to adversely
affect the population abundance of sand shrimp in Barnegat
Bay, to affect regional economlcs, or to reduce system-wide
productivity. :

The associated economic losses for all species were sllght‘
resulting in less than $5,000 direct losses to Barnegat Bay
commercial fisheries. The relative contributions of the popu-
lation losses to loss in net ecosystem production were very -
small. The overall ecological effect of these species! losses
represents less than a 1% decline in net ecosystem production.

-7 v-18



VI. COMPLIANCE DETERMINATION

A. OBJECTIVES

. In Chapter III, the Oyster Creek NGS was found to be out.

of compliance with New Jersey Water Quality Standards for .
thermal d1scharges. Section 316 of the Federal Clean Water Act

- provides for a variance from .water quality standards and effluent‘
limitations if the owner/operator can demonstrate that the o
facility does not adversely impact balanced, indigenous popula- "
tions of the receiving waterbody. .The objectives of this chapter
are to: S '

e Use the information on plant -related losses and
their impacts presented in Chapters IV and V to .
develop a recommendation as to whether a §316 var1ance
should be granted for the Oyster Creek NGS

e Make recommendatlons as to what constitutes approprlate
: alternative effluent. limitations for Oyster Creek.

The evaluation criteria and. dec151on points that were used
to determine whether balanced, indigenous populations were
adversely 1mpacted and the rationale for their selection were:
discussed in Chapter II. Recommending a variance be granted .
requires that all of these criteria be met. Failure to comply -
with any of the decision points for the evaluation criteria is .-
justification for reaching the conclusion that the potential
" for long-term harm to balanced, indigenous populations is’ great
.and for recommending that GPUN's reguest for a §316 variance
"be denied. The burden of proof for demonstrating that balanced,
. indigenous populations were not adversely impacted lay with
-.GPUN. Data inadequacies that cannot be corrected or that .

- cannot be replaced with information from the scientific 11tera-'
ture constitute grounds for recommendlng that GPUN's request .
for a variance be denied. Failure to provide the "best inform-
ation reasonably available" has been considered grounds for
_noncompliance in previous §316 decisions. Previous §316
litigation also suggests that the  information provided by GPUN
should allow impacts of plant operations to be projected in
~ both absolute and relative terms and that impacts be estimated
with some degree of confidence.. 1f substantial uncerteinty:
exists as to the extent of harm cdue to insufficient or inade-
guate information, then we would conclude that GPUN had falled
to demonstrate that less stringent thermal standards would
protect the biota in the receiving water body (see Appendix B).
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B. DEFINITION OF ADVERSElIMPACT

A In order to evaluate the acceptability of 1mpacts resulting
from the operation of the Oyster Creek NGS, criteria defin-

ing an.unacceptable level of impact must be determined. Accept-
able impact was defined as that level of impact that had a -

_ low probability of causing long term, system-wide harm to
Barnegat Bay.

‘ There are no hard and fast rules associated with the
" determination of an acceptable 1mpact level. 1It is a function .
of:. ' E

e The type of species affected

e The stresses already placed upon that species by other.
' sources of mortallty (e.g., commerc1a1 and recreat10na1
fishing)

e The importance of the affected species to local eco-
systems, economles,‘and society.. :

It is not the specific magnltude of power plant-related :

. losses (e.g., the absolute number entrained) that is of relevance

when_making. a §316 decision but rather the- incremental increase =
" these losses add to the existing sources of mortality influenc-
ing population dynamics. For example, fishing mortality to
harvested fish populations can range from 5-50%. Thus, the
- influence of plant-related losses must be evaluated in the

" context of already existing sources of losses. In addition,
year-to-year variation in recruitment surveys of estuarine -
~ biota is freqguently very large due to natural fluctuations in
climatic conditions and plant-related losses must be considered
in the context of natural fluctuations due to climatic events . _
‘that have a reasonable probability of occurring.. The incremental -
addition to the population mortality rate resulting from plant
operations is the critical factor. to consider when making a:
. determination as to the magnitude of potent1al harm 11ke1y to
result from power plant operatlons. . :

: Specific life hlstory character1st1cs also affect the
degree to which a given magnitude of loss may have long-term-
. consequences. A short-lived species with a high reproductive -
rate (e.g., opossum shrimp) can accommodate incremental increases.
1n mortality from power plant operations better than a long-
~ived population with a lower reprocductive rate (e.dg., winter
flounder);. As a result, the acceptable conditional mortality
rate from power plant. Operatlon may be substantially higher for
" short-lived, fecund species compared to long-llved specxes wlth
lower reproductlve potentlal. : _
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No single acceptable impact level (e. g., an allowable
proportion of loss) exists because each species is affected by
different sources of mortality, has a different position in the .
trophic structure of the ecosystem, and has different life’

- history characteristics. Thus, determination of the level of
acceptable impact is a policy decision that NJDEP must make in -
conjunction with other state and federal agencies based on the
best available technical information and the degree of acceptable
harm allowed under §316(a) of the CwWa. '

For the Oyster Creek NGS review, we set the level of
acceptable impact at 10% for RIS populations already under
stress from multiple uses (e.g., winter flounder, hard clams)
and. at 15-20% for short-lived, broadly distributed forage "
populations (e.g., sand shrimp, bay anchovy). These levels.of
acceptable impact will in our best professional judgement
- ensure the long-term protection of balanced, indigenous popula-
tions of fish, shellfish and other wildlife in Barnegat Bay
given the present uses of Barnegat Bay for commercial and.

" 'recreational fishing and the dynamics of the individual RIS ..
_populations. The levels of acceptable impact were establlshed
to be protectlve of envzronmental resources.

- C. ‘COMPLIANCE WITH EVALUATION CRITERIA

Compliance of. the Oyster Creek NGS with evaluation criteria
"and the basis for compliance are summarized in Table VI-1. The
- Oyster Creek NGS complied with all five decxslon p01nts for the
evaluatlon criteria: : : :

‘¢’ Plant-related losses atvofster Creek NGS do not adﬁersely
-impact spawning and nursery functions of the selected RIS

' e Plant-related losses at Oyster Creek NGS do not 51gn1f1—
' cantly 1ncrease the abundance of nuisance spec1es

e Plant-related losses at Oyster Creek NGS do not’ adversely -
-_affect the estuar1ne food web of Barnegat Bay

° Plant related 1osses at Oyster Creek NGS ‘do not adversely
impact beneficial uses of Barnegat Bay

e No plant-related losses at Oyster Creek NGS can be -
' atttlbuted to threatened or endanﬂered species.

: Of the operat1ona1 1osses that exist at. Oyster Creek NGS,
entrainment is the major source of plant-related mortalities. -
Entrainment losses are produced by both condenser entrainment
and dilution pump entrainment. . Thus, any BAT considerations.
for the minimization of plant-related effects should focus upon
reducing entrainment losses. :

VI-3



Table VI-1. Evaluatlon of compllance of the Oyster Creek NGS with cr1teria and
decision points in Table II-1 , .

Fvaluati~n Criteria

" RIS Used

' Compliance
Recommendations

Technical Basis
for Compliance
Recommendations

Conseqhences
of Failure

No advera=z impacts

. on spawning and .
nursery functions
fncluding migration
to and fron spauning
qrounds U .

p-Ia -

. No significant .
increase in the
abundance of .-
nuisance species .

Hard clam
Blue crab
Sand shrimp-
Bay anchovy

Winter flounder -

Opossum shrimp

"Shipworms
Flsh,p§ras[tes

Pass

Pass

The proportiohal losses

" . due to entrainment for the

RIS of concern are small., -
Hard clams grow slower,
reproduce less frequently,

- and die at an earlier age

in the discharge canal or
the ‘mouth of Oyster Creek
but overall mortality was
not greater than in non-
thermally influenced areas;

" . fish condition was reduced

in the discharge canal as -

. were abundances of some
. Elsh,  Projected popula~
- tion losses to sand shrimp

are 16.6% hut will not
affect abfility of sand
shrimp population to main-
tain a balanced, indigenous
population. These effects
do not constitute adverse

' impacts to spawning and

nursery functions of

' parnegat Bay populations.

Incldence of shipworms in
Oyster Creek has increased
post-construction but not
due to operation of the
facility but instead due to

-dredging Oyster Creek

(not a 316 issue); thermal

'~ discharges- provided habi-
tat for subtropical specles

to hecome established, how~
ever, prolonged winter

-outages eliminated specles

from the region. . Currently
not a problem, :

Not Applicable

Not Applicable
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Table VI-1.

Continued

tvaluat.ion Criteria

RIS Used

Compliance

. Recommendations

" Technical Rasis
for Compliance
Recommendations

Consequences
of Failure

No adverse changes
" in the structure
of the lfood web
and/or functional
. properties of the
ecoayniem

‘No adverse lmpaéts.

: on .the beneficial
_uses of Oyster

" Creck/Barnegat Bay -

Nn nlgnificant
decrense {n the
abundance of
threatened or
-endanjered
species

Bay anchovy . Pass.

© Sand shrimp

Opossum shrimp’ -

wWinter flounder - Pass

Hard clam
Blue crab

Shipworms .

Atlantic Ridley Pass

“Turtle

The range of productivity
losses show some of the
estimates could be of

" concern, namely;

e - Bay anchﬁvy 12.4%
¢ - Sand shrimp 16.5%

Although losses of produc-

~_-tivity to these populations
., may be substantial, the

effect of these projected
losses on the Barnegat Bay

. Eood web is inconsequential.

" Construction of Oyster
" Creek Di'scharge Canal

created a major recreational
resource for fishing (34%
of all bank fishing in

" Darnegat Bay); GPUN's

purchase of local marinas
and docks along Oyster-

." Creek to preclude
"difficulties con-

cerning shipworm
infestation has re-
duced some beneficial
uses of Oyster Creek

. Evaluation of available

data show no threatened
or endangered species in

" “vicinity of Oyster Creek

Not applicable

~Not applicable.

Not Applicable




Impingement losses were generally small in magnitude when
compared to entrainment losses (even when adjusted for differ-
ential survival rates). The losses due to impingement at the
Oyster Creek NGS were of no consequence to the compliance deter-
mlnatlon. :

: The Oyster Creek NGS thermal discharge was not in compli-
ance with New Jersey Water Qua11ty Standards and effluent
limitations. However, the impact of Oyster Creek NGS' discharge.
- was determined to be small and localized. Thermal discharges
could exclude some species from Oyster Creek in late summer.

Most of these excluded spec1es are generally displaced into
Barnegat Bay. :

In addition to considering adverse impacts on the Barnegat
Bay ecosystem, plant impacts on Oyster Creek were also examined.
As discussed in Chapter III, the habitats and environmental '
conditions of the section of Oyster Creek that connects to
- Forked River and the section that was formerly a low produc-
tivity, freshwater stream were irreversibly altered during
construction of Oyster Creek NGS. Near its mouth, Oyster Creek
remains a tidally influenced estuary with similar species o
present today as were present before construction of Oyster
Creek NGS. Available data suggest that the primary impact of
Oyster Creek NGS on the estuarine portion of Oyster Creek has
been to displace some heat-sensitive biota from Oyster Creek. -
- On the other hand, the amount of estuarine habitat, partlcular-'
ily deeper water habltat has been increased and has been
accompanied by increases in fishing act1v1ty in the local
area. :

D. DATA DEFICIENCIES AND CONSEQUENCES TO THE REVIEW PROCESS.

. In conducting the review and evaluation of the data provided -
- by GPUN in the Oyster Creek §316 Demonstration, numerous data
deficiencies were identified. 1In order to complete the review =~
-process, it was necessary for us to use the scientific literature
and our best profess1ona1 judgement to adjust the data provided
by GPUN for its most serious deficiencies (e.g., sampling - o
bias). The major data deficiencies identified by Versar during
the review of the Oyster Creek 316 Demonstratlon documents are
summarized below. FRE : S v

, Beca_se most of the 1mpact assessment analyses (both no
prior harm and RIS) presented by GPUN in the Oyster Creek 316’
Demonstration were poorly conceived, poorly executed, and not
pertinent to a compliance determ1nat1on, Versar determined the
consequences of power: plant losses due to Oyster Creek NGS to
the rece1v1ng waters by applylng three 1mpact assessment models.
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These independent analyses were necessary because they repre-
sented one of the bases for determ1n1ng compliance with evalua-~
tion criteria and decision points. Such analyses were not
included as part of GPUN's 316 Demonstration.

In a number of cases, data were not available which were
critical to the evaluation of the magnitude of the facility's
impact on the Barnegat Bay ecosystem (e.g., mortality rates,
growth rates) or Oyster Creek. 1In these cases, Versar used
available information from other sites and from the scientific
literature to £ill the data gaps. The available data for
evaluation of plant impacts on Oyster Creek proper were
particularly deficient. Quantitative data with which to assess
- the extent and magnitude of impacts within Oyster Creek proper.
- were not provided. No preconstruction data on the value and
amount of habitat that was irreversibly harmed was provided.
~In many instances, our compliance determination was not sensi-
tive to the choice of the information used to fill data gaps.
The most critical data deficiency in GPUN's demonstration was
gear efficiency. GPUN assumed gear efficiencies to be 100% when:
clearly they are not. .

The magnitude of gear efficiency plays a critical role in
the evaluation of two decision points; namely, adverse changes’
. in the Barnegat Bay food web and the number of adults lost to.

balanced, indigenous populations due to entrainment, impingement,”
. and fish kills. The correct absolute magnitude of entrainment
- losses is necessary to provide a context to evaluate these .
impact issues. Potential adult losses are determined directly
from the magnitude of entrainment losses. The effect of gear
efficiency on this decision point is obvious. The impact on
the food web was determined from absolute entrainment losses in .~
- conjunction with other available data. Since the burden of. N
proof lies with the utility when requesting a variance, it was
incumbent on Versar to select from the literature values, a
gear efficiency correction factor (i.e., 10%) that is protectlve
of the resource when data were not provided in the Demonstration.

E. APPLICABILITY OF. EXISTING TEMPERATURE WATER
QUALITY STANDARDS TO THE OYSTER CREEK NGS

The waters of Bafnegéthey are classified as saline
estuarine waters (SE) . Their designated uses are:
:.d Shelif sh ha"vestlng

- e Malntenance,'mlgratlon,'and propagatzon of natural and
estab11shed ‘biota :
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® Primary and secondary recreation
e Other reasonable uses (e. g.., industrial water supply)

Ex1st1ng New Jersey water quality standards for SE waters
- (7:9-4.14(C)) specify that.

¢ The heat dissipation area (area characterized by the
thermal regimes) cannot extend to more than 25% of the :
cross-section or not more than 2/3 of the surface radial:
length from point of discharge to the opposite shore. '

‘e At no time can temperatures exceed 85° F (29.4°C).

¢ No thermal alterations causing above-ambient deviations
" of more than 4° F (2.2° C) can be incurred outside of
the specified heat dissipation area during the period . -
September through May; and of no more than 1.5°F (0 8°C)
from June to August).

The most restrictive designated heat dissipatioh area that can
be defined for the Oyster Creek NGS would be to use Oyster ..~

.h.Creek alone. Less restrictive heat dissipation areas (e:g-:,

those that consider Barnegat Bay to be the receiving water
body) can also be defined for the Oyster Creek NGS. Thermal
discharges of the Oyster Creek NGS exceeded. the thermal
standards for all reasonable definitions of the allowable: . -
heat d1$51pat10n area.

GPUN may:

e Achieve compliance by 1n5talilng the best available "
' technology for reducing thermal loadlng C

e  Obtain a varlance/walver under §316(a) of the CWA by
: demonstratlng that balanced indigenous populatlons of
~ RIS in Barnegat Bay are protected :

® Demonstrate to the satisfaction of NJDEP, and the :
" public, that existing temperature water quallty standards
should be modified (i.e., downgraded) to a condltion to,
- which the Oyster Creek NGS w111 comply. :

. GPUN has requested on numerous occasions that NJDEP examine
the potential for modifying (i.e., downgradlng) the water
quality standards for temperature in the: recexv1nq waters of
the Orster Creek NGS indcpendent of and prior to a §3l6(a) cr
§316(b) determination for the Oystei 'Creek NGS. ' To date, NJDEP
has not convened a proceeding on modification of water quality
_standards separate from a 5316(a) proceeding for the Oyster
Creek NGS. - NJDEP s position'is that both proceedlngs would
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involve similar issues and much of the technical information
required to make the decision is contained in the Oyster Creek.
§316 Demonstration documents. The purpose of the discussion
that follows is to determine if the information presented in .
"the Oyster Creek 316 Demonstratlon provides support for this
request.

Designated uses and thermal criteria for receiving waters
‘may only be downgraded if:

¢ The uses being removed are not existing uses, and

¢ The uses being removed are not attainable because of .
o natural background, -natural physical features of the’
water body, and/or 1rretr1evable man-lnduced condi-
tions, or

- & Controls more stringent than those required by §301(b)
~ and §306 of the CWA result in substantial and w1despread
soc1a1 and economlc impact, and o

o Reclassification is consistent with §316 of the CWwA
- (N-JOA.CO 7:9"4-10(8)70.5. EPA 1983)-

All of the designated uses for the receiving waters of the
Oyster Creek NGS are existing uses. Therefore, reclassification'
and downgrading on the basis that a d651gnated use is not an -
existing use does not have a basis. ,

GPUN has claimed that amblent water temperatures in Barnegat
- Bay preclude the Oyster Creek NGS from complying with water

- quality standards and is a basis (unattainability) for down-
grading. However, the premise of >85° F ambient water is
incorrect. ' The average monthly summer temperature for Barnegat
Bay in the hottest month is <80° F (Kennish and Lutz 1984), and -
‘the majority of Barnegat Bay waters that are not influenced by
the Oyster Creek NGS have ambient summer temperatures that are
slightly less than 83° F. 1Intake water temperatures at the ..
Oyster Creek NGS are >85° F less than 1% of the time, and then
only because of recirculation of waste heat. Solar warming may
cause shallow waters with poor circulation to exceed 85° F
during the summer. However, these areas constitute less than
1% of the total Barnegat Bay volume and are not a ba51s for
downgradlng of water quality standards.ﬁ

" Information presented in the Oystnr CreeP 316 Demonstrat on
indicate that temperatures greater than tle maximum allowed .
outside of heat dissipation areas (85° F) are likely to adversely'
~affect the behavior and physiology of temperature sensitive

RIS. Condition factors of menhaden in the. specific heat d15$1pa—
tion area from 1975-~1976 were significantly lower than those in
Forked River or Barnegat Bay. In addition, hard clams:in the
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specified heat dissipation areas grew slower, died at an earlier
age, and reproduced less frequently than clams in nearby
reference_areas. Adult hard clams stop growing at 30-31°C
(29.4°C) maximum limit. Oyster Creek phytoplankton showed 30%,
20%, and 18% lower gross productivity, net productivity, and

- standing stock due to thermal discharges, respectively. Some

" heat sensitive algae were excluded from thermally affected
stations. These data indicate that neither the 85° F maximum
limit nor the specified heat dissipation area is overly

- protective. Thus, the existing standards appear to be appro-

. priate for the purpose of protecting aquatic resources and '
they are surely not overly stringent.

: It is clear that economic factors may be considered during
a proceeding to modify thermal water quality standards. GPUN

must, however, demonstrate more than simple adverse economic

. impact to attain downgrading of the thermal water quality

standards for SE waters. They must show that achieving existing

. limitations/uses will ‘have a substant1al and widespread 1mpact

upon the public. :

Water ‘quality standards for temperature or any modlflcatlons
to them may not allow environmental alterations due to the

", discharge of waste heat that do not comply with the minimum

requirements of §316(a) of the CWA (i.e., protection of natural 3
and existing biota). The appropriate and ultimately controlling

" mechanism for obtaining relief from temperature water qua11ty

f standards is §316(a) of the CWA.

In summary, we conclude that the existing New Jersey water-:
quality standards for limiting the dlscharge of waste heat are -
".reasonable standards for ensuring protection of SE waters. "

-’.Further, the water quality standards that should be applled'td

Oyster Creek and Barnegat Bay are those applicable to other
. similarly classified water bodies in New Jersey. If GPUN . e
"requires relief from these standards the most approprlate 2/ )
route to obtain that relief is by obtaining‘a variance under .. ™ .
§316(a) of the CWA. - However, GPUN may also obtain relief by -
demonstrating that compliance with the existing standards would
.- cause widespread social ‘and economic impact or by installing

‘"best.available technology" for discharge of waste heat. At
this tlme, GPUN has not -demonstrated that widespread social -and
economic 1mpact would be caused by comp11ance wlth ex1st1ng
standards. . .

F,-CONCLUsIQN.

In summary, adverse’ 1mpacts of the Oyster Creek NGS do not
indicate unacceptable, substantial long-term population.
and ecosystem level impacts. - Alternate effluent limitations -
that protect balanced 1ndlgenous populatlons may be granted for
Oyster Creek NGS. 4 ) , . :
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VII.. IDENTIFICATION OF BEST AVAILABLE TECHNOLOGY

FOR INTAKE STRUCTURES

Section 316(b) of the CWA requires that best available
technology (BAT) for intake structures be installed at power
plants, particularly those that have the potential for
adversely affecting balanced indigenous populations (Appendix
B). GPUN concluded, in the Oyster Creek 316 Demonstration,
that the intake technology of Ristroph screens they presently -
.use represents the BAT for the Oyster Creek NGS. This chapter
presents an 1ndependent assessment of BAT for the Oyster Creek
fac111ty.. :

A. . APPROACH

As noted in Chapter II, we used the steps llsted below to
develop our BAT recommendationss .

* 1Identification of the problems to be mitigated

& Identification of the technologies that are most
applicable to that problem

‘e Estimation of the ecological beneflt that wlll be
‘,derlved from each appllcable technology '

e Estimation.of. costs for the most appllcable technologles

L Optlmlzatlon of BAT selectlons based on ant1c1pated
' benefits and costs. : ,

. 'Determlnatlon of the socio-economic consequences.of‘
‘ requiring'BAT (e. g., costs to rate payers)

o Bvaluatlon of the adverse env1ronmenta1 1mpacts of
requiring BAT.

: As noted in Chapter II, the most cost-effectlve BAT '

' evalu tion will be made if the 316(a) determination is acconp ished
prior to the BAT evaliveation, since tie impacts to be minimized '
will have already bLeen defined. If it was determined that
alternate effluent limitations for a facility do not protect
the maintenance and.propagation of balanced indigeneous
populatlons, alternate effluent limitations should be denied
and the ut111ty must comply with §316(a) (1 e., balanced
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indigenous populations must be protected), as well as must

comply with applicable NJDEP water quality standards. 1In some
cases, comp11ance with these water quality standards, by
necessity, requires certain technologies or operational procedures
which would eliminate the usefulness of others. 1In this manner,
it is most cost-effective for NJDEP to make BAT evaluations

with as much knowledge as possible (i.e., having all the needed
information to make a 316(a) determination).

B. IDENTIFICATION OF THE PROBLEM TO BE MITIGATED

Chapter VI documented that existing operations of the
Oyster Creek nuclear generating facility do not adversely .
impact the balanced 1ndlgenous populations of Barnegat Bay.

. BAT required by §316(b) is the option that reduces impacts to
the greatest possible degree where cost is not wholly dispro-
portionate to ecological benefit (Appendix B). Appendix G -

- documents that total losses from the Oyster Creek NGS are
approximately $95,000 annually, or a total of five million
dollars if adJusted for inflation and an ant1c1pated 25 year
operatlng perlod. While the test for costs "not wholly dispro-
portionate" with anticipated benefits is not constrained to a
monetary comparison (Appendix B), there is no anticipated
~long-term impact of this facility and these dollar values
provide a means by which to screen those technolog1es whose
costs are wholly dlsproport1onate. :

The major mode of impact at the Oyster Creek NGS was -
defined in earlier chapters as entrainment losses to early life.
stages of RIS, particularly hard clams and sand shrimp. A
‘number of fish and invertebrate species are also impinged;"
however, the economic value of impingement losses account for
less than 10% of the total value of losses from the facility
- "(Table VII-1l). Thus mitigation of impingement losses without
"mitigation of entrainment losses is not feasible within the

‘cost constraints described.above. Thermal effects from the
- Oyster Creek NGS have produced large fish kills, particularly
during winter shutdowns. However, the size and frequency of
fish kills have been sufficiently reduced since GPUN altered
~operating procedures of the dilution tempering pumps, such that
- further reductions in thermal impacts would prov1de little
reductlon in the econom1c value of losses. _

<. IDEHT;”ICATLOH OF BAT' S THAT ARE MOJT APPLICABLE TO
1HE OYSTER CREEK NGS

‘Over 30 technologies to reduce impingement and entrainment
impacts have been tested or used in power plants (American
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Table VII-1,

Percentage of equivalent adult losses attribut-
able to impingement, dilution pump entrainment
- and condenser - entrainment .

Entrainment

Species Impingement Dilution Condenser
Winter flounder < 0.1% - 51.2% 48.7%
Bay anchovy = - - < 0.1% 69.2%  30.7%
Hard clam 0% 43.5% s6.5%
Blue crab '55%‘ - - 43% S _2%
sand shrimp 1.0% 1 63.5 35.5%

. S < 0.1%

Opossum shrimp

51.7% 48.3%
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Table VII-2.

Categories and examples within each category of
available technologies for reducing power plant

environmental impacts :

® Behavioral barriers , .

- light(s)
- sound(s)

- air bubbles :
- electrical barriers
- chemical barriers

- magnetic barriers

- louvers

- velocity caps
- hanging chains
- water jets

o Phys1ca1 barriers

-~ traveling

Reductions in water withdrawal

. = closed cycie cooling

-- npatural draft towers
-~ mechanical draft towers
-~ cooling ponds

- helper towers

- reduction in intake flows
combined with increases
in &

- outages

Reloéation of the intake

" - relocation to deeper offshore

screens

k -~ barrier nets
. - sand filters
- - porous dikes

- radial well collectors .

. = drum screens

© = Passavant
- Beaudrey

screens S
(Cogenal) screens.

~ rotating disc screens

- fine mesh
' vertlca
screens

additions to -

1 travell1ng S ®

- perforated pipes .,

- wedgewire

screens

water
- relocation to another.water~

body

Reductlons in approach

_veloc1ty

~ increase 1ntake size
- dredgzng

Diversion systems'

- angled travellihg screens

- incline plane screens
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Society of Civil Engineers 1982). -Table VII-2 lists the most
prominent of these technologies categorized by their mode of
operation. 1In the following paragraphs we identify the tech-
nologies on this list that are most applicable for reducing
the impacts of the Oyster Creek NGS and for which cost and
ecological benefit should be more closely examined.

Many of the technologies in Table VII-2 were eliminated
from further consideration as alternatives for the Oyster Creek
NGS because they are effective only at reducing impingement
losses. For example, fish collection and removal systems
reduce mortality for impinged fish but do not reduce entrainment
losses. Behavioral barriers also mainly reduce impingement
losses because for these devices to be effective, organisms
must have sufficient swimming ability to avoid intake structures
(American Society of Civil Engineers 1982). Entrainable life '

" stages generally do not possess this ability. In addition, the
effectiveness of behavioral barriers are species-specific and
have not been tested on the invertebrate species of concern at
Oyster Creek. : :

Alterations to intake structures that reduce approach velo-
city are also unlikely to substantially reduce impacts to RIS
populations from the Oyster Creek NGS. Velocities adjacent to -
intake screens presently exceed 2 fps. Impingement losses are
generally not substantially reduced until intake velocities
fall below 0.5 fps (American Society of Civil Engineers 1982). . .
.Reduction of intake velocities through travelling screens from
2-3 fps to 0.5 fps is impractical at Oyster Creek NGS without
".considerable reconstruction efforts. Additionally, even with
-low approach velocities, entrainment is likely to remain high
because most of the invertebrate larvae entrained at Oyster
- Creek (e.g., hard clams) are incapable of avoiding even rela-

tively low intake flows (0.5 fps) wlthout bypass: currents or
fine mesh screening dev1ces. -

. Diversion systems with angled fine-mesh screens have been
suggested as a technology for reducing both impingement and

" entrainment losses (American SOClety of Civil Engineers 1982).

However, the only studies to examine the efficacy of this

technology reported that mortality rates for larval fish in the

bypass currents approached mortality from impingement or entraln-_

ment (Lawler, Matusky, and Skelly Engineers 1985). This tech-
nology has also been cr1t1c1zed as hav1ng bas1c de51gn flaws
(Fletcher 1985) 4

nc-o;atzon of the scurce c¢f intake water is a mitijation
strategy that is inapplicable to the Oyster Creek NGS. This
technology is a viable alternative only when another water body
exists nearby, or when the source of intake water can be moved
(e.g., extended to offshore or deeper locations) where the
dens1ty of wvulnerable biota are reduced. No such opportunltles
exist in Barnegat Bay. :
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Some physical barrier systems also can be eliminated as
inapplicable for reducing impacts at Oyster Creek. For example,
barrier nets are effective in reducing impingement losses
(Newman et al. 1981; Edwards and Hutchinson 1980; PEPCO 1982), .
but would not reduce entrainment losses for the species of
‘concern at Oyster Creek because of the large mesh sizes (1,3 -
5.1 cm) used. Similarly, drum screens and rotating disc screens
reduce impingement but have never been deployed with the fine-
mesh screening required to reduce entrainment losses. Per-
forated pipes, sand filters, and radial well collectors are
all theoretically acceptable technologies for reducing both
impingement and entrainment losses, but have never been applied
at facilities requ1r1ng intake flows > 2 m3/s (American
Society of Civil Engineers 1982). Porous dikes reduce both
~entrainment and impingement losses (Edwards et al. 198lb;-
Ketschke 198la). However, porous dikes are susceptible to
A,fouling and clogging (Ketschke 1981b) and could not be applied
in the high detrital, high fouling environment near Oyster
Creek NGS without extensive on-site testing and evaluation.

