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December 19, 2005

Dr. Chuck Carr Brown

Assistant Secretary

Office of Environmental Services

Louisiana Department of Environmental Quality
P.O. Box 4313

Baton Rouge, Louisiana 70821-3181

Reference:; Waterford Steam Electric Station - Unit Number 3
Agency Interest Number 35260
LPDES Permit Number LAOD07374

Subject: 316(b) Proposal for Information Collection (PIC)

Dear Dr. Brown:

Entergy Operations, Inc. hereby submits three copies of its Proposal for
Information Collection (PIC) for review by the Department pertaining to the
referenced facility. Please provide comments as soon as possible so that
Entergy can update information-gathering activities in a timely manner.

As described under 40 CFR 125.98(a)(1) the LDEQ must review and
comment on the PIC submitted by applicants in accordance with
125.85(a)(1).

As required by Part 11X of Waterford 3's LPDES permit, the permittee shall
initiate compliance with Section 316(b) Phase Il Rule and applicable state
regulations for cooling water intake structures, as required, per the schedule
specified in the Final Rule. This shall include, but not be limited to the
submission of the comprehensive demonstration study and other information
required by 40 CFR 125.95 as expeditiously as practicabie but no later than
January 7, 2008

Under the Rule, a Comprehensive Demonstration Study (CDS) is ideally
supposed to accompany the permit renewal application and must refiect output
from the reviewed PIC. Given Entergy’'s proposed compliance approach,
completing the CDS by that date should be achievable.

Entergy Operations, Inc
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The focus of the Rule is to minimize impingement and entrainment of fish
and shelifish at power plant cooling water intake structures. Under the
Rule, certain facility applicants are required to perform and submit to the
LDEQ all applicable components of a CDS. The seven basic components
include: (1) a proposal for information coliection; (2) source waterbody
flow information; (3) impingement mortality and entrainment
characterization study; (4) technology and compliance assessment
information (5) restoration plan; (6) information to support site-specific
determination of best technology available for minimizing adverse
environmental impact; and (7) verification monitoring plan.

EPA, in the preamble to the Rule, recognized that it takes a significant
amount of time to prepere a CDS, particularly in light of the need to gather
meaningful data to characterize the aquatic community in the vicinity of a
cooling water intake structure and to document current impingement
mortality and/or entrainment data.

The Rule is designed for implementation through the next round of LPDES
permit renewals. Entergy recognizes that there is some uncertainty

around LDEQ adoption of the Rule through the Louisiana-dslegated

NPDES program. To the extent that LDEQ may choose an approach that

is different from the process identified by the Rule, Entergy must make
appropriate adjustments.

Should you have any questions or comments, please contact Mr. Mark J. Louque
at (504) 464-3267.

Sincerely,
QJ&Q/UW

Josaph E Venable
Vice President, Operations
Walerford 3

JEVMJUmiji
Attachments
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cc: Scoft Guilliams—LDEQ- Office of Environmental Services
Melanie Conors ~LDEQ- Office of Environmental Services
Waterford 3 Records Center

bee: {wio Enclosures)
J.E. Venable
K.T. Waish

ecc: (wiEnclosures)
F.M. Harbison
G.M. VonBodungen
R.N. Buckley
C. M Zeringuse

W-GSB-300
W-MSB4-300

L-ENT-5E
L-ENT-5E
M-ECH-585
W-MSB4-238
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EXECUTIVE SUMMARY

This Propaosal for information Collection (PIC) for the Entergy Operations, Inc. — Waterford 3 Plant
is developed as part of Entergy’s obligations under the Section 316(b) Phase Il Rule (Rule). Due
to the proportion of the average river flow used by the cooling water intake structure (CWIS), the
Waterford 3 Plant is subject to only the impingement mortality goals under the rule.

The Waterford 3 Plant is a nuclear generating facility which employs open cycle cooling. The
piant obtains water directly from the non-tidal portion of the Mississippi River. The cooling water
intake structure (CWIS) canal extends approximately 162 feet offshore into deep, fast-moving
water.

The CWIS is equipped with eight traveling water screens with 1/4” mesh. Approximately 10% of
the screen panels have been replaced with 3/8” mesh. The traveling water screens (dual- speed)
are each equipped with high pressure wash systems on the front side of the screens. Debris is

retumed via a combined concrete trough system which discharges into the Mississippi River, The

debris is returned away from the influence of the intake canal and cooling water discharge zone.
Screen wash and rotation is initiated manuaily and operational frequency varies with seasonal
debris loading. .

Rates of impingement have not been evaluated at Waterford 3 but have been evailuated at the
Entergy Waterford 1 & 2 Plant, located 2,100 feet upstream, and at other similar plants on the
Mississippi River, including the Entergy Willow Glen and Baxter Wilson plants (also loc¢ated
upstream) and the Entergy Michoud and A. B. Paterson plants {located further south in tidally
influenced waters adjacent to the river). The Waterford 1 & 2 impingement study indicated that
the rates of impingement are relatively low. Using the data sets available, annual impingement
was estimated to be 336,500 fish and shellfish per year for both units combined (see Appendix B).
Impingement was represented by several species, primarily juveniles, including blue catfish,
anchovy, threadfin shad, freshwater drum, striped mullet, skipjack herring, river shrimp, and blue
crab. This information generally is consistent with the 316(b) demonstration completed for
Waterford 3 in 1979, which supported a finding that the current configuration was Best
Technology Available for the facility (EPA Region 8 NPDES permit, 1691).

Documented impingement at Entergy’s freshwater Mississippi River plants were dominated by a
relatively small number of species, primarily juveniles, including freshwater drum, gizzard and
threadfin shad, carp, white and black crappie, skipjack herring, and blue catfish, as well as
freshwater shrimp and crayfish. Based on the literature, the current patterns of impingement (i.e.,
rates and species) at the Waterford 3 Plant are likely to be similar to those observed historically at
the other stations. ‘

Waterford 3 PIC - Al Number 35260 ES-1 December 2605



The operation and design of the Waterford 3 Plant cooling water system suggests that potential
rates of impingement mortality are considerably less than the Calculation Baseline condition.
Based on an informal review of the available information, the submerged (due to the skimmer
wall) location of the CWIS 162 feet offshore (sheet piling canal) in the main river channel appears
to allow the CWIS to meet the relevant performance goals for impingement imposed by the Phase
il Rule. :

Future plans are to maintain the plant at current cperating levels, which are above a 15% capacity
factor. Entergy cannot commit to the maintenance of any reduced capacity factor at this time and,
therefore, does not credit that toward the performance goal.

in assessing the potential costs of the Phase il Rule, US EPA estimated capital costs and total
annualized costs for Waterford 3 to be $27.4M and $7.3M, respectively based on the “addition of
a passive fine-mesh screen system (cylindrical wedgewire) near shoreline with mesh width of 1.75
mm.” These costs inappropriately cover compliance with both impingement mortality and
entrainment performance standards. Adjusted costs to address only the impingement
performance standard, using procedures set out in the rule, are $12.4M and $3.4M respectively
for capital and annualized costs. This cost serves as the basis of the Cost-cost test that may be
pursued under the Site-Specific Best Technology Available (BTA} compliance approach provided
for by the Rule. An alternative approach to the Site-Specific BTA is the demonstration that the
costs of compliance are significantly greater than the monetized benefits of compliance, the so-
called Cost-benefit test.

This PIC provides a focused review of available mitigation technologies and concludes that no
reasonable, cost-effective measure exists to mitigate impingement mortality beyond that provided
by the current configuration. In particular, each technology is found to be of limited feasibility and
effectiveness or of ‘“significantly greater” cost than the benefits gained from meeting the
performance standards. The importance of an uninterrupted cooling water supply for nuclear
power stations under Nuclear Regulatory Commission (NRC) rules is recognized by the Phase |l
rule (see 40 CFR 125.84(f)) and is important to consider when evaluating several technologies
that involve screening of the cooling water with attending fouling issues. Restoration measures
may be retained for further evaluation as “cost-effective measures” potentially to be implemented
to suppiement the Site-specific BTA. :

Entergy proposes to pursue simultaneously the Rule’s Compliance Alternative 2 (existing piant
currently meets the performance standard), based on the cumrent performance of the CWIS, and
Compliance Alternative 5 based on the Cost-cost and/or Cost-benefit tests. Entergy proposes to
use existing data collected at the Waterford 1 & 2 Plant and other data from the Mississippi River
to support the Comprehensive Demonstration Study (CDS) including the Impingement Mortality
and Entrainment Characterization Study (IMECS). Entergy, therefore, proposes to collect no
additional field data to support the CDS. We believe that the available data can support the
requirements of the CDS. Notably, the atiributes of the CWIS (especially its location in the main
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river channel) strongly support that it meets the Rule's performance goal. As importantly,
additional data on the relative density of fish at the off-shore location of the CWIS will be very
expensive and potentially hazardous to obtain. Finally, Entergy also believes that the paraliel
application of the Cost-cost and/or Cost-benefit test will lessen the need for further consideration
of certain alternatives. Importantly, Entergy believes that existing rates of impingement from
nearby stations aillow for reasonable estimates of the rates of impingement at Waterford 3,
including the species and age of fish. These data can be used to support the estimate of
monetized benefits to support the Site-specific BTA. Consideration of both Compliance
Alternatives will allow for a “weight-of-evidence” to support the finding that the CWIS at the
Waterford 3 Plant meets the BTA requirements of the Phase |i Rule.

The proposed component elements of the CDS are listed and a tentative schedule for the CDS
completion, consistent with the Louisiana Pollutant Discharge Elimination System (LPDES) permit
renewal, is defined within this PIC for the Waterford 3 Plant.
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1.0 INTRODUCTION

The Entergy Operations, Inc. (Entergy’s) Waterford 3 Plant is located on the west (right
descending) side of the Mississippi River in Killona, Louisiana, approximately 25 miles upstream
from New Orleans. The plant consists of a nuclear reactor with a net plant output of 1,165 MW,
Because the plant uses cooling water from the Mississippi River in excess of 50 million gallons
per day (MGDj, the plant is regulated by the recently-finalized Phase i Rule developed under the
Clean Water Act's Section 316(b). Because the facility’s design intake flow is less than 5 percent
of the mean annual flow of the Mississippi River, a freshwater river, the Waterford 3 Plant is only
subject to the Rule’s performance goals for impingement mortality.

The goals of this Proposal for Information Collection (PIC) for the Waterford 3 Plant include the
following: '

+ Address the requirements of the Code of Federal Regulations (CFR), Title 40, Section
125.95(b)(1); and

+ Facilitate the compliance process by explaining Entergy’s proposed approach.

40 CFR Section 125.85(b}(1) describes the PIC requirements as follows:

“You must submit to the Director for review and comment a description of the information
you will use to support your Study. The Proposal for Information must be submitted prior
to the start of information collection activities, but you may initiate such aciivities prior to
receiving comment from the Director. The proposal must include:

(i) A description of the proposed and/or implemented technologies, operational measures,
and/or restoration measures to be evaluated in the Study;

(iiy A list and description of any historical studies characterizing impingement mortality and
entrainment and/or physical and biological conditions in the vicinity of the cooling water
intake structures and their relevance to this proposed Study. [f you propose to use
existing data, you must demonstrate the extent to which the data are representative of
current conditions and that the data were coliected using appropriate quality
assurance/quality control procedures;

(i) A summary of any past or ongoing consuitations with appropriate Federal, State, and
Tribal fish and wildiife agencies that are relevant to this Study and a copy of written
comments received as a result of such consultations; and '

(iv) A sémpiir}g plan for any new field studies you propose to conduct in order to ensure
that you have sufficient data to develop a scientifically valid estimate of impingement
mortality and entrainment at your site. The sampling plan must document all methods and
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quality assurance/quality control procedures for sampling and data analysis. The
sampling and dafa analysis methods you propose must be appropriate for a quantitative
survey and include consideration of the methods used in other studies performed in the
source waterbody. The sampling plan must include a description of the study area
(including the area of influence of the cooling water intake structure(s)), and provide a
taxonomic identification of the sampled or evaluated biological assemblages (including all
life stages of fish and shellfish).”

The following tabulation provides the section of the PIC where each of the above mentioned
regulatory requirements are presented.

§ 125.95(b)(1){i) — Review of Measures a Technologies 3.0
§125.95(b)(1)(ii) - Historical Studies 4.0
§ 125.95(b)(1)(ii) ~ Agency Consultations | 50
§ 125.95(b)(1)(iv} — Proposed Sampling Plan 7.0

The Phase [l Rule allows for significant discretion by the Secretary of the Louisiana Department of
Environmental Quality (LDEQ) during the implementation process. In fact, the Rule allows for
flexibility in the compliance approach taken at a plant by including several specific criteria
associated with assessing compliance, including:

- » On which species and life stages to base the compliance assessment;
¢ Whether to base the assessment on numbers of individuals or biomass;
¢ The specifics of estimating the Calculation Baseline condition;

s The averaging period to use in estimating the Calculation Baseline or assessing
compliance;

¢« The ability to discount “unavoidable, episodic impingement or entrainment events” in the
assessment of performance;

¢ The specific design parameters (e.g., siot size) for the cooling water intake structure
(CWIS);
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» The need for, and nature of, peer review for assessment of restoration and/or monetized
benefits;

e The need for additional information collection to support the Comprehensive
Demonstration Study (CDS);

o The nature of the Technology installation and Operation Plan (TIOPY);
e The nature of Approved Technology (i.e., Compliance Alternative 4);

o The definition of “significantly greater” under site-specific Best Tecizna!ogy Available (BTA)
(Compliance Attematwe 5); and

¢ The timing of the component reports of the CDS.

Entergy believes that this level of discretion allows LDEQ fo oversee a fccased and efficient
compliance program to:

¢ Assess the current performance of the CWIS and operationiresteraﬁon measures;
e Review the altemative measures to determine those that are feasible and cost effective;
¢ |f appropriate, implement cost-effective measures; and

s Develop a CDS within the context of one or more of the Rule’'s Compliance Alternatives.

Entergy has prepared this PIC that both addresses the requirements of the Rule and defines
Entergy’s recommended Phase |i compliance program for the Waterford 3 Plant.

1.1 Goals, Process, and Timing of the Rule

The U.S. Environmental Protection Agency (EPA) has produced final reguiations under Clean
Water Act Section 316(b) that establish performance standards for existing CWIS for electricity
generators using in excess of 50 million gallons per day (MGD). The Phase il Rule was published
in the Federal Register on July 8, 2004 and became effective on September 7, 2004.

The Phase i Rule calls for a 80 to 80 percent reduction in entrainment and an 80 to 95 percent
reduction in impingement mortality from the “calculation baseline,” essentially the entrainment and
impingement mortality rates at a similarly sized once-through shoreline CWIS with no
impingement and/or entrainment reduction controls, other than 3/8 inch mesh traveling screens, at
the same location. These rates of protection are deemed by EPA to be “commensurate with
closed cycle cooling.” There is no requirement for power plants to adopt closed-cycle cooling.
The Rule alsc provides for site-specific BTA in the event that site specific costs of compliance are
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“significantly greater” than either the costs estimated by EPA for the plant or for the monetized
benefits of compliance at the plant.

The Rule allows for five different means of demonstrating compliance with the requirements of the
Rule.

Compliance Alternative 1: Fiow Reduction. Under Option 1(a) the plant owner can
demonstrate that it uses closed-cycle cooling to show compliance with the Rule.
Alternatively, if the through-screen velocity can be shown to be less than or equal to 0.5 fi/s,
the performance goals relative to impingement mortality will be deemed to be met under
Option 1{b). This latter approach does not address the potential entrainment performance
goals, if applicable.

Compliance Alternative 2: Demonstrate that the current system achieves the relevant
performance goals. Through the execution of a CDS, the plant can show that it is currently
meeting the performance goals through some combination of technc!egses as well as
operation and restoration measures.

Compiiance Aiternative 3: Demonsirate that a newiy installed and operated system (i.e.,
technology and/or operation/restoration measures) will meet the performance goals. Again,
through development of a CDS, the plant can design and implement a set of controls
estimated to achieve the performance goals.

Compliance Alternative 4: Install and operate an approved technology. As part of the
Rule, EPA designated wedge wire screens in a riverine environment as an approved
technology. Proper installation and operation of this technology will meet the goais of the
Rule. NPDES Permit Directors have the ability to deslgnate ether technoiog:es as
“Approved.”

Compliance Alternative 5: Site-Specific BTA. Under this option, the plant can show that
the actual costs of compliance for alternatives proposed are “significantly greater” than
either the costs assumed by EPA or benefits expected from the installation and operation of
the alternative. Under this option, the plant is still required to pursue “cost-effective
measures.” '

These options are each associated with differing requirements relative to the CDS. Under Option

1{a), no CDS is required for assessment of impingement mortality, while under some of the other
options, relatively extensive analyses may be required along with submittal of several documents.

1.2 CDS Schedule

The Waterford 3 Plant’'s current LPDES permit No. LA0G07374 expires on January 31, 2010
Under the rule, the Comprehensive Demonstration Study (CDS) should be submitted with the
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application for LPDES permit renewal and the CDS initially must be submitted no later than
January 7, 2008. Completion of the CDS in this time frame should not represent a significant
obstacle especially given the compliance approach proposed below.

1.3 Specific Goals of this PIC

The Waterford 3 Plant is only affected by the impingement performance goals of the Phase |l
Rule.

Entergy has taken one measure that mitigates impingement mortality at the Waterford 3 Plant:

= The CWIS is located away from the shoreline in deep, fast-moving water. The intake
canal is formed by steel sheet piling driven into the river bottom and extends
approximately 162 feet out from the face of the structure. The CWIS is also considered
submerged since the end of the canal is equipped with a skimmer wall across its entrance
which prevents floating debris and surface swimming organisms from entering. This
submerged offshore location places the structure in relatively poor habitat compared to the
shoreline of the Mississippi River and is, therefore, likely to reduce the rates of
impingement relative to a structure located directly on the edge of the river itself. Entergy
believes that there is a strong consensus in the literature and among fisheries researchers
that the population density in the main channel of the river (with very high ambient water
velocities) is substantially lower than in areas along the shore and in backwaters where
the velocities are lower. This is borne out in the anecdotal observations of relatively low
rates of impingement. It should be noted that during flood events, debris and fish may
pass over the sheet piling and enter the CWIS. However, these episodes oceur relatively
infrequently. Flooding usually coincides with reduced pumping rates at the facility (3 out of
4 pumps running), and the fish density in the Mississippi River is also much reduced,
minimizing impingement rates (see Appendix B).

Entergy believes that the above measure provides 93% reduction in impingement mortality (see
Table 3-2). For these reasons, Entergy Operations, Inc. proposes to pursue Compliance
Alternative 2 and demonstrate to the Director that “existing design and construction technologies’
meet the performance standards in the Rule. Given the consensus regarding relatively low
population densities in the river's main flow, we believe that a defensible and favorable
comparison to the Calculation Baseline can be made without the collection of additional field data.

Entergy believes that no additional technology or operational measure available to reduce
impingement mortality is likely to be feasible and cost-effective at the Waterford 3 Plant. This
conclusion is based on the analyses presented in the following sections of this document. There
are substantial technical difficuities with many of the potential technologies, partially due fo the
extreme flows found in the Mississippi River. The distance of the CWIS offshore complicates
installation, operation, and maintenance of many technologies and is also likely to adversely affect
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costs. Finally, many of the technologies that rely on screening (e.g., barrier net, wedgewire
screen, efc.} will suffer from clogging associated with debris and biological growth. In assessing
the potential costs of the Phase Il Rule, US EPA estimated capital costs and total annualized
costs for Waterford 3 to be $27.4M and $7.3M, respectively, based on the “addition of a passive
fine-mesh screen system (cylindrical wedgewire) near shoreline with mesh width of 1.756 mm.”
These costs inappropriately cover compliance with both impingement mortality and entrainment
performance standards. Adjusted costs to address only the impingement performance standard,
using the procedures set out in the rule, are $12.4M and $3.4M, respectively, for capital and
annualized costs. Based on impingement data at other like facilities, and anecdotal site-specific
information, these costs far outweigh the potential benefits of compliance with the Phase 1l 316 (b)
rule. Significantly, the installation of 1.75 mm wedgewire screens is not a feasible technology and
would very likely be subijected to clogging in the river environment.

For these reasons, Entergy proposes to pursue the Rule’'s Compliance Alterative 2 (existing
plant currently meets the performance standard) based on the current performance of the CWIS,
and, altematively, Compliance Alternative 5 (Site-specific BTA) based on the Cost-cost and Cost-
benefit tests. Entergy believes that the existing biological data available from the plant and its

- environs are sufficient to support this analysis and therefore does not propose collection of

additional data.

The goal of this PIC is to provide the information necessary to demonstrate that this proposai
meets the requirements of the Rule.

1.4  Review of Document Organization

The fo!%c#ving is a summary of the components of the PIC for the Waterford 3 Plant:

« Data on the physical configuration and flow of the Mississippi River are presented in
Section 2;

« Discussion of existing and potential additional technologies and measures to mitigate
impingement mortality are presented in Section 3; V

s The nature of historical studies and the resulting data are summarized in Section 4. The
potential use of these data to support the CDS is also discussed in this section;

¢ Section 5 presents a review of relevant agency consuitations;
s Entergy’s proposed compliance approach is summarized in Section 8; and

e Section 7 presents the proposed sampling work pian.
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The PIC document is also supported by appendices that:

(1) Provides a general review of impingement mortality and entrainment mitigation measures
{(Appendix A),

(2) Reviews the general nature of the fisheries of the Mississippi River focusing on the ‘Lower
Mississippi River’, including the plant-specific data (Appendix B); and

(3) Presents US EPA’s estimated cost of compliance as summarized in the Phase i Rule
{Appendix C).
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2.0 SOURCE WATER BODY INFORMATION

This PIC provides LDEQ with information regarding the circumstances that affect operation and
performance of the current Waterford 3 Plant CWIS, the potential additional measures to reduce
impingement mortality, and the compliance approach that Entergy proposes to pursue. Ali three
of these issues can be affected by the source water body flow rate as well as the physical
configuration of the source water. Entergy believes it may be very productive to consider these
issues as part of the PIC, though the rule anticipates their discussion either as a separate part of
the CDS (i.e., the Source Water Body Flow information — 40 CFR 125.95(b}(2) or the LDEQ
application itself (i.e., the Source Water Body Physicai Data Report - 40 CFR 122.21(r){(2})). In
order to facilitate LDEQ evaluation of this data, Entergy has slightly expanded the scope of the
PIC to include the discussion here.

21 Source Water Body Flow Information

The Phase l Rule requires consideration of Source Water Body Flow Information (40 CFR
125(b){(2)) under two circumstances: ‘

(1) The CWIS is on a river or stream. in this case, documentation is needed to demonstrate
whether the plant withdraws less or greater than 5% of the mean annual river flow. This
information is used to determine whether the entrainment performance goals apply to the
plant; and

(2) The CWIS is on a lake or reservoir and a proposed expansion of the CWIS flow might
adversely impact the stratification of the water body. This is not applicable for the
Waterford 3 plant since it withdraws cooling water from the Mississippi River.

| Cooling water for Waterford 3 is withdrawn from the Mississippi River at a design flow rate of 1565.2

MGD, or 2406 cfs. The average flow in the Mississippi River in the vicinity of the Waterford 3 plant
(RM 129.5) is estimated to be greater than approximately 500,000 cfs'. Based on this information, it is
determined that Waterford 3 withdraws a maximum of approximately 0.48% of the flow in the
Mississippi River; and in actuality this percentage is probably much less because of the additional,
unaccounted for, streamflow contributions entering the Mississippi River downstream of the Vicksburg
station and upstream of the Waterford 3 plant.

! Exact fiow rates are not available for the Mississippi River in the vicinity of the Waterford 3 plant, so the flow was estimated to be
greater than the average flow rate of approximately 500,000 measured at Vicksburg (RM 435.7), which is located well upstream of the
Waterford 3 plart and encompasses a smaller watershed area. The fiow rate at Vicksburg was calculated using the average stage of
21 feet for the Mississippi River gage at Vicksburg, cakulated fom data taken from U.S. Amy Comps of Engineers website

e fivergages com, and the results of 2 USACE flow measurement at the Vicksburg plant taken at a stage of 20.7 feet.
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Since Waterford 3 withdraws much less than 5% of the annuai flow of Mississippi River flow, the fac:hty
is not subject to the entrainment perfommance goal.

2.2  Source Water Body Physical Data

The Phase Il Rule requires, as part of the LDEQ permit application submission, the following
information to support Phase 1l compliance:

i. A narrative description and scaled drawings showing the physical configuration of all
source waler bodies used by your plant, including areaf dimensions, depths, salinity and
temperature regimes, and other documentation that supports your detemmat:on of the
waterbody type where each CWIS is focated;

ii.  Identification and charactenzation of the source waterbody’s hydrological and
geomorphological features, as well as methods you used to conduct any physical
studies to determine your intake's area of influence within the waterbody and the resuits
of such studies; and

fii.  Locational maps.

The intake structure for the Waterford 3 plant is located approximately 162 feet from the westemn shore
of the Mississippi River (see Figure 2-1). Cooling water brought into the intake structure is drawn from
the Mississippi River at a plant capacity rate of 1555.2 MGD, through a series of intake pipes. -

The width of the Mississippi River at the Walerford 3 plant is approximately 1,850 feet, the average
stage is approximately 6.9 feet, and the average velocity is approximately 3.65 fi'sec. Bathymetric
information for the Mississippi River at the Waterford 3 plant (RM 129.5) was available from the
USACE from a hydrographic survey conducted by the USACE in 1892 indicating an average maximum
depth of approximately 129 feet, cross-sections from that survey are available for download on the
USACE New Orleans districts website’. The width was measured from a U.S. Geological Survey
topographic map of the river, the average stage was estimated to be the average stage at the
USACE’s gage height measurement station at Bonnet Carre, located approximately 1.4 miles
downstream, and the average velocity was determined from stage velocity relationships for USACE
stations located at Baton Rouge (RM 228.7) and at New Qrleans (102.8) at the stage of 9.9 feet.

The hydraulic information describing the Mississippi River in the vicinity of the Waterford 3 plant was
used to determine the area of hydraulic influence of the intake. The zone of hydraulic influence is
being defined here as the area of a hemisphere through which all of the CWIS flow passes, and that is
of sufficient size so that the velocity through the surface is equivalent to the ambient velocity in the

2 Tfansect data for the Lower stszssapp& River was taken fom US. Amy Cops of Engineers website
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water source. Therefore, in the case of the Waterford 3 piant, it is a hemispherical area that measures
658 square feet.

The size of the Mississippi River and ifs large flow in the vicinity of the Waterford 3 plant minimize the
effects of the CWIS withdrawal. The area of the river hydraulically affected by the Waterford 3 intake is
a negligible 658 square feet (Figure 2-1).
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3.0 TECHNOLOGIES, OPERATIONAL, AND RESTORATION MEASURES

This section will review current and potential future technologies, operational, and restoration
measures relative to their potential to meet the performance goals of the Rule in a cost-effective
manner. As discussed earlier, only the impingement mortality goals are applicable to this plant.
Therefore, only those solutions which address impingement mortality will be presented in this
section; however, a more comprehensive discussion of technologies is gmvrded in Appendix A,
including options for impingement mortality and entrainment.

3.1 in-place Technologies

This section describes the current CWIS as well as its apparent performance relative to the goals
of the Rule.

A concise summary of the Waterford 3 Plant, its CWIS, and the available data is provided in Table

3-1. The findings described in this table are presented in more detail below.

3.11 Review of Technologies and Operational Measures

The Waterford 3 CWIS is designed to provide 1,080,000 gpm of circulating cooling water to the
station using water withdrawn from the Mississippi River. The CWIS was designed for normal
operation within river high-water and low-water elevations of +23.6 feet msi and +0.8 feet msl,
respectively. The CWIS consists of an intake canal, intake structure, eight trash racks, sight
through-flow traveling water screens and three screen wash pumps. Figure 3-1 provides a cross-
sectional illustration of these CWIS components.

The intake canal is formed by sieel sheet piling driven into the river bottom and extending
approximately 162 feet out from the face of the intake structure (see Figure 3-2 diagram). The
canal has a skimmer wall across its entrance which inhibits floating debris from entering the canal.
The elevation at the top of the sheet piles is +15.0 fest msl. The elevation at the bottom of the
skimmer wall is -1 foot msl. The dimensions of the opening to the river are 36.9 feet in length by
34 feet in depth. The water velocity through the intake opening at the river boundary during
maximum pump operation pump is approximately 1.9 ft/sec.

At the end of the intake canal (at the shoreline), the CWIS is comprised of eight intake bays (see
Figure 3-3) that are defined by concrete wingwalls. Each intake bay is approximately 11 feet
wide, and has a curtain wall (extending vertically from +15 feet to -4.0 feet, and across the width
of each bay), frash rack and fraveling water screen. The maximum design flow rate for each
intake bay is 135,000 gpm. At the maximum design flow rate, the screen approach velocity is
approximately 1.0 ft/sec in each bay. The four circulating water pumps (1 for two intake bays) are
vertical mixed flow pumps. Each pump is rated for 3,500 hp at 273 rpm and is capable of
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pumping 557 cfs (250,000 gpm) of water. Three service water pumps are located 12.5 ft
upstream of the circulating pumps. Each service water pump is rated for 250 hp at 1,775 rpm and
capable of providing 7 cfs (3,000 gpm) of service water. Cooling water is discharged 600 ft
downstream of the CWIS.

The trash rack in each CWIS bay is designed to remove large debris. Each trash rack consists of
a series of 1/2 inch by 3 1/2 inch bars spaced on 3 inch centers and oriented at an angle of
approximately 10 degrees from vertical. Plant personnel clean the trash racks with a mechanical
trash rack cleaner.

The traveling water screens are located 29 ft 9 in. upstream of the circulating water pumps and 19
ft 3 in. downstream from the trash racks and are composed of stainless steel wire mesh, most with
1/4-inch-square openings. Some screen panels (approximately 10%) have 3/8-inch mesh. The
traveling screens are conventional through-flow screens, oriented perpendicular to the walis of the
intake bays. Each traveling water screen is cleaned by a high pressure spray (80 psi) from two
parallel headers located on the inside of the ascending side of the screen. Each header contains
nine spray nozzles (for a total of 18 nozzles per screen), directed toward the river. The spray
cleaning system can be operated manually or automatically based on a water level differential (18
inches) across the traveling water screens. The screens can operate at either high or low speeds
(20 ft/sec and 5 fi/sec). Depending on the debris load, the screens might be rotated and cleaned
anywhere from hourly to once each day.

It should be noted that the Waterford 3 Plant has an infrequent but recurring problem with debris
carry-over from the traveling screens. The debris in the circulating water leads to macro fouling of
the inlet water box side of the condenser, which causes associated integrity problems with the
station condensers. This issue was identified during the last two Institute of Nuclear Power -
Operations (INPO)® inspections as an Area for Improvement. As such, any technological or
operational change that possibly would increase the post-screen debris load could potentially
create plant operational issues. This periodic carry-over probiem is considered within this PIC
document as potential technologies are evaluated and will be considered further as the CDS
progresses.

3.1.2 Restoration Measures

No restoration measures have been performed to date at the Waterford 3 Piant. Potential
restoration measures are discussed in Section 3.2.3.

* The nuciear electric utility industry created the INPO in 1878, U.S. crganizations that operate nuclear power plants are INPO
members. INPO and the Departrment of Energy (DOE) have a contract courdinated by the Office of Regulatory Liaison which involves
sharing of information. INPO provides DOE employees access lo INPO products and services including operating expedence and
datz, workshops and training, and on-site special assigtance vists.
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3.1.3 Performance Estimates

Estimates of performance relative to the Rule’s goals are contained in Table 3-2. The following
bullets provide a listing of the data that were used to estimate these performances:

¢« Impingement data compiled at the Entergy Waterford 1 & 2 Plant (no gquantitative
impingement data is available for Waterford 3},

« A review of impingement rates at other plants located on the Mississippi River as well as
summary of general distribution and habits of fisheries of the river {see Appendix B}. No
site-specific impingement studies data are available for the Waterford 3 CWIS, however
ambient fisheries data is available in the general area of the plant;

s Local fisheries data provided by the Mississippi Museum of Natural History and other
govemment agencies;

¢ Threatened and endangered species found in the area as listed by both the State of
Louisiana and the U.S. Fish and Wildiife Service; and

¢ Best professional judgment based on the literature on CWIS technologies and likely
bictogical responses.

The physical location of the CWIS away from the shoreline habitat and in deep, fast-moving water,
discourages fish from migrating toward the intakes. The resuiting impingement mortality reduction
from a baseline calculation is estimated to be 93% based on literature values of the fish biomass
present in different Mississippi River habitats (see Table 3-2 and Appendix B). Since the total
impingement reduction is 93%, the plant appears to meet the performance standard.  Although
not credited towards the performance standard, it should be noted that the facility has increased
total capacity by 78 MW Net since the EPA Questionnaire was submitted in February 2002
without any changes to CWIS flow.

The plant is currently considered a "base load” facility and has a current capacity factor greater
than 15%. Future plans are to maintain the piant at its current operating status. Entergy cannot
commit to the maintenance of any reduced capacity factor at this time and therefore, does not
credit that toward the performance goal.

3.2 Potential Technologies

A summary of general technologies and operational measures available to address impingement
mortality and entrainment are presented in Table 3-3. For the Waterford 3 Plant, only the
impingement mortality goal is applicable. This table presents the technology, estimated
effectiveness in addressing impingement mortaiity and entrainment, estimated technology cost,
and notes on why the technology was or was not retained for further feasibility analysis as part of
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the CDS. Appendix A provides a more in-depth analysis of each technology and operational
measure considered in Table 3-3. A specific discussion of those technclogies that Entergy
considers most promising for the Waterford 3 Plant is provided in Section 3.2.1. A specific
discussion on operational measures is provided in Section 3.2.2.

