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PRODUCT DESCRIPTION

This report reviews fish protection technologies at, but not limited to, cooling water intake
structures (CWISs). The document is a status report and synthesis of technology-specific
information released by EPRI in 2004 and includes case studies that have been published or
released since the 2004 report. In this update, EPRI details all available information on fish
protection technologies. Information that is most applicable to CWISs is emphasized, but studies
at hydroelectric, irrigation, and other water intakes also are presented.

Results & Findings

The report presents site descriptions, study equipment and methods, and effectiveness results for
each of more than 28 fish protection technologies reviewed. The discussion of each technology is
presented in the following order: full-scale applications at CWISs; other full-scale applications
(for example, hydroelectric and irrigation); and pilot and laboratory studies. The status of each
technology is presented along with comments on important factors that influence the potential
for effective application at a given site. The report also includes a section that allows users to
find references to fish protection technologies based on species.

Challenges & Objective(s)

The project’s main objectives were to gather all available information on permanent installations
of fish protection technologies and related research efforts; assess the current status of each
technology; and provide summaries of study methods and results for guidance in future
technology evaluations.

Applications, Values & Use

Knowledge of fish protection technologies that have potential application at CWISs can help
power generating companies reduce impingement and entrainment losses. Site-specific design
and operational considerations will determine the best location for installing a given technology.
Information in this report can be used as input to evaluate alternatives and make such
determinations.

EPRI Perspective

The case studies in this report demonstrate that the potential biological effectiveness and
engineering practicability of a given technology will be site-specific. The studies also
demonstrate that a technology’s effectiveness will be strongly influenced by species and life
stages to be protected, plant design and operating characteristics, and environmental factors of a
geographic location and waterbody type.



Approach

In updating its 2004 report, EPRI conducted a comprehensive literature search and surveyed
industry and resource agency professionals for information on technology evaluations. EPRI
reviewed the information for relevance and summarized appropriate publications and personal
communications describing the evaluations and effectiveness results. The focus of these efforts
was to disseminate information on the evaluation and application of existing and emerging fish
protection technologies installed at CWISs. For those technologies that have not been fully
developed, EPRI identified additional information to better define their potential effectiveness.
Additionally, many studies have occurred at other types of water intakes or have evaluated
technologies in controlled experiments or field trials. Such research also is included in this
report.

Keywords

Clean water act §316(b)
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Best technology available (BTA)
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calculated by multiplying immediate survival by 48-hr SUVIVAL .........o.oooveoeooooooo 17-8

Table 17-4 Survival rates for blueback herring eggs tested with clear and turbid water. Collection
locations are downstream net (DSN) and impingement collection screen (ICS) with no filter
flow (NF). Trial types are impingement (1), control (C), and handling control (HC).
Downstream net controls were released between the candies and the net: impingement
collection screen controls were released between the candies and the screen with the filter
flow off. Total Survival is calculated by multiplying immediate survival by 48-hr survival.
Survival data was not recorded for downstream net controls (i.e., only collection efficiency
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Table 17-5 Survival rates for alewife and biueback herring larvae tested with clear and turbid
water. Collection locations are downstream net (DSN) and impingement collection screen
(ICS) with no filter flow (NF). Trial types are impingement (1), control (C), and handling
control (HC). Downstream net controls were released between the candles and the net;
impingement collection screen controls were released between the candles and the screen
with the filter flow off. Total Survival is calculated by multiplying immediate survival by 48-hr
survival. A handling control trial was not conducted for alewife 1arvae. .............cooooovooo 17-11

Table 18-1 Evaluations of Fish Protection Technologies Sorted by Species. Technology Codes
are: AB — Air bubble curtain, AFB — Aquatic filter barrier, AS — Angled screen, BN - Barrier
net, DS — Drum screen, F ~ Filtrex, FP — Fish pump, HBB - Hybrid behavioral barrier, HVI —
High velocity inclined screen, IN — Infrasound, IS — Impact Sound, L — Louver, ML — Mercury
light, MTS — Modified traveling screen, OL — Other light, PD — Porous dike/L.eaky dam, S —
Acoustic system, SL — Strobe light, SS — Stationary SCreeN. .......covovveooveoeoeoeeoooooo 18-2
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INTRODUCTION

This report provides a comprehensive review of fish protection technologies for possible
application at cooling water intake structures, as well as other types of water intakes. The
information presented can be used as input to the evaluation of alternatives for use at a given site.
The case studies provided in this report demonstrate that the potential biological effectiveness
and engineering practicability of a given technology will be site-specific and will be strongly
influenced by the species and life stages to be protected, the design and operating characteristics
of the plant, and the environmental and location factors associated with geographic location and
waterbody type. In the following discussion, the status of each technology is presented along
with comments on important factors that influence the potential for effective application at a
given site. For those technologies that have not been fully developed, EPRI identifies the
additional information that is needed to better define potential effectiveness.

It should be pointed out that the fact that a technology has not been evaluated to date for
potential application at CWISs does not imply that it may not be effective. Conversely, the fact
that a technology has been evaluated extensively does not necessarily serve as proof that the
technology is effective. In no case has a technology been identified that is widely applicable for
many species between, or even within, geographic ranges. Finally, while research related to fish
protection technologies for hydroelectric and irrigation projects has been conducted in large part
independently from that for steam electric applications, the combined data and knowledge gained
from all research should be used in evaluating the potential for use of a given technology at a
selected site.

Section 316(b) of the Clean Water Act

Section 316(b) of the Clean Water Act (CWA) requires that the location, design, construction,
and capacity of a cooling water intake structure (CWIS) reflect the “best technology available”
(BTA) for minimizing adverse environmental impacts (AEI). In 2004, rulemaking by the
Environmental Protection Agency (EPA) established new guidelines for the implementation of
Section 316(b) (the Rule), which required all CWIS to meet national performance standards
relative to impingement mortality and in some cases entrainment (IM&E). The Rule provided
benchmark performance standards for the reduction of impingement mortality (IM) at all
facilities and reduction in entrainment (E) in some water body types (estuaries, oceans, and Great
Lakes) or under certain flow conditions (greater than 5% of the mean annual flow in a freshwater
rver).

The Rule provided several options for compliance: 1) reduce IM&E by use of technologies or

operational changes to the CWIS; 2) use environmental restoration to compensate for the losses
incurred through IM&E:; or 3) develop a more cost-effective, site-specific performance standard
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in cases where the costs for implementing a technological change are significantly greater than
the environmental benefit or the cost EPA assumed for a facility when developing the Rule.

The Rule was immediately challenged in court. In January 2007, the U.S. 2™ Circuit Court
(Court) remanded several parts of the Rule back to the EPA for further clarification. Inits
ruling, the Court rejected restoration as a compliance option and made clear that §316(b) is a
technology based statute and, while restoration may be environmentally beneficial, it does not
constitute “best fechnology available” (emphasis added) at the CWIS. Other portions of the Rule
were also remanded, but not discussed.

In March, 2007 in response to the Circuit Court decision, EPA issued a memorandum to EPA
Regions announcing it was suspending the Rule and that Best Professional Judgment (BPJ)
would be used to address §316(b) in individual NPDES permits. This was followed by a notice
in the Federal Register on July 9, 2007 that formalized EPA’s Phase II Rule Decision to States
and other stakeholders.

EPA has indicated that it plans to initiate work on making revisions to the Rule to address the
issues raised by the Court. In doing so, it is anticipated that EPA will be limited to basing the
Rule on use of fish protection technologies and operational measures to reduce impingement and
entrainment.

Purpose of Technology Review

A thorough understanding of fish protection technologies that have potential for application at
CWISs is needed to adequately understand the potential technological options available to power
generating companies to reduce impingement and entrainment losses at power plant intakes.
EPRI has prepared this report as a means to disseminate information on the evaluation and
application of existing and emerging fish protection technologies. The main objectives of this
project were to: (1) gather all available information on permanent installations of fish protection
technologies and related research efforts; (2) assess the current status of each technology; and (3)
provide summaries of study methods and results for guidance in future technology evaluations.
The focus of these efforts was on the identification and evaluation of fish protection facilities
installed at CWISs. However, many studies have been conducted at other types of water intakes
or have evaluated technologies in controlled experiments or field trials. Therefore, a
considerable amount of the information presented in this report describes such research.

Approach and Report Organization

EPRI conducted a comprehensive literature search and a survey of industry and resource agency
professionals to gather available information on technology evaluations and to obtain updated
information on older evaluations. EPRI reviewed the information obtained for relevance to the
report’s objectives. EPRI summarized relevant publications (e.g., journal articles, industry and
agency reports, conference papers) and personal communications describing the evaluations and
effectiveness results. EPRI presents site descriptions, study equipment and methods, and
effectiveness results for each study reviewed. Within the discussions of each technology, EPRI
presents past experience in the following order: (1) full-scale applications at CWISs, (2) other
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full-scale applications (e.g., hydroelectric, irrigation), and (3) pilot and laboratory studies. Based
on study results, EPRI provides a summary of the technology status. Members should note that
the information EPRI provides in this report, while extensive, might not represent all of the
available information on a given technology. Some studies may not have been found during the
literature search and industry survey. Further, EPRI limits the results of each study, and the
conclusions drawn from them, to the objectives of that study. Therefore, relevant questions that
might be raised concerning a given technology or its effectiveness may not have been addressed
in some studies.

Fish protection technologies can be grouped into four categories based on their mode of action
(i.e., means by which they provide fish protection). These groups include physical barriers,
collection systems, diversion systems, and behavioral guidance devices. The technologies that
are included in each of these groups and their mode of action is listed in Table 1-1. In some
cases, slight modifications to an existing technology can alter its mode of action. For example, a
traveling water screen mounted perpendicular to the approach flow can-act as a physical barrier
or collection system, if equipped with fish lifting buckets and fish return line. If the screens are
mounted at an angled to the approach flow (to guide fish to a bypass), then the screens act as a
diversion system. Because a technology can have more than one mode of action, the discussions
of technologies within this report have not been grouped by mode of action.

1-3




Introduction

Table 1-1

Category Groupings for Fish Protection Technologies Based on Mode of Action

Technology Category

Mode of Action

System/Technology

Physical Barriers

Physically biock fish passage
(usually in combination with low
water velocity)

Traveling screens

Stationary screens

Drum screens

Cylindrical wedge wire screens
Barrier nets

Aquatic filter barrier

Porous dikes

Radial wells

Artificial filter beds

Rotary disk screens

Collection Systems

Actively or passively collect fish
for transport through a retumn
system

Modified traveling screens
Fish pumps

Diversion Systems

Divert fish to a return system or
safe area

Angled screens

Modular Inclined Screen
Eicher Screen

Angied rotary drum screens
Louvers

Inclined plane screens
Vertical/horizontal traveling
screens

Behavioral Guidance
Technologies

Alter or take advantage of
natural behavior patterns to
repel or attract fish

Strobe light

Mercury light

Other light sources

Acoustic systems

Infrasound

Air bubble curtains

Hybrid systems

Other behavioral technologies

Although several reviews of fish protection technologies have been conducted in recent years,
they have not focused specifically on applications at CWISs. EPRI has published four previous
reviews of protection technologies (EPRI 1986a, 1994a, 1999, and 2004). EPRI (1986a)
presented a comprehensive review and comparative assessment of existing technologies. The
three more recent EPRI reports are updates of information on installations and research efforts
that occurred since EPRI completed the 1986 review. Each of these reports focused on the use of
fish protection technologies at hydropower projects, although information on CWIS application
and research was also presented. The most recent EPRI technology report (EPRI 2004), was
presented to the EPRI membership as an e-media document. This document is a status report
and synthesis of the technology-specific information contained in the EPRI 2004, updated to
include case-studies that have been published or released since the EPRI 2004 report was issued.
Chapters in the 2004 document created to assist power companies in assembling and fileing
§316(b) application materials in compliance with the now suspended § 316(b) Rule (such as the
Proposal for Information Collection, Comprehensive Demonstration Study, Design and
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Construction Technology Plan, and Technology Installation and Operation Plan) have been
omitted here.

Other documents that have been recently completed include examinations of behavioral
technologies (Popper 1995; Popper and Carlson 1998; Coutant 2001), a brief and general
overview of systems used at Northeast hydroelectric projects (Odeh and Orvis 1997), and an
extensive assessment of technologies and issues associated with hydropower (OTA 1995).

In this report, EPRI presents all available information on fish protection technologies in detail,
including the information in the previous reviews cited above. Emphasis is placed on
information that is most applicable to CWISs, but studies at hydroelectric, irrigation, and other
water intakes is presented as well. Regarding CWIS applications, members should note that the
information presented does not presume that a technology is actually a part of, or a backfit to, the
CWIS. At many sites, protection technologies might be installed at a location remote from the
CWIS. For example, a barrier net or behavioral device placed at the entrance to a canal leading
to a CWIS can be an effective fish protection technology without being an intake structure
technology per se. Site-specific design and operational considerations will determine the best
location for the installation of a given technology (EPRI 1999; Taft 2000). This report provides
the input necessary to make such determinations.

In this report, EPRI has included a report section that allows users to find references to fish
protection technologies based on the species evaluated. This table will aid users in finding the
relevant information for species of concern at a given facility.

Future Direction

In the future, EPRI intends to return to the e-media document format used in the EPRI 2004
document.

In addition, EPRI intends to include a chapter on velocity caps. Velocity caps are a common
feature at many submerged, offshore intakes. In the past, velocity caps were not considered fish
protection technologies despite evidence that velocity caps affect fish behavior. Evidence
suggests that a cap on a submerged intake provides horizontal velocity cues to approaching fish.
In some instances, reported reductions in entrainment and impingement associated with velocity
caps have been the result of the location of the intake in deeper, less productive zones. However,
other studies, specifically on the Pacific coast have demonstrated substantial reductions in
densities of entrained fish between two side-by-side intakes (one capped and one uncapped) or
before and after installation of a cap.

Finally, future documents will address the ability of individual technologies to meet, as yet
unwritten, 316(b) rule requirements.
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TRAVELING WATER SCREENS

Introduction

This chapter discusses traditional traveling water screens, as well as screens that have been
modified to increase fish survival. Conventional traveling water screens have been modified to
improve survival of impinged fish during the duration of their impingement on the screens and
during spraywash removal from the screens. The first modifications to traveling screens to
protect fish were made at Virginia Electric Power’s Surry Station in 1976. The Ristroph screens,
named for the engineer that designed them, had a screen basket equipped with a water-filled
lifting bucket to hold collected organisms as they were carried upward with the rotation of the
screen (White and Brehmer 1977). Modified screens typically operate continuously to minimize
impingement time. As each bucket passes over the top of the screen, fish are rinsed into a
collection trough by a low-pressure spraywash system. Once collected, the fish are transported
back to a safe release location in the source water body. Modified traveling screens have been
shown to improve fish survival and have been installed and evaluated at a number of power
plants.

Advances in state-of-the-art Ristroph screen design was developed through extensive laboratory
and field experimentation. A series of studies conducted by Fletcher (1990) indicated that
undesirable hydraulic conditions within the fish lifting buckets resulted in substantial injury to
fish due to repeated buffeting. To eliminate these conditions, a number of alternative bucket
configurations were developed to create a sheltered area in which fish could safely reside during
screen rotation. After several attempts, a bucket configuration was developed that achieved the
desired conditions (ENVIREX 1996). In 1995, Public Service Electric and Gas (PSE&QG)
performed a biological evaluation of the improved screening system installed at the Salem
Generating Station in the Delaware River (Heimbuch 1999, Ronafalvy et al. 2000). The reported
survival rates for this installation are among the highest for any traveling screen system
(Heimbuch 1999).

In addition to the fish handling provisions noted above, traveling water screens have been further
modified to incorporate screen mesh with openings as small as 0.5 mm to collect fish eggs and
larvae and return them to the source water body. A number of fine-mesh screen installations
have been evaluated for biological effectiveness. Results of these studies indicate that survival is
highly species- and lifestage-specific. Species such as bay anchovy (Anchoa mitchilli) and Alosa
spp. have shown low survival while other species, such as striped bass (Morone saxatilis), white
perch (Morone americana), yellow perch (Perca flavescens), and invertebrates (crabs and
shrimp), show moderate to high survival.
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Traveling Water Screens

In addition to these field applications, survival data on a variety of species and life stages
following impingement on fine-mesh screens is available from extensive laboratory studies. In
these studies, larval life stages of striped bass, winter flounder (Pseudopleuronectes americanus),
alewife (Alosa pseudoharengus), yellow perch, walleye (Sander vitreus), channel catfish
(Ictalurus punctatus), and bluegill (Lepomis macrochirus)were impinged on a 0.5 mm screen
mesh at velocities ranging from 15.2 to 91.4 cm/s and for durations of 2, 4, 8 or 16 minutes. As
in the field evaluations, survival was variable between species, larval stages, impingement
duration, and velocity (ESEERCO 1981a).

Unmodified Traveling Screens

Traveling screens of various types (e.g., through-flow, dual-flow, and center-flow) are standard
features at a CWIS. Typically they are fitted with coarse-mesh (9.5 mm) wire mesh. However,
without the addition of various fish handling designs (e.g., fish lifting buckets) and operating
features (e.g., continuous screen operation), traveling screens generally result in high mortality to
all but the hardiest species that become impinged on them. They have no capacity for protecting
entrainable-sized organisms. If these screens are placed relatively flush with the face of the
CWIS (Figure 2-1) and appropriate hydraulic conditions can be achieved, traveling screens have
the capability of offering protection to juvenile and adult fish that have the swimming ability to
avoid impingement. Because of these limitations, unmodified traveling screens are unlikely to
meet fish protection requirements at most CWIS.

In the current review, no information was found on recent advances or installations of traveling
screens for use as a fish barrier. From a biological viewpoint, there is little difference between
traveling and stationary screens except where heavy debris clogging makes the traveling screen a
better option for maintaining optimal hydraulic conditions.

e BAY T TRASHRACKS
TRAVELING SCREEN
: FISH PASSAGE (tvp)
rs ‘; SR SIS i £ oy
;B OB OB I

BEEEEEE E:

Figure 2-1
Flush Mounted Traveling Screen (Modified from Mussalii et al. 1978)
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Traveling Water Screens

Modified Traveling Screens

Traveling screens are in common use at most steam electric stations. Modifications for fish
protection have been incorporated into the design of through-flow, dual-flow, center-flow and
no-well screens. In addition, fine-mesh has been incorporated at some sites (and studied for
others) as a means to protect fish eggs, larvae, and macroinvertebrates.

The most common type of traveling screen in use in the U.S. is the through-flow design (Figure
2-2). This screen uses the ascending screen face to collect debris. Debris is removed via a high-
pressure spraywash system from either the front (ascending) or back (descending) side of the
screen. Such screens have been modified to incorporate new design features that improve the
survival potential of impinged organisms. Screens modified in this manner are commonly called
"Ristroph Screens” (Figure 2-3 and Figure 2-4).
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Schematic of a Conventional Traveling Water Screen (EPRI 1986)
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Traveling Water Screens

Figure 2-3
Section of a Traveling Water Screen Modified for Fish Protection (Ronafalvy et al. 1999)

Figure 2-4
Section of an Old Fish Basket Design (Left) and a New Fish Basket Design (Right) Hiustrating
the Flow Field Created by Each (Ronafalvy et al. 1999)




Traveling Water Screens

Each screen basket is equipped with a water-filled lifting bucket that safely contains collected
fish as they are carried upward with the rotation of the screen. The screens operate continuously
to minimize impingement duration. When each bucket passes over the top of the screen, fish are
gently rinsed into a collection trough by a low-pressure spraywash system. Once collected, the
fish are transported back to a safe release location.

There are other modified screen types that are being tested for use in protecting aquatic
organisms. One such screen is the Geiger Multi-Disc™ Screening System. Geiger screens
consist of a single-pass, front-wash, vertical screen with fish handling capabilities. This design
results in “zero carryover” of fish/debris to the condenser. Mesh size and material (e.g. woven
mesh or perforated plate) and screen rotation speed can be designed for site-specific needs. This
technology has been successfully applied at one power plant in the US and is currently being
tested with the addition of fish protection buckets at one other U.S. facilities.

A second screen system being tested in the U.S. is the Hydrolox™ screen. Hydrolox has
developed a polymer-based traveling screen with fish handling capabilities. This screen operates
similar to conventional traveling screens with a few significant differences. The screen material
and the sprockets are made of a lightweight polymer, which results in lighter weight screen
compared to standard traveling water screens. The top sprocket of the screen is offset from the
bottom sprocket allowing gravity to assist in debris removal, which results in improved debris
removal. Hydrolox screens use a single debris/fish return, which reduces the installation and
operating costs associated with plumbing and operating a second set of spray headers and
running a second return line. Recent laboratory testing of Hydrolox screens has shown that
impingement survival rates for several freshwater species are comparable to those observed in
laboratory tests using more traditional modified traveling screens. The impingement survival
rates of the Hydrolox screen were high enough to meet the IM performance standard for the
species tested. To date, Hydrolox screens have been installed at one power plant on the lower
Mississippi River (without fish handling modifications). A second Hydrolox screen has been
installed at an Atlantic coast facility and its biological efficacy is currently being evaluated (fall
and winter 2007/08).

The EPA Rule identified modified traveling water screens (either fine- or coarse-mesh) as a
technology that could meet the impingement mortality reduction standard, the entrainment
reduction standard, or both. Survival is highly species and lifestage dependent. Therefore, to
determine the potential biological effectiveness at a given site, the available data presented in
this report should be reviewed relative to the representative important species to be protected.
With fine-mesh collection screens, the survival of each species/life stage to be protected must be
weighed against the survival that would result if that organism were allowed to pass through
coarse-mesh screens and the circulating water system. For some species/life stages,
impingement on fine-mesh screens can result in higher mortality than if the organism were
allowed to be entrained through the circulating water system. Therefore, for these species/life
stages, impacts may actually increase if fine-mesh screens are used to replace, or used instead of,
coarse-mesh screens. Information on coarse- and fine-mesh modified traveling screens
installations and studies is presented in Table 2-1.
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Traveling Warer Screens

Efforts to optimize the biological effectiveness of modified screens are continuing and should
lead to improved survival for even fragile species. Our understanding of fish/screen interactions.
important hydraulic conditions, and the contributions of the various screen system components to
injury and mortality have improved over the past 15 years and should continue to be
investigated.

Case Studies — CWIS Application |

Dunkirk Steam Station

As part of efforts to improve fish survival at the Dunkirk Steam Station on Lake Erie in New
York, dual-flow screens were installed at both units and were evaluated in 1987 (Beak 1988) and
in 1990/1991 (Lindsay 1991). The screens incorporate 3.2 mm (0.125 in.) square mesh. In these
studies, the screen was operated continuously at 5.5 or 16.5 m/min (18 or 54 ft/min). We present
results of the later studies in Table 2-2.

In 1998, a modified dual-flow screen was installed in one bay of Unit | for evaluation. The
screen appears on Figure 2-5. The new screen incorporates a nose cone on its upstream, solid
wall to create improve flow distribution across the screenface. It also incorporates an improved
fish bucket design and internal and external low-pressure fish sprays. The screen is currently
undergoing a biological evaluation. Preliminary survival data is available for the winter of
1998/99, as we present in Table 2-3 (Beak 2000). The results show high survival for most
species and suggest that the improved screen design may further enhance the fish handling
capabilities of this type of collection screen. The results of continued studies in the spring,
summer, and fall testing will determine whether improved survival trends will continue with
other species in other seasons.
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Figure 2-5
Modified Dual-Flow Screen at Dunkirk Station (Beak 1988)
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Traveling Warer Screens

A biological evaluation of a prototy pe dual-flow traveling screen was conducted at Dunkirk
Station in 1998—1999. with sampling commencing in the winter of 1998. The goals of this study
were to estimate the survival of commonly impinged species. to assess the effects of collection
and handling on impinged species, to assess the effectiveness of the low pressure spray wash in
the removal of fish from the screens, and to determine ways to optimize post-impingement
survival.

The shoreline CWIS at the Dunkirk Steam Station includes a skimmer wall and two
sereenhouses. Fish collected for this evaluation were taken off a prototype Ristroph dual-flow
traveling screen in Screenhouse #1. The screenis 11 ft wide and 29 ft deep and is comprised of
"smooth tex” stainless steel mesh (1/8 by 1/2 in.) and a fish collection bucket. The screen was
run continuously during sampling. Water from the dual fish/debris return trough was diverted
for 2 hours for each sample. Fish were directed to a collection table and then were transferred in
water to holding tanks where they were held for the 24-hr latent mortality study. Observations of
fish condition were made at 2. 4, 8, and 24 hrs after collection. A total of 28 sampling events
were conducted during this year-long study, with eight samples being collected each during the
spring, summer, and fall and four samples during the winter.