_ Several physical barriers are potentially applicable for
reducing the entrainment and impingement losses at Oyster Creek
'NGS: 1) existing screens can be retrofit with fine mesh panels,
2) traveling screens with 3/8" mesh can be placed in front of

the dilution pumps to reduce entrainment of impingeable size
organisms, 3) fine-mesh traveling screens can be placed in

front of the dilution pumps, and 4) fine-mesh centerflow screens
can be placed in front of ‘dilution pumps. Retrofitting 9.5-mm
mesh conventional traveling screens with fine-mesh panels has ..
been tested at a few power plants (Edwards et al., 198la; Taft - -
et al. 198la). This technology reduces entrainment losses; :
however, impingement losses may increase following such retro-
fits because many organisms that were previously entrained - :
become impinged. The ecological benefit of retrofitting fine-
mesh screens on the existing traveling screen system, and
likewise placement of screens in front of the dilution pumps,
~depends on whether the reduction in entrainment losses exceeds
the gain in impingement losses that are likely to result.: '

Wedgewire screening is another technology that uses fine-
mesh screening to reduce both impingement and entrainment losses
(Otto et al. 1981; Browne et al. 1981; Zeitoun et al. 1981;

' Hanson 1981; Weisberg et al. 1987). While the primary applica-
tion of this technology has been for collecting make-up water
of closed-cycle cooling water systems, it is currently in use
at one power plant that haS‘a cnce~through cooling water system
arnd has been very successful at nminimizing entrainment angd
impingement losses (Great LaPes Research Division 1982).
However, this technology will not be further considered because
its capital cost far exceeds that of the 25-year benefit
assoc1ated with pro;ected 1mpacts.
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The final alternative for reducing impingement and entrain-
ment losses is§ to reduce the volume of cooling water withdrawal.
Cooling towers can reduce withdrawal by as much as 95% and
- would therefore be effective. However, the cost of cooling
towers far exceeds the potential economic and ecological bene-
fits that might accrue from such action. Another alternative
is to limit withdrawal of water through the dilution pumps.
GPUN's current permit for Oyster Creek Generatlng Station
requires that dilution pumps be put into operation when the
water temperature in Oyster Creek at Route 9 bridge exceeds
30.6 C and when the water temperature is below 15.6 C. These
requirements are intended to reduce heat shock mortality
during the summer and cold shock mortality during the winter.
However, dilution pumps have historically been run in every
month of the year. Because there are ecological costs as well
as potential benefits associated with operation of.these un-’
screened dilution pumps, it is possible that altering their.
operation may reduce total plant-induced losses at Oyster
Creek (e.g., cea51ng operations when the risk of heat shock
and cold shock is low). :

In summary, the follow1ng section will examine five alterna-
tives for reducing impingement and entrainment losses at Oyster
Creek NGS. These alternatives are: 1) retrofitting condenser
intake screens with fine mesh,. 2) fitting dilution pump intakes -
with 3/8-in. mesh traveling screens, 3) fitting dilution pump
intakes with fine mesh traveling screens 4) fitting dilution :
pump intakes with Passavant (centerflow) traveling screens, and -
5) alterlng operation of d11ut10n pumps. '

D. ESTIMATES OF COST AND BENEFITS FOR APPLICABLE TECHNOLQGIES‘

Retrofitting Condenser Intake Screens with Fine Mesh -

Fine-mesh panels placed on the present traveling screens
are unlikely to significantly reduce impacts from the Oyster
Creek NGS because they would fail to prevent entrainment of
critical life stages for invertebrate RIS and would merely
replace entrainment losses with impingement losses for most
ichthyoplankton. 1Installing fine-mesh (0.5-mm mesh) traveling.

" screens on the condenser intake would decrease the open area of
the screen and likely double velocities near the screen face
relative to those observed with the ex1st1ng 3/8-~in. mesh.
Ristroph screens. Nearly all previcusliy entrained RIS would be
impinged, with the exception of bay anchovy eggs, blue crab -
zoeae andAMercenarza larvae. The life stages of these three:
species are the smallest size of the RIS encountered at Oyster
Creek NGS. With increased through-screen. velocities at the
screen face, these species would 11ke1y be extruded through the
fine mesh screen and entralned.
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Table VII-3 presents Versar's estimates of entrainment
reductions if fine mesh screening was added to the existing
Ristroph screens. No benefit occurs for.those small life
stages which are still entrained. Small benefits are gained
for those which become impinged. Edwards et al, (198la) and:
Taft et al. (1981b) have shown that mortality rates for larvae
impinged on fine-mesh screens are a function of velocity at the
screen face, duration of impingement and duration of exposure
to air. At Oyster Creek NGS, 1mp1ngement velocity 1s high and
duration of impingement is long. (> 8 minutes).

Table VII-4 provides cost estimates for retrofitting
existing Ristroph screens with fine mesh. The 3/8-in. mesh
screen panels can be removed from the screen structures, the
fine mesh screen installed on the panels and the panels re- '
installed on the structures during a normal scheduled outage. -
Operation and maintenance costs associated with fine mesh
screens at the intake should be similar to those for existing
.3/8-in. mesh traveling screens. Fine mesh screens require ‘
continuous rotation; however, as the ex1st1ng screens are . -
already rotated continuously, no increase in power usage w111
result.

Whereas the installation of fine mesh travellng screens .is
p0551b1e, it may not be practical from an engineering standpoint
given the existing intake structures. Manufacturers caution -
‘that with the existing intake at Oyster Creek NGS velocities

resulting from the addition of fine mesh may cause screens ton~‘.fu-

.'collapse.

. 3/8-in. Mesh Traveiing Screen Addition to Dilution Pump Intakes.

Installing traveling screens (3/8-in. mesh) in front of the
dilution pumps will cause previously entrained organisms of .
impingeable size to become impinged. Due to the lack of data
concerning the latent mortality of impingeable-size organisms -
. entrained through the dilution pumps (see Entrainment section,

Chapter IV), Versar assumed mortality rates to be equal to
impingement mortality rates on the condenser- travellng screens.
Under this assumption, the estimated loss of organisms impinged-
on. dilution pump trave11ng screens will be equal to that of
impingeable-sized organisms passing through the dilution pumps.
'~ Therefore, the loss estimates for entrainable-size organisms
will not change with the addition of 3/8-in. mesh screens. . .
This alternative cannot be adeqaetely evaluated wlthout addi-
tional data.’ '
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Table VII-3. Annual impingement and entrainment loss (in
millions) at condenser intake with present
technology (3/8-in. Mesh Ristroph screens) angd

. fine mesh screens ‘

Ristroph Screens ' Ristroph Screens

3/8-in. Mesh Fine Mesh
Inpingement Entrainment Impingement Entrainment

Bay Anchovy

‘Eggs 0 5182 - 0 5182

Larvae 0 ~ 6545 - esasl® . g

Juvenile and Adults .25 o0 0.25 . 0
Winter Flounder | . | _ -

Larvae "0 . 2099 - ‘- 18563 o0

Juvenile and Adults © 0,013 .0 .. 0,013 B
Sand Shrimp .

Zoeae 0 o 1225 ©3613(D) 0

Juvenile and Adults 8.02. . 3633 8. oz +18170¢) - 0
Blue Crab | L _ N

Zoeae 0 o7 o, T

Megalopae A o .. . .8 . gofb 0

. Juvenile and Adults . ~ - 0.28 .0 6.28 . -0
Mercenaria larvae 0 63530 B T 0. AAA63530
Opossum shrimp | o .- 101302 s0651(®) - o

(a)calculated using 11terature values oE nortal1ty rates for flnexnash
(Taft et al. 1981b; Edwards et al. 198la). :
{(b) assumed mortality rate (50%). - o
(C)rhe mortality rate of sand shrimp prev1ously entra1ned but now unplnged on
fine mesh screens was assumed equal ‘to that on Oyster Creek NGS Ristroph
" screens (50%) , _ A
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‘Table VII-4. ' Probable projéct

- mesh panels

cost of -retrofitting condenser intake screens with fine -

0T~-IIA

Capital Cost

Unit Cost

Total (Rounded)'

Bquipmént/Instaliation‘ Quantity Total
Removalfof Screen Panels - -6 screéns 150 man-hr/screen* $22,500
Installation of Fine Mesh : E : -
Reinstall Screen Panels
5creen Mater1a1 270 panels .. $200 panel* 54,000
. Subtotal (Rounded) R 77,000
Contlngencv (at 20% oE equipment and installatlon) 15,400
| | $92,000

*provided by Envirex.




Fine Mesh Traveling Screen Addition to Dilution Pump Intakes

Similar to the proposed fine mesh addition at the condenser
intake, installation of fine mesh traveling screens at the
dilution pumps will result in all previously entrained RIS
being impinged, with the exception of bay anchovy eggs, blue
crab zoeae, and Mercenaria larvae. Impingement and entrainment:
losses associated with fine mesh screens were calculated using
the same literature values and assumptions mentioned previously
(Table VII-5). Because mortality rates of impingeable-size
organisms entrained through the dilution pumps were assumed in
Chapter IV to be equal to impingement mortality rates on the
condenser traveling screens, no difference will be observed
between the loss due to entrainment through the dilution pumps
and that due to impingement on fine mesh screens in front of
the dilution pumps. Sand shrimp zoeae, juveniles and adults,
winter flounder larvae, blue crab megalopae, and opossum shrimp.
show a decrease in losses with fine mesh screens. .

The approximate equipment and installation costs for fine
mesh traveling screens are shown in Table VII-6. The unit cost
- per screen includes the spray wash and fish return system
- immediately surrounding the screen area but does not include
the cost of constructing a complete fish return system similar
to the present condenser intake fish return system. Annual
operation and maintenance estimates are presented in Table VII-7.
The unit power cost was assumed to be $0.07 per kilowatt hour.
Power usage was based on continuous screen rotation from two
other generating stations. Screen assembly removal and inspec-
tion costs are based on 25% of’ 1n1t1a1 1nsta11at10n costs.

- Passavant (Centerflow) Traveling Screen Addition to Dilution
Intake A A

, Passavant (single entry, double-ex1t) or Beaudrey (double-.
entry, single-exit) screens are designed to substantially .

reduce entrainment by providing two screen faces for straining

water (Fig. VII-1l), rather than the single screen face charac-
teristic of conventional traveling screens. This design reduces
intake velocity by almost 50% .over that which would occur for

. conventional screens. Passavant screens are popular in Europe

but have been applied at only one fac111ty in the Unlted States’
(Murray and Jinette 1978) ' . : .

_ Impingement mortallty,rates are not presently available
for centerflow screens. .Studies indicate that lower velocities.
at the screen face reduce mortalities (Taft et al. 1981b); how-.
ever, on centerflow screens, fish may be 1mp1nged for a longer
period of time (i.e., on both the descending and ascending faces
of the screen).  The potential benefit of lower through-screen
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Table VII-5. Impingement and entrainment losses (in millions)
at the dilution pumps with present technology
(no screens) and fine mesh screens

No Screens Fine Mesh |

’ Impingéabie— Entrainable

Size Size - . Impingement Entrainment

Bay Anchovy

Eggs o - so;1 0 5071

Larvae 0 6794 - 6794(8) o

Juvenile and adults = = 337 0 337 - .0
Winter Flounder |

Larvae N 0 .. 2231 - 1999(a) 0.

Juvenile and Adults 02 7 T 0 . oo 0.2 0
sand Shrimp | _ _

Zoeae . S0 . - 6383 - 3192(b) 0

Juvenile and Adults ~ 194 .~ 4048 194 + 2024(¢) - ¢
Blue Crab _ ‘ o

Zoeae 0 17 R T T A

Megalopae .- 0 o 68 34(d) - 00

Juvenile and Adults - 4.5 3 o .. 45 . 0
Mercenaria larvae 0 /48800 - <0 48800
hpossum shrimp o - 108587 54294(P) 0

{a)Calculated with 11terature values of morta11ty rates for flne mesh screens
(Taft et al. 1981b; Edwards et al. 198la). . :
b)Assumed mortality rate (50%). - '
(S)mhe mortality rate of sand shrxmp previously. entralned but now 1mp1nged on
fine mesh screens was assumed equal to that on Oyster Creek NGS Rlstroph
screens.
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Table VII-5. Probable project cost of dilution pump fine mesh screens

'-Capital Cost’

Equipment/Installation . Quantity o ~ Unit Cost ' Total

-ScreenS‘(stainless.steel) _ 6 screens ' $150,000/screen(a). $900,000

includes Ristroph
modifications '

Instell'screens ‘i[i o -6.screens "_ 1 wk/screen(b) 30,000
Concrete Structure(C) '.'”.'_ S 180,000
: Modlflcatxons ' . S U . e '
Subtotal (Rounded) 't':'?';~;-”}5551.ﬂ ::;{ T L o 1,100,000
Contlngency (at 20% of equ1pment and 1nsta11at10n) | R ' 220,000
' Total (Rounded) - R ~$ 1,300,000

‘(aiProvided by FMC Corp. and Envirex. ‘
_(b)Installatlon of screens estimated on the basis of a five man crew at one week

per screen provided by Envirex. -

(c)The moditications to the concrete structure were estimated to be 20% of the
cost of! the screens. -




Table VII-7. Probable cost of operation and maintenance fine

" mesh screens

Annual Cost

Operation
Power $12,000
‘Labor 18,000
Subtotal (Rounded) ' $30,000
‘Maintenance
ftRepléping‘screens (on;e every five'years) 15,406
‘Replacing spray nozzles.(once,évery three years) . 700.
.5creén'assembly_£emova1';ng4inépec£ion (gnnuai)f. 7,500
Subtotal (Roundéd) : o | .i$24,bQof'”
'Io;al.(Rounded) .554;666' ﬁ

.17v11-14A




Figur.e_'VII-l. Passavant type screen showing single-entry, double
. : exit. configuration (from Salem 316 Document)
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velocities may be offset by an increase in mortality due to
longer duration of impingement. The end result is llkely to be
that impingement loss on fine mesh centerflow screens is similar
to that for conventional traveling fine mesh screens.

The application of centerflow screens in front of the
dilution pumps will require some structural modification to the
existing dilution intake structure so as to channel the flow to
" the center of the screens. An estimate of equipment and instal--
lation costs are presented in Table VII-8. Annual operation
and maintenance estimates are presented in Table VII-9.

- Altered Operation of Dilution Pumps

Ideally, optimization of dilution pump operating schedules
as a BAT option would be accomplished by comparing total plant-
induced losses with and without dilution pump operation for
each month of the year. This model would compare the benefits
of an altered thermal mortality rate (from the cooling of
dilution pumps) with the cost of exposure by entrainment of a

- great number of RIS. Applicatlon of such a model to the Oyster

Creek station requ1res a variety of data inputs, most of which-
were not available in the 316 demonstratlon documents. These
- include:

] Specxes-spec1f1c temperature—-dependent mortallty rates
for entrainment, impingement, and dilution pump
entrainment _ o

® Accurate estimates of ehtra1nment, implngement, and
dilution pump entralnnent by stratum (temperature or.
time period)

e "Discharge temperature distribution data for each :
operating scenario to be considered (e.g., no dilution:
pumps operating, one dilution pump operating, two

: dllutlon pumps operatlng)

e Estimates of cold shock losses assoc1ated with plant f
' shutdowns for each operatlng scenario

'® Estimates of direct or indirect losses assoc1ated w1th
’ the thermal plume for each operating scenario.

In lieu o£ an opt1m*zat10n AuclYSlu' Jersar conducted a
camplified analysis desiyred tou determine the likelihood that
alteration of dilution pump operation schedules could be used.
to reduce plant-related losses. Losses with dilution pumps
‘operating were defined as: impingement losses, entrainment °
losses, and dilution pump entrainment losses. For estimates of
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Table VII-8. Probable project cost of dilution pump centerflow screens

Capital Cost

Eduipment/tnszallation o Quantity S Unit Cos£ : ‘ Total

Screens (stainless é;eel) <' 6 screens $420,000/screen(a)' $2,520,000
Fish return “ystem ._' I "6 screens 'é ' 10,000/screen(a) . 60,000
Install screens ;f" f“ '.. 6 screens 1 wk/screen(b) 25,000
Concrete structure( a) Lo e S o "'wf;'ﬁ o 756,000

- modlficatlons B o - B o L ‘ . - .

Subtotal’ (rounded) e A7;f".‘ ST 3,400,000
Contlngency (at 20%‘0E equxpment and 1nstallat10n) K ‘ | , 680,000
Total (rounded) '-'f“ '1 '.  . ‘, - L | $4,100,000

(a)Provided by - Passavant, Inc. :
(b)Installation of screens estimated on the basis of a four man crew at one
week per screen provided by Passavant, Inc.




Table VII-9. Probable préject cost of operation and mainte?
nance centerflow screens '

Annual Cost

Ogération

Powef (conﬁinuous opération of chain driQe) o $12,0b0.
Labor - - _ _ 18,000'i
Power for backwashing - = - . 20,000°
Subtotal (rounded) - = | . - $50,000

Maintenance

Replaée-spray nozzles_(bhce every three years)_:A f  1,000
Replace screen cloth'(oncé-eyéry ten yeérs)_‘- - 7,500 .
Screen assembly remoVéiﬁaﬁd-insbection'(annuai) .- 5,000

Subtotal (rounded)’ . ?' ' I:;'_' f; S .i’:$14,000,

Tgtal (rognd_gad) . E o ‘. | 564_’000.‘ |
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losses when dilution pumps are not operated, losses due to
dilution pump entrainment are eliminated and impingement and
entrainment losses are altered since entrained and impinged
organisms are exposed to different thermal regimes (undiluted
discharge water) when dilution pumps are not operated.

This analysis was done on a monthly basis using estimates
of numbers entrained and impinged, and annual mortality rates
for entrainment and impingement. Monthly estimates of circulat-
ing system entrainment losses and entrainable-size dilution '
pump entrainment losses are based on the three years of data
for which only limited plant outages occurred (1975/76, 1977/78,
1980/81). Dilution pump entrainment losses of impingeable-size
organisms are taken from 1984/85 data (the only years in which
this data were collected) and impingement losses were based on
data from years after Ristroph screens were installed. The
annual mortality rates used for entralnment, impingement, and
dilution pump entrainment are presented in Table VII-10.
Mortality rates for entrainment and impingement when dilution
pumps are not operated were set to 1.0.

Losses were greater with dilution pumps operatlng for all
species and lifestages of entrainable-size RIS in every month
(Table VII-11l). This result occurs primarily because mortality -
rates for circulating system entrainment are believed to be
high, which minimizes or eliminates any benefit of dilution
pump operation (i.e., reduced thermal mortality rates). Losses
of impingeable-size organlsms were generally greater with
dilution pumps operatlng (Table VII-11). Losses of some ‘
1mp1ngeable -sized organisms were greater with pumps off for a
few taxa in a few months. However, for a number of these
instances, there were no losses recorded for dilution pump
entrainment in that month. With no measured dilution pump
entrainment, even a small thermal reduction will appear
- beneficial. However, even in those months when impingeable
size organisms were found to benefit from operatlon of dllutlon

pumps, the benefit was generally small.

This ana1y51s does not consider the- potent1a1 benefits of
dilution pumps in reducing fish kills. Available data on- fish"
kills were summarized in Table 1V~22. These data indicate that
November through February (cold shock) and July to August (heat
shock) may be time periods of high risk for fish kills. Thus,
in these months, there are potentially large benefits from
dilution pump operation. However, there appear to be many .
other months particularly in the spring and fall, when the
ecnlogical costs cf the dilution pumps cutweighs the benefit or
potential benefit. 1If more specific data, as described above
are made available, a better estimate of the benefits of reduc- :
ing dilution pump operation can be obtalned.
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Table VII-10.

Mortality rates used in evaluation of dilution

pump operations at Oyster Creek NGS

Species-=

- Entrainable-Size Mortality Rates

- Lifestage Pumps On |

.
~J

Pumps Off
Circulating Dilution Circulating
System Pump _ System
Opossum shrimp' . juvenile 1.0 1.0 1.0
Fénd shrimp ° zoea 1.0 1.0 1.0
juvenile ©1.0 1.0 1.0
Blue crab zoea e X 1.0 1.0
: ' . negalopae'il h 1.0 ‘1.0 1.0 -
Ray aﬁchovy . eag 0.71 . . 0.71 1.0
Hinter flounder larvae - 0.5 - 0.57- | 1.0

Impingeable-Size Mortality'Rates

btlantic menhaden

"Pumps On Pumps Off
h.'1Circuiatihg - Dilution _Circulating
System A -E&nq?' ' System -

Sand shrim | 0,50+  0.50 10

b1ue crab 03 . oas 1.0
Bay anchovy™ . h b.96_'” . 0;96,. 1.0

: Nintef flbunéér: S .'b;23r '.:_' 0g23" A | 'i;O
Blue £ish | 020 . . 0.20 . 1.0
A v 0.86 1.0
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Table VII-1l). Differences in entrainment and impingement losses with and without
- . dilution pumps operating (losses with pumps on minus losses with
.pumps off). Values in parentheses are negative (i.e., losses were
greater with pumps off).
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There are no costs associated with reducing operation of
the dilution pumps. Dilution pumps require electricity to
operate. Thus, any ecological benefits gained from reduced
operation is actually enhanced by reduced costs to GPUN.

E. SEﬁECTION OF BAT FOR THE OYSTER CREEK NGS

Three of the candidate technologies, those having to do
with placing screens in front of the dilution pumps, can be
eliminated as having costs that are disproportionate with
anticipated benefits. Levelized annualized costs for each of
these options (Appendix-H) exceeds the annual value of all lost
- resources at the facility (Appendix G). Furthermore, none of |
- these screening options reduces losses at the facility by even -
50%. While the test for "not wholly dlsproportlonate costs 1s-
not constrained to a dollar value comparison of costs and _
. benefits, the lack of a long-term impact associated with the
facility, and the relatively small benefits that would be
derived from these technologles make thier implementation
- inappropriate.

. Fine mesh additions to the existing traveling screens is
another technology which can be dismissed. Although costs for
- this technology are only about 15% of total value of lost

VA resources at the facility, less than 10% of the lost resources

would be recovered by application of this technology. While
- this difference may not be large enough to consider the tech-

- nology "disproportionate," there are concerns that the tech-

‘nology may lead to collapse of the screen. If NJDEP chooses
to pursue this option, site-specific studies to address th1s
poss1b111ty are recommended.

The only technology that appears to ‘have beneflts that
exceed monetary costs is altered operation of the dilution
pumps.. Entrainment through these pumps accounts for more than
half of all lost resources at the facility and reduction in
their operation would lessen this impact. While this option
has no monetary cost, reduced operation does have the potential
to increase thermal mortality for organisms living in the.
discharge canal or increase latent mortallty for organisms
entrained through the condenser system. ' It also has the
. potential to increase thermal shock durlng cold weather shut-
downs. o :

While the bencflts of lower entralnnent from reducing
dilution pump operation are likely to exceed the associated
mortality from a warmer. discharge canal, this result will likely
be season specific and may depend on the degree to which-dilu-
tion pump operations are curtailed (e.g., one or two pumps).

A modeling analysis that weighs the relative risks of various
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seasonal and operating scenarios would provide a basis for
determing how operation of dilution pumps should be altered to
reduce total plant-related mortality. Since the specific

data necessary to conduct this analysis in a scientifically
rigorous fashion was unavailable in the 316 Demonstration,
Versar recommends that NJDEP collect this data or require that
the utility does so. Versar further recommends that prior to -

‘the collection of these data, operation of the dilution pumps

" not be altered because of the risk of increasing total mortallty
assoc1ated with the facility if done inappropriately. :
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VIII. SUMMARY OF FINDINGS AND RECOMMENDATIONS

The purpose of this chapter is to integrate the information-
in preceding chapters and Appendices A-H.- into 'a summary of find-
1ngs and conclusions that w111 assist NJDEP in: -

e Making a final determination on GPUN's request for
a §316 varlance for the Oyster Creek NGS

e Issuing a NPDES permit for the Oyster Creek NGS
that establishes alternate effluent limitations
protective of Oyster Creek and Barnegat Bay

. Identifying the best available technology for 1nte&e
structures at the Oyster Creek NGS.

. The impacts resulting.- from-power plant operations at
Oyster Creek were assessed using evaluation criteria and
decision points identified from the review of previous §316-
- litigation at other power plants. Compliance with the selected
criteria assures protection of living resources, important
ecological functions, and beneficial uses of Barnegat Bay.
Failure to comply with evaluation criteria indicates that the
potential for long-term harm is great and that plant impacts
‘should be reduced. .-

Major findings of Versar's review and evaluation of the-
- Oyster Creek 316 Demonstratlon and impact assessment for

'x*Oyster Creek were: -

Y ‘SPec1f1c 1nformat10n that was necessary to evaluate the
consequences of plant-related losses was not available
in the Oyster Creek 316 Demonstration and Versar was:
requ1red to obtain data from other sources or make
corrections to the ex1st1ng data to make it more~¥
approprlate . .

¢ The Oyster Creek NGS does not comply with NJDEP's
Surface Water Quality Standards for thermal discharges.
' However, present-discharge effects are small and
localized and have no adverse consequences to Barneget ,
"~ Bay : :
¢ GPUN's estimates of entrainment losses were under-
estimated due to sampling inadequacies.” As a result,

these estimates had to be adjusted for deficiencies
before the conseguences of power
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plant impacts could be determined. We adjusted
GPUN's estimates of entrainment loss using
information from the scientific literature and our
professional judgement.

GPUN inappropriately estimated or did not estimate the
seasonal abundances of the Barnegat Bay RIS fish,
invertebrate, and plankton populations at risk. As a
result, inappropriate estimates provided by GPUN

were adjusted for deficiencies and estimates not pro-
vided by GPUN were determined by Versar from available’
data. We adjusted GPUN population estimates using
information from the scientific literature and our
professional judgement. We estimated abundance of
selected RIS populations based on available density
data.

Continued operation of the Oyster Creek NGS at the
~estimated levels of losses to RIS populations, without
modification to intake structures and/or operating
practlces, does not threaten the protection-and propaga- .
. tion of balanced, indigenous populations.

. As a result of physical alterations performed for .

- construction of Oyster Creek NGS the estuarine portion :
. of Oyster Creek was expanded, a portion of the freshwater
stream was replaced by estuarine habitat, and a new
segment of aquatic habitat was created as a connection
to Forked River. These alterations were a result of
construction rather than operation of the facility.

GPUN did not establish, within the §316 Demonstration, .
any basis for the downgrading of present water quality

" standards for Barnegat Bay. In fact, information within
the §316 Demonstration clearly suggests that present
discharge effects in Oyster Creek and Barnegat Bay
would not have occurred if the present thermal water
quality standards had been met. As a result, there

. appears to be no reason to downgrade present water

‘ quallty standards.

Entrainment losses through the plant and the dilution
pumps are the major impact to be minimized at Oyster
Creek NGS. The only technology that appears to have
costs not wholly disproportionate to anticipated bene-
fits is modifying the operation schedule of the dilution
‘pumps. Modification of the dilution pump schedule will
significantly reduce entrainment losses. However,
without further studies, the degree of reduction in
entrainment resulting from dilution pump operat10nal
changes cannot be accurately compared w1th the potential
'1ncreases in thermal mortallty. :
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We recommend that: .

e GPUN's request for a §316 variance at Oyster Creek
‘be granted. |

® GPUN be required to conduct studies that will define

" optimum operations schedule for dilution pumps.
That is, the operating schedule that will reduce
entrainment losses the most relative to potential
increases in thermal discharge-related losses.
Operatlon of the dilution pumps should not be altered °
prior to the collection of these data since there is
no basis for recommendlng any alternate schedule at-.
this tlme.

~® Restrictions on planned outages between December
and March currently in place should remain unchanged.’

, To maximize the usefulness of the dilution pump study,
GPUN and New Jersey should work together in the planning and
conduct of the study. Versar suggests that a study plan be
submitted to NJDEP within 60 days after the effective date-of
the permit modification so that the plan can then be reviewed
and revised before field studies are initiated. The study plan
should include sampling throughout a full year as well as plans
for interim results to be made available to NJDEP before all
analyses and reports are completed. If, as a result of these -
studies, changes to dilution pump operations are implemented,:
monitoring programs should also be initiated to assess the
effectiveness of the changes. :

Based on the findings summarized in this report, balanced

" indigenous populatlons of Barnegat Bay are protected under’ o
Oyster Creek NGS's current operations (maximum BTU/hr of 5.42 X

"109). ' Therefore, if the designated heat dissipation area
- was increased to the area currently occupied by Oyster-Creek .
NGS's thermal plume, Barnegat Bay populatlons would continue .

- to be protected. Versar cannot estimate this larger heat -

- ‘dissipation area under all likely operating and hydrologlcal
- conditions because GPUN did not prov1de the necessary informa-
tion in the 316 Demonstratlon. S
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APPENDIX A. PLANT AND ECOSYSTEM CHARACTERISTICS
A. PLANT CHARACTERISTICS

Pover plant characteristlcs play a major role in the
degree to-which plant-organism interactions affect populations
in the receiving water body. This section summarizes the
characteristics of the Oyster Creek Nuclear Generating Station 4
as was mainly obtained from the Oyster Creek § 316 Demonstration
documents (Jersey Central Power and Light 1978). '

Oyster Creek NGS is located between the South Branch of

Forked River and Oyster Creek, two tributaries of Barnegat Bay, -
New Jersey. Construction of Oyster Creek NGS resulted in the
dredging and widening of each of these tributaries as well as
the construction of man-made canals from the tributaries to
the station. . The station withdraws water from an intake canal
located in the South Branch of Forked River. The canal is
approximately 2,621 m (8,600 ft) long, between 67-85 m (220-280
ft) (67-85 m) wide, and 3 m (10 ft) deep. The discharge canal
- measures approximately 3,505 m (11,500 ft) in length, between
34-305 m (110-1,000-ft) in width, and 3 m (10 ft) in depth.
The intake and discharge canals are separated by a dam. Travel
time for a particle of water from Barnegat Bay to intake struc-
tures and from discharge structures to Barnegat Bay is 2-4 hours
depending on the number of circulating and dilution pumps oper-
ating.