Because the cooling water intake is less than 5% of the river flow, entrainment performance goals
do not apply to Waterford 3 Plant. As a resulf, entrainment is not considered further in this
technology review.

3.21 Review of Technologies

The following criteria are used to assess the technologies and operational measures presented in
Table 3-3:

¢ Technical feasibility and reliability;

s Effaectiveness in meeting the Rule’s performance goals;

¢ Costs relative to EPA estimate developed as part of the Rule-making; and

s Potential for other adverse effects.

Site-specific technologies considered for the Waterford 3 Plant included:

¢ Traveling screen modifications;

s Fixed screen devices;

¢ New intake location;

¢ Fish diversion and deterrence techniques; and

s Fiow reduction.

in Table 3-3, the capital costs for technology installation have been estimated for planning
purposes. These costs are approximate but they do account for a number of site specific aspects
{e.g., distance from the river to the plant, number and capacity of CWIS, etc.). Table 3-3 aiso
provides a qualitative discussion of potential operation and maintenance costs. Costs associated
with plant downtime during construction are also likely but have not been estimated here due to
the uncertainty in construction timing and the need to suspend operations. Given the consistent,
‘baseload” operation of Waterford 3, the costs associated with facility downtime are likely to be
very high. In the execution of the Cost-cost or Cost-benefit test, all of these issues will be
revisited in a more formal fashion and their results expressed consistent with the requirement of
the Rule.
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The cost estimates for the various technologies were prepared by using the foflowing resources:

e EPA Technical Development Document for the Final Section 318(b) Phase I Existing
Facilities Rule, February 12, 2004. (EPA-821-R-04-007);

s EPA Technical Development Document for the Proposed Section 316(b) Phase il
Existing Facilities Proposed Rule, April 2002. (EPA-821-R-02-003);

¢ Cost estimates and/or installed costs for similar equipment obtained by ENSR from
vendors and other operating plants; and

s  Brayton Point Plant 316(b) Demonstration.

Available costs were adjusted to account for size/capacity differences as foliows:

e proportionally for components/equipment whose costs were judged to be proportional
to size (e.g. pipe length); and

e by the 6/10ths rule’ for those components whose costs were judged to not be directly
proportional {o size (e.g. pumps).

ENSR also applied the following factors, where appropriate:

e 10% Allowance for Indeterminants (AFl), a contingency’ on costs of the items
included,

e 30% contingency®, to address unforeseen items, especially with regard to a plant
retrofit; and

o Escalation based on the time frame of the basis cost estimate. Since the basis cost
year varied, estimated costs were escalated based on 3% annual rate of inflation.

Traveling Screen Modifications

The CWIS has eight 10-foot wide, 51-ft high, 1/4 in. square mesh traveling water screens located
19 f. 3 in. downstream from the centerline of the trash racks and 29 ft 9 in. upstream of the

4 The 6/10ths rule or factor is a logarithmic relationship between equipment size and cost. Insimple form, C, = *%C, where C, =
cost of new equipment, C = cost of existing equipment {or a known cost), and r = the rafio of the new to existing capacity or size.
[reference: Chilton, C.H., "Six Tenths Factor,” Chemical Enginsering, Aprl 1850, pp. 112-114.}

®The 10% AF! and 30% contingency were both chosen based on past experience and engineering judgmaent for this level of cost
estimate,
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cooling water pumps. Screen wash water enters a concrete siuice way common (o all traveling
screens and discharges to the Mississippi River.

As noted above, many of the finfish encountered at Waterford 1 & 2, and anticipated at the
Waterford 3 Plant are relatively sensitive to handling. Thus, even the relatively costly upgrades
discussed in this section are unlikely to greatly improve finfish survival.

Major modifications to the intake screens (dual flow, angled, or inclined) to reduce through-screen
velocity or improve impingement mortality performance will pose significant engineering
challenges and possible major modifications to the intake structure. Assuming that angled or
inclined screens could be installed in the screen house with relatively minor intake structure
modifications, the cost for either the angled or inclined screens was estimated to be $8M. if the
number of intake bays is to be increased in order to reduce through screen velocity, the costs will
increase dramatically from this estimate. Because the angled/inclined screens are not
substantially more effective than conventional screens and have a higher cost than other
modifications, this technology was not retained.

Dual Flow Screens

A dual flow screen option which, by design, would reduce the through screen velocity to 0.5 fi/s
was alsc considered. To achieve this velocity, the existing flow through screens wouid be
replaced with new 14-ft dual flow screens in the existing structure. Ancther intake bay would also
be required to achieve a through screen velocity of 0.5 fi/s. The cost for dual fiow screens was
estimated to be $28.8M. The cost includes Ristroph features and a fish return flume.

Dual-flow screens are a technology that has been used to reduce or eliminate debris carry-over
problems at cooling water intake systems. Duai-flow traveling screens are typically oriented
parallel to the overall direction of the cooling water flow - or perpendicular to the orientation of
conventional through-flow screens. With this technology, water is drawn through the screen from
the outside of both the ascending and descending sides of the screens. Clean water from the
inside of the screens is then pumped to the condensers. Carry-over is typically not a problem with
dual-flow screens because any debris not cleaned off the screen on the first pass stays on the
outside of the screen, only contacting unscreened, not screened, water. Unremoved debris then
has a second (or more) opportunity to be removed from the screen by the spray wash system.

One of the common limitations with dual-flow screens is the flow disruption that is caused by the
two 90-degree turns that cooling water must undergo to pass through the system. The hydraulic
disruptions result in increased turbulence, velocity hotspots, and even local inducement of fiow out
of the screen. These hydraulic issues can result in poorer impingement performance. These
issues can be minimized (but not eliminated) by proper hydraulic analysis and design.
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Hydraulic issues are likely to be increased if the dual-flow screens are to be placed in relatively
narrow channels such as the intake bays at Waterford 3. The extent of this concern depends on
the width of the screen endplate relative to the bay width and the resulting channel width
remaining for water to enter.

For example, at a power plant in Texas, approach velocities increased dramatically when through-
flow screens in 11-foot wide intake bays were replaced with dual-flow (dual entry — single exit)
screens. This screen retrofit resulted in an opening of approximately only one foot between either
side of the screen endplate and the intake bay wingwall, for a total opening width of approximately
two feet. Thus, the cross-sectional area of the approach channel decreased, and the
coiresponding screen approach velocity increased by approximately 80%. No studies have been
conducted to determine the effect of this retrofit on impingement rates. However, it is unlikely that
impingement has decreased at the facility. In fact, based on the increased approach velocity, itis
possible that impingement has increased.

At another power plant, this one in New York, a duakflow retrofit was accompanied by the
installation of a fish escape passageway on the outside face of the bank of the traveling screens.
This involved the removal of wingwalls and opening of the intake area to form one large intake
embayment.

The installation of dual-flow screens at Waterford 3 without removal of the intake bay wingwails
will likely result in an increased screen approach velocity. if the dual-flow design is the same as
that used at the Texas power plant mentioned above, the approach velocity would increase to
approximately 5.5 fiisec. Given this approach velocity, it is uniikely that any fish or other aquatic
biota approaching the screens would be able to evade impingement. On the other hand, if
properly designed, the increase in screen area associated with dual-flow design could result in a
decrease in the through-screen velocity. This could increase the potential for survivability of
impinged biota. MHowever, because of the non-uniformity of flow on the face of and through the
dual-flow screens, the increased survival is not guaranteed.

Removal of the wingwalls could resulf in a decrease in the intake approach velocity and could
provide the framework for a fish escape passageway. Both of these would substantially reduce
the potential for an increase in impingement. However, the cost for removal of the wingwalls,
which would involve substantial construction as well as potential structural issues and plant
shutdown for a period of time, wouid likely be significant. For these reasons, this technology was
not retained for further evaluation.

Ristroph Screens
Ristroph screens are technologically feasible and would require the addition of a low pressure

wash system and a fish return system. The design of the fish return will be critical to ensure
survival of the fish being retumed. The cost of these modifications (screen modifications, low
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pressure wash, and new fish return system)} is estimated to be $6.9M, assuming a 300 foot fish
return flume. -

Ristroph screen modifications have been demonstrated to significantly reduce impingement
mortality at other facilities. For example, at a facility in New York, the survival of bay anchovy
went from 0.4% to 50%, and the survival of gizzard shad went from 0% to 100% (based on three
fish) after the installation of Ristroph screens. It should be noted, however, that Ristroph screens
have not been shown to be consistent in significantly improving the survival of very sensitive
species. in fact, substantially larger surveys at other facilities do not support this rate of gizzard
shad survival with Ristroph-type screens. '

A Ristroph screen modification would likely involve installation of the following:

+ Smooth flat wire screens that minimize mortality when organisms are impinged on the
screens,

» Fish buckets with a smooth surface and sides that retain water such that mortality is
minimized when organisms are lifted out of the water during screen rotation;

+ A low pressure spray before the high pressure spray such that mortality is minimized
during screen cleaning; and

» A fish retum trough with a smooth surface and sides that retain water such that organisms
are gently returned to the Mississippi River without the use of hydraulic jets to maintain
flow in the trough.

It should be noted that the advantages of a Ristroph screen maodification for the protection of
organisms may be compromised in situations with high debris loading such as experienced at
Waterford 3. For example, if the fish buckets are filled or clogged with debris, organisms may not
be retained in the water as designed. In addition, the debris load could reduce the effectiveness of
the low pressure spray in removing organisms from the screens. Also, a high debris oad in the
retum trough may block flow through the trough unless hydraulic jets are used to maintain flow.
On the other hand, continuous rotation and washing of the screens, which is typical of Ristroph
screen operation, could reduce the debris handling to a level such that the fish protection
characteristics of the screens are maintained. Each of these items would need to be considered
during design if Ristroph screen modifications were to be evaiuated in detail. Due to the high
costs and variable benefit as well as the high performance of the current system, Ristroph screens
were not retained for further evaluation.

Waterford 3 PIC - Al Number 352806 3-8 December 2005




Fixed Screening Devices

Installation of a fixed screen in the water body can, under certain conditions, provide effective
reduction in impingement. The continuous current in the}Mississippi River provides a suitable
sweeping velocity for such screens.

Cylindrical wedgewire screens with a 3/8-inch slot size could be considered for the Waterford 3
Plant. For a through screen velocity of 0.5 fi/s, at design flow rate, a possible configuration would
include 57 72-inch diameter T-screens at the end of the intake canal. The screens would be
cleaned with the air burst system mounted at each T-screen. Since the current configuration of
the intake canal could not support the installation of T-screens, a newly constructed submerged
offshore intake pipe would be required which would significantly increase costs. It was assumed
that the required pipe length from the existing intake would be 300 feet. Given that screens would
be located in the Mississippi River, there is always the concern of impact from navigational traffic.
In addition, the screens are very fikely to be subject to damage associated with debris {e.g., trees)
moving down river. Estimated costs for constructing a submerged intake pipe and adding T-

screens. are estimated fo be $30.3M. This technology is not retained due to its cost, issues

associated with installation and operation, and the high perfformance of the current system.

A 370-ft long by 40-ft deep coarse mesh barrier net could be installed across the existing sheet
piling (below the skimmer wall) at Waterford 3. A much taller net, approximately 60 feet, would be
required if a net would be utilized during high flow periods. The induced through-net velocity
would be less than 0.15 fi/s at normal water level. The estimated capital cost for the barrier net is
$1M. In the Mississippi River, a barrier net is not practical because of significant changes in river
level, the high potential for damage from debris and because of navigational impediments to
heavy marine cargo traffic in the area. As a result, this technology was not retained.

A porous dike constructed around the intake would be of massive size with a 40+-ft depth and
such a dike (like the barrier net) would also be an obstruction of navigation. A conceptual design
would require a dike 40 feet high and 1,300 feet long. The estimated capital cost for this option is
$10.3M. As with the barrier net, a much taller structure would be required during high flow
periods. Such a dike would be an impediment to shipping and likely subject to damage during
flood conditions. The dike materials would also be subject to clogging. Because of the high
costs, impracticality, and uncertain performance, this technology was not retained.

Offshore Intake Structure

The existing intake canal extends approximately 162 feet from shore to a depth of 40 feet. The
conceptual design of a retrofit of the existing offshore intakes would include extending the existing
intake canal to a location an additional 300 feet (to total 460 feet) offshore with the expectation
that biclogical diversity would be lower in mid-channel waters of the river. Installation of an
extended intake canal is estimated to cost $18.4M. Because this alternative is not demonstrably
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more effective than the existing offshore intake configuration (i.e., the current system already
accesses the high velocities of the main channel resulting in a 93% reduction in biomass
compliant with the IM performance standard) it was not retained.

Fish Diversion and Avoidance Devices

Louvers and bar racks can be effective in reducing impingement with a consistent sweeping flow
of the river. The effectiveness varies significantly by species. Debris would also tend to
accumulate in the louvers or bars reducing its effectiveness and reducing flow, an unacceptable
condition for a nuclear station. If a set of louvers were installed to enclose the existing intake
canal, the estimated cost would be $3.6M. It was not retained because of cost and likely
difficulties in implementation.

Velocity caps on new offshore intakes have been shown to result in reduced impingement;
however, it is not always clear whether the reported reductions are due to the velocity caps or the
new offghore locations. Also, the response of fish to the velocity cap is species specific. The
addition of velocity caps would require the construction of submerged intake pipes which would
elevate costs significantly. The estimated total cost of installing intake pipes with velocity caps is
$18.4M. Due to the relative ineffectiveness of this technology and its significant cost, this
technology was not retained. This option would also pose potential navigation concems.

Other behavioral barriers such as strobe lights, acoustic deterrent, bubbles, and chains have been
used as fish deterrents. Their effectiveness is highly uncertain in an area like the Mississippi
River and species-specific. The effectiveness of these devices can be hampered by the high
turbidity conditions and the likelihood of the equipment to degrade and fail under microbiological
fouling conditions observed in the Mississippi River. As a result, these technologies were not
retained. If strobe lights or acoustic deterrents were installed at the end of the sheetl piling intake
canal, the estimated cost would be $0.8M.

3.2.2  Review of Operational Measures

Two operational measures are considered at the Waterford 3 Plant. more frequent rotation of the
traveling water screens in order to reduce impingement mortality and flow reduction.

More Freguent Rotation o? the Traveling Water Screens

More frequent rotation of the traveling screens may reduce impingement mortality by decreasing
the time that impinged fish spend on the screen. Shad and other sensitive species most likely
would not benefit significantly from increased screen rotation due to their intolerance to physical
handling. Other species (e.g., river shrimp, catfish) could benefit from more frequent screen
rotation as they are typically hardier. Although most of the fish returned to the Mississippi River
are not observed due to the high discharge velocity, a small percentage is expected to survive,
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Since Entergy belisves the plant is currently in compliance with the impingement mortality
performance standard, more frequent screen washing is not warranted and is not retained for
further evaluation. As mentioned previously, an infrequent but recurring debris carry-over problem
currently exists at the plant. Due to design problems, some debris is carried over the traveling
water screens when they are running, inherent of once through traveling water screen systems.
Debris clogging occurs in the water boxes at the tube sheets downstream of the traveling water
screens. The debris causes fouling in the water box which leads to condenser tube pitting. More
frequent screen rotation would increase the existing debris carry-over problem and could create
NRC safety concerns as well. it should be noted that the rule (40 CFR 125.94(f)) notes that NRC
requirements for safety can be considered while evaluating alternative technologies. Additionally,
more frequent rotation of the screen will also increase operational costs and may require upgrade
of one or more of the screen’s components, potentially at considerable cost.

Fiow Reduction

Variable speed pumps are most effective for those plants located in areas where intake water
temperatures vary significantly because of season. If variable speed drives were instalied on all
eight cooling water pumps, the estimated cost is $4.2M. Because of the high cost and expected
minor improvement in impingement, this alternative was not retained.

Evaporative cooling towers and dry cooling are much more costly than EPA’s estimate for
compliance and, therefore, will not be considered further. However, for reference, costs for these
options are presented in Table 3-2.

3.2.3 Review of Restoration Measures

Restoration can be a very cost-effective measure for mitigating losses of aquatic organisms.
Under some circumstances it may be possible to effect cne-to-one replacement of important
species or otherwise improve the ecosystem by an “out-of-kind” restoration, allowed by the Rule.

Possible restoration methods generally include:

e Fish restocking programs;

e |nstallation of fish diversion devices;
» Habitat creation;

e Habitat restoration; and

+« Habitat enhancement.

Of these measures: two have some degree of precedent for the Mississippi River; (1) fish
restocking programs; and (2) habitat enhancement.
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Although paddiefish are not federally listed endangered, populations have declined in recent years
due to habitat destruction and fishing pressure. Fish restocking programs may provide an
opportunity to enhance the Mississippi River fisheries for a species bordering endangered status.
Restocking programs for the endangered pallid sturgeon may also provide an opportunity for
beneficial restoration measures. Restoration methods may be retained for further evaluation in
the CDS.

3.24  Estimate of Technologies’ Cost and Effectiveness

Costs for technologies and operational measures have been presented in Sections 3.2.1 and
3.2.2. Additionally, the costs are also presented in Table 3-3 along with estimated effectiveness
of the technologies and operational measures. it should be noted that the anticipated reductions
in impingement mortalty are relative to existing improvements over the Calcuiation Baseline.
Even relatively effective measures, on a percent reduction basis, are not likely to be cost-effective
given the current high performance of the CWIS relative to the goals of the Rule.

3.25 EPA’s Appraisal of Technologies

As part of the Rule making process, EPA developed an estimate of the cost of compliance with
the Phase il Rule at each of the affected plants. These data are provided for the Waterford 3
Plant, with some slight modification to their presentation, as Appendix C. EPA has estimated the
cost of compliance at the Waterford 3 Plant will be $27 4M in capital costs and $7.3M in total
annualized costs. These costs inappropriately cover compliance with both the impingement
mortality and entrainment performance standards. To adjust the EPA estimated compliance costs
to address only the impingement performance standard, the costs in the rule should be reduced

by a factor of 2.148 (a value provided by EPA in the rule). This brings the corrected EPA

compliance costs to $12.4M for capital costs and $3.4M in total annualized costs.

This estimated cost serves as a basis of comparison under one of the options for a site-specific
BTA assessment (i.e., Compliance Alternative 5). Under the Rule, if the actual costs of achieving
the performance goals are “significantly greater” than US EPA’s estimate of costs, the so-called
Cost-cost test can be applied to support the determination of site-specific BTA. Thus, the US EPA
costs are a regulatory baseline for evaluation of reasonableness of the cost of technologies at
Waterford 3. The alternative process for the Site-specific BTA is the Cost-benefit test. In this
case, if the site-specific costs of mitigation measures are significantly greater than the likely
monetized benefits, a Site-specific BTA can be supported. Entergy will pursue the Cost-cost and
Cost-benefit tests under Compliance Approach 5, as appropriate and as an altemative to
Entergy’'s preferred method of demonstrating compliance by Compliance Approach 2. This will
supplement the evaluation of whether the plant is currently meeting the performance standard
(Compliance Approach 2).
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3.3  Selection of Proposed Technologies, Operational and Restoration Measures

Based on our review of the technologies available and the circumstances at the Waterford 3 Plant,
we conclude that restoration should be retained for additional consideration as part of the CDS.
The decision to eliminate other technologies is based on the fact that the CWIS appears to be in
compliance with the impingement mortality goal. As importantly, any technology to further reduce
the rate of impingement mortality is subject to significant issues of performance and cost and the
likely benefit of any such measure is likely to be significantly less than the cost.
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Table 3-1:
Entergy Operations, Inc. - Waterford 3 Plant
Summary of Facility CWIS and Overall Information Coliection Strategy

LPDES Permit No. LAG007374 - Al Number 352680

LPDES Permit Application Dates Current Permit Expires on January 31, 2010; Renswal Application Due July 31, 2008

Setting Misgissippi River (Non-fidal} ’

Capacity Factor Operation of the plant is above the 15% Capacily factor, Facilily is not expecied to decrease iis levsl
of opsration.

Performance Goals Impingement Mortality only; facility withdraws <5% Mississippi River flow so entrainment goal is not
applicable.

Summary of CWIS Single CWIS located on the wastem bank of the Miss. Rivar; stes! shest piling driven into river boltom cresates

an artificial canal that extends 162 feef out into the Miss. River, Top and botium sheet pile elevations are +18.0
foot mst and -1 foot msl.  Canat opening measures 36.9 feet in length by 34 fest in depth. Water veloeily
through the intake opening al the river boundary during maximurn pump operation is approximately 1.9 #t/sec. A
skimmer wall exists at the end of the canal and reduces floating debris/surface swimming organisms from
entering the canal.

Plam design intake water capacily is 1,555 MGD: 4 circulating pumps rated at 250,000 gpm (557 ofs} each.
Intake structure is divided into eight screen bays each equipped with a traveling screen.

Most scresns have 1/4 Inch mesh; approximately 10% of the screen panels are squipped with 38 inch mesh.
Screen operation depends upon debris foad and varies between hourly to once a day.

High pressure (80 psi} wash system removes impinged organisms which collect inlo a single concrete trough
that relums 1o the dver.

Trash rack and fraveling water screen approach velocities are 0.8 fi'sec and 1.0 itsec, respectively.

Deobris ioading at the plant is somelimes an issue as debris tops the canal shest piling during flood

vunddions. Cooling water discharge is lucated 800 feet downstream of tha intake canal.

Number of Units 1 open cycle nuctear unit {1 CWIS)

Relationship to Baseline Condition Changes in habitat or denshly of organisms between shorgiine and offshore intakes.

Credit for offshore CWIS location,

Although not credited lowards the performance standard, the plant has also increased capacity two times {total
of 78 MW Nel} since the EPA Questionnaire was submifted in February 2000 without Increasing CWIS tlow.

Availability of Historizal Data Mo impingement data avaitable for this facily.

Impingement data avaliable for several {acilities on the river including Waterlord 1 and 2, Willow Glen, Baxter
Wiison, The Waterford 1 and 2 Plant is located 2,100 feet upstream on the Mississippi River. Ambient fishesies
data was collected during infial demonstration study for the Walerford 3 Plant batwesn 1973-78.

Ambient gata is current up to the present. T&E spacies list is available.

Plant personnel stated impingement s low and consist pamarily of gizzard shad and blue catfish.

Applicability of Historic Data Impingement rales from several other stations are avaliable from the 18705,

Ambisni species densities are generally consistent with impingement data encountered.

Surveys on ambient fisheries populations available from both 1870s and current conditions. Small change in
figherias over ime s [kaly (ses Appendix B}

US EPA Campliance Cost and Technology  {US EPA has estimated that the capiial costs of compliance at the Waterford 3 Plant will be $27,365 451 see
{Estimates Apperddix G, These costs incotractly assumed entrainment was applicable at the plant. Updated costs without
entrainment are estimated at $12,400,000 for capital costs and $3,400.000 in total annualized costs.

Quiline of Compliance Strategy 1} Several positive distinclions from the baseline condition fl.e., offshore inlake location and debrig handiing
system}. Likely that the CWIS meels the IM performances goal

21 Technologies were reviewad and all ara costly and several am Infoasible and/or ineflsctive,

3) Pursue hybrid spproach based on Altematives 2 and 5 {Cost-cost antior Cost-benelit fests). Emphasize
weight of evidance regarding parformance of curfent and potential technologiss. Evaluate monetized bensfits
bassd on impingement rate estimaiss from ofher plants. No additional data collaction.

4} Consider cost-otective mitigation measures that will visid tangible results (Le., restoration),

Approach iv Estimating Calculation 13 Mimmize data coliection based on avaiiabiity of data at other “fike” facilities.
Bassline; Comprehensive Demonstration 2} Estimate calculation baseline based on litersture, available site-specific data at Waterford 182, and Best
Study Professional Judgment.
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Table 3-2:
Entergy Operations, Inc. - Waterford 3
Estimated CWIS Performance Relative to Calculation Baseline
Al Number 35260
Performance Goal: 80 to 95% Reduction in Impingement Mortality (IM)
Entrainment Reduction is Not Required

Location of CWIS offshore intake structures is located on the shoreline, however,  |Approximate estimate, The |
sheet piling creates a canal that extends 160 feet out into |an order of magnitude difference in biomass
the Mississippi River and in deep, fast water, End of the |between the main channel (21 kg/ha) and the
canal is equipped with a skimmer to prevent floating channel border (327 to 748 kg/ha) (Schramm, .
debris and aquatic organisms from entering the intake  |2005). Protection estimated as (1-21/327).
structure, Curtain wall also exists at the intake bays to | Three researchers indicated that majority of rixger's
block floating debris from entering the intake bays. fish biomass is located on river edges and in low
Literature shows that fish communities are reduced away |velocity areas. f
from the shoreline and in areas of higher water velocity.

Total IM Protection a3 Goal achieved with current control measures

Note: Although not counted as credit, the plant has increased total capacity by 78 MW Net without increasing CWIS flow
since the February 2000 submittal of the 316(b) EPA Questionnaire.

Page 1 of 1



i
Traveling Screen Modifications

Table 3-3:
Assessment of Mitigation Measures

Entergy Operations, Inc. - Waterford 3

Al Number 33260

increased frequency 0O-1 No Putential benatit [i] N [Capital costs potentially very ow but it may be necessary
of screen o recuce 0 retrofit porions of the ravelng screen and the debris
rotationfwash residence time o] handing system. iImpingement mortality benefils ikely but
ths scraen unceriain, increased vperation and mairtenance costs.
Current performance Is alraady bigh.
Will add to existing post-screen delris problams,
Kodified traveing 8.8 Yos High # through- g Ng Existing soréens would have to be replaced with new 14~
screens (duat fow) seraen velooity . dual flow screens.  Addifonal infake bays would be
(1.5 ips, wees requirsd 1o achisvs a $fwough screen velocity of 0.5 s,
attemative 1{b} Potential Increass in flow-through velocity and
impingement. Costs are significantly greater than US
EPA's acjusted costs,
S— Current performance i alraady high,
Woditied travelng 64 Mo = 0% with [+ No Potential to replace existing soreens without a major
screens (Ristoph frequercy eetrofit tat pct kely effective. Costs affected by need 1o
Screers) rotation, iow install low-pressure wash and optimize debris handiing
pressure wash, systern 1o increase fish survival, Inclides 300 R fish
and tish raten, retum. Costs wodd be significantly groater if additionsd
bays are necessary.
Pogt-impingement fish survival is generally high # species
is hardy; fow stivival for lragie spacias.
Of the few fish impinged, shad are expeciad to dominate
and are intolerant 1o physical handing,
Current perfornance i afready high,
|:3 No Way meet nang No No tl scale application has been constnuctedievakated
standard for o potential reduction in impingement 5 unknown. Costs
certain species assums only minor intake structure modifications
required. Potential for far greater cost.
Gusrent performance is aiready high.
Fixed Soreening Devices
Wedgewire Screens 0.3 Yes > 80% # through | Unfikely effective No Current corfiguration of the intake canal can nat suppont
soreen velovity is | urless sils in area the instaliation of T-screens wd woukd ragquire major
[ with fow mdification consisting of & 300 ft offshore intake pipe.
ichttwoplanidon Siet size must be relatively large (Le., 0.5 mm) mnorder to
density. avoid clogging: technology therefore I8 no more effective
than currant techrology.
Costs significantly greater than US EPA's and other
technoingies.
Barriar Net 1.0 No » B0% [ No Littile potential for standard dapioyrment due 1o igh
velocities e large debri toad commonly found i the
Mississinpl Fiver, sigrificant damage ptential. Structure
woitki be required to surround the entirs area of the intake
canal and be €0 1. @l to support high flow periods.
Porous Dike 103 No > 80% i Uscartan No FPotential clogging by algae and debris - sigrificant
behaviorat mairtenance Ssues,
MBASUrES Dk would have to be constructed around the entire
pertorm itake canal and be at least 40 71 high and 1,300 fest
tong.
Strong putential for flood damage to dike as well as
averiapping.
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Table 3-3:
Assessment of Mitigation Measures

Al Number 35260

Entergy Operations, Inc. - Waterford 3

Difshare intake T84 Ves Uncertan Wiaybe high bt No W sigriticarily Gifferomt NabRAT 1 Featly AcoRsSINe WiR
Structure (with only i well movarnent farthers offghora, Density of fish populations &
valocity cap) offshore stronger function of water velocity which is unfikely to
changs substantially with greater tistance. Costs are
significantly higher than US EFR's due 1o extenderd piping
required,
Fish Diversion and Avoldarice
Diversion Devices: 3.6 No Uncertain none No TFish behavioral avoidance; effective for some speciss b
Louvers and Bar not uthers. Severs debris loaging is bkely to redune
Racks offectiveness. Requirad by-pass system,
Current parformancs is already high.
Velocity cap on 18.4 Yeg r?ossixw; 90%, nd none No Dasp depioyment and major modfication at the end of e
pffshore kocation uneeriain canal reguired.
Costs are significantly greater than US EPAs.
Current system performance s afready high,
Behavioral Barrers: o8 Ne Ungertait no Mo Effecivenest highly uncertain and species-specific.
Strobe Lights, Location of depioyment uncertain,
acoustic deterrent, Liksly subject {0 debris damage.
hublotss, chains No mors effective than corrent meagsures,
{Flow Reduction
Variable Speed 42 No Low depencing | Low depending on No Flow reduction generally used 10 redune entrainment.
Pumps on frequency of | fraquency of fiow Etfpctivoress is kel to be low ghven the nature of the
flowe rechiction, ratuction. piant oparafion.
Eva;:orm Caoling 212 Yes P2 «B0% B Cosis significanty higher than US EPA's,
Towers Raduction i plant efficiency.
Visual impact from vapor plume.
Consumption of water.
ost may be significantly grester § existing condensers
ot rated for additional pressurs.
Dy Cooling Tower 480 Yes »90% »80% No Costs sigrificantly higher than US EPA's,
Significant rediction in plant efficiency.
Ardverse visual impact large towers.
Adverse nolss npact,
Cost may be significantly greater ¥ existng condersers
not rated for additional prassurs,
in # Fish Production
Restoration 01-2 Mo Uncerigin Uneertain Yos Sorme regtoiabon eiforts (8.9., fish stogking, focussd

habitat mprovement) lkely ko be oost-effective. Specific
rature of potential programs uncertain at this point.
Uncertainty associated with pending court decision on
restoration,

Note: Capital costs to NOT include
cukage costs, O&M, or eficiency

peraities
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Figure 3-1 — Waterford 3 Cooling Water Intake Structure
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Figure 3-2 — Cooling Water Intake Canal

WIELIER PP
REVER



Figure 3-3 — Waterford 3 Intake Bays with Traveling Screens
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4.0 HISTORICAL STUDY REVIEW |

Relevant impingement studies have not been conducted at the Waterford 3 Plant but have been
conducted at the Waterford 1 & 2 Plant located 2,100 feet upstream and other similar power
piants on the Mississippi River. These studies are briefly discussed in Section 4.1. A more
complete discussion of these studies, as well as data from other sources, is presented in
Appendix B. The ability of the combined data set to support the requirements of the Phase I
Rule, in particular the Impingement Mortality and Entrainment Characterization Study (IMECS}), is
discussed in Section 4.2.

Based on anecdotal observations at the Waterford 3 Plant, the taxa most often impinged are
shad and blue catfish. River shrimp are also noted as being impinged with some regularity.
These species are also numerically the dominant ones impinged at other stations located on the
lower Mississippi River. Reducing their rate of impingement, showing that such reductions are
not cost-effective, or demonstrating that current rates of impingement do not cause an “adverse
environmental impact” are the goals of the Phase 1l Section 316(b) rule.

Pre-construction surveys for station licensing (performed 1873 - 1876), and impingement
monitoring at Waterford 1 & 2 (performed 1976 — 1977) also provide information about the
species most likely to be subject to impingement at Waterford 3. During the pre-construction
surveys the majority of organisms collected were (in descending order of abundance). gizzard
shad (Dorosoma cepedianum - 38%), blue caftfish (/ctalurus furcatus - 18.1%), threadfin shad
{Dorosoma petenense) (14.5%), striped mullet (Mugil cephalus -10.4%), and freshwater drum
{Aplodinotus grunniens) (6.8%). Species that dominated the impingement sampling at
Waterford 1 & 2 included river shrimp (Macrobrachium ohione), blue caffish, channel catfish
{lctalurus punctatus), freshwater drum, gizzard shad and threadfin shad. Shad species and
blue catfish were the dominant impinged species.

Swimming speeds are available from studies (summarized in Appendix B) for some of the
above species. Study resulis show the following maximum swimming speeds: gizzard shad -
2.3 fsec; channel catfish — 1.8 fi/sec; striped mullet - 4.3 ft/sec; drum (red drum - Sciaeniops
ocellata used as surrogate for freshwater drum) — 3.0 fi/sec; freshwater shrimp (clam shrimp -
Eulimnadia texana used as surrogate for river shrimp) -~ 0.02 ft/sec. The maximum swimming
speeds for these fish are generally greater than the average water velocities in the intake bays
{1.0 fi/sec} and the intake canal cpening (1.9 fi/sec) at peak pump operation. Note that the
maximum swimming speed for channel catfish (1.8 ft/sec) is slightly less than the average water
velocity in the intake canal opening (1.9 ft/sec). However, it is likely that the water velocity near
the bottom, where catfish reside, is likely to be somewhat less than the average velocity. These
data indicate that many of the fish that enter the intake canal are likely to be able to swim
against the induced intake current and have the potential to escape from the canal and re-enter
the river,

TR ‘WEN ANE R S R mE IR TS O AR Sy s N B WM my e
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The potential for mortality of impinged organisms varies substantially among the above
representative species. The survivability of shad species and freshwater drum on traveling
screens is generally low (less than 20%). However, the survivability of catfish species and river
shrimp is generally high (greater than 70%}).