The evaluation of the effects of collection and handling on impinged fish was conducted using
commercially available golden shiner (Notemigonus crysoleucas). Fish used as collection
handling controls were introduced to the fish return trough without being subjected to
impingement, while fish used as handling controls were simply placed in the latent mortality
holding tanks. Results of the handling and holding controls showed survivals of 100 and 98.6%
respectively; indicating that very little to no mortality was attributable to the handling or holding

of the test fish.

The evaluation of the low pressure spray wash system was conducted with smallmouth bass
(Micropterus dolomieu) and yellow perch. Test fish were stained with rose bengal dye,
introduced in groups of two to four to the fish buckets on the traveling screen and were collected
in wire mesh baskets placed in the fish/debris return trough. Trials were run with six
combinations of spray pressures on the inside and outside spray headers. Results of the spray
system evaluation indicate that low outside spray pressures of 0-5 psi yielded the best recovery
rates (92—1009%). Furthermore, nearly all fish not collected in the fish rough were collected in

the debris trough.

A total of 20.485 fish were collected for the latent mortality studies. A summary by season of
the number of individuals collected. initial and 24-hr extended survival. and total survival of
target species is given in Table 2-4.



Table 2-4

Traveling Wuter Screens

Dunkirk Station Impingement Survival Testing Results for Target Species 1998-1999 (Beak

2000)
Species ] Total Tested [ Initial Survival (%) f 24-Hr Survival (%) ( Total Survival (%)
Dec 20-23, 1998 and Jan 6-9, 1999
emerald shiner 3,738 98.8 99.4 98.2
gizzard shad juvenile 1,927 §7.2 97.4 94.7
rainbow smelt 614 95.3 87.4 83.2
spottail shiner 297 100.0 99.7 99.7
gizzard shad adult 93 96.8 95.6 92.5
yellow perch 66 100.0 100.0 100.0
white bass 1 100.0 100.0 100.0
freshwater drum 1 100.0 100.0 100.0
April 2~-28, 1999
emerald shiner 2,564 98.5 96.5 95.0
rainbow smelt 318 89.3 70.8 63.2
alewife 260 83.5 35.9 30.0
spottail shiner 132 99.2 99.2 98.5
trout-perch 51 100.0 94.1 941
white perch 2 100.0 100.0 100.0
white bass 100.0 100.0 100.0
freshwater drum 1 0.0 0.0 0.0
Aug 16-Sept 4, 1999
rainbow smelt 48 79.2 237 18.8
alewife 12 25.0 0.0 0.0
white bass 6 100.0 83.3 83.3
Nov 2-11, 1999
emnerald shiner 6.072 98.8 99.1 98.0
gizzard shad juvenile 1,477 99.7 98.9 98.6
rainbow smeit 473 96.8 78.4 75.9
spottail shiner 263 98.9 99.6 98.5
yellow perch 178 98.9 100.0 98.9
white bass 147 98.6 100.0 98.6
white perch 45 100.0 100.0 100.0
{ 9izzard shad adult 12 917 100.0 91.7

Comparisons of extended survival rates estimated from this evaluation were compared to
extended survivals from previous evaluations in 1987 and 1990-1991 (Table 2-5). There was an
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Traveling Waier Screens

overall improvement in the extended survivals of all species. Most notably, "fragile” species,
including alewife. gizzard shad (Dorosoma cepedianum), rainbow smelt (Osmerus mordax), and
white perch, showed marked improvements in survival off the new prototype screen. Between
the earlier and most recent evaluations. alewife survival increased from <10% to 30%. Extended
survival rates for juvenile gizzard shad increased from 27% to 95% during the winter, from 9%
to 71 during the summer, and from 16-78% to 99% during the fall. Rainbow smelt survival
increased significantly during the fall from a previous rate of 23-59% to a current rate of 76%.
Overall, white perch survival increased from 56-57% in 1987 to 100% in 1998-1999.
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Table 2-5

Traveling Water Screens

Comparison of 24-hr Impingement Survival Rates of Target Fish Species at Dunkirk Station
Before (1987 and 1990-1991) and After (1998-1999) Installation of the Prototype Dual-Flow
Traveling Screen (Beak 2000)

. Life 1987 1990-1991* 1998-1999
Species Stage | S€3S0N | Survival N Survival N Survival |
(%) (%) (%)
alewife juvenile | fall 4.1 73 8 25 - -
spring - - - - 30 260
summer - - - - 0 12
emerald shiner | juv/adult | winter 72.3-96.2 | 65-130 - - 98.2 3,738
spring - - 95 2,564
summer 42.4 33 - - 67.3 46
fall 80.0-88.4 | 60-146 | 66.9-88.4 | 251-3,540 98 6,072
gizzard shad | juvenile | winter 26.7 30 - - 947 | 1,927
spring -~ - 64.9 211
summer 9.1 44 - - 70.7 288
fall 48.9-77.8 | 135-235 16.1 221 98.6 1,488
rainbow smelt | juv/adult | winter 58.7-91.2 | 34-225 - - 83.2 614
spring 53.6 97 - - 63.2 318
summer - - 18.8 48
fall 37.8-58.7 | 49-148 | 22.7-48.0 | 995-1,835 75.9 473
white bass juv/adult | winter 81.2 32 — - 100 1
spring 51.1 45 - - 100
summer 54 37 - - 83.3 6
fall 97.9 47 85.7 7 98.6 147
white perch juv/adult | winter 56.7 30 - -
spring 56.2 48 - - 100 2
summer 56.7 30 - - 100 22
fail - - 63.5 665 100 45
yellow perch juv/adult | winter - - - - 100 66
summer - - - - 92.9 14
fall 93.8 32 81.3 16 98.9 178
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Traveling Water Screens

Suggestions for the optimization of the prototype screen and fish return system included
reducing the outside spray wash header pressure o 5 psi. minimizing the gap between the tlap
seal and the descending screen. and either discontinuing the use of the lower outside spray wash
nozzles or readjusting their angles.

Huntley Steam Station

A fish survival study was conducted at the Huntley Steam Station (Huntley), on the Niagara
River. in the town of Tonawanda, NY. The study was designed to assess the biological efficacy
of five new flow-through Ristroph modified screens in the screenhouse that services Units 67
and 68. The study assessed: 1) the effectiveness of the low pressure spraywash to remove fish
from the screens; 2) the influence of collection and handling on the survival of impinged fish:
and 3) estimated post-impingement survival of impinged fish.

Huntley is a four unit, coal-fired facility with a combined output of 760MW. The intake, located
on a bulk-headed shoreline, withdraws water from the Niagara River. Water enters a common
forebay under a skimmer wall. The forebay has five sets of bar racks and traveling screens,
which are located 12 ft downstream of each bar rack. The traveling screen slots are
approximately 11 ft wide by 20 ft deep. The new screens were manufactured by Bracket-Green
and used 1/8-in. by 1/2-in. “smooth tex” woven stainless steel mesh. The screens had separate
fish and debris troughs. Fish were removed from the descending screen faces with two inside
and two outside low-pressure spray washes. Fish and debris troughs combined into a single 18-
in. diameter pipe before discharging into the Niagara River approximately 350 ft downstream of
the intake.

To determine the efficacy of the spray wash to remove fish from the screens, a mark/recapture
study was undertaken. Two to four marked fish were placed in the fish lifting buckets on the
ascending screen. Fish that were removed by the spray wash system were collected in baskets
designed to fit in the fish and debris trough. The majority of testing was conducted with screens
#5 and #6 because they were the most easily accessible. During testing there was little or no
debris on the screens, and they were rotated continuously at 8 ft/min: the normal operating speed.

Dead Centrarchids (bluegill and pumpkinseed (Leponiis gibbosus)) were stained and used in tests
to optimize spraywash pressure. Twenty-five fish ranging in size from 94 to 161 mm were tested
with four different spray pressures (1.5. 5. 8, and 10 psi). Smaller dead emerald shiners (70-100
mm) were tested to determine if size and fish shape affected collecting efficiency. In addition,
dead rainbow smelt (in two size classes, 75-95 mm and 130-140 mm) were tested at 5 pst only.
Finally. numbers of “naturally impinged™ rainbow smelt and emerald shiners caught in the fish
and debris trough were compared.

Post-impingement survival tests were conducted at Huntley in January and October 1999. In
carly January, 85 golden shiners. obtained through commercial vendors. were handled and/or
held for 24 hours to determine the effect of handling and holding on survival. Forty-nine of the
85 fish were introduced upstream of the impingement collection device in the fish return trough
(handling controls), while the remaining 36 golden shiners were placed directly in the holding
tanks (holding controls). Extended survival of all 85 fish was 1005 at the 24-hour period.
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Traveling Water Screens

Therefore. no adjustments were made to the impingement mortality estimates to account for
handling or holding mortality.

The primary objective of the impingement survival test was to assess the cffectiveness of the
screens with four target species (alewite. emerald shiner, gizzard shad. and rainbow smelt).
During January testing. an attempt was made to assess 200 fish from each of the four target
species, such that results would be statistically reliable. Additional testing was conducted in
October, specifically to supplement the data for alewife, since the 200 fish target for alewife was
not achieved in January. Other species were collected and tested when additional holding space
was available.

Eight-hour samples were collected on five nights from January 21-25, 1999, and October 24-29.
1999. During sampling, the modified traveling screens were rotated continuously at 8 ft/min. All
fish from Screens #5 and #6 were diverted into a collection table. Sampling was conducted
continuously for up to 2 hours but was shortened when large numbers of fish were impinged.
Sampling was interrupted to move fish when necessary. Fish were removed from the collection
table using a brailing device that maintained a minimum of 4 in. of water and minimized
handling stress. Fish were held in large fiberglass or galvanized steel tanks (ranging in size from
20 to 240 gallons) and supplied with a continuous supply of water pumped from the forebay.
Flow into the tanks was continuous and provided a moderate circular current. Water in the
holding tanks was exchanged three to five times per hour. No more than 5 g of fish per liter of
water were held in any of the tanks. Fish were separated by size and predator and prey species
were separated. The initial condition of all fish was assessed prior to being placed into the
holding tanks. Three categories of condition were used to characterize fish condition: 1) live —
no visible physical damage, fish actively swimming, and oriented in a normal upright position; 2)
stressed — fish with visible physical damage such as missing patches of scales, torn fins,
hemorrhaging or gouging, and/or weak swimming ability or fish having difficulty maintaining
position; or 3) dead - fish with no obvious external signs of life and/or severely damaged or
mutilated individuals with only slight opercular movement. Only live fish were transferred to
the holding tanks and held for 24 hours to determine latent mortality.

Recovery rates for Centrarchids ranged from 88% to 100% (Table 2-6). The best transfer
etficiencies occurred at pressures of 1.5 and 5 psi. In most cases, fish that were not transferred to
the fish return system were captured in the debris trough. Differences in efficiency between
screens were attributed to differences in orientation of the internal and external spray washes
and/or differences in pressures between internal and external spray washes.

Tests conducted on Screen #6 with dead emerald shiners showed that only 37% of the fish were
collected in the fish return trough (Table 2-7). The remaining shiners were collected in the
debris trough. Recovery of larger fish was greater than for larger fish. In tests with two sizes of
rainbow smelt. the collection efficiency ranged from 42 to 63% for juvenile fish (75-95 mm).
By comparison, the collection efficiency of adult rainbow smelt (130—140 mm) ranged from 86
to 98% (Table 2-7). Regardless of size. the combined efficiency of both troughs ranged from
89—-100%.

Collections of live impinged fish from the fish return and debris troughs downstream of Screens
#5 and 6 indicated that 83% of the emerald shiners and 91% of the rainbow smelt were collected

12
1
8]

o i T £reer 0+



Traveling Warer Screens

from the fish return trough (Table 2-8). Observed recovery of live fish (Table 2-7) was
substantially higher than similarly sized dead fish. This confirms previous observations of fish
recovery from laboratory studies conducted at Alden Research Laboratory {Alden Research
Laboratory 2000).

A total of 6.120 fish were collected during the January impingement survival testing. Rainbow
smelt were the most numerous fish collected (3.418). Overall survival of rainbow smelt was
84.2%. Rainbow smelt ranged in size from 56 to 140 mm. Distribution in fish length was
bimodal with peaks representing juvenile and adult fish. The division between the two age
classes was at approximately 100 mm. The extended survival of juvenile and adult rainbow
smelt was 74.4% and 94.3%. respectively (Table 2-9). The extended survival of rainbow smelt
(48 to 105 mm) was 97.5% (Table 2-9). Juvenile gizzard shad ranging in length from 86 to 193
mm had overall survival of 5.1% and initial survival of 14.9%. The three adult shad collected
were severely stressed and did not survive. The authors believe that the low survival of gizzard
shad could be partially attributed to thermal stress incurred as a result of the cold water
temperatures (~0°C). A total of 30 alewife were collected during January (four dead and 26
stressed). As with the gizzard shad, the authors speculate that cold water temperatures may have
contributed to the poor survival observed. Ten species of non-target species were collected
during the study: trout-perch (Percopsis omiscomaycus), yellow perch, rock bass (Ambloplites
rupestris), spottail shiner (Notropis hudsonius), white sucker (Catostomus commersonii), white
perch, smallmouth bass, bluntnose minnow (Pimephales notatus), darters, and redhorse sucker
(Moxostoma spp.). With the exception of trout-perch, these species were collected in small
numbers. The total survival of the non-target species ranged from 37.5% (white perch) to 100%
(trout-perch, yellow perch, white sucker, smallmouth bass, bluntnose minnow, darter, and
redhorse sucker) (Table 2-9).

A total of 3.258 fish were collected during the October impingement survival testing. Extended
survival of rainbow smelt was estimated to be 48.0% (Table 2-10). which is lower than the
reported survival of rainbow smelt in January. Survival of emerald shiner was high in October
(97.5%) and roughly equal to what was observed in January (97.3%).

Based upon length frequencies, the gizzard shad tested in October were almost exclusively
juveniles. The survival rate for gizzard shad in October was substantially higher than what was
observed in January, i.e.. 22.4% vs. 0%. Alewife tested in October ranged in length from 79~
134 mm and probably included young-of-the-year fish. The total survival of alewife during
October was 22.4%.

Several of the non-target species collected in large enough numbers during October to be
statistically reliable exhibited high total survival rates (e.g.. spottail shiner, 97.8% (n=231); rock
bass, 98.9% (n=180); and white bass (Morone chrysops). 97.6% (n=127).



Table 2-6
Collection Efficiency Results for Centrarchids (Beak 2000)

Traveling Water Screens

Fish Return Trough

Fish Return and Debris Trough

Screen Spray Pressure (psi) Spray Pressure (psi)
1.5 5.0 8.0 10.0 1.5 5.0 8.0 10.0
#5 100% 100% 94% 92% 100% 100% 98% 98%
#6 98% 100%
#7 88% NA
#8 100% NA
49 100% NA

NA = Debris trough was inaccessible

Table 2-7
Collection Efficiency Resuilts for Emerald Shiner and Rainbow Smelt at the Huntiey Station (5

psi only) (Beak 2000)

Fish Return Trough

Fish Return and Debris Trough

Rainbow Smelt Rainbow Smelt
Emerald Shiner | Juvenile Aduit Emerald Shiner | Juvenile Aduit
Screen 70-100 mm 75-95 mm | 120-140 mm 70-100 mm 75-95 mm | 120-140 mm
#5 63% 98% 89% 100%
#6 37% 42% 86% 100% 96% 96%
#9 52% 88% NA NA
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Traveling Wuter Screens

Table 2-8
Numbers of Naturally Impinged Fish Collected in Fish and Debris Troughs at Huntley

Station (Beak 2000)
! Percent of
.| Number of Fish Number of Fish . Recovered Fish
Size Recovered from Recovered from | Collected in Fish
Species {mm) Trough Debris Trough Trough
i
emerald shiner 70-100 104 22 83%
rainbow smelt 70-100 995 95 91%
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Traveling Water Screens

Salem Generating Station

An evaluation of the biological effectiveness of the modified traveling screens at the Salem
Generating Station on Delaware Bay in New Jersey was conducted in 1995 (Ronafalvy et al.
1999: Heimbuch 1999). An initial evaluation was performed after six of the |2 existing traveling
water screens at the cooling water intake structure had been replaced with the new. improved
screens, allowing a side-by-side comparison of the effectiveness of the old and new screens (the
other six screens have since been replaced). The new screens incorporated the hydrodynamically
improved fish buckets (as described previously; Fletcher 1990), smooth woven mesh screens (1.6
mm by 12.7 mm [1/4 by 1/2 in.] rectangular mesh), lighter composite screen baskets that allow
for increased rotational speed, improved low and high pressure spray washes (orientation and
pressures), and an improved screen-to-collection trough flap seal design. Tests were conducted
on 19 separate dates between June 20 and August 24, 1996. Fish collected from the old and new
screens were held separately for observation of 48-hr survival. The only species occurring in
sufficient numbers to provide a statistically valid data analysis was Juvenile weakfish (Cvnoscion
regalis) (n = 1,082 for the old screens, n = 1,559 for the new screens). Overall. statistical
analyses demonstrated a 48-hr survival rate (uncorrected for control mortality) of 57.8% with the
old screens and 79.3% with the new screens. Temperature had a significant influence on test
results. At the lowest ambient temperature (23°C [73 °F]), survival with the old and new screens
was 88.0 and 97.7%, respectively. At the highest temperature (27°C [S80°F]). survival was 35.1%
for the old screens and 55.6% with the new screens. Fish length also influenced survival. For
fish less than 50 mm (TL), survival with the old and new screens was 73.7 and 85.5%,
respectively. For fish greater than 50 mm, survival with the old and new screens was 57.5 and
82.3%, respectively.

A second series of impingement survival studies was conducted in 1997-1998 to provide
estimates of impingement survival rates with all of the modified screens installed on Salem Units
I and 2 (Heimbuch 1999). Samples were collected about twice a week from October through
December 1997 and from April through September 1998. Samples were taken within a 10-hour
period each day and usually included the entire ebb tide and the beginning of the flood tide.
Screen washwater was diverted into a sampling pool, where fish were separated by species and
size, counted, and classified by condition before being moved into holding tanks for latent
survival observations. Latent survival evaluations were made at 24 and 48 hours.

White perch impingement survival rate estimates ranged from 98% in December to 93% in
April. Estimates for weakfish ranged from 885 in September to 18% in July. For bay anchovy,
survival estimates ranged from 72% in November to 20% in July. Atlantic croaker
(Micropogonias undulatus) survival estimates ranged from 98% in November to 58 in April.
The estimated survival for spot was 93% in November (November was the only month in which
a significant number of spot were collected). Alosa species combined produced survival
estimates that ranged from 82% in April to 78% in November (Table 2-11).
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;aez‘flti yf 1997-1998 Impingement Survival Study — Salem Generating Station (Heimbuch
1999)
Species Month Nugxbaer; ic:‘fel;ish m!;‘:tl;g(ft‘\?t?:lt ;ﬁ;v:\;a'
Hour Latent)
June 846 21
Weakiish July 1,172 18
August 1,076 62
September 278 88
April 89 93
White perch November 602 93
December 345 98
April 329 46
May 239 45
Bay anchovy June 161 22
July 54 20
October 311 65
November 142 72
April 184 58
May 751 66
June 724 72
Atlantic croaker July 68 65
October 213 95
November 214 98
December 890 85
Spot November 91 93
April 38 82
Alosa sp.*
November 102 78

 *Alewife. blueback herring, and American shad combined)

Impingement mortality rates for the modified screens (1997 and 1998 studies) were compared to
mortality rates for the original screens from the 1978 to 1982 studies. Based on the comparisons,
intake modifications were effective in improving the rates of fish survival (Table 2-12).
Estimates of impingement mortality rates were lower for the modified screens than for
corresponding estimates from the original screens for white perch. bay anchovy, Atlantic
croaker, spot (Leiostomus xanthurus). and the Alosa species.
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Table 2-12
Estimated Survival Rates for Original and Modified Screen at Salem Generating Station

(Heimbuch 1999)

Original Screens Modified Screens
; 1978-1982 : 1995 1995 1997-1998
Species Month Survival Rate Survival Rate Survival Rate Survival Rate
Estimates (%) Estimates (%) Estimates (%) Estimates (%)
Jun 61 67 83 21
Jul 49 69 82 18
Weakfish | Aug 48 49 75 62
Sep 60 - - 88
Oct 47 - - -
Jan 87 - - -
Feb 84 - - -
White 'xar gg . - =
perch pr
Oct 79 - - -
Nov 84 - - 93
Dec 92 - - 98
Apr - - - 46
May 19 ) - - 45
Jun 11 - - 22
Bay Jul 10 - - 20
anchovy | Aug 15 - - -
Sep 28 - - -
Oct 35 - - 65
Nov 68 - - 72
Apr - - - 58
May - - - 66
) Jun - - - 72
Atlantic T - - - 65
croaker
Oct - - - 95
Nov - - - 98
Dec-Jan 51 - - 85
Jun 69 - - -
Jul 52 - - -
Aug 53 - - -
Spot 54 62 : - y
Nov 81 - - 93
Dec 71 - - -
Alosa Mar-Apr 11 - - 82
sp.* Oct-Dec 69 - - 78

“Estimates for original screens are based on blueback herring only. Estimates for modified intake screens are based
on Aosa spp.. Le.. blueback herring. alewife, and American shad combined.

Mortality estimates of weakfish in the modified screen study were compared to the weakfish
estimates from the 1995 direct comparison study (as we discuss above). The results appeared to
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confirm the expectation that the modified screens improved survival. During the 1995 study.
estimates of weaktish mortality were lower on the moditied screens than on the original screens
in June and July. Similarly, 1997 and 1998 estimates of weakfish mortality rates were lower in
August and September than the corresponding estimates from the 1978 to 1982 studies.
However. weakfish mortality estimates from the 1997 and 1998 studies for June and July
(modified screens) were higher than the June and July estimates from the 1978 to 1982 studies
(original screens).

The author provides several hypotheses for the inconsistencies mentioned above (Heimbuch
1999). The explanations include mechanical shortcomings, modifications to the fish return
system, and changes in experimental protocol. Gaps may have existed between the flap seals
that separate the fish and debris troughs. allowing fish to be subjected to the addition stress of
heavy debris. The J-shaped fish-return slide leading into the collection pool was changed to a
configuration where a vertical stop was placed at the end of the slide, creating a more stressful
entry into the collection pool. An additional factor that may have biased mortality estimates
without affecting mortality was the type of screen installed in the fish collection pools. During
the 1978 to 1982 and 1995 studies, a 3/8-in.-square mesh was used in the fish collection pools.
The 1997 and 1998 studies used a screen with smaller pore openings in the collection pool. The
larger mesh size may have allowed smaller fish to escape collection, and since smaller fish
generally exhibit higher mortality to stress. The loss of these fish may have induced a downward
bias in mortality estimates in 1995 for both screen types.

Potomac Generating Station — Geiger Screen

The Electric Power Research Institute (EPRI) sponsored a field study to evaluate the injury and
survival of fish exposed to a Geiger Multi-Disc™ (Geiger) modified traveling water screen. The
study was conducted at the Potomac River Generating Station in Virginia. The objectives of this
evaluation were to identify species-specific variations in fish survival: to document the type and
frequency of injury to fish that may occur following removal from a modified Geiger screen: and
to investigate the debris handling capabilities of the Geiger screen.

The Multi-Disc Screen has a through-screen flow pattern with raw water flowing directly
through the mesh panels without change in flow direction, as shown on Figure 2-6. The total
submerged screening area (the descending and ascending mesh panels as well as mesh panels in
the lower guiding section) screens raw water. Fish and debris are retained on the mesh panels
and carried upwards in a bucket to the discharge position above deck as the screen band travels
through the water column. Debris/fish are washed off the screen above deck level by a spray
water device into a collecting/transfer trough.

The main components of the Multi-Disc Screen are the sickle-shaped mesh panels, one central
chain guide-way integrated in the supporting structure, one revolving chain, one lower guide. a
spray water device. debris/fish buckets, a debris/fish collection/return trough. a drive unit with
overload protection, and a splash guard. The head section of the screen frame has a solid main
shaft. the sprocket wheel, and the spray pipe as well as the splash guard. The base frame
supports the rotating main shaft with flanged sprocket wheel. The mesh panels are secured on
one endless revolving side bar chain to form the Multi-Disc Screen. The chain strand runs on a

1~
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large sprocket wheel and is directed through the lateral chain gutdes. The mesh panels
themselves are sealed by overlapping each other on the upstream side. Since there are no
rotating elements (shafts. wheels. or bearings) permanently submerged and exposed to the raw
water, all maintenance work can be carried out at the operating deck level without dewatering the
screen bay.

Debris/fish retained on the screen mesh are washed off as the mesh panels reach the position of
the spray pipe and are collected in the collection/transfer trough. The spray water pipe is
equipped with flat jet nozzles which can be fitted with a manually-operated, internal rotating
brush for nozzle cleaning. The splash guard around the head section is easily removed and has
inspection doors on both sides.