Oyster Creek NGS utilizes a boiling water reactor designed-
to operate at a thermal output of 1,930 megawatts and produce '
670 megawatts of electrical power for a power production
efficiency of about 35%., The maximum temperature d1fferent1a1
between the 1ntake and dlscharge (AT) is about 13°C (23°F).

‘Water Withdrawal

: The Oyster Creek NGS mainta1ns two distinct water with-
drawal systems: 1) a standard once-through cooling intake.
structure which withdraws water for the circulating water
csystem (CWS) used to cocl the steam produced as part of elec-
trical gencration and a service water system (SWS) used to
cool the reactor and related equipment, arnd 2) & dilution
water system (DWS) which is used to decrease the absolute
temperature of the discharge canal by dilution with ambient
water (Fig. A-l). The DWS is located across the intake canal
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from the cooling water withdrawal structure. Make-up water
for internal plant components (e.g., cooling units) and the
domestic water system is drawn from a deep well.

Since the original discharge and intake systems were dredged
in 1964-1965, portiong of both have been_redredged once., 1In
1979, 53,500-68,808 m” (70,000-90.000 yd”) of sediment were
. removed from the loger portion gf the discharge canal and in

1984 about 22,935 m” (30,000 yd”) of sediment were removed from
the lower portions of the intake canal.” On both occasions,
dredged spoils were placed on property owned by JCP&L.

The cooling water intake structure is divided into two
sections or bays, each having two circulating pumps, one large
service pump, one small service pump, two emergency service
water pumps, and one screen wash pump3 Design capacity of
each circulating water pump is 7.25 m°/s [115,000 gpm (Fig. A—2)],
and under normal operating_conditions the circulating pumps
withdraw a total of 29,0 m3/s (460,000 gpm). Of this togal,
28.4 m°/s (450,000 gpm) is directed to the CWS and 0.6 m
(10,000 gpm) to the SWS. _In addition, two large service pumps
[design capacity of 0.4 m3/s (6,000 gpm&] and two smaller
service pumps [design capacity of 0.1 m°/s (2,000 gpm)] also
deliver water to the SWS._ Two screen wash pumps each with a’
design capacity of 0.06 m3/s (900 gpm) are used for washing
aquatic life and debris off_the. traveling screens. Finally, -
fgur emergency service water pumps [design capacity of 0.3

/s (4,150 gpm)) are available for emergency operations.

Three dilution pumps [des1gn capacities of 16.4 m3/s ,
(260,000 gpm) each] provide the water for the DWS. Dilution-
pumps are low speed (180 rpm) axial flow pumps with 2.1 m
(7-ft) diameter impellers to minimize damage to aquatic organ-
isms that are entrained. Under normal operating conditions two
‘pumps are used. ' ' . - '

: The dam separéting the intake and discharge canals forces
- the flow of the intake canal to pass either through the station

- condensers or the dilution pumps (see Fig. A-1). The total"

water withdrawal from the intake canal may be up to 63 m”/s
(about 1,000,000 gpm), depending upon the mode of station opera-
- tion as outllned in Table A-1. Table A-2 summarlzes statlon

.. water withdrawal characterist1cs.

The deep well which suopl1es make—up and donmestic water

. ¢contains on: pump [de5¢gn capacity of 0.03 m”/s_(400 gpm)].
'nder ~ormal cac:atlon it delivaes 37.9-25).5 m3lﬂay (1,00
..0-77,0600 gpd).  Of this total, 15.5-53.0 m”,/day (4,100-14,000
gpd). is used for drinking, laundry and other. sanitary purposes.
The remaining water is used to replenish various plant systems.
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Table A-1. 1Intake canai flow rates for various plant
operation modes (from Jersey Central Power and
Light 1978) '

- 'Intake Canal  Average .Canal-
: ' . Flog Rate Water Velocity
Operating Mode ) (m~/s) - _ - (m/s)
1. Oyster Creek NGS . 62.8 o 0.54
: operating with two
dilution pumps
2. Oyster Creek NGS | 46,2 5 0.40
operating with one : ' o '
dilution pump
3. Oyster Creek NGS A o ’ 29.8 L - 0.26

operating with 0
. dilution pumps.




Table A-2. Summary of water use by the Oyster Creek NGS
(from Jersey Central Power and Light 1978)

Water Source Water System

Station Component

Flow Réte

Intake canal Circulatiné water
system

Service water
system

- Dilution water
system
Deep well - Domestic water’ .
system '

Make-up water .
system . o

Main condenser

Turbine building |,
component cooling

Reactor build ing

component cooling

Screen wash system _

Augmented offgas

. and radwaste

component coo_ling '

‘Heat dilution
- Sanitary use

"Heating boiler

blowdown

Demineralizer rinse.

Cﬁarcoal .f ilter

- . backwash -

. 'Radwaste

14.4-17.9 m’/day
. (3,800-10,000 GPD)

~ (0-10,000 GPD)

© . (0-3,400 GPD)

0-194.9 m3/day

28.4 m3/s
(450,000 GPM)

0.6 m3/s
- (10,000 GPM)

0.8 m3/s
(12,000 GPM)

0.1 m3/s
(1,800 GPM)

0.1-0.24 m3/s
(2,000-3,750 GPM)

0-32.8 m3/s

(0-520,000 GPM) |

- 0.38 m3/day
(100 GPD)
0-37.9 m3/day

0-12/0 m3/day

(0-51,500 GPD)




Ice Barriers and Trash Racks

During winter, water is taken from the discharge tunnel,
and released in front of the -trash racks to retard icing of
intake structures. This flog is about 10% of the main condenser
flow, or approximately 3.5 m”/s (45,000 gpm). Vertical steel
bars placed three inches on center are used as trash racks to
prevent large organisms and debris from entering the intake
structure. Each of the two intake bays are equipped with three’
trash racks. The dilution water structure also has two trash
racks for each of the three pumps. The trash racks are cleaned
manually as often as necessary to maintain flow.

Traveling Screens

Between 1969 and 1978, each of the intake bays was equ1pped
with conventional vertical traveling screens with 9.5 mm (3/8
inch) wire mesh screen panels. The screens were automatically
rotated every two hours or when the pressure differential across
the screen reached a critical level. 1In 1979, the conventional
traveling screens were replaced with Ristroph traveling screens.:-
"The Ristroph modification consisted of fitting the base of
- each screen panel with a water-filled bucket or trough .that
was 3.8 cm deep (1.5 in) and 5.1 cm wide (2 in) along its base . .
(Fig. A-3). The water filled buckets prevent impinged organisms
from falling back into the screen well and becoming reimpinged
when screens are rotated and cleaned. The Ristroph screens

- are rotated at 1.3 cm/s (2.5 fpm) during normal operations.

During periods of high impingement the screens may be rotated ,
at 5.1 cm/s (10 fpm). The dilution water system is not equipped’
with traveling screens. S

' Water velocities at the cooling water intake structure
range between 0.003-0.74 m/s (0.0l and 2.44 ft/s) depending
upon location. The average velocity into the plant is about.

- 0.3 m/s (1.0 ft/s) during normal operatlng conditions (four.
.circulating pumps, two large service water pumps, two screen .
" wash pumps, six screens, and six ports in serv1ce) ‘

Screen Wash Return System

, Between 1969 and 1978, the conventional ty-veling s-reens
‘'were rotated and impinged organisms and debrig were washed
into a sluiceway and released into a thermally impacted
region of the discharge canal. 1In 1977, the fish-return dis-
charge was relocated to an area near the dilution pump that
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is not as impacted by thermal discharges (Fig. A-4). 1Im-

pinged organisms and debris were washed from the conventional
trave11ng screens by a high pressure spray (70-90 psi). Impinged
organisms are washed from the fish buckets of the Ristroph
screens by a low pressure (20 psi) spray into an upper slu1ceway,
and heavier debris is washed from the Ristroph screens into a '
lower sluiceway by a high pressure (gO psi) spray. The screen
wash discharge is a maximum of 0.1 m°/s (1,800 gpm). '

Biofouling Control

Two independent chlorination systems are present at Oyster
Creek NGS. Liquid chlorine is injected throughout the year
into each of the six circulating water inlet connections to
the main condenser and to the service water inlet header six
times a day. Each chlorination period is about 20 minutes in

duration, and a total of 600-1,200 pounds of chlorine is injected_."

each day. The calculated free available chlorine at the outlet
" of each condenser section is less than 0.5 mg/l. Chlorine
concentration is usually <0.1 mg/l at the point 1t €lows into

" the canal.

" . the dilution water dlscharge.

The second chlorination system services the SWS inlet
header to the augmented offgas and radicactive waste heat
exchangers. This system discharges into the intake canal and
is designed to maintain free available chlorine concentration
“in the system at about 0.2 mg/l. The maximum chlorine concen-
tration in these systems is 0.5 mg/l. The release of chlor1ne
to the intake is limited to two hours per day.

Discharges

There are five discharges from Oyster Creek NGS: the. .
AOG/radiocactive waste discharge, the screen wash discharge, - _
the waste water discharge, the dilution water discharge, and -
the circulating water discharge (Fig. A-5). The AOG/radio-
active waste, the screen wash, and the waste water discharges

Se relatively small, cumulatively amounting to about 1.75 -

/s (27, 343 gpm) or about 3% of the total plant discharge

of 63.6 m°/s (1,075,000 gpm). The AOG/radioactive waste dis-
charge uses a 30.5 em (12 in) cdiameter discharge pipe located
in the intake canal (approximately 61 3" upstream of the intake
punn structure) and dischzarges 0.2 /s (2,750 cpm) of vater
at maximun d;seharge tewpsrature of 47 °C (117°E). The sczeen
wash discharge pipe is 61 cm (24 1nches) in diameter, and
empties into the d1scharge canal 9.1 m (30. ft) downstream from
» Discharge flow from the sgreen
wash discharge-is about 0. 3/s (1 800" gpm). -The 1.4 m

: A—1'1
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(22,000 gpm) of waste water discharge consists of cooling

water from the reactor and turbine heat exchangers, charcoal
filter backwashes, heater boiler blowdown, treated OCNGS sewage
(between 1969-1984) and radwastes. It may contain small amounts
of sodium, phosphorous, sulfates, chlorides, iron, o0il and
grease, total suspended solids, and low levels of radioactivity.
Prior to discharge, waste water discharges are analyzed to
insure that the amount of radioactivity present is within
acceptable limits. The wastewater discharge pipe is 76 cm

(30 in) in diameter and empties into the discharge canal approx-
imately 76 m downstream of the dilution water discharge. The
dilution water discharge is located in the northwest corner of
the di§charge canal and has a discharge flow rate of up to

32.8 m°/s (520,000 gpm). The circulating water tunnel is

3.2 m (10.5 £t) in diameter and empties into the northeast
corner_of the discharge canal. It discharges a maximum of

29.0 m3/s (460,000 gpm) of heated, chlorinated water.

Station Operation

The s1ngle reactor of Oyster Creek NGS began commercial
operation in December 1969. Dates of extended outages are
presented in Table A-3; net annual power generation between
1978 and 1986 is also 1nc1uded. '

B. ECOSYSTEM CHARACTERISTICS OF BARNEGAT BAY

The physical, chemical, and biological characteristics of
the water body adjacent to a power generating facility generally
play a major role in determining the nature and magnitude of

- power plant impacts. Human uses of the receiving water body -

also partly determine the consequences of power plant impacts.
The following paragraphs are a summary of important character-

. istics of the Barnegat Bay estuary that are relevant to assessing
the impacts of the Oyster Creek NGS. _

. Drainage and Basin MorphologyA

" Oyster Creek NGS is' locatad between the South Branch ot’
Forked River and Oyster Creek in Ocear County, New Jzresey,
approximately 3.2 km (2 miies) inland from bursaget. SGay (Fig.
A-6). Barnegat Bay extends roughly north-south, paralieling
the mainland, for approximately 48 km (29.8 mi) and ranges
" from 2 to 6.5 km (1.2-4.0 mi) in width and from 1. to 6 m (3.1~
19.7 ft) in depth [average depth is 1.5 m (4.9 ft)]. A narrow



Table A-3.

Dates of extended outages at

Oyster Creek NGS

(1970-1986) and net power generation (1978~

1986)
Year Extended Outage Net Generation
. (MWH)

1971 September - Ndvember

1972 May - June

1973 April'- June, September f.

October

1974 April - June

1975 January - May

1976 January - February

1977 May = July _
1978 September - Décgmbér- ' :3,639,771:

1979 May - June | 4,563,223

1980 January - July . 1,942,208

1981 April - May, August - October ’ ':2,624,989'
1982 January - Apfiyff” o ‘ 2,002,514 |
1983/84 February '83 - October '84 205,026 (1983)
S : ' EE 277,106 (1984)
1985 | Februéfy - Maf;ﬁ}‘OCEQﬁeri~.‘: ‘ 13,744;664 |
S November e ' L

1986 April -:dctbbéfiri. 1,299,311

A-15




ATLAKTIC OCEZANm

Tese .-
' CLOARN CALEK
DAR X

. .'. ’-‘-' 6
' STOUTS CREIN

T \ssLano sracn

SAANCEAT NLET

LOse SEACK .

:. * ISLAND
. ) o ) g MARANAWKIN
OCNES o OYSTER CREEK NUCLEAR GENUAATING §TATION CAUSCWAY
“emce s INTRACOASTAL WATERwAY W i
- « 0.3100.9m : .4 . ' .,' '."-;.'.-"-{'.‘
_ : ) e \ R
t.__.-—_l

Figure A-o. Bathyhetry of Barnégathay Showing?the Intracoastéi
' Water (-+—+=-+)  (from Chizmadia et al. 1984)

A-16



navigational channel (the Intracoastal Waterway) is maintained
to a depth of 3-4 m (10-13 ft) for the length of Barnegat Bay
by frequent dredging. :

Barnegat Bay is a typical 1agoon-type estuary associated
with a barrier island coastline. It is bordered on the east
by Island Beach and Long Beach Island and to the west by the
New Jersey mainland. The Island Beach-Long Beach barrier
island complex is separated by Barnegat Inlet where the primary
exchange between the Atlantic Ocean and Barnegat Bay occurs. '
The northern reaches of the bay occur at Point Pleasant and
Bay Head where Barnegat Bay is connected to the Manasquan
River via the Manasquan Canal. To the south, Barnegat Bay
ends at the Manahawkin Causeway. The area south of the Mana-
hawkin Causeway is considered to be the northern extension of
Little Egg Harbor.

Ths surface ar 5 Barnegat Bay is estimated to be 1.67
x 108 m él 9 x 10 gd its volume is estimated to be
2.38 x 10° m” (8.4 x 109 ft The estimated exchange rate
through Barneggt Inlet is 7% per tide with a net discharge.
rate of 56.7 m°/s (898,902 gpm).

Historical Perspective

}

Prior to the construction of the Oyster Creek NGS the
South Branch of the Forked River and Oyster Creek were typical
small, spring-fed, cedar-swamp brooks. Oyster Creek was
freshwater to at least 762 m (3,500 ft) east of Route 9, and
the South Branch of Forked River was tidal freshwater (0.5
ppt) at Route 9, 1In 1966, the streams were deepened, straight- -
ened, and widened by construction of the intake and discharge
canals for the Oyster Creek NGS. They have become physical -

- extensions of Barnegat Bay. The intake canal was dredged from
" the bay along Forked River for about one mile, then up the
South Branch to a point just north of the station and east of

- U.S. Route 9. From that point a man-made canal was extended

west and south to the intake structures. The discharge canal
"was dredged from the bay along Oyster Creek (widening certain

. areas) to a point approximately 213 m (700 ft) west of U.S.
Route 9.. From that point a man-made canal was excavated north
and west to the discharge structures. The operatlon of the '
Oyster Creek facility severely altered the flow of water in.

the South Branch of Forked River and in Oyster Creek.

A dam was construc;ed on the South FLanch of Forked River
west of U.S. Route 9 to prevent intrusion of salt water into
the remaining freshwater portions of the river.  In addition,
Oyster Creek was dammed upstream of the discharge canal to
create a pond that could be used to store water for fire f1ght1ng
'purposes..‘ : :

A-l?



Freshwater Inflow

The total mean surface water inflow into Barnegat Bay from

51butar1es draining the New -Jersey Pine Barrens is about 10.2

/s. Toms River has the largest freshwater énflow (5.7 m°/s)
and Cedar Creek has the second largest (3.1 m”/s) (Chizmadia
et al. 1984). 1In combination these two creeks make up about
86% of the net freshwater flow into Barnegat Bay. Oysteg Creek
and the Sguth Branch of Forked River have flows of 0.7 m®/sec
and 0.1 m”/s, respectively, or about 8% of the freshwater net
flow into Barnegat Bay. The amount of freshwater entering
Barnegat Bay from groundwater'seepage has not been measured but
appears to be a major part of total freshwater inflow as the
average bay salinity (25 ppt) is loger than can be expected from
the dilution of ocean water by 10 m°/s of surface water runoff
(Chizmadia et al. 1984).

Tidal Flow

Tides in Barnegat Bay are semidiurnal, with a period 9£
12.7 hours. Tidgl flow through Barnegat Inlet is 2.2 x 10
‘m3 (7.8 x 108 As the tide enters Barnegat Inlet, it
is diverted northward to the upper end of the Bay and the
southward to Manahawkin Causeway (Chizmadia et al. 1984).
The mean tidal range at Barnegat Inlet is 0.95 m (3 ft). The
narrowness of Barnegat Inlet and the shallowness of the bay
progressively diminish the magnitude of the tide north and :
south of Barnegat Inlet. At the mouth of Oyster Creek damping
has reduced the tidal range to 0.18 m (6.3 in). Tidal range
for key locations in Barnegat Bay is shown in Table A-4,

Currents and Circulation Patterns

. Circulation patterns throughout Barnegat Bay are domlnated
by wind velocity and direction. Tidal forces are secondary in
1mportance {Chizmadia et al. 1984). . In the summer, wind direc- )
tion is mainly from the south-southwest causing a general flow.
of water to the north. In contrast, during the winter, winds are
" predominately from the west-northwest' resulting in an eastward
and southward movement of bay water. The circulation pattern .
for Barnegat Bay: is two-layered only in arcas ceeper than 1.5 m.

AfA-18:



Table A-4, Tidal ranges for representative locations in
Barnegat Bay (from Jersey Central Power and

Light 1978)

Mean Ranges

(meters)
Mantoloking . : 0.15
Coates Point : 0.15
Toms RiQér ' L 0.18
Waretown , | o 0.18
Oyster Creek Channel "i -; ' ' 0.13
Barnegat Inlet  L %: L :A' 0.95
Harvef Cedars : -;:._ _j_'f'Ag B Aokzé
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Salinity

Salinity generally ranges from 19 to 30 ppt in the central
regions of Barnegat Bay with highest salinities occurring near
Barnegat Inlet (Table A-5). A slight increase in salinity
occurs north of Toms River as a result of the inflow of high
saline water from the Manasquan Canal. Major freshwater 1nputs
occur along the western shore of Barnegat Bay, and result in a
mild west-to-east salinity gradient (Chizmadia et al. 1984).
Since the operation of Oyster Creek '‘NGS began, salinities in
the South Branch of Forked River and Oyster Creek are generally
similar to those in the central bay (25 ppt). Salinity distri-
butions in both the South Branch of Forked River and Oyster
Creek are vertically homogeneous when the Oyster Creek NGS is
pumping water. Bottom salinities in these creeks are, however,
sl1ght1y higher than surface sa11n1t1es when the Oyster Creek
NGS is - not pumping water. _

Water Temperature

Because Barnegat Bay is shallow, ambient water temperature
responds rapidly to changes in air temperatures. ' Diurnal
fluctuations of 1-2°C (2-4°F) have frequently been observed.
Average ambient water temperature ranges from about =-1.4°C
(29.5°F) in the winter to 28°C (82.4°F) in the summer (Table
A-6). Vertical mixing associated with winds prevent vertical

temperature stratifications except for the deeper waters of the

Intercoastal Waterway.

Dissolved Oxygen Concentration

Barnegat Bay waters are well oxygenated (i.e., they are
near saturation levels) throughout: the year, and the shallow
nature of the Bay results in homogeneous vertical distributions
"for dissolved oxygen concentration. Between September 1975
_and August 1976 dissolved oxygen concentration in the central

port1on of the Bay ranged from about 6.5 ppm in summer to 12 9

ppm in winter (Table A-7).

Recreational Fisheries

‘Sport fishing in éarnegat Béy occurs from boats and the
shore. Blue crab (Callinectes sapidus), bluefish (Pomatomus

saltatrix), and spot (Leiostomus xanthurus) comprise more than.

80% of. the annual catch (Table A-8). Winter-flounder

A=20 -
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Table A-~5.

Mean surface (S) and bottom (B) salinities (ppt) in Forked.River,
Oyster Creek, the western portion of Barnegat Bay, and Barnegat

" Inlet from September 1975 through August 1976 (from Jersey Central

Power and Light Company 1978)

. Honth
Localion (Station No.) Sept., Oct. t'ov. Dec. Jan. Feb. Harch April Hay June July August
- 1975 1976
Houth of S 15.9 16.6 145 15.1 12.3 15.4 16.7 17.0 17.1 19.5 23.3 21.4
Cedar Creek (1) B 16,0 17.9 17.) 13,0 17,3 17.8 187 18,0 20.0 22.1 25.8 22.6
Mouthof ~ ~ - - S 20.6 20.2 19.1 21.1 19.8 20.7 20,1 20.1 23.2 22.9 27.1 25.1
- Stouts Creek (2) B 20.6 .21.4 19.2 20.9 20.3 21.0 21.6 21.0 23.&4 22.5 27.3 25.7
Barnegat Bay off s 23.) 22,0 21.0 22.0 19.0 21.3 22.2 22,2 23.5 2.2 28.2 27.1
forked River (3). - B 26,0 22,0 22.4 22.& 21.3 21.3 22,3 22.2 23.5 23.9 28.1 26.9
. Lo | . :
Houth' of T s 22,8 20,6 21.0 21.5 20,1 21.4 21,0 22,3 24.0 26.3 27.7 .26.7
Toked River (4) B 22.6 22.0 21.1 22,0 21.9 21.5 21.8 22,5 23.3 24,0 27.6 21.1
" Forked River, just s 20,0 23.0 20.5 21.7 19.9 19,8 21.3 21.8 23.1° 23.9 27.2 125.5
east of Rt. 9 bridge (6) B 21.7 21.2 20,9 21,3 21.2 20.2 22.1 22,0 23.1 23.8 27.2 126.2
Oyster Creek fn s 21.1  20.3 20.4 20,1 18,2 19.5 21.5 20.9 22,3 23.4 26.7 26.2
vicinlty of marfnas (15) B 20,6 20.8 20.1 20.8 18.6 19.3 22,3 201 22.5 229 268 26.2
. Mouth of s 22.0 20,0 20.3 21.8 18.5 20.2 20.2 21.5 23.6 23.3 27.1 26.4
Oyster Creek (17) 3 22.0 21.2 20.1 21.7 20.0 21.2 21.0 ‘21.7 23.2 22.6 26.8 25.7
Barnegat Bay off s 22.5 22.3 20.8 22.0 18.5 20,6 21.8 21.6 24,0 24.0 27.&4 26.0
Oyster Creek (19) 3 23.8  22.3 22.0 22.2 18.8 20.9 22.5 22.6 25.1 26,0 27.5 26.5
" Barnegat Bay off € 24.S 26,3 21.6 22.7 21.0 22.8 24,3 28,3 25.3 25.8 29.0 127.3
Watetown (21) - B 25.0 25.1 21.4° 23.) 24.0 23.8 26,5 24.5 25.3 26,5 29,0 27.3
‘Mouth of S 26,0 23.6 22.1 23.5 1.3 23.3 24,6 2%.5 24,8 26.8 29.1 27.8
Double Creek (23) B 25.0 25.6 209 23.1 20,5 234 26.4 203 25.4 25.8 29.1 20.1
_ Barnegat Inlet (24) § 29,8  26.2 27.0 29.) 23,0 22.8 _23.) 24,0 25.4 25.6 29.0 26.9
- » 300 24.5 27.8.30.0 28.0 24.1 26.0 23.9 25.5 26.3 29.1 17.1
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Table A-G.

'Mean surface (S) and bottom (B) water temperature in Forked River,

Oyster Creek, the western portion of Barnegat Bay, and Barnegat

Inlet from September 1975 through August 1976 (from Jersey Central
Power and Light Company 1978)

. Honth
Location (Station No,) Sept. Oct. HNov., Dec. Jan. Ted, Harch April Hay June July Avgust
. B 1975 1976 : '
Mouth of = $ 0.5 16.0 11,8 6.8 "1.1 4.9 6.0 12,1 17.5 26,0 24.7 24.)
_Cedar Creek {1) 3 20.5 16.2 12,0 1.6 1.0 4.3 5.6 11.7 17.0 22.8 24,5 24.)
- Mouth of $ 0.4 15.0 12,3 1.} 0.0 3.1 6.2 12,6 18.2 28, 24,9 24,8
" Stauts Creek (2) B 20.8 15.7 12.2 7.8 0.) &.) 6.0 11.8 17.) 22.1 2.1 2.8
K ‘ - g .

. Barnegat Bav off = - S 20.5 16.5 13,3 8.,6- 1.0 &4 7.7 10,6 18.7 23.&4 21.6 2L.8
rerked River (J) B 29.5 16,7 13.4 .a.? 1.0 &) 7.8 10.7 18.¢&¢ 21.2 23).6 24,5
Houth of SR 5 19.27  16.7 13.6 6.; 1.2 5.6 8. 12.) 19.2 2.6 24.1 25.3

‘norhed River (L) 8 20.& 16.3 111 6.? 1.3 5.0 7.9 11,7 18,6 21.0 23.9 24,9

. rorked llvet. Juse S 20.8 16.5 12,3 8.4 1.3 K22 $.6 11,4 18,0 22.7 28,3 25.6
". eost of Re. 9 bridge (6) B 20,8 16.7 12,3 8.3 1.1 «&.0 $.6 11.7 18.0 120.) 2&.1  25.5

' Oyster Creek {n’ € 23.4 17.6 15.5 9.5 1.5 4.7 8.5 16,2 23.) 28,7 7.6 29.4
vicinity of marinas (15) B 23.4 17.7 15.6 12.5 " 1.2 4.6 8.4 16 23,7 21.7 21.8  29.5
Mouth of e N s 2).0 15,2 16.2 10,2 1.5 S.6 10.& 15.3 23.7 29.) 7.2 29.0
Oyster Creek (17) RO22.1  17.4 16,0 11,3 1.5 5.2 10,3 16,7 23.4 26,5 26.9 29.1
hrmut Bay off ’ S 23.9  16.8 15.4 10.0 1.0 4.8 10.0 12,2 19.8 26.6 2%5.6 128.0

. Oyster Creek (19) B 23.5 16.7 14,1 9.2 1.1 4.8 8.7 12.3 19.6 23.6 125.3 26.%
Sarnegat Bey off S $ 21.8 16.1! 11.5 1.8 -1.0 4.0 6.8 11.6 18.0 22.9 23.2 2%.2
‘Vagetown (21) B 21.1 16,0 1).0 8.0 1.0 3.8 6.9 11.1 17.5 122.9 12).8 25.5
¥outh of Coo-8 19.7 17.8 12,7 1.0 1.0 5.5 6.4 13.4 19.0 23.9 25.1 25.6
Jouble Ctetk (2]) . R 20.1 16.3 12.6 1.5 1.1 4.7 S.6 12,1 17.4 22.4 25.1 24,4
Sarnegat lnltt (26)‘ S. 19,4 15.8 13.9 - 8.5 1.3 &.1 6.6 9.6 16.1 24.1 22,12 23.6

. ’ B 19.8  15.4 1.8 9.2 1.0 3.7 6.5 10.8 15.9 3.9 2.1 233




y Central

Mean surface (S) and bottom (B) dissolved oxygen in Forked River,
Oyster Creek, the western portion of Barnegat Bay, and Barnegat

‘Inlet from September 1975 through Auqgust 1976 (from Jerse

Power and Light Company 1978)

"Table A-7.

Month

Hareh April May June July August

Dec., .en. TFed,
1976

Nov,

Oct,

~ Location (Station No.) '

Sept.
1918

1.7 11.0
10.3 11,8
10
10

10.1

Stouts Creek (2)
Barnazat Bay o(f
* + Forked River (J) :

wea o v
-~
o
g
-~
.- L
o O
. " -t
~—~ 3 e
S B o T ]
A
. o8
- -
~ "ru
>
-t
L3 (.3
-~
-] v O
v v
- o e
" [
[ R
[ o @

* Cedar Creek (1)

" Fouth of
" _Mouth of
" Mouth of

1.1
11.0
11.8

7
9
6
?
6
?