4.1 Historical Biological and Physical Data
The following is an annotated bibliography of the relevant studies.

Annual Data Report. Waterford Power Plant Units 1 and 2. Screen Impingement Studies February
1976 Through January 1977. Espey, Huston & Associates, Inc. Prepared for Louisiana Power and

Light Company.

Study results show higher impingement rates in winter and spring. Fagcility location upstream
of the Waterford 3 Plant located near Mississippi River mile marker 129.9 AHP. Species
composition was dominated by river shrimp (48.6% of the total abundance), blue catfish
(20.3%), threadfin shad (10.5%), bay anchovy (6.0%), freshwater drum (4.5%), and gizzard
shad (2.9%). Annual impingement rates estimated to be 336,454 organisms. Weights and
lengths measured for all organisms. Daily biomass ranged from 3.8 kg to 33.6 kg.

Louisiana Power & Light, April, 1979. Demonstration Under Section 316(b} of the Clean Water
Act. Waterford Steam Electric Plant Unit No. 3.

Fisheries data collected in the Mississippi River between Baton Rouge and New Orleans.
Common species included gizzard shad, threadfin shad, blue catfish, freshwater drum,
striped mullet, skipjack herring, channel catfish, river carpsucker, blue gill, and common carp.
Most common species were consistent with literature for the Lower Mississippi River.

Willow Glen Power Station 316(a) and 316(b) Demonstrations Federal Water Pollution Control Act
Amendments of 1972 (PL 92-500). 1977. Espey, Huston & Associates, Inc. Prepared for Gulf
States Utilities Company.

impingement and entrainment data were collected from January 1875 through January 1976
at three of the five units (Units 1 & 2 and Unit 4) at Willow Glen Power Plant. Major species
were freshwater drum, gizzard shad, threadfin shad, blue catfish, white and black crappie,
river shrimp, and crayfish. impingement rates were relatively low, 1.47 (Units 1 & 2) and 0.13
{Unit 4) organisms per 10,000 m® Approximately 126,000 organisms per year were
estimated to be impinged with all five units in operation. Entrainment data collected during
the study indicated that freshwater drum and gizzard shad were the common species (two
sample collections). However, overall analysis suggests that larval fish are uncommon in the
area of the plant. One paliid sturgeon (T & E species) was impinged over the course of the
study.

Waterford 3 PIC - At Number 35260 4-2 December 2006



Baxter Wilson Impingement Study - Mississippi Power & Light (MP&L). 1874, Grand Guif Nuclear
Plant Units 1 & 2. Environmental Report. {Baxter Wilson Impingement Study included within this

report).

Impingement data collected from March 1973 through March 1974. Major species were
gizzard shad, threadfin shad, freshwater drum, crappie, and channel catfish. The shad
species and freshwater drum represented over 90% of the total abundance. impingement
rates were relatively low and calculated to be 160,730 individual organisms per year. No
threatened or endangered species documented on the revolving screens, however paddiefish
(species of concern) were impinged. Limited length and weight data. Common species were
consistent with the literature for the Lower Mississippi River.

Grand Guif Nuclear Plants 1 & 2 Impingement Study - Mississippi Power & Light (MP&L). 1974,
Grand Gulf Nuclear Plant Units 1 & 2. Environmental Report.

information on Mississippi River flow, velocities, stage. Surveys of fish populations in
different habitats (e.g., backwaters, tributary and river bank.}. Difficulty in sampling the river's
main flow noted. Gizzard shad represented 37.4% of the total abundance followed by
freshwater drum (10.3%), blue catfish (8 3%}, flathead caffish (4.9%), and river carpsucker
{4.8%). :

A.B. Paterson & Michoud Steam Flectric Generation Plants of the Biota of the inner Harbor-
Navigation Canal and the Mississippi River-Gulf Outlet, Orleans Parish, Louisiana. Submitted for
New Orleans Public Service, inc. Hollander, E.E. 1981.

impingement data collected as well as fisheries in the ambient water. Most commonly
collected species were estuarine in nature; Atlantic croaker, white shrimp, brown shrimp,
bay anchovy, sand trout, blue crab, hardhead catfish, and Gulf menhaden. Annual
impingement estimated to be 226,489 organisms at the Paterson Plant and 1,676,726
organisms at the Michoud Plant.

Appflication Addendum for a Louisiana Pollutant Discharge Elimination System Permit and
Comprehensive Demonstration Study under the 3186 (b) Rule for Track ii. 2002. For Bonnet
Carre Power, LLC LaPlace, Louisiana (Sempra) by CK Associates and URS.

Habitat analysis conducted at Mississippi River mile marker 132.2 AHP using the 13
distinct LMR habitats developed by Baker et al {1881). Six habitats were identified in the
study area and each was reviewed specifically to determine the number of fish species
{133 potential species found in the LMR), larval fish and eggs associated with each habitat
type. Each habitat type was determined to have a significantly reduced number of aquatic
organisms. The researchers concluded that a CWIS located offshore and at middle depth
would significantly reduce the number of organisms potentially impinged and/or entrained.
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Entergy, 2000. Industry Short Technical Questionnaire: Phase Il Cooling Water intake Structures.
A-UT-0513. Waterford 3 Plant.

Basic operation information. Actual intake flow rates by cooling water intake structure by
month. Water flow diagram.

4.2 Assessment of Data Sufficiency

Among the requirements of the CDS is the performance of a study of impingement mortality. The
results of this study may be used tc assess the performance of the current CWIS as well as
evaluate additional potential technologies and measures. The rule sets out specific requirements
for this study, and addressing these goals is an important aspect of the PIC. The Rule anticipates
that it may be possible to base the CDS completely or in part on existing data. For these reasons,
Table 4-1 presents the specific data requirements for the study and reviews the relevance of
available data to these requirements. The table also comments on the potential necessity of
additional field data. ‘

Significant data are available on impingement mortality pattems at the Waterford 1 & 2 Plant.
Biological conditions are expected to be very similar at the Waterford 3 Plant as they are only
2,100 feet apart and located on the same (west) side of the river at approximately the same
distance from shore. in addition, impingement surveys at other similar plants on the Mississippi
River provide a relatively comprehensive and, if deemed to be representative of current
conditions, would meet the requirements of the IMECS set out in the Rule. The studies employed
commonly accepted procedures and Quality Assurance techniques and were accepted for
consideration by the relevant regulatory agencies. Appendix B discusses the data available at
Waterford 3 Plant within the context of other relevant data including:

-+ Data on impingement collected at other power plants on the Lower Mississippi River
(LMR). The other plants are in similar settings and the data were collected in the 1970s as
well as more recently; and

« The general literature on fisheries, mitigation measures, etc. including habitat preferences
and seasonality of important species.

Entergy believes that, taken together, these resources provide a compiete picture of the
nature of the fishery of the Mississippi River as well as s potential susceptibility to
impingement mortality at the Waterford 3 Plant.
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Table 4-1:
Assessment of Data Sufficiency

Historic data at the plant
provide information on
Taxonomic identifications of all life stages ﬁifgﬁ*‘;?m and
of fish, shellfish, and any species protected . ni This can be
under Federal, State, or Tribal Law Site- organisms.
(including threatened or endangered Specific; | confirmed by comparison
128.95(b)(3)H) y . o ) to rates at other plants. No
species) that are in the vicinity of the Regional | Surveys of extant
cooling water intake struciure(s) and are Literature | pg puiayi?c ns and reference
suscgpt%bieto impingement and materials can be used to
entrainment. assess historical trends
and current populations in
the area.
A characterization of all ife stages of fish,
shelffish, and any species protected under ,
Federal, State, or Tribal Law {including . .
threatened or endangered species) s iﬁ‘m:;m
identified pursuant to paragraph (b)(3)() of S ite- by more recent data from
125.95(0)(3)i) this section, including a description of the pedific other plants as well as No
: abundance and temporal and spatial Regional P ; -
VP Lo ’ egional surveys of extant
characteristics in the vicinity of the cooling L Herature ulations and the
water intake structure(s), based on Qggmi fiterature
sufficient data to characterize annual, 4 :
seasonal, and diel variations in
impingement mortality and entrainment.
Documentation of the current impingement
mortality and entrainment of all ife stages
of fish, shelffish, and any species protected
under Federal, State, or Tribal Law s
{including threatened or endangered ?;?"‘;::;i: r?'simaiity
species) identified pursuant to paragraph ang ?ntminms tare
{H(3)(0) of this section and an estimate of SHte- believed to be
impingement mortality and entrainment to Specic, | renresentative of current
125.95(b)(3)(ii) | be used as the calcuiation bassline. . co?fdition s based on No
impingement mortality and entrainment Regional mparison o more
samples to support the calculations Literature gce?; éata at other pianzé
required in Section 125.85(b){4X(C) and as well as s of
125 85(b)(5)(iii) of the Rule must be it
collected during periods of representative popul ’
operations! flows for the cooling water
intake structure and the flows associated
with the samples must be documenied,

Based on literature review presented in Appendix B, we have reached the following conclusions:

o While water quality has improved since the 1870s surveys. other factors potentially
Most notably, management of the river for

shipping and flood control has been consistent and invasive species have remained well
established,

affecting the fishery have changed little.

Waterford 3 PIC - Al Number 35260

4-5

December 2008



s The species makeup of the fishery of the LMR has been relatively constant over the last
several decades. This suggests that improvements in water quality have not greatly
changed the types of fish present in the river. This opinion is shared by several fisheries
researchers in the area (see Appendix B);

« The fish/shellfish species that dominate impingement at other freshwater LMR power
plants are also very important in the ambient surveys relative to the Waterford 3 Plant,
These include river shrimp, blue catfish, channel catfish, freshwater drum, gizzard shad
and threadfin shad;

s The rates of impingement observed at Waterford 1 & 2. Michoud, A.B. Paterson, Willow
Glen and Baxter Wilson during the 1970s are likely to be reasconable estimates of cument
rates at the Waterford 3 Plant. There has been little or no change in the operation of the
CWIS and changes to the river and its fishery appear to be relatively minor. Anecdotal
observations by the plant operators confirm that organisms identified in those studies
continue to be the dominant impinged species on the screens;

s The two shad species and bay anchovy do not tolerate handling well (as indicated by low

rates of latent survival) and freshwater drum tolerates handiing only moderately well.
EPRI (2003) indicated that the median extended survival for freshwater drum and gizzard’

shad is 20% (8 studies} and 7% (43 studies), respectively. Extended survival rates were
not available for threadfin shad but the median initial survival was only 15% (5 studies).
Survival of other species is presented in Appendix B. Available data on survival rates
suggests that any sort of debris (fish) handling and returmn system is not likely to achieve
significant reductions in impingement mortality for these fish species occurring at
Waterford 3. However, blue catfish comprise 55% of the impinged finfish during the
Waterford 1 & 2 impingement study. Documented survival rates for this species are not
available, however, a similar and related species, channel catfish, have an average
survival rate 70%. This suggests that survival of these species might be improved by
improved debris (fish) handling and return systems;

« Survival of crustaceans such as river shrimp and crawfish tends to be much higher than

the sensitive finfish discussed above. This suggests that survival of these species might
be improved by improved debris (fish) handling and return systems;

¢ Annual variation in the rates of impingement is not very significant. At Baxter Wilson plan,
located well upstream, a 100-fold change in impingement rate was associated with the
return of juvenile fish to the main channel foliowing inundation of the flood plain. The
annual cycle of the fish populations’ age structure also contributed in that juveniles are
more susceptible to impingement. At the Waterford 1 & 2 Plant the number of impinged
fish is relatively steady (and low) during the year. The biomass does vary significantly
{from 3,500 g/day to 34,000 g/day) but much of this variation is driven by the rare
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impingement of individuals weighing over 500 g (i.e., large individuals such as flounder,
striped bass, and carp). These trends are expected as well at the Waterford 3 Plant;

e The typical impinged fish is relatively small. The median mass of fish impinged at Baxter
Wilson, Waterford 1 & 2, and Willow Glen is on the order of 4.9 grams (8 species)
excluding the common carp whose median mass was 1,984 grams. This highlights the
importance of juveniles in the impinged population, a group subject to high rates of natural
mortality; and

e State or federally listed species are expected to be impinged only rarely at the Waterford 3
Plant. The Gulf sturgeon, a threatened species, has been documented in the LMR.
However, younger individuals more prone to impingement tend to avoid high velocity
areas and would not be expected in the vicinity of the CWIS. The endangered pallid
sturgeon has been rarely documented downstream of Mississippi River mile maker 180
AHP (see Appendix B), therefore would not be expected to be observed at the Waterford 3
Plant. Despite this, it should be noted that a single juvenile pallid sturgeon was impinged

at Waterford 1 & 2 during the 1970s.

in summary, Entergy believes that the wealth of data available on the Mississippi River will
support the goals of the Rule in general and the IMECS in particular. This belief is reinforced by
the fact that the Waterford 3 Plant will pursue simultaneously Compliance Alternate 2, based on
the literature’s finding that density of fish populations are far lower in the main channel of the river
than along shore and Compliance Alternative 5 — Site-specific Best Technology Available (BTA)
based on the Cost-cost and Cost-benefit tests (see Section 8). Entergy believes that modest
changes in the specific rates of impingement mortality are unlikely to affect the outcome of the
pursuit of either Compliance Alternative.

Waterford 3 PIC - Al Number 35260 4-7 December 2005



5.0 AGENCY CONSULTATIONS

The Rule’s requirements for the PIC ask for a summary of any past or ongoing consuitations with
appropriate Federal, State, and Tribai fish and wildlife agencies that are relevant to this Study and
a copy of written comments received as a result of such consultations. Entergy believes that the
goals of this summary are to provide LDEQ with full perspective on the historical permitting of the
CWIS as well as any potential concern by relevant fisheries management or other natural
resources agencies. Such a summary has been prepared from the records retained by the plant
and by Entergy corporate offices as well as the collective memories of the plant and
environmental staffs.

51  Section 316(b)-Specific Consultations

Entergy has been unable to find any specific correspondence from LDEQ regarding the Section
316(b) compliance status of the Waterford 3 Plant. The current LPDES permit does not mention
any conclusion by LDEQ relative to the BTA status of the CWIS at the Waterford 3 Plant.

However, the NPDES permit issued by the EPA Region 8 in 1981 states "The intake structure is
approved in accordance with Section 316(b) of the Clean Water Act" which demonstrates that the
CWIS met BTA in 1981 (NPDES Permit No. LADD07374 dated April 20, 1891 page 2, Section Il
L)

52 Other Relevant Consultations

Entergy has had limited consultation with fisheries or other agencies relative to impingement of
fisheries at the Waterford 3 Plant. Entergy submitted a consuiltation letter to the U.S. Fish and
Wildlife Service (USFWS) on February 20, 2004 requesting critical habitat information while
preparing an environmental report for power uprate. The USFWS responded with a letter dated
March 15, 2004 (See Appendix D for a copy of both letters). The USFWS listed only two species
of potential concern near the Waterford 3 Plant, the endangered West Indian manatee
{Trichechus manatus) and the endangered pallid sturgeon (Scaphirhynchus athus). The West
Indian manatee has minimal impingement potential due to their large size even as juveniles.
Communications with the US. Army Corps of Engineers (USACE) indicated that the pallid
sturgeon is rarely collected below Mississippi River milemarker 180 (see Appendix B); therefore,
should not be expected in the vicinity of the Waterford 3 Plant.
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IRTERRAFTONGS

6.0 PROPOSED COMPLIANCE APPROACH

Entergy's proposed approach to Phase Il Rule compliance is 1o demonstrate simultaneously to
the Director that "existing design and construction technologies” currently meet the performance
standard in the Rule and that no other technology to reduce impingement mortality is likely to be
cost effective. Thus, Entergy plans to pursue a “weight-of-evidence” approach based on a
combination of Compliance Alternatives 2 (existing plant currently meets the performance
standard) and 5 (actual costs of compliance are “significantly greater” than EPA-projected costs
and/or the benefits gained from meeting the performance standards). The strength of the
argument relative to the current system’s performance lies with the demonstration, based on the
existing literature, that the density of fish populations is likely to be far lower in the high flows and
suspended solid loading encountered in the main channel relative to the Calculation Baseline
condition of a shoreline intake. As noted in Appendix B, there is a strong consensus among
fisheries biologists that a significant difference in population density exists. On the other hand,
demonstrating such a difference on a site-specific basis is likely to be very costly and, in the
absence of highly specialized equipment, potentially hazardous to fieid crews. Finally, Entergy
believes that no additional technology is likely to be cost-effective at further reducing impingement
mortaiity. Entergy will consider the potential that restoration measures might provide cost
effective reductions in impingement mortality. For all of these reasons, Entergy believes that it is
reasonable to rely on the existing biological data to demonstrate the compliance status of the
CWIS at the Waterford 3 Plant and to support the assessment with a focused application of the
Cost-cost andfor Cost-benefit tests.

The Cost-cost and Cost-benefit tests will be applied, under the provisions for Site-specific BTA
{Compliance Alternative 5), according to the procedures defined in the Rule in order to evaluate
whether actual costs of compliance are "significantly greater” than the compliance costs estimated
by EPA or the environmental benefits (IM reduction) gained by mesting the performance
standards. The location of the plant, its size, and the nature of the Mississippi River system all
affect the feasibility, performance, and cost of potential technologies. Finally it should be noted
that the rule {40 CFR 125.94(f)} notes that NRC requirements for safety can be considered while
evaluating alternative technologies. Given the fact the INPO has already expressed concern
regarding the potential for debris to adversely affect cooling system operation; any technology that
might exacerbate this situation should be avoided.

8.4 Qutline of COS Activities

According to 40 CFR Section 125.95(b), the “Comprehensive Demonstration Study (The Study) is
to characterize impingement mortality and entrainment, to describe the operation of your cooling
water intake structures, and to confirm that the technclogies, operational measures, and/or
restoration measures you have selected and installed, or will install, at your facility meet the
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applicable requirements of §125.94.” As outlined in Section 125.95(b), a CDS intended to support
Compliance Alternatives 2 and § must include:

¢ Proposal for Information Collection;
+ Source Waterbody flow information (inciuded within this PIC document);
+ |mpingement Mortality and/or Entrainment Characterization Study,

¢ Technology and compliance assessment information
= Design and Construction Technology Plan
= Technology Instaliation and Operation Plan;

¢ Restoration Plan (if appropriate);
» Information to support site-specific determination of best technology available for
minimizing adverse environmental impact

« Comprehensive Cost Evaluation Study

= Valuation of Monetized Benefits of Reducing IM&E
» Site-Specific Technology Plan; and

Verification Monitoring Plan

Entergy will prepare each of these documents and submit them to LDEQ for review prior to the
January 7, 2008 deadline stated in Waterford 3's LPDES permit.

6.2 Review of CDS Approach

The CDS approach for the Waterford 3 Plant will rely simultanecusly on application of Compliance
Alternatives 2 and 5. This will include providing the required information and submittals so that:

s Existing technologies to achieve the impingement mortality goal will be described and their
effectiveness estimated based on currently available data. Restoration measures may
also be assessed as a potentially cost-effective measure to further reduce impingement
mortality; and

¢ Alternative technologies or measures to control impingement mortality will be evaluated for
effectiveness, feasibility, and costs. We believe that each alternative technology and
measure will be shown to have a significantly greater cost than resulting environmental
benefits (IM reduction} at Waterford 3 and/or to have a significantly greater cost than
EPA’s cost-of-compliance for the facility. ‘
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6.3 Schedule

The following is a tentative schedule for the Waterford 3 CDS:
¢ PIC submittal by December 15, 2005;
s LDEQ comments of the PIC by February 15, 2005;

¢ March 15, 2005 through December 31, 2008;
« Develop Impingement Mortality and Entrainment Characterization Study Report;

= Develop technology and compliance assessment, including the Design and
Construction Technology Plan (DCTP) and the Technology Installation and
Operation Plan (TIOPY};

= Develop information to support the site-specific best technology available (BTA),
including the Comprehensive Cost Evaluation Study (CCES), Valuation of
Monetized Benefits of Reducing IM&E, and the Site-Specific Technology Plan
(8STP), and Verification Monitoring Plan,;

s Submission of the application of LPDES permit renewal, materials called for under Section
122.21, and the CDS no later that January 7, 2008;

Entergy notes that this schedule is only an approximation. At this point, Entergy believes that it is
likely, given the proposed compliance approach, that the various elements of the CDS can be
completed earlier than the January 7, 2008 deadline. Entergy will discuss this potential with
LDEQ and refine the schedule as appropriate. ’
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7.0 PROPOSED SAMPLING PLAN

Based on the compliance approach presented in Section 6, Entergy does not propose biological
sampling during the preparation of the IMECS or the balance of the CDS. As discussed
elsewhere in this PIC, Entergy believes that the objectives of the IMECS can be achieved based
on the data available at the plant and from other sources (Appendix B). In particular, the
performance of the existing CWIS relative to the Calculation Baseline as well as the rates of
impingement mortality to support the estimation of monetized benefits of additional controls can
be estimated based on the available data.
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APPENDIX A
TECHNOLOGY REVIEW

General Technology Overview

This section provides a general review of a comprehensive list of potential mitigation methods to
reduce impingement mortality and entrainment. The nature of the technology is briefly reviewed
and its approximate costs® are presented. The effectiveness under the conditions at the Entergy
plant is discussed and factors affecting performance, reliability, and other environmental issues
are reviewed. |n addition to CWIS technologies, plant operation and restoration measures are
considered.

The following list of CWIS alternatives have been evaluated in this screening assessment:

Alternative 1 - Traveling Screen Modifications
- 1a-Dual Flow Screens (impingement)
-~ 1b - Ristroph Screens (Impingement)
- 1c - Fine Mesh Screens (Impingement and Entrainment)
- 1d - Angled and modular inclined screens {iImpingement)

Alternative 2 - Fixed Screening Devices
- 2a-Wedgewire Screens (impingement and possibly entrainment)
~  2b - Perforated Pipes {Impingement}
—~  2¢— Barrier Net (Impingement)
—  2d - Aquatic Filter Barrier (Impingement and Entrainment)
~  2e - Porous Dike/l.eaky Dam {Impingement and Entrainment)

Alternative 3 - Offshore Intake (Impingement and Entrainment)

Alternative 4 — Fish Diversion and Avoidance
— 4a - Louvers and Bar Racks (Impingement)
- 4b - Velocity Cap (Impingement)
- 4¢ - Strobe lights, acoustic deterrent, bubbles, chains (Impingement)

® This report presents estimates of the capital costs of potential mitigation measures as a means of illustrating their potential cost-
effectiveness. The estimates should be considered approximate and final costs may vary by as much as factor of two or more. Cost
estimates for mitigation measures do not account for faciiity down-time associated with construction nor operation/maintenance.
These costs will be estimated with input from Entergy and included in the final CDS decument especially in the information o support
the Ste-specific BTA. Costs will be annualized according the procedures defined in the rule.
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Alternative 5 ~ Flow Reduction
—~  Ba - Variable Speed Pumps {Impingement and Entrainment)
- 5b - Capacity Factor Reduction (Impingement and Entrainment)
- B¢ - Evaporative Cooling Towers (Impingement and Entrainment)
~  5d - Dry Cooling {Impingement and Entrainment)

Alternative 6 — Restoration {Impingement and Entrainment)

Table A-1 provides a brief review of ENSR'’s findings relative to the various technologies. The
findings are supported by a more detailed evaluation below.

Alternative 1 - Traveling Screen Modifications with Fish Removal and Return System

s fa-~Dual Flow Screens

With dual-flow, single-exit screen, incoming water is filtered with both the upward and downward
moving parts of the screen, and the water flows toward the pump from the interior through the
open side of the screen. The screen faces are oriented parallel to the direction of fiow. if spaceis
available, the screen length can be extended outward such that the area of the screens can be
greater than the area of a conventional flow-through screen in the same location. Therefore, the
dual-flow design has the potential to reduce through-screen velocity compared to flow-through
{(single entry, single exit) design.

The duai-flow design also provides an advantage of eliminating the potential for debris that is
stuck on the screen to be dislodged in the downstream side of the screen. This feature has an
added benefit of lower wash water pressure requirements.

Technical Feasibility and Reliability:

For retrofit applications, the space available to install may be limited by the existing structure
{(trash racks upstream and pump vault downstream} and water body constraints (navigation).
Such limitations will limit the ability to increase screen surface area, thereby limiting the ability to
reduce through-screen velocity.

Hydraulic issues with a duai-flow screen are commonly encountered. One of the common
limitations with dual-flow screens is the flow disruption that is caused by the two 90-degree tums
that cooling water must undergo to pass through the system. These issues can be minimized (but
not eliminated) by proper hydraulic analysis and design.

Dual flow screen are commercially available and have been in use for years.
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For the site-specific evaluations, the dual-fiow screens with conventional mesh are assumed io
provide adequate screen area to reduce through-screen velocity to 0.5 fest per second (fi/s).
Otherwise, there would be no advantage to changing from a through-flow screen to a dual-flow
screen. In some cases, the required screen area may result in the need for additional new intake
structures to accommodate the screens.

Cost Considerations:

The cost of dual-flow screens is expected to be up to 20% higher than comparable through-flow
screens.

Effectiveness:

Dual flow screens have the potential to reduce through-screen velocities and therefore
impingement mortality, with the addition of an appropriate fish handling and return system.
However, depending on the proximity of other screens and structures, the full screen area may
not be effectively used, and through screen velocities on parts of the screen may be substantially
higher than design, thereby reducing the potential to reduce impingement. In fact, if duai-flow
screens are placed in relatively narrow intake bays, the approach velocity to the screen will likely
increase and the impingement rate could increase. In general, space constraints will limit
effective application of this technology.

Potential for Other Adverse Effects:

An intake structure that is reconstructed to accommodate a larger dual-flow screen may interfere
with navigation.

QOverall Assessment of Alternative:
Installation of dual-flow screens could result in a reduction of impingement mortality but would not

reduce entrainment. Site-specific constraints may limit effectiveness of this technology to reduce
through-screen velocity.

s 1b - Ristroph Screens
Description:
This alternative would involve modification of the traveling screens so that fish which are impinged

on the screens could be removed and returned to the source water body with minimal stress and
mortality.
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A range of measures could be pursued to optimize fish handling and return. This might include
more frequent rotation of the screens, re-fitting the screen with fish buckets, institution of low-
pressure wash, replacement of the fish return trough, and rerouting of the fish return to a more
suitable location. A complete refurbishment might consist of the following measures: A low-
pressure spray would be used for fish removal prior to the high- pressure debris removal spray
wash. Fish would be carried in fish buckets — i.e. water-filled lifting buckets designed such that
they will hold approximately 2 inches of water once they have cleared the surface of the water
during the normal rotation of the traveling screens. The fish bucket would be designed to hold the
fish in water until the screen reaches the point where the fish are washed by the low pressure
spray onto a sluiceway. The modified traveling screens would be operated continuously during
periods when fish are being impinged. Removed fish would be returned to the source water body
by a sluiceway with a smooth surface and sides that retain water such that organisms are gently
returned to a location removed at least 100 feet from the intake structure such that the potential
for re-impingement would be minimized. All surfaces of the fish handling and return system wouid
be smooth to minimize abrasion damage to organisms. ‘

Technical Feasibility and Reliability;

The technology proposed for this alternative is well known and has been implemented for
numerous power plants. However, a separate collection and piping system may need to be
constructed to provide a separate return path for fish to the river or lake. This piping system
would have to be constructed within the existing power plant footprint which could present
engineering, construction, and logistics problems. Routine maintenance, primarily consisting of
inspection and cleaning of the fish handing and return system, would be required but not expected
to be exiensive. Maintaining the system during icing conditions is likely to be complicated. The
modified fish troughs extend farther out from the screens than conventional troughs. Therefore,
space limitations may affect the cost and feasibility of installation.

Cost Considerations:

The retrofit of a fish removal and return system should consider complete replacement of the
existing traveling screens. |Installation of an effective fish return system can be complex and
expensive. Operation and maintenance activities include frequent, if not continuous, screen
operation and power costs for screen and water spray operation.

Effectiveness:

Modified screens and fish handling and return systems have been used to minimize impingement
mortality at a wide number of plants throughout the United States. Studies have demonstrated
survival of impinged fish over a wide range. Survival rates of 70-80% are typically achieved for
some species. It is notable that many small schooling species (e.g., anchovies) suffer from high
mortality at traveling screens, even those with Ristroph-type modifications.
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Potential for Other Adverse Effects:
No adverse effects are expected from this alternative.

Qverall Assessment of Allernative:

Modification to traveling screens would likely result in a reduction of impingement mortality and
would not reduce entrainment.

e 1c - Fine Mesh Traveling Screens

Description:

Typical vertical traveling screens, with mesh sizes ranging from 1/8-inch to ¥-inch, are not
designed to screen ichthyoplankion or eggs from the intake water. This alternative would involve
replacement of the existing traveling screens with fine mesh screens having mesh spacing as
small as one millimeter. This mesh spacing would result in a reduction of entrainment of fish eggs
and larvae. In addition, an intake approach velocity of 0.5 ft/s or less would be necessary to
minimize physical damage to plankton that would be impinged on the fine mesh screens.

Because of flow area for a screen with one-mm (about 1/32-inch) mesh is approximately two
thirds that of a 3/8-inch mesh, the screen area would have to be increased by nearly 50% to
maintain the same through-screen velocity. For most plants, the screen area would have to be
further increased tc maintain a 0.5 ft/s velocity to reduce mortality of impinged fish or shellfish. In
most cases, the area around the existing pump housefscreen house structure is not sufficient to
allow for the increased number of fine mesh screens without substantial modification to the plants.
The screens would be operated continuously io prevent excessive accumulation of debris and
organisms. -

The fine mesh screen structure would include curtain walls to protect against floating debris, bar
racks to prevent submerged debris from damaging the fine mesh screens, and a screen wash and
marine biota removal and open sluice biota return system (similar to that described for the
Ristroph screen).

/Reliability:

Technical Feasibili

The technology and construction techniques reqguired for this option have been used at a limited
number of power plants, often with limited reliability. At two power plants, Millstone and Brayton
Point, the fine mesh screens were replaced with standard screen mesh after clogging incidents.
Based on the available information, it is concluded that there is a relatively high potential for
fouling of the intake screens and that extensive maintenance would likely be required.
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In conclusion, because of the potentially large increase in screen area required, site-specific
conditions may preciude the installation of a modified intake structure of sufficient size. '

Cost Considerations.:

The capital cost of the fine mesh screen alternative should include any necessary modifications to
the intake structure, as well as construction of an effective fish return system to handle the more
sensitive species or life stages of fish and shellfish. Operation and maintenance costs include
one maintenance episode (6 days) each year, replacement parts, system monitoring by plant staff
{10 hours per week), and power costs.

Effectiveness:

Fine mesh screens, with a low pressure wash and return system, have not been demonstrated fo
result in consistent effectiveness in reducing mortality at early life stages. This is a significant
concemn because organisms that are entrained and discharged may have a far greater chance of
survival than if such organisms are impinged and subsequently washed back to the receiving
water. Therefore, even though entrainment reductions of 50% to over 80% have been achieved
at number of power plants using fine mesh screens, compliance with the impingement mortality
performance standard could be in jeopardy. Because the caiculation baseline levels of entrained
organisms are typically far greater than the levels of impinged organisms, the reduction in
impingement mortality will likely need to be nearly 100% for the early life stages to meet the 80-
95% performance standard. ‘

Polential for Other Adverse Effects:

The major potential adverse effect associated with the technology is the potential unreliability of
the cooling water flow associated with clogging events.

Qverall Assessment of Alternative:

Fine mesh screens can meet performance requirements for entrainment, but impose a relatively
high potential for operational issues associated with screen clogging. Mortality of ichthyoplankton
removed from the screens is likely to be high. The cost of the screen panels, as well as the cost
of a revamped intake structure to accommodate the additional screen area required, is extremely
high. Space limitations may preclude the instaliation of adequate screen area.

s 1d- Angled and Modular Inclined Screens
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Description;

Angled and inclined screens use standard flow-through traveling screens set at an angle to the
incoming flow. With these screens, the angle causes the fish to move toward the end of the
screen, where a bypass facility returns the fish to the water body.

Technical Feasibility/Reliability
Angled screens have been used at Brayton Point. The installation requires considerably more
space than conventional screens. Retrofit applications would likely require substantial

modifications to the existing intake structure. The fish handiing and return system requires
independently induced flow, adding to the complexity of the system.

Cost Considerations:

Retrofit of angled or inclined screens should inciude the need to revamp the intake structure, as
well as the installation of an effective fish return system.

Effectiveness:
Brayton Point has had mixed results with both diversion and latent survival, depending on fish
species. EPA reports survival efficiency ranging from 0.1% for bay anchovy to 97% for tautog.
The difference in effectiveness between angled screens and conventional screens with fish return
is not evident.

Potential for Other Adverse Effects:

The bypass flow can be substantial, resulting in additional operating costs.

Overall Assessment of Alternative;
Angled or inclined screens are in limited use. Although they may be effective in reducing
impingement mortality, it is not clear whether their performance differs from a conventional

screen. Because there is no apparent advantage, angled or inclined screens are not considered
further in this analysis.