The Multi-Disc Screen is driven by a frequency converter, controlled-geared motor in
combination with a bevel gear as speed reducer. The drive unit is directly mounted on the main
shaft, eliminating the need for an additional chain-drive assembly. The entire drive unit is set up
outside of the splash guard and is not exposed to water. The drive unit can operate the screen at
vartable speeds between 16 and 71 ft/min.

The Multi-Disc Screen panels are equipped with debris/fish buckets, which retain some water for
fish removal during upward travel after the screen panels exit the water, as shown on Figure 2-7.
A low-pressure spray header washes impinged organisms from the screen surface into the
bucket. Fish impinged on the mesh below this bucket are sluiced via an opening in the lower
panel frame into the bucket of the adjacent mesh panel below. As each screen panel rotates to
descend for another cleaning cycle, the retained water and fish are conveyed into a return trough
located at the upstream side of the head section and then routed to a common fish return trough
on the downstream side of the screen.

[g]
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Passavant-Geiger Multi-Disc Screen



Traveling Wuter Screeny

* ket Detlachion Travel Mesh Fanel  Fob Rucket Srrantement

wittar o et Fapaies

® 1 [3 &4
-
[ %) F?J
- L
B i
i ol ey
(= 2] @

Figure 2-7

Passavant-Geiger Fish Collection Details
Two conventional traveling water screens at the CWIS were replaced with two Geiger screens
for this evaluation. Approach velocities at the screen faces were between 0.5 and 0.6 ft/s. The
Geiger screens were composed of 9.5-mm (3/8-in) drilled plastic. One of the screens had fish
buckets designed to collect impinged fish and transfer them to a fish return system. This screen
was also outfitted with a low pressure (3 psi) spraywash system to aid in the transfer of fish to
the return trough. This screen, which was designed to collect and return impinged fish, was the
one evaluated during this study.

An angled diversion was placed in the return system discharge trough to divert wash water and
impinged organisms to a collection basket. Fish were collected from the basket and were either
immediately processed or held for the 48-hour latent impingement mortality (LIM) assessment.

There were four sampling periods during 2005-2006: a spring, summer, and two fall seasonal
periods. Each seasonal period was made up of several sampling events (each with a duration of
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approximately 8 hours) which together comprised a total of 73 collection days. A sampling
event consisted of consecutive collection days followed by 24- and +48-hour LIM observation
periods. The modified Geiger screen was rotated continuously at 16 fmin during each sampling
event (EPRI 2007).

Fish and debris were collected at 15 min, 30 min. or 1-hour intervals depending on fish density.
Live fish were separated from debris and placed in LIM holding tanks. A maximum of 80-100
fish were held per tank. Dead fish were measured, weighed. assessed for injury, and identified to
the lowest possible taxon. Injury assessment included both visible injuries and scale loss.

All collected fish were classified into one of five categories: 1) released live (not held due to size
or other constraints): 2) immediate (initial) mortality/dead at collection. 3) dead at 24-hr
observation. 4) dead at 48-hr observation, 5) live at 48-hr observation (EPRI 2007).

A total of 2.124 fish (2.097 assessed for LIM ) were collected during the 2005 sampling efforts
(Table 2-13). The most abundant species collected included white perch (50%), bluegill (27%),
and spottail shiner (12%). Four channel catfish and one gizzard shad too large for the holding
tanks were released alive after being measured, weighed. and assessed for injury. Over 95% of
the fish collected during the study were collected during the December sampling event.
December sampling coincided with a storm event (EPRI 2007).

A total of 988 fish (933 assessed for LIM) were collected during the 2006 sampling efforts. As
in 2005. peak collections coincided with a major storm event in late June. The most abundant
species collected were white perch (80%), American shad (89 ), and spottail shiner (4%). Two
channel catfish and one brown bullhead too large for the holding tanks were released alive after
being measured, weighed, and assessed for injury.

White perch dominated the catch throughout the study. The white perch collected in fall 2005
had a mean length of 68.8 mm and mean weight of 5.7 gm. Five percent of the fish assessed
were injured with the major injury being bruising. Scale loss was minimal. In contrast, white
perch caught in spring 2006 were smaller with a mean length of 44.1 mm and a mean weight of
3.3 gm. Less than five percent of these fish were tound to have any visible injury. Scale loss
among white perch was <3% for 88% of the total catch.

For spottail shiner, only a small percentage of the total collected was injured. However, scale
loss was relatively high: 60% of the catch had >3% scale loss. The only other species that
showed any injury was channel catfish with 11% injured (primarily bruising) (EPRI 2007).

Individual species’ survival varied from 0 to 100%: survival of species collected in significant
numbers in 2005 and 2006. respectively, included bluegill (95 and 100%), channel catfish (94
and 50%). spottail shiner (95 and 54%), and white perch (56 and 30%) (Table 2-13). The
authors concluded that although relatively few fish were collected during this evaluation, the
Geiger screen performed well. Survival of the most abundantly impinged fish at the Potomac
River Generating Station compared favorably to survival recorded at other facilities with
modified traveling screens (Table 2-14). In addition, the debris handling capability of the screen
was deemed acceptable (EPRI 2007).
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Table 2-13
Total Collected and Percent Survival by Species Sampled during 2005-2006 at the Potomac

River Generating Station (EPRI 2007).

: Total Collected Percent Survival
Species
2005 2006 2005 2006

American eel (Anguilla rostrata) 3 4 100 100
American shad (Alosa sapidissima) 15 82 0 0
Atlantic silverside (Menidia menidia) 1 0 0 n/a
banded killifish (Fundulus diaphanus) 17 0 94 n/a
bay anchovy (Anchoa mitchilli) 1 0 0 n/a
black crappie (Pomoxis nigromaculatus) 1 0 100 n/a
bluegill (Lepomis macrochirus) 577 14 95 100
brown builhead (Ameiurus nebulosus) 5 3 100 100
common carp (Cyprinus carpio) 5 0 100 n/a
channel catfish (Ictalurus punctatus) 114 8 94 50
gizzard shad (Dorosoma cepedianum) 6 1 50 0
golden redhorse (Moxostoma erythrurum) 1 4 100 100
largemouth bass (Micropterus salmoides) 3 2 100 100
pumpkinseed (Lepomis gibbosus) 5 21 100 90.5
spottail shiner (Notropis hudsonius) 263 35 95 54.3
tessellated darter (Etheostoma olmstedi) 3 9 100 100
white crappie (Pomoxis annularis) 1 0 100 n/a
white perch (Morone americanus) 1039 748 56 30
winter flounder 0 1 n/a 100
{(Pseudopleuronectes americana)
yellow perch (Perca flavescens) 37 1 100 100
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Traveling Water Screens

Calvert Cliffs Nuclear Power Plant

Calvert Cliffs Nuclear Power Plant (CCNPP) is located on the western shore of the Chesapeake
Bay in Calvert County, Maryland about 9 miles north of the Patuxent River and approximately
64 km (40 miles) from Washington. D. C. Cooling water for the plant is drawn from the Bay
through a 1,463 m (4,800 ft) long intake channel. The intake basin is enclosed with a 171 m
(561 ft) curtain wall, which extends to a depth of 8.5 m (27.9 ft). Six circulating water pumps
provide a tflow of 151.5 m'/sec (5,348 cfs). Velocity at the intake structure is approximately 0.3
m/sec (1 f/sec). There are six intake bays and 12 traveling screens fitted with 1 cm (0.39 in.)
square mesh for each of the units. The 12 screens are sequentially operated in pairs (two
traveling screens for each bay) for 10 minutes each hour during normal plant operations.
Organisms that are collected on the screens are removed with a high-pressure wash system and
returned to the Bay through a drain system.

Impingement and survival studies have been conducted at CCNPP for 21 years, beginning in
1975 (Ringger 2000 and Horwitz 1987). A full impact monitoring protocol was established by
the Academy of Natural Sciences of Philadelphia before the plant went online in 1975 and was
continued through 1995. In 1981, in response to Section 316(b) of the Clean Water Act, a formal
report was prepared. The report, along with continued studies and regulatory evaluations,
supported the subsequent renewals of the facility’s discharge permit.

Over the 21-year period of study, many variations and modifications were made; however, a
basic study protocol was followed. A 1.27 ¢m (0.5 in.) mesh nylon net was placed in the screen
wash discharge trough and left in place for 1 hour. One-hour collections were made over a 6-day
period at various intervals in order to include all hours and tidal events (this process was scaled
back to 4- and 5-day periods starting in 1994). All organisms collected by on the screens were
identified and counted. Up to 50 of each species were weighed, measured, and examined for
external injuries. Monthly estimates of impingement, monthly impingement rates, and estimated
annual impingement for each species was calculated from the number and weights of the sample
collections.

A total of 73 species of finfish were collected over the 21 years of sampling. The number of
species collected ranged from an annual low of 20 (1987 and 1991) to a high of 51 in 1976.
Eight species were collected in all of the 21 years of sampling.

Bay anchovy and hogchoker (Trinectes maculates) were among the species collected and ranked
in the top five most abundant species collected in all 21 years of sampling. Annual plant
impingement numbers range from 79.081 in 1992 to over 9.6 million in 1984. The 1984
impingement number accounted for more than one-third of the total fish impinged over 21 years.
The authors correlated times of episodic impingement of fish with environmental events such as
“cold shock™ and periods of low dissolved oxygen. In general, spring and summer were the
times when most of the fish were collected. Blue crab (Cullinectes sapidus) abundance was
more variable. with high numbers reported in the spring. summer. or fall. The total estimated
impingement of blue crabs was greater than 13 million for the 21-year period. Survival rate of
blue crabs (99.46%) suggested that actual daily mortality could be less than 10 crabs per day
over the 21 years of study.
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Survival studies were conducted from 1975-1981 to determine initial mortality of organisms
collected by the screens. Fish that were involved in periodic events of high impingement due to
low dissolved oxygen levels were excluded from the survival studies. Over 100,000 individuals
representing 37 species were included in the study. Eleven of the 14 most numerous species
collected during the study had an estimated initial survival rate of 50% or higher.

Overall survival did not differ significantly between Units | and 2. In 1981, a separate study was
conducted with smaller mesh-size screens. Although the smaller screens were able to collect
smaller organisms, and therefore caught greater numbers of individuals, the difference between
the screen types was not found to be significant.

Somerset Station

Beginning in December 1982, an aquatic monitoring program, including the evaluation of I mm
(0.04 in.) fine-mesh Ristroph traveling screens, was conducted at Somerset (formerly known as
Kintigh) Station, in part to meet the requirements of the plant’s NPDES Permit (McLaren and
Tuttle 2000: NYSEG 1990). Somerset Station has a generating capacity of 625 MW and 1S
located on the south shore of Lake Ontario in Somerset, New York.

The station’s capped. offshore intake structure draws water through 8 intake ports located
approximately 7 m (23 ft) below the water surface and 1.8 m (5.9 ft) from the lake bottom.
Cooling water for the once-through system is transported via a 625 m (2,051 ft) intake tunnel
into the intake forebays. Three circulating pumps rated at 12.3 m'/sec (435 cfs) draw water
through four vertical traveling screens fitted with I mm (0.04 in.) smooth nylon mesh.
Velocities approaching the screens range from 0.27 m/sec to 0.33 nm/sec (0.88 ft/sec to 1.08
ft/sec).

Fish collected on the screens are removed with a low-pressure backwash system and are washed
into a fiberglass fish trough, which leads into a fiberglass return pipe that discharges fish to the
lake, 305 m (1,000 ft) offshore. Debris is removed from the screens with a high-pressure (60 psi)
spray located beneath the fish trough. Washings from the high-pressure spray are emptied into a
concrete trough terminating in a debris collection basket.

The efficiency of fish removal from the traveling screens (collection efficiency), as well as
survival testing. was evaluated at Somerset beginning in 1984, Various operational modes and
spray wash configurations were tested to determine optimal performance from the screen
removal/return system. Tests to evaluate collection efficiency involved the release and recapture
of marked fish introduced into the collection system.

The effectiveness of the 1.0 mm fine-mesh screening system was evaluated using a special
screening device placed into the collection pool. The screening device was designed to separate
larger fish from fish that would normally pass through 9.5 mm mesh and become entrained. The
device was a hinged. flat, horizontal screen with 9.5 mm mesh (Figure 2-8).
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Figure 2-8
Somerset Station Fish Collection Table (McLaren and Tuttle 2000)

Larger fish that remained in the collection table upstream of the angled screen were referred to as
“impinged,” whereas fish that passed through the course mesh (9.5 mm [0.37 in.]) were referred
to as “entrapped.” Impinged and entrapped fish were collected, separated by condition, and
placed into holding tanks. Fish were held for 96 hours and were observed at 2, 4, 6. 8. 2. 24,
48, and 96 hours. Dead fish were removed at each interval and identified. After 96 hours, the
remaining fish were identified to species, counted according to condition, and sorted by size
(entrapped vs. impinged) using the screening table.

The estimated 96-hr survival rates for entrapment-sized fishes were similar to the rates for
impingement-sized fish. Impingement survival rates were highly variable for the species most
commonly collected (principally juveniles and some adults of small species). Alewife exhibited
the lowest 96-hour survival rate. Survival for alewife dropped to almost 0% in spring and
increased to 44.5% in the summer of 1989 after modifications to the screening system were
made. Rainbow smelt seasonal 96-hour survival rates were also variable. ranging from a high of
94.9% in spring of 1985 to lows of 1.5% and 21.8% in summer and fall. respectively. Ninety-
six-hour survival of other species. with the exception of gizzard shad (53.7-65.3%) exceeded 70—
80% (Table 2-15),
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Table 2-15
Initial and 96-Hour Seasonal Survival Rates of Impinged Fish at Somerset Station for

Frequently Impinged Species (McLaren and Tuttle 2000)

Species Season | Year N initial Survival 96-Hour
P (%) Survival (%)
) 1985 184 100.0 0.0
spring
1986 202 99.0 1.0
alewife 1985 1,144 98.1 15.4
summer 1986 905 97.7 19.0
1989 1,068 99.5 44.5
) summer 1986 695 99.6 65.3
gizzard shad
fall 1986 108 100.0 53.7
spring 1985 | 1,459 99.4 94.9
rainbow smelt summer 1985 65 63.1 1.5
fall 1985 248 98.4 21.8
rock bass 1985 56 100.0 94.6
winter 1985 107 100.0 100.0
spring 1985 72 100.0 100.0
o 1985 62 100.0 95.2
spottail shiner summer
1986 56 100.0 83.9
fall 1985 408 100.0 100.0
a
1986 113 100.0 100.0
white bass fall 1985 461 100.0 95.9
white perch winter 1985 78 100.0 72.0
yellow perch winter 1985 47 100.0 80.9

The estimated 96-hour survival rates for entrapment-sized fish were similar to rates for
impingement-sized fish. The authors suggest that the survival rates reported should be
considered conservative estimates. The impact of handling and holding stress on survival could
not be determined because control groups were not used.

Arthur Kill Station

Consolidated Edison Company of New York. Inc., (Con Ed) modified two of the dual-flow
intake screens at the Arthur Kill Station as a requirement of a Consent Order mandated by
Section 316(b) of the Clean Water Act (Con Ed. 1996). The station is located on Staten Island.
New York. along the eastern bank of the Arthur Kill tidal strait, across from the mouth of the
Rahway River. Its two generating units (Units 20 and 30) have rated capacities of 360 and 515
MW._ respectively. During the study, the station was operated on a seasonal schedule from June
through September, with a reserve shutdown period occurring from October through May. The
capacity of Unit 20 is 16.4 m Ysec (580 cfs). whereas Unit 30 has a capacity of 14.8 m7/sec (525
cfs). Water for each unit is drawn under debris curtains into four 3.4 m (11.2 ft) wide by 7.9 m
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(26.0 1) deep intake bays. The intake bavs are fitted with 5 cm (2 in.) clear spacing trash racks
that extend from the deck level to the bottom of the bay. Each unit is equipped with four dual-
flow (double entry, single exit) intake screens (eight screens in total). The Unit 20 screens are
fitted with 65 mesh panels, each 1.2 m (4 ft) high and 0.46 m (1.5 ft) wide. The Unit 30 screens
contain 51 mesh panels. each 1.2 m (4 ft) high and 0.46 m (1.5 ft) wide. Both units have portal
widths of 0.7 m (2.3 ft) on each side.

The velocity at the face of the screens at Unit 20, with the combined flow of both circulating and
service water was 0.24 m/sec (0.8 ft/sec) at low tide and 0.18 m/sec (0.6 ft/sec) at high tide.
Velocities at the face of the screens for Unit 30 were calculated at 0.40 m/sec (1.3 ft/sec) at low
tide and 0.27 m/sec (0.9 ft/sec) at high tide.”

Two of the dual-flow screens at the Arthur Kill Station underwent modifications to comply with
the Consent Order. Screen No. 24 of Unit 20 and screen No. 31 of Unit 30 were equipped with
fish-saving features, which included: smooth surface mesh, screen baskets with fish collection
troughs, low-pressure spray wash systems, fish flap seals, and separate fish collection sluices.
Screen No. 24 was fitted with 0.32 c¢m (1/8 in.) by 1.3 cm (1/2 in.) mesh on its screen baskets,
while screen No. 31 was fitted with 0.64 cm (1/4 in.) by 1.3 ¢m (1/2 in.) mesh. The unmodified
dual flow screens all had 0.32 c¢m (1/8 in.) by 0.32 ¢m (1/8 in.) mesh.

A total of 49 weekly impingement samples were collected from September 16, 1991, to
September 10, 1992, with the exception of May |8 through June 1, 1992, when both units were
shut down. The samples were collected from the washwater sluice for all eight dual-flow
screens. Samples were separated by unit. The number of fish and blue crabs was recorded for
cach sample period. Three of the dual-flow screens, including No. 24 (modified), No. 31
(modified), and No. 23 (unmodified), were used for the post-impingement evaluation.
Collections were made on a biweekly to monthly basis from February 1994 through July 1995,
The majority of sampling occurred during the hours of 7 p-m. and 5 a.m., with screens operating
at a rotation speed of 6.1 m/min (20 ft/min). Fish and crabs were collected by diverting the
screenwash water of the individual screens into a collection tank. Fish and crabs were separated
into compatible groups and placed into holding tanks for 24-hour mortality evaluation. At the
end of the holding period. fish and crabs were categorized by species and condition and counted.

The most abundant species collected during summer and early fall was bay anchovy. Atlantic
herring (Clupea harengus) were abundant in spring. and blueback herring (Alosa aestivalis) were
abundant during late fall. winter. and early spring. The three aforementioned species made up
95.6% of the combined estimated impingement for Units 20 and 30. A total of 372.920 fish
representing 72 species were collected from the Unit 20 and 30 sluices during the impingement
study period.

Overall. bay anchovy was the most commonly impinged species (72.7%), followed by Atlantic
herring (13.9%). and blueback herring (9.15%). Post-impingement survival studies resulted in the
collection of 16,427 fish representing 59 taxa from one unmodified and two Ristroph-modified
dual-flow screens between February 1994 and July 1995, Survival was calculated as the
percentage of fish alive at the end of the 24-hour latent mortality observation period relative to
the total number of fish collected. The unmodified screen (No. 23) collected a total of 6.918 fish
and had an average survival 15.2%. Screens 24 and 31 (modified) collected 6.472 and 3.037 fish
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and had survival rates of 78.9 and 92.4% . respectively. Survival after 24 hours was generally
higher on the Ristroph-moditied dual-flow screens. Marked differences in survival on the
modified and unmodified screens were observed for alewite, Atlantic herring. Atlantic silverside
(Menidia menidia). bay anchovy, blueback herring. and weakfish (Table 2-16).
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Post-impingement survival for blue crabs was 99.1% for the unmodified screen and 99.6% for
the combined modified screens. A total of 220 blue crabs were collected on the unmodified
screen. and 1.029 were collected from the modified screens combined. The high survival rate of
blue crabs on the unmodified screen suggests that the modifications made to the dual-flow
screens may not be necessary for improving the protection of crabs.

Studies were conducted to determine if the handling/holding tank or the collection sluice could
have a significant effect on post-impingement survival. Results suggested that post-impingement
survival was affected by the handling/holding tank for bay anchovy, blueback herring. and
Atlantic herring. Larger volume tanks appeared to improve survival of these species. Fish
collected from the fish sluice generally had higher survival than those collected from the debris
sluice, except for Atlantic herring.

Oswego Steam Station

Impingement studies were conducted at Oswego Steam Station Units 14 from January 1973
through December 1975, from April 1982 through March 1983, and from January through
December 1991 (LMS 1992). The station is located on the southern shore of Lake Ontario in
Oswego. New York. The station has six units. Units | and 2 no longer operate. The remaining
units have a combined generating capacity of 1.980 MW. Water is provided to the once-through
cooling system by three offshore intakes.

Traveling screen sampling programs were conducted periodically over a 19-year period at Units
I—4. Seasonal impingement at the station was shown to be consistent, having peak
impingements during the spring and the lowest impingement numbers in late summer and early
fall. The alewife was the most commonly impinged, accounting for 85% of the annual total.
The second most commonly impinged species was rainbow smelt, averaging 10% of the annual
impingement.

Limited impingement monitoring studies were conducted at the Unit 5 intake. Relying on data
from a 12-month study, alewife was again the dominant species collected, making up 75.8% of
the total impingement during 1975-1976 and 71.5% of the total impingement during 1991. The
second most abundant species was threespine stickleback (Gasterosteus aculeatus) in 1975-1976
making up 14.6% of the total. Rainbow smelt was the third most abundant species in 1975-1976
and the second most abundant in 1991, accounting for 4.6% and 18.7% of the total yearly
impingement numbers, respectively.

Post-impingement survival studies were conducted at Unit 5 during 1991. Alewife was the most
abundant species collected and had a survival rate of 0.8%. Rainbow smelt. the second most
abundant species. had a survival rate of 0.73%. A total of 4.826 fish representing 30 species was
collected from the conventional traveling screens and observed for 24-hour survival. We list
other species collected and survival rates in Table 2-17.
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Traveling Warer Screens

Belle River Power Plant

A [-year study was conducted at the Belle River Power Plant to determine the number of fish
impinged on its traveling screens (Freshwater Physicians. Inc. 1991). The plant is located on the
St. Clair River approximately 23 km (14.3 miles) south of Lake Huron. The 225 wide intake
structure is angled 20 degrees with respect to river flow and is equipped with 1.5 in. clear-spaced
trash racks across its entire face. The trash rack turns the flow perpendicular to the face of the
rack, which aids in the exclusion of debris and floating ice. A set of 18-in. guide vanes is located
behind the trash racks to enhance parallel flow through the fish escapeway. Downstream of the
fish escapeway are ten, flush mounted, 4.2 m (14 foot) wide traveling screens. The screen panels
are fitted with 0.95 c¢m (3/8 in.) mesh screening. The orientation of the intake structure and trash
racks functions much like a louver system in its ability to deter fish (Figure 2-9). In addition, the
lateral water currents within the fish escapeway result in a flushing action across the face of the
screen, possibly freeing impinged fish before the screen panels are rotated out of the water.
There are three circulating pumps per unit, however, only one pump per unit is operated during
winter months and two are operated during the remainder of the year. Cooling water is drawn
into the intake at a flow rate of 8.2 m"sec (289.7 cfs) with one pump operating and 14.5 m/sec
(512.5 cfs) with two. The approach velocities at the intake average around 0.15 m/sec (0.5
ft/sec) with a total flow of 41.7 m'/s (1,470 cfs).

o
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A = Pump house

B = Screen house

C = Forebay

D = St Clair River

E = Unit 1 {south)

£ = Unit 2 (north)

G = Unit 1 Circulating Pumps (3}
H = Unit 2 Circulating Pumps (3}
| = Catwalk with POC

sampling stations

Screens
Trashracks
Figure 2-9
Schematic Diagram of the Belle River Power Plant Sampling Stations (Freshwater Physicians,
Inc. 1991)

Impinged fish were collected by diverting the screen washwater from the fish and debris trough
into a steel collection box. The fish were removed from the box using a 6 mm mesh net. The
collected fish were sorted. identified (if possible). and classified by condition. A total of 679 fish
representing 33 species were collected during the 12-month impingement sampling period. Most
of the fish impinged were small (<100 mm). Impingement rates were highest in May and
October and Towest in summer. Alewife were collected only 17 weeks out of the 12-month
sampling period: however. they were the fourth most abundant species collected. Alewife were
generally impinged in great numbers. or not at all, and their presence or absence had a marked
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effect on weekly impingement numbers. The initial survival rates of impinged fish were
generally high. The authors suggest that the survival rates were underestimated due the fact that
fish washed from the traveling screens were often retained in the collection net for periods of up
to 24 hours before the net was emptied, thus subjecting them to additional stress from high flows,
abrasion. and debris while in the net. None of the Alosa spp. (alewife and gizzard shad) were
ever recovered from the net alive. however. groups of darters, centrarchids. sculpins, and catfish
exhibited survival rates over 609 .