S 9
0 9
3
3
?
[

o - o o LN -

vicinity of marinas (18) 8
lcrnn(‘t falet (2¢) :

Oyster Crcck-ln'
Mauth of
Uyster Creek (17) -
dsrneget Bay ofl
Oyster Creek (19)

..Sarnegat Bay off.

" Maretown ‘21)

Double Creek (2))

" Mouth ot
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(Pseudopleuronectes americanus), summer flounder (Paralichthys
dentatus), and weakfish (Cynoscion regalis) are also caught but
to a lesser extent (Hillman and Kennish 1984). The thermal
discharges from Oyster Creek NGS result in the extension of the
fishing season in Oyster Creek from 8 months of the year to 10
"months, and as a result, shore fishermen can frequently be
found along the banks of Oyster Creek. A large portion of the
" Barnegat Bay recreational fisheries harvest comes from Oyster
Creek (Table A-8). The area between Toms River and Barnegat
Inlet experiences the greatest activity of boat fishermen, and
is a popular fishing ground for weakfish and summer flounder.

. Commercial ?isheries

Five species of finfish and shellfish dominate the commer-
cial landings in Barnegat Bay: American eel, winter flounder,
white perch, blue crab, and hard clam. Commercial landings
data for Ocean County, New Jersey are presented in Table A-9.
The relative contribution of Barnegat Bay to the Ocean County
landings are: American eel, 46%; winter flounder, 30-63%; white
perch, 98~100%; blue crab, 100%; and hard clam, 30-36%. The

Ocean County landings of bluefish, weakfish, and summer flounder‘.

are mainly taken from areas outside Barnegat Bay. 1In the early
1980s, there were about 37 fulltime commercial fishermen in
Barnegat Bay consisting of three eel potters, five fyke netters,
19 crabbers, and 10 clam wholesalers (Hillman and Kennish
1984). ' co :
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1 Tablé A-8. Recreational landings (numbers of individuals-#) of selected species

in western Barnegat. Bay, Forked River, and Oyster Creek (after Hillman
" and Kennish 1984)

' Western Barnegat Bay Forked River " Oyster Creek - Total Catch

Weakfish

- 1975-1976 1976-1977  1975-1976 1976-1977 1975-1976 1976-1977 1975-1976 1976-1977
Species (No.)’ (No.) " (No.) (No.) (No.) (No.) (No.) (No.)
Blue crab = 1,989 - 886 416 207 - 2,039 699 4,374 1,792
Bluefish 109 120 109 149 425 308 643 569
Spot - B 580 .9 = 26 15 - 73 173
Winter - ‘24 - 3 . s . - 79 29 92
- £lounder e T o R - o ‘
American 3. 12 . - e o 5 3 26
eel E S 5 | -
Sumer - 2 - - 2 9 2 11
- flounder -

9 - - - - - 9 ~




Table A-9.

Commercial landings (kg) and value (S$) of finfish
and shellfish for Ocean County, New Jersey
(from U.S. Department of Commerce 1977-1981)

1977-1978 1979-1980 © 1980-1981
Weight Value Weight Value Weight Value
Species (kg) ($) (kg) ($) (kg) ($)
Bluefish 209,513 82,187 321,834 . 151,321 245,935 174,882
Américan 15,868 14,230 15,434 20,896 12,409 19,586
eel
Winter 30,122 13,403 23,011 16,713 28,931 16,787
flounder : . ‘
Summer 611,079 945,306 440,332 721,766 417,622 717,799
flounder _ _

Weakfish 111,470 61,958 219,787 149,932 231,146 208,649
White 4,914 3,311 1,312 932 924 947
perch ' . '
Blue crab 14,152 . 11,960 = 181,692 - 160,247 122,223 97,833
Hard clam - 228,396 714,813 257,279 1,145,638 219,274 1,020,020

(meats) . ' L o : , . :

A-26
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APPENDIX B. REVIEW OF RELEVANT LITIGATION
UNDER § 316 OF THE CWA

This appendix is a review and summarization of litigation
and administrative decisions involving § 316(a) and § 316(b) of
the CWA. - Three sources of precedents were used: 1) federal
court decisions; 2) EPA decisions, several of which are based
upon adjudicatory hearings; and 3) EPA Office of General Counsel
(OGC) Opinions. The latter were provided in the context of
adjudicatory proceedings conducted by EPA. Decisions involving
contested issues were used to the maximum extent possible
because such decisions generally result in the development of _
complete administrative records, therefore, they have greater . .
precedential and persuasive value. Determinations which are
the result of negotiated settlements provide less reliable
guidance because they reflect compromise. Furthermore, un-
contested decisions generally treat issues superficially and
provide less complete and useful administrative records.

A. 'SUMMARY OF MAJOR § 316 COURT DECISIONS .

1. Appalachian Power Co. v. Train, 545 F.2d 1351 (4th Cir., 1976)
Issue

The issue in this case was whether compliance with eiist-

ing water quallty standards" demonstrates compllance wlth
§. 316(a) A

Facts

. Appalachian Power Company challenged EPA regulations
" establishing limitations on the discharge of heat from steam
electrlc generating plants, including EPA's § 316(a) regulatlons.

- ey

Heiding

EPA's § 316(a) regulations were upheld. The Court also _
concluded that compliance with "existing water gquality standards"”
did not ‘automatically satisfy the requirements of § 316(a).

.' B-3



2.

Relevant Discussion

Water ouality'Standards

The court concluded that compliance with state water
guality standards did not in and of itself constitute

a showing of compliance with the requirements of ‘

§ 316(a). Section 316(a) requires consideration of
site-specific criteria, while water quality standards
are applicable to relatively large segments of waterways.

- Thermal Effluent Limitatlons

This decision invalidated EPA's technology-based thermal
effluent limitations. Because EPA has never promulgated
new regulations, technology-based thermal effluent
limitations are established on a case-by-case basis Eor
power generating facilities.

Existing Pollution

This case also concluded that EPA may not relax standards-
for a power generating facility on the basis that the
receiving waters are already heavily polluted.

Monetary Value of Environmental Benefits

The court rejected industry's contention that, in
establishing BAT for thermal discharges under § 301,
EPA must quantify the environmental benefits in.

- monetary terms. However, the record must contain

a statement of the environmental benefits expected
from the technology chosen.

U.S. Steel Corp. v. Train, 556 F.2d 822 (7th Cir., 1977)

Issues

The issues in this case were: -

Whether the § 314(a) précesé'is'the sole method by -
which a permittee mey obtain relief from thermal limita-
tions - o

Whether an: NPDES permlt may requlre monltorlng of the
impacts of the. coollng water 1ntake.



Facts

U.S. Steel applied for an NPDES permit for its Gary Works
plant. EPA issued a permit. U.S. Steel challenged the condi-
tions imposed in the permit. This action is an appeal from the
District Court's dismissal of the company's complaint which was
filed while the administrative proceeding was in progress. The
company sought review of the Administrative Law Judge's (ALJ)
refusal to consider certain issues in the proceeding.

Holding

The major holding in the case was that the question of
whether a § 316(a) Demonstration is the appropriate mechanism
for obtaining relief from thermal limitations must be addressed
by Congress. In addition, the court concluded that the § 316(b)
Demonstration is a part of the NPDES permit process, and the
Administrator may require the monitoring of intake structures
as a condition of NPDES permits.

Relevant Discussion

e Establishment of Thermal Limitations Under § 316(a)

The Court concluded that it was not within its province
to review the appropriateness of § 316{(a) as the sole
method by which an applicant may seek relief from
thermal limitations. Only Congress may address whether
the § 316(a) process is appropriate.

e Monitoring Reguiréments Under § 316(b)

‘Section 402(a) implicitly requires the Administrator
(or appropriate regulatory authority) to ensure that
‘compliance with § 316(b) exists as one of the NPDES
permit conditions. Furthermore, § 402 and § 308 allow
the Administrator "broad authority" to require monitor-
ing to assure compliance with NPDES permlts. Therefore,
the Administrator may require the monitoring of intake
structures as a condition of NPDES permits. On this
nasis, inclusion of -thermal limitaticns in an WPDES
permit is accuptable. Even though thermal monito'ing

. required to determine compliance is 1mprec1se, ‘no’
better alternatlve eXIStS.



3.

Virginia Electric v. Costle, 556 F.2d 446 (4th Cir., 1977)

Issue

The major issue in this case was whether United States
District Courts have jurisdiction over challenges to § 316(b)
regulations.

Facts

The Virginia Electric Power Company filed a petition for
review of EPA regulations implementing § 316(b) in Federal
District Court.

The District Court held it lacked jurisdiction
over such matters pursuant to § 509 of the CWA.

Holding

The major holding of this decision is the review of an
Administrator's actions promulgating effluent limitations or

"other limitations™ under § 316(b) is to be addressed in the .
Federal Court of Appeals.

. Relevant Discussion

Section 509 of the.CWA glves the-Federal Court of Appeals

Jurlsdlctlon over certain actions taken by EPA, 1nc1ud1ng the
issuance or denial of NPDES permlts.

Comment

A NJDEP action medifjing.a-power plant'diSchargeIpermit
would not be reviewable in the Federal Court of. Appeals unless
EPA vetoes or modifies.the actions required by NJDEP.

In the
absence of a veto by EPA, NJDEP permlt actlons are rev1ewed in
tlew Jersey- snate COurtS.



4, Appalachian Power Co. v. Train, 566 F.2d 451 (4th Cir., 1977)

Issue

The issue in this decision was whether a document (i.e.,
federal guidelines) referred to in EPA's § 316(b) regulations
could be used in determining best available technology.

Facts

Appalachian Power Company filed an action challenging the
requirement in EPA's § 316(b) regulations that information in
a document, which had not been adopted as a regulation, must
be considered when determlnlng the best avazlable technology
for 1ntake structures.

Holdingl
The § 316(b) régulations were set aside.

Relevant Discussion

EPA's original § 316(b) regulations provided that in order -
to determine the "best available technology" for intake struc-
tures "the information in the Development Document shall be
considered.”™ The Court found that this provision violated the
federal Administrative Procedure Act (APA) because the Develop-
ment Document was never incorporated into the Federal Register
and, therefore, applicants did not receive legal notice of the -
requirements and information it contained. Until the Develop- -
. ment Document is properly incorporated into the § 316(b) regula-
tions, the regulations are set aside. EPA has never promul-

. gated new § 316(b) regulations and has not incorporated the
" Development Document into the Federal Register.

5. Weverhaeuser v. Costle, 590 F.2d 1011 (D.C. Cir., 1978)
. Issue

The issue in this case was whether the CWA allows the
"consideration of receiving water assimilative capacity in -
establishing effluent limitations. ,

' B-7



Facts

Weyerhaeuser challenged effluent limitations imposed by
EPA in its NPDES permit and the standards for modifications
of requirements for control of pollutants that was required
under § 301(c) and § 304. :

Holding

Paper mills are point sources and require NPDES permiis.
As such, they must show that. “fundamentally different" factors
apply to their plants in order to recelve a variance under
§ 301(c). :

Relevant Discussion.

This case touches only briefly upon the subject of § 316(a) -
and thermal discharges. The court did note, however, that

only in a § 316(a) determination "is receiving water capacity
[for pollutants] to be considered in relaxing standards." 1In
granting a § 301(c) variance, an agency may only consider
technology based limitations and may not look to the quality of
the receiving waters or receiving water pollution assimilation
capacity as the means of controlling pollutant inputs.

6. Seacoast Antl-Pollutlon Leagpe v. Costle, 572 F.2d 872 (1st
Cir., 1978)

Issue

. The major issue in this decision was whether, following an
adjudicatory hearing, EPA may consider evidence which was pro-
vided after the conclusion of the hearlng in reachlng a f1na1
decision. : :

Facts

The utility applied for a § 3i16(a) variance and a decision

- under § 316(b). The Administrator (Costle).found that the
applicant had "met its burden under § 316." This decision was
challenged on the basis that the EPA Administrator had considered -
‘extrinsic evidence provided after the adjudicatory hearing was
concluded in reaching his decision.

B-~8



Holding

The decision was remanded to the Administratbr for either
a hearing on the "new" evidence or a "new" decision independent
of evidence.- which was submltted after conclusion of the hearing.

Relevant Discussion

e Opportunity for a Public Hearing

Section 316(a) requires an opportunity for a public
hearing. The court did not believe that submission of
documents constituted a public hearing. 1In addition,

the court concluded that the Administrator may not
gather a portion of the evidence at the public hearing
and take the rest in written form following the hearing.
all major issues should be defined before a public
hearing is held; otherwise add1t10na1 hearings may be
required.

o Consideration of Evidence Not in the Record

In issuing a § 316 decision, the appropriate regulatory
authority may rely on testimony from experts presented

in the public hearing in coming to a decision. However, .
these experts may not supply additional evidence separate
from the hearing upon which the Administrator bases a
portion of his decision. The Administrative Procedure

Act 5 U.S.C. § 556(e) limits the record for decision

to that created during the hearing process.

® Necessity for an Administrative Record

The court found "The § 316 determination is reviewable
. [at the circuit court level) under § 509(b) (1)(D)... "
"Certainly that is an indication that the agency must-.
be careful to provide some basis [record] for appellate’
court review." The decision went on to say that if -
Congress provided for judicial review in the Act,. - -
Congress then intended that the judicial review should -
be based on an accurate and complete record.

B, SUMMARY OF _AJOR § 315 ADMINISTRATIVE DECISTONS '

_ Unless spec1f1ca11y noted below, the following dec1s1ons
. 1nvolve determination of whether a utility has demonstrated



that alternate thermal limitations satisfy § 316(a) and whether
intake structures reflect the "best technology available for
minimizing adverse impacts" under § 316(b).

l. Pilgrim Power Plant, Units 1 and 2, Boston Edison Co.,
Plymouth, MA (1977) '

Facts

The Pilgrim facility uses a once-through coollng system.
The applicant requested a variance under § 316(a) and a determi-
nation under § 316(b) for best available intake technology for
intake structures. This was not a contested decision; however,
the administrative record provides a compendium of information
on factors (e.g., evaluation criteria and decision points) to
be considered for § 316 Demonstration decisions.

Holding :

The § 316(a) waiver was granted and the water intake struc--
ture was found to be the "best technology available" under
§ 316(b).'

Relevant Discussion

. ® Information to be Supplied by Applicant

The Administrator concluded the applicant must provide
the "best information reasonably available” He further
stated, "Ideally, this information would enable the -
applicant to project in both absolute and relative

terms the species adversely affected so that the impact',»-“

- on the relevant populatlon can be estimated with some
- degree of confidence." The decision went on to .
point out that in a § 316(a) Demonstration, the applicant
~must present all relevant and reasonably obtainable -

- data, account for any significant deficiencies, utilize

available predictive methodologies effectively, and
' yrovide a reasonable basis for evaluatlng biological.
impacts. If "substantial uncertainty" exists as tou the . ..
extent of harm due to insufficient information, then the
‘applicant failed to demonstrate that less stringent _
- thermal standards would protect the biota in the receiv-
- ing water body. The decision also indicated that in

" 'B=10



the case of a § 316(b) determination, "EPA must assess
the level of environmental impact caused by [the]

intake structure, estimate its magnitude, identify the
best technologiés available to minimize the impatt, and
review the cost of such measures to assure that it is
"not wholly out of proportion to the protectlon achieved."
Data and information on which. EPA bases its decision may
. (but need not) be provided by the utility for the
purposes of demonstrating a less-strlngent or less-costly
technology applies.

Factors to be considered for a § 316(a) Determinatién

The Administrator concluded an applicant may employ -

- one of three different methods to show that less strin-
gent limitations will meet § 316(a) requirements: 1)
absence of prior appreciable harm; 2) demonstration
that Representative Important Species (RIS) are-
protected; and 3) submission of biological, engineering
and other data which satisfy § 316(a) requirements.

The Administrator indicated that in a § 316(a) determ-
ination, the major adverse impacts to be considered
include: 1) a decrease in abundance of threatened or
endangered species; 2) an increase in abundance of
nuisance species; 3) a decrease in abundance of
indigenous species; 4) damage to critical aquatic
organlsms, such as important elements of the food.
chain or damage to basic ecosystem processes; 5) a
change in population composition; and 6) a decrease in-
commercial or sport fisheries. . The decision further
indicated all adverse impacts on individual species,
‘including the sublethal and "indirect" impacts of the

thermal discharge as well as entrainment and impingement

impacts on spawning and nursery areas, must be con-
~sidered when making a § 316(a) determination. (The

degree to which entrainment and impingement are used in -

the evaluation is not rigorously defined. ) "Indirect"

" effects of the thermal discharge considered by the
* " Administrator included such factors as: adverse impacts

_on early life stages that can alter the adult populatlonp.

. increases in predator spec1es cold shock; and gas
bubble disease.-

- Factors to be considered for a § 316(b) Determination'

‘The Adrinistrator indicated that a § 316(b) determiratinon
reguires a lock at the six adverse impacts listed above
for § 316(a) but only as they are related to entrainment
and impingement losses. The decision went on to note
that the evidence provided by 316(b) applicants should

"~ .include: 1) identification of major aquatic species in

the source water, including estimates of population
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density for each species identified; 2) disclosure of

the temporal and spatial distribution of the identified
species; 3) data on source water temperature for a full
year; 4) documentation of fish swimming capabilities

for the species identified under conditions simulating
those at the intake; and 5) description of the intake
location with respect to the seasonal and diurnal spatial
distribution of the identified species.

Cost-Benefit Considerations Under § 316(b)

This Pilgrim case indicates that § 316(b) only requires
that adverse impact be minimized, not eliminated. The
costs of alternative technology required to minimize
entrainment and impingement impacts must be considered
to assure they are not "wholly disproportionate" to

the environmental impact being reduced.

e Resolution for Pilorim Units 1 and 2

- The Administrator found the impact of Pilgrim to be

" "minimal in comparison to the species population in the
area of impact.”™ The decision concluded that the only
species significantly affected was the winter flounder
whose population size was projected to drop by about
5.9% over a 40 year period. Although the Administrator
found that the negative- impact of the intake structure
could be minimized, the decision concluded "such
minimization would not Justify the substantial added
cost of the alternatives.

e Subseguent Actions

The Plymouth County Nuclear Information Committee and

an individual filed a petition for review of the
Administrator's decision in August 1978. This request

for a review was denied because "A petition for review

is not normally accepted unless the Regional Administrator's -
Initial Decision is clearly erroneous or involves an

exercise of decision or policy which is 1mportant and

should be reviewed as a discretionary manner." ~

'2L‘ 'In Re Public Serv1ce Co. of New Hampshire, 10 E.R.C. 1257i
(1977) '

Facts

The Public Service Company of New Hampshire applied for a
§ 316(a) variance for the proposed Seabrook station, units:
1 and 2. EPA made a § 316(a) determination which set less.
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stringent effluent limitations and allowed once-through cooling.
Environmental groups requested an adjudicatory hearing on the
decision and challenged the proposed variance as well as the
technology and location of the cooling water intake structures.
As a result of the challenge, the Administrator revoked the
variance and set more stringent effluent limitations that
indirectly required closed-cycle cooling. The utility appealed
the Administrator's decision. The discussions below detail

the result of the ut111ty s appeal of the Administrator's
decision.

Holding

. The initial determination of EPA was:reinstated, and the
§ 316(a) variance was granted.

Relevant Discussion

e Burden of Proof Under § 316(a)

This decision indicates that § 316(a) requires that the .
applicant "demonstrate" entitlement to a variance. :
Hence, the burden of proof for § 316(a) rests with the
applicant. '

e Standard of Proof Under § 316(a)

This decision indicates that in order to reach a § 316(a).
decision, the applicant must provide an "interpretive, '
comprehensive, narrative [original emphasis] summary
of the [§ 316(a)] demonstration." The information
supplied must be ."adequate" to provide "an evidentiary

* showing needed to make a reasoned decision." The
information presented by the applicant, however, does
not necessitate data for plant effects on the entire
ecosystem. Overall effects on one species can be
inferred from studies on selected Representative Impor- '
tant Species (RIS). Data on all RIS need not be sup-
plied if inferences can be drawn about others from the’ .
ones studied. Expensive studies that yield only minimal -
information are not requlred. The standard for evidence

~ suggested by this decision is "the best information - '

- ‘reasonably obtainable" :

e  Definition of Receiving Waters Under § 316(a)

This decision indlcates that in determining what con- -
stitutes receiving waters, "the portion chosen is
._necessarlly arbitrary to some extent.,.[1f] there are
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no obvious physical boundaries." It may be necessary
to look to that portion of coastal waters "where human

use or enjoyment of the marine resources may be affected."

This means that if the human use of marine resources
is limited to only part of a larger body of water that
would be impacted, it is appropriate to determine

compliance with § 316(a) in the context of the localized

area where human use is important.

Evaluation of Entrainment and Impingement Impacts
Under § 316(a)

This decision indicates that in reaching a decision
regarding whether to grant a variance under § 316(a),
it is imperative that the applicant and EPA evaluate
."all stresses on the environment” (including entrain-
ment and impingement losses), and not just the harmful
effects of thermal effluents. Hence, a § 316(a) de-
termination must take into account entrainment and .
impingement impacts, even though these impacts are the
effects of intake technology specifically addressed
under § 316(b). Because of this interrelationship
between § 316(a) and § 316(b) it is frequently cost
effective and reasonable to make the decisions
concurrently.

Best Technology Available Under § 316(b)

" The determlnatlon of "best technology available™ does
not require a formal cost/benefit analysis. 1In deter-
mining the "best technology available," the cost of

the technology should be taken into account to ensure
that it is not "wholly disproportionate to the environ-
mental benefit to be gained." This determination is
made on a case-by-case basis. ‘ :

Reguirement of Cooling Towers Under § 316(b)

The Administrator concluded it was against EPA policy

to require cooling towers per se; however, EPA may set_i"

limitations on intake capacity " that would 1nd1rectly
necessitate cooling towers.

Capacity Under § 316(b)

The Administrator concluded that the "capacity* referred"

to in the language of § 316(b) refers to the volume of
intake flows and not to the 'size. lulmenqxons) of the
intake structure.



3. Brunswick Steam Plant, Carolina Power & Light Co.,
Wilmington, N.C (1977).

Facts

The Brunswick plant is located on the Cape Fear River near
Wilmington, N.C. It consists of two boiling water reactor
units and uses a once-through cooling system. Considerable
concerns were expressed by the public and resource management
agencies over the impacts of Brunswick on the biotic resources
of the receiving water body. Major concerns were due to the
operation of the once-through cooling system on the many
"important™ species inhabiting the affected waters. The appli-
cant requested an NPDES permit that allowed once-through cooling
until closed-cycle units were constructed. The NPDES permit
issued by EPA required closed-cycle cooling. The utility
requested an adjudicatory hearing to contest the terms of the
NPDES permit.. A stay was placed on the construction of the
coollng towers until the adJudlcatory process was completed and
its outcome known.

Holding

The Administrator held that any delay in restricting the

- intake capacity of the Brunswick plant would cause significant
harm to the environment.- The decision also found that the

"best technology avallable to minimize the adverse environmental:
impacts was to restrict the capacity of the intake structure.
Finally, the decision concluded that the data available were
adequate to make this conclusion and that the hearing would not
be reopened at a later date after additional data were collected.
The Brunswick decision did not specify a particular technology
to limit intake. The Decision of the General Counsel #41
discussed below provides additional detail on the reasons for
this conclusion. :

’

Relevant Discussion

non_of Entrainment and Impingement Effects under

The Administrator coi:cluded that for a § 3iv{(a) Demon-
" stration the applicant must take into account "all
relevant stresses” on the ecosystem including assurance
that: 1) all fish populations adversely affected are
considered; 2) intake and discharge structures do not
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impact on the ecosystems in which they are located;

and 3) all elements of the aquatic ecosystem necessary
to support a balanced population are not adversely
affected. Hence, a § 316(a) determination should take
into account adverse effects of impingement and entrain-
ment, even though these impacts are also considered
under § 316(b). However, the outcome of a § 316(a)
decision should not dictate the result of a § 316(b)
determination [e.g., granting a § 316(a) variance does
not mean that BAT may not be required under § 316(b)].

e Definition of Adverse Impacts

"Adverse" was held in the Brunswick decision to the more

stringent standard of "harmful" and did not mean "irre-

versible.” Adverse effects are to be minimized under
§ 316(b).

e Best Technology Available under § 316(b)

The Brunswick decision suggests two inquiries are rele-
vant in making a § 316(b) determination: 1) is there
an adverse impact, and 2) if so, do the existing or

- proposed modifications to existing control technology
reflect the "best available technology" for minimizing
the adverse impact? The Administrator also indicated
in the Brunswick decision that the "best available
technology" contemplates the "best technology currently
available at an economically practicable (original
emphasis) cost." This, however, does not indicate that
the applicant or EPA should or must enter into a cost-
benefit analysis. Rather, "practicable"” goes to an
ad hoc consideration of the degree of minimization
realized in relation to the financial burden imposed.

- Final Resolution

. Findings of the Brunsw1ck decision were appealed by the
~utility and subsequently settled by a negotiated compromise.’
Under the compromise, the utility was required 1) to reduce
intake flows during part of the year, 2) to construct a barrier
system to reduce impacts associated with intake structures, and
3) to prov1de an improved system for returning fish removed
from intake s;reens to the receiving water body. Ccoling
towers were nct constructed.



4. Anclote Plant, Units 1 and 2, Florida Power Corporation
(1978).

Facts

The Anclote electr1c generating station is located 1mmed1ate1y
north of the Anclote River in southwestern Florida. At the
time of the hearing, the facility consisted of one once-through
cooling system rated at 515 MWe that used dilution assistance
(i.e., reduced the absolute temperature of discharge water by
diluting it with pumped water that did not pass through the
condensers). A second 515 MWe dilution-assisted generating
unit was expected to be ready for commercial use in the future.
The NPDES permit application covered both units.

Holding

The § 316(a) variance was denied, and the water intake
structure was determined not to represent the "best technol-
ogy available" under § 316(b). The basis for the denial that
was the applicant failed to submit complete and scientifically
reliable data.

Relevant Discussion

EPA concluded that projections of impact presented by the
applicant were erroneous and founded on "untrue" assumptions.
A major omission of the utility's demonstration was that the
"vital information" concerning power plant impacts on sea
grasses, which were the major primary producers in the area
and important habitat formers essential to the maintenance of
balanced, indigenous populations in. the receiving waters was
not included. Similar flaws were found in the discussions of
impingement- and entrainment effects, thermal discharge data,
and information on impacts to animal life. EPA concluded the
applicant had "failed to sustain its affirmative burden" to
demonstrate that "current operation will assure the protection
of a balanced, indigenous population™ under § 316(a). EPA used
that information supplied by the applicant that was reliable to’
~onclude that a large negative impact occurred. Or the basis
oL their anzlysis, EFA4 concluced the effluent limitations
proposed were not "more stringent than necessary" to protect"
the receiving waters, and the water intake structure was not
the "best technology available” under § 316(b).



Final Resolution

As a result of the above decision, EPA entered in negotia-
tions with the utility in an attempt to resolve major issues
that had been identified. The final resolution required the
utility to install supplemental cooling towers at Anclote. 1In
addition, the utility was required to use any of seven opera-
tional modes, including auxiliary tempering pumps, to limit
discharge temperature to a 5°C rise above ambient, depending
upon the likelihood of sensitive biota occurring in the area.
Monitoring of discharge temperatures was required for each
operat10na1 mode.

S. Wabash River and Cayuga Generating Stations, Public Service
Co. of Indiana, NPDES Appeal # 78-6 (1979)

Facts

The Public Service Co. of Indiana (PSI) applied for § 316(a)
waivers for both the Wabash River and Cayuga generating stations.
Each plant employed once-through cooling, although one plant
had a "helper tower" The initial NPDES permit issued by EPA
required closed-cycle coollng. PSI requested, and was granted,
an adjudicatory hearing on the conditions of the permit. At
the adjudicatory hearing, the EPA Regional Administrator found
both plants were in compliance with § 316(a) "although appre-
ciable harm to the balanced indigenous community of the Wabash
River has been caused by the subject discharges of PSI [the
utility], those discharges have been demonstrated not to pre-
clude the protection and propagation of the balanced, indigenous
populatlon..." This decision was appealed by the EPA Region V,
Enforcement Division and the Indiana Stream Pollution Control
Board on the basis that the Administrator had misinterpreted
the law and had failed to consider important data. The discus-
sions below address the major findings of the appeal process.

Holding

The Regional Administrator's decision was remanded for
further pro,eedlngs. Since then, Indiana has been delegated .
responcibility for the § 316 Program. In 19285, reramits wecre
issued by Indiana for both facilities. EPA approved the Cayuga
permit which incorporated seasonal outages to achieve compliance
with thermal effluent limitations. EPA did not approve the
Wabash permit issued by Indiana which incorporated a two-mile
mixing zone for compliance. The Wabash proceedings remain
unresolved. :
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Relevant Discussion

Standard of Evidence Showing Appreciable Harm

A major finding of the Wabash and Cayuga proceedings is
that if a plant is already in operation and no prior
appreciable harm can be shown, then it may be presumed
that there will be no appreciable harm in the future.
If prior harm is shown, however, there is a presumption
that the harm will continue. Both presumptions are
rebuttable. A "rebuttable presumption" is a factual
inference which may be drawn in the absence of actual
certainty and which may be. rebutted by other evidence.
Once a utility has provided facts establishing no
prior appreciable harm, the burden is on the regulator
and other opposing parties to rebut the presumption.