Alternative 2 — Fixed Screening Devices

o 2a- Wedgewire Screens
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Description: '

Wedgewire screen is constructed of wire of triangular cross section such that the surface of the
screen is smooth while the screen openings widen inwards. Fine mesh screens have slot spacing
of less than 9.5 mm (3/8 inch) and are typically less than 3 mm. Slot size for coarse mesh
screens is 9.5 mm or greater. The cylindrical screen design has been used at several non-
nuclear power plant applications, however, most of these applications have been for ciosed-cycle
cooling systems. Entergy is not aware of wedgewire screen approval or application at any nuclear
power plant. :

A typical installation would include an array of tee shaped cylindrical screens. If one-mm slot size
were required, a plant with a 500 MGD cooling water flow would require approximately 15 7-foot
diameter by 23-foot long screens. The screens would be placed in the intake water body at a
depth such that it would not present a hazard to navigation.

The screens would be cleaned periodically with an automatic compressed air system when
located near shore. A large plenum structure wouid be added to the front of the intake structure to
distribute the flow from the intake array. The existing intake structure would remain intact and
functional. 1t could be used as a backup to the wedgewire screen system. The plenum structure
would have openings that would aliow flow to pass in case of screen clogging. Alternatively,
wedgewire screen must be sized to minimize clogging and is subject to periodic manual cleaning.

For far-offshore applications, a compressed air cleaning system is not practical. Under such
conditions, the reliabllity of fine mesh screens is uncertain due to debris loading of the Mississippi
River, and only coarse mesh wedgewire screens should be considered.

Technical Feasibility/Reliability:

Wedgewire screens have been widely used for hydropower diversion structures. The cylindrical
screen structures have been used successfully for many years for water withdrawals up to
100,000 gpm. Withdrawals of larger quantities are rare. The wedgewire cylindrical screens have
been implemented at only two relatively large power plants with once-through cooling systems:
Campbell Unit 3 on Lake Michigan, and Eddystone Unit 1 on the Delaware River. The high
number of wedgewire screens required for many plants is higher than has been previously used
and likely poses impractical logistical issues associated with placement in the bay or river.

The long-term reliability of the wedgewire screens of the one-millimeter size is unknown.
Although some vendors have proposed construction materials which would prevent mussel or
other biological growth on the screens, the requirements for biofouling control are uncertain and
differential pressures across the screens could create substantial unit reliability issues. The
automatic back fiushing would reduce screen fouling from both biological growth and suspended
particuiate matter. However, o be effective for screen cleaning, this system requires an ambient
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current to transport the removed particles.from the vicinity of the screens. In waters with minimal
current, debris accumulation may be excessive and backwashing ineffective. Small or negligible
currents in the intake water body could make wedgewire screens impractical, especially fine-mesh
screens.

In addition, if the screens were to be located at a distance from the shore, considerable length of
large diameter piping would be necessary to connect the screens to the existing cooling water
system. Instaliation of such a system will result in significant cost as well as potential disruption of
the site and the waterbody.

Cost:

The cost for the wedgewire screen alternative should consider the distance offshore, needed
piping, and air-burst cleaning system. Operation and maintenance costs inciude two maintenance
dives (6 days each) each year, replacement parts, and system monitoring by plant staff (10 hours
per week). ‘

Effectiveness:

Wedgewire screens have been demonstrated to essentially eliminate impingement and, for
smaller siot sizes, reduce larval entrainment. The 1-mm siot size has been demonstrated to
reduce entrainment by over 80 percent at some plants. However, achievement of such results is
dependent on the presence of relatively high ambient currents that can sweep the plankton along
past the screens.

Potential for Other Adverse Effects:

The primary adverse effect associated with this alternative is the potential for obstruction to
navigation caused by muitiple submerged structures in the waterbody near the plant. In addition,
the presence of rock rip-rap around a large number of screen structures can result in a “reef
effect,” causing the fish population density to increase in the vicinity of the screen structure. This
phenomenon is more likely in cases where there is very little spawning habitat near the intake
location. As previously mentioned, the engineering requirements for biofouling control on the
Mississippt River are uncertain and differential pressures across the screens could cause
cavitation of circulating water pumps creating substantial unit reliability issues.

Overali Assessment of Allernative:

Wedgewire screens have the potential for clogging and interference with navigation. Without
adequate sweeping velocity, a small enough slot size to reduce entrainment is not recommended.
The cost of this alternative is high and is strongly dependent on the number of screens needed
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and the length of new pipeline construction needed to interconnect all of the screens and to build
a common tunnel to the shoreline.

s 2b - Perforated Pipes
Description:

With perforated pipes, water is drawn through perforations or slots in a pipe located in the
waterbody. EPA included this technology in its discussion of intake technologies. However,
perforated pipes have been used only in small water withdrawal applications. It is also subject to
clogging and fouling. It is also similar in principal to wedgewire screens. Therefore, this
technology alternative will not be discussed further.

s  2c - Barrier Nets

Barrier nets are wide-mesh nets that are placed in front of the intake structure entrance. The nets
are sized to prevent the fish to pass through, and low velocities are maintained at the net fo aliow
affected fish to swim away. Barrier nets would be mounted on a frame that would allow ease of
cleaning or replacement.

Technical Feasibility and Reliability:

Barrier net systems involve technologies that are in widespread use especially in freshwater
systems. Construction techniques that would be used for these systems are commonplace.
Maintenance requirements include routine cleaning of debris and/or net replacement. Finally,
placement of a bamier net at the intake has the potential to adversely affect boat traffic.
Placement typically involves suspension from existing pylons or walls. Creation of a new set of
anchors, ete. will complicate installation and increase costs.

Cost Considerations:

For typical power plants, the estimated capital cost for installation of barrier nets is $0.5M to
$1.5M. The estimated operation and maintenance cost is approximately $50,000 per year for
freshwater deployments. Operation and maintenance costs include menthly change out and
depioyment and removal.

Barrier nets have been shown to be effective for impingement reduction at a number of plants.
Greater than 90% reduction in impingement has been realized at a number of plants. However,
they are not effective in deterring fish eggs and larvae, or other planktonic organisms. There is
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the potential for clogging with debris; hence a routine cleaning operation is essential. Adequate
area to allow iow through net velocity (<0.5 ft/s, often <0.1 fps} is important to prevent clogging
and collapse.

Potential for Other Adverse Effects:
This alternative could pose limitations on navigation in the vicinity of the intake.
Qverall Assessment of Alternative:

There have been a number of positive experiences with barrier nets for reduction in impingement,
and the cost is very low compared to other technologies. Barrier nets will not address
entrainment, routine cleaning is essential, and removal during flood conditions is necessary to
avoid serious damage to the nets.

e« 2d - Aquatic Filter Barrier System

Description:

Aquatic filter barrier systems are designed to completely enclose an existing intake structure and
essentially filter the water drawn through the fabric to the intake structure. The best known
manufacturer of aguatic filter fabric systems for power plant intake applications is Gunderboom.
The Gunderboom system is a double panel, full water depth fabric curtain suspended from
flotation billets at the water surface and secured in place by an anchoring system. The system
includes mooring lines, ballast chain, anchoring system and an automated compressed air
cleaning system. Automatic alarms and monitors may be installed in an appropriate control room
to monitor the fabric alignment and system operation.

The standard design hydraulic loading rate of the Gunderboom fabric is 3-5 gpm per square foot
with a generally recommended maximum range of 10-12 gpm per square foot. At the
recommended design hydraulic loading and an assumed water depth of 15 feet, a length of fabric
of more than one mile would be required for a 500 MGD cooling water flow. Therefore at a
minimum, this alternative would require that a large area around the intake structure be
encompassed by the fabric for most large power plants with once-through cooling.

Technical Feasibility/Reliability:

The technology and construction techniques required for this option have been fully implemented
only at the Loveft Power Plant in New York State, a non-nuclear facility. Clogging of the
Gunderboom is a routine maintenance issue. The length of fabric required would encompass a
large area around an infake structure. Aquatic filter barriers are not likely to function correctly
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under heavy debris loading, and high total suspended solids loading encountered in the Lower
Mississippi River region. ‘

Cost Considerations:

The estimated capital cost of the Gunderboom alternative is high compared to other near-shore
technologies. The operation and maintenance costs include the mobilization and installation/
demobilization and removal of the system each year. They also include regular underwater
inspections of the filter curtain each month and one thorough underwater inspection each year,

Effectiveness:

Aquatic filter barriers have been demonstrated to be effective in substantially reducing larvae
entrainment and fish impingement losses at power plant intakes on the Hudson River. However,
clogging and ambient conditions can increase the risk of fabric failure, rendering the system
ineffective.

Potential for Other Adverse Effects:

Because this aquatic filter barrier application would require closing off much of the waterbody near
the plant, marine navigation would be restricted. The potential for aguatic organisms to be
impinged in the fabric is a concern. Nuclear safety issues arise from the possibility of failure and

adverse impact on the CWIS itself.

Qverali Assessment of Alernative:

Based on the logistical and potential navigation issues associated with the extensive area of the
waterbody that would be encompassed by the aquatic filter fabric, and operational issues
associated with potential clogging of the fabric, it is not likely that this altemative would be
practical in any once-through application with large flow rates.

s  2e- Porous Dams/Leaky Dikes

Description:

Porous dams, also known as leaky dams or leaky dikes, are filters constructed of stones
surrounding the cooling water intake. The core of the dike is composed of gravel or stone which
aliows water to be drawn through it. The exterior of the dike is armored with larger rocks. The
dam serves as a behavioral and physical barrier o aguatic organisms. The reduced flow rate
across the full face of the dam greatly reduces impingement; however, “hot spots” of high velocity
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may be present in local areas of high porosity, and its effectiveness in screening fish eggs and
larvae is not well established.

Technical Feasibility and Reliability:

Because of its size, a porous dam constructed around an intake structure may not be practical in
waterbodies of limited size, because of potential impacts to navigation.

Cost Considerations.

Because of its large size, a large part of the capital cost of a porous dam is materials (stone and
gravel). Operation and maintenance would include routine maintenance and potentially heavy
cleaning or dredging every five years.

Effectiveness:

If the surface area is sufficiently large, the porous dam intake structure couid resuit in a lower
impingement rate, but may not decrease the entrainment rate. The porous dam would decrease
impingement due to low intake velocity across the dam face and the physical barrier created by
the stones used in the dam. The dam structure would need to be located such that its
construction does not impact known spawning beds. The presence of the stone couid create
spawning areas where there were none and could actually serve to increase entrainment.
Alternatively, potential spawning areas created by the porous dam may act as a restoration
measure and increase the production of fish in the water body.

Potential for Other Adverse Effects:

Significant biofouling could be expected due to algae, aquatic weeds (e.g., watermilfoil), and
zebra mussel. Biofouling of the porous dam would reduce plant cooling water intake rate. The
size of the porous dam is large, and its construction has the potential to damage fish spawning
areas. In smaller waterbodies, a dam of sufficient size to effectively reduce intake velocity could
impede marine navigation. Significant permitting obstacles with the U.S. Corps of Engineers likely
would arise.

Overall Assessment of Alternative:

A porous dam will fikely be effective for reduction in impingement if designed for low intake
velocity. Entrainment performance is uncertain. Reliability of water flow is uncertain because of
the potential for fouling.
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Alternative 3 - Submerged Offshore intake Structure

Description:

An offshore intake structure alterative would consist of a structure with velocity cap (or other
technology such as wooden cribs or wedgewire screens), and a single pipeline into the plant. The
size of the structures would be designed to achieve a nominal intake velocity of 0.5 ft/s. The
velocity cap on the structure provides horizontal flow that reduces the potential for fish
impingement. The intake structures would be located in the water body at a water depth of at
least 20 feet. The intake pipeline wouid be placed by either trenching or tunneling.

Technical Feasibility/Reliability:

The technology and construction techniques required for instailation of submerged intake
structures are well known and understood. Submerged intakes have been constructed at several
plants and have been shown to be reliable in the long term. Considerations for designing and
constructing the alternative include (1) technology associated with sub-surface placement of the
pipe and potential impacts to the bottom along pipeline route, (2) the length of pipeline needed to
reach sufficient depth, (3) prevention of fouling on the structure, (4) the potential for adverse
impacts due to debris, and (5) the need to avoid obstruction of navigable waters.

Another technical consideration for the offshore intake structure alternative is that the intake water
could have a reduced temperature which would potentially improve power plant performance.

Cost Considerations:

The estimated capital cost of submerged offshore intake is highly dependent on the length of new
pipeline needed. One 6-day dive per year would be required for maintenance. However,
maintenance dives may be considered impractical in the Mississippi River due to safety concems
and visibility issues.

Effectiveness:

The offshore intake structures could result in a lower impingement rate if designed with low intake
velocity and velocity cap. Suitable placement of the intake off-shore may reduce the density of
eggs and larvae subject to entrainment relative to an on-shore location. The intake structure
construction could impact spawning beds. The presence of the intake structure and associated
anchor stone and rip-rap could create new spawning areas that did not previously exist and could
actually act o increase enftrainment.
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Overall Assessment of Alternative:

The submerged offshore intake has the potential for reducing impingement and entrainment, if the
intake can be located where the density of eggs and larvae is low. Cost is high, and will depend
on the required distance offshore. However, potentially cooler intake water temperature may
improve power plant performance.

Alternative 4 — Fish Diversion and Avoidance
s 4a- Louvers and Angled Bar Racks

Description:

Diversion devices are physical structures intended to guide fish away from and out of the intake
flow. Examples of such devices include angled bar racks and louvers, which are made of a series
of evenly spaced, vertical slats placed across a channel at an angle leading to a bypass area.
The louvers create localized turbulence that the fish detect and avoid. The louver systems have
been tested at hydroelectric plants on rivers.

Typically, angled bar racks and louvers would be in semicircular fashion arcund a shoreline intake
or placed across the mouth of an intake canal. Louvers wouid be constructed of material
compatible with the environment (for example, polyethylene slats for louvers and nylon for nets),
and would be mounted on a stainiess steel frame, approximately 12 inches apart.

Technical Feasibility/Reliability;

Louver systems involve technologies that are in widespread use. Construction techniques that
would be used for these systems are commonplace. Maintenance requirements could be
potentially extensive. Divers will likely be required to routinely clean and/or replace the bar racks
or louvers. The potential for damage and clogging from debris is real. Finally, placement of a
fouver at the intake has the potential to adversely affect boat traffic.

Cost Considerations:
The capital cost for installation of louvers should inciude consideration for debris loading and

camage. Operation and maintenance costs include two 8-day dives per year to clean and
maintain the louvers.
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Potential Effectiveness:

These diversion devices are not effective in deterring fish eggs and larvae, or other planktonic
organisms. Louvers have been tested only in rivers with a substantial current velocity along the
bank. They are most effective in diverting migratory fish from intakes in confined river channels,
and therefore would be less effective in lakeside applications.

Potential for Other Adverse Effects:

This alternative could pose limitations on navigation in the vicinity of the intake.

Qverall Assessment of Allernative:

Louvers/bar racks can effectively reduce impingement of some species of fish, but would not be
effective for reducing entrainment. This technology would be effective only with an ambient
current, and would not be effective in a lake setting. This alternative has relatively high probability
of clogging associated with debris, and biological growth and in some setfings could impact
navigation.

* 4b - Velocity Caps (installed on existing offshore intake)

Description:

A véiocity cap is a cover placed on a vertical inlet of an offshore intake structure. The cover
results in a horizontal flow to the intake, and may reduce impingement because fish tend to avoid
rapid changes in horizontal flow. intake velocities of 0.5 to 1.5 ft/s are common.

Technical Feasibility/Reliability:
Installation of a velocity cap on an existing offshore intake may be limited because of water depth

and potential interference with navigation. For some applications, a velocity cap may require
routine inspection and maintenance to remove accumulated debris.

Cost Considergtions:

Costs of instaliation of a velocity cap on an existing offshore intake should consider intake
maodifications and materials of construction.
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Potential Effectiveness:

Although velocity caps in new offshore intakes have been shown to result in reduced
impingement, it is uncertain whether the reported reductions are due to the velocity caps or the
new offshore locations. Velocity caps should be designed to minimize intake velocity through the
intake structure openings; a maximum intake velocity of 0.5 feet per second should be considered
to meet the Phase i intake velocity threshold. in some cases, additional measures (e.g. intake
screen improvements, deterrent systems) may be needed to meet impingement performance
goals. Velocity caps have no impact on entrainment, although the off-shore location may result in
lower entrainment levels compared to an on-shore calculation baseline intake configuration.

Potential for Other Adverse Effecls:

The addition of a velocity cap to an existing intake may interfere with navigation.

Overall Assessment of Alternative:

Velocity caps may reduce impingement, but have no effect on entrainment. If the maximum
intake velocity is 0.5 feet per second, the Phase [l velocity threshold in Compliance Option 1(ii)
would be met. As noted above, the offshore location may result in compiiance with the
entrainment reduction standard.

e 4c - Strobe Lights, Acoustic Deterrent, Bubbles, Chains

General Description:

Behavioral barriers are intended to cause fish to actively avoid entry into the intake flow.
Examples include sound barriers, light barriers, air bubble curtains, chains and cables, and
electrical barriers. They are often implemented in combination with ‘other devices such as
physical barriers (e.g., fish nets). The potential behavioral barriers are briefly described below.

Sound barriers consist of devices located at the intake structure, which create sound that repels
the fish. Three types of underwater sound have been tested for this application: low-frequency
infra-wave sound, low-frequency sound generated by pneumatic/mechanical devices, and
fransducer-generated sound covering a wide range of frequencies. Low frequency, high-intensity
devices have been shown to be effective. High frequency (125 kHz) devices have been reporied
o be effective in the Great Lakes. Pneumatic impact devices, “poppers”, and “hammers” are
examples of devices that have been effective in reducing impingement of some fish such as
alewife at power plant intakes. There is some concern that pressure waves from pneumatic
devices may be harmful {0 nearby organisms. In most cases, the use of high-intensity, multi-
frequency sound has not been effective in repelling a wide range of fish species from intakes due
to the diversity of species and sizes of species in the receiving water.
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Light barriers consist of a series of underwater lamps that emit a constant or intermittent (strobe)
beam of light. The effectiveness of light barriers as a deterrent has been variable, and even
contradictory, in many studies. In some studies fish have been attracted {o light while in others
they have been repelied. Constant light has been more effective than strobe light in guiding
young salmon whereas strobe light has been effective in repelling alewife and gizzard shad.
Filtered mercury vapor light has been found to aftract certain species of fish away from strobe
lights in field studies in Europe. At the Nanticoke Generating Plant on Lake Ontario, smelt, shad,
white bass and shiner have been successfully guided away from intake trash racks using mercury
vapor light. However, evidence of consistently reliable effectiveness for a wide range of fish
species does not exist.

Air bubble curtains or screens consist of a series of diffuser pipes mounted on the base of the
intake structure. The diffusers create a continuous, dense curtain of bubbles, which can repel
fish. Generally, the air bubble screens have not been successful. They are not effective at night
and in turbid water. In one case, at Indian Point Generating Plant on the Hudson River, the air
bubble screen actually attracted fish at night.

Chains or cables can be hung vertically from the top of the intake structure to form a physical,
visibie barrier to fish. The results of studies of this behavioral barrier have been contradictory.
The effectiveness of chain barriers is dependent on flow velocity, turbidity and illumination. Debris
buildup on hanging chains can disrupt hydraulic flow patterns at the intake.

Electrical barriers consist of a series of electrodes at either side of the intake structure. These
barriers have had limited success and can present a safety threat.

Technical Feasibility/Reliability:

All of the behavicral barrier systems are technically feasible and reliable from the perspective of
construction, operation, and maintenance. The behavioral barrier systems that have been
implemented with the greatest frequency are sound and light barrier type systems. Each of these
potential alternatives would consist of a metal support structure constructed at the front of the
intake, sound or light emitting devices mounted on the supports, a power supply, controllers,
power cables and mounting hardware. The construction and technology used for these
alternatives have been regularly applied. To ensure long-term reliability of these systems,
ongoing maintenance will be required. Maintenance of the systems would inciude cleaning and
reptacerment of light bulbs (for light barrier systems) and prevention of corrosion of the supporting
structure.

Cost

The estimated capital cost of behavioral barriers {(e.g. a strobe light barrier system) is generally
lower than other technologies. Operation and maintenance costs inciude items such as the
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replacement of strobe lights each year using divers, and 10 hours per week of on-site monitoring
by piant staff. Costs for other behavioral barrier systems would be similar.

Effectiveness:

Because these barriers rely on the ability of the organism to respond to a stimulus, they often are
not effective in protecting fish eggs and larvae, or other planktonic organisms. In addition, the
effectiveness of these barriers varies among species and across age groups within species.
These barriers are most effective when a single species of fish of the same size and age is to be
protected. Many of the behavioral barriers have not been field-tested so their effectiveness has
been extrapolated from laboratory studies. None of these devices has been demonstrated to be
consistently reliable in obtaining an avoidance response from a wide range of fish species.
Therefore, installation of behavioral barriers would not result in reduction of entrainment, and a
reduction in impingement is possible but uncertain.

Potential for Other Adverse Effects:

A potential adverse effect of the behavioral barrier afternative is a slight potential for increased
attraction of fish to the intake structure. Also, any structure installed near the intake has the

_potential to disrupt navigation.

Qverall Assessment of Alternative:

Behavioral barrier technclogy will not reduce entrainment. However, the technology may
effectively divert specific fish species and therefore could be a component of an overall
impingement mortality reduction. Based on site- and species-specific variation in response, pilot
testing is likely to be necessary. :

Alternative 5 - Flow Reduction

+« 5a- Variable Speed Pumps

Description:

Variable speed cooling water intake pumps are potentially useful for reducing cooling water flow
and the associated entrainment and impingement during peak periods of biclogical activity. The
decrease in cooling water flow resuilts in an increase in plant condenser delta T {temperature
increase through the condenser) and discharge temperature. Therefore, variable speed pumps
are most appropriate during cold water periods of the year (winter and spring) in temperate
climates where an increase in discharge temperature will not cause a significant increase in
biclogical effects or cause discharge temperatures in excess of maximum acceptable levels.
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For other plants, this alternative was considered with the assumption that variable speed pumps
would be installed to decrease the cooling water flow by 25% during periods of potentially high
entrainment and impingement. This alternative would require replacement of existing single
speed drives with adjustable speed drives (ASD) on the circulating water pumps. An on-line
condenser tube cleaning system is included in this alternative to alleviate tube fouling which could
potentially occur because of lower water flow rates.

Technical Feasibility and Reliabilgx‘} .

The replacement of the existing single speed drives with ASDs is a technically feasible and
reliable alternative. However, under full power production conditions using the existing
condensers for the units, this alternative, specifically a 25% reduction in flow, could reduce the
reliability and efficiency of the entire system. Specifically, the reduction in flow through the
condensers could cause operational difficulties (i.e, condenser tube fouling), cause decreased
thermal efficiency in the turbines, imit or reduce maximum power production, require condenser
replacement, and alter the thermal plume effects at the discharge.

Cost:

The estimated capital cost of the variable speed pump alternative is between $0.5M and §1.1M
per cooling water pump depending upon pump size. This capital cost assumes that replacement
of the existing condensers would not be required. Operation and maintenance costs are difficult
to estimate without input from the individual plants regarding thermal efficiency as well as market
rates. it should be noted that costs associated with loss of thermal efficiency are fikely to be
partially offset by the gain in not operating the pumps at full capacity. This cost assumes that the
plant could be operated at full capacity during reduced cooling water flow.

Effectiveness:

The use of variable speed pumps to decrease the flow of cooling water through the intake would

effectively reduce the entrainment and impingement in the system; however, the resulting
increase in temperature in the discharge could increase thermal plume effects. The alternative
would amount to a relatively small reduction in flow — and corresponding reduction in impingement
and entrainment effects — of approximately 25% for the entire plant during periods of time when
the ASDs are in operation. Since the ASDs would not be used during the entire year, the overall
reduction in impingement and entrainment would be substantially less than 25%.

Potential for Other Adverse Effects:

As ncted above, reduction in cooling water flow dariﬁg normal plant oufput would result in an
increased discharge AT value which couid, in turn, cause altered thermal plume effects.
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Overall Assessment of Alternative:

By itself, this altemative will not likely achieve performance goals for impingement and
entrainment reduction. However, t may be considered as one component of an overall
compliance.

s 5b - Capacity Factor Reduction

A power plant can reduce impingement and entrainment by reducing cooling water requirements
through reduced capacity factor of the plant. This approach would require a commitment on the
part of the plant to limit cooling water flow fo a level below the design flow rate. Unless a very low
capacity factor is intended, this approach will likely be used in conjunction with other technologies
to meet performance goals.

There is the potential that regulatory agencies will limit the applicability of this approach for plants
with historically low capacity factor. Although the calculation baseline is based on design
capacity, the commitment {0 set a capacity factor limit by a plant with historically low capacity
factor may be viewed as an inappropriate approach to meeting the performance goals unless a
restriction is inciuded in the plant LPDES permit.

Technical Feasibility and Reliability:

Reduced water flow rate will limit the power production rate based on thermodynamics as well as
the thermal discharge limits for the plant.

Ceost Considerations:

Reduction on capacity of a plant will have very large financial impact on the ability of a plant to
generate revenue. The capital cost to implement this approach could involve instaliation of
equipment to limit operations; however, recordkeeping may be all that would be required to
demonstrate the flow reduction achieved.

Effectiveness:

A capacity factor reduction and resulting reduced fiow rate should at least reduce impingement
and entrainment in proportion to flow reduction. Seasonal differences in density of aquatic life
would need to be considered to determine the overall annual reductions in impingement and
entrainment from the calculation baseline.
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Potential for Other Adverse Effects:

This approach reduces power generation capacity, which would have to be made up elsewhere.

QOverall Assessment of Alternative;

eee———

If acceptable to the regulating agencies, this alternative may be an important com;:cnent of a well
balanced compliance program.

s  5¢ - Evaporative Cooling Towers

Description:

The existing cooling water systems use river or lake water pumped through a steam condenser
and discharged back to the source water body. These systems are generally referred to as open
cycle or once-through cooling system because the water simply passes through the condenser
(no recirculation) where heat is transferred from the steam to the cooling water prior to discharge.
Closed cycle systems recirculate the cooling water in a closed piping system. The heated water
from the condenser is cooled down in each cycle using evaporative cooling. This cooled water is
then recirculated to the condenser to cool and condense the steam from the turbine. In the
mechanical draft-cooling tower, fans are used to circulate air that flows against the heated water
sprayed inside the tower. Cooled water is collected in the tower basin and returned to the
condenser. Water must be introduced into the system at regular intervals to make up for losses
due to blowdown and evaporation. The closed cycle evaporative cooling systems require a water
withdrawal rate that is about 3 to 5% of the amount of water required in once-through cooling
systems. : ’

The makeup water flow for a mechanical draft-cooling tower is typically less than § percent of the
flow required for once-through cooling. The makeup flow wouid be pumped to the circulating
water system from the current intake structure. Blowdown would be discharged from the tower
basin to the discharge canal.

Technical Feasibility and Reliability:

The technology proposed for this altemative is well known and has been implemented for similar
power plants. However, this alternative requires substantial open space, consumes a substantial
amount of electricity, and reduces the thermal efficiency of the system. In addition, the ability of
the existing condensers to handle the higher pressures associated with the recirculating system is
uncertain and could have a large effect on the costs for this alternative.
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The capital cost of the mechanical cooling tower allernative is very high. Operation and
maintenance costs are typically estimated to be in the millions of dollars per year, primarily due to
additional fan and pump power demands and water treatment requirements. Finally, the
increased temperature of cooling water in the steam condensers will results in both efficiency and
capacity loss for the generating units. During the hottest summertime conditions when electricity
demand is highest, the efficiency and capacity losses could be as high as 10%. This results in the
need to purchase replacement power at a premium because a public utility has an obligation to
serve its customers and will be required to bear that expense.

Effectiveness:

The mechanical draft cooling tower alternative would effectively reduce both impingement and
entrainment in proportion to the flow reduction, typically 96% or more. This technology meets
both the impingement mortality reduction and entrainment reduction performance standards set

by the 316(b) Phase H rule for existing plants.

Other Potential Adverse Effects:

The primary adverse effects for the mechanical draft cooling tower alternative are associated with
increased water vapor content in the immediate area of the cooling towers. This will result in a
visibie plume for some periods and has the potential to result in fogging impacts. To reduce the
potential for these effects, a piume abatement system would be employed. Because cooling
tower drift cannot be eliminated completely, the tower would be located as far as possible from
electrical equipmenrt, off-site receptors, and sensitive vegetation. Space limitations may make it
difficult to locate the cooling towers to minimize these effects. A cooling tower alsc imposes noise
and aesthetic impacts. Ancther significant environmental effect is that the decrease in efficiency
means that more fuel is burned per unit of electrical energy output. Depending on the weather
conditions, the negative effect on efficiency could be anywhere from 1% to 10%.

Overall Assessment of Alternative;

A cooling tower aiternative would be effective for reduction of both entrainment and impingement
mortality, however, due to the very high costs and limited space available for construction, this
alternative is not considered as a part of the compliance.

s  5d - Dry Cooling
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Description:

With a dry cooling system air is used as a heat sink to condense steam in the system. Cooling
water is essentially eliminated. However, a dry cooling system requires a large cooling surface,
many cooling fans, and a more sophisticated steam ducting system, which would require
extensive modifications to an existing plant. In addition, an annual average thermal efficiency
penalty of 2% to 5% is fikely for the power plant. During the hottest summer time conditions when
electricity demand is highest, the efficiency and capacity losses could be well over 10%. Because
of these high costs, dry cooling is not considered a part of the compliance for any existing plant.

Alternative 6 - Restoration

Description:

The Phase Hl rule allows the use of mitigation strategies for enhancing fish and aquatic biota
populations to offset impingement and entrainment losses. These strategies typically involve
habitat restoration methodologies, particularly the creation and improvement of important habitat
types that support aquatic biota, as well as spawning and nursery areas. Alternatively, ENSR is
aware of several fish-stocking efforts in the southern United States that are viewed as successful
by all parties involved. Ideally, the restoration activity should result in mitigating the types of
species that are affected by entrainment and impingement at the plant and result in quantifiable
benefits near the plant. Alternatively, the rule alfows for "out-of-kind” restoration, which might be
simpler to institute and monitor. '

For this altemative, various habitat restoration sirategies considered for the Waterford 3 Plant
include:

e Fish Stocking — this option is expected to be effective and is expected to be supported by
the Louisiana Department of Environmentai Quality and the Louisiana Game and Fish
Commission.

¢ Shoreline wetland creation - this option is not likely to be effective and is more difficult to
quantify. '

o Offshore artificial habitat (i.e.. reefs) creation — this option may have significant beneficial
effects in estuarine environments but is not expected to have a noticeable effect on a
large freshwater river.

» Habitat restoration on nearby tributaries — this measure is likely to be effective and is
generally supporied by state agencies.

s Dam removal ~ no opportunities on the Lower Mississippi River or its tributaries.

Waterford 3 PIC - Al Number 35280 A-24 Decernber 2005



T

|

The restoration process would invoive the following activities: (1) impingement data to assess
target species and associated habitat restoration strategies, (2) reconnaissance surveys of the
affected water bodies {0 assess potential areas for habitat creation and/or improvement, (3)
selection of the most appropriate restoration strategies and areas for restoration, (4) determination
of the species that would benefit for each habitat restoration, (5) evaluation of the extent of
restored habitat needed to offset impingement losses, (6) implementation of selected restoration
strategies, and 7) coordination with relevant resource agencies (e.g., LDEQ, US Fish and Wildiife)
to gain approval.

Technical Feasibility/Reliability:

Each of the potential restoration methods has been used with success in a number of
applications. Each of the restoration methods would require an assessment of whether any
conditions in the water bodies would preclude long-term success. The potential for removal of the
restoration option as a result of legal challenges to the Rule should be considered.

Cost Considerations:

The capital cost of this alternative is expected to range from $50,000 to $3,000,000 depending on
the number and type of restoration efforts selected. Annual costs associated with monitoring
range from $40,000 to $125,000.

Effectiveness:

There is little existing quantitative information on using increases in biological production at habitat
areas to offset impingement and entrainment losses. However, restored habitat areas have been
demonstrated to result in an increase in biota and spawning. Alternatively, a well-designed
stocking program may be able fo provide a more direct replacement of important species on an
adult-equivalency basis. :

Other Adverse Effects:

There are no likely adverse effects of the restoration alternative.

Overall Assessment of Alternative;

This alternative is technically feasible, may have relatively low costs, and is likely to be effective
{though at this point it is difficult to quantify the degree of mitigation that would be obtained). The
alternative would also provide an overall environmental benefit to the affected water bodies.
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EXECUTIVE SUMMARY

The Phase l rule developed under Section 316(b) requires consideration of the fishery of the
cooling water source. The specific make up of a portion of the Comprehensive Demonstration
Study (CDS), the Impingement Mortality and Entrainment Characterization Study (IMECS) is
outlined by the rule. This Appendix will review these requirements within the context of the
available literature for ten Entergy generating plants located on the Lower Mississippi River (LMR)
and its associated tidal channels. The literature reviewed includes data collected at five of the
stations as well as the more general literature and discussions with experts at universities and
government agencies. This Appendix will evaluate whether these data are sufficient to support
development of the IMECS and will also evaluate several important issues relative to the
impingement and entrainment at the stations.