Roseton Generating Station

Two modified dual-flow (double entry/single exit) screens were installed at Central Hudson Gas
and Electric Corporation’s (CHGE) Roseton Generating Station (LMS 1991). The dual-flow
screens were installed as replacements for two of the eight conventional band-type vertical
traveling screens in March 1990, primarily to improve debris-handling capabilities at the station.
The sealed system of the dual-flow screen is designed to eliminate debris carryover. The dual-
flow screens were designed to include characteristics in design and operation that may increase
fish survival, including water retaining lifting buckets, a dual-pressure spray cleaning system,
flattened woven wire mesh, and faster operational speeds. Evaluations were conducted to
monitor the initial and extended survival of aquatic organisms in terms of screen type, biological
population characteristics, physical-chemical environmental conditions, and plant operational
parameters.

Roseton Generating Station is a steam electric power plant with a maximum generating capacity
of 1,200 MW. The station’s once-through cooling water system contains four pumps with a
combined capacity of 40.4 m'/s (1,426 cfs). Water enters the shoreline intake system from the
Hudson River through an array of 16 intake portals, 12 on the front of the intake structure and
two on each end. The upper perimeter of the intake structure over the portal area is surrounded
by a skimmer wall that extends to a depth of 1.7m (5.4 ft) below extreme low water. The wall
prevents large debris and ice from clogging the trash racks. Ten vertical trash racks with center-
to-center spacing of 76.2 mm (3.0 in.) are located between the portals and the traveling screens.
A fish escape passageway exists between the trash racks and the traveling screens: The intake
design allows fish to enter through the front trash racks and move laterally along the flush-
mounted traveling screens, where they can escape out through the side trash racks (Figure 2-10).
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Figure 2-10
Pian View of Roseton Cooling Water Intake Structure (Moditied from LMS 1991)

The screen array consists of six conventional vertical traveling screens and two dual-flow
traveling screens. A schematic of a dual-flow screen appears on Figure 2-11. Velocities
approaching the conventional traveling screens are 0.23 m/s (0.75 ft/s), with two pumps
operating (King et al. 1978). The conventional traveling screens are fitted with 9.5 mm (0.38 in)
polyvinyl chloride (PVC) square mesh. Each of the conventional screens are 12.8 m (42 ft) high
and 3.0'm (9.7 ft) wide and rotate at 3.1 m (10 ft) per minute. making one complete revolution
every 8.9 minutes. A front wash spray cleaning system is employed on the conventional screens.
The screen washings drain into a disposal trough and are returned to the Hudson River.

The two dual-flow screens (Figure 2-12) are 14.9 m (49 ft) high and fitted with 32mmx 127
mm stainless steel woven wire mesh. Each screen basket measures 1.2 m (4 ft) wide by 0.46 (1.5
ft) high and is fitted with a water retaining trough with an inward curved leading edge. The dual-
flow screens are operated at a travel speed of 3.0 m/min (10 fymin) and employ a “backwash”
spray cleaning system. The system uses both low (organism removal) and high-pressure (debris
removal) sprays for screen cleaning. The low-pressure unit is located on the top of the unit
where the baskets go over the drive sprocket. Spray discharge is 5. 10. and 15 psi for each of the
low-pressure nozzles. The high-pressure cleaning system sprays water through the screen panels
just above deck level. Discharge pressure for each of the high-pressure nozzles is 70, 80. and 90

psi.
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Figure 2-11
Schematic of a Dual-Flow Traveling Intake Screen (Courtesy of U.S. Filter)
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The Roscton intake screen evaluation required the use of two collecting devices to sample fish
from low- and high-pressure wash water of the dual-flow screens and the high-pressure wash
water from conventional screens.

The post-impingement survival program was conducted during two seasonal periods: May 9
through August 30, and September 30 through November 29. 1990. A total of 569 paired
samples were collected during the May—August period, and 246 paired samples were collected
during the October—November period, for a total of 815 paired samples. Collected samples were
transported to CHGE's Danskammer Point laboratory for processing. Fish were classified as live
(swimming normally, no orientation problem), stunned (swimming erratically, swimming on
their side. struggling), or dead (no vital life signs, no body or opercular movement, no response
to gentle probing). All live and stunned fish were separated from debris and blue crabs and held
in containers with river water for extended (48-hr) survival observations. Final determination of
tish condition occurred 96 hours after the initiation of the extended survival observations. All
fish held for extended survival observations were measured for total length and weighed.

A mark-recapture study was conducted during the dual-flow screen evaluation to obtain
information on the efficiency of the low-pressure screen wash system and to determine the
amount of stress associated with the collection and handling of organisms. Additionally, water
quality parameters (water temperature, specific conductance, and dissolved oxygen) were
monitored to determine their impacts on fish survival during testing. Collection and handling
mortality was determined for the conventional screens by accounting for holding facility,
marking, and collection tank mortality. For the dual-flow screens, collection and handling
mortality was determined by the influence of the holding facility, marking, collection tank, and
lip trough introduction. Based on the results of the collection and handling study, post-
impingement survival was not adjusted for either screen type. Water temperature, however, was
found to be the primary variable influencing initial survival following impingement on either of
the screen types. Initial survival was 42% for specimens collected at 8-10°C (46-50°F) and
increased to 90% at [2°C (54°F). Initial survival steadily decreased to a low of 6% at the highest
temperature range (22-26"C [72-79°F]).

The initial condition of fish was recorded immediately after impingement on the traveling
screens. The dual-flow screens collected 48.729 fish representing 30 species, and the
conventional traveling screens collected 13,623 fish representing 29 species (Table 2-18). A
total of 12,668 fish were evaluated for extended survival after being collected from the dual-flow
screens. A total 4,024 fish representing 22 species collected from the conventional traveling
screens were evaluated for extended survival.

For the dominant taxonomic groups, screen type was not found to be the most important factor
influencing survival. In eight circumstances, screen type was identified as a significant influence
but only as a second order effect. Post-impingement survival recorded for the two dual-flow
screens was higher than the post-impingement survival recorded for the conventional traveling
screens but was not determined to be significantly higher. Season and screen type appeared to
have almost no impact on survival for fragile fish species (Table 2-18). Blueback herring. bay
anchovy. alewife, and American shad (Alosa sapidissima) made up nearly 80% of the total catch
and had a combined post-impingement survival of less than | 9%.
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Brayton Point Station

Biological evaluations were conducted to determine the number, species. and initial and
extended survival of fish impinged on the modified intake screens at Brayton Point Station Unit
+ (Davis et al. 1988: LMS 1987). These fine-mesh, angled screens were installed at a new Unit 4
itake to divert larger. motile life stages and gently collect and recover early life stages. We
discuss the results of collection survival studies below. We discuss additional studies conducted
to determine the diversion efficiency of the angled screens elsewhere in this report.

The station is located on the Lee River north of the confluence with the Taunton River on Mount
Hope Bay, Massachusetts. The facility is comprised of four units with a total generating
capacity rated at 1,590 MW. Unit 4 has total rated capacity of 460 MW.

The new intake structure has eight openings 3.3 m (11 ft) wide by 4.2 m (14 ft) high that extend
to the bottom of a skimmer wall. Trash racks with bar spacing of 7.5 cm (3 in.) on center cover
the intake openings. Approximately 10 m (33 ft) downstream of the trash racks, the width of the
screenwell constricts to 12.3 m (41 ft). A center wall divides the structure in half, and each half
is equipped with three 3.0-m wide (10 ft) flush-mounted modified vertical traveling screens. The
screens are set at a 25 degree angle to the flow and lead to a fish bypass. Each screen panel is
modified with a fish-lifting bucket and is capable of interchanging standard 9.5 mm (0.38 in.)
screen and 1.0 (0.04 in.) fine-mesh screen. The design flow of the intake is 17.28 m'/s (610 cfs),
which results in an average screen approach velocity of 0.30 m/s (1.0 ft/s). Nearly 979% of the
design flow is drawn through the screens; the remaining 3% is pumped through a fish bypass
(Figure 2-13).

LEE RIVER

TRAVELING

_46.7cm DIA.BYPASSED | UCTUR BCAEENS

FI8H RETURN
PIPES

S8OUTH SCREENWELL_

NORTH SCREENWELL

TREUSH
uinbuinbudets >4

\as.acnxl.fuk. ~30.80m DIA.
COOLING CANAL

Figure 2-13
Brayton Point Angled Traveling Screen Intake Configuration (Davis et al. 1988)
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The fish bypass is a rectangular opening 15.2 ¢m (6 in.) wide by 5.1 m (17 ft) high, located at the
apex of each screenwell. The bypass leads into a 46 ¢cm (18 in.) diameter bypass pipe. Two
<hrouded 30 cm (12 in.) diameter screw impeller centritugal pumps can induce a velocity of 0.3
m/s (1 ft/s) at the bypass entrance. The by pass pipes discharge to the Lee River. Fish that do not
enter the bypass and become impinged on the traveling screens are removed by a low-pressure
backwash system and via a fish sluice back to the Lee River in the same location as the bypass
return (Figure 2-13).

Survival and impingement abundance sampling were conducted simultaneously with bypass
survival and abundance collections. Complete diel periods were covered during weekly
collections. Two, 1.5 m (5 fu) fiberglass collection tanks were used to receive the screen
washings from the six angled screens (one tank per three screens). Bypass subsample collections
were made using nets attached to sampling ports on each of the 46 cm (18 in.) return lines. Fish
collected from the bypass flow and the screenwash were classified by condition and placed in
separate holding tanks for extended (48-hr) survival observations. A total of 18,831 fish
collected from the fine-mesh traveling screens were used to evaluate initial and 48-hr survival.

The lowest survival was calculated for bay anchovy and the highest was for tautog (Tautoga
onitis) (Table 2-19). Trends in survival appeared to be affected by species. Initial and extended
survival varied by species, however, a certain group of numerically dominant taxa was classified
by the authors as “fragile” (primarily, bay anchovy and Atlantic silverside). The tragile group
had a calculated survival below 25.0% and a “hardy™ group, dominated by winter flounder and
northern pipefish (Svignarhus fuscus), had survival values greater than 65.0%.

Table 2-19
impingement Survival Information — Brayton Point Station Unit 4 (Oct. 1984-March 1986)

(Davis et al. 1988)

Initial Survival Extended Survival Total
Taxon — — 48 Hour Impingement
anamsed | | Anayzea | @ | Sunvalt®
bay anchovy 13,987 1.7 235 1.7 <0.1
Atlantic silverside 745 82.1 491 222 18.2
winter flounder 1,025 95.6 787 95.2 91.0
northern pipefish 1,551 98.1 1,134 95.1 93.3
threespine stickleback 113 93.8 105 96.2 90.2
Atlantic menhaden 126 38.1 48 8.3 3.2
fourspine stickleback 183 86.9 155 96.1 83.5
tautog 329 97.9 317 98.4 96.3
American eel 5 60.0 0 -- -
butterfish 37 56.8 21 571 32.4
hogchoker 117 991 115 96.5 95.6
seaboard goby 126 87.3 109 85.3 74.5
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Prairie Island Generating Plant

A S-year study was conducted to assess the effectiveness of fine-mesh (0.5 mm [0.02 in.p)
vertical traveling screens in reducing fish losses at Prairie Island Generating Plant (Kuhl and
Mueller 1988). The Prairie Island Plant is located on the West bank of the Mississippi River
approximately 40 miles southeast of Minneapolis/St. Paul, Minnesota. The plant consists of two
560 MW units. The plant is capable of operating its circulating water system as a once-through
system, a closed-loop system, or a helper system (a portion of the cooling water is recycled).
Maximum plant tflow is approximately 42.5 m/s (1,500 cfs).

Samples were collected on Monday, Wednesday, and Friday of each week from April 8 to
August 31, 1988. Twenty-five percent of the screen wash water (two out of the eight screens)
was diverted from the screen wash trough into collection tanks. The collection tank filters screen
wash water through 0.5-mm (0.02-in.) mesh nylon screen material. During sampling, the fine-
mesh screens were operated in the automatic mode with rotational speeds ranging from 0.9-3 m
(3—10 feet) per minute.

Initial survival samples were collected during early morning (before daylight) and underwent
two sorting procedures. The first sort was performed to quickly separate live fish from dead fish,
while the second sort was performed to make certain that all the remaining fish and eggs were
removed from the sample. Initial and latent survival was calculated by species, lifestage, and
year for the representative important species. The numbers of each fish collected and their
survival rates varied by life stage and species. The highest overall survival rate was exhibited by
walleye postlarvae, while postlarval gizzard shad had a survival rate of less than 0.1% (Table
2-20). In general, juvenile fish tended to exhibit higher survival rates than prolarvae and
postlarvae. Channel catfish and walleye had high survival for the life stages collected, unlike
freshwater drum, gizzard shad, and white bass, which showed relatively poor survival regardless
of life stage.

T TR
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Table 2-20

Initial, Latent, and Overall Survival by Taxa and Lifestage for 1984-1987 Prairie Island
Generating Plant (Kuhl and Muelier 1988)

Initial Survival Latent Survival Sou v::sla"
Species Name Lifestage

Dead | Live | 97| Dead | Live Percent | Percent

gizzard shad postlarvae 2,899 23 0.8 55 1 1.8 <Q.1
gizzard shad juvenile 17 8 32.0 13 1 7.1 2.3
mooneye prolarvae 39 12 235 25 4 13.8 3.2
carp prolarvae 1,778 | 881 331 182 458 716 237
carp postlarvae 1,570 296 15.9 3N 1,638 83.2 13.2
carp juvenile 4 95 96.0 40 112 73.7 70.7
Cyprinidae prolarvae 2,622 8 0.3 17 10 37.0 0.1
Cyprinidae postlarvae 13,690 | 391 2.8 276 338 55.1 1.5
Cyprinidae juvenile 454 | 1,306 742 719 1,179 62.1 46.1
Cyprinidae adult 0 8 100.0 13 8 38.1 38.1
Catostomidae prolarvae 935 1,088 53.8 301 1,296 81.2 43.6
Catostomidae postlarvae 146 103 414 107 687 86.5 358
Catostomidae juvenile 9 25 73.5 7 50 87.7 64.5
channel catfish prolarvae 81 224 73.4 6 24 80.0 58.8
channel catfish juvenile 2,535 | 5,765 69.5 556 2,653 82.7 57.4
trout perch juvenile 3 34 91.9 35 58 62.4 57.3
white bass prolarvae 76 0 0.0 8 0 0.0 0.0
white bass postiarvae 1,227 155 11.2 513 122 19.2 2.2
white bass juvenile 26 67 72.0 90 67 427 30.7
Lepomis spp. postlarvae 215 10 4.4 23 7 23.3 1.0
Lepomis spp. juvenile 13 52 80.0 14 80 85.1 68.1
Pomoxis spp. postlarvae 177 9 4.8 17 18 514 2.5
Pomoxis spp. juvenile 2 30 93.8 36 52 59.1 55.4
sauger prolarvae 51 17 25.0 14 40 741 18.5
sauger postlarvae 44 17 279 10 9 47.4 13.2
walleye prolarvae 15 104 87.4 123 456 78.8 68.8
walleye postlarvae 0 2 100.0 3 15 83.3 83.3
Percidae prolarvae 362 33 8.4 24 34 58.6 4.9
Percidae postiarvae 273 38 12.2 167 42 201 2.5
Percidae juvenile 19 40 67.8 26 90 77.6 52.6
freshwater drum prolarvae 20,134 | 414 2.0 751 159 17.5 0.4
freshwater drum postlarvae 3,340 | 693 17.2 1,145 447 28.1 4.8
freshwater drum juvenile 190 433 69.5 420 401 488 33.9
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Big Bend Station

In 1980, Tampa Electric Company (TECO) performed a pilot scale evaluation of a fine-mesh
Ristroph screen in the intake canal to its Big Bend Station on Tampa Bay, Florida (Taft et al.
1981a: Brueggemeyer et al. 1988). At the time. the station consisted of three generating units
with a combined once-through flow rate of 45.6 m/s (1.611 cfs). TECO planned to add a fourth
generating unit. Region IV of the USEPA and the Florida Department of Environmental
Regulation expressed concern for the losses of organisms due to the operation of the station with
the additional unit. Accordingly, TECO agreed to evaluate the potential effectiveness of fine-
mesh screens to reduce losses of the selected Representative Important Species (RIS): bay
anchovy, black drum (Pogonias cromis), silver perch (Bairdiella chrysoura), spotted seatrout
(Cynoscion nebulosus), scaled sardine (Harengula jaguana), tidewater silverside (Menidia i
peninsulae), stone crab (Menippe mercenaria), pink shrimp (Penaeus duorarum), American i
oyster (Crassostrea virginica), and blue crab. In 1980, an extensive biological evaluation of a
full-scale, prototype screen was conducted. The test facility was located immediately upstream
of the existing Unit 1-3 intake screens. The screen was of the no-well design, similar to the

existing screens (Figure 2-14).
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No-well Screen (SWEC 1980)

The screen was full-depth, comprised of 48 (2 ft) wide by (2 ft) high screen baskets with 0.5 mm
(0.02 in.) screen mesh. The screen could be rotated at speeds from 2.1 m/min (6.9 ft/m) to 8.5
m/min (27.9 ft/m). A variable speed pump permitted testing at screen approach velocities
ranging from 0.15 to 0.31 m/s (0.5 to 1.0 ft/s). Organisms were washed from the ascending face
of the screens and lifting buckets into a collection trough with a low-pressure (10 psi) spraywash.
Once in the trough, the organisms flowed by gravity into a primary collection tank from which
they were drained into a secondary chamber, which also served as the container in which the
organisms were transported to the onsite wet laboratory.

The organism survival study consisted of a series of tests conducted at six combinations of
approach velocities (15.2 and 30.5 cm/s [0.5 ft/sec and 1.0 ft/s]) and screen rotational speed (2.1,
1.3, and 8.5 m/min [6.9 f/min and 27.9 f/m}). Control organisms were collected from the intake
canal using a stationary 505 p plankton net. All organisms were held for 96 hours following
collection to determine latent effects. Results of testing are presented in Table 2-21 through
Table 2-24. An analysis of the data indicated that, while temperature and approach velocity had
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significant effects on initial survival, hatchability. and latent survival of Sciaenidae eggs and
larvae. the hatchability and survival differences were not large and explained lhttle of the
observed variability in the dependent variable, survival. Therefore, the data in Table 2-21
through Table 2-24 are considered good indicators of the performance of the fine-mesh screen
(Taftetal. 1981a).
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Table 2-22
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Fish Larvae — Percent Initial and Latent Survival at Big Bend (Taft et al. 1981a)

Initial Survival (%)

48-Hour Survival (%)

96-Hour Survival (%)

Taxa

Test Control Test Control Test Control
Sciaenidae 18.6 (108) 44.4 (6) 10.9 (26) 0.0 (1) 10.1 (26) 0.0 (1)
Silver Perch 19.2 (39) 50.0 (2} - -- - --
Cynoscion spp. 15.7 (51) 0.0(1) 100 (3) -- 100.0 (3) --
Menticirrhus spp. 0.0 (15) 25.0 (4) -- -- -~ -~
black drum 42 9 (7) 100.0(1) -- -- -- --
Alosa spp. 1.5 (278) 10.4 (11) 36.4 (11) 0.0 (1) 36.4 (11) 0.0 (1)
scaled sardine 0.0 (15) -- -- -- -- --
bay anchovy 1.5 (274) 11.4 (10) 22.2 (9) 0.0 (1) 22.2 (9) 0.0 (1)
Notes:  Number of observations is given in parentheses.

Dashes indicate no observations.
Table 2-23
Decapod Zoea — Percent Initial and Latent Survival at Big Bend (Taft et al. 1981a)
Initial Survival (%) 48-Hour Survival (%) 96-Hour Survival (%)
Toxa Test Control Test Control Test Control

Caridea 94.3 76.7 85.0 6.8 50.0 43.8
Upogebia affinis 91.3 75.6 84.1 76.2 42.8 45.4
Brachyura 95.5 65.0 83.9 55.6 45.9 27.8
Grapsizoea 100.0 100.0 95.1 97.9 80.2 92.9
Pinnotheridae 100.0 100.0 92.2 93.4 73.0 721
Xanthidae 99.1 -- 95.9 95.6 74.9 73.4
Menippe mercenaria 97.9 97.3 91.5 94.9 58.3 61.0
Paguridae 94.7 100.0 96.6 100.0 79.2 33.3

Note: Dashes indicate no observations,
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Baezlaepzog :Aegalops — Percent Initial and Latent Survival at Big Bend (Taft et al. 1981a)
Initial Survival (%) 48-Hour Survival (%) 96-Hour Survival (%)
Taxa Test Control Test Control Test Control
Caridea 100.0 -- 100.0 -~ 100.0 -
Upogebia affinis 100.0 100.0 97.7 100.0 743 100.0
Brachyura 65.1 26.7 71.8 -- 15.0 -
Grapsizoea 100.0 100.0 98.1 100.0 93.1 91.2
Pinnotheridae 100.0 - 100.0 - 22.9 -
Xanthidae 100.0 100.0 98.3 100.0 94.2 96.9
Menippe mercenaria 100.0 - 100.0 - 100.0 =
Paguridae 100.0 -- 90.0 -- 80.0 -

Note: Dashes indicate no observations

Based on the positive results of the prototype testing, the regulatory agencies determined that
Unit 4 could be constructed with a once-through condenser cooling system provided that fine-
mesh screens were incorporated into the intake structures of both Units 3 and 4. Accordingly,
six 0.5 mm No-well screens were installed at the station, and studies of their biological
effectiveness were conducted in 1985 (Brueggemeyer et al. 1983).

The fish return system required the incorporation of three WEMCO Hidrostal pumps to provide
the energy needed to transport collected organisms to a remote discharge location. The pumps
are located in a sump that collects the combined screenwash discharge from all six screens. To
account for possible pump effects on organism survival. samples were collected both from the
sump and at the remote organism return discharge (ORD). Control organisms were collected
from the intake canal upstream of the screens. Sampling and holding methods were similar to
those used in the prototype study.

We present results of the full-scale biological evaluation in Table 2-25 and Table 2-26. The
conclusion of the study was that survival rates were comparable to, and in some cases exceeded.
those obtained during the prototype study. There was no significant difference in survival rates
between the two sample locations.
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Table 2-25
Comparison of Initial Survival (%) During the FMS Survivability Studies at Big Bend Station

(Brueggemeyer et al. 1988)

Initial Survival (%)
Taxa
Screenwash ORD Control

Fish Eggs:

bay anchovy 48 29 72

Sciaenidae 63 40 72
Fish Larvae:

bay anchovy 16 58 16

Sciaenidae 61 56 85
Invertebrates:

Caridea 72 70 65

Xanthidae 93 90 88

Pinnotheridae 99 83 77

Table 2-26

Comparison of Fish Egg Hatchability and Latent 48 Hour Survival (%) During the Prototype
and FMS Survivability Studies (Brueggemeyer et al. 1988)

Screenwash I ORD l Control
Taxa
Hatchability (%)
Fish Eggs:
bay anchovy 74 93 98
Sciaenidae 80 80 90
Latent 48-Hour Survival (%)
Fish Larvae:
bay anchovy 68 ' 65 59
Sciaenidae 63 66 61
invertebrates:
Caridea 67 66 88
Xanthidae 80 71 85
Pinnotheridae 71 65 74

As part of the evaluation of the fine-mesh screens, an auditing program was established to
monttor the conditions of the screens and optimize their screening efficiency. The biggest O&M
problem at this site is biofouling (particularly barnacles and mussels). It was found that
biweekly manual cleaning of the screens by a two-person crew was effective in preventing
damage to the screen mesh and seals.
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Indian Point Generating Station

The Unit 2 intake of Indian Point Generating Station was modified by installing a Ristroph-
modified traveling screen (Consolidated Edison Company of New York, Inc. 1986). The
modification came, in part, as a provision of the 1980 Hudson River Settlement Agreement. The
parties to the settlement agreed that Ristroph traveling screens could be the best alternative to an
angled screen and approved testing of one of the screens at Indian Point during winter and early
spring of 1985. The study’s objective was to obtain initial data on the survival of target species
while testing the mechanical reliability of the new screen. The Indian Point Generating Station 1s
located on the eastern bank of the Hudson River 69 river kilometers (43 miles) north of the
Battery. Unit | has a capacity of 17.6 m'/s (622 cfs). At full capacity, water velocity at the
intake forebays is 0.27 m/s (0.9 fUs). A 9.5-mm (3/8-in.) fixed screen, bar rack, and
conventional traveling screen were used to exclude fish, debris, and other objects from the once-
through cooling water system (Figure 2-15).
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Figure 2-15

Section View of Indian Point Generating Station Unit 1 CWIS (EA 1977)

Unit 2 has six intake bays (numbered 21-26) that provide once-through cooling water. Each
intake bay has a fixed screen. bar rack. and a conventional traveling screen. as described for Unit
I. The circulating system was operated at 60% of maximum capacity from November through
December. resulting in an average intake approach velocity of 0.15 m/s (0.5 f/s). From August
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through October. the circulating pumps operated at 100% capacity bringing intake approach
velocities to approximately 0.27 m/s (0.9 fvs). A Ristroph modified traveling screen was
mstalled in one of the intake bays (number 26) about mid-way between the entrance to the intake
bay and the existing conventional screen. The new screen could be operated at variable speeds
ot up to 6.1 m/min (20 ft/min) but was operated at 3.0 nymin (10 fmin) for the study period.
The screen mesh was constructed of 1.27 by 1.27 ¢cm (0.5 by 0.5-in.) slotted woven wire. Each
screen basket was fitted with a fish lifting trough. They discharged into a sluice trough as the
screen panels were cleaned by two low-pressure wash headers. One header was located inside
the screen. the other was located outside and above the screen (low-pressure washes were
operated at approximately 10 psi for this study). Below the fish sluice a high-pressure spray
(operated at 95 pst) washed any debris and remaining fish off the screen panels. The fish sluice
led fish to various collection tanks where fish were counted and their condition assessed. Fish
were then transported to a holding facility for 96-hr observation.