Definitions of Balanced, Indigenous Populatidh and
Degree of Acceptable Harm

The Wabash and Cayuga proceedings suggest that in
determining what constitutes a "balanced, indigenous
population” both individual species and the naturally
occurring assemblage of organisms (i.e., the biological
community) should be considered. Furthermore, "...[In]
attempting to judge whether the effects of a particular -
thermal discharge are causing the ecosystem to become
unbalanced, it is necessary to focus on the magnitude

of the changes in the community as a whole and in
individual species" and then determine if these changes
are "appreciable". The overall number of fish in the
receiving waters was unaffected by operations of the
Wabash River and Cayuga generating stations. Some fish
species were, however, virtually eliminated from the
power plant sites. The Administrator found that

"such shifts [in the population of individual species]
are at war with the notion of 'restoring' and 'main-
taining' the biological integrity of the nation's
waters" as required by the CWA. The decision went on

to note that in determining whether a balanced, in-
digenous population exists, it is frequently necessary
to consider species "whose presence or abundance is :
attributable to the introduction of thermal pollutants.”

. A minimal reduction in the population of a particular

species in a localized area was found to be acceptable,
provided that the species continues to flourish In the
rz:ional area cceoupied by its population.



Investigation of Worst Case Conditions

The Administrator concluded that the effect of condi-
tions which are less favorable than average must be

taken into account in § 316 Demonstrations.  For example,
the decision requ1red ‘the utility to investigate as a
worst case condition impacts associated with the seven
day, one in ten year low flows (Q7-10) or about 800-900
cfs with all units operational. The applicant had pre-
viously evaluated a low flow of 2640 cfs.

Economic Factors under § 316(a)

The Administrator indicated that in coming to a § 316(a)
determination, the "consideration of economic factors
is only appropriate. in setting the original thermal
limitations from which the § 316(a) variance is sought
on biological grounds. The decision to grant or deny

a request for less stringent thermal limitations

under § 316(a) hinges solely on proof of the biological
effects of the discharges." 1It, therefore, appears
that the Administrator assumed that economic consider-
ations were incorporated into the procedure used to
establlsh the thermal limitation standard.

Consideration of Intake Structures Under § 316(a)

Although water intake structures must be considered as
part of "all relevant stresses" on the environment
under § 316(a), the Administrator concluded the environ-
mental impact of the intake structures need not be
independently measured (i.e., direct measurement of
entrainment and impingement are not required). It is
only necessary for the applicant to evaluate impacts
associated with the water intake structures as part of
the total stress on the balanced, indigenous populations
(i.e., to show that resident populations of important
biota have not declined as a consequence of’ plant
operation).

Flow Reduction Under § 316(b)

Reduced flows resulting from retrofitting of closed-
cycle cooling during critical summer periods were
determined sufficient to pro*ect balanced, 1ndlgenous
nopulationz in the receiving waters and to improve
icsol:eu axyagen conditions tc ecurptable levels.
The therma) discharge of the Cayuga facility was |
determined to be contributing substantially to sub-
standard dissolved oxygen concentrations during low
flow per1ods. '



Final Resolution

A final resolution has not been reached for the Wabash or
Cayuga stations; however, the present permit requ1res closed-
cycle cooling during critical summer months.

6. . Hudson River Settlement (1980)

Facts

Most of the information relevant to the Hudson River
facilities comes from a staff document prepared by the EPA
Region 1I Staff. This document is a critique of the methodology
and completeness of the Hudson River utilties' § 316(a) and
§ 316(b) Demonstration documents, and presents the basis for
an EPA decision that closed-cycle cooling was the "best tech-
nology available" for minimizing the environmental impacts of
the Hudson River facilities. The document was presented to
Administrative Law Judge Thomas Yost. . The major issue in the
Hudson River case was ecosystem and populatlon level impacts
resulting from entrainment and impingement. Entrainment and
impingement impacts on spawning and nursery functions of com-
mercially and recreationally important species, particularly
striped bass, were the focus of most of the expert testimony
that was provided. The utility consultants estimated that
existing plants killed 12% to 14% of the striped bass young-of-
the-year annually; government experts estimated losses to be
128 to 22% of the annual spawn. :

Relevant Discussion

Based on the techn1ca1 evidence presented by the ut111t1es,
EPA concluded: 1) the subJect plants were located in the '
spawning areas of five important fish species; 2) the estimated
annual cropping rate of young-of-the-year for three of these
species exceeded 21%, resulting in the reduction of those
species to "unacceptable levels".over a 40 year period (this
indicates EPA's concern with long-term impacts and regional
population level impacts); 3) two facilities impinged and
e~rtrainad a forage fish, bay anchovy, "such that adverse eaviron-.
mantal impcct may result" (this indicates EFA concern with
forage organlsns and food web impacts); 4) all plants imping ﬁd-
_clupeids "such that adverse environmental impact may result;"
. 5) theré was entrainment of macrozooplankton (this again indi-
cates EPA's concern with forage organisms and food web impacts);



6) the subject plants "will impact" on one rare and one en-
dangered species indicating concern for power plant impacts on
rare and endangered biota; 7) there was no indication that the
additional mortality caused by the plants could be absorbed by
indigenous populations as no evidence of density-dependent
mechanisms. was provided (this indicates EPA felt that evidence
for compensatory population mechanisms must be supported before'
they could be used as an argument against reducing entrainment
and impingement losses); 8) the reduction of intake flow was
determined to be the best technology available for minimizing
adverse environmental impact; 9) reductions in flow associated
with closed-cycle cooling were projected to reduce plant 1mpacts
. by 93-94% compared with the present intake systems; 10) only :
closed- cycle cooling would minimize the -adverse 1mpacts resulting
. from entrainment and impingement (this conclusion is, of course,
_ based upon intake technologies available in 1977); 11) the

"cost of the installation and operation of closed-cycle cooling

" was determined not to be "wholly disproportionate" to the
"environmental benefits derived from application of such tech-
nology, and the cost would not "place an impracticable or. -
unbearable burden on the affected utilities or their customers";
and 12) most of the environmental impacts and the additional

fuel requirements associated with retrofitting of closed cycle . -
cooling at the Hudson River facilities "will be negligible

" - with the exception of visual-aesthetic impacts, which are

- subjective.” EPA considered the impacts of fogging, icing, . -
noise, salt deposition, and aesthetics, as well as commented °
~on the projected fuel consumption of the coollng structures as

- . a part of thelr evaluation.

Interim Settlement Agreement

On 19 December 1980, EPA announced a negotlated Settlement'

- Agreement with the six Hudson River utilities as a first step
to resolving environmental disputes between power generation,

. on the Hudson River and the protection of the Hudson Rlver
'blota. Parties to the agreement were: .
- o U.S. Env1ronmenta1 Protectlon Agency
. New York State Attorney General
. New York State Department of Environmental Conservatlon'
- Hudson.iiver‘Fxsnernenfo,A' sce i'tlon -
o Sceniclﬂudeon;-lnc; | |

" . NaturallRésburces-Defense'Council, Inc.
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Consolidated Edison Company of New York, Inc.
Orange and Rockland Ut111t1es, Inc.

Niagara Mohawk Power Corporation

Central Hudson Gas and Electric Corporation

Power Authority of the State of New York.

called for-

The Settlement Agreement, which is in effect unt11 1990,

Abandonment of plans by Consolidated Edison to construct
a 2,000 MWe pumped storage hydroelectrlc project at
Cornwall-on the-Hudson

Construction and operation by the utilities of a hatcherY'f
that released large numbers of striped bass flngerllngs

annually

" A $12-m1111on endowment prov1ded by the utilities for
" establishing an env1ronmenta1 research foundation

:A ut111ty~funded $2 mllllon per year mon1tor1ng program o

A 25-year ban on construction of new once- through

power plants on the Hudson north of the George Wash1ngton'A-
bridge, appl1cab1e for all utilities except Nlagara :
Mohawk . ) .

Periods of reduced flows and partial power productlon. L
(i.e., outages) during the May-August fin fish spawn1ng]”

~and developmental periods at Bowline, Indian Point,-
"and Roseton to reduce percelved adverse impacts on,
aquatlc resources.

: The consequences of entralment losses to the adult strlped
" bass’ stock and to the overall biological "health" of the Hudson .
River was not resolved by the Settlement Agreement. Rather,
under the agreement the data required to address these issues -

- _would be collected and the ana1y51s methods required to use

the data developed by 1990..2”]



7. Big Bend Units 1-3, Tampa Electric Company, FL (1981).

Facts

_ The Tampa Electric Company's (TECO) Big Bend plant is lo-

cated on Hillsborough Bay in Tampa Bay. Units 1-3 of the
plant were designed for once-through cooling with dilution
assistance (tempering pumps) to reduce the absolute temperature
of discharge flows. The intake flow for the three once-through -
cooling units was 45.6 m 3/s. Tempering gump flows was 25.2 '
m3/s. Total water withdrawal was 70.8 m3/s. The first § 316
Demonstration document submitted by the ut111ty indicated
that operation of units 1, 2, and 3 had a "significant effect"
on Hillsborough Bay due to entrainment of large numbers of
early life stages of fish and shellfish, The Administrator
determined that the station's cooling water intake, including
the tempering pump system, did not reflect the "best technology .
available" for minimizing adverse environmental impact under
. § 316(b). 1In response to this decision, the utility proposed

to discontinue use of dilution pumps reducing the impact of

entrainment but increasing the thermal loading on Hillsborough
"Bay. EPA allowed TECO to evaluate the effects of the proposed
‘modification using an EPA~approved study plan and made the .

final § 316 decision for Big Bend units 1-3 based on the findings

- of the EPA-approved studles. o . .

- Holding

The § 316(a) variance was granted and intake structures

- were determined to be the "best technology available" for

- minimizing impacts following d1scont1nu1ng the use of ‘the
dilutlon assistance system. . . A

, Relevant Discussion

The findings of the EPA-approved studies indicated that
discontinuing the use of dilution pumping reduced entrainment .
losses without substantially increasing the adverse environmental
- impacts associated with thermal discharges. 2ased on these
findings, EPA concluded that discontinuing the use of tempering
pumps assuraé the protection of halanced, indigenous popula-lons,
'and represented che “best technclogy available" for minimizing
adverse impacts from intake structures. As a result of this
case, EPA carefully evaluates the environmental conseguences
‘of dilution assistance. when rev1ew1ng §. 316 Demonstratlon
documents.-» :



8. Big Bend Unit 4, Tampa Electric Company, FL (1981),

Facts

Tampa Electric Company (TECO) proposed the addition of a
fourth once-through cooling unit to its Big Bend station located -
on Hlllsborough Bay near Tampa, Florida. The proposed unit 4
would increase intake flows by about 16 m 3/s. With the addition
of Unit 4, total intake flows for the Big Bend fac111ty would
be about 61 m3/s: - a water use level near the 70.8 m3/s which
had previously been shown by EPA to adversely impact balanced
indigenous populations in Hillsborough Bay. Operation of Unit
4 with once-through cooling was also projected to increase the
thermal impact in the discharge area by 33 percent, from 46 to
61 ha. The NPDES permit application by TECO was only for Unit
4; however, EPA considered the combined effects of all opera-
tional units (1-4) in reaching a final decision. In an initial
holding, the Administrator concluded the conventional intake
structures at the Big Ben facility did not represent the "best
technology available" under § 316(b). The basis for this
decision was data presented in TECO's § 316 Demonstration
documents which showed that: "all stages of most species
(were) attracted to and (were) concentrated in the intake.”

In response to ‘the initial holding, TECO constructed and tested -
a prototype finemesh screening apparatus. On the basis of

the findings of its fine-mesh testing, TECO modified the intake
design at the Big Ben facility to include fine-mesh screens at
Units 3 and 4 and resubmitted its NPDES appllcatlon.

Holding

The modified intake structure was determined by EPA to
represent the "best technology available" to minimize "adverse
environmental impacts” under § 316(b), and the increase in

. thermally impacted area due to the addition of Unit 4 was .. .
.~ acceptable (i.e., the § 316(a) variance was granted). ‘A 51ngle
- NPDES permit was granted for Units 1-4.° Condltlons 1nc1uded.

'O-_Contlnued monltorlng of the performance of the flne—mesh.
wirs screens -

. 'Reassessnent of ther'na1 load models of Hlllsborough Bay
T to beeter def ne, the ‘“e-mally 1mracted aree.
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Relevant Discussion

e Consideration of All Stress in Making 316(a) and
316(b) Decisions

The Administrator concluded that in order to make a

§ 316(a) and § 316(b) decision for the proposed Unit 4
existing impacts for Units 1-3 must be considered.
This indicates the importance EPA places on considering
all power plant impacts on the environment when making
§ 316 decisions.

e Degree of Minimization‘keguired by § 316(b)

EPA concluded operation of a fine-mesh screen system

on two of the four cooling water intake units representedphf“

the "best technology available" under § 316(b). These
screens were "approximately 56 percent effective in -
reducing entrainment losses."” EPA did not require

. elimination of entrainment impacts only the reduction to
a level where the costs of the reduction did not exceed
the environmental gains realized. 1In addition,. the
incremental increase in thermally affected area that
resulted from the addition of Unit 4 assured the pro-
tection of a balanced, indigenous population in -
Hillsborough Bay.

9. - Indian River Plant, Orlando Utilities Commission, FL (1983)
"and-Cape Canaveral Plant, Florida Power & Light Co., FL
(1983). . :

Facts

The utilities applled for § 316(a) variances and for deci-
sions under § 316(b).. Due to the close proximity of the two
plants, EPA evaluated the applications jointly and considered

. the combined effects of the two plants on the receiving water:

. body, Cape Canaveral Fool.. This case was not contested, and
" the resultlng dec151on applled to both plants.

‘gpléijg

‘Section 316(a) variances were granted and the intake
structures were found to represent the "best- technology avail-
able"” under S 316(b) o



Relevant Discussion

e Considerations under Section 316(a)

EPA found "significant” adverse biological impacts on

a large portion of Cape Canaveral Pool. EPA, however,
came to the conclusion that the balanced, indigenous
population was not "endangered" when the nature of the
body of water, the risks of alternative technologies,
and the age of surrounding power plants were considered.

® Considerationa Under § 316(b)

EPA found "substantial losses" in marine organisms due
to entrainment and impingement. They, however, con-
cluded that entrainment and impingement impacts could
not be reduced without requiring an alternative tech-
nology, probably cooling towers.  Adverse impacts
which would result from the utilization of cooling -

_ towers, were determined to be of sufficient severity
that "the current intake technology, when compared to
the alternatives and viewed in the context of the

- type and the importance of the biological community

. in which it is located, minimizes such impacts.”

Comment

Discussions in Chapter IV will ouestlon the validity of
the degree of adverse impact which t! s decision suggests is.
acceptable. The presence of the manacee, an endangered
species, in the Canaveral Pool possibly influenced EPA to.
allow such large adverse impacts. The manatees are dependent

on the thermal dlscharges during the winter for their survival. -

This indicates the.importance EPA placed upon protectlon of .
endangered specxes when maklng § 316 decisions.

lO;w John Sevier Steam Plant, Tennessee Valley Authorlty, TN '
. 7(1986). S :

" The Jchn Sev:er dteam staelon, lo*a ed on the Holston

. River near Rogersville, TN is owned and operated by the Tennes-

see Valley Authority (TVA). Condenser cooling water is with-
drawn from water impounded by. an overflow .retention dam located
in the river adjacent to the plant site. Cooling water is
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- discharged downstream of the retention dam in Cherokee Reservoir.
The Cherokee Reservoir fluctuates between being lake-like
during high streamflow and stream-like during low streamflow.
EPA determined that the retention dam was an integral part of
plant intake structure and implicated the dam in impacts on

the river biota. EPA further concluded that "all potentially
available mitigative measures" were either (1) infeasible, (2)
not "available technology" within the meaning of § 316(b),
or (3) of such a nature that "costs associated with the mitiga-
tion measure were wholly disproportionate to the ant1c1pated
benefits." TVA disputed that the dam was part of the intake
structure, and contended that it was not subject to an evalua-
tion of "best technology available" under 316(b). 1In 1976,
negotiations between TVA and EPA resulted in EPA granting TVA

a temporary permit for the John Sevier facility that required
TVA to conduct monitoring and stocking programs in the vicinity
.of the plant, to perform research on fish passage technology,
and to pass a minimum flow of free river water (water that has
not crossed the plant condenser system) over the impoundment
dam. The required studies were designed to support preparation -
of a § 316 Demonstration document and the making of a £inal’

§ 316 decision for the John Sevier facility. 1In 1979, the § 316' -

Demonstration document that resulted was submitted to EPA along
with an application for a NPDES permit.

Holding

- EPA issued a tempbrary permit which required'additional"
data that would allow a detailed evaluation of the efficacy,

- effectiveness, legality, and change in conditions resulting

from the stocking program and ‘the minimum flow requlrement.

Relevant discussion

* 'Economic Consideratibns‘Under § 316(b)

- After evaluation of available information, EPA deter- '~

. mined that the costs. associated with removal of the
impoundment dam for the John Sevier generating station
would be "wholly disproportionate to the anticipated
benefits" at this time. The Holston River has a history
cf industrial and municipal pollution that makes it
difficult for EFA to detcrmine the role of epe*atlons

. of the John Sevier £ac111ty in impairing the "balanced,
“indigenous community."” Benefits to future "balanced,
indigenous populations"™ may, however, be larger than
those presently anticipated. If findings of the ongoing
monitoring and stocking programs indicate that the
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cost of removal of the dam is not "wholly disproportion-
ate" to environmental gains, EPA will modify the permit
and require removal of the retention dam.

e Final Resolution

EPA plans to make a final § 316 determination for. the
John Sevier facility in 1988.

C. EPA GENERAL COUNSEL OPINIONS RELEVANT TO § 316

1. In Re Inland Steel, Decision of the General Counsel $27
(1975) '

Facts-

A The appllcant obJected to the 1nc1u51on of an intake study
as a condition of its permit under § 402 of the CWA. Section
402 requires that the applicant comply with §§ 301, 302, 306,'_
307, 308 and 403. Section 402 does not spec1fica11y requlre
compllance wlth § 316(b) : L

Conclusion

: The General Counsel concluded § 402 reQu1res the appilcént
to comply with § 308, which allows the Administrator to. requlre
intake studies as a cond1t1on of the NPDES permlt.

Relevant Discussion

" e EPA's authority to ﬁgguire ménitoring under § 316(5)

Section 308 authorizes the Administrator to "require
the owner or operator of any point source to...make

~ such reports...install, use and maintain such monitor-'
ing egui.ment or methods...and...provicde such other
information as he may reasonably require." The only
~limitations on this authority are that the monitoring

. is "required to carry out the objective of this Act.™
Although permits are issued under § 402, and although
§ 402 does not in itself require monitoring to ensure
‘compliance with § 316(b), the authority vested in the
Administrator under §:308 allows him to require reason-
able intake studies at power generatlng facilities as

. a condltlon for NPDES permits.
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2. In Re Brunswick Steam Plant, Decision of the General

Counsel #41 (1976)

Facts

- The applicant'complained that:

EPA's definition of "capacity" of intake structures

®
under § 316(b) was incorrect

¢ The requirement imposed by EPA to retrofit closed- cycle
cooling as a condition of the applicant's permit was in
violation of existing statutes

e EPA had refused to set specific "performance standards"
defining the amount of harm allowed to result from
intake structures.

. Conclusions

" The General Counsel:concluded:

"Capacity" refers to the volume of water taken in.rather
than the size of the intake structure

Closed-cycle cooling may not be imposed per se, but the.
conditions imposed by a NPDES permit may be such that

. closed~-cycle cooling is the only technology ava11ab1e

An NPDES permit may specify restrictions in the design,ﬁ

: location and capacity. of intake structures; however,

permits need not contain a "performance standard" .

-~ expressed in terms of the amount of allowable harm for g
'+ complying with § 316(b) ' : -

-Relevant Discussion e

'Defln1t1on of "Capac1ty under § 316

~ The uu111ty rontenoed that "capacity" referred only to

the physical size of the intake structure. The General

- Coursel indicated that the legislative hist tory of

§ 316(b) and the d1ct10nary definition of "capacity"

" clearly indicate that "capacity" refers to volume of .
. water used for cooling purposes. The General Counsel.

further pointed out "The size of the inlet determines
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only the velocity of water withdrawn, not the volume."
Moreover, he concluded the intent of capacity restric-
tions is to prevent entralnment, and the volume of
water used is the major factor determining the probabil-
ity of entralnment, not the size of the intake structure.

épplication of § 316(b) to Cooling Water Systems

The utility argued that § 316(b) did not apply to
coollng systems, but only to intake structures; thus,

"a closed-cycle cooling system per se cannot be imposed
under § 316(b)." The General Counsel's decision supported
the utility's argument and noted that § 316(b) authorizes
the restriction of the capacity of an intake structure,
but "it does not authorize the agency to impose a
specific closed-cycle cooling technology." The General
Counsel, however, went on to say "while the agency cannot
specify abatement technologies to be employed...the use
of a particular [cooling] system may be the predictable
consequence of the limitation imposed." = In summary,

§ 316(b) is concerned with the withdrawal of cooling
water rather than the discharge of heated water. It is
also directed toward whether the intake structure
represents the "best technology available" rather than
whether plant operation causes adverse harm to the
~environment. :

' Defihition of "Performance Standards" Under § 316(b)

The applicant wanted EPA to set minimum standards for
the amount of environmental harm that intake structures
tould cause. EPA countered that § 316(b) requires the
minimization of adverse impact to the greatest degree
possible, not the setting of specific limitations.  The
~opinion stated "The goal of 'best technology available'

under § 316(b) is to minimize all adverse environmental N

. impacts -- not to reduce the impact to a predetermined .
“level." "Minimize" was held to mean "reducing to the
~smallest possible amount."” Section 316(b), therefore,
- does not regulate the use of the intake water, nor '
does it establish effluent limitations or performance
_ standards. The determination of whether the required:
‘minimization has been achieved is made on a case-by-case
basis based on an evaluation of whether the costs of
“the technology are proportionate to the environmental
benefits that are anticipated. to result ‘The Genzral
) Counsel went on to indicate that § 316(b) i3 different .
from § 316(a) in this respect. Hé noted § 316(a).
spec1f1es a biological standard which must be ach1eved
."a balanced 1ndlgenous populatlon »
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Central Hudson, Decision of the General Counsel #63 (1977)

Facts

The apblicant contended:

Effluent limitations must be established under 5.301
and § 316(a) before intake structure conditions under
§ 316(b) could be considered or developed

Section 316(b) is limited to new facilities because it
applies to "any standard established pursuant to § 301
or § 306..." (emphasis added), a term exclusively ap-
plicable to new source performance standards established
under § 306

Permit conditions under § 316(b) may not restrict the.
capacity of water intake structures to a rate less than
that necessary to achieve effluent 11m1tatlons under

§ 301 and § 316(a). :

" Conclusions

The General Counsel concluded:

Permit conditions may be imposed under § 316(b) in-
dependently of any proceeding to modify effluent limi-
tations under § 316(a), although the application of

§ 316(a) and § 316(b) should generally be coordinated -
to the fullest extent possible. Permit conditions may -

" be imposed under § 316(b) so long as there is a standard

promulgated pursuant to § 401 or § 406 which could be

napplied to the point source discharger.

. Section 316(b) applies to both new and exlsting facili-'

ties. The reference to "any standard” in § 316(b) 4
refers to the effluent limitations and standards prom-

"ulgated pursuant to both § 301 (which governs exiting

facilities) and § 306 (which governs new facilities)‘

Restrictions under. S 316(b) may be requ1red 1nd°pen-
dently of effluent limitations c¢stablished under
§§ 391, 224, 206, cor.316(a). Eowever, the cost of the

- modification required under § 316(b) must not be out

of proportion to- the env1ronmenta1 gains realized.



Relevant Discussion

e Whether Effluent Limitations Under § 301 and § 316(a)
Must Be Established Before § 316(b) Conditions Are
Considered

The General Counsel noted that effluent 11m1tat10ns
and guidelines are established pursuant to §§ 301,

. 304, and 306, and "The reference in § 316(b) to § 301
and § 306 clearly indicates that the application of
restrictions under § 316(b) is predicated only upon
the promulgation of generally applicable national ef-
fluent limitations and guidelines. Therefore, it is
not necessary to defer a § 316(b) decision until the
limitations in a NPDES permit are set pursuant to o
§ 402." He went on to note that "insofar as § 316(a) . .
and § 316(b) address different parts of the same problem
-- the environmental impacts associated with the with-
drawal and discharge of 'cooling water' -- it is desir-
able to implement conditions under § 316(a) and § 316(b)
in a unified proceeding where p0551b1e.

e 2application of § 316(b) to Existing Facilities

The General Counsel clearly,pointed'out that § 316(b).

" specifically refers to § 301 as well as § 306. Second,:

he concluded there is no indication in the legislative
history of the CWA nor in the Act's plain wording

which would preclude the application of § 316(b) to
existing sources. Finally, judicial decisions clearly -
indicate that § 316(b) "encompasses 'standards' under -
§ 301 as well as § 306." Thus, he concluded that § _
316(b) applies to both new and existing point sources.

_9' Consideration of Entrainment and Impingement under
§ 316(a) :

The General Counsel p01nted out that just because
"cooling water could be discharged at a temperature
which did not unduly disrupt the aquatic ecosystem
does not mean that the withdrawal of the cooling water
did not have an adverse environmental impact."” He went
on to conclude that Congress clearly intended that
both the impacts ¢f withdrawal cf water and discharge
of heated water be considered under § 316(a). 1In. )
ccnsidering & § 31é(a) application, EFPA, therefore, -
must take into account the impacts resulting from both
withdrawal of cooling water and the discharge of waste
heat. "For example,; a less stringent effluent limitation
might lead to the withdrawal of a greater volume of
coollng water and greater mortallty to entralned
.organlsms. L
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Section 316(b) Conditions Restricting Intake Capacity
to a Rate Less than Necessary to Achieve Effluent
Limitations Under § 301 and § 316(a)

The General Counsél indicated that intake capacity
(i.e., the volume of cooling water withdrawn) may be
reduced to a level whereby the power plant cannot,
without modification, achieve effluent limitations

under § 301 and § 316(a). Therefore, § 316(b) decisions
are not dependent upon. thermal effluent limitations
established under § 301 and § 316(a).

Burden of Persuasion and‘Economic Considerations under -
§ 316(a) and § 316(b)

The General Counsel concluded "Under § 316(a) the
applicant has the ultimate burden of persuasion, and
economic considerations are not appropriate. Under

§ 316(b) EPA has the ultimate burden of persua51on and
economic considerations are appropriate.” He went on

. to note Section 316(a) allows for an adverse environmen-
tal impact, provided that the impact does not 1nterfere

" with the protection and propagation of a balanced

" aguatic community. Under § 316(b) adverse impact must
be minimized, but the cost of the technology to do so
should not be "wholly disproportionate to the environ-~

" mental benefit to be gained."

In the Central Hudson opinion, the General Counsel noted

any cooling water intake technology may be imposed .

under § 316(b), despite a successful § 316(a) Demon-

stration, as long as the cost of the technology imposed

" was not "wholly disproportionate" to the environmental

gain anticipated. As a practical matter, however,

the General Counsel pointed out that it would be diffi-

- cult for EPA to show that an expen51ve technology

required under § 316(b) was not "wholly disproportionate” -

to the magnitude of the adverse environmental impact ‘

in those cases where the discharger had demonstrated

" compliance with § 316(a). This appears to be a strong

" basis for requiring § 316(a) and § 316(b) determinations

" are conducted in sequence. In addition, it also appears

~to be a strong argument for considering entrainment and

: implnqement impacts on balanced, 1ndlgenous populatlons
under § a‘G(a)., . :

The Seneral FL"nng noted that EPA, in its § ils(b)
determination, need not establish a prima facia case
(i.e., gather site specific data); however, "EPA...is
obligated to give clearly written notice of the factual
‘and legal determlnatlons which underlie the permit -
conditions at issue,” 1n order to allow the permittee

""8-34_»'



to comment on the proposed permit conditions. This
implies that once EPA has demonstrated a factual basis
for requiring a particular technology under § 316(b),
the burden of proof shifts to the utility to show that
less costly alternatives are preferrable or more
desirable.

4, In Re Central Hudson Gas, Decision of the General Counsel
75 (1979) -

Facts

The question presented to the General Counsel in this case
was whether EPA should consider the § 316(a) and related § 301 .
and § 304 issues in the context of the pending § 316(b) hearing,
or may EPA defer consideration of the § 316(a) and related -
§ 301 and § 304 issues until after a final decision was made
on the § 316(b) issues.

Conclusion

The General Counsel concluded that EPA could defer a hear-
ing or consideration of § 316(a) and related § 301 and § 304
issues until after a final decision was made on § 316(b) issues.