Two of the generating plants (i.e., Michoud and Paterson) are subject to performance goals for
both impingement mortality and entrainment. The balance of the plants {i.e., Ritchie, Gerald
Andrus, Baxter Wilson, Willow Glen, Little Gypsy, Ninemile, Waterford 1 & 2 and the Waterford 3
Nuclear Plant) are subject to the impingement goal alone. In every case except Waterford 3, US
EPA has estimated, as part of the rule making process, that the likely capital and
operation/maintenance cost of rule compliance at these stations will be negligible (i.e., $0}. This
cost estimate serves as the basis of the so-called Cost-cost test; the rule allows for a site-specific
determination of Best Technology Available (BTA) if the costs of potential mitigation technologies
are “significantly greater” than US EPA’s assumed cost. These circumstances define a standard
for the data necessary for the IMECS intended to support this Compliance Altemative; the resuits
of the Cost-cost test will be driven by the costs and feasibility of the various mitigation measures.
The biological data are much less likely to influence the outcome of this test.

For Waterford 3, US EPA estimated capital and total annualized costs fo be $27.4M and $7.3M,
respectively based on the “addition of a passive fine-mesh screen system (cylindrical wedgewire)
near shoreline with mesh width of 1.75 mm.” These costs inappropriately cover compiiance with
both impingement mortality and entrainment performance standards. Costs adjusted using
procedures defined in the rule to refiect only the impingement performance standard are $12.8M
and $3.4M respectively for capital and annualized costs. This cost estimate serves as the basis of
the so-called Cost-cost; under which the rule allows assessment of whether the costs of potential
mitigation technologies are “significantly greater” than the costs estimated by US EPA during rule
making. Alternatively, if the site-specific costs of compliance are found to be significantly greater
than the likely monetized benefits, the Cost-benefit test can be applied. Under either the Cost-
cost or Cost-benefit tests the NPDES Director can find that a site-specific BTA is allowed and the
applicable performance standards do not have to be fully achieved.

As shown below, Entergy has drawn the following conclusions based on the review of available
literature:
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The historical studies at five of the plants represent sound efforts to estimate the annual
rates of impingement including consideration of diet and seasonal variation. These studies
were performed in the late 1970s and early 1980s.

There is a strong consensus in the literature and among fisheries experts that the fishery
of the LMR has not undergone significant changes since the collsction of the impingement
data. The dominant species as well as their population densities are unlikely to have
changed significantly since the 1970s. This is consistent with informal observations by the
plants’ operators. Thus, the historically measured rates of impingement are likely to
represent reasonable estimates of current rates of impingement.

Entergy believes that available data support the rule’s requirements of the impingement
mortality and entrainment characterization study (IMECs). The available data provide a
sound basis for characterizing the three general aspects of impingement mortality and
entrainment required as part of the IMECS by 40 CFR 125.95(b}(3): (1) taxonomic
identification of fish and shelifish within the zone of influence of the CWIS; (2) assessment
of all life stages including temporal variation; and (3) estimation of current rates.

The species impinged at the five plants change with movement toward the Gulf of Mexico
in a logical fashion. As the salinity increases and with closer proximity 1o the Gulf, marine

“species increase in frequency.

The distribution of plants with impingement data allows for inference of likely rates of
impingement at nearby stations that have not rigorously quantified impingement.

The most commonly impinged fish are also common in the source water. Despite this,
several important fish in the source water are under-represented among the impinged
organisms. This is likely due to their strong swimming ability and/or their avoidance of the
habitat near the cooling water intake structure (CWIS).

The ten most commonly impinged fish constitute 90.7 to 98.7% of the total numbers of
fish. Thus, the species of concem at each plant are clear.

At the plants located on freshwater, the most commonly impinged species are generally
forage fish or shellfish with litle commercial or recreational value. The numbers of
impinged fish are generally low compared to plants with similar flows located in other

settings.

Three young pallid sturgeon were impinged at two stations and several juvenile paddiefish
were impinged at the plants. While the populations of these fish have generally declined
in the LMR, there is a potential for their impingement. This suggests that efforts at
restoration of these species may be a productive mitigation measure.
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¢ Fish and shelifish impinged at the two estuarine stations are of higher ;:ommerciai and
recreational value. Despite this, the annual losses of these organisms are very modest.

*« The masses and lengths of impinged fish are available in the studies and the vast majority
of impinged finfish are juveniles.

« Data with which to evaluate temporal changes in impingement rates are available. Little
change is apparent during the day and generally rates of impingement are stable
throughout the year. The exceptions to this appear to be increases in impingement as
young of the year return to the main channel following floods, observed at one station, and
with migration of marine species into the estuaries observed at Michoud and Paterson.

¢ All of the plants have operating fish handling and return systems. Given the sensitivity of
many of the impinged species at the fresh water plants, these systems may not contribute
significantly to reductions in impingement mortality. The importance of shellfish among
impinged organisms at the two estuarine plants, and these organisms’ tolerance of
handiing, suggests that the return systems are likely to contribute to significant reductions
in impingement mortality relative to the Calculation Baseline.

¢ Several of the plants located on the river's main stem (i.e., Baxter Wiison, Riichie, Willow
Glen, Waterford 1 & 2, Waterford 3, Little Gypsy, and Ninemile) have CWIS that draw from
deep, fast-moving water iocated several hundred feet offshore. There is a consensus that
the population densities in these areas are far lower (95% lower) than in quieter, shallower
water located along shore and in backwaters. This phenomenon contributes 1o each of
these stations having greatly reduced rates of impingement relative to the Calculation
Baseline {i.e., along shore) condition. In fact, these stations are very likely to be meeting
the ruie’s performance goals for 80 to 95% reduction in impingement mortality.

e Few data are available on entrainment rates at Michoud and Paterson. Generally, the
densities of ichthyoplankton at these stations should be low as most of the impinged
species spawn well offshore in the Gulf. The importance of entrainment data is minimized
by the fact that no technology intended to mitigate entrainment is either feasible or cost-
effective. Data on the specific rates of entrainment is not likely to change the conclusions
of the selected compliance alternative: the Cost-cost test or the Cost-bensfit test.

1.0 INTRODUCTION

The Section 316(b) Phase [l rule requires consideration of several biological issues during the
evaluation of current and potential measures to mitigate impingement mortality and entrainment.
Entergy owns and operates ten generating plants affected by the rule that are located along the
Mississippi River in Arkansas, Mississippi, and Louisiana. This presents an opportunity to
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consider the biological resources within a common context. This will be part of Entergy’s
approach to rule compliance and this Appendix represents the first step in that process: a review
of the fishery resources of the relevant stretch of river and its implications for rule compliance.

1.1 Goals

This Appendix was generated to support the submittal of the Proposal for Information Collection
(PIC) for Entergy’s ten Lower Mississippi River (LMR) Plants. Much of this information will be
incorporated into the Impingement Mortality and/or Entrainment Characterization Study (IMECS),
part of the Comprehensive Demonstration Study (CDS) required in the Phase |l Section 316(b)
rules. These documents will be prepared for each plant and will include an expanded discussion
of the data as well as a more complete discussion of the data's implications at the plant. The goal
of this Appendix is 1o review fisheries-related data available for the LMR and the associated tidal
channels. This review is intended to support the compliance options Entergy has elected to
pursue in response to the regulations that pertain to the reduction of impingement mortality (IM)
and entrainment (E) at electric power generating stations. In particular, this Appendix will address
whether sufficient data are available to address the goals of the rule within the context of the
compliance strategies outlined in the PIC. This Appendix evaluates ambient fish and shellfish
populations and impingement data available on the LMR. The rates of impingement and
entrainment will be considered within the context of our understanding of the biological resources
of the Mississippi River in order to address several imporiant questions relevant to the
assessment of current and potential controls on IM and E. Potentially relevant questions are

presented in Section Ii (below).

The aquatic biology of the Mississippi River is relatively well characterized by various agencies as
well as private entities. In an effort to determine species that may be subject to impingement or
entrainment at Entergy’s facilities located on the LMR in Arkansas, Mississippi, and Louisiana, an
extensive literature review was conducted. In addition, experts at museums, Universities, and
regulatory agencies were contacted for additional information as well as their perspective on
important ecological trends. State agencies were contacted as well as the United States Fish and
Wildlife Service (USFWS), the U.S. Geological Survey (USGS), and the United States Army

Corps of Engineers (USACE).

This Appendix reviews impingement data collected at the following Entergy plants: Baxter Wilson,
Willow Glen Units 1 and 2, Willow Glen Unit 4, Waterford 1 and 2, Paterson, and Michoud. These
data provide important perspective on the biological performance of the CWIS and, when coupled
with other literature data, may provide a sufficient basis for the Impingement Mortality and
Entrainment Characterization Study (IMECS) called for by the rule. The absolute rates of
impingement will be considered relative to the location, design, and operation of the CWIS, and
temporal trends will be discussed. The relative frequency of the species impinged will be
discussed relative to population surveys of the LMR. Finally, a brief discussion of habitats of

Appendix B - Lower Mississipp! River Fisheries B-4 December 2005



é

several commonly impinged species as well as potential rare, threatened, or endangered species
will be presented.

Although many relevant data sources were obtained during the literature review, it should be
noted that several sources contacted had limited biological data. These sources cited the lack of
appropriate sampling equipment and under-sized boats as part of the reason for the lack of
sampling effort on the Mississippi River. High water velocities are common on the Mississippi
River and create safety concerns for routine sampling efforts. Such issues should be considered
when planning any population survey that might be considered as part of the 316(b) compliance

process.

Other agencies noted that relatively extensive data have been collected but has yet 1o be collated
and evaluated. It may be appropriate to assess these data as part of the IMECS for the Entergy

facilities.
1.2 Organization of Document

A review of the rule’s goals is provided outlining the requirements for the IMECS. A general
review of the LMR is then presented. Taxonomic identification of the most important species is
provided and divided into freshwater and estuarine sections so the information can be more easily
associated with a given plant’. A summary of the fisheries in the ambient water follows with
species-specific discussions including habitat preference, spawning habits, food preference,
swimming speeds, and handling survivability. Species with clear economic benefit and
recreational importance are discussed as well as threatened and endangered (T&E) species.

A characterization of all life stages follows focusing on the life stages subject to impingement
mortality (IM) and entrainment (E). impingement data is summarized for the freshwater plants
followed by the estuarine plants. The information was reviewed with a focus on potential temporal
variations in IM and E. The importance of spatial differences in population densities is also
discussed focusing on available literature and conversations with researchers.

Documentation of current IM and E at the plants follows focusing on actual measurements and
anecdotal evidence. The representativeness of historical data is addressed considering potential
fisheries trends in the LMR and whether the impingement data were collected under normal
operating conditions. Available data were analyzed to determine their sufficiency to estimate the
Calculation Baseline. The sufficiency of the data is also discussed as it pertains to supporting the
other goals of the CDS.

1 The Paterson and Michoud plants use brackish water and are fikely to affect estuarine species. The balance of the generating plants
are focated on the Mississippi Fiiver main stern and use water that is nearly always fesh,
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Lastly, a discussion is presented that answers whether the available data is sufficient in
supporting the IMECS. The most common species impinged and entrained are listed in this
section. Implications for CWIS placement, design, and operation are discussed as well. All
references cited are found at this end of this Appendix.

2.0 REVIEW OF THE RULE’S GOALS

The Phase il rule provides relatively specific requirements for the IMECS in amendments to 40
CFR 125.95(b)(3) (see excerpt, below}. Entergy understands that these requirements are
intended to support the assessment of the current CWIS as well as its alternatives within the
context of the various Compliance Strategies. Among the specific questions that might be

relevant are;

o What are the species potentially affected by the CWIS? Do they include species of
potential concern such as those with high commercial or recreational valug or those

receiving special protections?

o Do the characteristics of the relevant species (e.g., temporal and spatial distributions, size
of larvae and eggs, swimming speed) provide a basis for selection and design of mitigation
technologies or measures?

« What are the actual rates of impingement and entrainment in order to calculate the
monetized benelfit of potential mitigation measures?

« How do the current rates of impingement and enirainment relate to those of the
hypothetical Calculation Baseline? That is, what is the effect of any mitigation measures
expressed as a percent reduction, relative to the Calculation Baseline, in impingement
mortality and entrainment?

As noted in the PIC, the relative importance of these questions will vary significantly depending on
the Compliance Strategy selected. Although current data on the rates of impingement mortality
and entrainment may be more useful to the Cost-benefit test than o the Cost-cost test, available
data is likely to allow a conservative estimate of potential monetized benefits. Similarly, it is likely
to be much simpler to demonstrate consistency for some mitigation technologies than for others
and the nature of the necessary data collection will vary accordingly. For example, there is a
consensus that population densities in high velocity portions of the river are much lower than
along the shore or in backwaters. Thus, demonstrating compliance with performance goals for
CWIS located in the main flow of the river should be relatively simple. On the other hand, due to
site- and species-specific variation, showing that a fish handiing and retum system results in
sufficient impingement survival may require direct testing.
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The following is the rule’s requirements for the IMECS:

a) 125.95(b)(3)(i). Taxonomic identifications of all life stages of fish, shellfish, and any
species profected under Federal, State, or Tribal Law (including threatened or endangered
species) that are in the vicinity of the cooling water intake structure(s) and are susceptible
to impingement and enfrainment.

b} 125.95(b)(3)(ii). A characterization of all life stages of fish, shellfish, and any species
protected under Federal, Staite, or Tribal Law (including threatened or endangered
species) identified pursuant to paragraph (b)(3)(i) of this section, including a description of
the abundance and temporal and spatial characteristics in the vicinily of the cooling water
intake structure(s), based on sufficient data to characterize annual, seasonal, and diel
variations in impingement moriality and entrainment.

¢c) 125.95(b)(3)(iii). Documentation of the current impingement mortalily and entrainment of
all life stages of fish, shelifish, and any species protected under Federal, State, or Tribal
Law (including threatened or endangered species) identified pursuant to paragraph
(D)(3)(i) of this section and an estimate of impingement morlality and entrainment fo be
used as the calculation baseline. Impingement moriality and entrainment samples to
support the calculations required in Section 125.95(b)(4)(I{C) and 125.95{b)(5)(iii} of the
Rule must be collected during periods of representative operational flows for the cooling
water intake structure and the flows associated with the samples must be documented.

Within the context of the selected Compliance Strategies, these requirements will serve as the
basis for assessing the sufficiency of the existing data to support the IMECS (see Section 4 of the
PIC).

The following three sections of this Appendix will be organized consistent with the three separate
provisions of the rule relative to the IMECS.

3.0 TAXONOMIC IDENTIFICATIONS [125.95(B)(3)(1)]

40 CFR 125.95(b)(3)(i) sets out the requirements of the IMECS relative to identification of fish and
shellfish taxa potentiaily affected by impingement mortality and entrainment. The goals of this
effort are to identify these species that are likely to dominate impingement mortality and
entrainment with a special focus on those that have commercial or recreational importance. In
addition, any species subject fo special protections (e.g., state- or federally-listed threatened or
endangered species) must be noted.
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This section will review the available information in order to identify the relevant species and will
provide a brief review of the nature of several important species. Separate discussions will be
provided for the freshwater and sstuarine systems. The discussions rely on station-specific data,
industry-generated summaries of the ambient populations, the more general literature, and recent
discussions with experts on the fishery of the LMR.

3.1 Mississippi River Specles Composition

The fishery of the LMR changes with progression toward the Gulf of Mexico. The change is
driven by the increase in salinity as well as physical proximity to the ocean. The first factor is
especially important in the shipping channels near the Michoud and Paterson plants where the
typical salinity can approach one-third of that of seawater. On the river's main stem (e.g., at the
Ninemile station), the salinity is far lower but estuarine species become more common. Thus, we
expect that with movement from Entergy's Gerald Andrus, Ritchie, and Baxter Wilson plants to
those stations located closer to New Orleans, more estuarine species will be encountered. In fact,
this is borne out both in ambient sampling as well as the measured rates of impingement.

314 Freshwater

The boundary between the Upper Mississippi River (UMR) and LMR is typically considered to be
near Alton, iliincis, a few kilometers above the confluence with the Missouri River. The LMR is
approximately 1,834 km and flows un-dammed to the Gulf of Mexico (Schramm 2004). Levees
have severed connection to the river from 90 percent of its historic 103,000 km? floodplain which
historically extended almost 200 km from the riverbank (Schramm 2004). '

The Mississippi River is a highly turbid waterbody with high current velocity. The productivity of
the system is limited by light penetration and high suspended solids concentrations, as well as
stability and habitability of the available substrate. As a result, the Mississippi River food chain is
considered 10 be detrital-based, because phytoplankton occur in low densities and do not seem to
be the major energy source. This s typical of larger southeastern and Midwestern rivers (LL&P

1974).

The flow regime of the LMR is considered to be an important determinant of the fish community.
Flow records have been maintained on the LMR since 1900. The flow in the river varies
substantially throughout the year and water levels fluctuate an average of 10 m (Schramm 2004).
For exampie, at the Waterford Unit 3 facility (owned and operated by Entergy), located between
Baton Rouge and New Orleans, average seasonal flows are estimated to be 580,000, 650,000,
280,000 and 240,000 cfs for winter, spring, summer, and fall, respectively. Average velocity in
this portion of the river averages as high as 3.9 fps in April and as low as 1.1 fps (39-year avg.) in
September (LP&L 1979). In the vicinity of Baxter Wilson flows as rapid as 8 knots (i.e., in excess
of 10 fps) have been observed.
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3.1.1.1 -~ Summary of Literature

Fish species diversity typically increases from headwater to river mouth. Vertical distribution is
patchy, with highest numbers at the river surface and at the bottom with the mid-depth virtually
devoid of fish, probably due to very high currents located mid-depth (MP&L 1874). The most
common freshwater species in the LMR include the gizzard shad, threadfin shad, goldeye, carp,
river carpsucker, smallmouth buffalo, blue catfish, channel catfish, flathead catfish, river shiner,
and freshwater drum. Bluegill, largemouth bass, and black and white crappie are also fairly
common. In addition to the fish, two species of shrimp (Macrobrachium ohione and
Palaemonstes kadiakensis) and a crayfish {Cambarinae) are abundant.

Large ficodplain rivers like the Mississippi are dynamic and diverse ecosystems. These rivers are
composed of several habitats including the main channel, side channsl, floodplain, and backwater
lakes that aliow a diverse assemblage of organisms to persist. 195 species of freshwater fishes
have been recorded to occur in the main-stem of the Mississippi and Afchafalaya rivers,
representing almost one-third of the freshwater fish species in North America. Sixty-seven (67)
species inhabit the headwaters, 132 species inhabit the Upper Mississippi River, and about 150
species inhabit the Lower Mississippi and Atchafalaya Rivers (Fremiing ef al 1989). Baker et al.
{1991) also estimated that 91 species of freshwater fishes inhabit the LMR, with 30 or more other
species present intermittently.

Schramm (2004) identified three distinct habitat zones in the LMR: main channel, channel border,
and backwater. The main channel is the portion of the river that contains the thalweg and the
navigation channel. The channel border is the zone from the main channel to the riverbank and
the backwater zone includes lenfic habitats lateral to the channel border that are connected to the
river at least some of the time in most years. These habitat zones are extremely relevant when
considering species with the most potential for impingement and/or entrainment in the LMR
habitat. This study, as well as additional habitat information is discussed further in this Appendix
in sections Heview of Habitats and Differences in Fisheries Population Densities.

The rule defines the Calculation Baseline condition as, among other factors, being located at the
surface along the shcrefine. This is considered to be the worst-case for both impingement
mortality and entrainment. The discussion above supports the concept that a CWIS located along
the shoreline or in a back-water will be much more likely to be in habitat with increased
populations of fish relative to those in the main channel,

The LMR provides plentiful habitat for fishes that thrive in swiftly flowing water but few species can
tolerate the high current velocities of the upper and middle water column of the channel (Baker ef
al. 1991}). Most fishes likely inhabit areas near the banks (Pennington et al. 1983) and the channel
bottom, where the current is slower (Baker et al. 1991). Several fish species forage in the
floodplain of the LMR when it is inundated by high water levels (Baker et al. 1991); these include
gars, bowfin, common carp, buffalos, river carpsucker, channel caffish, blue catfish, white bass,
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crappies, and freshwater drum. Many fishes also use the inundated floodplain for spawning.
Densities of larval fishes in the LMR are highest in backwaters, which are important nurseries for
fishes, and which contain a larval fish assemblage differing from that of the main-stem river

(Beckett and Pennington 1986).

Dr. Todd Slack with the Mississippi Museum of Natural Science was contacted to retrieve an
updated list of species in the general area of each of Entergy’s facilities located on the LMR. To
date, lists have been provided for the vicinities of the Baxter Wilson facility near Vicksburg,
Mississippi; the Gerald Andrus facility near Greenville, Mississippi; and the Ritchie facility near
Helena, Arkansas. The resuits of the queries also contain upstream and downstream reaches,
direct tributaries to the Mississippi River, and oxbow lakes. The list was compiled from the
Museum’s current database and the Inland Fishes of Mississippi, authored by Dr. Stephen Ross
(Ross 2001). Dr. Siack stated that the list is very extensive and should include all common fish in
the area. This information was used primarily to determine potential occurrence of T&E species at
these three plants, as well as to confirm the species identified in the Baxter Wilson impingement

study.

Camp, Dresser & McKee, Inc. (CDM) and Limnetics (1976) conducted an ecological study of the
LMR to determine the species composition, abundance, and biomass of the biological
communities in the river. Six sites were selected for fish collections near Mississippi River mile
marker 786, 730, 665, 522, 301 and 175 AHP (Ahead of Pass) (with focus on the river near 522,
730 and 785 AHP). At each of the sites three habitats were sampled; (1) river channel; (2) clay-
bank area; and (3) backwater area. A total of 65 species were coliected during the study; 46
species at Mississippi River mile marker 785 AHP, 49 species at mile marker 730 AHP, and 57 at
mile marker 522 AHP. The most commonly captured fish included the gizzard shad, threadfin
shad, goldeye, carp, river carpsucker, smallmouth buffalo, blue catfish, channel catfish, flathead
catfish, river shiner, and freshwater drum. In addition to the fish, two species of shrimp
(Macrobrachium ohione and Palasmonetes kadiakensis) and a crayfish (Cambarinae) were
collected.

Although many of the species observed in the plant impingement samples are similar in
composition and relative abundance to the species found in the LMR itself, some species are
noticeably absent or under-represented from the impingement samples. For example, of the most
common fish in the LMR, shiners, smalimouth buffalo, and largemouth bass are rarely observed in
the impingement samples. Skipjack herring, while common in the LMR, only account for a small
percentage of the total number of fish impinged (generally less than 1%). This is confirned by
two surveys conducted on the LMR by Entergy at the Waterford 3 and Grand Gulf plants (see
Table B-1). While quantitative comparisons are difficuli, it is apparent that several species that
dominate the ambient samples are poorly represented in impingement samples collected at near
by stations. The differences in composition and frequency of fish known to be common in the
LMR and those observed in the impingement samples is likely to due to habitat preferences
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and/or escape potential. The ambient river studies utilized different gear which has the potential
to bias the results of the sampling event making inter-survey comparisons difficult.

3.1.1.2 Species-Specific Discussion

The following is a brief summary of the primary freshwater species expected to be impinged
and/or entrained in power plant CWIS located in the LMR. A more in-depth biological profile will
be included with the IMECS submittal. This list was compiled using data from LMR impingement
studies and ambient river fisheries studies. Handling tolerance and swimming speeds are
discussed as well as general biology, habitat and feeding preferences.

Handling Tolerance

Table B-2 presents data summarized by EPRI (2003} on the observed impingement survival of
different fish species. This review does not include all species but does summarize an extensive
set of studies for many important species. To support the assessment of potential survival upon
fish handling and return, the species that are both common in the LMR and commonly impinged
were assessed relative to the average and median rate of survival following removal from

traveling screens.

EPRI (2003} indicated that the median extended survival for freshwater drum and gizzard shad is
20% (8 studies) and 7% (43 studies), respectively. Extended survival rates were not available for
threadfin shad but the median initial survival was only 15% (5 studies). This suggests that any
sort of fish handling and retum system is not likely fo achieve significant reductions in
inipingement mortality for the three finfish species that dominate impingement at the LMR
freshwater plants. Of the two common invertebrate species impinged in CWIS, the initial survival
for freshwater shrimp was 50% (1 study). Available data for other relevant taxa (including
estuarine species) are also presented in Table B-2.

Swimmin ceds

US EPA states “intake velocity is one of the key factors that can affect the impingement of fish
and other aquatic biota”. ' In the immediate area of the intake structure, the velocity of water
entering a CWIS exerts a direct physical force against which fish and other organisms must act to
avoid impingement and entrainment” (Sempra 2002). In addition, technologies (wedgewire
screens and velocity caps) may reduce CWIS velocities, and hence impingement and
entrainment. in the LMR the typical high velocities assist in reducing impingement and
entrainment by adding a force larger than the intake structure suction force at a 90° angle to the
intake. This reduces the number of fish entering the CWIS. When the ambient water velocity is
higher than the intake approach velocity, the major impetus is to pull the aquatic organisms
downriver and not towards the CWIS intake pipes.
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A species’ swimming speed is important in determining its ability to avoid the suction force of
CWIS intake pipes. Swimming speed information can be useful when considering the application
of potential construction technologies, especially if the species in the vicinity of the CWIS are
known. Thus, this information may be an important part of the IMECS. Available data for

important species are presented in Table B-2.

Analysis of the impingement data showed moderate correlations between a species’ swimming
speed and its potential for impingement. River shrimp swim very slowly; adult males swim on

- average 7.6 mm/s. This species dominated impingement (as high as 57% of the total abundancse)

at the Willow Gien and Waterford 1 & 2 impingement studies. These high impingement rates
were probably due, in par, to the shrimps’ inability to break away from the suction created at the
intakes. Altematively, gizzard shad and threadfin shad both have moderate swimming speeds
when compared to other finfish {optimum of 23 cm/s for fish 25-50 mm) and were two of the most
abundantly impinged fish in the impingement studies. Larger freshwater drum are able to swim
relatively fast (optimum speed of 80 cmy/s for 300 mm fish), howsver this species was the most
abundantly impinged fish at Baxter Wilson, Wiliow Glen 1 & 2 and Willow Glen 4. Carp {optimum
speed of 166 cm/s for 36-77 mm fish) and bluegill (critical speed of 101 cm/s for 64 mm fish) are
able to swim relatively fast and were impinged in low numbers, likely due to their ability to swim
faster than the approach velocity at the intakes.

Although a species’ swimming speed is likely a key element in determining its impingement
potential, there are many factors that are important including individual size, behavioral cues,
feeding habits, preferred location within the water column and relative to the CWIS location, and

the tendency 10 school.

River shrimp

Ohio Shrimp {Macrobrachium ohione) may grow up to 4 inches long, live in fresh and brackish
water along the eastern United States seaboard to the Guif of Mexico, and are the only species of
Macrobrachium found in the Mississippi River. Once common in the Mississippi River below St.
Louis, they supported commercial fisherias that once existed near Chester and Cairo, lliinois,
Ohio shrimp were thought to be extirpated (locally extinct) in the Mississippi River bordering
Missouri and lliinois since 1962. In 1891, however they were rediscovered. The decline in the
population of Chio shrimp is thought to be related to the channelization of the river {Hrabik 1999).

in the LMR, however, this species is stili quite abundant. M. ohione are the most common
freshwater shrimp in Louisiana and can be found in the Atchafalaya and lower Mississippi Rivers,
where almost all of the current production is used for bait.
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Gizzard Shad

Gizzard shad occur primarily in freshwater and are most abundant in large rivers and reservoirs,
avoiding high gradient streams. The species is most often found in large schools. Spawning
generally takes place in late spring, usually in shaliow protected water. Gizzard shad are
plankiivorous. The young feed on microscopic animals and plants, as well as small insect larvae,
while adults feed by filtering small food items from the water using their long gill rakers. Gizzard
shad generally grow to 14 inches and provide forage for most game species (Chilton 1997). Ross
(2001) also noted that young gizzard shad tend to occur along shorelines in very shallow water,
gradually moving offshore into deep water as they grow. Individuals older than age class 3 rarely
occur in shallow water (Bodola 1966).

Schramm {2004) stated that this species is abundantly taken in the LMR. He also states that the
gizzard shad is a backwater dependent species that may be found in all three main habitat zones;
the main channel, channel border and backwaters. Gizzard shad have litle commercial or
recreational importance aithough they likely serve as forage for game fish.

Threadfin Shad

Like gizzard shad, threadfin shad are most commonly found in large rivers and reservoirs.
However, threadfin shad are most likely to be found in waters with a noticeable current and are
usually found in the upper five feet of water. Spawning begins in the spring and continues through
summer. Adults are considerably smaller than gizzard shad and rarely exceed 6 inches in length
{Chilton 1897). The threadfin shad is a pelagic schooling species that primarily occupies the areas
between the surface and the thermalcline with the greatest densities near the surface (Netsch ef
al. 1871). Schramm (2004) stated that this species is abundantly taken in all LMR surveys. He

aiso states that the threadfin shad is a backwater dependent species that is most likely to be
found in the channs! border and backwaters. Again, threadfin shad serve as forage fish but have
little other commerciai or recreational importance.

Freshwater Drum

Freshwater drum occur in a wide variety of habitats, and is one of the most wide latitudinal-
ranging fish in North America. They inhabit deep pools of medium to large rivers and large
impoundments spending most of their time at or near the bottom. Young drum feed on small
crustaceans and aquatic insect larvae, and adults feed on snails, small clams, crayfish, small
fishes, and insect larvae (Swedberg 1968; Robison and Buchanan 1992). They are often found
rooting around in the substrate or moving rocks to dislodge their prey (Chilton 1997). The
freshwater drum is a pelagic spawner, usually spawning in the spring. The eggs are semi-bucyant
and pelagic. In Wisconsin, schools of spawning fish have been observed milling at the surface
with backs out of the water (Becker 1983; Chilton 1997). Schramm (2004) stated that this species
is taken abundantly in all river surveys in the LMR. He also siates that the freshwater drumis a
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riverine dependent species that is most likely to be found in the channel border and backwaters.
Freshwater drum is taken on a commercial basis.

Blue catfish

The blue catfish is primarily a large-river fish, occurring in main channels, tributaries and
impoundments of major river systems. They are native to major rivers of the Chio, Missouri, and
Mississippi river basins. They tend to move upstream in summer in search of cooler
temperatures, and downsiream in winter for warmer temperatures. Blue catfish do not mature
until reaching 24-inches. They spawn in late spring or early summer when water temperatures
reach 756°F. Males select nest sites which are normally dark secluded areas such as cavities in
drift piles, logs, undercut banks, rocks, cans, etc. The blue catfish diet is quite varied but smaller
fish tend to eat invertebrates, while larger fish eat fish and large invertebrates (Chilton 1897).

Common Carp

Common carp were first introduced in North America in 1877 and are now one of the most widely
distributed fish in North America. They are primarily a warm-water species, and do very well in
warm, muddy, highly productive {eutrophic) waters. Aduits are primarily benthic and omnivorous,
feeding on both plant and animal material. Common carp may grow as big as 75 pounds, but are
generally considered a nuisance by North American anglers (Chilton 1997).

Ross (2001) states that carp occur in a variety of habitats but are more common in deep pools of
streams or in reservoirs, especially in or near vegetated areas with mud or sand substrata. They
are fairly tolerant of poor water quality and can survive low oxygen levels and high turbidity.
Schramm (2004) stated that this species is commonly taken in most surveys in the LMR. He also
states that the common carp is a backwater dependent species that is most likely to be found in
the channel border and backwaters. Schramm notes the importance of invasive species in the
Mississippi River and stated the most important species presently established in the river include
the common carp, grass carp, silver carp, bighead carp, and zebra mussel. Since the carp is a
nuisance, any reduction in their numbers (i.e. impingement mortality) would be a benefit to the
aquatic ecosystem as this would allow the proliferation of indigenous, non-invasive species.

31.2 Brackish Waters

The following is a summary of the species composition relative to Entergy's estuarine plants, i.e.
Michoud and Paterson.

3.1.21 Summary of Literature

The majority of the LMR is fresh water; however, the water becomes brackish near the river
mouth and during severe drought periods, the saltwater may rarely reach as far upstream as New
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Crleans, LA. The water is also brackish in the back channels and backwater lakes near the
mouth of the river. Notably the shipping channels on which Paterson and Michoud are located are
brackish in nature. As the water becomes more brackish, bay anchovy, striped mullet, biue crab,
Atlantic croaker, seatrout, guif menhaden, and penaeid shrimp may be found in the lower reaches
of the LMR. These species typically utilize the Mississippi River for spawning, as nursery
grounds, and for protection, These species are even more important in the shipping channels

where the typical salinity is much higher.

Many of the species observed in the Michoud and Paterson plant impingement samples are
similar in composition and relative abundance to the species found in the lower reaches of the
LMR. However, species-specific properties such as habitat preference and escape potential, as
well as intake placement can affect the composition of the impingement samples.

3122 Species-Specific Discussion

Handling Tolerance

Initial and extended survival rates have also been determined for 15 estuarine species (Table B-
2). The species with the highest initial and extended survival probabilities include brown shrimp,
white shrimp, and blue crab which are common at the two brackish water plants, Michoud and
Paterson. The species-weighted survival of these species at these two plants is discussed in
Section 3 of the PiCs for those plants. These species are also observed at lower frequencies
among impinged organisms at Waterford 1 and 2 and are likely to be encountered at Ninemile,

Waterford 3, and at Little Gypsy.

Swimming Speed

Spotted seatrout (cruising speed of 81 cm/s.for 300 mm fish) swim at moderate speeds and were
impinged in small numbers at the Michoud and Paterson plants. Bay anchovy (cruising speed of
21 cnv/s for 90 mm fish) swim relatively slowly and were impinged in higher abundance at these
same iwo plants (Table B-2). Although swimming speeds are not available for blue crab, white
shrimp, and brown shrimp, these species are relatively slow swimmers and were impinged in
moderate abundance (up to 20% total abundance) at Paterson and Michoud. These results
suggest a connection between impingement rate and escape potential, with stronger swimming
species capable of escaping the flow field of the intake and vice versa.