Fish samples were collected simultaneously from trash and debris sluices. A total of 5.861 fish
were collected representing 20 species. Water quality parameters, including water temperature,
dissolved oxygen. and salinity were monitored in front of the intake and in the holding facilities.
No attempt was made however to identify factors associated with differences in survival due to
these environmental factors.

Between August 15 and December 7 in situ collections were made. Survival estimates were
made each month for nine species. White perch made up the majority (71%) of the fish
collected. Survival ranged from 20% for alewife (n = 15) to 93.4% for weakfish (n = 426)
(Table 2-27). Survival rates of striped bass, weakfish, and white perch were found to be higher
in late summer and early fall than in November and December (Table 2-28). Simultaneous
collections from the fish and debris sluices were made between November 18 and December 24.
A total of 2,394 fish representing 16 species were collected from the fish sluice, and 1,065 fish
representing 14 species were collected from the debris sluice.
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Table 2-27

Survival (%) of Fish Coliected from a Ristroph Screen (fish sluice only) at Indian Point Unit 2
and Held for 96 Hours in situ; August 15 through December 27, 1985 (CONED 1985)

Number of Fish % Survival
Species Species/Time' ) ] Alive &
Alive Damaged | Dead | Alive/Total Damaged /
Total
September 1 0 0 100.0 100.0
October 2 1 9 16.6 25.0
alewite November 0 0 1 0.0 0.0
December 0 0 1 0.0 0.0
Total 3 1 11 20.0 26.7
August 1 0 0 100.0 100.0
September - NS - - -
American shad October 6 0 3 66.7 66.7
November 0 0 4 0.0 0.0
Total 7 0 7 50.0 50.0
August 181 1 77 69.9 70.3
September - NS - - -
) October 2 0 66.7 66.7
Atlantic tomcod
November 1 0 0 100.0 100.0
December 29 0 3 90.6 90.6
Total 213 1 81 72.2 72.5
August 25 2 25 48.1 51.9
September - NS - - -
October 4 0 16 20.0 20.0
bay anchovy
November 0 1 0.0 0.0
December - NS - - -
Total 29 42 39.7 42.5
August 5 0 3 62.5 62.5
September - NS - - -
- October 131 4 52 70.1 72.2
blueback herring
November 45 1 46 48.9 50.0
December 0 0 1 0.0 0.0
Total 181 5 102 62.8 64.6
August - NS - - -
, September - NS - -
rainbow smelt
October - NS - -
November 1 0 2 33.3 33.3
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Number of Fish % Survival
Species Species/Time' ) Alive &
Alive | Damaged | Dead | Alive/Total Damaged /
Total
] December 2 33.3 333
rainbow smelt
Total 0 4 33.3 33.3
August 15 3 83.3 83.3
September - NS - - -
) Qctober 14 0 2 87.5 87.5
striped bass
November 6 42.9 50.0
December 11 0 14 44.0 44.0
Total 46 26 63.0 64.4
August 420 2 13 96.6 97.0
September 0 0 100.0 100.0
. October 0 1 10 0.0 9.1
weakfish
November 1 0 4 20.0 20.0
December NS - - - -
Total 426 3 27 93.4 94 .1
August 127 2 14 88.8 90.2
September 5 0 6 455 -
. October 73 2 20 76.8 78.9
white perch -
November 384 1 231 62.3 62.5
December 1,839 16 848 68.0 68.6
Total’ 2,428 21 1,119 68.0 68.6

" Reflects all individuals in all collections made from August through December.

" An additional 80 and 497 fish collected in November and December. respectively, suspected of having been

washed from the fixed screens at Intakes 21-25 prior to collection. were excluded.
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Table 2-28
Survival of Fish Collected From a Ristroph Screen (Fish Sluice Only) at Indian Point Unit 2 and
Held for 96 Hours in situ; November 8 through December 27, 1985 (ConEd 1985)

Number of Fish % Survival Damaged
Species Alive Damaged Dead Alive/Total Damp;lgi;\;ed/%rotal

American eel 27 1 12 67.5 70.0
banded killifish 45 0 2 95.7 95.7
black crappie 5 0 1 83.3 83.3
bluegill 127 0 3 97.7 97.7
gizzard shad . 3 0 21 12.5 12.5
grey snapper 1 1 7 11.1 22.2
hogchoker 174 1 10 94 .1 94.6
naked goby 6 0 7 46.2 46.2
pumpkinseed 14 0 1 93.3 93.3
spottail shiner 2 0 0 100.0 100.0
white catfish 21 0 4 84.0 84.0

Additional studies were conducted at Indian Point Unit | to determine the survival of early life
stages of striped bass impinged on a continuously rotating fine-mesh traveling screen.
Evaluations were performed to test the efficiency of the screen in reducing entrainment of
aquatic organisms (EA 1977). Other studies were performed by Texas Instruments in 1977 (Tl
1978) and by Ecological Analysts 1978 (EA 1979) to evaluate the effectiveness of the fine-mesh
screen at Unit 1.

The Unit 1 conventional traveling screen was replaced by an experimental continuously
operating fine-mesh screen traveling screen. The panels of the conventional traveling screen
were replaced with 2.5 mm (0.098 in.) nylon mesh screening cloth. The screen was also
modified to operate at speeds ranging from 2.5 to 20 ft per minute. In addition, fish collection
buckets that spanned the length of the screens (3 m [10 ft]) were added to enhance the survival of
impinged organisms. Fish were removed from the screens by a backwash spray system. Two
low-pressure nozzles, operated at 20 and 32 psi. removed impinged organisms from the screen
and washed them into a fiberglass trough. A high-pressure wash. located below the fish trough,
removed debris from the screen. Larvae and juvenile fish impinged on the fine-mesh traveling
sereen were collected by diverting water from the bypass sluiceway into a collection apparatus.
The collection device consisted of an inverted conical net suspended in a cylindrical tank filled




Traveling Water Screens

with water. A modified funnel was affixed to the bottom of the net and led into a collection
container. At the end of a sample interval, the diverted flow was shut off. and the tank was
drained. The net was then washed with a fine spray to remove all of the collected organisms.

Collection efficiency of the fine-mesh screen was determined by releasing a known number of
striped bass post-yolk-sac larvae upstream of the fine-mesh traveling screen for collection.
Screen washwater was diverted 10 minutes subsequent to the larval release. after which the
number of larvae were collected and recorded. Collection efficiency experiments used two
groups of approximately 5.000 and one group of approximately 10,000 post-yolk-sac larvae that
were 14 days old (mean length 7 mm [0.28 in.]). An additional efficiency experiment used an
estimated 78,750 post-yolk-sac larvae that were 21 days old (mean length 9 mm [0.35in.]). A
control group of 25 post-yolk-sac larvae (21 days old), and 5 mm (0.2 in.) styrofoam particles,
representing fish eggs, were also introduced directly into the sluiceway.

Wild Hudson River larvae were used in the impingement survival tests. Tests were conducted
during times when river densities of striped bass larvae were known to be high. Collections were
made between 2020 and 2140 hours on June 16 and June 21. Samples were then immediately
transported to an onsite laboratory where they were sorted, classified (as live, stunned. or dead),
and held for latent mortality observations. Survival of striped bass impinged on traveling screens
was calculated as the ratio of organisms found alive to the total number collected.

The results indicated that the continuously operating fine-mesh screen did not effectively prevent
the entrainment of striped bass post-yolk-sac larvae that were 7 to 9 mm (0.28 to 0.35 in.)in
length. Late post-yolk-sac larvae ranging in size from 10 to 18 mm (0.39 t0 0.71 in.) appeared to
be the minimum sized larvae collected by the fine-mesh (2.5 mm) screen (EA 1977).

Initial survival of late post-yolk-sac larvae was estimated to be 69% with water intake velocities
of 0.12 m/s (0.4 ft/s) and screen travel rate of 3 m/min (10 ft/min). Ninety-six-hour survival of
late post-yolk-sac larvae was 47%. Early juvenile striped bass (17 to 23 mm [0.67 to 0.91 in.])
survival was 100% for initial survival tests and 88% after 96 hours (Table 2-29). Atotalof 119
wild striped bass were collected for impingement survival analysis. One hundred and three were
late post-yolk-sac larvae, and 16 were classified as juveniles. High survival of juvenile striped
bass indicated that the fine-mesh traveling screen had potential to reduce the mortality of this life
stage.
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Traveling Warer Screens

From June through December 1977, Texas Instruments (T1 1978) conducted preliminary studies
to test the initial and extended survival of juvenile and older fish recovered from the Unit | fine-
mesh traveling screen. The testing procedure was similar to that used in the EA study.
Seventeen tests were performed. Of these. 16 were conducted with circulator capacity at 78% of
maximum and one with circulators at 1009 capacity. Screen wash water from the fine-mesh
screen was diverted into a 1,672 liter (441 gallon) collection tank. Fish were removed from the
tank. and those classified as live were placed in a laboratory holding facility and observed to
determine latent mortality at 0, 12. 36, 60 and 84 hours. No control tests were conducted. Bay
anchovy, blueback herring, and white perch were the predominant species collected. Species age
classes included young-of year, yearling. and older fish. Initial survival for all species was 41%,
and survival after 84 hours was 24% for all species. Overall effectiveness of the continuously
operating fine-mesh screen was not fully evaluated due to the preliminary nature of the study.

A continuation of the 1977 studies involving the use of a fine-mesh traveling screen at Indian
Point Unit | was conducted during the 1978 ichthyoplankton entrainment season. The study
objectives were to further define the collection efficiency of the screen and to examine the
survival of early life stages of striped bass collected by the screen. The tests used identical
sampling apparatus and experimental protocol as the studies conducted in 1977. A total of
38.700 striped bass yolk-sac-larvae were used in three releases. Only 835 were recovered

(2.2%).

Collection efficiency of the fine-mesh screen was found to be substantially higher for the
juvenile life stage of striped bass. Results from the juveniles tested (n=17,000) in six
experiments indicated that 43.6% (n=7 407) were retrieved in the collection apparatus. A total of
35 survival experiments were conducted with wild Hudson River striped bass larvae. All larvae
collected were dead. Initial survival of juvenile striped bass was 77%, and survival at 96 hours
was 60%. Survival estimates for early stages of striped bass impinged on fine-mesh traveling
screens during 1977 and 1978 studies indicated that, as length increased (the fish became a size
more susceptible to screen retention), fish survival also increased. The authors estimated that,
for juveniles averaging 19 mm or more in length, screen retention would approach 100%, and
survival would exceed 75%.

Brunswick Steam Electric Plant

A biological monitoring program was conducted at Brunswick Steam Electric Plant to determine
the impact of its operation on commercially and recreationally important species of fish and
shellfish (Carolina Power & Light 19835a; Thompson 2000). Additional evaluations were
conducted to determine the effect of fish protection devices and operational practices. including
the installation of fine-mesh screens. on fish survival. The monitoring program and intake
modifications were implemented as a requirement of the station's NPDES permit.

The Brunswick Plant is located in the Cape Fear estuary approximately 9.2 km (5.7 miles)
upstream from the mouth of the Cape Fear River. The plant consists of two generating units.
cach rated at 790 MW, Cooling water is drawn into the plant through a 4.3 km (2.7 miles) intake
channel. A diversion structure designed to exclude larger life stages of fish was installed in fall
of 1982 at the mouth of the intake canal.



Traveling Water Screens

Two of the four intake traveling screens 9.4 mm (0.37 in.j on each of the station’s units were
replaced with 1 mm (0.04 in.) fine-mesh polyester screens. The fine-mesh screens were only run
when the intake water temperature was less than 18°C (65°F). Studies were conducted to
determine the reduction in entrainment of organisms due to installation of the fine-mesh screens.
Three comparative studies were conducted in November 1984, December 1984, and January
1985. Samples were collected from the two screen types in two consecutive 24-hour periods.
Gobiosomu spp. comprised 24% of the mean density of all organisms entrained in 1984
Atlantic croaker made up 16% . while spot and Anchoa spp. each made up 15% of the entrained
organisms. The total rate of fish entrained during the study ranged from 6.6 million per day in
mid January to 22.000 in mid November. The comparative study involving the fine-mesh
screens versus the 9.4 mm screens resulted in an 84% reduction in the total number of fish
entrained during the three study periods due to the fine-mesh screens.

Impingement studies at Brunswick Station were conducted for larval, juvenile, and adult life
stages of fish. Impinged larval life stages were collected by filtering the entire water column in
the return flume by using a 505-um mesh plankton net. Five-minute samples were collected on
mid and slack tides per 24-hour period, per week. Samples were processed in the same manner
as the entrainment samples. A total of 570 million larval organisms representing 99 taxa were
collected during 1984. Adantic croaker was the most abundant species collected, representing
22.9% of the total catch. Spot was collected in similar volume, comprising 20.9%. Survival
studies were not conducted on the larval collections.

Impingement tests performed with juvenile and adult fish and invertebrate were conducted with
the permanent diversion structure in place. Samples were conducted for one 24-hour period each
week. A steel-framed collection basket, fitted with 9.4 mm net, was placed into each sluice.
Organisms that were collected by the basket were sorted. identified, measured, and weighed.
Any organism less than 25 mm (1 in.) in length was considered an incidental catch and not
recorded. A total of 5,128.817 organisms representing 116 taxa were collected during the
juvenile/adult impingement study. Bay anchovy were collected in the greatest number,
comprising 59.0% of the total catch. Atlantic menhaden were the second most abundant species
and made up 12.8% of the catch. Blue crab (5.6%), Atlantic silverside (4.09%), blackcheek
tonguefish (Symphurus plagiusa) (2.6%), and Atlantic croaker were third, fourth. fifth, and sixth.
respectively. Night sampling was responsible for collecting 78% of the juveniles/adults during
the test period.

Survival studies were conducted to determine what percentage of fish and invertebrates impinged
on the traveling intake screens could be returned to the estuary alive. Screen washwater was
collected at the end of each sluiceway for 3-minute intervals using a 1 mm (0.04 in.) mesh
bucket. Organisms were collected at two different screen rotation speeds: slow and fast. The
collected organisms were transported to a laboratory holding facility and monitored for 96-hour
mortality. A control study was also conducted to determine if significant mortality was
associated with the collection and holding processes. No adjustments were made for collection
or holding. Over 21,000 organisms were collected; 10.700 of these were held for 96 hours for
determining the survival percentages (Table 2-30 and Table 2-31). Survival was generally
higher for smaller organisms tested on fast-moving screens. No significant difference in survival
was exhibited between screen speeds for larger organisms.

2
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Traveling Waier Screens

Danskammer Point Generating Station

Central Hudson Gas & Electric installed a front-wash modified screen system in 1979 at the
Danskammer Point Generating Station (EA 1982). Subsequent to the system installation in

1979, studies were conducted to evaluate the effectiveness of the modified screens at improving
the survival rates of impinged fish compared to conventional screens. The plant is located
approximately 107 km (66.5 miles) upstream from the mouth of the Hudson River at the north
end of Newburgh Bay. The station has four units with a total gross generating capacity of 482
MW. Units I. 2. and 3 each have two pumps to supply water for the once-through cooling
system; Unit 4 has three pumps. Water is drawn from a common intake canal through 12 vertical
traveling screens. Approximate velocities approaching the screens are less than 0.45 m/s (1.5
ft/s).

The conventional traveling screens each had 25, 0.46 m (1.5 ft) high by 2.44 -m (8 ft) wide
screen panels fitted with 9.5 mm (0.37 in.) mesh. A single high-pressure (60-90 psi) debris
spray nozzle washed both fish and debris from the screens into a sluiceway located in front of the
screens. The screens were operated at a rotational speed of 1.6 m/min (5.2 ft/min). One of the
three traveling screens in Unit 4 was selected for modifications, including stainless steel troughs
installed at the base of each screen panel, external low-pressure fish-removal spray, a neoprene-
faced splash plate, and two high-pressure crossfire spray jets.

A series of preoperational screenwash tests was performed to determine the efficiency of the
low-pressure wash system when used alone and in conjunction with the high-pressure debris
spray. A known number of living and dead fish of several size categories were placed in the
screen trays prior to washing. The screen was then rotated and washed and fish were collected at
the fish sluice discharge. The number of fish collected in the discharge was recorded.
Observations were also made at the backside of the screens to determine if any fish were being
carried over.

A comparison of survival was conducted between fish removed from the modified screen verses
fish removed from the two conventional traveling screens located on either side of the modified
sereen. Each week. two modes of screen wash operation were tested. In one operational mode,
30-minute collections were made during continuous screenwash and continuous screen rotation.
The other operational mode employed was intermittent screen rotation with a two-hour hold
followed by screen rotation and wash for 15 minutes. Sampling was conducted three times per
week for each screen type and wash/operational mode.

The collection of fish from cach of the two screen types occurred at the point where the
screenwash sluiceway emptied into the Hudson River. The washwater was directed into a
collection basket (120 cm x 240 cm x 120 cm [47.2 in. x 94.5 in. x 47.2 in.]) equipped with 6
mm (0.24 in.) mesh. Fifteen-minute samples were collected during the intermittent mode, and
30-minute samples were collected during the continuous wash mode. Fish captured in the
collection basket were counted and classified by condition. Live specimens of selected target
species were transferred to holding tanks for latent mortality observations. Latent mortality
monitoring occurred at 12, 18, 36, and 84 hours after collection.



Traveling Warer Screens

Control fish were collected from the river near Danskammer to determine if the collection and
handling processes had a significant effect on the survival of fishes.

After a 2- 1o 4-day recovery period. the control fish were placed in the collection basket and
subjected to the washwater discharge for the same exposure period as the test fish. The control
fish were then sorted and maintained in the same manner as the test fish.

The preoperational screenwash tests indicated that fish removal efficiency was related to the size
and condition of the fish. Live fish under 130 mm (5.1 in.) were effectively removed from the
screens with a low-pressure wash (10 psi). The removal of fish larger than 130 mm (5.1 in.)
improved when the low-pressure wash was increased to 15 psi. Dead fish were more effectively
removed when both the low and high-pressure washes were used together.

White perch, Atlantic tomcod (Microgadus tomcod), Alosa species (alewife, blueback herring,

and American shad), gizzard shad), and spottail shiner were the most commonly collected ;
species on both types of screens and composed over 80% of the total catch. A total of 5.503 fish |
was collected by the conventional screens, while the modified screen collected 3.217.

White perch were most abundant in the fall and spring followed closely by Atlantic tomcod
during winter months. The Alosa species were most frequently collected in the fall and spottail
shiner were collected in low numbers throughout the year. There was little variation in the size
class of fish collected at both screen types.

Initial survival data were recorded for all the fish collected on the screens. Latent survival

observations were conducted on the only the most abundant species collected. Initial survival

rate was comparable between life stages, sampling seasons, and screenwash modes. The initial E
survival of impinged white perch was high (greater than 90% for the majority of the samples) for 4
all of the sampling seasons (Table 2-32). Survival rates were significantly higher on modified
screens for fall 1980 samples involving young-of-the-year fish. Extended survival rates for tests
with screens operating in the continuous wash mode during non-winter months were higher at
the conventional screens than at the modified screens. The modified screens only showed
increased extended survival during the winter test period. Most species collected at the modified ‘
screen had lower survival rates than those collected on the conventional screens. Atlantic

tomcod was the only species that showed a significantly higher survival rate at the modified

screen when sampled during the continuous wash mode (Table 2-33). Results of the control tests

indicated that collection and handling had little or no effect on initial survival but did have an

influence on extended survival rates for all species tested.
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Traveting Water Screens

The performance of both the conventional and modified screen types was found to be similar.
Atlantic tomcod and white perch exhibited higher survival rates during the winter season of the
modified screen. However. survival rates for all other species tested on the modified screen were
comparable or less than those exhibited on the conventional screens. The authors suggest that
there would be “no particular advantage in using the modified screen system™ at the
Danskammer plant under the observed conditions.

Mystic Station

The effectiveness of a modified traveling screen was evaluated at Mystic Station — Unit No. 7
in an attempt to improve the survival of winter flounder, rainbow smelt, alewife, and blueback
herring (SWEC 1979, 1981; Taft et al. 1986). Mystic Station is located on the north bank of the
Mystic River in Everett, MA. Unit 7 has a total generating capacity of 600 MW. The Unit 7
intake consists of two screenbays, each 2.7 m (9 ft) wide. A 2.4 m (8 fv) wide bottom sill was
constructed at the base of each screenbay to exclude flounder and other benthic organisms.
Angled trash racks are located inside the screenbays. Curtain walls, located behind the trash
racks. extend downward approximately 1.4 m (4.5 ft) below the extreme low tide elevation (EL
2.2 m [EL. -7.25ft]). Two traveling screens are located 7.8 m (25.5 fty behind the screenbay
entrances. The screen panels are fitted with 1 cm (3/8 in.) wire mesh and are equipped with a
front wash, low- (30 psi) and high-pressure screen wash system. Fish and debris are washed into
a common sluice. Normal operation of the screens includes one rotation during each 8-hour
shift. Screen approach velocities are 1 m/s (3.2 ft/s).

During the fall of 1980, one of the two Unit 7 traveling screens was replaced with an
experimental screen system. Modifications that were made to the Unit 7 screenwell included
installation of fish lifting buckets, a low-pressure spray header. a fish trough, a fish
collection/holding facility. a new debris trough. and the relocation of the high-pressure debris
spray to the descending run of the screen. The traveling screen was also equipped with a two-
speed motor and four-speed transmission, which allowed the screen to operate at speeds ranging
from 0.76 to 9.1 m/min (2.5 to 30 ft/min).

Total impingement sampling and impingement survival testing were conducted at the Unit 7
intake. Total impingement sampling involved counting and identifying all fish collected on the
both the Unit 7 traveling water screens throughout the study period. The organisms collected
from the screen washings for both of the screens were sorted several times per week.
Impingement survival sampling was conducted to determine the survival rates of fish collected
by the traveling screens. The tests were conducted after several screen washings and screen
rotations. Organisms were washed from the fish buckets into the fish troughs and entered a
collection area where they were categorized by condition and transported to holding pools. The
screen was tested at different operational speeds to determine the relationship between screen
speed and mortality. The studies were intended to determine a screen speed that would provide
low mortality without jeopardizing screen reliability. Fish were collected at screen speeds of |
and 4.6 my/min (3.3 and 15 f/min). the longest and shortest impingement durations tested.
Intermediate speeds of 2.3 and 3.0 m/min (7.5 and 10 fUmin) were also tested during the fall and
winter, respectively. As in the total impingement sampling studies. fish collected from the
screens were categorized and placed in holding tanks for 96-hour latent survival assessments.
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Traveling Warer Screens

The most abundant species collected was smelt, followed by Alosa spp. talewives and blueback
herring). and winter flounder. Impingement survival appeared to increase with screen speed. A
total of 78,984 fish were collected from the Unit 7 traveling water screens from October 7. 1980,
to April 27. 1981. The authors note that 75% of the smelt collected over the entire study period
were collected in 5 weeks. Similarly. almost 50% of the Alosa spp. were collected during the
week of November 11 to 17, and nearly 60% of the winter flounder were collected in the month
of January. Alosa were partitioned into two length categories for fall testing because of a distinct
pattern of bimodal separation at 10.5 cm (4.1 in.). Alosa in the first year of life were listed as
“small.” Results of tests at screen speeds of 4.6 m/min (15 ft/min) revealed a survival rate of
nearly 50%. The larger Alosa spp. had high initial survival but showed low latent survival at all
screen speeds. Few (n=16) Alosa spp. were collected in the winter. Data indicated that
survivorship was similar to large Alosa spp. collected during the fall.