Relevant Discussion

This opinion clearly established that § 316(b) determina-
tions are to be made independently of § 301 or § 316(a) determ-
inations. There is, therefore, no legal basis for requiring
these issues to be jointly considered in one proceeding. The.
General Counsel, however, indicated it was desirable to imple-
ment conditions under § 316(a) and § 316(b) in a unified manner
and regulators have the discretion to determine for each 1ndi--'
- vidual case when § 316(a) issues should be deferred pendlng

" completion of a § 316(b) determination. The decision to:

defer may be due to time and/or resource constraints, or may
be. because the regulator believes closed-cycle cooling can be
sustainsd based solely on § 316(b) issues. These conclusions
are supperted by the General Counsel da2cision £53 discussed
above. T - o B
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MEMORANDUM

I

THE RECEIVING WATERBODY IS THE
MAN-MADE DISCHARGE CANAL

The Federal Water Pollution Control Act, commonly known as
the Cieén Water Act (CHA), deFines "mavigable waters'" as
"waters of the United States". As far as surface waters are
concerned, this pﬁrase includes all waters that Coﬁgr&ss is‘
'authoéized to regulate undér the "Commerce Ciausé" of the'A

United States Constitutioﬁ. United States v. Holland, 373 F,‘

Supp. 665 (D.C. Fla., 1974). Man-made canals that connect
‘with natural waterbodies are covered by the CQA. Weiszmann

v. Corps of Engineers, 526 F. 2d 1302 (Sth Cir., 1976); s:éf.

also Track 12, Inc. v. District Engineer. 618 F.Supp.448

| (D.C. Minn, 1985)[artiFicial'wetiands created by man-made .
" commection with a tidal wat?rway). E |
IH Holland, dchndants,.without a8 ﬁermit~under sectiqnxaoq
f;F_the-QHA, discharged dredged snd fill material into a man--
ﬁaae mosquito canal emptying iﬁta Papy's Bayou oﬁ the Qésﬁ
Cgaét of Florida. In éFFirming Corps jurisdiciion oyer'the_
_cénai,‘thé court di?ectly confronted the issue of whether .
értiéiﬁial}wafer; can Se “waters oF.che Uniied States“:
| The conclusion tHat Cﬁngress intendéﬁ to
reach water-bodies such as these canals
with the FWPCA is inescapable. The leg-

" islative history...manifests a clear in- -
tent to break from the limitations of the



o

.

~Rivers and Harbors Act to get at the
sources of pollution. Polluting canals
that empty intoc & Bayou arm of Tampa Bay
is clearly an activity that Congress
sought to regulate. The fact that these
canals were man-made makes no difference
... (emphasis supplxed)(373 F Supp 665,
at p.673).

blearly, the man-made discharge canal at the Oyster Creek
facility is '"waters of the United States'. It is also
"waters of the State'" under the New Jersey Water Pollutioﬁ“>
Control Act and its attendant regulations, which refer “
specifically to artificial waterbodies (NJSA S8:10A-3(t);
NJAC 7:14A-1.9). | -

Oefining the '"receiving waters'" in a Section 318’pro7_

ceeding was also an issue in the Seabrook matter. In Re

Public Service Co. of New Hamﬁshirc, 10 E.R.C. 1257 (1977).

There, the EPA Administratcr re jected the company's argument .
‘that the . recexvxng waters should be broadly defined:

One of the underlying questions to be
considered in making the decision in this
case was what should be considered as the
receiving waters. The Hampton-Seabrook area
is part of the Gulf of Maine, a much larger
body of water, which in turn is part of the
Atlantic Ocean. Obviously an impact which
created an imbalasnce in the local indigenous
peoulations might not be felt in the Gulf . =
of Maine or the Atlantic Ocean. Put another
way, if the Atlantic Ocean (or a part of it
as large as the Gulf of Maine) is to be

- considered as the receiving water, then
Section 316 might be a dead letter as to
coastal power plants because plants of a
size lxkely to be built probably would not

- have an’ eFFect on such an enormous body of
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water. Therefore I think that in order to

. give effect to Section 316 it is necessary
.to look at a smaller’ portion of the coastal
waters where human use or enjoyment of the
marine resource may be affected. The portion
chosen is necessarily arbitrary to some ex-
tent where, as in this case, there are no
cbvious physzcal boundaries. (emphasis supplxed)
(10 E.R.C. 1257, at page l126S).

In the present situastion, the discharge canal possesses physical

boundaries and should thus be designated as the receiving

water. Under the Holland rule, it makes no difference if the

- camal is unavailable for public recreational use.

The New Jersey Oepartment of Environmental Protecﬁidn_(NJDE?)'
has.consistently rejected attempts to ignore tributaries ig
order to cénsider larger waterbodies aé receiving wateﬁé. Two
examples of NJDSP'B positibn oa this matter are Morses C;eek

(Essex County) and Cuckel's Brook (Somerset County).

II

NJDEP SHOULD SET EFFLUENT LIMITATIONS
BASED ON BATEA FOR THE OYSTER CREEK
- NUCLEAR GENERATING STATION -

" EPA's 1974 eFFlucnt’iiﬁitation_regulétions For existing
steam-electric power plahts,'based'qh_eesﬁ'Available Technolegy

. Economically Achievable (BAfEA), were struck down in*&ppéla:hian

Power v. Train. 545 F.2d 1351 (4th Cir., 1976). Since EPA has

" not prouhulgated substitbtg'eFFlpcnt iihitatiép regulations,

effluent limitations in NJPDES permits For individual existing

- e e e



In

plants must be based on Best P;oFessional.Judgment [B?J).
The EPA General Counsel has concluded that BPJ for existing
steam-electric power plants must eonsidér those factors listed
in Section 304 (b)(2)(B) of the.CHA and apply them on a
case-by-case basis (see e.g., OGC #63). These factors are
the plant's age, the process‘employed, eng;neeqing aspéété
of applying alternate control technologies, procesé changes,
costs of achieving the reduction in heat discharges, and
‘nonwater quality envitonmentalﬁimbact (inﬁluding énergy
.requirgments). | |
At this point, a dgtermihation can be made aonp‘whetheE 7
" a cooling tower would be “economically achievable" by JCPSL;
-However; no balance betweén control costs and water quality
benefits is reduired under Section 304 (b)(Z)(Bj. stt is.-
only one factor to be consideﬁed in settihg BATEA.'IF a
éooling.tower is an.alterﬁgtiveg aesthctiésgAnoise; otth '
nonwater qualiéy impacts,'agd energy requifeméhts;sﬁould |
also be taken.intd accoﬁnt.*'ip | . | |
BATEA must First:be estébliéhed:ig order to acfivafg
section 316(3),-or'c1§e;i; érder to'égtablish morre stringent
Qater quality-based eFFiqéﬁﬁ limitationé-whiqh would also
activétg'éection 318(5). in4éeébrcokt,tﬁg Agministrafor'

'concludéd that'uniqug cifcgmsténces merited skibping the
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step of evaluating BATEA factors and moving directly to the
316(a) proceeding. Those unique circumstances were that the
Fourth'Circuit's Apéalachian Power decision had come down

. e’ :
after the adjudicatory hearing‘the discharge permit for the

Seabrook facility. This ruling was probably incorrect, but
it was harmless since the 316(a) request was granted. In
the ordinary situation, BATEA-based effluent limitations
. must be set before the éommeqcement of a 316ta) proceedlng} .
.IF a cooling tower is not found to be BATEA, the 316(a) pro;
ceeding will, in-all likclihodd! be unnecessary.

Moreover, 1f a cooling to@er is not found toAbe BATEA,”
" but is required anyway in order to meet épplicablc water
quality standards, JCPEL may invoke NJSA S58:10A-8. This |
| provision allows a discharger subject to water quality-bésed
'neFFluent limitations requiring installation of '"better than’
BATEA" to secure é mpHiFicatioh b?‘the'water quality-bagéd}
effluent limitations.by éhowiné that-"there is rmo réaspnéble'
relationship between the economic and social costs of compliance
ana the benefits ta be obtainmed". This section was draFéed ' |
before the pronulgation of fedérél regulatiohs ncw cédiFiéd
at 40 CFA 13i, and it-is:a;gupSIe that Sec;ion:SB:lOA-B.éaé'
been preempted by 40 CFR sec. 131.10(g). It wili also be
seen that both Section SB;le-B éndAdo CFR sec. 131.1b(g).

have probably been preempted Sy Section 316(a) where heat



dischargers are concerned. Nevertheless, these questions will
be academic if a cooling tower is designated as BATEA because
both Section S8:10A-8 and 40 CFR sec. 131(g)(6) apply only

to - ""better than BATEA" situations.

III

. SECTION 316(=a) 1IS THE EXCLUSIVE MEANS
OF MODIFYING THERMAL WATER QUALITY
STANODARDS OR EFFLUENT LIMITATIONS,

Under Section 303(g) of thé‘CHA and comparable state law,
“"water quality standards relating to heat shall be con-

sistent with the requirements of Section 316 of this Act";

- .This provision is clear on its Féce; a "balanced,'indigenous

' pqpulation",is the "bottom line" of acceptable water-qua;i£y~
under tﬁe CWA. In his remarks supporting the Conference e
 _.Commitceq Report on the Clesan Héteﬁ Act Ameadments of 197?{
ngresentative Roberts discussed the relationships.between.
Séétioa.Bls(a) and state water quality standards:

This act i not intended to change the reg-
ulation of thermal discharges. In addition, the
conferees must disagree with the interpretation
of Section 316(a) expressed by the Senate Com-
mittee on Environment and Public Works...that
Section 316(a) of the existing law does not
preemrgr State thermal water guality standards.
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In adopting Section 316(a) as part of the 1972
amendments to the Federal Water Pollution Control
Act, we clearly intended that the section apply

to thermal limitations based on State water
quality standards as well as technology-based
effluent limitations. Therefbre, this committee
cannot agree with the present interpretation
expressed in the Senate report....We spechically
note that EPA correctly interpreted

the original intent of the effect of Section
316(a) on State water quality standards,...

that Secticn 316(a) operates to affect effluent
limitations based on water quality standards =
relating to heat....The purpose of Section 316[5)--
to provide for site-specific analyses of the :
impact of thermal dxscharges--appl;es to effluent -
limitations based on water quality standards, as
well as to technology-based effluent limitations,
In addition, Section 303(g), which provides '
that water quality standards related to heat

must be consistent with Section 316 oF the act,
reinforces the intention that the "balanced, .
indigenous population” standard of Section 316'

be the guiding principle in evaluating thermal-
discharges. This interpretation tends to avoid
unnecessary capital expenditure, and thus need-
less higher costs to the consumer, while as-
suring adequate protection of the aquatic
environment. (emphasis supplied)(Congressional .
Research Service, A Legislative History of the
Federal Water Pollution Control Act Amendments’.
of 1977, pp.365-366). '

Tﬁus;.dd CFR sec.131.10(g)(removing designated usesj haé-Séen‘:
préeqced.by Sgction.§16(a)?wﬁe6e heat is ;oncerned. EFA'Fg-
:‘cognizés that pro:eétihg a Balanced indigenous populatioq-'

'; "tb* mxnxmum rcqu¢rem°ht for stanuﬁ*dr relezti ng to té%;

A -

perature". (EPA ﬁegxonal Counsel Opxnlon, Hegxonal VI, iééqu
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March 4, 18977).

"IV

JCP&LL. CANNOT RAISE ECDNDHiC FACTORS

OUTSIDE OF THE BATEA DETERMINATION
It is well-settled that economic consideratiens are in-
A appropriate in Section 316(a) proceedings. And since Section. -
.316(a) preempts removal of designated uses, consideration oF1
economic factors in water quel ity standards removal pro-
ceedings is irrelevant to this situation.

However, assuming for ;he sake of arguﬁent that revision

or removal of thermal water quality standards independent of
Section 316(ma) might still be a vieble alternative, JCPEL's

opportunxtxes to present cconomic data in those proceedings

"would be quite limited. Econqmics may be considered in setting"

a designated use, but the use.must be set 8t Fishable/skimmeﬁle:

‘unless removed according to_aO‘CFH,sec.lBI;lo(g). Mississippi

v. Costle, 525' £.2¢ 1269 (Sth Cir., 1980). Thus, revisions
and removals for economic reaseqé are barred unless "(clon-
trols more strinéent'thannthose required by'éections 501(b)
A ard 305...would result in substantial and wxdespread econom;c

and social impact'. (40 CFA sec. 131(9)(6) If a coolxng tower




is designated as BATEA, economics sare ifrelevan; to revision
removal proceedings. On the othér hand, if a cooling tower
is not economically achievable, the designated use can only
be removed if trequiring aicooiing tower will cause ''substantial
and widespread economic and ;ocial impact".»Tgié once‘agaiﬁ
emphasizes the importance of Eqrﬁaliy establishing BATEA-
based effluent limitations here. Oesignating a cooling tower
‘as BATEA wili obviate both NJSA SB:lOA-B_and'dl CFA sec.131.10
(g)(6), or only the latter if ;t has preemted fHe former, B
This Memorandum does not addrcss-tﬁe following issues
relating to setting BATEA-based effluent limitations:1)whether
NJOEP has already fulfilled th;s responsibility in the proééss

of issuihg the NJPDES permit for the Oyster Creek facility; .

and 2)if not, whether NJOEP should establish such an effluent

limitatioﬁ'by rule or thrbggﬁ reissuance of the permit.
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APPENDIX D. SUMMARY AND EVALUATION OF
§ 316 EVALUATION CRITERIA

The purpose of this appendix is to summarize the information
presented in the litigation review to establish the burden of
proof, standard of proof, the degree of acceptable harm, envi-
ronmental factors to be considered, and cost-benefit consid-
erations under § 316(a) and § 316(b) of the CWA. 1Inconsistencies
between the various decisions are also discussed as are general
principles of administrative law when such principles are
relevant and assist in the resolution of conflicts among the
decisions reviewed. Discussion pertaining to § 316(a) and
§ 316(b) are presented separately and the interrelationship
between § 316(a) and § 316(b) is discussed at the end of the
chapter.

A. SECTION 316(a)

Burden of Proof

It is clearly established from the litigation review that
the burden of establishing entitlement to a § 316(a) variance .
lies with the applicant (i.e., the owner/operator of the facil-"
ity). First, the language of § 316(a) requires the owner or
operator to ”demonstrate to the satisfaction of the Adm1n1strator
(or, if appropriate, the State)" that thermal limitations are
overly stringent. Second, the federal Administrative Procedure
Act (APA) provides that in federal rule-making and adjudicatory
proceedings "the proponent of a rule or order has the burden
of proof" (5 U.S.C. § 556(d)]. The burden of proof has been
uniformly applled in the § 316(a) decisions discussed in
Appendlx B and is addressed by General Counsel Opinion #63.

Summary Statement: The burden of proof is on the applidént_.
under § 316(a). ' -

Stancard of Proof:

. The standard of proof involves determination of how much .
evidence is required to support an administrative decision.
The federal APA requires that a rule of order may not be issued.
"except on consideration of. the whole record or those parts
thereof cited by a party and supported by and in accordance
. with reliable, probative, and substantial ev1dence [5 U.S5.C.
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~ § 556(d)]. The APA also provides that in reviewing an adminis-
trative action federal courts shall determine whether the ac-

tion is "supported by substantial evidence" [5 U.S.C. § 706(2)(E)].

Court cases define "substantial evidence " as that which a
- reasonable mind would accept as sufficient to support a par-
ticular conclusion.

In the Anclote Plant decision, the § 316(a) variance was

denied in part because of the utility's failure to provide

"complete and scientifically reliable data". In Virginia
Electrlc v. Costle, the court held that the agency must provide

"some basis"™ for appellate review.  In In Re Public Service Co.
of New Hampshire, the Administrator held that the applicant
must provide sufficient evidence for a "reasoned decision". It
has also been held that the applicant must provide the "best
information reasonably available"” which "ideally" should allow
the determination of impacts "with some degree of confidence."
Expensive studies that result in little additional information
are not required. Applicants should provide more than just
data. The information made available should be presented in an
" interpretable, comprehensive, narrative summary. In the Wabash
River and Cayuga generating stations decision the Administrator
required evaluation of worst case cond1t10ns as a part of the
measures of variation.

Summary Statement: Applicants must supply the best infor-
mation reasonably available that allows a regulator to reach a
reasoned decision. This information should allow the determi-
nation to be made with a reasonable degree of confidence and
should include consideration of worst case conditions. Expen-
sive studies that result in little additional information should
not be required. A § 316(a) variance may be denied because an
applicant failed to provide complete and scientifically reliable-
information. A § 316(a) variance may not be granted on the
" absence of evidence that there is an impact.. Affirmative
evidence demonstrating no impact is required.

Deqgree of Acceptable Harm

Adverse impaét is acceptable under § 316(a) as long as theA“‘

impacts allowed "assure the protection and propagation" of
balanced, indigenous populations. EPA's § 316(a) regulations
allow existing discharges to satisfy the statute by demcnstrating
_ no "appreciable harm" to the receiving water body [40 C.F.R.

'§ 125.73(c)i. This is accomplished on a case-by-case basis.

The cases summarized in this Appendix B approach this issue
in a variety of ways and indicate that varylng levels of adverse
impact are acceptable. In the Indian River Plant and Cape
Canaveral Plant decisions, EPA found adverse impacts to be
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"significant" but that the balanced indigenous population was
not "endangered". This conclusion seems inconsistent with the
requirement to "assure the protection” of balanced, indigenous
populations. Other decisions have applied more stringent
definitions of "appreciable harm." The Wabash River and Cayuga
Generating Stations decision found a "minimal reduction"™ in
populations to be acceptable but held that "appreciable" changes
in regional populations would be unacceptable. Slmllarly, in
the Anclote Plant decision, the variance was denied because of
"significant effects" to important biological populations. In
the Brunswick Steam Plant case, EPA held that "significant
harm" that occurred to the environment warranted a reduction
in intake flows. 1In all cases evaluations of appreciable harm
have been made by considering the long-term consequences of
the impacts identified. -

‘Summary Statement: Some impact is acceptable under
§ 316(a); however, that impact should not result in appreciable
harm to biota characteristic of the receiving water body over
the long term.

Environmental Factors to be Considered

An applicant may satisfy § 316(a) by: (1) showing the
absence of prior appreciable harm; (2). showing_that RIS.are
protected; or (3) submitting other biological and engineering
data. Thus, there is more than one way to demonstrate compllance
with § 316(a).

The' decisions summarized in the previous sections offer a
varlety of factors to be considered in making a § 316(a) determ-
ination, including:

e Adverse effects on those elements of the aquatlc eco-‘
- system necessary to support a balanced populat1on

e Impact on Representative;Important Spec1es
e Effects of impingenentuand entrainnent'
’; Indirect:effects | 4“ | - _
. Background stressesAand_nature of the receiuing‘waters
. WC” t case c‘ndltzonu' | | | | =

fo Increase or decrease 1n threatened or endangered spec1es
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¢ Change in the overall composition of aquatic populations

® Adverse effects of wiﬁhdrawal of greater volumes
of cooling water

® The degree of certainty as to the nature and magnitude
of 1mpacts including reasonable measures of variation.

The Brunsw1ck Steam Plant decision held that § 316(a)
requires consideration of all adversely affected fish popula-
tions and any elements of the aquatic ecosystem necessary to
support a balanced population. However, in In Re Public Service
Co. of New Hampshire, the Administrator held that it: may not
be necessary to provide data on all species if the species
that were studied provided sufficient information on species
and ecosystem components not studied to make a decision. These
two decisions are not contradictory, but rather indicate that
selection of target species should be done in a manner that
assures they are representative of the system as a whole.

All decisions reviewed requ1red that § 316(a) studles .
consider the effects of entrainment and 1mpingement. The degree -
of acceptable harm from entrainment and impingement was, however,
not clearly defined. Some of the decisions suggested that ‘
1mp1ngement and entrainment be considered as a background stress '
in the context of which the impact of the. thermal discharge
is assessed. - Other decisions suggest that impingement and
entrainment impacts may themselves be the basis for denying a
§ 316(a) application. 1In addition’, the decision in Pilgrim
Power Plant held that indirect effects of thermal effluent
~(e.g., increases in predator species, cold shock, gas bubble-’
disease) and background stresses must be considered. In
addition, in the Wabash River and Cayuga Generating Stations
decision the Administrator requlred consideration of "worst
case" conditions. ‘

The capacity of receiving waters to assimilate pollution
may be considered under § 316(a) (see Weyerhaeuser v. Costle). .
. This reflects the tolerance of § 316(a) to allow adverse impacts
~ which do not 1nterfere with balanced, indigenous populations.
. A § 316(a) variance, however, may not be granted on the basis
" that receiving waters are already polluted (A palach1an Power
. v. Train).

Summary Statement: A broad range of environmental factors

. must be considered under § 316(a) including entrainment, impinge-
ment, inciract effects, worst case conditions, and the degree

" of uncertainty as to the nature of impacts. It is not necessary
. to study all species or aquatic populations as a whole as long
as the species selected: for study are representatlve of those

- not studled.
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Cost-Benefit Considerations

The General Counsel Opinion #63 states that economic con-
siderations are not appropriate under § 316(a). This is con-
sistent with the Wabash River and Cayuga Generatlng Stations
decision which holds that consideration of economic factors
is appropriate only in establishing "original thermal limita-
tions" and not in determining whether a variance should be
granted under § 316(a)...

Summary Statement: Alternate effluent limitations that

_ assure the protection and propagation of balanced indigenous
populations should be established under § 316(a). The cost of
'meetlng alternate effluent limitations 1s a secondary consider-
ation.

B. SECTION 316(b)

Burden of Proof

The burden of proof under § 316(b) is discussed only in
the Office of General Counsel Opinion #63. That opinion holds
that "EPA has the ultimate burden of- persuasion." The burden
under § 316(b) is different from the burden under § 316(a) be-
cause § 316(b) involves "standards" adopted pursuant to § 301 .
and § 306 of CWA. Because EPA is responsible for adopting the
standards, EPA is the proponent of a rule. Once EPA has
established the "best technology available" for a particular
facilty/situation based upon the regulatory record, the operator
of the facility has the burden of going forward if it wishes to .
utilize some other technology (e.g., one that is less expensive).
. In other words, if there is a reasonable basis for the regula-
tor's position, the operator/owner has the burden of demon-
strating that the existing technology or a more cost-effective L
alternative is as or more appropriate. Therefore, in order to
overcome a regulator s pos1tion, the applicant must show that
the regulator's position is not based on a "reasoned decision."

5ummary Statement: The 1n1t1a1 burden of proof under
§ 316(b) is on the regulator; however, once the regulator has
developed a positlon under § 316(b) and provided the technical.
basics for that position, the owner/operator must accept the
regulstor’'s pesition or show that the esisting technology or a
more cost~effective alternative 1s more appzoprlate for m1n1m1-
z1ng env1ronmenta1 1mpact.
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Standard of Proof

The Office of General Counsel Opinion £63, states that EPA
must provide "clear written notice of the factual and legal
determinations” which provide the basis for discharge permit
conditios. The discharge permit conditions must have a reason-
able basis, and must be supported by the record.

Sunmary Statement: The regulator, under § 316(b) is

required to establish the record with respect to permit conditions
- and their reasonableness.

- Degree of Acceptable Harm

Section 316(b) requires the use of the "best technology
available"™ for "minimizing adverse" environmental impacts. It
does not require elimination of harm. Section 316(b) does not
specify the amount of harm which must be avoided, but harm must
be minimized to the extent possible without imposing costs
wholly disproportionate to the environmental benefits. Adjudi-
cated proceedings suggest harm should be measured in the context
of “the species population in the area of impact” and should be
measured in terms of absolute damage and percent damage. The
degree of acceptable harm should also include consideration of
short- and long-term impacts. Minimization of harm may be
achieved by means other than alterations to intake structures.
Changes in operational modes were required for the Anclote
Plant and seasonal outages were evaluted as a part of the
Hudson River Settlement Agreement. Within the context of
negotiated settlements, stocking programs have been required in
the John Sevier Steam Plant decision and the Hudson River
Settlement Agreement. :

Surnimary Statement: The objective of § 316(b) is minimiza-
tion, not elimination, of impact.

Environmental Factors to be Considered

Section 316(b) determinations are made on a case-by-case
basis and the factors listed below have been applied to various
degrees in the decisions discussed in Appendix B. These Eactors
are included as guidelines, not mAandates.

¢ Whether the locatibn, design, construction, and capacity
of the intake structures minimize adverse environmental
impacts
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t . ’

& Generhl environmental effects of cooling towers (fogging,
icing, noise, salt deposition, and aesthetics) or other
alternative cooling technologies that might be required
to accommodate a reduction in intake capacity

e Effects of entrainment and impingement including:

~- Decrease in abundance of threatened or endangered
species

~- Increase in abundance of indigenous species
-~ Decrease in abundance of indigenous species

-- Damage to critical aquatic organisms in the food
chain :

-~ Change in population composition

-~ Decrease in abundance of commercial or sport
fish

» Temporal and spatial distribution of species
¢ Fish %wimming capabilities

e Intake location with respect to spat1a1 and temporal
distribution of aquatic species

¢ Location of spawning areas in relation to the intake
structures :

e Ability of aquatic community to absorb the additional
mortality caused by the intake structures

e The degree of certainty as to the nature and magnitude
of measured or predicted impacts

s Dams and pools associated with intake structures.

It should be noted that because § 316(b) uses the term
"cooling water intake structure", it does not authorize the
imposition of a specific closed-cycle technology, such as cool-
ing towers. However, § 316(b) authorizes limitations on the
withdrawal of cooling water, the practical effect of which
may be to reguire a closed-cycle system. Section 316(b) deter-
minations &re not degendsnt upon thermnal limitacions imposed
under § 301 or § 316(a). An operator may be required to monitor
intake - structures through an NPDES permit condition.
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_ Summary Statement: All factors that affect the probability
of entrainment or impingement are appropriate for consideration
under § 316(b) because it is through reductions in entrainment -
and impingement that the impacts of intake structures are
minimized.-

Cost/Benefit Considerations

: The decision in In Re Public Service Co. of New Hampshire
states that "best technology available" means "best technology

commercially available at an economically practicable cost." ,

"Several decisions held that the costs of the "best technology"

: _available" should not be out of proportion to environmental

gains that result. EPA recommended closed-cycle systems be

" required at Hudson River facilities after finding that the

"cost to consumers was not an "impracticable or unbearable"
burden. Cost-benefit considerations are, therefore, appropri-
ate under § 316(b). This does not mean, however, that a formal
- cost-benefit analysis is required. The cost of the § 316(b)
technology which may be regquired is not limited to the dollar
value of environmental benefits which can be shown to result
‘ from appllcatlon of that technology. ~

Summary Statement: The proponent of an intake technology,
must demonstrate that the costs for that technology are not. .
wholly disproportionate to the environmental benefits that are . .
anticipated to result. A formal cost-benefit ana1y51s is,
. however, not required because the environmental gains need not
-~ be quantified monetarily. or equated to the costs on a dollar-f
for-dollar basis. : ‘

C. INTERRELATIONSHIP BETWEEN § 316(a) AND'S 316(b)

. Section 316(a) of CWA requires a compliance determination
. to assure that power plant operations do not adversely impact. '
“balanced, indigenous populations of shellfish, fish, and other.
'wildlife in or on receiving water bodies. Entrainment and
impingement impacts as well as discharge effects must be con-
sidered as a part of this compliance determination. Section:
316(b) of CWA reguires that. entrainment and impingement impacts

must be minimized by installation of the best available technology
!BAT) for 1ntake structures or modifications in plant operation
practives. Under '§ 31€:!F) ccooling water intake capacity may be
restricted to levels lower than necessary to assure protectlon
-and propagation of balanced indigenous populations in receiving
waters, so long as the resulting costs are not wholly dispro-
portionate to the environmental benefits. The lntake technology
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requ1red under 316(b) is the available technology that reduces
plant impacts to the greatest possible degree where cost is not
wholly disproportionate to ecological benefit.

Since the cooling water intake structure and capacity may
affect the plant's ability to achieve thermal effluent limita-
tions set under § 316(a), and vice versa, Section 316(a) and
316(b) determinations should be resolved on a consolldated
basis whenever possible.

D. CONCLUSION

A review of the litigated decisions, administrative de-
cisions, and Office of General Counsel opinions has resulted in
. the identification of a substantial number of decision-making
- criteria which can be applied to the § 316 Demonstration for

"the Oyster Creek NGS. The review has also identified principles
of administrative law which guide the dec151on-mak1ng process.

- -0f all these crlterla, the single most 1mportant one for the

"decision-maker is the "substantial evidence" standard. Aas long.

as the § 316(a) determination is based upon substant1a1 ev1denceg

it is approprlate and should be upheld.
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APPENDIX E. SECTION 316 EVALUATION CRITERIA FROM SOURCES
, OTHER THAN LITIGATED DECISIONS

This appendix summarizes the results of a review of state -
and federal regulations, guidance manuals, and other documents
to identify evaluation criteria, decision points, and procedures
for making § 316(a) and § 316(b) determinations. This informa-~
tion was integrated with that contained in Appendix D to- develop
an evaluation methodology for determining the technical adequacy
of the Oyster Creek 316 Demonstration and to determine the
significance and consequences of plant operation on receiving
waters. Most state regulations and/or water quality standards
include criteria limiting the extent of thermal discharges
(i.e., define an allowable thermal mixing zone). Only a few
(e.g., Maryland and Michigan) contain criteria or procedures
for determlnlng the consequences of plant effects (i.e., 1mpacts)
. upon receiving waters. The evaluation criterla, decision-
points, and review procedures provided in federal gu1de11nes,
manuals, and development documents, particularly EPA's § 316(a)"
and § 316(b) guidance manuals are generally used when maklng §
..316 dec151ons. »

A. SECTION 316(a)

‘Evaluation Criteria for § 316(a)

_ The evaluation criteria suggested by state and federal "
documents for use when making regulatory decisions pertaining

.to § 316(a) of the CWA are listed below. Specific references

for these criteria include U.S. Environmental Protection '
agency (1977a), U.S. Fish and Wildlife Service (1978), Maryland o
Department of Health and Mental Hygiene (1981), and Michigan
Water Resources Commission (1975). These criteria require the

' owner/operator of the fac111ty to demonstrate thatf

& A shift toward nuisance phytoplankton or other nu1sance
" biota has not or is not 11kely to occur-

‘.‘ . The discharge has nct altered the food web of the
' 1nd1genous commun ty ' .