Alantic croaker

The croakers are perhaps the most characteristic group of northern Gulf inshore fishes. In
numbers of individuals, or biomass, they are among the top three (others being mullet and
anchovies) in the Gulf. Most species spawn in the shallow Guif, with the larvae entering the bays,
where they spend their first summer in brackish water. Aithough most species are adapted to
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living on muddy bottoms, a few are found in more sandy habitats, and a few are adapted to rocky
habitats.

The Atlantic croaker is one of the most common bottom-dwelling estuarine species with the young
occurring in the deeper parts of the bays in the summer but departing in the fall. Only a few fish
live past their first year but very large croaker are found at the mouth of the Mississippi River.

Sand seatrout (white seatrout)

The sand seatrout (croaker family) is a sport fish of some importance and is popular with most
anglers. These fish spawn in deeper channels of the bays or in the shallow Gulf, the young
staying over muddy bottoms. This species becomes almost entirely piscivorous at a relatively

small size.

White Shrimp and Brown Shrimp

Bay systems serve as a nursery area for several commercially important species of penaeid
shrimp, primarily white and brown shrimp. In the upper Gulf of Mexico brown shrimp are typically
the dominant species from May through July, while white shrimp are dominant from August
through April (Baxter ef al. 1988). The natural diet of post larval penaeid shrimp includes
copepods, amphipods, tanaids, and polychaetes, which account for 53% of their growth with
plankton accounting for the remainder (Minello et a/. 1989).

Penaeid shrimp are most active at night, often swimming to the surface in shallow water. White
shrimp seldom burrow as brown shrimp do, but they do usually rest on the bottom during the
daylight hours. Mating and spawning for penaeid shrimp takes place offshore. Brown shrimp
breed year-round at depths of 50-120 meters; individuals in shallower water do not breed in the
coldest months, i.e., January and February. White shrimp breed in shallower water (14 to 50
meters) and spawn mostly in the fall. When conditions are suitable the females release between
0.5 and 1 million eggs. Twenty-four hours later the drifting eggs hatch as nauplii and begin a
planktonic existence. After five molts the egg yolk is exhausted, and the nauplius transforms into
a protozoea, a mysis, and finally a postlarva, which enters the bays to become a bottom dweller.
They remain in the bays and estuaries until they are nearly mature then they migrate offshore to

breed (Fotheringham 1980).

Bay anchovy

The anchovies are the most abundant of the schooling, pelagic fishes. The bay anchovy is an
extremely common fish, restricted to the bays and close inshore areas. The species ranges from
Maine to Florida and also occurs throughout the Gulf of Mexico. Adults usually attain a size of
four inches (Hoese and Moore 1977). Bay anchovy are planktonic feeders. Although they are not
important commercially, they do serve as a major forage species for many game fish. This
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species is able to exploit a wide variety of habitats and are aiso known to overpopmate, and can
be used to indicate poor water quality (Monaco ef al. 1989).

Blue crab

Both species of blue crab, Callinectes sapidus, and Callinectes similis are common along the
northern Gulf of Mexico. Blue crabs are very tolerant and adapt much better to a variety of
habitats compared to other species. A commercial biue crab fishery has existed in the Gulf of
Mexico for several decades. The larger C. sapidus reaches a maximum carapace width of 21 cm
compared to 12 cm for C. similis. Berried (egg mass) female C. Sapidus are found nearly year
round with the peak of the breeding season being in June and July. After mating, the female
migrates into deeper water where she attaches the fertilized eggs to her pleopods. The eggs
hatch in two weeks releasing the young as zoeae which eventually molts into a megalops and
then transforms into a diminutive adult form. The crabs mature in one year, begin breeding and
live perhaps two more years. Blue crabs are omnivores, feeding on fish, bottom invertebrates,
vascular plants, and detritus (Fotheringham 1880).

3.2 Historical patierns

The riverine ecosystem of the Mississippi River has undergone many changes. Mabitat loss and
degradation, point and non-point poliution, toxic substances, commercial and recreational fishing
and navigation, deterioration of water quality during drought periods, reduced availability of key
plant and invertebrate food sources, and invasion of nonindigenous species are believed to have
contributed to recent declines in the river's flora and fauna (McHenry et al. 1984; Bhowmik and
Adams 1989). Although several key native organisms including submersed plants, native
peariymussels, fingernail clams, and certain fishes have decreased along substantial reaches of
the river in recent years or decades, most species have changed litile over time.

Consuitation with several leading authorities from the universities and the agencies concerning
historical patterns of fish populations in the LMR has been conducted. Dr, Rutherford and Dr,
Kslso of Louisiana State University, Dr. Killgore of the USACE, and Hal Schramm with the USGS
each indicated that the species characterization in the river has remained fairly consistent over the
last 20 to 30 years and they would not anticipate a significant change in species for much of the
river from well above the state of Mississippi down to Mississippi River mile marker 90 AHP, just
southeast of New Orleans, Furthermore, estimates of population densities (relative abundance)
for the major species occurring in the river have remained relatively stable during the same time

period.

Gizzard shad, threadfin shad, freshwater drum, and blue catfish were all described as species that
were abundantly taken in river surveys both recently and historically. Carp, white crappie,
skipjack herring, and bluegill were also commonly collected. Since these species were the most
abundant collected in the 1970’s studies, and are still collected in abundance in the present day,
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we can conclude there have been no significant changes in the LMR fisheries since the
impingement studies in the 1970's. The most abundant freshwater invertebrates collected
historically were river shrimp and crayfish, which dominated the impingement samples at many of
the plants in the 1970s. Their abundance in the present day is unknown.

Based on the literature, the species currently present in the tidal portions of the LMR (e.g. white
and brown shrimp, blue crab, Atlantic croaker, Gulf menhaden, bay anchovy, sand trout and
hardhead catfish) are similar in composition and relative abundance to the species present
historically (i.e., 1970 studies), These species are very typical of upper Guif of Mexico estuaries
and tidal river systems. Overall community structure does not appear to have changed the past
several decades although saltwater commercial fishing harvest in Louisiana has declined
somewhat. According to NMFS statistics, finfish landings have declined between 1984 and
present day, however sheilfish landings have remained relatively steady. The long-term decline in
fin-fish harvest is primarily due to the corresponding decline in wetland habitat.

33 Commercial and Recreational Species

The most commonly impinged species at Entergy’s LMR plants have no significant recreational or
commercial value, for example the commonly impinged shad species have no commercial or
recreational significance. This is true for the plants located on the freshwater portions of the river.
At the two stations located on tidal channels, Paterson and Michoud, commercial species are
more important. Despite this, adverse impacts to their populations or fo the commercial harvest
are not expected since the annual impingement rates associated with CWIS are typicalily low.

Commercial Fisheries
Freshwater

Commercial harvest in the UMR is dominated by four groups of fishes including the common carp,
buffalos (bigmouth and smalimouth), catfishes (channel and flathead), and freshwater drum which
together represent 95% of the total commercial catch in the UMR and 99% of the monetary value
{Fremling et al. 1989). The common carp has ranked first among species in commercial catch for

decades.

The same species harvested in the UMR also dominate the commercial fisheries for the
freshwater portions of the LMR., Commercial harvest of fishes in the LMR is difficult to assess
because of inconsistencies in methods of gathering and reporting data, however limited
information indicates commercial harvest is increasing (Schramm 2004). According to Schramm
neither the commercial nor recreational fisheries appear 10 be over harvested, however fisheries
for sturgeon and paddiefish should be carefully monitored. He aiso notes that future fisheries
production may be threatened by loss of aquatic habitat, altered spatial and temporal aspects of
floodpiain inundation and nuisance invasions. In addition, navigation traffic affects fish survival
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and recruitment via direct impacts and habitat alteration, and is expected to increase in the future
{Schramm 2004).

Schmitt (2002) states that although water quality in most reaches has improved substantially from
formerly severely degraded conditions, fish health remains impacted by various contaminants, in
particular bicaccumulative organic compounds, throughout the river. Meade (1995) also states
that due to the extensive agricuiture in the Mississippi floodplain and scattered urban areas, the
river is an inland sink for fertilizers, pesticides and domestic and industrial wastes.

in the LMR, NMFS statistics for 1954-1977 show catches of 6-12 million kg and increasing over
time (Risotto and Tumer 1985). Self-reported commercial harvests have been collected by the
Tennessee Wildlife Resources Agency since 1990 and by the Kentucky Department of Fish and
Wildlife resources since 1999. Annual catch for the Mississippi River bordering Tennessee during
1999-2000 varied from 36-125 tones. Landings of blue catfish and flathead caffish have
increased substantially, while harvests of common carp, buffalo fishes, channel catfish and
freshwater drum have been highly variable. in Kentucky waters, catch ranged from 18-56 tones
between 1999-2001, and buffalo and catfishes dominated the catch as well. Schramm (2004)
notes that other states on the LMR either do not measure commercial catch or do so sporadically.
in Louisiana commercial catch is measured but are not assigned to specific waters.

Brackish Water

in the brackish portions of the LMR the biue crab and penaeid shrimp (primarily white, brown and
pink shrimp) are the two most important commercial groups. The biue crab commercial fishery in
Louisiana is one of the largest crab fisheries in the U.8. in terms of biomass. A rapid growth in
fishing effort occurred in the 1980's but by the mid-1890’s the fishery exhibited declining catch
rates. Although landings in Louisiana have decreased in recent years, landings averaged 42.9
million pounds during the 1990’s which is 72.7% of the total Gulf of Mexico production. Marsh
loss and habitat changes are two of the most important factors associated with the decreased
production of blue crabs as well as excessive fishing effort, various environmental factors
{(reduced salinities), and illegal and incidental fishing mortality (LBCR 2005).

Commercial species represented 32% of the species (16 species of fish and 6 species of
invertebrates) collected at the Paterson Plant during the 1877-79 impingement study.
Commercial fish comprised 57% of the total impingement by number and commercial
invertebrates represented 14% of the total impingement by number. At Michoud, 28% of the
species (19 species of fish and 6 species of inveriebrates) coliected were commercially important
species. Commercial fish comprised 31% and commercial invertebrates comprised 39% of the

total impingement by number.

Blue crab represented 9.0% of the impinged organisms at Michoud (1977-79), 10.5% of the total
at Paterson and 0.2% at Waterford 1 & 2 (1976-77). Based on estimated annual impingement
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rates (see Section IV), biomass measurements (from the Waterford 1 & 2 study), and high
extended survivability rates, loss of biue crab from these facilities is insignificant, estimated to be
much less than 0.1% of the total Louisiana landings. There should be no entrainment issues
associated with blue crab also as they typically spawn in higher salinity waters.

Louisiana has the nation’s most productive commercial shrimp fishery, landing about 100 million
pounds a year at a dockside value of $150 million. The white shrimp and brown shrimp represent
the vast majority of the landings. White shrimp represented 2.4% of the total abundance at
Paterson and 20.0% of the total abundance at Michoud during the impingement studies in 1977-
78. Using the estimated annual impingement rate for the Michoud Plant (see Section V),
extended survival probability of 50%, and 35 harvested shrimp per pound (LSU 2005}, loss of
white shrimp at these two plants is insignificant fo the fisheries (<0.1%). Entrainment of white
shrimp should also not pose a concern in the LMR as spawning typically occurs as far as 9 km
from the shore in water depths of at least 9 meters (Whitaker 1983).

In 1977 and 1978 Gulf menhaden was the leading Louisiana species in volume and ranked third
in value. In 1978 Guif menhaden landings were a record 1,508 million pounds (Hollander 1981).
In 2003 landings for all species harvested in Louisiana waters was 1.2 billion pounds. Mississippi
landings were much less at 212 million pounds (NMFS 2005). Loss of organisms, due fo
impingement and/or entrainment at CWIS located in the LMR, are insignificant when compared to

these figures.

RBecreational Fisheries

The recreational fishery has not been rigorously defined in the LMR. Schramm (2004) states that
fresh-water fishing catch rates are relatively high: but efforts are extremely low. Because of the
large size, swift and dangerous currents, the presence of large commercial vessels and lack of
public access, recreational fishing on these reaches has been largely discouraged. Providing
access is difficult due to the large fluctuations in river levels and separation of many of the
remaining floodpiain lakes from the river during low water stages. Although recreational fishing
has been somewhat limited historically on the main channel of the LMR, management agencies
have initiated measures to improve access and increase public education regarding the fishing
opportunities {Schramm 2004).

According to the literature, the recreational species targeted most often in the freshwater portions
of the LMR include the bass, caffish, crappie, gar, and carp species. In the lower portions of the
LMR increased salinity allows estuarine species to be targeted as well. Some species such as
the spotted seatrout and southem flounder are usually not found in low salinity areas and would
have minimal potential to be impinged and/or entrained at Entergy’s lower plants. The sand
seatrout (white seatrout) also a favorite of recreational fisherman, do inhabit areas within the tidal
channels as demonstrated by the impingement data at the Patterson and Michoud (Mississippi
River mile marker 92.6 AHP) plants where this species represented 12.6% and 4.2% of

Appendix B - Lower Mississippi River Fisheries B-20 December 2005




impingement, respectively. Blue crabs are also targeted by recreational fishermen and have been
documented at the Paterson and Michoud plants as well.

3.4  Threatened and Endangered Species

The following threatened and endangered (T&E) species discussion focuses on federal and/or
state listed species in Arkansas, Louisiana and Mississippi that have the potential to be impinged
or entrained in the LMR. The federal T&E list (USFWS) and state lists {(Louisiana and Mississippi)
were reviewed and those species with any potential for impingement and/or entrainment are
provided in Table B-3, located at the end of this Appendix. Literature was reviewed for the listed
species, specifically for documented and expected occurrence in the LMR. The T&E lists can be
queried per county/parish to determine the status of each species on a more regional level.
Therefore the counties bordering the Mississippi River in Arkansas, Louisiana and Mississippi
were the focus of the literature review. As a result of the literature review, very few species
appear to have any potential to be impinged and/or entrained in the LMR.

T&E species suspected to inhabit, or that have been documented in the literature in the general
vicinity of Entergy’s LMR plants were retained for further consideration. A more in-depth analysis
will be performed for the Comprehensive Demonstration Study (CDS). Most species were
eliminated based on minimal potential to be found in the LMR, or due to their farge size or non-
aquatic nature (i.e., birds, whales, manatee, etc). The Cumberlandian combsheli (a freshwater
mussel), for example, has only been documented in Tishomingo County (northeast comer of
Mississippi), therefore is not expected to inhabit the LMR. The Ozark cavefish listed in Arkansas,
only inhabits underground caves, therefore should not be found in the LMR. Other species
including the bayou darter was eliminated as a species of concem even though it has been
documented in a county bordering the LMR. This species has been documented near the
Mississippi River in both Claiborne and Lincoln counties, however it is apparently restricted to
Bayou Pierre and the lower reaches of its tributaries: White Oak Creek, Foster Creek, and Turkey
Creek in Mississippi (Ross 2001). Due to this species’ apparent restriction to Plerre Bayou, and
its habitat preference for shallow riffies and runs over coarse gravel or pebbles, it was not retained
for further consideration since it has minimal potential for impingement and/or entrainment in the
LMR. Other species eliminated from consideration were done so based on similar reasoning.

Bob Hoffman with the National Oceanic and Atmospheric Administration (NOAA) was contacted
to determine the potential for sea turtles to inhabit the lower reaches of the LMR and tidal
channels near the Michoud and Patterson Plant’s (Hoffman 2005). Mr. Hofiman indicated that the
loggerhead sea turtle is sometimes caught in commercial shrimp trawls in Lake Pontchartrain
which is just north of these two plants. He stated the numbers in this area were fairly low. Two
additional sea turtle species, the Kemp's Ridley and green, also inhabit the lower reaches of the
LMR; however, Mr. Hoffman stated they would be rare this far up the river. He also stated that
few sea turties shouid be found above Mississippi River mile marker 90 AHP. According to Mr.
Hoffman, the average size of most sea turties in the area is between 1 and 2 feet in diameter
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{carapace size). Based on the use of intake racks, relatively low intake velocities, and the size of
sea turtles in the area, he believes that potential impact 10 sea turtles associated with CWIS would
be almost nonexistent. Based on this information, sea turties were determined to have no
impingement potential in the LMR.

Palﬁé’ Sturgeon {Endangered)

The pallid sturgeon is listed as endangered by the USFWS, Mississippi and Louisiana. This
species can weigh up to 80 pounds and reach lengths of 8 feet, whereas the clossly related
shovelnose sturgeon rarely weighs more than 8 pounds.

Pallid sturgeons evoived and adapted to living close to the bottom of large, silty rivers with a
natural hydrograph. Ross (2001) aiso states that this species is essentially restricted to the main
channels of the Missouri and Mississippi Rivers. He states the principal habitat of the pallid
sturgeon is the main channel of large, turbid rivers, although some have been captured from
mainstem reservoirs on the Missouri River, Schramm (2004) stated that this species is considered
rare in the UMR and occasionally coliected in the LMR. He also states that the pallid sturgeon is
a riverine dependent species that is most likely to be found in the main channel or channel border.

Sexual maturity for males is estimated to be 7-9 years, with 2-3 year intervals between spawning.
Females are not expected to not reach sexual maturity until 7-15 years, with up to 10-year
intervals between spawning. Paliid sturgeons are long lived, with individuals perhaps reaching 50
years of age (USFWS 1998). According to Ross (2001) spawning coincides with spring runoff,
and occurs between March and June throughout the species’ range. Fishes in Louisiana and
Mississippi begin spawning earfier than those in more northem areas.

Today, pallid sturgeons are scarce in the upper Missouri River above Ft. Peck Reservoir; scarce
in the Missouri and lower Yeliowstone Rivers between Ft. Peck Dam and Lake Sakakawea; very
scarce in the other Missouri River reservoir reaches; scarce in the Missouri River downstream of
Gavins Point Dam; scarce but slightly more common in the Mississippi and Aichafalaya Rivers;
and absent from other {ributaries (USFWS 1988).

All of the 3,350 miles of riverine habitat within the pallid sturgeons range have been adversely
affected by man. Approximately 28% has been impounded, which has created unsuitable lake-like
habitat; 51% has been channelized into deep, uniform channels; the remaining 21% is
downstream of dams which have altered the river's hydrograph, temperature, and turbidity.
Commercial fishing and environmental contaminants may have also played a role in the pallid
sturgeon's decline (USFWS 1998).

Jack Killgore with the USACE in Vicksburg was contacted for further information related to the
pallid sturgeon (Kiligore 2005, personal communication). He stated they have conducted species-
specific sampling in the LMR and have not collected pallid sturgson below Mississippi river mile
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marker 180 AHP. He stated the young of the year (YOY) fish <120 mm only swim 50 cm/sec.,
therefore would be of some concern at CWIS. Larger fish swim >3.0 fps and can out-swim typical
intake velocities. Dr. Killgore stated that the pallid sturgeon almost always swims against the
current and often employs a tactic calied “hunkering” or substrate oppression. This is where the
fish extends the pectoral fins and uses available substrate to hold on to. Doing this allows fish to
alternately swim and rest when in strong currents.

Pallid sturgeon were impinged at the Waterford 1 & 2 plant in 1976 (2 juveniles) and at the Willow
Glen plant (1 juvenile) in 1975. Based on the habitat and salinity at Michoud and Paterson, pallid

sturgeon are not expected there.

Gulf n

The USFWS {2003} provides the following summary of the Gulf sturgeon, Acipenser oxyrinchus.
This species is an anadromous fish (breeding in freshwater after migrating up rivers from marine
and estuarine environments), inhabiting coastal rivers from Louisiana to Florida during the warmer
months and overwintering in estuaries, bays, and the Gulf of Mexico.

Historicatlly, the Gulf sturgeon occurred from the Mississippi River east to Tampa Bay. Its present
range extends from Lake Pontchartrain and the Pearl River system in Louisiana and Mississippi
cast to the Suwannee River in Florida. Sporadic occurrences have been recorded as far west as
the Rio Grande River between Texas and Mexico, and as far east and south as Florida Bay. Due
to its present range, the Paterson and Michoud plants are the only two plants of concern.

Gulf sturgeon feeding habits in freshwater vary depending on the fish's life history stage (i.e.,
young-of-the-year, juvenile, subadult, adult). Young-of-the-year Gulf sturgeon remain in
freshwater feeding on aquatic invertebrates and detritus approximately 10 to 12 months after
spawning occurs. Juveniles less than 5 kg (11 Ibs) are believed to forage extensively and exploit
scarce food resources throughout the river, including aquatic insects (e.g., mayflies and
caddisflies), worms (oligochaetes), and bivalve mollusks. Subadult (age 6 to sexual maturity) and
adult (sexually mature} Guif sturgeon do not feed in freshwater.

Gulf sturgeon are long-fived, with some individuals reaching at least 42 years in age. Age at
sexual maturity for fernales ranges from 8 to 17 years, and for males from 7 to 21 years. Gulf
sturgeon eggs are demersal (they are heavy and sink to the bottom), adhesive, and vary in color
from gray to brown to black. Mature female Gulf sturgeon weighing between 29 and 51 kg (64
and 112 Ib) produce an average of 400,000 eggs. Habitat at egg collection sites consists of one
or more of the foliowing: limestone bluffs and outcroppings, cobble, limestone bedrock covered
with gravel and small cobble, gravel, and sand (USFWS 2003),

The Gulf sturgeon has been documented in the LMR and Lake Pontchartrain; however, there is
na record of Gulf sturgeon impingement at any of the Entergy plants.

Appendix B - Lower Mississippi Fiver Fisheties B-23 ‘ Decamber 2005



Southern redbelly dace

The endangered southern redbelly dace is only listed by the state of Mississippi. It is a slender
minnow, ranging from 1.6 to 2.8 inches in length, with extremely small scales and two narrow
dusky stripes along its side. This species prefers permanent brooks of clear unpolluted water
which flow between wooded banks and contain long pools of moving water (ODNR 2005).
According to Ross (2001) this species occurs in upland streams of the Great Lakes and the
Mississippi River Basins from Minnesota into the lower Tennessee River drainage of Tennessee,
Alabama, and Mississippi. He also states the fish are typical of small, cool, clear streams with
gravel, rubble, silt, and sand substrata. Dace are quite habitat specific, so they are highly
susceptible to localized environmental disturbance. Sites where they have disappeared are
characterized by erosion and loss of forest canopy cover, often associated with increased urban

deveiopment.

The southern redbelly dace feeds in groups along the bottom on herbaceous material (ODNR
2005). Based on studies conducted in Minnesota and Kentucky, southern redbelly dace consume
bottom sediments, including large quantities of sand, silt, and organic detritus and lesser amounts

of aquatic insects (Ross 2001).

In Kentucky, southem redbelly dace spawn from late March to July. Total ova range from 5,708 to
18,887 in fish of 70-78 mm tolal length. Southern redbelly dace are nest associates, spawning

“over nests or mounds of Semotilus, Campostorna, and Nocomis. As a consequence hybrids are

common with other nest building fish. The total life span of the southem redbelly dace is
approximately 3-4 years (Ross 2001} '

According to Ross (2001) southern red-bellied dace is known in three drainages and four river
systems in Mississippi: the lower Mississippi River South (Clark Creek, Hatcher Bayou), the
Tennessee River (Clear Creek and unnamed tributary to Indian Creek), the Tallahatchie River
(Murphy Branch), and the Yazoo River (Bliss Creek and Skilikalia Bayou and tributaries. Ross
notes that recent attempts to collect the species in the vicinity of Vicksburg indicate that
populations still remain in portions of Bliss Creek and Skillikalia Bayou in Warren County (Yazoo
River system), and in Murphy Branch, Tallahatchie County (Taliahatchie River system).
Compared to historical data, populations in Bliss Creek and Skillikalia Bayou have declined and
Southern redbelly dace are apparently extirpated from Hatcher Bayou (lower Mississippi River
South system) in Warren County.

in Arkansas scuthern redbelly dace have been documented primarily in the northwestern portion
of the state. A few individuals have been documented in the northeastern portion of the state
infand from the Mississippi River (Robison and Buchanan 1992). Schramm (2004) stated that this
species has been coliected in the Mississippi River but there have been no records of collection
since 1978. The southem redbelly dace has been reporied in backwaters but is most likely to be
found at the channel border in the Mississippi River. This species has not been documented in
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any of the impingement studies reviewed. Finally, the habitat encountered at all of the CWIS is
poorly suited to this species. Therefore, their potential impingement and/or entrainment appear

very minimal,

Crystal darter

The endangered crystal darter is listed only by the state of Mississippi. The species prefers clean
sand and gravel raceways of large rivers (Ross 2001). The crystal darter buries itself with only
eyes protruding, as it lies in wait for passing prey. Spawning likely occurs in early spring in
Mississippi, based on development of breeding tubercles in males (Collette 1965) and on the
January-April spawning season documented for crystal darters in Arkansas. The presence of
several size classes of cocyles suggests that this species produces muttiple egg clutches, Mature
or ripening eggs are 1.0 - 1.2 mm in diameter, and clutch sizes vary from 106 to 576 in fish of 62-
87 mm standard length (SL). In Arkansas, mature male crystal darters averaged 76 mm SL and
mature females averaged 66 mm SL. Both sexes reach maturity after their first year. The life
span of this species is between 2.5 and 4 years (George ef al. 1996).

In Mississippi the crystal darter has been documented-in several locations including Claibore

County, which borders the Mississippi River south of the Baxter Wilson Plant, however it appears

limited to Bayou Pierre (Ross 2001). In Arkansas, this species inhabits the lower reaches of
moderately sized rivers, mainly below the Fall Line, where it is typically found in strong current

over a sand or fine gravel substrate (Robison and Buchanan 1992). In Louisiana the crystal

darter has only been documented from the Ouachita and Pearl River systems at locations inland

from the Mississippi River {Douglas 1874).

Shramm (2004) considers the crystal darter rare in the LMR. He also states that this species is
riverine dependent and is most likely to be found on the channel border or backwaters of the LMR.
This species has some potential to be found in the LMR, therefore was retained as a T&E species
of concern. Since this species is only listed by the State of Mississippi, impingement concerns are
primarily focused on the Gerald Andrus and Baxter Wilson Plants. This species has not been
documented in any of the impingement studies reviewed in this Appendix therefore their potential
for impingement and/or entrainment appears very minimatl.

Pyramid pigtce

The endangered pyramid pigtoe mussel is listed only by the state of Mississippi. It has been
documented in several counties including two counties that border the Mississippi River;
Washington and Warren counties. The Gerald Andrus and Baxter Wilson Plants are located in
these two counties, respectively. This species has not been documented in any of the
impingement studies reviewed therefore their potential for impingement and/or entrainment
appears very minimal. This species was retained as a species of concern due to their historical
presence near the above mentioned two plants.
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Fat pocketbook

The endangered fat pocketbook mussel is listed statewide for both Arkansas and Mississippi and
by the USFWS. This species has not been documented in any of the impingement studies
reviewed therefore their potential for impingement and/or entrainment appears very minimal.
According to the USFWS (1997), today the fat pocketbook is found only in the lower Wabash and
Ohio rivers, and in the lower Cumberland River. Impoundments and dredging for navigation,
irrigation and flood control have altered or destroyed much of this mussel's habitat, silting up its
gravel and sand habitat and probably affecting the distribution of its fish hosts. This species was
retained for further consideration due to its wide historical range and state-wide listing.

This musssel prefers sand, mud, and fine gravel bottoms of large rivers. It buries itseif in these
substrates in water ranging in depth from a few inches to eight feet, with only the edge of its shell
and its feeding siphons exposed (USFWS 1997).

Reproduction requires a stable, undisturbed habitat and a sufficient population of fish hosts to
complete the mussel's larval development. When the male discharges sperm into the current, the
females downstream siphon in the sperm, in order to fertilize their eggs, which they store in their
gill pouches untit the larvae hatch. The females then expel the larvae. Those larvae that manage
to find a host fish to clamp onto by means of tiny clasping valves, grow into juveniles with shells of
their own. At that point they detach from the host fish and sefttle into the streambed, ready for a
fong (possibly up to 50 years) life as an adult mussel (USFWS 1997).

Paddiefish

Paddiefish, which were once prevalent in all of the tributaries of the Mississippi River, have been
in decline due to habitat destruction and river modification, and were proposed for listing under the
Endangered Species Act (ESA) in the 1990s. Although they were not listed under the ESA, trade
in paddiefish became regulated under the CITES Convention on International Trade in
Endangered Species of Wild Fauna and Flora in 1992. Fish and Wildiife studies and state
reviews caused several states to list and protect paddiefish, while adjacent states continued to
maintain sport and commercial fisheries. This interstate problem was addressed in the 1991
founding of the Mississippi interstate Cooperative Resource Association (MICRA) and its
development of regional plans and research projects. MICRA continue to address the issues of
inter-jurisdictional problems posed by the migratory paddiefish {(Rasmussen and Graham 1998).

In Louisiana and Mississippi the paddlefish is given an S3 ranking (National Heritage Ranking
System) which means it is rare and local throughout the state, or found locally (even abundantly at
some of its locations) in a restricted region of the state, or because of other factors making it
vulnerable to extirpation (21 to 100 known extant populations).
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Populations still occur in 22 states. Fourteen states allow sport fishing for paddiefish while only
six states allow commercial harvesting. Ten states currently stock paddiefish to supplement
natural populations or re-establish paddiefish in areas where they had formerly occurred (Graham
1997). Schramm (2004) stated that this species is occasionally taken in the LMR. He also states
that the paddiefish is a riverine dependent species that is most likely to be found in all three major
habitat zones (river channel, channel bank, and backwaters).

Paddlefish spawn in the spring and usually require fast flowing water (floods which lasts several
days), and clean sand or gravel bottoms for successful spawning. During spawning paddlefish
gather in schools. Young fish grow quickly, as much as six inches in several months. Fish
generally become mature at 5-10 years and may live to be 20-30 years old. Paddiefish are
plankton feeders inhabiting open waters where they can filter large quantities of water (Chiiton

1997).

Paddlefish have been documented in several of the LMR impingement studies reviewed in this
Appendix. At Waterford 1 & 2 four paddiefish were impinged in June/July 1976; at Willow Glen
(Unit 1 & 2) 5 individuals were impinged in June/July 1975; at Willow Gien (Unit 4) 2 individuals
were impinged in July and December 1976; and at Baxter Wilson 104 individuals were impinged
in 1973/1974 throughout the year. Although paddlefish numbers have declined the past several
decades, impingemaent rates today are not expected to be at this same level. However, the data
indicate paddiefish do utilize habitats near intake screens in the LMR; therefore, they are a

species of concern.

4.0 CHARACTERIZATION OF ALL LIFE STAGES [125.95(B)(3)(Il)]

The rule calls for the characterization of all stages that might be subject to impingement and, i
appropriate, entrainment. This characterization is necessary {0 ensure the full scope of any
potential impact is understood and that any implications for selection of mitigation measures are
known. Entergy believes that the general literature supports understanding of the potential
impacts to all life stages. As importantly, the impingement studies that are available were
designed to facilitate understanding of diel and annual variations.

4.1 Life Stages SubjecttoIMand E

Life stages subject to entrainment are determined primarily by intake screen mesh size which is
iypically %". Any life stage of fish or invertebrates less than the screen mesh size, is subject to
entrainment including egg and post-larval individuals. Eggs are more susceptible as they lack any
swimming capabilities. Post-larval organisms do have some swimming capabilities, although
limited, and can at times escape the approach velocity associated with CWIS. As the organism
grows larger than the mesh size of the CWIS screens, they become subject to impingement.
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Most of the plants considered in this Appendix are only subject to performance goals for
impingement moriality. The requirement to control entrainment is dispensed due to the low
proportion of average annual river discharge used by the plant. US EPA conciuded that, under
this circumstance, any entrainment loses are likely to be minimal relative to the existing

population.

Life stages subject to impingement include all stages greater than the intake screen mesh size.
Impingement varies with species but young of the year (YOY) individuals dominated historical
LMR impingement studies (based on length and weight data and observations). Exceptions were
smaller species that typically do not exceed several inches in length even as adults. Current
anecdotal observations aiso indicate that YOY currently dominate impingement at LMR CWIS,
Impingement data from other water bodies (including Gaiveston Bay) also show a dominance of
YOY on traveling water screens compared to adult organisms. Due to the placement of trash
racks and debris screens on intake pipes, and due to their ability to out-swim intake approach
velocities, larger organisms are not typically subject to impingement. Some exceptions include
invertebrates (e.g., shrimp, crayfish, blue crab) which are generally smaller than fin-fish and have
reduced swimming abilities. Adults of these species may become impinged in addition to

juveniles.

Length data collected during the 1970's impingement studies demonstrate that YOY or juveniles
typically dominate impingement. Average lengths for impinged individuals are as follows: gizzard
shad (11.5 cm), threadfin shad (6.3 cmj), freshwater drum (8.6 cm), blue catfish (8.7 cm), river
shrimp (6.6 c¢m), channel catfish (7.2 ¢m), bluegill (4.6 cm), skipjack herring (11.9 ¢m) and
common carp (39.8 cm) (Table B-2). Lengths for all of these species, except the common carp,
are more typical of younger individuals than for adults. .

4.1.1 Review of Impingement Data at the Freshwater Plants

Historic impingement data from Baxter Wilson, Waterford Units 1 and 2, Willow Glen Units 1 and 2
and Unit 4 are summarized in Table B-4. Impingement rates were calculated based on effort and
flow. Impingement rates calculated based on effort resulted in an estimate of the number of
organisms impinged per sampling event (typically 24 hours in duration) that was then extrapolated
to an annual rate. The impingement rates calculated based on flow resulted in an estimate of the
number of organisms impinged per volume of water sampled during the study, which was
standardized to 10,000 cubic meters.