Winter flounder were also separated into two different size classes for the fall testing period.
Greater than 50% of winter flounder survived impingement even at the slowest screen speeds. A
low mortality rate was exhibited by flounder during winter tests (Table 2-34).

Table 2-34
Mortality of Winter Flounder (SWEC 1981)

Percent Mortality’
Screenwash Interval r
Initial® 96 Hour® Total’
Continuous 2.6 (0°~16.2) 10.3 (0.4-30.7) 14.6 (1.0-39.8)
2 Hour 22.3(5.6-45.9) 29.3 (9.3-54.8) 442 (17.9-72.3)
4 Hour 41.4 (18.6-66.3) 58.2 (32.4-81.7) 66.2 (37.6-89.4)
8 Hour 35.6 (14.2-60.6) 38.6 (15.7-64.4) 54.4 (26.3-81.0)

* Calculated from arcsine transformation.

* Percentage of flounder found dead on screens.

~ Percentage of flounder which died during the 96-hour test period.

* Number dead on screen plus number died during 96-hour test period
divided by total number of flounder collected.

" Confidence interval less than zero.

Smelt were separated into two groups: small. i.e.. 9~14 ¢m (3.5-5.5 in.); and large, i.e., 14 cm
(5.5 in.) and up. Initial survival for large and small smelt was high for all screen speeds tested.
Latent survival was significantly lower, at a screen speed of 1 my/min (3.3 f/min) than at speeds
of 3 or 4.5 m/min (10 or 15 ft/min) for both large and small smelt. The greatest survival for both
small and large smelt was achieved when the screen was operated at +.5 m/min (15 ft/min).

Barney M. Davis Power Station

A study was conducted to determine the initial survival of impinged marine organisms on
Passavant fine-mesh center-tlow traveling screens at the Barney M. Davis Power Station
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(Murray and Jinnette 1978). The study also examined the influence of debris loading on survival
of dominant species.

The Barney M. Davis Power Station is located on the shoreline of the upper Laguna Madre near
Corpus Christi, Texas. The two units have a total generating capacity of 650 MW. Water for the
once-through cooling system is drawn from the Laguna Madre by an 1,174 m (3.850 tv) long,
23.5 m (77 ft) wide, and 2.4 m (8 ft) deep intake channel. The intake structure has four 4 m (13
ft) wide intake bays. Each bay incorporates a trash rack with 3 in. clear spacings. The Passavant
fine-mesh (0.5 mm [0.02 in.]) traveling screens are located 7 m (23 ft) downstream of the trash
racks., and the circulating water pumps are 2.3 m (7.5 ft) behind the screens. Velocities through
the fine-mesh screens range from 0.5 m/s (1.7 ft/s) t0 0.9 m/s (3.1 ft/s).

The Passavant fine-mesh, center-flow screen system employs a single entry, double exit design.
Each screen is fitted with 53 semicircular screen panels with a shovel type lip to help retain
screened material. Water flows from the inside to the outside of the screen structure. Impinged
organisms are removed from the screens by an overhead spray unit operating at 40-60 psi (Figure
2-16).
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Figure 2-16
Center-Flow (Passavant) Screen (Murray and Jinette 1978)

Samples were collected on a monthly basis from Junuary to December 1977, Sampling
frequency was once every 6 hours for the 24-hour sampling period. Four individual, 30-second
rephicates were conducted at each of the four screens for a total sample time of 8 minutes.
Organisms were separated from debris. observed for 10-15 minutes, and then sorted into lve and
dead (any organism showing no life signs. visible damage or erratic behavior) categories. Latent
survival studies were not conducted. Organisms were then placed in marked jars for individual
identification and further luboratory quantification. A total of 12.060 individual organisms.



Traveling Water Screens
representing 135 species of invertebrates and 37 species of vertebrites. were collected by the
Pussayant screens.

The overall initial survival for all individuals was 86%. Latent survival was not studied. The
lowest percent mortality for a dominant species collected from the screens was menhaden during
February. Gulf menhaden (Brevoortia patronus) were also the most abundant fish collected in
February. They made up for 33% of the total catch and exhibited the lowest mortality (5%). The
highest percent mortality was exhibited by bay anchovy during the month of June. Bay anchovy
represented 74% of the total catch for june and exhibited a 98% mortality rate. The authors
suggested that much of the mortality experienced by bay anchovy could have been attributed to
the large numbers of cabbagehead jellyfish (Stomolophus meleagris) collected in the screen
samples. The jellyfish are known to have a paralytic or lethal effect on most fish species they
encounter.

The effect of debris loading on the survival of impinged organisms was also investigated. When
debris weights fluctuated throughout January, February, and March, the percent mortality tended
to follow the same pattern of fluctuation. Low mortality experienced in April, when debris
loading was at its peak, was explained by the presumption that the debris composition was a
factor. Observations of the debris during spring indicated that algal forms were the dominant
composition of the debris loads. It was believed that the algal forms did not entangle organisms
on the screens and therefore did not exert the same stresses on impinged organisms that the
marine grass-type debris may have at other times.

Bowline Point Generating Station

Studies were conducted at Bowline Point Generating Station to determine the effects of traveling
screens used at various screen operational modes and screenwash pressures on survival of
young-of-the-year white perch, striped bass, and adult Atlantic tomcod (King et al. 1978). The
Station is located approximately 60 km (37.3 miles) north of Manhattan on the west bank of
Haverstraw Bay in the Hudson River estuary. The station is has a total rated generating output of
600 mw for each of its two units (Figure 2-17). Six circulating pumps draw cooling water from a
small embayment (Bowline Pond) through six vertical traveling screens. The screen panels are
equipped with 0.953 ¢cm (0.38 in.) mesh. Velocities approaching the screen are 15 cm/s (0.5
ft/s). with two of the three pumps per unit operating. Bowline Point has two spray wash systems
for removing debris and organisms from the screens. A low-pressure wash removes fish from
the screens with a pressure of 10 to 20 psi. and a high-pressure system removes debris from the
screens with a spray pressure of 30 to 50 psi.

2-86
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Bowline Point Station Intake Structure (King et al. 1978)

Three operational modes were tested at Bowline Point: continuous screen rotation with
continuous screen wash, 2-hour hold operation with screen rotation and screen wash for a
duration of 20 minutes once every 2 hours, and 4-hour hold operation with similar screen and
wash operation for 2-hour hold. Pressure wash operational modes tested included the high-
pressure system operation alone at 30 to 50 psi. and the high pressure system operating
concurrently with the low-pressure system operated between 10 and 20 psi.

Impingement and survival collections were conducted once per week in November and
December of 1976 and once per month from January through March of 1977. Collections were
taken for 15 to 30 minutes during screenwash operation. Fish impinged on the screens were
collected in the impingement collection pit using a 1.3 cm (0.05 in.) knotless nylon mesh net.
Fish were sorted by condition and species immediately after removal from the collection net.
Live and stunned fish were transported to a holding facility and observed at 12, 24. 48. and 96—
108 hours for delayed mortality. Water quality was monitored throughout the latent mortality
study. Control fish were collected to determine mortality associated with the collection and
holding procedures as described in previous reviews.

Results of the initial survival tests indicated that survival was high (69% to 98% ) for young-of-
the-year white perch during all three screen operational modes and both pressure wash modes
(Table 2-35).
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Initial and latent survival was consistently higher for the continuous mode of operation compared
to the 2- or 4-hour hold modes. The operation of the low-pressure screenwash system did not
result in significantly greater initial or latent survival than the operation of high-pressure system.
The authors postulate that the lack of difference in impingement survival due to screen wash
systems may be a result of a number of factors. The low-pressure screenwash may not have
effectively removed fish from the traveling screens prior to their contact with the high-pressure
system. or both the pressures tested may have been sufficiently low to permit similar survival
results. The initial and latent impingement survival for striped bass and white perch were similar
for the same screen operational modes during the same months (Table 2-36).

2-89
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Control survival data for young-of-the-vear white perch (there was antinsufficient sample size of
control striped bass) were used to estimate the probubility for surviving impingement. Control
tests conducted in November and December on continuously operating screens resulted in 100%
mitial survival. Initial survival was lower in January and February. There was no observed
latent etfect for the continuous operational mode.

Traveling screen operational mode was found to affect the probability of young-of-the-year
white perch surviving impingement. The authors suggest that striped bass would show a similar
response because of the correlation experienced in impingement survival data between the two
species. The operation of traveling screens in the continuous operation mode resulted in
maximum initial and latent survival.

Oyster Creek Generating Station

Initial and latent mortality studies were conducted at Jersey Central Power and Light Company’s ;
Opyster Creek Generating Station (OCGS) (Tatham et al. 1978). The station is located 3.2 km (2 :
miles) inland from Barnegat Bay in Ocean County, New Jersey.

The intake draws water from Barnegat Bay through an intake canal. The station’s cooling water
intake has a set of six trash racks with 6.5 cm (2.5 in.) clear spacing. Downstream of the trash
racks are six vertical traveling screens fitted with 1 cm (3/8 in.) mesh. The intake has a cooling
water system consisting of four circulating water pumps that can provide flows up to 28.9 m'/s
(1,020 cts). The mean velocity in front of the trash racks with four circulating pumps and six
traveling screens in operation varies from 0.17 to 0.22 m/s (0.57 to 0.73 fi/s).

PRI

Samples were collected from the sluiceway each week. Collections were conducted on three
separate days (mostly during nighttime hours) each week for a total of 48 hours per week. The
screens were washed at the beginning of each sampling period and every two hours thereafter
(sooner if there was a certain pressure differential across the screens). The sampler consisted of |
2 45.7 by 50.8 by 61.0 cm (18 by 20 by 24 in.) basket with 10.7 mm (0.42 in.) wire mesh. The
sampler was placed in the sluiceway for approximately 1 minute, after which the sampler was

removed and organisms were placed on a sorting table. This process was repeated up to six

times for each screenwash. Collected organisms were sorted by species and by condition. Live

and damaged fishes were placed in a holding tank for 48-hour delayed mortality observation.

Sampling was conducted during the 20 months that OCGS operated. from September 1975
through August 1977. Collections of the greatest numbers of fish occurred in the spring and fall.
The most commonly collected fish species included: bay anchovy (72% of total collected),
Atlantic menhaden (4% ). spot (4%), Atlantic silverside (3.5%). smallmouth flounder (2.5% ). and
striped searobin (2%). Fishes with a greater than 70% initial survival rate included: northern
pipefish (90%). oyster toadfish (85%) and fourspine stickleback (85% : Table 3-9). Initial
survival rates ranged from a high of 90% for northern pipefish to a low of 7% for bay anchovy.
A total of 39.042 fishes. 21.669 blue crabs, and 17.234 sand shrimp were collected during
normal intermittent washes of the traveling screens. Few latent survival values were reported
due to low numbers of test fish. Survival ranged from a high of Y8% for striped searobin to a
low of 5% for Atlantic menhaden (Table 2-37).
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Traveling Warer Screens

It appeared that the continuous operation of the traveling sereens increased the immediate
survival of Atlantic menhaden, Atlantic silverside, and winter flounder. The authors note that
this conclusion is based on a limited number of specimens. The differences in survival were
most dramatic for fishes that had low survival during the intermittent operation of the traveling
screens. Overall, survival on the traveling sereens was variable and was effected by the species.
season, and size of individual impinged organisms,

Hanford Reservation

A comparative fish impingement study was conducted between two adjacent water intakes on the
U.S. Department of Energy’s (U.S. DOE) Hanford Reservation (Page et al. 1977). The site 1s on
the Columbia River between Priest’s Rapids and McNary dams. The 100-N reactor and the
Hanford Generating Project (HGP) were the two power generating stations where fish
impingement studies were conducted. Impingement studies were carried out at HGP from March
1973 through April 1976 and at 100-N during 1977. Fish impingement was compared at the two
intakes in 1977 (Figure 2-18 and Figure 2-19).
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Figure 2-18
Section View of 100-N Intake Structure (Page et al. 1977)
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Figure 2-19
Section View of HGP Intake Structure (Page et al. 1977)

Cooling water from the river is supplied to 100-N by four pumps with a total rated capacity of
26.4 m /s (936 cfs). The six pump bays are each fitted with a traveling screen. The intake at
HGP also has four pumps but with a total capacity of 35.6 m'/s (1,257 cfs). When river
temperatures are less than 7.2° C (45” F), only two of the three pumps are operated. The intake
has two pump bays with three traveling screens installed in each.

The traveling screens are made up of 3.05 m wide by 0.61 m high (10 ft by 2 ft) screen panels.
The panels are fitted with screening material with 0.32 c¢m (1/8 in.) square openings. A curtain
wall extends down in front of the screens to 116 m ( 380 ft) above sea level. The curtain wall 1s
located behind a trash rack at HGP. At 100-N, the trash rack extends down from the curtain wall.
Both intakes are equipped with a fish escapeway portal in the exterior downstream wall.
Impinged organisms and debris are removed by a spraywash system. The washwater from the

screens is carried to a sump pit where it is discharged back into the river through a 40.6 cm (16
in.) diameter pipe.

A sample pipe was installed at HGP to collect impinged organisms for the impingement studies.
The system diverted approximately 156, of the washwater into a swimming pool for daily
collections. At 100-N. a basket fitted with 0.32 cm (1/8 1) mesh was installed in the sump pit.
The basket sampled 100% of the screenwash water.

Previous impingement studies at HGP revealed that 90% of the fish impinged on the traveling
SCreens were Zero-age Chinook salmon under 50 mm ( 197 in.) in length. Highest months of
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impingement were April and May. The numbers of other fish impinged at the station were
insignificant compared to those of Chinook salmon.

During the comparative study. the most frequently collected species were vellow perch fry and
Chinook salmon, with yellow perch fry 14 times more abundant than salmon. A total of seven
species was collected from the traveling screens at 100-N. All the fish collected from the basket
at 100-N were dead. AtHGP. a total of 10 species of fish was collected. The most commonly
impinged fish at HGP was Chinook salmon fry. Almost equal numbers of Chinook and vellow
perch were impinged at HGP. Survival rates for Chinook salmon and yellow perch fry were
high. i.e.. 97% and 92%. respectively. Other impinged species had similar survival rates.
Compared to 100-N_ twice as many yellow perch fry and 30 times as many Chinook salmon
were collected from the screens at HGP.

The authors propose several explanations for the difference in impingement between the two
adjacent plants, including plant location (upstream/downstream). intake location (forebay
orientation), and intake configuration. Another explanation, involving a difference in the trash
rack/curtain wall configuration. appeared to be the most plausible. Experimental releases
conducted in the forebay of both plants indicated that HGP impinged three times more fish than
[00-N. Additional releases of live and dead fish in front of the traveling screens revealed that
HGP collected almost six times as many live fish as 100-N. Dead fish, however, were collected
more frequently by 100-N. It was suggested that. based on these results, velocities at the screens
appear to be higher at 100-N, but some behavioral stimuli may have induced live fish to avoid
the screens.

Surry Power Station

Ristroph vertical traveling screens were installed at Surry Power Station and evaluated for their
ability to provide safe removal of fish without compromising the cooling water operation of the
plant (White and Brehmer 1977). Only initial survival studies were conducted during
impingement evaluations. The station is located on Gravel Neck peninsula on the James River in
Virginia about 35 km (21.7 miles) from the Chesapeake Bay. The station’s two units each
generate up to 788 MW each. The intake structure is 60.4 m (198 ft) long with trash racks in
each of the eight forebays. The station flow rate is 111 m'/s (3,920 cfs).

Each of the Ristroph screens at Surry Station contains 47 4.3 m (14 ft wide). 0.61 m (2 ft) high
panels (similar to the design shown of Figure 3-2). The screen panels are fitted with 0.45 cm
(3/8 in.) mesh and were operated continuously at 3 m/min (10 ft/min) during the test period.
Debris and impinged organisms are removed from the screens by a backwash Spray system,
which operates at 15-20 psi. Materials are washed from the screens into a sluice and returned to
the river. Minor modifications were made to the Ristroph screen system during the first few
months of testing. An auxiliary spray wash system was installed to aid in removal of fish from
the screens. Water volume was added to the river return trough to assist fish in their movement
through the trough. Additionally, a neoprene flap was installed to prevent fish from falling
between the screen and the trough when the screens were washed. A final step in the
modifications was the installation of a system to slow the water velocity from the sluice into the
sampling pool.
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Daily sampling was conducted from May 1. 1974, through October 31. 1975, Two samples were
collected consecutively from Monday through Friday of each week. Screen wash water was
diverted into a fiberglass pool 8.3 by 6.1 by 1.2 m (28 by 20 by 4 o). Sample duration was 5
minutes. after which water in the pool was allowed to settle for 1015 minutes. Specimens in the
tank were categorized by species and condition, und separated into 20 mm (0.79 in.) length
ranges.

For the first 18 months of operation, average fish survival for all species was 93.3%. A total of
58 species of fish were collected from the Ristroph screens. Fifty-two of the 38 species had a
initial survival rate of greater than 80%, with the majority exhibiting survival rates greater than
90% . Species from the family Clupeidae made up 58.1% of the total fish collected from the
screens during the study. The family Sciaenidae accounted for another 18.1% of the total fish
sampled. Studies involving latent mortality were not performed at Surry Stauon.

Case Studies — Laboratory Studies

Laboratory Study, Redondo Beach, CA

A biological evaluation of a modified traveling screen with fine mesh was conducted at a
laboratory at Redondo Beach, CA. The testing consisted of two phases. The first phase
evaluated the effects of approach velocity, impingement duration, and mesh type on survival.
The second phase evaluated the extended survival of fish subjected to impingement, air
exposure, and spray wash. '

The testing was conducted in one arm of a four-arm test tank. For the phase I testing, panels of
the test meshes were inserted in the test chamber, and the flow velocity was regulated through
the use of the valves on the inlet/outlet chamber and discharge ports. Plexiglass boxes measuring
40 by 15 cm were constructed to contain the test organisms along with the test meshes. After the
stabilization of the velocity in the test chamber, the box was placed in the water, and the stop
gates were opened to begin the trial. Observations of fish behavior were made during the test, at
its conclusion, and then at 24-hr intervals for 96 hrs.

gt

Fish that avoided impingement for the duration of the test were held separately from those that
did impinge. Entrained larvae were collected downstream with a smaller mesh. All test fish
were measured. Control trials were run in which no flow was passed through the test box.

The variables in the phase | testing included six meshes (500. 1,000, 1,800, and 3,300 um Nytex
and 500 and 1.000 pm metal). three approach velocities (15, 30, and 45 cm/s which are 0.5, 1.0,
and 1.5 ft/s. respectively), and two durations (1 and 4 min).

Phase 11 testing evaluated the survival of one hardy species (grunion) and one fragile species
(northern anchovy) after impingement, air exposure, and spray wash. These trials were
conducted in a 1.2-m wide by 1.2-m deep flume. Water was supplied by the circulating water
pumps at the Redondo Beach Generating Station. Approach velocities were maintained at 30
cm/s (1.0 ft/s) for all tests through the use of a gate valve in the supply line. All tests were
conducted on the 1.000 um mesh screen. The spray wash header had eight nozzles spaced 13 cm
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apart and positioned 15 cm behind the screen. Spray was directed at the screen at an angle of 23°
and at a pressure of less thun 10 psi. Fish were released into the flow at mid-depth. 1 m from the
sereen after they were acclimated. The screen was raised | minute after release. and the fish
were rinsed into the collection tray. The larvae were collected with beakers and held for 96 hr to
assess latent mortality. Controls for handling and for the spray wash procedure were conduced
as well.

Results of the screen retention evaluation (Table 2-38) indicate that the retention of larvae was
dependant on species, body length and depth, mesh, and behavior upon impingement.

Table 2-38
Larval Mean Length Passed Versus Mean Length Retained (LMS 1981)
Group Mean Mean Estimated
Test mesh . Length Length Range of
(um) Species Length | Depth | Width | passed | "V | Retained | Retention
(mm) (mm) (mm) (mm) (mm) (mm)
7.2 1.2 1.1 5.8 40 7.2 43
1,000 Nytex | topsmelt 7-9
8.9 1.8 1.5 7.4 8 9.7 104
8.9 1.8 1.5 7.3 25 11.5 3
topsmelt 11-13
13.3 1.7 1.4 13.4 10 14.5 16
500 Metal grunion 10.9 1.7 1.5 9.3 11 11.5 22 11-13
14.1 1.6 1.3 12.0 2 14.0 30
kelpfish 16 - 18
18.9 26 2.0 17.3 3 18.8 26
kelpfish 18.9 2.6 2.0 15.5 6 20.5 27 18 - 20
1,800 Nytex
anchovy 18.0 1.8 1.7 17.7 30 19.4 25 18 - 20
topsmelt 18.3 2.8 24 16.2 32 18.9 47 17 -19
croaker 17.8 4.7 2.6 10.7 3 19.0 45 17 -19
1,000 Metal | kelpfish 18.9 2.6 2.0 16.8 24 211 8 19 - 21
31.8 3.8 2.8 26.0 2 32.7 61
anchovy 28 - 32
344 4.7 3.4 22.0 2 32.7 89
croaker 17.8 4.7 2.6 14.1 40 20.0 42 18 - 20
3,300 Nytex 31.8 3.8 2.8 30.8 27 32.7 10
anchovy 32-34
34.3 4.7 3.4 29.2 49 36.4 66

A total of 117 trials were run with topsmelt ranging in length from approximately 7.2-18.3 mm.
Species-specific results are given in Table 2-39. In general, a positive correlation between length
and survival is noted with large topsmelt (18.3 mm) experiencing 100% survival through nearly
all testing conditions. Duration was inversely related to survival in most cases. Veloceity did not
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have any overall significant effect on survival for topsmelt. though observations during testing
revealed that at the lower velocities, fish tended to be repeatedly impinged and freed from the
screen (increased physical damage from abrasion), whereas at the higher velocity. the larvae
would impinge only once. Though mesh size and type did not appear to etfect survival
significantly. the 500 pm Nytex may increase survival of the more fragile life stages.

Grunion used in this evaluation ranged in size from 9.0 mm to 18.3 mm. In general, there was i

positive correlation between survival and length similar to topsmelt. Adjusted mean survivals of
small. medium. and large grunion were 42, 59, and 80% respectively. Duration had the greatest

effect on the small grunion. with higher survivals at the | min duration. There were no statistical
differences between the mesh types during grunion testing.

Anchovy used in this evaluation ranged in length from 18.0 mm to 37.0 mm. Survival of the
very fragile anchovies used as controls averaged 80% after handling techniques were modified.
In general, there was appositive correlation between survival and length. Neither duration nor
velocity appeared to significantly affect survival of the anchovies.

Giant kelpfish used in this evaluation fell into one of two length groups. measuring an average of
14.1 mm (small) or 18.9 mm (large). Average control survival was 71%. As with the other
species. survival was significantly related to length with larger fish exhibiting higher survival
rates. Giant kelpfish were only tested in the | minute duration as survival at this duration was
extremely low. Of the mesh types, the 1,000 pm Nytex yielded the highest survivals and the 500
um metal the lowest.

White croaker used in this evaluation fell into one of two length groups, measuring an average of
17.8 mm (small) or 23.1 and 24.8 mm (large). Control survival was 100%. Survival of test fish
was high also, averaging over 95% for all test conditions. Efforts to conduct impingement tests
on croaker measuring less than 17.8 mm were unsuccessful due to very low survival of both test
and control fish. The authors state that there apparently exists a threshold length above which
survival increases dramatically.

Shadow goby used in this evaluation averaged 13 mm in length. Survivals were high across all

test conditions (97—100%). and therefore no statistically significant correlations could be made
regarding the test variables.