. Apprec1ab1e harm has not occurred to the balanced,

indigenous populatlons compos1ng the phytoplankton
communlty S . _ :



Plant impacts on zooplankton and meroplankton do not
result in appreciable harm to fish populations

The heated discharge has not altered the standing crop
or relative abundance of natural zooplankton and mero-
plankton populations relative to levels typical of
natural populations in the receiving water body

The thermal plume is not a lethal barrier to drifting
organisms

The heated discharge does not result in any deteriora-
tion of species that form habitats necessary for persis-
tence of balanced, indigenous populations, including:
wetlands, submerged aquatic vegetation, macroalgae,
shellfish, corals, and sponges

The heated discharge does not have adverse 1mpact
upon threatened or endangered species

No decline in the shellfish or macroinvertebrate
standing crop that would affect higher trophic levels
has occurred .

No impact has occurred upon'economically 1mportant
shellfish and macroinvertebrates on their spawnlng and
nursery grounds

No harm to fish results from cold shock or excess
heat :

No reduction in the growth or reproductive success'of
fish or she11f1sh occurs as a- result of thermal dis-
charges ‘

No blockage to fish migration ‘ocecurs

Fish are not excluded from an exce551ve1y largeA
area. : : : s

. Adverse impact has not occurred to commercial or recre-
'atlonal f1sher1es ~

_ Adverse impact has not occurred on LlSh spawnlng or
nursery activities : :

CCtnur +ildlife G¢ rot suffer appreciable sarm from
thermal olscharges. '

No adverse harm was found to benef1c1a1 uses of the
rece1v1ng water body



e No adverse harm occurs to the life cycle of a RIS

e No significant change in the biological productivity
of the receiving water body has occurred.

The decision criteria listed above appear to overstate the
- applicable standards under § 316(a), especially in cases where
. they imply no impact is allowed. Section 316(a) clearly allows
impacts as long as they do not affect the maintenance or propaga--
tion of balanced, indigenous populations.. Otherwise, these

- criteria appear to be in reasonable agreement with the legal

precedents discussed in Appendix D.

- Evidence Necessary Under § 316(a)

All of the .guidence documents reviewed indicate that the
information necessary to support a § 316(a) decision should:

. Represent a logical extension of the available 1nformatlon
and be scientifically defendable

. ¢ When models are used they should be completely documented ,,_Tf

and sensitivity analyses should be provided.

In the Interagency § 316(a) Technical Guidance Manual
(U.S. Environmental Protection Agency 1977a) a statement—is .

L made that a demonstration will be deemed successful if there

is "no convincing evidence that there will be damage to the |
balanced, indigenous community." This statement is erroneous:

. because it would allow a § 316(a) variance without affirmative

evidence that the population.will not be harmed. As noted

.. earlier, the Administrative Procedure Act requires "substantial -

_evidence" in adjudicatory proceedings. A variance may not be
- predicated upon the absence of evidence. : .

B, SECTION 316(b)-

Evaluation criteria for § 316(b) decisions are poorly de-
"fined in state and federal regulations and guidance documents.
_The lack of specific evaluation criteria for making § 316(b) -
- decisions is probably a result of the fact that no regula- -
tions for § 316(b) have been promulgated by EPA. 1In addition,
§ 316(p) has been interpreted to mean the monetary cost cf..
alternate intake ccntrol technologies must not be whelly dis- _
proportionate to anticipated environmental gains. - Making this .
determination does not, however, requlre quantification of. the
monetary value of env1ronmenta1 .gains, as long-as the nature of
. the ‘anticipated benefit is. clearly described. To date,'no '
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state or federal agency has developed a valuation scheme for
lost resources that is applicable to all potent1a1 power plant
sites and is acceptable to all concerned parties (e.g.,
scientists, concerned public, natural resource managers,
fisheries biologists, economists, industrialists, etc). Because
no specific evaluation criteria or quantitative end points
exists for § 316(b) decisions, the types of information state
and federal agencies, particularly EPA, suggest should be
considered in a § 316(b) determination are listed below.
Specific references for these criteria include Environmental
Protection Agency (1976, 1977b), U.S. Fish and Wildlife Service
(1978), Maryland Department of Health and Mental Hygiene (1981),
and Michigan Water Resources Commission (1975).

Section § 316(b) determinations should consider:
A detailed description of site characteristics

(e.g., a description of the physical and chemical
characteristics of the receiving water body), climate,

other pollution sources in or on the water body, cooling."'

water intake structures (e.g., water velocity at intake -
screens), pumps (e.g., rated capacity), biocides (e.g.,
types and amounts used), thermal exposure (e.g.,
" magnitude and variability of the AT), engineering
. characteristics of internal plant structures (e.g,
composition and size of condenser tubes), and plant
operational data (e.g., age and expected facility life)’

? GeneralAlnformatzon on the biological character- :

istics of the receiving water body, 1nc1ud1ng a deter-.
mination of:

- The biological value of the zone of influence -

=~ The location of spawn1ng/breed1ng grounds, nlgratcry
. pathways, and nursery and feeding habitats as they
- relate to the location of intake structures A ’

f_;; Abundance levels of 1mportant blota

== Critical 11fe-cyc1e functlons characterlstlc of
the area

e 'Quantitative estimates of the env1ronmenta1
. damage based on a number of years of data, 1nc1ud1ng
‘'determination of the magnltude of - losses.. Loss esti- .
,matts should include:. . : ' : -

-- The numbers of economlcally 1mportant blota, critical =
biota, and endangered species entrained and 1mp1nged
under current and alternate technologles'



c.

-- The change in percent damage to populations of
economically 1mportant biota, critical organisms,
and endangered species resulting from reduction
in entrainment and impingement.

An assessment of the benefits of reducing indirect
effects of entrainment and impingement 1osses to higher
trophic levels

The rationale and justification for the sampling design
and assessment methodologles, including a characteriza-

‘tion of the degree of variation and a list of analy51s

assumptions

Projections of long-range environmental beneflts due
to the minimization of adverse environmental 1mpact.
This long-range assessment should include:

-- A determination of source water involvement

-- Estimates of the probability of entrainment

—- Estimates of the damage to populatlons of economlcally"

'1mportant blota, critical organisms, and endangered
species :

-=- Determination of community level response patterns.

Engineering and other information on the ability .

to reduce losses through changes in plant operating prac-
tices, intake flows and/or modlflcatlons to 1ntake struc-
tures. 4 .

STEPS IN IMPLEMENTING A SUCCESSFUL § 316 DEMONSTRATION

, Several federal and state guidance manuals (e.g., U.S.
Fish and Wildlife Service 1978; Environmental Protection Agency.
" 1977a, 1977b; Michigan Water Resources Commission 1975) detail .

| - the steps required for completion of a successful § 316 Demon-

stration (e.g., the granting of an NPDES permit). ‘Based on:
“"this information and our experience with the review of § 316"

Denonstration documents, we have llsted the major steps 1n_
'the process below: : :

IGentify nejor ﬁndes of power plant 1mpacts Desed on
51te and plant characterlstlcs :

Determlne ‘the potentlal fer long- term 1mpacts assoc1ated
with each mode of 1mpact ' : : .



Develop evaluation criteria and decision points to be
used for the asscessment

Select and justify assessment methods

Design and propose studies including definition of
,objectlves, rationale, justification for study methods,
and estimation of the probability of measuring change
(i.e., power analyses) _

Have study designs and proposed analysis methods re-'
viewed by appropriate state and federal regulatory and
resource management agenc1es

Modlfy study des1gns and proposed ana1y51s methods
based upon the comments from the review

. Conduct studies and provide state and federal regule-
tory and resource management agencies with status -
‘reports and results of interim findings :

Prepare a narratlve, 1nterpret1ve § 316 Demonstratlon
. document(s) that: : _

" -~ Contain detailed.study descriptions .
-- Summarize data including estimates of variation .
' - Characterize data '
- == Measure impacts and identify their causes
-- Determine precision of impact estimates
.--“Predict the long-term consequences of impacts
-f.Identlfy modifications to intake structures or oper-.
' ating practices that m1n1mlze adverse effects and
reduce impacts ' S
-— Determine and contrast the dollar costs (capital,
operational, and other) and environmental benefits
"associated wlth each fea51b1e mltlgatlve alternat1ve
- Identlfy intake control technolog1es that have
- 3dollar costs that are not disproportionate with-
Lhe associated env1rozmenta‘ gains likely to be
" realized - - : :
-- Select the "bést'techholbgy available" for"reduc1ng

"adverse 1mpacts of intake structure and present the
rat1ona1e and Justlflcatlon for this. selectlon

. E-8



- Prepare a summary that lists the selected evaluation
criteria-and decision points, determines compliance
with each criterion, explains Judgenents used for
the compliance determination, lists major impacts
and their long-term consequences, identifies mitiga-
tion alternatives for reducing impacts that have
costs that are not disproportionate with environmen=
tal gains, and recommends alternative effluent.
limitations that assure the protection of the re-
ceiving water body

® Request an operating permit after subm1tt1ng the above
documentary support.
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APPENDIX F. RELATIONSHIP BETWEEN § 316 AND
ESTABLISHMENT OF WATER QUALITY STANDARDS

A. BACKGROUND INFORMATION

GPUN and JCP&L, operator/owner of the Oyster Creek NGS
plant, have requested on numerous occasions over the past
several decades that NJDEP evaluate the potential for modifying
temperature water quality standards and designated uses in
. Oyster Creek independent of and prior to any action NJDEP may

"take in making a § 316(a) decision for the Oyster Creek NGS.

The utility has stated that the basis for its request is that
economic factors may be considered in a proceeding on modifica- -
tion of thermal water quality standards and designated uses -
for Oyster Creek, whereas economic factors are not a consider-
ation during the § 316(a) decision~-making process. The utility's"
legal staff believes § 316(a) decisions must be based exclusively
on biological considerations. It thus appears that GPUN/JCP&L
believe that they have a better chance of obtaining approval
of once-through cooling system at the Oyster Creek NGS through
procedures detailed under § 303(c) of the CWA, that establish
and modify water quality standards, than they do under § 3l6(a) .
" which regulates thermal . dlscharges.

NJIDEP has refused to convene a proceeding on modifica-
tion of water quality standards in Oyster Creek separate from

" a § 316(a) proceedings for the Oyster Creek NGS. NJDEP's posi-

‘tion is that both proceedings would involve similar issues and
much of the technical information required to make the decision .
is contained in the Oyster Creek § 316 Demonstration documents. -
. In addition, NJDEP has noted that holding two proceedings on
“what they feel is basically the same issue would substantially
'."complicate, confuse, and significantly delay" any regulatory

- actions under § 316. NJIDEP believes that determination of
‘appropriate water quallty standards,. designated uses, and
effluent limitations for Oyster Creek will be the logical -
outcome of the review and evaluation process: for the Oyster
Creek § 316(a) Demonstration. In this chapter we discuss
whether there is a legal ba51s for the utility's and/or NJIDEP's
.p051tlons.

B. THE STATUTORY FRAMEWORK -
The CWA authorizes the discharge of pollutants, including.

thermal discharges, to be regulated pursuant to effluent

limitations based on technology and/or water quality standards.

F-3



Technology-Based Effluent Limitations

Technology-based effluent limitations are adopted pursuant
to §§ 301, 304, and 306 of the CWA. No generic technology-
based effluent limitations have been promulgated for steam-
electric power plants. Therefore, technology based effluent
limitations for steam-electric plants must be developed on a
case-by-case basis. The EPA General Counsel has held that in
developlng individualized NPDES permit conditions, the factors
listed in § 304(b) must be considered - including "The age of
the equipment and facilities involved, the process employed,
the engineering aspects of the application of various types of
control techniques, process changes, the cost of achieving
such effluent reduction, nonwater quality environmental impact
(including energy requirements), and such other factors as
the Administrator deems appropriate.”

Water Quality-Based Effluent Limitations

In addition to technology-based effluent limitations,
§ 301(b)(1)(C) of the CWA requires compliance with "any more
stringent limitation, including those necessary to meet water
quality standards...established pursuant to any state law or
regulation." Section 510 of the CWA (33 U.S.C. § 1370) provides
states with the option of adopting and enforc1ng standards or
effluent limitations whlch are more stringent than those’ requ1red
by the Act. : :

Water Quality Standards

Section 303(c) of the CWA requires states to adopt water
~quality standards. Section 303(c){(2) specifies that such .
standards shall "consist of the designated uses of the navigable

" - waters involved and the water quality criteria for such waters
" based upon such uses. Such standards shall be such as to.

‘protect the public health or welfare, enhance the quality of
water and shall be established use and value for public water
supplies, propagation of f£ish and wildlife, recreational’
purposes, and agricultural, industrial, and other purposes, and ,
“also taking into consideration their use and value for navigation."
£PA has promulgated regulatxons governing the adoption of water
guality stardards and criteria (40 CTR Part 131).

* Section 303(d)(1)(B) requ1res states to 1dent1fy those
. waters for which the technology-based controls on thermal
dlscharges requxred by § 301 are. not str1ngent enough to assure




"protection and propagation of a balanced indigenous population
of shellfish, fish and wildlife." Section 303(d)(1l)(D) then
requires states to develop the total maximum daily thermal load
required for protecting balanced, indigenous populations. 1In
addition, § 303(g) specifies that: "Water quality standards
relating to heat shall be consistent with the requirments of
Section 316 of this Act."™ Similar language appears in NJDEP's
water pollution control regulations [N.J.A.C. 7:9-4.10(g)].

Thermal Discharge Variances.

As noted in discussions in previous appendices, § 316(a) of
the CWA allows the owner/operator of facilities discharging
heat an opportunity to demonstrate that "any effluent limitation .
proposed for the control of the thermal component...will require
effluent limitations more stringent than necessary to assure
the protection of a balanced, indigenous population of shellfish,
fish, and wildlife in-and on the body of water into which the
discharge is to be made...." The phrase "any effluent limita-
tion" has been construed to include both technology and water
- quality-based effluent limitations [e.g., see the preamble to
EPA's § 316(a) regulations, 39 Federal Register 36176 et set.
-.at 36178 (October 8, 1974)].

C. ROLE OF ECONOMIC FACTORS INVESTABLISHMBNT AND
REVISION OF THERMAL EFFLUENT LIMITATIONS
AND WATER QUALITY STANDARDS

Consideration of Economic Factors Under § 316(a)

: Economic factors are a secondary, and minor, consideration
-in the § 316(a) variance process (refer to discussions in
appendices B and D). For example, the decision of EPA's General
Counsel # 63 held that "economic considerations are not appro-
priate” under § 316(a). 1In addition, in the Wabash River and

. Cayuga Generatlngistat1ons decisions (NPDES Appeal $#78-6,:

1979) the Administrator noted "consideration of economic factors
is only appropriate in setting the original thermal limitations
from which the § 316(a). variance is sought on biological grounds.™

——— ” a—a

Consicderation ¢f Econcmic Factors Under § 303 .

_ Section 303(c)(2) of the CWA states that the "use and
value" of waters for water supply, fish,’ wildlife, recreatlon,
‘agrlculture, lndustry, and navxgatlon should be considered in
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setting and revising water gquality standards. This language is
sufficient to allow consideration of economics in the establish-
ment of water quality standards and designated uses even though
§ 303 does not expressly authorize consideration of economics

as a part of the process. The use, however, must be set at

the fishable/swimmable standard unless removed according to 40
CFR § 131.10(g) I[Mississippi v. Costle, 625 f. 2d 1269 (5th
cir., 1980)]. 1In addition, the regulations adopted by EPA to
accomplish the goals of § 303 -allow a designated use for a
water body which is not an existing use to be removed, if
attaining the designated use is not feasible because controls
more stringent than those required by § 301(b) and § 305 would
result in "substantial and widespread economic and social
impact™ [40 CFR § 131.10(g)]. NJDEP water quality regulations
that define procedures for reclassifying segments of water
bodies for less restrictive uses [N.J.A.C. 7:9-4.10(c)(7)]) con-
tains language identical to that in 40 CFR § 131.10(g). The
economic effects to be considered as part of a demonstration

of "substantial and widespread economic and social impact" are
those which result incrementally from the imposition of effluent
limitations more stringent than the technology-based limitations
required by § 301(b) " In other words, the issue of economics
does not arise in establishing or revising water quality stan-
dards and designated uses unless the resulting standards require
effluent limitations which are more restrictive than would be
the case with technology-based effluent limitations. As pre-
viously noted, there are no generic § 301(b) effluent limita-

- tions for steam-electric plants. Therefore, the appropriate
technology-based limitations for the Oyster Creek NGS will -
have to be established individually based on site-specific -
information (see page 2-11 of the Water Quality Standards '
Handbook; U.S. Environmental Protection Agency 1983).

It should be noted that states are allowed to incorporate
‘'variance procedures in their water quality standards (40 CFR
§ 131.13). Furthermore, EPA has approved variances in the
past when the "substantial and widespread economic and social
impact" standard was met (U.s. -Environmental Protectlon Agency
1983). o .

" Summary Statement

The extent to which econonlc factors may be considered in
establlsﬁlng or revising water quc11+y standards under the
substantial and wldeepread economic irpact” standard is limited
' be(au e this standard requlrts much more than 2 simple demcn-
stration of adverse economlc 1mpact \see page 1l- 8 of EPA s



Water Quality Standards Handbook; U.S. Environmental Protection
Agency 1983). NJIDEP and/or GPUN must demonstrate that achieving
the de51gnated use will have a substantial and widespread
economic impact upon the community served by the ut111ty causing
such effects as closure of other industries and regional unem-
ployment.

D. RELATIONSHIP BETWEEN § 316(a) AND OTHER SECTIONS

OF THE CWA AS THEY RELATE TO THE
ESTABLISHMENT OF WATER QUALITY STANDARDS

Language in § 303(g) of the CWA provides that: "Water
quality standards relating to heat shall be consistent with the
requirement of section 316 of this Act." Similar language
appears in N.J.A.C. 7:9-4,.,10(g). This language may be construed
in only one way; water quality standards may not allow thermal
dlscharges which do not assure the protection of balanced,

. indigenous populatlons required under § 316(a). The rationale
behind § 303(g) is to protect the 1ntegr1ty of the § 316(a)
baseline and to preclude the establishment or revision of water
‘quality standards which are inconsistent with § 316{(a) and the
protection of balanced, indigenous populations.

That § 316(a) is controlling for thermal discharges is - -~
further supported. by an EPA Reglonal Counsel Opinion (Region
V1) issued March 4, 1977. - This opinion addresses a proposal
by the State of Texas to revise water quality criteria for
temperature in order to accommodate the construction of a.

power plant. The issue 1nvolv1ng § 316(a) was stated as follows'.~“

"Can the State of Texas justify its proposed temperature down-
grading on the basis of the effects of the proposed point
~source?" The Regional Counsel concluded that protectlng a
‘balanced, indigenous population was "the minimum requirement
for standards relating to temperature." He further noted that
S 316, rather than revision of water quality standards, is the
"appropriate vehicle" for relief from thermal limitations.

E. CONCLUSION

Based on the above, we conclude that economic factors may.
be corsidered in revising water guality standards but may not
" be considered in evaluating a reqguest for a § 316(a) variance.
The burle,~ of Jemonstrating that water qualiLy stardords should
- be revised Yecause of e-onomic factors is a substantial one, -
however, because "substantial and widespread adverse social -
and economic impact" must be shown to be the logical result of
not revising water quality standards before such revisions can



be adopted. Most importantly, however, any water quality
standard established for thermal discharges must be consistent
with § 316(a). Revision of thermal water quality standards is
not the appropriate vehicle for obtaining relief from thermal
limitations, and the operation of the Oyster Creek NGS must
provide for a balanced, indigenous population of shellfish,
fish, and wildlife. NJDEP has, therefore, taken the appropriate
position by refusing to convene proceedings on modifications of
the thermal water quality standards for Oyster Creek separate-
from a § 316 proceeding for the Oyster Creek NGS. No support
was found in the existing regulations and guidelines for the
utility's request for convening a public hearing on water
quality standards independent of the § 316(a) process. The
guestion of whether operation of the Oyster Creek NGS protects
the receiving water body to the degree required by the CWA will
be resolved when NJDEP makes a‘'§ 316 decision for the Oyster
Creek NGS and should be the logical result of applying the
evaluation methodology discussed in Chapter II.
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vetermination of Retrofit Costs
At the Oyster Creek Nuclear Generating Station

"A. Introduction

This study evaluates the cost to utility ratepayers of
seven retrofits to the Oyster Creek Nuclear Generating
Station (OCNGS) plant. The engineering costs (i.e., costs of
construction, installation and maintenance) were optained .
from an earlier General Public Utilities Nuclear (GPUN) study’
or were supplied to us by Versar. These cost elements were
then translated into changes in total company revenue
requirements and.electric«rates. The implicit assumption is
that all costs (i.e., revenue’requirements) are fully reco-

vered from ratepayers with no impact on shareholders.

The retrofits considered_fall into two general cateeﬁ‘
gories -- those that modify water intake into the plant;Aand
those that affect cooling water discharge. The“latter ane
relatively expensive'measures, while the former are much'less:
' .costly;- The cooling water modifications analyzed in this
" report are the four different approaches identified by GPUN
‘as being the "preferred systems" out of 16 considered. These.'
:include a natural draft cooliné towen,“fan-assisted natural
draft cooling t:wens, round mechanical'draft cooling-towePST
.and an artifinisl d\scha"re canal ts Rarnegat Bay. The three
' intake'modifioations{ selected by Vensar,_are fine-mesh addi-

tions to existing intake screens; fine-mesh screens in front



e pwwmpwy auu uudlr-110W screens in front of dilution

pumps.

A separate cost impact analysis was undertaken for each
of the seven retrofits. That is, for costing purposes, each
was treated on a stand-alone basis as if it is the only modi-
‘fication to'the plant. 1If mofe than one mbdification is made;
for example, construction of a cooling tower along with fine-
mesh intake screens, the séparate cost iﬁpacts should be addi-

B. Description of the Costing Analysis

In order to'condﬁct the analysis, cost impacts were

placed into the following categories: (a) rate base; (b).

. power replacement costsj;- and (c) éther operétions and maiﬁ;
~tenance (O&M)'expenses. Annual reviewtrequirements values
~are computed in each category, ana the total annual revehge

- requirement (for a givén retrofit) is simply.the sum of |
- these three components. It is assumed théﬁ.each retrofit

will enter service in 1990 and(will'remain‘ih service Qntilj

_the retirement of OCNGS, currently planned by GPUN as 2004.

This is a 154year;time per}bd. Recent trends in the electric
‘utility iﬁdustr},have been_io"e#tedd plant lives beyond

) blanned ;etirément'détes} ,fo'inéorporate thét poss;bility,:a

" ‘second feiirement da‘e ofnzbiﬂ.haé been ascumed, whiéh

results in- a 25;§ear.ser§ice life for the retrofits (i.e.,

£ 1990-2014).



iue must complex part of the analysis involves revenue
ﬁequirement impacts related to changes in rate base. The
rate base consists of construction and installation expen-
'ditures plus anf interest aecruals during the construction
period (referred to as allowance for funds used during con-
'struction,'or AFUDC); Although these figures were supplied
to us either from the earlier GPUN report or Versar, it was
necessary to use inflation adjustment factors to :eflect a
1990 in-service date. The GPUN report provided direct coste
in 1976 dollars and indirect costs in (estimated) 1984
dollars. We escalated both to end-of-year 1986 dollars usiﬁg .
the actually experienced GNP implicit price deflator. The
figures were then further inflated to 1990 usiﬁg an assﬁmed
.Sfpercentlper year escalatioh.factor._'According to the GPUN
report, the indirect cost estimates are inclusive of any

AFUDC, so no separate analysis of that factor is heeded. L

The Versar construction cost data for the intake modifi-_ﬂ
cations are in 1987 doliars, which we escalated'to‘1990 using

the 5 percent per year escalat1on rate. It was assumed thatl'

o 1nsta11ation could be accomplished 1n a relat1ve1y short -

amount of time, and therefore no AFUDC would be applied. _in:"
other words, the rate base value 1s equal to the construction

expendlture.



...... casvuzavivnd proauced the following initial rate

base values for 1990, in millions of dollars:-

Discharge/Cooling Measures

(1) Discharge Canal to Bay $40.4 million
(2) Fan-Assisted Cooling Towers ‘ _ 70.6
(3) Mechanical Draft Round Cooling Towers 68.6

(4) Natural Draft Cooling Towers 74.0

Intake Measures

(1) Fine-mesh additions | ' 0.107
(2) Fine-mesh screens for dilution pumps 1.505

(3) Dual-flow screens for dilution pumps 4.75

As this shows, the discharge/cooling measures result in a.

larger ioitial rate base by at least an order of magnitude.

Given the initial rate base, a series of:complex

accounting calculations must be performed to determine the

year-by-year revenue requirements which enable the Company to

recover its investment and earn a return on the unreoovered N
portlon of the investment.; For thls purpose, a computerized L
V‘accounting model, developed 1n-house by Exeter, was employed.
-This model is the Utility’ Cost Ana1y51s Model (UCAM) 'The
model takes as input the init1a1 year rate base (or stream of
capital expendztu“es), a‘ong w1th e~ser1es of financial para-
melers, and calecu lateS'too yeap-b,»year;aod total life time

revenue requirements.



1 oraer to run the model, it is necessary to specify
some key ratemaking and financial assumptions These assump-
tlons were either supplied to us by GPUN 1n response to a
data request* or determined by judgement (or Qoth). The

principal assumptions are listed on Table 1 below.

With regard to rate of return; capitalization data were
extracted from the Jersey Central Power & Light Company's
(JCP&L) latest rate order from the New Jersey Board of Public
Utilities (NJBPU) dated May 30, 1986. However, the capital
costs from that rate order were'not used for two reasoans.
First,-those costs are "embedded" rather than "incremental"
as tbis analysis requires. Second, they are out of date.
. Cost rates more representative of current capital markeﬁ con-
ditions resulted in an overall incremental rape of return'of

11.29 percent.

" For convehience; this figure was also used as the ,{.
cbnsumer discount rate, although argumentsncould certain;y.be
made for using alternative figures. It is ;mportant to note
that the consumer discount pate'need not equal the utilfty's .
‘incremental cost~of capitai; It may be either be higher or
lower depending upon a number of Judgemental factors con- :

sidered.

*qespopse acconpany'ng letter to MYr. Richard R. Delgado
. (N.J. Department of Environmental Protection from

Mr. Michael B. Roche (GPU Nuclear Corporation), January 15,
1988 .



taoste |1

Financial Assumptions Employed
in Modeling Rate Base-Related
Revenue Requirements

Rate of Return

f of - : - Weighted
Type = « Balance - Total Cost Cost
Long Term Debt $775,832 | 43.02%  10.00% 4,30%
- Preferred Stock 191,250 10.60 - 9.00 0.95 |
Common Stock - 836,465 - 46.38 | 13.00 §;93
Total $1,803,547 100.00 _ 11.29%
Taxes
Féderal Income | ‘ 3”%
State Income - ' : .0
Property tax (of rate base) 1

. Gross receipts and add-on:taxés'jo"

Depreciation

Book - straight 1line 15.or.25'yeané
Tax - 15-year MACRS method

Other

Insurance assumed to equal 1% of rate base‘
Dzs~ount rate equals. 11. 201%

PFYLT cv~oqnu1r5..
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receipts and franchise taxes are omitted. The Company esti-
mates this to be 13.16 percent of 1987 revenue. 1In our
judgement, this should be excluded from the analysis for two
reasons. First, no such taxes have been included on the
benefit side of the analysis, so its exclusion here is merely
one of consistency. Second, these_taxes are not a "cost" to
New Jersey as a whole. They are mérely transfer payments
from ratepayers to taxpayers. That is, the state and local
governments also have "revenue requirements". If ratepayers
pay more taxes through a gross receipts tax, then presumably
they pay dollarffor-dollar less in other forms of taxes. The
ultimate effect is neutral. Honever, the reader may easily
’incorporate these taxes if he so chooses by multiplying any

revenue impact figure presented in this report by 1.1316.

The second category of costs involves replacement power.
This cost is incurred because the retrofit reduces plant |
efficiency and therefore power output must be replaced. It‘
. is assumed that only tne four discharge/cooling retrofits
A:affect plant efficiency, and therefore this category of costs

" was ignored for the intake measures.

*This assumptlon 1s not strictly true, but the replace-
ment power cost for the intake retrofits is very small and for
convenience is simply included in the other O&M category.

-7 -
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city, with the penalties shown below as estimated by GPUN:

Demand
Capacity Energy
(MW) (thousands MWh)
(1) Discharge Canal 1.6 o 8.4
' to Bay : .
(2) Fan-Assisted ‘ '
Cooling Tower 23.3 120.9
(3) Round Mechanical Draft
Cooling Tower -~ 20.4 107.2
(4) Natural Draft Cooling 4
Cooling Tower 21.3 ‘ : 112.0

For the discharge canal, the pehalty is very small, but for

the three cooling tower options, it is a significant cost. -

The energy penalty was estimated for initial year 1990
using Jeréey Central's latest projectioﬁ of its avoided
" energy cost, $31.66 per MWh: After 1990, Jersey Central
projecté extremely rapid rates of increase, néarly 10 pérden;
:kper year.' Instead 6f using thosg projections, which depépdl.
© upon some. very speculativé fuel cost assumptions, it was
assumed that the avoided cost per MWh4wduld increase by

7.0 percent per year after. 1990.

On the capacity side, a combhspioh turbine was hSed.as
the iowesf'cost method Sf replacing thellbst capacity. _In é.
s2parate analysis,.the levelized ccst:of a combustion turtine
éétoring service in 19¢0 was found tb_be $€0 pér kW per yeari
'Siﬁce this is a levelized figure; no escalation is peeded;
Thé analyéis also aséumes thap Jersey Central actﬁaliy needs

'capacity_in 1990.