Baxter Wilson impingement Study

Between March 12, 1973 and August 20, 1973, and between August 31, 1973 and March 1,
1974, an impingement study was conducted at Entergy’s Baxter Wilson plant (Mississippi River
mile marker 433.2 AHP} (MP&L 1974). The study was conducted to verify estimates of fish
impingement for the Grand Gulf Nuclear Station. The data for this study was compiled and
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submitted in two separate documents. Samples for the spring through summer 1973 were
collected daily for the first two months and thereafter twice a week for either 24 or 48 hours and

resulted in the collection of 36,326 fish and 1,186 invertebrates (37,512 total). Fifty-four fish

species and twelve species of invertebrates were collected in the study. The samples for the
August 1973 through March 1974 collection period consisted of a total of 18 sample days at Unit 1
and 14 sample days at Unit 2. A total of twenly-five species of fish and eight invertebrate species
were collected (2,517 total individuals). With few exceptions, all of the fish were juveniles. The
exceptions were the minnows, threadfin shad, bullheads and an occasional mature species of a
larger fish such as gar or suckers. The majority of the river shrimp, however, were mature aduits

(MP&L 1974).

The shad species (gizzard, threadfin, and shad spp.) dominated impingement rates representing
56.3% of the total abundance followed by freshwater drum (31.7%), carp (2.7%), river shrimp
(2.6%), white crappie (1.5%), sucker (1.3%)}, channel catfish (0.7%) and skipjack herring (0.4%).
The estimated annual impingement rate is 160,730 individuals which equates to 1.96 individuals
per 10,000 m® of water pumped through the plant.

Impingement rates were higher for Unit 2 by a ratio of 3.5 to 1 prior fo July and 1.3 to 1 after July
{March through July 1873). The differences observed in impingement rales between Unit 1 and
Unit 2 were explained by two factors; (1) differences in design between the CWIS; and (2)
differences in intake velocities (Unit 2 was higher) (MP&L 1974).

From March through June average daily impingement was relatively low (average of 25.6
organisms per day at the combined units). A sharp increase began in late June and peaked in
mid-July reaching 3,916 organisms per day at Unit 1 and 4,952 organisms per day at Unit 2. By
the end of August rates returned to pre-July values. The increased rate of impingement in mid-
July was likely precipitated by two factors: (1) river stage decreased below flood stage, resulting in
increased fish density in the river's main channel and (2) the imporiance of juveniles in the
population. One of the effects of flooding is decreased fish density in the river proper, particularly
during the reproductive period, as fish disperse into flooded backwaters. When the river retums
within its banks, fish densities increase again. (MP&L 1974). Another factor contributing to the
increased impingement in July is that larval fish, which previously were entrained in the spring,
had grown significantly and were more prone to being impinged. In addition, these juvenile fish
were more susceptible to impingement, due to their reduced swimming speed.

The decline in impingement after the mid-July peak was probably caused by the following two
factors. YOY fish typically have an annually mortality rate of 95 to 89% and many of the fish died;
and as the fish grow their swimming ability increases and they can avoid being impinged (MP&L

1974).
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Waterford 1 and 2 impingement Study

Espey, Huston and Associates, Inc. (1977) conducted a study between February 1976 and
January 1977 at Entergy’s Waterford Unit 1 and 2 CWIS. The purpose of the investigation was to
evaluate the impact of the existing intake structures on the biota of the Mississippi River. The
facility is located at Mississippi River mile marker 129.9 on the west descending bank of the
Mississippi River in Killona, Louisiana. Impingement sampling was conducted for 24 hours every
two weeks for one year for a total of 24 samples. The report generated from this study includes
individual lengths and weights for all species for each sampling event.

Results of this study show that many more fish were impinged compared to invertebrates. Total
sample weight for each 24-hour sample ranged from 3,593 grams to 33,5660 grams. Organisms
varied in length from 25-30 mm to over 600 mm for some of the carp and American eels. River
shrimp dominated numerically and represented 498.7% of the total abundance followed by blue
catfish (20.3%), threadfin shad (10.5%), bay anchovy (6.0%), freshwater drum (4.5%), gizzard
shad (2.9%), skipjack herring {2.4%j), channel catfish {2.1%), striped mullet (0.3%), and blue crab
{0.2%). These ten species represented 98.7% of the total abundance. Annual impingement rates
were estimated to be 336,454 individuals which equates to 4.33 individuals per 10,000 m® of
water pumped through the plant,

Wiliow Gien Plant

The Willow Glen Plant is located on the Mississippi River near mile marker 201.6 AHP. Units 1 &
2 and Unit 4 were sampled individually. The sluiceways were sampled for thirty-minutes four
times per day, and four times per month (April-July) or two times per month (remainder of the
year) between January 1975 and January 1976. The screens were rotated just prior to each
sampiing and, taken tfogether; these samples represent a complete characterization of
impingement over the relevant 24-hour period. Impingement rates based on flow were calculated
individually for Units 1 & 2 and Unit 4 and then weighted to estimate the annual impingement
when all five units were in operation. The annual weighted impingement was estimated to be
126,449 organisms per year, assuming maximum operation of all five units.

Unit1and 2

River shrimp represented §7.3% of the total abundance foliowed by freshwater drum (22.1%),
gizzard shad (5.7%), threadfin shad (5.1%), crayfish, procambarus spp. (2.6%), biue catfish
(2.4%), black crappie (0.7%), skipjack herring (0.6%}), bluegill (0.6%), and white crappie (0.5%}).
These top ten species represented 97.4% of the total abundance. Using the figures from this
study, annual impingement at Units 1 and 2 is estimated to be 26,210 organisms based on effort.
Using the flow information recorded during the study, the impingement rate was 1.47 individuals
per 10,000 m® of water pumped through the two units or 50,013 organisms per year.
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Biomass and total abundance were analyzed for seasonal differences. Biomass varied somewhat
throughout the year, however it was much higher in the spring and early summer (mid-March
through early July) compared to the rest of the year. Total abundance showed similar trends with
much higher rates in the summer (mid-June through early August). The river shrimp contributed
much of the observed seasonal difference observed.

Unit§

River shrimp also dominated the collections at Unit 4 and represented 27.5% of the total
abundance followed by crayfish (27.0%), freshwater drum (12.5%), gizzard shad (9.3%}), threadfin
shad (7.5%), biue catfish (5.8%), bluegill (1.4%), white crappie (1.4%)}), channel catfish (1,2%) and
skipjack herring (0.89%). These ten species represented 95.4% of the total abundance. Based on
effort the annual impingement at Unit 4 is estimated to be 5,037 organisms. Using the flow
information recorded during the study, the impingement rate was 0.13 individuals per 10,000 m® of
water pumped through the Unit or 5,887organsims per year.

Total abundance showed similar trends observed at Unit 1 and 2 with higher rates in the summer
(mid-June through early August). River shrimp and crayfish contributed much to this apparent
peak in the warmer months of the year.

412 Review of Impingement Data at the Brackish Plants

A.B. Paterson Plant

The A.B. Paterson (Paterson) Plant is located in the New Orleans Parish on the Inner Harbor
Navigational Canal (IHNC) just south of Lake Pontchartrain. The IHNC splits from the Mississippi
River near mile marker 92.6 AHP. A total of 523 sampies (10-minute samples collected every 4-
hours every other Thursday) were coliected between August 1877 and December 1979 at the
plant. Again, the samples can be grouped to represent a complete characterization or the
impingement rate for a 24 hour period. A total of 68 species were collected from the sluiceway
during the study. Atlantic croaker represented 32.3% of the impinged organisms foliowed by bay
anchovy (17.1%), white (sand) seatrout (12.6%), biue crab (10.5%), Gulf menhaden (6.6%), sea
caffish {4.5%}), white shrimp (2.4%), spot croaker (1.9%;), spotted seatrout (1.8%) and hogchoker
{1.1%). These ten species represented 90.7% of the total abundance in the study.

Using the figures from this study, annual impingement is estimated to be 226,489 organisms
which squates to 5.42 individuals per 10,000 m® of water pumped through the plant. Weighted
extended survival of the primary species impinged at the facility show that 37% of the organisms
will survive impingerment which significantly reduces any potential adverse impact created by the
plant. Results of this study showed that “during 1978-1979 estimated impingement impact for both
stations (Patterson and Michoud) is less than the estimated impact of one local commercial
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fisherman operating half the time during the shrimping season”. Estimated impingement impact of
the Paterson Plant was 2.5% (1978) and 0.5% (1979) of 1 commercial fishing boat.

Since samples were collected every four hours, potential daily (diel) impingement fluctuations
were analyzed. Minimum impingement rates were observed at 0400 and 2400 at Unit 1; 0400
and 1600 at Unit 3 and 0400 and 2000 at Unit 4. Maximum impingement rates were observed at
0800 at Unit 1; 2000 at Unit 2; 0800 and Unit 3; and 0800 at Unit 4. Although impingement rates
were somewhat variable depending upon the unit, the very early hours of the day (0400} showed
the lowest impingement rates, and the mid-morning hours (0800) had the highest impingement
rates. Potential seasonal variations were also analyzed at the plant and it was determined that
the impingement rates were higher January through March in 1878 and in January in 1978.

Michoud Plant

The Michoud Plant is also iocated in the New Orieans Parish on the Intercoastal Waterway
(ICWW) which splits from the Mississippi River near mile marker 92.6 AHP. A total of 666
samples were collected at this plant between August 1977 and December 1979 (10-minute
samples coliected every 4-hours every other Thursday). A total of 91 species were collected from
the sluiceway during the study. Atlantic croaker represented 21.5% of the organisms collected
followed by white shrimp (20.0%), bay anchovy {(13.5%), brown shrimp (10.5%), blue crab {9.0%),
sea catfish (7.8%), white seatrout (4.2%), gafttopsail catfish (1.8%), least puffer (1.6%) and
blackcheek tonguefish (1.4%). These ten species represented 91.2% of the total abundance in

the study.

Using the figures from this study, annual impingement is estimated to be 1,676,726 organisms
which equates to 9.41 individuals per 10,000 m® of water pumped through the plant. Weighted
extended survival of the primary species impinged at the facility show that 57% of the organisms
will survive impingement which significantly reduces any potential adverse impact created by the
plant. Results of this study were the same as the Patterson Plant study that showed “during
1978-1979 estimated impingement impact for both stations (Patterson and Michoud) is less than
the estimated impact of one local commercial fisherman operating half the time during the
shrimping season”. Estimated impingement impact of the Michoud Plant was 12.7% (1978) and
2.2% (1979) of 1 commercial fishing boat.

Since samples were collected every four hours, potential daily (diel) impingement fluctuations
were also analyzed at the Michoud plant. Minimum impingement rates were observed at 0400
and 1600 at Unit 1; 0400 and 1600 at Unit 2 and 1600 at Unit 3. Maximum impingement rates
were observed at 0800 at Unit 1, 2, and 3. Although impingement rates were somewhat variable
depending upon the unit, the very early hours of the day (0400) and mid-day (1600) showed the
lowest impingement rates, and the mid-moming hours (0800} showed the highest impingement
rates, consistent with the Paterson data.
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Seasonal variations were also analyzed in this study and it was determined that impingement
rates were highest in April, August and September in 1978, and in February and May in 1979.

4.2  Temporal variations iniM and E

Understanding of the temporal variations in impingement and entrainment is important for two
potential reasons:

¢ In order to characterize accurately impacts of impingement mortality and entrainment. For
example, if impingement events were more significantly common during the night, failure
to sample during both day and night would bias the daily estimates of impingement.
Entergy believes that the existing data sets address this issue by inclusion of sampling
throughout the year as well as both day and night conditions.

¢ In order to assess whether periodic flow reduction might serve as a mitigation measure.
For example, if it can be demonstrated that impingement mortality occurs during a specific
season and the plant can be idled or run with reduced cooling water flow during that
period, this might present an effective mitigation strategy. At this point, Entergy is not able
to commit to such operational measures.

4.2.1 Annual

Temporal variations in IM and E are the result of both biological factors {(e.g., spawning season,
migrations, etc.) and non-biological factors (e.g., river stage, plant operational status, etc.). Dueto
the multitude of factors that can potentially affect impingement montality and entrainment at a
given location, temporal variations are difficult to ascertain, Specific knowledge of the waterbody,
plant CWIS, and the dominant species in the area can allow temporal variations to be estimated.
Much of this information is available from the literature. One obvious factor that can affect
impingement mortality and entrainment, and which takes precedent over biclogical factors is the
operational status of a plant. With the exception of nuclear, many plants operate on a “peaking
reserve” status and only operate on a limited basis when energy production is needed. Typically
power demand increases in summer, thus increasing impingement mortality and entrainment
rates during the warmer months due to the increase in water withdrawal. As noted above, none of
the Entergy piants can commit to such seasonal reductions in capacity. it should also be noted
that the data available from the plants were collected during normal operating conditions and,
therefore, do not reflect any bias associated with differential plant operation.

Spawning season is one of the most important biological factors affecting impingement mortality
and entrainment rates. The primary period of reproduction and peak abundance of most LMR
taxa is during the months of spring (typically March through May). The peak time of egg
recruitment is during early spring, while larval recruitment is primarily late spring and early
summer. Spring and summer therefore appear 0 be the most important seasons in the LMR in
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regards to entrainment as this is the time eggs and larval organisms are most abundant. Many of
these organisms will be able to avoid enfrainment later in the year as they grow larger, and
increase their swimming ability.

It is interesting to note that the spawning period in the LMR correlates to the seasonal
flooding/high water period. At the Waterford Unit 3 plant, for example, seasonal average flows
have been calculated to be 580,000, 650,000, 280,000 and 240,000 cfs for winter, spring,
summer, and fall, respectively. Elevated flows most likely push the eggs and larval fish past the
CWIS more so than the rest of the year due to increased velocities.

In the Baxter Wilson impingement study previously discussed, it was observed that daily
impingement was relatively low from March through June, with a sharp increase in late June
peaking in mid-July. The increased rate of impingement in mid-July was likely precipitated by the
reduction in river volume and the growth of juvenile fish. The reduction in impingement after mid-
July was most likely caused by high natural mortality associated with most species, and an
increase in swimming ability.

in the Waterford 1 & 2 study previously discussed, the most abundant species were also analyzed
for seasonal variations in impingement rates. River shrimp were much more abundant from April
through October with very few individuals impinged in the winter and early spring. The species
with the most noticeable seasonal variation was bay anchovy which averaged well bslow 100
organisms per 24-hours except for the October 1976 sample where a marked increase occurred
to 1100 individuals per 24-hours. Blue catfish impingement rates were variable throughout the
year with no noticeable increase during any particular season, although winter rates were the
highest observed. Freshwater drum showed an increase in impingement rates primarily during
the summer (June through September). Threadfin shad impingement rates were relatively
constant except for an increase in July and an increase in the winter months (December through
January). Gizzard shad impingement rates were constant throughout the year except for a slight
increase in the early winter from November through January. When all species were considered,
there was no apparent seasonal difference in impingement rates, although temporal variations
were observed with individual species.

Biomass and total abundance were analyzed for seasonal differences at the Willow Gilen plant as
well (Unit 1 & 2, and Unit 4). Biomass was variable, however higher values were observed in
spring and early summer {mid-March through early July) compared to the rest of the year. Total
abundance showed similar trends with higher rates in the summer (mid-June through early
August). River shrimp and crayfish contributed much to this apparent peak in the warmer months
of the year.

Potential temporal (seasonal) variations were also analyzed at the Paterson plant and it was
determined that the impingement rates were higher January through March in 1978 and in
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January in 1979. Seasonal variations at the Michoud plant showed higher impingement rates in
April, August and September in 1978, and in February and May in 1979.

422 Diel

As discussed previously, samples were coliected at the Paterson Plant every four hours.
Although impingement rates were somewhat variable depending upon the unit, the very early
hours of the day (0400) showed the lowest impingement rates, and the mid-morning hours (0800)
had the highest impingement rates.

Although impingement rates were variable at the Michoud Plant and were unit dependent,
minimum impingement rates were typically observed in the very early hours of the day (0400) and
mid-day (1600). The mid-morming hours (0800) showed the highest impingement rates consistent

with the Paterson plant data.

Diel variations observed are most likely caused by species-specific daily patterns associated with
rest and feeding periods. Organisms are much more active and mobile when feeding, and
therefore have a higher chance of becoming impinged during these periods. In genseral most
aquatic organisms are more active in the morning hours at daybreak which was demonstrated at

the Paterson and Michoud Plants.
4.2.3 Importance of Temporal Variations

FPower plants typically operate at consistent levels due to electricity demand and o reduce
equipment stress and Operation & Maintenance (C&M) costs. For power plants that operate on
an annual basis, temporal variations in impingement mortality and entrainment (both seasonal and
diel) have no bearing on their operations. Since power plant production is driven by demand,
which is typically higher in the warmer months, operational measures to specifically reduce
impingement mortality and entrainment would be difficuit to establish. Therefore, temporal
variations have little bearing on the evaluation of potential mitigation measures. As noted above,
Entergy believes that the available data were collected over the full range of diel and annual

variation allowing for a complete assessment.

43  Spatial DifferencesiniMand E

Spatial differences in population densities are caused by many factors including habitat, water
depth, and velocity. Most studies show higher fish densities at the channel bank and backwaters
compared to the main channel. This is primarily due fo increased habitat area, shaliow water
depths, and reduced river velocities. Beckett and Pennington {1986) stated that densities of larval
fishes in the LMR are highest in backwaters, which are important nurseries for fishes, and which
contain a larval fish assemblage differing from that of the main-stem river. Although the LMR

provides plentiful habitat for fishes that thrive in swiftly flowing water, few species can tolerate the
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high current velocities of the upper and middie water column of channel areas for very long. Most
fish prefer the channel bottom where current is slower (Baker et al. 1991). Most fishes likely
inhabit areas near the banks, and most generally prefer the shallow, slower inside edge of a river
as opposed to the deeper, faster current of the cut-bank edge (Pennington et al. 1983 and
Sempra 2002). Since many fish exhibit specific preference for certain types of habitat, stream or
river locations with diverse habitats may be expected to contain more fish species than locations
with fewer habitat types (Schiosser 1982; Angermeier and Karr 1984; Reeves et al. 1993).

Since many fish species feed on inveriebrates, their habitat prefersence is imporiant as well.
Rocky substrates associated with dike structures on the LMR support higher total densities of
aquatic invertebrates than abandoned channels, natural river banks, dike fields, temporary
secondary channels, sandbars, revetted banks, main channel, and permanent secondary
channels (habitats listed in order of decreasing invertebrate density) (Wright 1982). This apparent
habitat preference for invertebrates further substantiates the fact that most fish will be associated

with closer inshore {bank) habitats than deeper offshore habitats. :

During the development of the Phase | 316(b) rules, the US EPA specifically notes that the
selection of the location of the CWIS is one construction and design technology which can be
used to minimize the impact of impingement mortality and entrainment (Sempra, 2002). The
Phase Il 316(b) rule also allows the highest density of organisms in the vicinity of the CWIS to be
used as the Calculation Baseline. Using the reasoning for the Phase | rule and the Phase |l
Calculation Baseline, the location of existing intake structures (away from shoreline and in high
velocity waters) could be used to “claim” credit for the reduction of impingement mortality and

entrainment.

For Sempra's Phase | 316(b) Comprehensive Demonstration Study on the LMR near Mississippi
River mile marker 132 AHP, they selected an offshore (between 150 and 675 feet depending on
river stage) “middle” depth (between 16 and 30 feet depending on river stage) location for the
CWIS for the sole purpose of minimizing the number and species of fish affected.

Most of Entergy’s plants located on the river have their CWIS in a similar location,

4.3.1 Review of Habitatls

Preferred habitat is defined as an area or habitat that an animal frequents most often, due to the
unique characteristics of the habitat. Baker and his colleagues (Baker ef. al. 1991) conducted an
extensive study on aquatic habitats and fish communities in the LMR in which they identified all
the potential habitat types found in the LMR and the species that prefer each habitat. The
researchers found 13 distinct aquatic habitat types with six of these in the river main-stem
{channel, natural step bank, revetted bank, lotic and lentic sandbars) and seven associated with
the floodplain (e.g., seasonally inundated floodplain, oxbow lake, pond}). Although individual sites
within the river are frequently modified by many variables {erosion, deposition, etc.}, the varisty,
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distribution, and characteristics of the preferred habitats remain constant over time, unless the
river undergoes a fundamental change in either flow or sediment load (Sempra 2002).

Habitat preference for adult fish is summarized for the dominant species impinged in the 1970’s
studies conducted at the Entergy plants along the LMR. Gizzard shad are considered abundant
(Ay or common (C) in all habitat zones except for the channel where they are considered
uncommon (U). Threadfin shad are considered abundant or common in most habitats except lotic
sandbars where they are considsred uncommon. No ranking was given for threadfin shad in the
channel. Freshwater drum are considered abundant or common in all habitats except fioodplain
ponds where they were not given a ranking. Freshwater drum are considered common in the
channel. Of the 133 species analyzed in the Sempra 316(b) CDS (Sempra 2002), 48 species
(only 36% of the species) were assigned a ranking for the main channel. Twenty-three (23)
species are considered probable (P) and likely to occur but records are lacking or inconclusive; 8
species are considered common; 8 species are considered uncommon; 5 species are considered
abundant {shortnose gar, blue sucker, small mouth buffalo, blue catfish and flathead catfish); 3
species are considered rare; and 1 species (striped bass) is considered typical (T) in the channel
where it occurs regularly but in low numbers.

432 Differences in Fisheries Population Densities

The foliowing section discusses the differences in population densities of the different relevant
habitats as they relate to the CWIS at the different Entergy plants.

4.3.2.1 USGS

No comprehensive ichthyofaunal surveys have been conducted on the LMR in at least the past 30
years (Schramm 2005, personal communication). The most difficult habitat to sample is the main
channel, where current velocities and debris load are highest, and extensive commercial
navigation occurs. Because researchers historically could not effectively sample the main
channel, relatively little is known about the extent that fish use this habitat (lllinois Natural History
Survey-INHS 1997). A cumrent assessment of Mississipp! River fishes was compiled from four
different sources and reviewed by six ichthyoiogists familiar with Mississippl River fauna
(Schramm 2004). Mr. Schramm notes the lack of standardized habitat classification for
Mississippi River fishes. He therefore assigned one or more of three habitat zones 1o each

- species: main channel, channel border, and backwater. He defines the habitat zones as follows:

+« Main channel - the portion of the river that contains the thalweg and the navigation
channel where the water is relatively deep and the current, although varying temporally
and spatially, is persistent and relatively strong;

¢ Channel border - the zone from the main channel to the riverbank. Current velocity and
depth will vary, generally decreasing with distance from the main channel, but the channel
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border is a zone of slower current, more shallow water, and greater habitat heterogeneity.
Channel border includes secondary channels and sioughs, islands and their associated
sandbars, dikes and dike pools, and natural and revetted banks;

s Backwater zone - includes lentic habitats lateral to the channel border that are connected
to the river at least some time in most years. This zone includes abandoned channels
{(including floodplain lakes) severed from the river at the upstream or both ends, lakes
lateral to the channel border, ephemeral ponds, borrow pits created when levees were
built, and the floodplain itself during overbank stages.

Fishes are considered backwater dependent if they require conditions such as little or no current,
soft-sediment bottom, or aquatic or inundated terrestrial vegetation during at least some portion of
their life cycle. Riverine-dependent fishes are those that require flowing water and sand, gravel,
or rock substrate during at least some part of their life-cycle; these conditions may be found in the
main channel or channel border zones. Schramm considered species peripheral {channel border)
to the Mississippi River if availabie life history information indicated that the species inhabits
tributary rivers or streams, prefers small rivers or streams, or avoids or is rare in large rivers.

Of the 137 resident species that Dr. Schramm researched, he was able o assign border habitat to
24 species and backwater habitat to 50 species. No species were expected to reside in main
channel habitats throughout their life-cycle. The following fish species are noted by Schramm as
‘backwater dependent’ species: gizzard and threadfin shad, common carp, bluegill, largemouth
bass, black and white crappie. The following were noted to be ‘riverine dependent’ species: pallid
sturgeon, shovelnose sturgeon, paddiefish, river carpsucker, and freshwater drum. The following
species were also noted by the author as species that were abundantly taken in most surveys in
the open river segments of the Mississippi River: gizzard and threadfin shad, emerald shiner, river
carp sucker, smallmouth buffalo, blue caffish, flathead catfish and freshwater drum. Other
species commonly taken in the open river include: longnose and shortnose gar, skipjack herring,
red shiner, river shiner, common carp, silver carp, speckled chub, silver chub, bigmouth buffalo,
channel caffish, brook silverside, warmouth, bluegill, and largemouth bass.

Fish production on the LMR has not been estimated and biomass estimates are highly variable
but tend to range from 300-800 kg/ha™’. Schramm (2004) stated that standing stocks in the LMR
appear greater than the UMR. He reviewed biomass resulls from 5 studies that sampled, in a
consistent and comparable fashion, 13 different habitats and noted the following;

s The lowest biomass estimate (21 kg/ha} was in the main channel (Dettmers ef al. 2001)
compared to the channel borders and backwaters that often exceeded 500-600 kg/ha.
One backwater (abandoned channel not connected to river) habitat sampled resulted in a
biomass estimate of 911 kg/ha (Lowery et al. 1987). The highest observed ratio of
observed biomass densifies between the river main stem and other habitats is 21
kg/Mha/327 kg/ha or 6.4%, a 93% implied reduction with movement from the river side to
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the main flow. Other, higher biomass estimates would yield even larger estimates of
reduction.

INHS scientists, in collaboration with the USGS and the USACE, sampled the fishes in the main
channel of the Mississippi in 1996 with a specialized trawling vessel (INHS 1897). In the
Mississippi River near Grafton, lilinois, 24 fish species were collected. Abundant species included
freshwater drum, channel caffish, gizzard shad, smalimouth buffalo, and carp. Other fishes
caught less frequently in the main channel included the shovelnose sturgeon, lake sturgeon, and
blue sucker. The researchers note that many of the fish use the main channel during the entire
year such as gizzard shad, channel catfish, and smalimouth buffalo as they are suited for life in
fast-flowing river conditions. Many other fishes use the main channel only seasonally. The
study’s most diverse catches occurred in September and October when the river was at its lowest
and temperatures were moderate. In these conditions, fish common to backwaters (e.g.,
bigmouth buffalo, shortnose gar, and black crappie) can be found in the main channel. Although
this study focused on the fishes in the UMR main channel, the species are similar to those
documented on the lower portions of the river (INHS 1897).

The river shrimp (Ohio shrimp), Macrobrachium ohione, was collected in high abundance during
several of the 1970's impingement studies previously discussed. The Missouri Department of
Conservation conducted a recent study of this species {(Barko and Hrabik 2003) in the
unimpounded Upper Mississippi River. In this study four physical habitats were sampled: main
channel border, main channel border with wing dike, open side channel, and closed side channel.
The objective of the study was to assess the association of river shrimp abundance with
gnvironmental factors and habitat types to understand the ecology of this species in a channelized
river system. Ohio shrimp were most abundant in the open side channels. Inter-annual variability
in catch per unit effort (CPUE) was observed with CPUE highest in 1996 and lowest in 2000.
Approximately 8% of variation in Ohio shrimp abundance was explained by Secchi disk
transparency (water turbidity). Current impingement rates for the Ohio shrimp in the LMR are
most likely reduced at power plants with offshore CWIS compared to shoreline CWIS due to this
species’ apparent preference for side channel habitats compared to main channel border habitats.

4322 Statements from Fisheries Researchers

After an exiensive literature review two major conclusions can be made regarding fisheries in the
LMR: (1) population density and diversity are higher at the channel bank and backwaters
compared to the main channel; and (2) the overall fisheries in the LMR have not changed
significantly since the 1970's. Several top fisheries researchers were contacted via telephone to
verify these conclusions including Dr. Bob Kelso and Dr. Allen Rutherford with Louisiana State
University Baton Rouge, LA; Dr. Jack Kiligore with the U.S. Army Coms of Engineers (USACE) in
Vicksburg, MS; Dr. Steve Gutreuter with the USGS in La Crosse, W1, and Hal Schramm with the
USGS at the Mississippi Cooperative Fish and Wildlife Research Unit Mississippi State. A
summary of the conversations is provided below. '
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Dr. J Killgore

Dr. Killgore stated that the fisheries in the Lower Mississippi River have remained relatively
consistent since the 1970's, although the Upper Mississippi River {(dammed portion} has
undergone significant changes. In the LMR some species have declined including the pallid
sturgeon and some of the sucker species; however, the overali community has changed very little.
He stated he agreed that the most abundant species impinged in the 1970's studies (i.e., gizzard
shad, threadfin shad, and freshwater drum) would be the same dominant species today. He
stated gizzard shad is probably the most numerically and biomass dominant species on the river
and “nothing can reduce their numbers”.

Dr. Kiligore also agreed that the density (abundance) and diversity of organisms is higher along
the bank and backwaters compared to the main channel. He also agreed that the extension of
power plant intake pipes offshore and in deeper waters would reduce the amount of impingement
and entrainment. He followed by stating that most larval fishes and juveniles do not utilize the
deeper portions of the river {Killgore 2005, personal communication).

Dr. Bob Kelso and Dr. Allen Rutherford

Both professors agreed that the abundance and densities of fish in the river have remained
consistent over the last 20 to 30 years. Species we have identified from the literature are
consistent with what we would find in the river foday. Dr. Rutherford also indicated that there
shouldr’t be a significant change in fish composition until you get to Mississippi River Mile Marker
AHP-90. This is the region of the river where significant mixing of salt water tekes place. He did
indicate that there would be influxes of estuarine species that are tolerant of fresh water as far
upstream as Baton Rouge; however, these numbers are insignificant in comparison to the overall
abundance in the river. As noted above, this is very consistent with the observed rates of
impingement at the various Entergy plants iocated along the river.

Dr Kelso indicated that there would be a significant shift in abundance of fish and species diversity
moving from the shoreline habitats out to the main channel of the river. Abundance numbers
would drop by as much as 95%. Literature on the majority of the fish in the river should indicate
that most of these fish are littoral in nature and require a significant level of structure which is not
available In the main part of the channel. He further indicated that eggs and larvae associated
with these species would also decrease proportionally. He stated most species spawn up near
the shoreline habitats where there is structure, cover, and lower flow veiocities.

Both indicated that species of fish occurring in the river are adapted to specific conditions
occurring in the river. Most species, however, cannot sustain populations out in the main areas of
the river due to the high velocities that occur thers, Those few species that do occur in the main
channel are usually fairy large in size, live close fo the bottom, and have high swimming speeds,
sufficient to avoid the intake structures {Kelso and Rutherford 2005, personal communication).
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Dr. Steve Gutreuter

Dr. Gutreuter has been involved with several extensive projects involving sampling of the
Mississippi River main channel (see Detmers et al. 2001). He agreed that abundance and
diversity was lower in the main channel compared to the side channel and backwaters. He did
indicate that more recent studies show higher biomass than previously seen in the main channel
primarily due to better gear and calibration. He stated much of this biomass is due to the typicaily
larger fish that inhabit the deeper waters of the main channel’. Dr. Gutreuter stated the more
recent studies would not be published for at least one year, however he stated he was still
comfortable with the general conclusions of the 2001 study (i.e., that population densities
decrease sharply with movement into high velocity portions of the river) (Gutreuter 2005, personal

communication).

Hal Schramm - USGS

Mr. Schramm agreed that fish abundance and diversity is typically higher along the shoreline
compared to the main channel. He also stated that several groups are currently conducting
fisheries research in the main channel of the LMR and they have been getting interesting results.
Specifically, several minnow species apparently utilize the main channel more so than was
previously thought. Therefore, Mr. Schramm does have concerns for these smaller species due
to their potential for impingement and/or entrainment. He stated additional research is needed to
better understand these species as well as the other larger species that utilize the main channel.
Mr. Schramm stated that due to the extensive area (habitat) the main channel encompasses,
impingement is likely to have only a relatively small effect on the fish populations.

Mr. Schramm also stated that the precision of fish abundance values in the LMR is usually very
poor primarily due to sampling techniques that are size, and/or species selective. Nevertheless,
he agreed that abundance of the primary species observed in the LMR in the 1970’s impingement
studies (i.e., fresh water drum, gizzard shad, threadfin shad) would probably be the most
abundant species impinged today as their numbers have probably changed littie over time
(Schramm 2005, personal communication).

4.3.2.3 Data Presented by SEMPRA
In the Sempra (2002) study conducted at Mississippi River mile marker 132.2 AHP, it was

determined that although there are 13 distinct habitat types found in the LMR, only a few dominate
the river's landscape in the lower reaches. The researchers used the habitats deveioped by

2such large fish are very likely to be able to resist impingement. A fact reflected in the very low
frequency of impingement of large fish at Baxier Wilson, Waterford 1 & 2, and Willow Glen:-

e

Appendix B - Lower Mississippi River Fisheries B-41 . December 2005



o 4'63&"'5"

Baker and his colleagues (Baker et al. 1991) to determine a species’ abundance potential in the
study area. They defined Baker's 13 habitat zones as Habitat Zone Distribution which is the
correlation of a species to their preferred habitat throughout their life cycle. Preferred habitat also
includes Habitat Range Distribution, which is the water column distribution most favored by the
species throughout their life cycle. This is a key correlation component of the Habitat Zone

Distribution for each species to identify a high probability habitat.