2-98



66-¢
q - q - - - - - q - q Gt
99 96 0t 001 - ~ - - 9 I8 81 24 0g ey wrl 0og
- o - 0 - - - - o] /9 6% 9z 51
8 vy 06 Z9 - - - - - e - g Sp
0Lt 122 b4 £8 - = - - - e - e 0g xolIAN wr 0og'L
601 69 ze 001 - - - - - e - e Si
- } - J - J - § ze 12 65 L5 Sy
09 09 0 G6 - } Le g8 £9 0c¢ 29 8¢ ) x3AN wrt 0po L
- o - o 0g Ie 82 8P v 12 Ly L1 =1
- q - q - q - q - q - q SY
08 £8 62 99 0¢ v6 09 £5 29 gl £9 F4® 0E xeo1AN wi 00g
~ o 0 0g 6€ 0g 09 09 21 9 Le 51
- e 61 96 - e - e - e - e 12
1 0ol Ll ¥6 - e - e - e - B 0E BB wrt 000’1
- 3 - o} -~ e - e - e -~ B Gi
- q - q - q - q - q - q Sp
23 16 g 0014 - e 9l 001 - e - B o€ oW wird 0og
) - o - e -~ B - e - e Gt
£€ 001 £e 001 - e - e - e - e St
43 001 A 001 - e - e = e - e 0g X8}AN winl 0pg'L
ze 001 £E 00} - e - e - e - e g1
- p - p 124 12 12 ve €8 29 S¢ 26 13
- p - p 1€ 9 43 1€ 89 L ve v8 0t x8)AN wr 000" |
- < - 2 62 59 £ 9/ 99 2y 6¢ 96 51
- q - q - q - q - q - q Sy
- p - p L8 £/ ve 9/ oy ge 152 /8 0e X81AN wrl gog
- o - 0 .8 €L 9e 86 62 A S¢ 26 51
u {eAlIAING u jeAIAING u [eAIAING u [eAIAING u feaaing u jeainng
% % % % % % (swd)
saINUIN b ainuiy | saInuIp v anuIy | saInup v ainuiy | fwoopep | 2dAL/e2IS usan
wmhmu_ wntpaw Hews

SUIDLIG 4D S

(1861 SW1) sawadg 1s9) yoeg 10} jeAalning Juawabuidw uesy paisnipy
6€-C ajqe )




001-¢

14

0t

82

€9

Si

xa)AN wirl oog'L

SO O

%3

ve

St

G

14

(=% BB BB I B

0t

SE

8L

(8%

-
—

gt

x81AN wirt 000’1

14

LE

(01

£e

v

9t

Si

xalAN wirt 0og

L

(8]

St

18

Ly

oe

Gt

ey wrl 0o’ L

Sv

oe

Sl

ey wi 0osg

St

0g

Gi

XaAN Wil 00E'E

Sy

slowicjlolojlojcjlojo|Cci®mOla

oe

o
<

Sl

x91AN wrl 008"}

@

St

[}

ot

N
<

St

XN W 000" L

fel

17

o

62

gi

xalAN wrl 00g

L6

9t

00l

Sv

¥6

ey

09

e

o€

ol

j¢]

usmmmwnwmmmmmmmnmmommmmu)ucummmmm

e

S

feray wirl 000"t

{eAIAING
%o

|BAIAING

%

JeAIAING {eAIAING

%

%

feaaIng
Yo

|BAIAING

%

saInuI v

aInumy |

SIANUIN ¥

NUIN |

saInuIn ¥

U |

abieqy

wnipsiy

llews

(s/wo)
Anoojap

adA | /9215 ysow

RUALIQ I SHIjIADa ]




HO-C
p p - p St
og L6 - p 0€ XBIAN wrl 000' L
82 0ot 9z 001 G
- q - q S
0e 16 - p 0€ xa1AN wrl pog
- p = p Si
- P - p - p jord 001 Sy
- p €€ 16 - p 62 001 0t [Raw wrl 0o |
- p - P - p e 004 St .
q q - q q GY
p p - p ot 001 0e erep wrt pog
- 2 p - p 12 16 St
= p - p - p 9l 004 Gp
82 001 33 001 - p el 001 o€ xolhN wr pog's
- p - p - p Lt v6 Sl
- P - p 0E 004 0¢ 26 Sy
62 001 £e 6 e .6 £¢ v6 0E xa1AN wr 0og'1
- p - p ot .6 L L6 Gt
-~ p - p - p 43 L6 Sp
e 00} 62 00! - p ve S6 0g xAN wrl 000" 1
g€ 001 - p - p 62 001 Gt
- q - q -~ q - q 14
= p Iy 6 - p - p 0g xaiAN wrl 0og
p - p - p - p G
- e - e - e - B Gt
e - e - e - e 0g 1Biow wrd poo'y
- B - e - e - B Gl
- g - q - qQ - q Sf
- 2 - 3 - 8 - 8 0e BIoW wrl png
8 87 £2 - 8 9¢ 8 St
u [eAIAINg u jealang [ealAINg u jealAIng u jeaining u feAalaIng
% % % % % % (s/w?) ad4 1 o218 ysapy
saInuI ¢ anuiw | SaNUIY b SINUIW | SaINUIK v anuy ¢ Ayoorep :
abien wnipayy jews

SUPALIG DA Suigoang g




cO1-¢

(i ) 1 AYon) MOpeys TWw §Eg puE [Ty = a3 i gy | = )
SONROLY MNMYAL S (R ] = D3I W [ = [RWS) tysydjoy] wein i (° Ly PU Ty RE = afIp Wi (g = {PWS) SAAOYMIY WIAYUON H ¢ LT
01 7R = SRR WU (ST OF ¢F] = WP TWW 9] 01 (6 = [[PWS) UOIURID (Il "R = AFIR] W | = WRIPA W 26 6] UL = [rws) apowsdo |

SRVLOYS (AN ] = J I RALUNS MO] PAURSSY = D [RATAINS Y31y PAWNSSY = p ((Krpge Suiuims) pasuidiwi JON = 2 1UDBIIS JO SSO] PRDH = ( TUONUMdY 1, g = T

- e - e Gt
[E19N
- e - e
oe wrl 000"t
- e - B Gt
- p - q Gt
- P - P 0E reyoW wirl 00
- p - p Gl
- p - p St
_ xalAN
0l 001 p 019 wrl 008’1
1e 001 - p Gl
u |BAIAING feAIAING u {eAIAINS leamuns | jeAlAIng
% % % % %
(sqwo) | adAysezIS
aInuIN 1 SINUIN 1 SIINUIN ¥ U | Anoojap ysow
abiey wnipap llews

SUALIG DI JUIj2ADL ]




Traveling Water Screens

A total of 13 and 29 Phase I tests (impingement, air exposure, and spray wash survivaly were
conducted for grunion and northern anchovy respectively (Table 2-40). Results of preliminary
tests conducted with two sizes of grunion (29.2 and 15.5 mm mean length) yielded survivals of
63% and 497 rcspum ely. Further tests with grunion averaging 20.1 mm yielded recovery rates
of 88%. 92% and 100% for test fish. spray and handling controls. and handling controls
respectively. Survival of grunion when impingement. air exposure. and spray wash effects are
combined was 37.5%—63.6%. These results compared favorably to Phase I survivals of similarly
sized larvae tested for l min at 30 cm/s (1.0 fUs) indicating a decrease from the Phase [ survivals
of 60%—100% 10 37.5 % -63.6% due to the additional stress of spray wash and air exposure.

Phase Il anchovy tests were conducted with larvae measuring 24.6 mm and 32.2 mm (means).
Initial survival was high (>90%). but few anchovy survived to 24 hrs, and none survived to 96
hrs. When compared to survivals of similarly sized fish impinged for 1 min at 30 cm/s (1.0 ft/s)
during Phase I, survival decreases from 47-64% (Phase 1) to 0% (Phase 1I). The authors indicate
that northern anchovy cannot tolerate the additional stress imparted by the spray wash and air
exposure of the collection system.
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Traveling Warer Screens

Laboratory Study, ESEERCO / Alden Research Laboratory

Survival of u variety of species and life stages following impingement on a fine-mesh screen was
mvestigated in studies sponsored by the Empire State Electric Energy Research Corporation
(ESEERCO 1981a; Taftet al. 1981) and Northern States Power (SWEC 1980; Taft et al. 1981).
The studies were conducted at Alden Research Laboratory (Alden). Striped bass, winter
flounder. alewife, yvellow perch. walleye, channel catfish and bluegill were impinged on a 0.5
mm synthetic mesh at velocities ranging from 0.15 to 0.91 m/s (0.5 to 3.0 ft/s) and for durations
of 2.4, 8. or 16 minutes. Initial, latent (96-hour) and total mortality were then determined. Total
mortality values are presented in the following summary of results by species.

Striped bass prolarvae (5.4-6.4 mm [0.21-0.25 in.) showed relatively high mortality under all
test conditions. However, control survival was also high (mean = 56.5%). Striped bass
postlarvae (6.5-17.1 mm [0.26-0.67 in.) mortality averaged less than 10% at velocities up to 2.0
ft/s and impingement durations up to 4 minutes (control = 8.1%). Winter flounder prolarvae (4.1
mm [0.16 in.]) experienced mean mortality rates of 7.3, 10.7, 16.5 and 35.6% over all durations
at velocities of 0.15, 0.30. 0.46, and 0.61 m/s (0.5, 1.0, 1.5 and 2.0 ft/s). respectively (control =
4.19%). Early postlarvae (4.4 mm) experienced very high mortality under all test conditions
(control = 42.5%). Later postlarvae (6.1 mm) survived somewhat better, with mortality rates
ranging from 16.4 to 36% in six of the nine velocity/duration combinations.

Alewife prolarvae (5.2-5.5 mm) showed a clear trend of increasing mortality with increasing
velocity and impingement duration. At a duration of 8 minutes, mean mortality was 4.1, 18.9,
44.1 and 69.7% at velocities of 0.15, 0.30, 0.46. and 0.61 m/s (0.5, 1.0, 1.5 and 2.0 fus),
respectively (control = 0%). Postlarvae (6.6—14.7 mm) showed high mortality (76.3%) under all
test conditions (control = 43.3%). Yellow perch prolarvae (5.8-6.0 mm) showed the same trend
as alewife prolarvae with a mean mortality of 6.8. 5.2, 32.3 and 31.5% at velocities of 0.15. 0.30,
0.46.and 0.61 m/s (0.5, 1.0. 1.5 and 2.0 fUs), respectively (control = 4.1%). Postlarvae (6.3-6.5
mm) also suffered high mortalities (88.7%) under all test conditions (control = 85.2%). Later
postlarvae (7.3-14.3 mm) showed improved survival with a mean mortality of 40% at the 0.15
m/s (0.5 ft/s) x 8 minute impingement duration combination (control = 32.8%).

Walleye larvae (8.4-12.0 mm) also showed the same trend as alewife prolarvae. Atthe 0.15 m/s
(0.5 ft/s) velocity, mortality ranged from 31.4 to 39.5 as the duration increased to 16 minutes
(control = 26.8%). Channel catfish larvae (11.2-25.7 mm) showed low mortality under most test
conditions. At the 8 minutes impingement duration, mortality ranged from 3.0 to 3.4 as the
velocity increased from 0.15 10 0.61 my/s (0.5 to 2.0 f/s) (control = 3.9%). Bluegill larvae (15.3-
21O mm [0.6-0.82 in.) experienced low mortality under many test conditions. At 0.3 m/s (1.0
ft/s). mortality ranged from [.5 to 4.0% as impingement duration increased up to 16 minutes
tcontrol = 2.7%).

Laboratory Study, Tennessee Valley Authority

Laboratory studics were performed by the Tennessee Valley Authority to determine the effect of
variables such as water velocity. intuke screen opening, impingement duration. and larval fish
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species and size in minimizing mortality of farval fish on a finc-mesh screen intake system
{ Tomljunovich et al. 1977).

The laboratory tests were conducted in a chamber mounted inside an 18 m (39 fv) long by 2.4-m
(7.9 f wide by 1.2 m (3.9 ft) deep test tlume. The chamber was constructed of Plexiglas and
measured 45.7 cm (18 in.) high by 45.7 ¢m ( 18 in.) wide by 50 ¢cm (19.7 in.) long. Both ends of
the chamber could be completely sealed with Plexiglas stop gates. The downstream end of the
chamber was fitted with a cone shaped collection net with 0.5 mm (0.02 in.) mesh. At the end of
the net was a removable cup with 0.38 mm (0.015 in.) openings. The eleven species of fish used
in the laboratory tests were: jewelfish cichlid, threadfin shad. golden shiner, fathead minnow,
white sucker. channel catfish. striped bass, bluegill, smallmouth bass, largemouth bass, and
walleye. Five square-mesh screens with openings of 0.5, 1.0, 1.3, 1.8, and 2.5 mm (0.02, 0.04,
0.05.0.07. and 0.1 in.) were tested. Three velocities were tested: 0.15, 0.30. and 0.46 m/s (0.5,
1.0, and 1.5 ft/s). Test durations of 0.5, 1, 2. 4, 8, and 16 minutes were used to determine the
survival of impinged larvae.

* Fish were allowed to acclimate to the flume for approximately one hour before testing began.
Test fish of each species were subjected to at least six impingement durations on at least one
screen. The tests were performed with screens of decreasing size until the number of fish
retained was approximately equal to the number of fish entrained. Entrained fish were recovered
from the collection net. Dead fish were removed from the sample and the remaining fish were
held separately for delayed mortality evaluations. Post impingement survival was not corrected
for control mortality.

Approximately 40,000 individual fish representing | I species were used in the 719 laboratory
tests. Test duration was found to show the strongest relationship to both immediate and long-
term survival of the impinged test fish. In all instances, results revealed that as duration
increased. survival decreased (Table 2-41). Other independent variables showed greater
variation with respect to survival.



Table 2-41
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48-Hour Mean Percent Survival of Fish Impinged on Fine-mesh Screens and Control Groups at
the TVA Laboratory (Tomljanovich et al. 1977)

Mean

Species Hours Fish Test Duration (Minutes) e
/o
Held After Test 0.5 9 2 4 8 16 of Controls
Initial 65 81 g1 85 a0 43 NA
Jewelfish cichlid
48 53 59 83 76 69 30 100
Initial 100 100 100 98 75 55 NA
Threadfin shad
48 g5 93 74 69 43 20 a8
Golden shiner/ Initial 99 95 91 89 90 89 NA
Fathead minnow 48 94 90 90 84 86 79 99
Initial 99 96 99 90 95 74 NA
White sucker
48 97 92 98 80 77 36 100
Initial 100 99 100 100 100 97 NA
Channel catfish
48 100 98 100 99 99 88 99.5
Initial 79 85 80 72 51 7 NA
Striped bass
48 22 25 27 18 10 <1 44
Initial 100 100 100 99 97 96 NA
Biuegill
48 100 100 100 99 97 96 99
Initial 100 99 39 98 100 100 NA
Smalimouth bass
48 98 88 98 97 98 96 100
Initial 93 96 94 a3 93 70 NA
Largemouth bass
48 74 81 83 61 71 52 93
initial 90 79 75 74 35 9 NA
Walleye
48 63 48 49 38 9 2 71

Laboratory Study — EPRI/ Alden

A laboratory evaluation of traveling water screens was undertaken by the Electric Power
Research Institute (EPRI 2006a). The study was conducted at Alden Research Laboratory in a
test flume with a small modified traveling water screen (Figure 2-20). The objectives were to
characterize fish behavior in the vicinity of a traveling water screen. to determine the effect of
swimming time prior to impingement on survival. to determine the ctfect of approach velocity on
post-impingement survival. to determine the tvpes of injuries sustained during impingement, and
to determine the effect of fish length on post-impingement survival,
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Figure 2-20
Test Flume Including Isolation Screen, Traveling Water Screen, Collection Trough, and
Collection Net.

The traveling water screen measured 2.4 m (8 ft) tall and 1.2 m (4 ft) wide and had 1.3 cm (0.5~
in) x 0.64 cm (0.25-in) Smooth-Tex wire mesh. Approach velocities of 0.30, 0.61, and 0.91m/s
(1.0. 2.0. and 3.0 f/s) were evaluated during the investigation of the effects of approach velocity
on post-impingement survival. Impingement durations of 2, 4.6, 8, and 10 minutes were
evaluated during the investigation of the effects of impingement duration on post-impingement
survival. The species used in this study included golden shiner, fathead minnow, white sucker,
bigmouth buffalo. channel catfish, hybrid striped bass, bluegill, largemouth bass. yellow perch.
and freshwater drum. Mean lengths of each species are presented in Table 2-42. Treatment and
control fish were marked on the fins with an inert photonic dye prior to testing.

During velocity trials. the screen was rotated continuously at a speed of & ft/min, which created a
maximum duration of impingement of about 40 seconds. For each trial, 100 fish were
introduced to the test enclosure upstream of the screen and allowed to acclimate to an approach
velocity of 0.15 m/s (0.5 ft/s) for approximately 30 sec. The velocity was then rapidly increased
to the target treatment velocity. Behavioral data were recorded during the first 15 minutes of
cach trial with submersible cameras. Fish were collected from the collection trough on the
downstream side of the screen at 15, 60. and 120 minutes. Control fish were introduced directly
into the collection trough on the downstream side of the screen. Any fish remaining upstream of
the screen after 120 minutes were crowded into the fish collection buckets on the screen face.
All collected fish were immediately assessed for condition and classified as “live™. “dead”. or
~otunned”. All “live and “stunned” fish were transferred to a holding facility where they were
held for 48 hours to assess latent survival. At the end of the 48-hr holding period. each fish was

P
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euthanized and closely examined for injuries including scale loss. bruising/hemorrhaging,
lacerations, severed body. and eye damage.

During duration of impingement trials. the approach velocity was held constant at 0.9 nv/s (3.0
ft/s). One hundred fish were introduced to the test enclosure upstream of the screen while the
screen was held stationary. Fish were allowed to interact with the screen for 2. 4. 6. 8. or 10
minutes before the screen was rotated. Fish were collected out of the fish collection buckets on
the screen face. Control fish were introduced directly to the fish collection bucket on the screen
face. All collected fish were immediately assessed for condition and classified as “live™. “dead".
or “stunned”. The condition of all post-test fish was also assessed at 24 and 48 hours using the.
same protocol as described above for the velocity trials. The species tested in the duration of
impingement trials included channel catfish, golden shiner, and fathead minnow.

A total of 163 (over 19,000 fish) treatment and control replicates were conducted during both
parts of this study. However, only 13,000 fish were included in the statistical analysis since
some were entrained through the screen, some lacked identifiable marks (only 0.4% of the total
collected by impingement on the screen), and others were unaccounted for at the end of the trial.

The results of the velocity trials indicate that there was a threshold between approach velocities
ot 0.30 and 0.60 m/s (1.0 and 2.0 ft/s) at which fish were unable to maintain position upstream of
the screen. At0.30 m/s (1 ft/s). most fish remained upstream and were collected during the
crowding period at the end of the 2-hr trial. At 0.61 m/s (2 ft/s), a number of fish were able to
remain upstream of the screen for the entire 2-hr trial. At0.91 m/s (3 ft/s), most fish were
collected 15 minutes after being introduced to the test enclosure. In addition. video revealed that
fish were collected by the fish collection buckets on the screen faces in three manners: impinging
briefly on screen and then moving into bucket, tail tapping along screen until ending up in
bucket, and directly entering bucket and remaining in the quiescent hydraulic zone.

Survival was high for all treatment fish at each approach velocity, ranging between 95.3 and
100%. Survival of control fish was also high. ranging between 97 and 100%. Table 2-42
presents the survival results by species. The only significant effect of velocity on survival was
observed with bluegill. The median survival rates observed in this laboratory study were
generally greater than the median survival rates observed in previous field studies. However.
since median survival rates were comparable, it was concluded that the survival rates of the
laboratory study are not substantially higher than what could be expected in the field.

Significantly higher injury rates were observed at higher velocities for some species. The
number of fish injured per trial was low for most species. ranging between 0 and 10% for eight
of the ten species. The two wild-caught species, white sucker and fathead minnow. sustained the
highest injury rates (true for both treatment and control fish). Predation between individuals
during post-impingement holding was substantial for bluegill and tathcad minnow. While
climinating predation-related injuries did not affect the statistical model for fathead minnow. the
statistical model for bluegill did become significant, indicating that velocity exerted a significant
effect on survival. The percent of fish injured at cach approach velocity is presented in Table
2-43.

2-109
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Scale loss rates were low for most species but did appear to be significantly correlated to velocity
and fish length. Scale loss tended to increase with increasing approach velocity and decrease
with increasing fish length. Golden shiner and bigmouth buffalo exhibited the greatest amount
of scale 1oss. Velocity was a significant predictor of scale loss for six of the nine species that had
seales (i.e. channel catfish excluded). Fish length was shown to be significant in predicting scale
loss for five of the six species that had reliable regressions. In each case. scale loss decreased
with increasing fish length.

2-110
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Table 2-43

Percent injury by species and velocity.

Species Velocity (m.s™) T;T;Zt Species Velocity (m-s™) ';’r;:free:c'it
Bigmouth Buffalo 0.3 1.60% Golden Shiner 0.3 2.70%
0.6 1.10% 0.6 4.60%
0.9 3.50% 0.9 2.60%
Control 1.40% Control 3.70%
Bluegill 0.3 6.80% Hybrid Bass 0.3 0.00%
0.6 7.30% 0.6 0.00%
0.9 4.40% 0.9 0.30%
Control 4.80% Control 0.00%
Channel Catfish 0.3 3.40% Largemouth Bass 0.3 0.80%
0.6 0.00% 0.6 6.10%
0.9 0.40% 0.9 3.90%
Control 0.60% Control 1.60%
Freshwater 0.3 0.00% White Sucker 0.3 28.70%
Drum
0.6 0.90% 0.6 25.40%
0.9 0.00% 0.9 22.50%
Control 1.00% Control 20.00%
Fathead Minnow 0.3 23.40% Yellow Perch 0.3 1.70%
0.6 18.10% 0.6 1.90%
0.9 13.90% 0.9 0.00%
Control 15.00% Control 1.00%

The results of the duration of impingement trials indicate that increases in duration resulted in
increased mortality, injury, and scale loss. Since no injury or mortality was observed during
trials conducted at 2 and 4 minute durations. these conditions were eliminated from further
replication. In general. survival was high for all species tested, ranging from 100 to 84.9% (not
adjusted for control survival) (Table 2-44). Survival rates were also positively correlated to fish
length. Scale loss and injury rates varied considerably among species. Channel catfish
expertenced no injury during these trials. Fathead minnow experienced low levels of scale loss.
with at least 80% of fish having scale loss >3%. Golden shiner experienced high levels of scale
loss. with greater than 50% of the fish having xula loss >40% . Additionally. scale loss for both
fathead minnow and golden shiner increased with duration of impingement.




Traveling Water Screens

Table 2-44
Survival and injury rates (%) by species and duration of impingement

Duration of impingement (min)
Species
2 4 6 8 10 Control

channel catfish Survival - - 100 100 100 g8.2

Injury = -- 0 0 0 0
fathead minnow Survival -- -- 93.6 8933 97.1 99.3

Injury - - 8.5 3.3 2.9 1.3
golden shiner Survival 0 0 96.2 84.9 87.3 90.7

Injury 0 0 5 6.9 9.9 9.3

Laboratory Study — Hydrolox / Alden

Hydrolox has developed a polymer-based traveling screen with fish handling capabilities. This
screen operates similar to other modified traveling screens with a few substantial differences.
The screen material is made of a lightweight polymer, which results in lighter weight screens
compared to standard traveling water screens. The sprockets are made of stainless steel. The top
sprocket of the screen is offset from the bottom allowing gravity to assist in debris and organism
removal. The Hydrolox screen uses a stationary shoe. through which the screen mesh guides
rather than a bottom sprocket. The Hydrolox screen tested in the laboratory used a single
debris/fish return. However, in a full field application, a second set of spray headers and a
dedicated fish return line would be used (Hydrolox unpublished data).

In 2006, a Hydrolox screen was tested at Alden Research Laboratory using five species of
freshwater fish: golden shiner (Notemigonus crysoleucas). common carp (Cyprinus carpio),
bluegill (Lepomis macrochirus), striped bass (Morone saxatilis), and channel catfish (fctalurus
punciatus). Tests were conducted in Alden’s Fish Testing Flume using a 4 ft wide by 12 ft high,
fully operational Hydrolox screen installed perpendicular to the flow (Figure 2-21). Screening
material was made of molded plastic with slot openings of 0.25 in. % 0.30 in. Testing procedures
were similar to those used previously to evaluate modified traveling screens (EPRI 2006a). Fish
were impinged at 1 or 2 ft/s approach velocity. During testing, the screen was rotated at either 5
ft/min or 10 ft/min.

2-114
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Figure 2-21
Hydrolox Screen Installed in Fish Testing Fiume

For each species, 12 test replicates (2 velocities x 2 screen speeds x 3 replicates of each
condition) were collected. A randomized treatment design was used. On each day of testing,
three. 2-hour treatments and one control replicate were conducted. Control replicates were used
to separate mortality associated with handling (removal from holding facility, marking, counting
into test groups, and introduction to and removal from the test flume) and natural mortality from
mortality imparted by fish interactions with the screening system.

At the beginning of each replicate, the screen rotation speed and approach velocity were set. The
isolation screen that confined fish to the traveling screen area was lowered into place. When
conducting a treatment replicate, 100 fish of each species were introduced just upstream of the
screen in the test enclosure. Impinged fish were washed from the screen into the fish collection
trough. At set intervals of 15, 60, and 120 minutes after introduction to the flume, the fish were
sluiced into a collection bucket located at the discharge of the return trough. When conducting a
control replicate. 100 marked fish of each species were released into the fish return trough. Once
the fish were oriented to the flow. they were sluiced into the collection bucket.