- -

a plant shut down for installation. Any installaﬁion can be
handled during a refueling or other scheduled outage. 1If
this is no; the case, then significant additional costs will
be incurred. GPUN's own study also assumed that no addi-

tional plant down time would result from installation.

The final category of costs, other than 0&M, is a rela-~
tively small one. It includes any on- going periodic labor,
water purchases, chemicals and other expenses. GPUN's
earlier report contained estimates of annual 0&M costs for
the disohabge/cooling options, and Versar provided the costs
for the intake measures. The data provided were eécaleted to‘v
1990 using the same escalation procedure-as‘used for rate - |
base. After 1990, a 5 percent per year escalation factor:was
used. Shown below are the estimated 1990 O&M costs for the

.seven items, in millions of dollars:

Discharge/Cooling EC:‘"

(1) Discharge Canal to Bay = L: $ 0.6
(2) Fan Assisted Natufalg'l N _ .

' _ Draft Cooling Towers’: ' 1A

© - (3) Round Mechanical Draft - ' o

| Cooling Towers R ‘-.:""_g'1.1‘

) Natural Draft Cooling . -
Towers . ' 0.9

.-‘ Iﬂtake |
(1) Fine-mesh additions - - o 0.0

(2) Fine-mesh screens in front’ _ ' '
' of dilution pumps . L . 0.063

(3) Dual flow screens.in front -
' of dilution pumps - 0.074

s 9 —‘
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Unce again, the costs assocliated with the in-take measures
are substantially smaller than those related to discharge/

cooling systems.

C. The Cost Results

The three categories of costs are cpmputed, és described
above, for each of the seven retrofits. Ih eachjcaSe;,two
scenarios were used, a 15-year and a 25-year service life.

In the appendix to this chapter, separate tables are provided
which list in year-by-year fashion the capital (i.e., rate
base) related charges, replacement capacity and energy and
other O0&M. These_columns are.summed together iﬁ the total

" revenue requirements column and then divided by'Jersef
Central's total sales projections for each year to obtain the -
impact on a per kWh basis. Both the total and per kWh

impacts are discbdnted using £he'11.29 percent rate of'retubn :
to obtain discounted present values (with 1990 being "the
present"). Finally, both lifetime total and aQerage annﬁai'

impagts are presented at the bottom of each table.

The iﬁformation contdined in the 14 taﬁles is summérizédi
for convenience'on Tables 2 and 3, fof fhe 15~ and 25-y¢ar: B
service lives, resbecti#eiy; As both tables dembnstraté,
there is a'dramgtic.differenCé between -the cost impa&ts cf
the intake mddificaticn measures versus thosé of the discharge/
coolihg measures;.'For 15 yéars, thellifetime‘révenue |

requirements for the'idtake measures ranges from $234,000

= 10 -~



Retrofit_

Dis<hurqe/Cooling

(1)

(2
(3)

(8)

(1)

(2)

'(})

Discharge Canal

Fan-Arsisted
Cooling Towers

Round Mech. Draft
Cousing Towers -

Nat: cal Oraft
Cooling Towers

Int ake

Table 2

" Summary of the Rate Impacts of

- OCNGS Retrofits - 15-Year Service Life

(Thousands dollar)

Lifetime Revenue

Ave. Annual Revenue

Average Rate
Impact (¢/KWh)

Fine-Mesh Additions

Fine-Mesh for
dilution pumps

Dusl Flow screens

for dilution pumps

11,999 . 6,983 800

Requirements Requirement

Actual Discounted Actual Discounted

- $109,533  $ 62,913 $7,302 $ 4,194
295,35A 158,968 . 19,650 . 10,598.

277,855 149,959 - 18,497 9,997

289,587 157;1119‘ 19,306 » 10,477
e '."iao i 15 9.

4,655 | 2,620 310 175

466

Actual Discounted
0.04¢ 0.024¢
0.107 0.059
0.100 0.056
0.105 0.059
0.0001 0.0001
0.002 0.001
0.004 0.003
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Retrofit

Discharqe/Cooling

(1) Discharge Canal

{Z) Fan-Asaisted
Cooling Towers

- (3) Round Mech. Draft

- Coaling Towers

(4) Natural Draft
Cooling Towers

Int ke

Teble 3

Summary of the Rete Impacts of
OCNGS Retrofits ~ 25-Year Service Life
(Thousands dollar)

Lifetime Revenue

Ave. Annual Revenue

Average Rate
Impact (¢/K¥Wh)

(1) Fine-Mesh Additions

(2) Fine-Mesh for
dilution pumps

"(3) Duel Flaw screens

for dilution pumps

Requirements Requirement .
Actual ' Discounted Actual Discounted
$157,673 $ 66,147 $ 6,307 $ 2,686
521,100 182,006 - 20,253 7,283
483.881. ‘. 170,829 19,355 6,833
499,961 . 178,135 19,998 7,125
291 140 12 6
7,099 | 2,622 284 113
is,an ' 7,214' 658 289

Actual Discounted
0.032¢ 0.015¢
0.103 - 0.039
0,096 - 0.037
0.599 D.039
0.0001 0.000

- 0.0014 0.0006
0.0034 5.0016
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$295 million for the discharge/cooling modifications, a dra-

matic difference.

It is also useful to note the effects of these retrofits
on Jersey'Centralfs electric rates. The overall average rate
increase would be 0.0001 cents per kﬁh to 0.004 cents for ﬁhe
intake modifications to 0.04 to 0.107 cents per kWh for the
discharge/cooling measures. By way of comparison, Jersey
Central's rates to 1ts.retail and wholesale customers
averaged 9.5 cents per kWh in 1985, according to its Annual
Report (Form 1) filed with the Federal Energy Regulatory
Commission (FERC). To put this in perspective, for a typical
.residential customer consumiﬁg 10,000 kWh per year (i.e.;
833 kWh ber month), the intake measures increase the average
monthly bill by 0.08 cents to 3.3 cents for the intake
measures and 33.3 cents.to 89.2 cents for the discharge{
'cooling measures. (This assumes,that these costs wouldibe
allocated among customer classes on the besis of energy
usage. 5 These figures indicate that the most expensive
retrofit (fan-assisted coollng towers) would increase

electric rates by about 1.1 percent.

The total lifetime cost impacts increase substenfielly
“using the 25-vear 1life. This'is because the depreciation
period is longer and thus'ediitional carrying costs beleted-
to the investment would be incurred. Also, the O&M eed_

replacement power costsAextend (and are escalated) over the



cost impaét increases as the service life increases, the cost

per KWh does nof. In fact, it decreases slightly.

Tables 2 and 3 also provide the cost iﬁpacts on a pres-
ent value discounted basis. These resﬁlts are particularly
useful for making comparisons among the retrofit alternatives
and for comparing costs with benefits. This is because
discounting Qorrects forltiming differences. That is, the
"actuals" are the estimated impécts that ratepayers actually
observe, but the discounted present values should be used for

making cost versus benefit comparisons.

The reader is referred to the appendix to this chapter
for year-by-year results and the details of each cost |

component.
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CAPITAL  REPLACEKENT OPERATION & REPLACENENT:. TOTAL FORECAST ~ REVENUE ~  TOTAL ~  REVERUE

.. RELATED .. CAPACITY " MAINTENANCE  KNERGY * . RBVENUE SALES .  KEQUIKKMENT ~ REVENUR  ° REQUIRENENT
YEAR - COSIS - COstS goi o COostS - Rsoumnsnrs " (CvH) " [CRNTS/KvH] " RBQUIREKENT. (CBNIS/KvE)
1990 § 79100 .. § 96§ 600.00 § 265,40 ssm B 1311 . 0.050 ¢ § w819, 0.0 ¢
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1997 568600 - %6 . ML26 L2624 102250 W 0030 3L oo
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ESTIMATING THE ECONOMIC VALUE OF FISHERIES

RESOURCES AT THE OYSTER CREERK NUCLEAR GENERATING STATION

" A. Introduction and Overview

This report estimates the economic value of the damages to

" recreational and commercial fishing resources in Barnegat Bay,

- New Jersey, caused by the operation of the Oyster Creek Nuclear
Geneiating Station (OCNGS). These damages are almost exéiusively
"the result of entrainment of marine organisms by the once-through
cooling system in operation at the plant. The populations of
economically valuable species are, theréby, reduced; and those
populatién reductions can, under appropriate assumptions, be

- converted into economic damage estimates. The estimates are

" based on'a "with and without" analysis, coméaring aquatic
population estimztes assuming the operation of thé'OCNGS with its
current once-through cooling'Syétem to'estimgtes assuming no
plant at all (or assuming the_plant cogld be modified so that it
causes noApopulation damages). ‘ | | _ |

' As is often the case when.estimatiﬁg the benefits resulting

from envifonmentai improﬁements, the avaiiable data are sparse

and, In many importantlinstances, not very recent. . In add:‘.tion,~

!

(s

dut> reguirs2 for ertimates of scme parameters hava anpar-
ently not been collected for geographic aggregations of which

Barnegat Bay is a part, such as the entire New Jersey coast and

1



Ocean County. For some parameters, no data at all have been
found for Barnegat Bay; these are based on studies of environ-
mental damages to other marine ecosystems, notably the Chesapeake

Bay. It was also necessary to make judgmental assumptions for

certain key parameters. Accordingly, care has been taken to

provide damage estimates in parametric form, so that these

estimates can easily be adapted to alternative assumptions or

parameter values or updated as better information becomes

évailable.

| In performing this study, analyses were conducted separately
for the commercial and recreational benefits. The first step wa§
to quantify the annuai benéfits in 1986 dollars, since the latest

available data were for that year. The initial year benefits

were then extrapolated.over the time periods 1990 to 2004 and.

11990 to 2014, and computed on both an actual dollar and present

value basis. This was done in order to be consistent with the
compaﬁioﬁ report on the cost of retrofits at OCNGS{'iSpecifi-'
cally, retrofits at the plant (which would provide the fisheries
benefits) are assumed installed in. 1990 and remain in-service
through 2004 (the planned OCNGS retirement date). The seCdnd
time périod is based on the assumption that General Public
Utilities Nuclear (GfUN) e*téndsAthe life of OCNGS ten years
beyond the planned retirement daté. Consistent with the cost
study, & 5.0 percent anaual inflation factor isﬁused,'and a

discount rate of 11.29 pertent is used to calculate the dis-

.counted present values.



¢

The remainder of this report describes the analﬁ%is,
calculation procedures and results. The economic théory which
underlies the analysis and the development of the moie}s is not
included in the body of the report and is, instead,’provgded in
_an appendix. The next two sections describe the commércial and
recreational benefits analysis. Next is a summary‘of‘thﬁ

cumulative benefit results over the two assumed service &ives of

‘the OCNGS plant. The last section is a brief review of the

i
!

benefits analysis undertaken by GPUN. h 1

'B. Commercial Benefits Estimates

Iwo'methods have been'used to‘estimate the commerciel
benefits, and they provide'a_range‘of results. The first method
is an ahalysis based upon the economic theorylﬁhich is normally
appllcable to commercial flshlng -~ the theory of an "open
access" resource. This is a complex analys;s which requlresh
oarameters which are not ayallable specxflcally_for Barnegat.Bay.
The second method is not directly based upon'the open access.
resource model but is much more stralghtforward and does not
requlre as much lnformatlon as the flrst method. The second
method is the basis for the commerc;al beneflts estimates
reported in this study, and the flrst method is lncluded only for

comparison purposes.

This method is based upon the theory of an open access

resource. A complete and technlcal descrlptlon of that model may -



" be found in the Appendix to that repdrt, and that discussion need
not be repeated here. Before applying this model, it is first
necessary to develop several key inputs applicable to commercral
fishing in Barnegat Bay. These include:

e the effect of the operatlon of OCNGS (as presently operated)
on species populatlons,.. :

e initial or currently prevalllng prrces of and quantities for
" commercially important species;

"® the price elasticity of demand for each species;
e the price elasticity of supply for each species; and
‘e the relationship between species population and commercial
catch rate.
The development of these values is described'below.

Versar, Inc. has prepared estimates of populatioﬁ losses for
key species in Barnegat Bay, resulting from OCNGS;operation.based
on the SNAC model (Spawning/NaturaI Areas of Cohsequehce). The
~ estimated population lossesafor these species in the Bay are as
follows: |
Winter flounder
Bay anchovy
Hard clam
Blue crab

' sand shrimp . 1
Opossum shrimp .

AA’N’\'\A’-\
oOMewr P
NAOAOWN

ONWON

'These percentages refer to the ratloszSN/N in the Appendrx.

'0f these six spec;es, only hard clams and blue crabs are
Aboth commercrally 1mportant and are affected by the plant. f%wo-
frraae sd2cier, sand sxrrmp and ogpessum shrlTp, are aleo affeqted'
and the loss of these two spec;es rould conceivably affect

commercially valuable predators. However, such effects are not .

4



~believed to be large for commercial fishing. The commercial
analysis is limitec to hard clams and blue crabs, although forage
species have been included in the recreational benefits analysis.

The change in species populations resulting from plant
operation will have an effect on commercial catch. = The question
is how much? For purposes of this study, we define the variable,
_ e, as the percentage increase in catch for a percentage change in
popuiation. Unfortunately, historical data series on species
population in Barnegat Bay and catch rates which could be used to
estimate O are not available. In the absence of such data,-one
.'pOSSLblllty is to assume that the percentage change ln catch rate
is the same as the percentage change in populatlon. An alterna-,
‘tive which is used for this study is to consider research results
conducted elsewhere and for other species. Kahn and Kemp (1985)
‘constructed a supply model of striped bass fishing in the
Chesapeake‘Bay, in which catchgis related to'population es-
timates. The study yie}dec an estimate for 6 of 0.75, and that
value is adopted for bothlthe commercial and recreational
analyses. ~ To clarify, 9.5‘6}75 means that a ten percent
vlncrease in populatlon results in a-7.5 percent increase in
catch, assumlng no change in . the amount of flshlng resources
(i.e., same number of boats, fishermen, etc.).

The cummercial analjsis requires cata on initial levels of
cormercizal fishing prices ana gﬁantities. Data on landinys of
biuegcrabs'and hard clams in Ocean Cqunty were ccllected from the

National Marine Fisheries Service office in Toms River, New



Jersey, and are presented on Teble 1. According to Danila,
Milstein and Associates (1979), Barnegat Bay accounts for all of
the blue crab taken in Ocean County and about 30 percent of the
hard crabs. The initial catch or output level is taken as the
a&erege annuei’careh.over this six-year éeriod -- 213,000 pounds'
of blue crabs and 174,000 pounds of hard clams (30 percent of the
' county total of 580,000). The initial prices are simply the
- actual 1986 prieee of $0.48 per pound for blue crabs and $3.28
per pound for hard clams. |

Finally, one of the two methods employed requires an
estimate of priceAelasticities for blue crars and hard clams
(£D). The price.elasticitylof demand is defined as the per--
centage change in quantity demanded of the product resulting from.
a percentage change'in the price of that product. Several
commercial fish price,elesricity studies were'reviewed includieg'
Huang (1985), Kahn and'KemP.(IQBS) and Wang (1986).
'These studies provided a wide range of results. For the present
, study, a demand elasta.cn.tyf..D =.-5.0 is used, a flgure in the
mlddle of the range of the valﬁes reported in the above studies.
" This means that 5 percent 1ncrease in price. w111 cause a 25
.percent reduction in the quantrty (pounds) of fish purchased

A prlce elast1c1ty of demand of -5.0 may appear to be a very

high flgure.. However, the crab and clam fishermen in Barnegat



Table 1

Annual Landings of Blue Crabs and Hard Clams -
Ocean County, N.J.

Blue Crabs
Shell Weight ) Average Price

Year lbg. = Value ($/1b.)
19860 287,200 $111,429 $0.388
1981 185,500 63,670 .343
1982 133,700 57,130 .427
1983 174,100 79,871 .459
1984 293,600 - . 123,534 421
13885 199,200 103,531 .520 -
1986 219,800 105,539 .480

~ Average 213,000 $92,000 -

Hard Clams
Meat Weight - Average Price

Year ibs, Value o (S/1b.)
1980 ' '+ 486,700 . S 974,810 = $2.00
1981 498,900 1,087,734 - 2.18
1982 - 549,900 1,357,554 . 2.47
1983 _ 6€8,500 1,643,956 2.46
1984 -7 699,600 2,120,636  3.03
1985 : 533,300 1,658,046 3.11
1986 620,800 2,034,369 : 3.28

' Avérage ' 580,000 $1,554,000 A . -

- Source: National Marine Fisheries Service, Toms River, N. J. .



Bay must compete with suppliers from other regions. Thus, they
may face a highly elastic demand curve.

Using the data in Table 1, a supply elasticity’(ﬂs) is
estimated using brdinary least squares regression. The supply
elasticity measures how much more producers will supply (in
pércentage terms) for a given percentage increase in pfice.
Annual landings were regréssed on average pfice (lagged one year
and deflated by the food manufacturers’ price index), producing
the following model: _

In (pounds of créb)'= 13.28 + 1.29 1ln price

: _ (0.51) (0.60)

" R%2 = 0.54 N =6 -
This provides a pricé eiasticity of supply of 1.29 for blue
j c:abs, meaning thaﬁ,'as-price increases by 10 percent, prbducers
will inérease output of blueAcrabs by 12.9 percent. Unfortu-
nately, thg regression énalysis did notvprov;dé'any'meéningfu;f
results fof hard Clgms and, thus,:anfgs = 0 is assumed for.that
species. | | | |

-Table 2 summériiés-tﬁe'variOus‘data andvpér;meter values
needed tblcalcula;é the'cémme;éial secfor beﬁefits using both
‘methods. | ' R

. With the kéy inéut-parémetéis #pecified in Table 4, the
model may now be applied.f'Using eéuations (1) and (2) f;om‘the
Appendix, new‘grice aﬁd'quantiﬁy;ievels’are_cziculated fcr blue-
crabs énd hard clams. Equétioﬁ;(3) may now be used to calcﬁiate

-

the benefits. The éaléulations are summarized as follows:



Table 2 | i
- f

Parameters Employed in Calculating
' Commercial Benefits

LML ey oy
-

Parameter - Blue Crab | E Hard Clam;
Population loss (4N/N) - 0.259 o 0.245 1
Avérage Outpuﬁ (Q) 213,000 1lbs./yr. 174,000\&;53/yr._
Initial price (pc)'- ~ $0.48 ‘7 . $3.28 E
Output Loss . ' S

Elasticity (€) , ;_'0.75 . 0.75
Demand Elasticity (Ep)  =5.0 . -s.0 -

.'Supply Elasticity- (Eg) "1.29 - o 0.0 ;



Blue Crabs

Initial price (pg) = $0.48 Final price (p;) = $0.4798
Initial catch (Qp) = 213,000- Final catch (Q;) = 213,381
Net benefits = $43 per year in 1986 dollars

Hard Clams

Initial price (pg) = $3.28 ‘Final price (p1) = $3.2751
Initial catch (Qp) = 174,000 Final catch (Ql) = 175,037

Net benefits = $855 per'yeér in 1986 dollars

As this indicates, the net annual benefits (in 1986 dollars) are

$43 for blue crabs and $855 for hard clams, for a total $898.

-

There are several probléms'with this analysis. First; it.
views Barnegat Bay as if ithwére a2 single market area féf hard
clams and blue crabs. 1In poiﬁt of fact, these products are'part
of régional markets. Changes in prdduction at Barnegat Baf may

not have the impaéts on market prices that this analysis por-

. trays. Second, the analysis is based on'supply and demand’

elasticity estimates that may not be reliable.  In particuléf; no
accgptable’supply elasticity«fdf hard clams could be bbtainéﬁ,
and the value was,_theréfofe,‘éet eqﬁal ﬁo zero. |
Method‘2 - o

As a result of the bfactical aifficulties in applying =
Metﬁod 1, a simpler, more stféightforwérd methéd'is émployed'as
an glternaﬁiﬁe;; This method‘does:nét require supply-pr demand
elasticities n@r does iL.éssume‘ﬁhaﬁ Eérnegét Bay:is a single,

self-contained market.
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This method is based on the notion of productivity. A
higher population of commercial fish species will improve the

productivity'of commercial fishing. That improved productivity

. . is assumed to have no effect on market prices since it is a small

ihcrement to the total market. The production increase is,
therefore, the measure of benefits. Once again, using the datef
in Table 2, this is calculated as: population increase (AN/N)
times catch elasticity (©) times output (Qp) times price (pg)-

This is shown below, in 1986 dollars, for hard clams and blue -

~ crabs. _
Hard clams =. 1.0% x 0.75 x 174,000 x $3.28 = $4,280
Blue crabs =. 0.3% x 0.75 x 213,000 x $0.48 = § 230"

This is substantially greater than the benefit estimate obtained
from Method 1. It shquld be noted that the Method 1 estimates
 consist entirely of consumer shrplus gains with producei surplus.
assumed competed away immediately in the “6pen access" fishery._

In.contrast, Method 2 benefits consist entirely of producer

- surplus.

We believe the ﬁethed.2 eﬁaiyéie provides. a morefreliabie

‘ estimate of_benefits thah~the:Method.1”anal§sie'§ecause it does
ﬁetvdepehq'on‘theIelestieityeeseﬁmptions:needed to.imélement

| Method 1. Moreover, it does not make the assumption that
Berneéa; Bay is a self-eentained'market. 'Epr.thie reason, this
sfudy relies on the kethcd-zlresu;ﬁs( and.the Mectlicd 1 estimates’

" are only provided for comparison purposes.
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C. Recreational Benefits Estimates

The recreational benefits analysis uses the travel cost
method to estimate a demand curve for fishing trips (i.e., the
relationship between the number of fishing trips demanded and the
cost of a fishing trip). Consumer surplus, which is derived from
that demand curve, is the measure of benefits. Consumer surplus
'is a net benefit concept and measures how much value the consumer
receives from a product over &nd above the price paid for the
product. The "price" that recreational fishermen pay is assumed
.to,be the cost of travel to Barnegat Bay. All else equal, the
'further a fisherman must travel from his home, the fewer fishing
trips hevwill take. The basic model and theory used to‘derive
the‘reoreational fishing benefits is developed innthevsecond part.
of the Appendix-to this report. | |

Implementing the methodology requires the following steps-
(1) . Determine the relationship between number of trips taken by'
‘ ' fishermen to Barnegat Bay and the distance they must travel.
'(Zj ‘Convert distance traveled into monetary terms s0. that it canA
_be used as a measure of the cost or price of a fishing trip
(3) 'USing available information on number of fishermen in the

' region who might fish at Barnegat Bay, along with the

information developed in steps (1) and (2), estimate a

‘ market demand curve for recreational fishing
(4) 'Jse th*s ano curve to calculate consumer sarp-ns.' Tkis
last step requires knowledge of how fishermen will react to

improved fishing~oonditions (i.e.,'more fish).
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Step 1: The Trip Demand Model

To estimate the trip demand function for Barnegat Bay, an
extract of the 1980 Survey of Fishing, Hunting and Wildlife-
- Related Recreation was used, consisting_of all survey respondents
in New York, New Jersey and Pennsylvania reporting salt water
fishing in Wildlife ManagementIZQne 348. This zone consists of
the coastal strib of Ocean, Atlantic and Cape May Counties of New
Jersey. There were 61 reséondents in these §tates who reported
- some salt water fishing in this zone, 77 percent of whom were
| residents of New Jersey. For these respondents, the number of
trips_to'zone 348 for salt water fishing was regressed against
the reported trip aiétance, plus a number of socioceconomic
variables, including inéome; age, educaticn and race. Ohly trip
distance was statistically signifiéant, and so the othér'indepen-
dent variables were discarded. Linear, semilog and.lqg linear
specifications were examined, and the 1pg‘liﬁeaf specificatioh
was chosen for-éurther analysis. The estimated‘equatiqn is'as-

.folldws:

. 3.843 - 0 556 ln (dlstance in mlles)

in (trips)
B : (.74)  (.176)"

R2 = .15 ' N £ 61

The trip demand curve above was truncated at a distance of 100
miles, on the acsumption that fishermen traveling greater
Cistances werz very likely visiting more tham one site, c¢r were

engaging in more than one recreation activity. 1In either case,



it would not be proper to ascribe the entire value of a trip to
salt water fishing.

Fishermen, of course, incur other costs when engaging ln
recreational fishing other than travel (e.g., eguipment, boat
rentals, meals, andAso forth). However, unlike travel costs,
these other costs may be aseumed to be either constant.or
randomly distributed across‘fiehermen and, . therefore, would not
affect tﬂe calculation of consumer surplus. This is why it is
appropriate to employ travel cost as e.price measure for purposes
of estimating consumer surplus.

Step 2: Determining the Cost of Travel

The cost of driving to Barnegat Bay is the "price" of
fishing, and it is, therefore, necessary to calculate that price.
Travel cost has two components -- (1) the cost of foregone time
that could be spent either‘working or in some other leisure
activity; and (2) the out-of-pocket expense of driving. |

The calculations are shown on Table 3; The value ef time ie

based on 50 percent of the average hourly (after-tax) rate of pay

,_'ln New Jersey The 50 percent factor is based on a study

:(Brrezellps 1979) that finds that the value.of lost time is 30
percent or 70’percentlof.tHeAiﬁdividual’s after-tax wage‘rete,
depending upon Qhether the time is spent_commutiﬁg (30 percent)

' or waiting in line (70 percent). Assuming travel to Barneéat Bey
ar an averaca s*:éd of ?S'muhi the value of the forcgone *;me is
$0.1381 per mile , Assumlng out—of-pocket expense of $0.20 per

- mile and 2 1/2 persons per vehrcle, the total of expense plus

14



Table 3

Estimating the Per Mile Cost of Trave:

A. The Value of Time

-y

(1) Average hourly rate of pay in New Jersey =
$12.53/hr. (1986%) A

(2) After-tax = $9.67 (using 22.8% tax rate)

(3) Value of travel time = 50% of pay = $4.835 ¢
per hour N

(4) Average speed travellng assumed = 35 mph -

(5) Cost of time = $4.835 hr./35 mph = §0.1381
per mile ' :

Y

—wTRES e A

B, Transportation Expense R

(1) Out-of-pocket cost of dr;v;ng $0.20 per
mile -

(2) 2-1/2 persons assumed in each car . :

(3) Cost per person per mile = $0.20/2.5 = $0.08
per mile . :

c. Total Cost

(1) Per mile cost of time plus expenses = $0.1381
+ $0.08 = $0.2181 _
(2) Round-trip cost = 2 x $0.2181 = $0.436

- (1) Hourly pay developed from U.S. Statlstlcal Abstract
- (U.S. GPO 1986), p. 418 .

(2). The 50 percent discount for value of time developed
.. from Briezelius (1979). That study finds the value of
. time lost in commuting equals 30 percent of the wage,

" while time waltlng in queues is 70 percent of the wage,

15
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lost time is $0.2181 per mile. On a round-trip basis, this is
$0.436 per mile distance from the Bay, or $4.36 for each ten
miles.

Step 3: Construct a Market Demand Curve for Fishing Trips

In order to construct a market aemand curve, it is first
necessary to determine the size of the merket. Table 4 shows the
population and number . of fishermen (who fish in the eastern New
Jersey region) bf population zones, with the zones defined as
distance from Barnegat Bay.. |

The total population,jigures (by'distance'zone).were.
obtained from county poéulation figures assigning each County in
New Jersey, southern New York and eastern Pennsylvania to a zone.
The third column on the table is the number of individuals who
fish in the coastal New Jersey area. Baeed on data in the 1980
Fish and Wildlife Survey, the percent of the population who fish
in that region was determined to be 5.6 percent in New Jersey,

4.0 percent for eastern Pennsylvania and 1.3 petcent for:sputhern”

' New York. -For example, intthe first zone (0 to 10 miles) the
"populatlon is 349 000, and 5.6 percent or 19,540 1nd1v1duals in

".that zone flsh ln the New Jersey coast region.

The last column, number of flshlng trips per year for each

,indivxdual in column (3), is computed from_the econometric model

that'reletes trips to,distanqe.: Distance is measured as the

-~

wmidgoint of ;He zere.  For exa p for zone 2. (11 co - 20 meee ).

'the mldpolnt of 15 mlles 15 lnserted into the model as:

16
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Table 4

Determination of Number of
Fishing Trips per Year

1y (2) (3) N )

Number of Persons

Zone Distance - Population Fishing in Ocean, Fishing Trips
to the Bay in each Zone Atlantic or Cape May per year
(miles) (thousands) Counties ; per person
NJ NY PA
0-10 349 0 0 19,540 19.07
11-20 - 5189 0 0 29,060 10.35
21-30 519 0 0 29,060 ' - 7.79
31-40 1,538 0 0 86,130 6.46
- 41-50 - 273 0 0 - 15,280 - 5.62
- 51-60 : 772 0 0 43,230 ‘ : 5.03
61-70 1,495 0 ' o 83,720 : o 4.58
71-80 408 0 1,768 - - 93,570 ' - 4,23
81-90 . 448 1,880 1,178 96,690 ' 3.85
91-100 200 2,040 1,026 A 78,760 3.21

(1)

'(2)'

Population in each zone are estimates based on county level
population data.

Number of persons in each zone who fish in the designated counties
is calculated from 1980 Fish and Wildlife Survey. The percentages
are 5.6 percent in New Jersey, 4.0 percent for eastern Pennsylvania

- and 1.3 percent for southern New York.

(3)

Fishing trlps per year in each zone are calculated from the
econometrlc equatlon.

.ln (trlps per year) = . 3. 843 - 0 556 in (dlstance in mlles)

Distance 1s based on the mxd-p01nt ‘of each zone.
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