In the Sempra study, six habitats were reviewed specifically to determine the number of fish
species and eggs associated with each type. Each habitat zone was determined to have a
reduced number (from 133 potential species found in the LMR) of fish, egg and larval species
associated with the habitat. This further validates the fact that the placement of a CWIS can
reduce both impingement mortaiity and entrainment due to the reduction of species utilizing the
habitat. Habitat at each of Entergy’s LMR plants should be evaluated in the future to determine
the number of species that potentially use the habitat associated with the CWIS placement.

5.0 DOCUMENTATION OF CURRENT IMPINGEMENT MORTALITY
AND ENTRAINMENT [125.95(B}(3)(1I1)]

The rule requires the estimation of current rates of impingement mortality and, when appropriate,
entrainment. These data may be necessary o support three potential activities:

s Estimation of the CWIS performance relative to the Calculation Baseline;

s Assessment of additional mitigation measures; and

¢« Estimation of the monetized benefit of potential mitigation measures under the Cost-
benefit test.

The Waterford 3 Plant proposes the use of the Cost-benefit compliance approach making this use
of the data relevant. Most of the Entergy plants on the River will avail themseilves, at least in part,
of the Cost-cost test, the resulis of which are insensitive to the specific rates of impingement or
entrainment. In addition, several of the plants, including Waterford 3 differ significantly from the
Calculation Baseline by a simple and tangible measure: placement of the CWIS in the high
velocities of the main channel. Thus, Entergy will pursue a weight-of-evidence approach based
on Compliance Altemnatives 2 and 5. We believe that these alternatives can be supported based
on the available data. In particular, the Calculation Baseline to support Alternative 2 can be
estimated based on reiative population densities from the literature and the rates of impingement
to support the Cost-benefit test will be estimated from the literature and the rates of impingement
available from nearby piants adjusted for flow rates.
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We believe that the data available on impingement at Baxter Wilson, Waterford 1 & 2, Willow
Glen, Michoud, and Paterson are very likely to be representative of current conditions. In
particular, the data were collected under the same plant operating conditions currently in effect
and, as noted above, there is a consensus that the fishery of the LMR and the associated tidal
channels has changed little since the data were collected.

5.1 Current Status of Fishery Population

The composition and relative abundance of the current fishery population is similar to population
observed in the 1870s. This is consensus view from the literature as well as a group of experts
that Entergy has contacted recently (see above). Based on this, Entergy believes that the
available data will be adequate to support the goals of the rule and the development of an IMECs.

52 Current Rates of Mand E

The following discussion focuses on likely current rates of impingement mortality and, where
appropriate, entrainment,

8.2.1 Anecdotal Evidence

Plant operations personnel were interviewead at each of the plants to determine the current levels
of organisms impinged, dominant species impinged, seasonal and diel variations of organism
impinged. Information provided for each plant indicates that shad (threadfin and gizzard),
freshwater drum, catfish (biue catfish and channel catfish), river shrimp, and crawfish are the most
abundant species observed on the screens for the plants in the freshwater regions of the river
{including the plant farthest downriver, Ninemile). Species most abundant on the screens in the
tidally-influenced segments (i.e., Paterson and Michoud) consisted of croaker, shad (gizzard and
menhaden), anchovy, white shrimp, brown shrimp and blue crab. Observed abundances
(screens are operated on average twice per day for 10 to 15 minutes each shift) of organisms on
the screens are reported to be low. Plant personnel indicate that there appears to be an increase
in organisms on the screens as the river beging receding after floods. This is similar to the
behavior document at Baxter Wilson.

Seasonal variations were identified as being relatively low. Shad and caffish species appear to
have the greatest fluctuations in abundance with the greatest peaks occurring during the summer
and fall months. Diel variations could not be determined due to the operation of the screens at the
same fime each day (once in the morning and once in the evening).

No threatened and endangered species have been observed by plant operations personnel on the
screens.
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52.2 Summary of IM and E Data

Based on the available evidence, we believe that the historically cbserved rates of impingement
(as summarized in Table B-4) serve as reasonable estimates of current impingement behavior.
Given the position of the various stations along the river, i is likely to be productive to consider
them in the hierarchy demonstrated in Table B-5. ’

53 Sufficiency of Historical Patterns/Densities of Fish

Biological data used to address current impingement mortality and entrainment rates for the plants
located on the Mississippi River are derived from a series of impingement mortality and
entrainment studies conducted at the identified power plants (Willow Glen, Baxter Wilson,
Waterford 1 & 2, Waterford 3, A. B. Paterson, and Michoud) between the years 1973 and 1979. A
total of six impingement mortality and entrainment studies were conducted in association with 9
plants located along the river. In general, these studies were conducted to evaluate and
characterize the organisms impinged and entrained during the operation of each of these plants.
Each of the studies was designed to quantify the number, species, rate, seasonality, and diel
variations of impingement and entrainment occurring at each of the plants.

To date no other documented studies have been conducted at these plants by either the utility
company nor by other state agencies and universities. The relevancy of the existing historical
data can be shown to be representative of the species and relative abundances present in current
conditions. The temporal data gap has been bridged by consulting with several leading
authorities from the universities and the agencies concerning the relevance of the historical data.
Dr. Rutherford and Dr. Kelso of Louisiana State University, Dr. Killgore of the USACE, and Hal
Schramm with the USGS each indicated that the species characterization in the river has
remained fairly consistent over the last 20 to 30 years and they would not anticipate a significant
change in species for much of the river from well above the state of Mississippi down to
Mississippi River Mile Marker 90 AHP, just southeast of New Orleans, where saltwater mixes with
the freshwater and the habitat associated with the river becomes more estuarine in nature.
Furthermore, they indicated that estimates of population densities (relative abundance) for the
major species occurring in the river have remained relatively stable during the same time period.
In addition, each mentioned the lack of quaniitative data to fully assess the fishery in the

Mississippi River.

Cur review of the literature suggests the lack of data is due to the feasibility of safely and
effectively designing and coordinating a sampie program to fully assess the fishery. It is therefore,
our opinion and the opinion expressed by Dr. Keiso, Dr. Rutherford, Dr. Kiligore, and Mr.
Schramm that the existing data reviewed for the development of this document is the most current
and applicable dataset available and the data presented in these studies is in fact relevant to
current and existing conditions at each of the plants. Furthermore, it is our opinion that data from
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these plants can be used to support, supplement, and be used in lieu of data for other plants
located on the river.

54 Representativeness of Historical Data

The riverine ecosystem of the Mississippi River has undergone many changes. Most of the
natural changes have occurred gradually over hundreds of thousands of years, whereas human-
induced changes have occurred rapidly and recently. Several factors have apparently contributed
to the recent declines in the river's fiora and fauna, including habitat foss and degradation, point
and non-point pollution, toxic substances, commercial and recreational fishing and navigation,
deterioration of water quality during drought periods, reduced availability of key plant and
invertebrate food sources, and invasion of nonindigenous species (McHenry et al. 1984; Bhowmik
and Adams 1989). Many of the biclogical changes observed in the Mississippi River have
occurred over the past century and not just the last several decades. Johnson (1987), for
example noted that many fish species such as the river sucker and blue catfish have declined in
the UMR due to dredging extending back 150 years, and dam construction during the 1930's,
which both had a dramatic effect on the availability of fast-flowing water and rock-bottom habitats.
Although several key native organisms including submersed plants, native pearlymussels,
fingernail clams, and ceriain fishes have decreased along substantial reaches of the river in
recent years or decades, most species have changed little over time.

At present, the Mississippi River's native fish assemblage appears intact (Fremling et al 1989,
Gutreuter 1997; Weiner at al. 1998). Shramm (2005) states that although some species are
considered rare, with the exception of sturgeon, sport and commercial fisheries show no signs of
over fishing and may even support increased effort in harvest.

Schramm (2005) compited four relatively current studies dated 1989, 1891, 1995, and 2000, and
reported the abundance category of the fish species inhabiling the Lower Mississippi River. The
most abundant fish species collected in the impingement studies discussed in this Appendix are
as follows with their associated abundance category: gizzard shad, threadfin shad, freshwater
drum, and blue catfish were all described as species that were abundantly taken in all river
surveys. Carp, white crappie, skipjack herring, and bluegill were categorized as species that were
commonly taken in most surveys. Since these species were the most abundant collected in the
1970’s studies, and are still collected in abundance in the present day, we can conclude there
have been no significant changes in the LMR fisheries since the impingement studies in the
1870's. The most abundant freshwater invertebrates collected were river shrimp and crayfish,
which dominated the impingement samples at many of the plants. Their abundance in the

present day is unknown.

Estuarine species and invertebrates were not analyzed in Schramm’s study so abundance values
could not be obtained for these species from his study. The most common estuarine species
collected in the Michoud and Paterson impingement studies:included white shrimp, Atlantic
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croaker, bay anchovy, sand seatrout; blue crab, Gulf menhaden, sea catfish, and striped mullet.
A search of the literature shows that these species are the dominant species in the LMR in the
present day as well. :

55 Sufficiency of Data to Estimate Calculation Baseline

A complete and thorough review of current and historical data was performed to assess the
quantitative value of existing data and to determine if the basis of the data were sufficient to
support estimating calculation baselines for the plants identified in this review.

Current data available in the literature suggests that existing research may not provide an
adequate quantitative assessment of the existing fisheries in the river. Most of the studies
conducted were designed to sample specific regions of the river, such as backwater areas and
litoral zones, and to study specific species, such as the pallid sturgeon and paddie fish.

Independently, these data may only provide a small subset of information on the overall fishery in -

the river. However, when looked at cumulatively, the exient of this data, combined with all the
available data from the impingement and entrainment studies conducted at the plants, does
provide a good qualitative assessment of the fish diversity and relative abundance in the river.
Our findings have been corroborated by leading fishery biologists from LSU and the USACE.

Data collected in the previously discussed impingement and entrainment studies were initially
evaluated based on operating condition at the time the study was conducted. These operating
conditions are estimated to be at or near maximum operating capacity. Evaluating this data and
applying it to current operating conditions requires several assumptions:

+ Approach velocities and through screen velocities are assumed to be the same;

s Intake structures have not undergone any type of refrofit or substantial change in
operation; and

+ Densities of fish and shellfish and their diversity have not changed.

Based on the available information, we believe that each of these assumptions is valid.

Therefore, the historical data can be deemed to be representative of current conditions.

Data reviewed in the literature and from existing impingement and entrainment studies provide a
qualitative assessment of the fisheries in the Mississippi River and at the plants. These data
provide an analysis of the fish assemblages, specifically juvenile and adult fish, occurring in
different habitat zones associated with the river. The limits of this data include insufficient
information pertaining to the egg and larval distribution asscciated with the identified adult
species. However, this lack of data is not significant as entrainment rates are expected to be

minor,
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Since the spawning period for most LMR freshwater species occurs in spring and early summer,
which is typically the time of the year for flood conditions, minimal entrainment rates are expected
at the freshwater plants. This is primary due to the effects of dilution and swift currents which
most likely will push the organisms past the CWIS. This concept is most likely to be observed at
those CWIS located offshore and in swift waters. As discussed previously, velocities in the LMR
often exceed 10 fps which is much greater than the CWIS approach velocities.

The lack of entrainment data at the estuarine plants (Michoud and Paterson) is also unlikely to
have any relevance as minimal entrainment rates are expected at these plants as well. Minimal
entrainment rates are expected based on the literature, and other estuarine entrainment studies in
the upper Gulf of Mexico. The entrainment study (1974-75) conducted at Entergy’s Sabine Plant
located on Sabine Lake, Texas showed that copepods and barnacie nauplii dominated the
samples. These organisms are extremely numerous in most estuarine systems and any reduction
in their numbers would most likely not have any impact on their local populations. Fish eggs and
larvae were apparently not found in any of the Sabine entrainment samples although fish, blue
crab, and shrimp dominated the impingement samples. This is not surprising given the location of
this plant and the spawning behavior of most of the fish species found on the screens and in
Sabine Lake during the impingement studies. Many of these species spawn in the near-shore
Gulf {croakers, menhaden} with the larval or juvenile stages entering the bays and migrating to the
marshes, where they continue their growth and development. These species tend to be impinged
as opposed to entrained because they are largely absent from the upper estuaries as larvae and

eggs.

Simitar to the Sabine Lake estuarine community, most of the species impinged at the Michoud
and Paterson Plants either spawn off-shore in the Gulf (penaeid shrimp, Atiantic croaker,
menhaden, efc.), or carry their fertilized eggs under their abdomen until they hatch (blue crabs).
Moreover, female blue crabs migrate to areas of higher salinity than that found in the area of the
Michoud and Paterson Plants, for their eggs to hatch. Consequently, entrainment of the eggs and
larvae of these species is expected to be minimal at the Michoud and Paterson Plants.

6.0 SUFFICIENCY OF DATA IN SUPPORTING THE IMECS

8.1 Most Common Species Impinged/Entrained
The most commonly impinged species are listed in Table B-4 and described in Section Il
6.2 Implications for CWIS Placement, Design, and Operation

Entergy believes that the data available on the fishery of the Mississippi River provides important
perspective on the historically observed rates of impingement at Entergy’s power plants. There
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are three sources of information that can support evaluation of impingement at Entergy's plants as
well as understand the nature of the fishery of the Mississippi River:

e Site-specific data collected by Enterqy during the 1970s. These data are very consistent

.

with the goals of the rule. The potential for ecosystem changes to render them
unrepresentative of current conditions should be considered, however a preliminary
assessment has determined that minimal ecosystem changes have occurred since the
data were collected.

Data collected by other, nearby power stations on impingement rates. In some cases,

these data sets are both more extensive and more current. The general pattems of
impingement (e.g., relative frequency of species) are consistent with those observed from
impingement studies conducted at Entergy planis in the 1970s. As importantly, the
literature has been relatively consistent over the last few decades suggesting that the
impingement data are still representative of current conditions.

The general literature on fisheries of the Mississippi River. This literature can provide
important background regarding the behaviors of important species such as the timing and
distribution of their eggs and larvae, their likely survival upon impingement, their habitat

preferences, efc.

When this literature is considered as a whole, we believe that there are sufficient data currently
available to complete an IMECS consistent with the goals of the rule (see Section 4.2). The
following conclusions relative to impingement can be drawn:

The assemblage of impinged organisms changes with movement toward the Gulf of
Mexico. At Baxter Wilson, the impinged organisms are strictly freshwater species. At
Willow Glen, located 230 miles closer to the Gulf, one estuarine species appears among
the ten most commonly impinged species. Seventy miles further downstream, three
estuarine species are noted among the most commonly impinged. At Michoud and
Paterson, located in brackish, tidally-influenced channels adjacent to the river, few
organisms occur that favor freshwater,

The fish species that dominated impingement at the Entergy stations are also very

important in the ambient surveys at similar locations. These include threadfin and gizzard
shad, freshwater drum, and river shrimp which account for the vast majority of impinged
organisms at the freshwater stations and Atlantic croaker, bay anchovy, and blue crab at
the brackish water stations. Some species that are important in ambient surveys (notably
catfish, carp) are under represented among impinged fish likely due to their strong
swimming ability and/or their avoidance of the habitat near the CWIS.
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While water gquality has improved since the 1970s surveys. other factors potentially
affecting the fishery have been lifile changed. Most notably, management of the river for
shipping and flood control has been consistent and invasive species have remained well

established.

The species makeup of the fishery of the LMR has been relatively constant over the last
several decades. This suggests that improvements in water quality have not greatly
changed the types of fish present in the river. This trend is evident in the literature and

has been confirmed by direct communication with the relevant experts.

The rates of impingement observed at Entergy stations during the 1970s appear to be
reasonable estimates of ongoing rates. There has been litle or no change in the

operation of the CWIS (although the capacity factor has been significantly reduced at most
plants) and changes to the river and its fishery appear to be relatively minor. Anecdotal
observations by the station operators confirm that the dominant impinged species are the
same. Finally, the compliance strategies outlined at each of the stations are insensitive to
modest changes in the rates of impingement or, when relevant, entrainment.

The gizzard shad, threadfin shad, freshwater drum and bay anchovy do not tolerate
handling well (as indicated by low rates of latent survival) and Atlantic croaker tolerates

handiing only moderately well. EPRI (2003) indicate that the median extended survival
for freshwater drum and gizzard shad is 20% (8 studies) and 7% (43 studies), respectively.
Extended survival rates were not available for threadfin shad but the median initial survival
was only 15% (5 studies). The average extended survival for bay anchovy is 10% with an
average initial survival of 30%. The median extended survival of Atlantic croaker, the most
commonly impinged fish at the brackish water stations, was 36%. This suggests that any
sort of fish handling and return system is not likely to achieve significant reductions in
impingement, particularly for the three species that dominate impingement at the
freshwater stations and bay anchovy, which is common at the brackish stations.

Some other species, notably the crustaceéns, survive handling much beiter. Data
summarized by EPRI (2003) suggest that shrimp and crabs survive at rates of

approximately 50% or better.

The river's main channel harbors much lower densities of fish than the river's edges and
backwaters. Data suggest that population densities in the main channel are less than 10%
of what is observed in the backwaters. This trend appears to be a consensus view among
fisheries biologists. The relatively low densities are driven by the high velocities and
reduced preferred habitat, as well as significant suspended sediment load. This suggests
that placement of the CWIS in the main channel is likely to significantly reduce the rates of
impingement relative to placement along the shore or in a backwater.
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Annual variation in the rates of impingement may be significant. A significant change in
impingement rate may be associated with the return of juvenile fish to the main channel

following inundation of the flood plain. The annual cycie of the fish populations’ age
structure also may contribute in that juveniles are more susceptibie to impingement. While
this change was observed in one data set, it is notably absent from two others.

The typical impinged fish is relatively small. The average fish impinged is on the order of
20 grams in mass (not including carp which average about 1500 g). This highlights the

importance of juveniles in the impinged population, a group subject to high rates of natural
mortality.

State or federally listed species are not likely to be substantially impacted. Young
paddlefish, a species of concern to several state agencies, were impinged in small
numbers. Three pallid sturgeon were impinged at two stations. The effects, while small,
may present an opportunity for restoration fo improve their stocks in the river. impacts to
other species are not anticipated either in the riverine or estuarine plants.
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Table B~1
Results of Ambient Fisheries Assessment at Grand Gulf and Waterford 3 Plants

Study Tile Location  River Mils  Period of Sampll ing Fraquency Sampiing  Sampling Six Most Common Epacies

Sia Pl T G A00-470 Jne 1002 Augist Moy mm- Total 66.7% - GiZard $had (37 4%
Megsaremenis Program . Uniis 1 8 2 1873 Btatons 1, trashwaler drume {10.3%), biue catfish|
3,88684& {8.3%). finthead calfish (4.99%), siver

16 cher (4.8%) smaimouth

sufalo {4.0%)
ranial Fiaid Grand Quif A00 - 408 Jurw 1872 - August  Monthly Toar GRoFS - otsl §1.8% - Threadfin zhad

Masasurements Progran Unts 1 &2 1973 Stations 1 & (30.8%) emoral shiner (25.8%), river
- ahirer {14.1%), siivery minnow

{11.8%), shiner spp. (8.9%), cypress

Environmental Fiekd Grarc Gl 430 - 408 August 1573 Onoe Naar Shors - Totai 87.3% - Threadhn shad
Mossuremenis Program Lnis 1 &2 ’ No current - {36,2%), gizzard shad (31.5%),
Smton { siivety minnow {23.6%), red shiner

(2.6%, cyprass minnow (2.9%),

= rdal Fioki Grand Guif 400 - 408 August 1973 Ones Naar Shore » Total 78.0% - Cha catlhish
Messurminents Program Unks 182 Moderate {22.8%}, siiver chub (20.8%),
current - @ {15.0%), ¥ drum
Staton 1 {8.8%), shiner spp. (B.2%), sivery
- - nin, B A%
Ervironmental Field Grand Guit 400 - 40B  August & September 5 trawi stforis conduciad in 15 minute Mississippl  Average Numbsr Total 84.7% - Dluecetfish {29.2%),
saasurpments Frogram Unts 1 &2 1873 August, 3 trawd aiorts in tow Rivar of fish caoght per  Fiver strimp (13.9%), sh
Septamber {travding) Chennel- bt 57.07 sturgacn {13.9%], Siiver chulb
Stations 3 & {12.5%), gizzard shad (5.5%),
] spacided chub (5.6%), grass shrimp
{5.8%), channel catfieh (5.6%)

[Ervironments) Flaid Grand Gulf A0 - 410 Seplember 1972 - Domnant fish gpeciosin 3 Backwstar Terai 68.3% ~ ghersrd ohad (30.2%),
Measurernanis Program Unatts 1 & 2 Augrust 1873 eracrohabiiats Station 1 blus catfish (10.0%), river carpsucker
£7.8%], wshester drum (5.8%),
Shoveinose sturgeon (6.0%), White
5.8%
TEnvironmental Bk Grand Gt 400 - 410 Septernbsr 1972 + Doeninant fish species in 3 Fiver Bank: Tote: 86.2% - gizeard shad (B2.3%).
Measuraments Program Unis 1 & 2 August 1978 emateohabitate Semtiene 3.5, freghwater drum {18.5%), siver chub
88 {5.6%), hathead catfish {§.2%:}, biue
. cattigh (4.8%), river Carpsuckar
2.8%)
Erviconmental Freid Grand Guit 400 - 410 Sepwmber 1572 - Darninant ish species in 3 Tributary: Total 68.3% - gizzard shag {16455,
Measursments Program Unite 1 & 2 August 1873 macrohabitaly Soatior 10 shortnoge gar [13.3%), blue catfish
{12.4%}, froshwater drarn (11.09%:),
smafimouth bulfalo (8.9%), Bowfin
Wiy
[Environmantal Fiaid Brand Gut Avgust 1973 Elgctrofishing 1.8 howrs of Hamiten & Average rueaber  Totad $4.2% - bluegil! {35 8%),
rAsasurernenty Program Unds 1 4 2 affort  GircLakes  of fish collected  gweadtin shad 27.2%), gleaard shad
perhour 2788 (21.9%), sunfish sp. {3.89%), black
£3.1%:), farn bass
%.p 3.1%3
Ervdronmental Flokd Grand Guif 408 - 408 July 1973 ichthyoplankton - Three 1S minute Migsissigni  Donsity of fishy Totel §2.4% - Shad (42.0%),
Moasursments Program - Units 1 & 2 b £ Hasted tow River 085418 por 3 rsireiows (30.1%), drum {17.1%),
Larval sk from surtace using 0.508 Chanried ~ crapple (8%, sunfish. (0.4%),
wur mesh planidorn nat, Dhumal - sucker {H2%)
iwite per month Stations 3 &
&
IEvEioaton of e WaleHora T amHore s TmE ApmEm. TSSOty USIng & L otal $0.1% Shad (35 O%],
tGoengraling Sufion « Beploatber 1976 combination of goar ypss: Wateriornd 3 Blae catfish £18.1%]), threadtin shad
Survaiiiance Program SUrinoe trawis, otor rawis, {14.5%], striped muliet (104%),
gitf netz and froxhwatst drum (8.9%), skipjack
. slectionshookers - DEING (226 e
Louisiung Pwer and Light 316(b) Waterford 3 1285  Aprit 1873 - Thrae ysars using gfil nels 48 hour  AM 126 - Avarage Totei 50.1% - Gizzard shud (38.0%),
Demonsiration September 1876 and slestroshocking gilinetiing & 182 of ish ceught per  bius catish (18.1%), theeadfn shadg
2% hour, .22 (14.5%}, stripad midiet {10.4%},
slactroshick frashwater drum (6.899%), skigjack
Toulstne Pwer and Light 316(h) Waterord 3 1285 Ap 1973 - Theoe yoars Usng Gil nats 3B hour | FOA 126 - Avarags 14
Dumonstration Seplernhar 1976 ang cking gilinayting & 132 - of Agh caught por
a2 chnliow s 077
elsctrushick stations
- . - . .. S— \
Louisana Pwer and Light 3168{(b) Waterford 3 1255  Apri 1973 - Three years using giff nats 48 hour  FM 126 - Avarape Number
Demonstration Septermber 1976 and slsctroshocking glinsttng & 132 - deep  of tish caught par
20 stations rnar: 1.04
enchoshick
1 S
Loutsana Pwer and Light 316{b} Yvatsrtoni 3 1288  Aprit 1973 - Three years using gl nels 48 howr HM 125 - Sinimum and Bizzard shad {25 - 34713, biue catfish
Demonstration September 1976 and slaciraoshocking glinetting & 132 Meodmaun Lengtit {17 - 8558), Sweadtin shad (17 - 1901,
2t of Figh fmm} striped mulls! (88 - 387], frastwater
wlectroshick drurn (13 - 2083, siipiack herring {20 4
ing 325
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Table B-2
Length, Weight, Survival, and Swimming Speed Characteristics for Species Commonly
Impinged at Entergy’s Power Plants

Lengihfmmy | Walghtig

ICommon Nems Seisntific Name CAverage| Median | Avernge
i lrarntar Soo i
T2Z9 . U.504] % d HA
,Z::-I 7E & NA
2] [+X -4 a 0 &
4 3 A )
. 1.4 NA g6 n
1% 014} NA NA
. NA NA
71.8 82. X 887 X 5 ¢ 882 g
483 448 4 X 071 N& 101 - 130 i
MA; RAI NA} 5 A8 ¥ NA 168 - 258 .o
MA NA N MA] HAJ Af NA NA NA
A MNA NA/ RA MA] A MA . 1A NA
1184 1120 AZ.B} .1 NA] NA] NA, KA HA NA
NA NA P4 {.738] 8 Cﬂ?&!l 0.081 NA NA
S&&! 83.8; 22.4 12.1 HA 3 b NA
|
Panseus Seriens N NA TA HA 806 7Y NA
Penseus a2acus NA NA HA; NA KA NA
Anchoa mechis NA A N& K 213 i NA
Brovoorss pateonus A NA NA N NA NA
Cafivactos A A A NA NA NA
Hardhead ses cadieh _Adus folls A A NA] NA A A
Sand weaklish Cyrioscion Brenaries WA NA NA; A NA NA
Sopoted seatrout ynoscion o8 NAJ DA NA NA] 2 NA
oy, Weakfishes OSCINT 5. NA] NA] A MA NA Na
4 et i : KA A A NA; 83 ¢ ; 50-13% g
KA n NAj NA HA NA
Al A NAS NA; NA NA
NA] 18, f NA; NA NA
A A A] A] NA MA
HA A Al Na FA HA

otes: .
NA - Datg not avallabie

+ Avarage and median fengh of implnged crganiams lrom Waterlord 1 & 2 arxd Wiliow Glon 4
2 Avorage and median weighi of impinged crganisms from Watedord | 8 2, Wikow Glen 1 & 2, and Willow Gien 4
3 Initial Survivel, EPRI 2003,

& Extended Survival (24 - 120 hows after impingement) EPRI 2033

a andg opt inring speeds. Barees, J. 1977,

b Mears sustsined spesd. Vern Bascham ot al, 2008,

© Madian and optimum swinuning speeds for fish 2584 S om. Fullison, B.A. 1877,

o Mean enising spasd fof 164 grum. Wakeman and Waohisshieg, 1882

o Maan speod for reshwates shrimp, Mediand, et al, 2000

f #40an susiainod speed. Venn Beacham of al. 2003,

g Crltical spead. Sylvester 1962,

& Optimum spesd. Wolter and Atiinghaus, 2003

t Crudsiny speed for Noitharn anchovy, Hunlioy and Zhou, 2004,

Cdtion speed. Waltar and Aringhans, 2003,

k Critigal spsed for while sucker, Woiter and Arlinghess. 2008

i Maan cruising speed. Hurtiay and Zhou, 2004,
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Table B-3
Potential for Threatened and Endangered Species to inhabit the Waters in
Vicinity of Entergy's Power Plants Located on the Lower Mississippi River

1218 1313 |2 |3 |2 |= |=
| il s 315 |y 512 |3 |3
S SR | 188 |8 |8 |2 : |% |3
CommonName | Taxoromic Name | AR § :
- ‘ g g z2 |3 3 = i
Dace, southern Phoxinus ' MS (E) Not Listed Yes | Yes
redbelly erythrogaster '
Darter, crystal Ammocrypta aspella MS (E) Not Listed Yes | Yes
| _Pigtoe, pyramid Pleurobema perovalis MS (E) Not Listed Yes | Yes
Pocketbook, fat Potamilus capax MS (E) E Yes | Yes | Yes :
Sturgeon, gulf Acipenser oxyinchus LA(T) Yes Yes
desotoj MS (E) T f
Sturgeon, pallid Scaphirtynchus albus . LA(E) E Yes | Yes |Yes |[Yes [Yes |Yes | Yes | Yes
MS (E)
Paddlefish Polyodon spathula Not Listed Not Listed Yes | Yes |Yes |Yes |Yes |Yes |vYes |vYes
83 (MS, LA

Threatened (1), Endangered (E), Arkansas (AR), Louisiana (LA), Mississippi (MS), S3 — rare and local throughout the state (National Heritage Ranking System)
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Table B-§

Historically Observed impingement as a Means of Representing Current Rates

Gerald Andrus Baxter Wilson
Baxter Wiison, Ritchie Baxter Wilson
Witlow Glen Willow Glen

Waterford 182, Waterford 3,
Little Gypsy, Ninemile

Waterford 1 &2

Paterson

Paterson

Michoud

Michoud
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Appondix C:
Summary of US EPA-Estimated Compliance Costs based on the Model Plant Approach for the Section 316(b) Phase  Final Rule
Source: Appendices A and B of the Final Rule

AUTUS T 12967712

$ECI 116 00 } $4. 332 R8300 32023 248 00 $2.575 512 00

*the design Mow siope () o siape that
* Discoundt rate = P,
Amorization patiod ke capdal vosts < 10 years,

¥ Armortization petiod of downbime and plot study Sosts = 3 vewrs,

" EPA Techeoiogy Gotes:

1. Adktiion of Sk arlling sond natuery systesn

- Adidition of fiom mmsl soreens: o mn sditing travedieg soms systim,

A, Ackithin of o tew, larger intake with Spc-mosh soroons and fisk kaagiing pne return sestem in froat of axisting wonen

. Agdttion of passive fins-mesh screen system {oylindrical wedgewirs] near shoraline with awen widts of 1 78 mm
%, Addition of ish nel barier system.

. Adddition of an agustic e bamier systen,

7. Rudocation of saleting It S 2 subrmarid offshone looaion with passive fing-mosh saeer injet with mesh wiath of 175 mm
B Acgtian of 8 velocky cap Bisl o 80 axdsting offshoere ke

13, Addiion ot passive Hre-mash sirosn i an existing offghore infake with msah wirdth of 1. 78 nun

0. Not v

11 Acediflion of & dustentry, single-extt ravaling screnn twith e mash) 1 & shoneling intake system,.

12, Addition of passive fine-mesh sorearn system (o i} near with mash wiith of 8. 7% mm

14, Addition of 5 passive fios mesh soree o an existirng offbors intake with 2 mesh width of 0,76 mm.

B4, Rlocaton of w sristing ndake b sutiosnget olfahons ooaion with passive fine-resh strawe ool with nmsh of 076 san

5 oyt gk Pl using thes schnology s oalume 3,
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03/15/2004 12:13 FAX 3372813138 US Fish&Wildlife Service id602/003

United States Department of the Interior

FISH AND WILDLIFE SERVICE
646 Cajundome Bivd.
Suite 400
Lafayetts, Louisizne 78506

March 15, 2004

Mr. David Rupe

FTN Associates, Ltd.

3 Innwood Circle, Suite 220
Little Rock, Arkansas 72211

Dear Mr. Rupe:;

Please reference your February 20, 2004, letter requesting our review of an industrial faciiity near
‘ the Bonnet Carre Spillway in 8t. Charles and St. John Parishes, Louisiana. The U.S, Fishand

Wildlife Service (Service) has reviewed the information you provided, and offers the following
' comments in aceordance with the Endangered Species Act of 1973 (87 Stat. 884, as amended; 16

US.C. 1531 et seq.).

The pallid sturgeon (Scaphiriynchus albus) is an endangered figh found in both the Mississippi
and Atchafulaya Rivers (with known concentrations in the vicinity of the Old River Control
Structure Complex); it is possibly found in the Red River as well. The pallid sturgeon is adapted
to large, free-flowing, turbid rivers with a diverse assemblage of physical habitats that arein a
constant state of change. Detailed habitat requirements of this fish are not known, but it is
believed to spawn in Louisiana. Habitat loss through river channclization and dams have
adversely affected this species throughout its range.

Federally listed as endangered, West Indian manatees (Trichechus manatus) occagionally enter
Iakes Pontchartrain and Maurepas, and associated coastal waters and streams during the summer
months (i.e., June through September). Manatees have been reported in the Amite, Blind,
Tchefuncte, and Tickfaw Rivers, and in canals within the adjacent coastal marshes of Lotuisiana,
Although rare and infrequent, sightings have occurred on the Mississippi River, and one sighting
is referenced of 2 manatee observed for several consecutive days within the three mile project
Loundary in 1975. They have also been occasionally observed clsewhere along the Louisiana
Gulf cosst. The manatee has declined in numbers due to collisions with boats and barges,
sntrapment in flood control structures, poaching, habitat loss, and pollution. Cold weather and
cuibreaks of red tide may also adversely affect these animals. Should you observe manatees in
the project area during proposed work activities, please notify this office.



03/15/2004 12:13 FAX 3372013139 US Fish&Wildlife Service 4603/003
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We appreciate the opportunity to provide comments in the planning stages of this proposed
project. If you need finther assistance, please contact Angela Culpepper (337/291-3137) of this
office.

Sincerely,

Bt 201

Ronald Paille
Acting Supervisor
Louisiana Field Office

cc:  LDWF, Natural Heritage Program, Baton Rouge, LA