Following the 120 minute collection, a mechanical crowder was raised to move fish that were
still swimming upstream of the screen into the screen buckets. Velocity in the flume was raised
to 2 ft/s to fucilitate the removal of larger fish. Fish that were entrained through the screen or
bypassed the fish return during transfer were collected in a downstream collection net once per
day at the end of testing. enumerated, and fork lengths (FL) measured to the nearest millimeter.

At the end of each collection event, any fish recovered from the fish return trough (treatment or
control replicate) were transterred back to the holding facility, placed in individually marked net
pens. and held for LIM assessment. LIM was monitored at 24- and 48-hours following
impingement. At the end of 48-hours, all fish were killed and examined for external injuries and
percent scale loss. External injuries were recorded by type: bruising/hemorrhaging. lacerations.
severed body. eve damage. ete. Using methods similar to those reported by Neitzel et al. (1985)
and Basham ctal. (1982). percent scale loss (< 3% 3-20% . 20-40% . and > 40% ) was recorded
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along the length of the body. All fish were measured for fork length to the nearest millimeter.
Any fish unable to maintain equilibrium at 48-hours after testing was considered dead.

Mortality rates were generally low. For four of five species (golden shiner, common carp.
bluegill. and channel catfish). mortality rates were less than 9.1¢¢ and for most treatment
conditions were under 5% (Table 2-45). Striped bass mortality was higher: however. control
mortality was also higher. indicating that this population was sensitive to handling stress and that
much of the observed treatment mortality was likely not from exposure to the Hydrolox screen.
Three of the five species had successful logistic regressions (golden shiner. bluegill. and striped
bass). Length was a significant predictor of mortality for bluegill (P<0.0001) with larger fish
exhibited less mortality. All three species with successtul logistic regressions exhibited velocity
and duration effects. For golden shiner, there was significantly more mortality at the 2 ft/s
velocity than the control (P=0.0042 and P=0.0046 at 5 ft/min and 10 ft/min, respectively). For
striped bass there was more mortality associated with the lower rotation speeds (P=0.0032 and
0.0433 at | ft/s and 2 ft/s, respectively). Only the 1 ft/s velocity and 5 ft/min rotation treatment
showed significantly more mortality than the control among bluegill (P=0.0032).

Table 2-45
Summary of Mortality Rates by Treatment Condition

Percent Mortality
Speci Mean Length 1fUs 1 fi/s 2ft/s 2 ft/s
pecles (mm) Control velocity | velocity | velocity | velocity Total
5 f/min | 10 fYmin | 5 ft/min | 10 fYmin
rotation rotation rotation rotation
golden shiner 58.3 0.2 1.4 1.4 4.4 4.1 2.3
common carp 35.9 0.0 0.0 0.0 0.5 0.0 0.1
bluegill 59.5 1.0 9.1 2.8 2.3 2.6 3.1
striped bass 77.5 9.0 17.2 59 14.4 13.0 11.4
channel catfish 50.7 0.0 0.8 0.0 0.0 0.0 0.1

Injury rates were also low and ranged from 0.0% (for channel catfish in the 2 ft/s velocity — 10
ft/min rotation treatment) to 21.8% (for bluegill in the 2 f/s velocity — 5 fmin rotation
treatment)(Table 2-46). The majority of bluegill injuries were minor scrapes (82.1%) that did
not appear to impact fish behavior. Two species had successful logistic regressions (bluegill and
striped bass). Both these species exhibited fewer injuries as fish increased in length (P=0.0063
and P=0.0453 for bluegill and striped bass, respectively. Both species exhibited velocity and
duration of impingement eftects (P=0.0003 and P=0.0048 for bluegill and striped bass.
respectively). There were significantly more injuries in all treatments than controls for bluegill
(P<0.0001 for all conditions). For striped bass only the 2 tt/s velocity — 10 ft/min rotation
treatment had significantly more injury than control (P=0.0011).




Table 2-46

Summary of Injury Rates by Treatment Condition

Traveling Warer Screeny

Percent Injury
Species 1 ft/s velocity | 1 ft/s velocity | 2 ft/s velocity | 2 fts velocity
Control 5 ftYmin 10 ft/min 5 fYmin 10 ft/min Total
rotation rotation rotation rotation

golden shiner 0.2 1.4 1.4 2.7 4.1 1.9
common carp 0.2 4.1 2.9 0.5 1.5 1.0
bluegill 2.3 9.1 16.1 21.8 20.7 13.2
striped bass 3.9 3.2 6.3 6.9 10.6 5.8
channel catfish 0.3 1.5 0.6 0.4 0.0 0.4
Scale loss for three species was very low (common carp, bluegill, and striped bass). Golden

shiner, which are more susceptible to scale loss. exhibited higher levels of scale loss (Table

2-47). This susceptibility to scale loss is demonstrated by the fact that greater than 46% of the
control golden shiner exhibited greater than 3% scale loss (Table 2-47). Three of the four
species evaluated for scale loss had successful logistic regression (P<0.05; golden shiner,

common carp, and bluegill). Channel catfish do not have scales and were not evaluated. Golden
shiner and bluegill, but not common carp, exhibited a length effect. In both cases, larger fish

exhibited less scale loss (P<0.05). All three species with successtul logistic regressions showed
treatment effects. For golden shiner all treatments had significantly more scale loss than controls

(P<0.05). For both common carp and bluegill the higher velocity treatments (2 ft/s) had
exhibited more scale loss than control (P<0.05).
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Table 2-47

Summary of Scale Loss Rates by Treatment Condition

Percent Scale Loss

Species Scale Loss 11Us 1ft/s 2f/s 2 s
Level Control velocity velocny velocn‘ty velocxt_y
5 ft/min 10 ft/min 5 ft/min 10 ft/min
rotation rotation rotation rotation
golden shiner <3% 53.9 30.6 37.6 51.0 271
3-20% 41.2 43.1 44.0 19.8 39.3
20-40% 4.7 14.6 10.6 20.4 21.4
>40% 0.2 11.8 7.8 8.9 12.2
common carp <3% 92.8 94.5 87.1 86.6 82.3
3-20% 5.3 2.7 10.0 8.8 16.2
20-40% 1.5 2.7 2.9 3.2 1.5
>40% 0.5 0.0 0.0 1.4 0.0
bluegil <3% 98.7 97.1 96.8 94.3 91.9
3-20% 1.3 2.4 3.2 4.6 7.8
20-40% 0.0 0.5 0.0 0.4 0.4
>40% 0.0 0.0 0.0 0.8 0.0
striped bass <3% 99.0 99.6 98.3 97.7 98.6
3-20% 1.0 0.0 1.7 1.9 1.5
20-40% 0.0 0.5 0.0 0.5 0.0
>40% - - -- -- --
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STATIONARY SCREENS

Introduction

Stationary screens have had little application at CWISs. Though installations do exist, we found
relatively little information regarding their biological effectiveness. For example, Units | and 2
at the Indian Point Generating Station on the Hudson River included fixed-screens of 3/8 in.
mesh at the entrance to the intake bays. Impingement monitoring was conducted in 19731975,
but focused more on the characterization of fish impinged on the traveling screens than those
impinged on the fixed-screens (ConEd 1975). Except on small volume intakes, it is expected
that maintaining fixed screens in a clean condition, and thereby minimizing head loss, will
preclude use of these screens. This is particularly true given the availability of other screening
alternatives that require less maintenance, such as traveling screens, cylindrical wedge wire
screens, and angled, flat-panel diversion screens (presented elsewhere in this report). However,
facilities seeking to take advantage of low through-screen velocity to meet 316(b) requirements,
stationary screens may play an important role. In cases where the existing traveling screenhouse
is recessed from the source waterbody in a cove of fanned channel, it may be possible to install
stationary screens upstream of the existing traveling screens. Because these screens would be
installed across a wider channel. the screening area would be greater, resulting in lower through
screen velocities. O&M costs associated with debris removal from stationary screens may make
such an installation prohibitively expensive at intakes with high debris or icing issues.

gy

Case Studies — CWIS Application

Bruswick Steam Electric Plant

The Brunswick Plant is located in the Cape Fear estuary. approximately 9.2 km (5.7 miles)
upstream from the mouth of the Cape Fear River (Figure 1). The plant consists of two
generating units, each rated at 790 MW. Cooling water is drawn into the plant through a 4.3 km
(2.7 milesy long intake channel. A V-shaped screen structure (referred to as a “diversion
structure™) was instatled in the fall of 1982 at the mouth of the intake canal and continues to
effectively exclude larger juvenile and adult fish. An impingement study conducted in 1984
indicated that the barrier blocked juvenile and adult menhaden. spot, and croaker. while it did not
exclude smaller bay anchovy (Carolina Power and Light 1985b).
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Figure 3-1
Brunswick Plant Layout and Fish Diversion Barrier Screen (Carolina Power and Light 1985)
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DRUM SCREENS

Introduction

This chapter discusses drum screens that are used as physical barriers and those angled to the
approach flow to guide fish to a bypass (i.e., a diversion system). Drum screens have been used
extensively to block fish passage at hydroelectric and irrigation facilities. Some of these
installations have not been biologically effective due to poor orientation and/or lack of escape
routes. As a result, most of the later drum screen installations have been set at an angle to the
flow to divert fish to bypasses. Replacement of many of the existing angled drum screen
installations with angled flat-panel screens is being considered.

Rotary Drum Screens

Rotary drum screens, such as those we show in Figure 4-1, are used at many small water
diversions. The screens often have bypasses at their ends. The drum is operated approximately
70 to 80% submerged, and debris is carried over or enters the fish bypass. If the submergence
drops much below 70%, debris accumulation and plugging become problems. Therefore,
relatively constant water surface elevation is required with drum screens. In the past 20 years,
many of these screens have been replaced with angled drum or flat-panel screens that actively

divert fish to a bypass.

Angled Rotary Drum Screens

Angled drum screens have provided effective downstream protection for juvenile salmonids at a
variety of hydroelectric and irrigation facilities in the Pacific Northwest (Neitzel et al. 1990).
The angled design of drum screens was developed to reduce fish impingement and to improve
guidance to a bypass. Like angled flat-panel screens, suitable hydraulic conditions at the screen
face and a safe bypass system are required for the screens to effectively protect fish from
entrainment and impingement and to divert them to a bypass for return to the mainstem river
channel. Suitable hydraulic conditions include uniform approach velocities, a velocity of about
0.15 m/s (0.5 ft/sy or less for the normal velocity component (the component perpendicular to the
screen face), a velocity component along the screen that is at least twice the magnitude of the
normal component. and a relatively constant submergence (Haider and Nelson 1987: Johnson
1988: Pcarce and Lee 1991). It the screens are not properly installed and maintained.
unfavorable flow conditions can occur. and effective fish protection and guidance by the screens
can be reduced. Otherwise. the angled drum screen can be considered for use as a fish protection
device. However. in the Pacific Northwest, the current trend in fish screening is the use of flat-

41



Drum Screens

panel angled screens instead of drum screens. Further. such screens have never been applied to a
steam electric statton CWISs. ’

Angled drum screens continue to offer protection for fish in the Pacific Northwest. primarily at
irrigation and hydroelectric diversions. These screens appear to be operating mostly as designed.
Routine maintenance is required to ensure that velocity. screen submergence. and screen-sealing
criteria continue to be met over time. As stated previously. angled flat-panel screens are being
favored over angled drum screens for new facilities at this time. Generally. angled drum screens
would not be effective at most CWISs due to the requirement for relatively constant
submergence. However, the biological data resulting from studies of these screens is applicable
to angled screens in general and can be used in evaluating the potential for application of angled
fixed or traveling screens (discussed previously) at CWISs.
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Case Studies — Rotary Drum Screens - Water Diversion Field Tests

Eagle Point Irrigation District

The Eagle Point Irrigation District diverts 90 cfs (2.6 m /s) from South Fork Big Butte Creek,
Oregon. through a drum screen oriented perpendicular to the flow. The facility was installed in
1957 to protect steelhead smolts and resident rainbow trout. Itis operated continuously from
spring through fall. Screen mesh size is 1.4 in. (0.6 cm). and approach velocities are 2 10 3 fU/s
(0.6 to 0.9 m/s). This screen operates effectively under all flow conditions. seasons. and times of
day (EPRI 1986b).

Irrigation Canal No. 1, City of Yakima, WA

The City of Yakima also operates drum screens to screen the flow into city irrigation canal No.
1. Fish species of concern and the operating schedule are the same as for the Naches-Cowiche
site. Screen mesh size is 0.25 in. (0.6 cm). and screen approach velocity is about 1 fU/s (0.3 m/s).
These screens are effective under all conditions (EPRI 1986b).

Patterson Irrigation District

The Patterson Irrigation District withdraws 50 cfs (1.4 m/s) from the San Joaquin River
(California) through a drum screen oriented perpendicular to the flow. This screen was installed
in 1978 and is operated continuously from March through October. Fish species of concern
include all life stages of salmonids. Screen mesh size is 0.1 in. (0.3 cm), and screen approach
velocity is 0.33 ft/s (0.1 m/s). Although no data are available, the district believes the screen is
highly effective in preventing salmonid entrainment (EPRI 1986b).

e e

Pacific Power and Light ;

Pacific Power & Light (PP&L) installed drum screens at its Lemolo Units 1 and 2 on the North
Umpqua River (Oregon) to protect downstream migrant salmonids. Due to severe plugging with
"moss" and other debris. the screens do not operate. PP&L has also operated drum screens at
two diversions from the Naches River (Oregon) since 1936. These screens are oriented
perpendicular to the flow and are designed to protect coho. Chinook, and steelhead smolts.
While not functional under severe icing conditions, they are generally reliable and have approach
velocities less than 1 ft/s (0.3 m/s). The screens meet all passage criteria except for frv. PP&L is
developing a study plan for further screen evaluation. A third location at which PP&L operates
drum screens (perpendicular to flow) is at its Prospect No. 3 hydroclectric plant on the South
Fork Rogue River (Oregon). These screens have been operated since 1932 and are designed to
protect resident brook. brown. and rainbow trout. The facility is effective under all conditions
except icing. and there have been some problems with its paddle drive mechanism. The latter
two sites are operated continuously from spring through fall (EPRI 1986b).
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Various Sites - Idaho

The Idaho Department of Fish and Game (City Water. Light. and Power Compuany 1981 as cited
in EPRI [986b) oversees approximately 30 sites with rotary drum screens on rrgation
diversions where anadromous fish are present. The State is very pleased with these systems’
effectiveness (observations indicate essentially 100% passage/survival). and nearly all new
passage systems are the rotary drum type. Drums are set perpendicular in low-flow diversions
and angled in higher-tflow diversions.

Woodbridge Fish Facility

The Woodbridge fish facility on the Mokelumne River, California, is a horizontal rotary drum
screen installation. The facility consists of seven 10 ft (3 m) diameter by 6.5 ft (1.98 m) wide
drums with 0.24-in. (0.63 cm) mesh screen. The approach velocity at a flow of 450 cfs (12.7
m/s)is 0.6 ft/sec (0.18 m/s). Study results under these conditions showed that salmon as long as
1.6 in. (40 mm) could pass through the mesh screen. To avoid such losses, it was recommended
that screen slot width not exceed 0.09 in. (0.24 cm) to prevent passage of Chinook salmon longer
than 1.2 in. (30 mm), as well as American shad longer than 1.0 in. (26 mm) and white sturgeon
longer than 0.9 in. (24 mm) (Odenweller and Brown 1982).

Glenn-Colusa Irrigation District

The California Department of Fish and Game installed rotary drum screens at the Glenn-Colusa
Irrigation District irrigation diversion on an oxbow of the Sacramento River, California. in the
carly 1970s. Forty horizontal drum screens are oriented parallel to the shoreline at the mouth of
the irrigation canal. Each drum is 17 ft (5.2 m) in diameter and 8 ft (2.4 m) wide and is covered
with #4 woven stainless steel wire cloth. Mesh openings measure 0.17 in. (4.3 mm). There is a
fish bypass located at the downstream end of every fourth drum (10 bypasses total), and each
bypass is 6 in. (15.2 cm) wide. The bypasses join and lead to a bypass outlet, which is
downstream of a diversion dam located on an oxbow below the irrigation canal. A trash rack is
located in front of the screens. The screens are operated (using hydraulic pumps) continuously
during the irrigation season (approximately April [5-November 1). Design approach velocities
are 0.8 /s (0.2 m/s). Studies by Decoto (1978) using marked fingerling Chinook salmon
indicated an unknown number of salmon are lost through the screens at Glenn-Colusa, due
possibly to mesh passage or seal leakage. However, test and wild Chinook fingerlings used
drum bypasses as indicated by their capture in nets at the bypass outlet. Decoto (1978)
suggested that bypass system efficiency may have been limited by the narrow bypass width [6 in.
(15 cmy]. the gravity-flow operation, and sediment accumulation in the drum bypasses. The
primary problem has been a degrading stream bed that prevents fish access to the bypasses at low
flows. The rotary drum screens were eventually replaced with a flat-panel diversion screen.

M o s

Savage Rapids Diversion System

Grants Pass Irrigation District operates revolving drum screens in the gravity canal that 1s part of
the Savage Rapids Diversion system (Rogue River. Oregon). Gravity flow diverts water to the
canal headworks. The system is designed to prevent all fish that may be present from entering
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the canal. Species of concern inctude spring and fall Chinook. summer and winter steethead,
coho. and trout. The screens are operated continuously during the summer (Bureau of
Reclamation 1976. 1979). Mesh size of the screens is 0.25 in. (0.6 cm). and approach velocities
are about 2 10 3 ft/s (0.6 10 0.9 m/s). The rotary screens provide good fish protection. with
minimal mortalities. The screens are reliable from an engineering viewpoint and are effective
under all conditions (although some algal clogging does occur).

Case Studies — Rotary Drum Screens — Hydroelectric Field Tests

White River Hydroelectric Plant

Puget Sound Power and Light Company (PSP&L) has diverted 2.000 cfs (57 m'/s) through a
drum screen oriented perpendicular to flow at its White River Hydroelectric Plant since 1938.
The operation schedule is continuous from March through November. The screen is designed to
protect Chinook, coho, and steethead smolts from entrainment. Survival of O-age smolts has
been variable but has dropped as low as 10%. Survival of yearlings is about 90%. Screen mesh
size is 0.23 in. (0.6 cm), and screen approach velocity is 1.5 ft/s (0.5 m/s). This facility has been
replaced by an angled, fixed-screen diversion and bypass system (EPRI 1986b).

Case Studies — Angled Rotary Drum Screens — Water Diversion Field Tests

Yakima River Basin

Blanton et al. (1998) provide a review of angled screen evaluations conducted at 19 sites in the
Yakima River basin to assess whether they are being maintained in a way that promotes safe fish
passage. Eleven of the sites have rotary drum screens, six have vertical plate screens, and one
site has vertical traveling screens. The evaluations included measurements of approach and
bypass velocities, checking screen seals, checking screen submergence, and identifying
conditions in the screen and bypass outfall areas that might increase predation. Screening
facility evaluations were conducted three times at each site between early May and mid-August
of 1997. Water velocities were measured in front of the screens and in the bypasses.

Underwater video techniques were used to assess screen seal condition, debris accumulation, and
fish presence. Auxiliary data were collected to assess facility equipment and operational
conditions as related to effective downstream fish passage. Fish presence downstream of screens
at nine of the sites was evaluated using fyke nets with 0.3 cm (1/8 in.) knotless netting. Nets
typically were placed immediately downstream of diversion canal headgates.

In general, water velocities at each screening facility were determined to meet Pacific Northwest
standards set by the NMFS (Rainey 1985: Pearce and Lee 1991). At least 10% of approach
water velocity measurements at seven of the screening facilities exceeded the NMFS requirement
of 0.15 m/s (0.4 ft/s). Gaps in seals or other components that may allow fish to pass through
sereen facilities were identified at 10 of the sites. The submergence level of screens at many of
the facilitics exceeded 85%. and one screen was submerged fess than 65%. There is a risk of fish
passing over screens if submergence levels exceed 85% self-cleaning can be hindered if levels
2o below 637, Water depth at bypass outfalls were inadequate (i.e.. too shallow) at four of the
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facilities. Shatlow water at by pass exits typically was observed during August when river flows
were low and fish movement was minimal. Using underwater video. observations of large fish
and habitat characteristics (i.e.. types and amount of cover) that may be conducive to predator
presence were used to determine potential predation risks. Five sites were determined to have
relatively high potential for salmonid predation losses based on observations of large fish and
considerable amounts of woody debris at the screens. Removal of woody debris from the base of
drum screens was recommended to reduce predation risks. Maintenance and operation of
screening facilities was considered adequate for most sites. Removal of accumulated sediment
and woody debris was cited as a maintenance procedure that should be improved to minimize
adverse hydraulic conditions and predation potential.
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CYLINDRICAL WEDGEWIRE SCREENS

Introduction

Wedgewire screens have the potential to reduce both entrainment and impingement at water
intakes. Wedgewire screens use V or wedge-shaped cross-section wire welded to a framing
system to form a slotted screening element (Figure 5-1). In order to effectively reduce
impingement and entrainment, the following conditions must exist:

¢ Sufficiently small screen slot size to physically block passage of the smallest life stage to
be protected (typically 0.5 to 1.0 mm);

e Low through-siot velocity;

* Ambient currents that are sufficient for sweeping aquatic organisms and debris past a
screen

Wedgewire screens (Figure 5-2) have been effective in preventing entrainment and impingement
of ichthyoplankton and juvenile fish at different types of water intakes (mainly irrigation,
municipal water supply, and cooling water intakes) without any major maintenance problems.
However, as with any screening technology, the potential for clogging and biofouling is a
concern and needs to be addressed in the design and operation this technology. When all
conditions for effective operation are met, wedgewire screens can reduce entrainment and
impingement to levels that usually meet existing regulations and resource agency criteria.
Furthermore. the now suspended EPA Rule identified submerged cylindrical wedgewire screens
in freshwater river under certain hydraulic conditions as a pre-approved technology to meet
impingement mortality. In other water body types. wedgewire screens would have met
compliance alternative 1 in the Phase II 316(b) Rule because of the low through screen velocity
(0.5 ft/s).

T
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Figure 5-1
Cylindrical Wedgewire Screen Panel Detail (Modified from EPRI)
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Figure 5-2
Cylindrical Wedgewire Screen Intake (Courtesy of Johnson Screens)

Case Studies — CWIS Application

Logan Generating Plant

A study was conducted to evaluate the performance of I-mm (0.039 in.) slot wedgewire screens
at the Logan Generating Plant (LGP; Ehrler and Raifsnider 2000) (Figure 5-3). The plantis
located on the Delaware River in Gloucester County, New Jersey. Water is drawn from the river
to replace evaporative water losses from the plant’s closed-cycle cooling system.

5-3
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Pump Bay

Wedgewire Covered intakes

Figure 5-3
Wedgewire Screen Intake at the Logan Generating Plant (Ehrier and Raifsnider 2000)

Samples were collected from the Delaware River adjacent to the plant and from water that had
passed through the wedgewire screens for comparison of larval densities. River water was
sampled by towing a plankton net at water depths of 10.3. 8.5, and 6.7 m (34, 28, and 22 fu).
Samples from the river were collected by towing a 30-cm (1 -ft) diameter, 335-pu mesh plankton
net at constant speed. Three sampling transects were established: one was located upriver of the
station. another was aligned with the plant’s fuel dock, and one was located downstream of the
plant. Water that had passed through the screened intake was sampled by pumping water from
the plant’s intake wet well. A total of 30 towed net and entrainment samples were collected.

The most abundant species collected during tow samples in the deep stations (9.1 m [30 ft]) were
striped bass (39%). white perch (28%). carps/minnows and suckers (19%). and herrings (13%).
The most abundantly collected species at the shallow stations (0.9 m [3 ft]) were river herring
(80% ), white perch (17%). striped bass (2%). and minnows/carps and suckers (1%).

A comparison between the densities of striped bass in the Delaware River and in the plant's
makeup water was used to determine the effectiveness of the wedgewire screen intake system. It
was estimated that an unscreened intake would entrain approximately 0.03% of the local striped
bass larval population. The intake screens were expected to exclude 90% of the striped bass
larvae (Ehrler and Raifsnider 1999). The results of the comparison study resulted in an average
proportional withdrawal of striped bass larvae of 0.003%.
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Cope Station

A cylindrical wedgewire screen intake system is in operation at the 385 MW, coal-fired Cope
Station located on the South Fork Edisto River in Orangeburg County. South Carolina (Cumbie
and Banks 1997). The station withdraws 0.3 m'/s (10 cfs) for closed-cycle cooling purposes.
Engineering and model studies were conducted to demonstrate the system’s potential to
minimize impingement and entrainment of fish (including eggs. and larvae). Species of primary
interest included redbreast sunfish, striped bass. and shortnose sturgeon.

The intake structure consists of two 2-mm (0.079 in.) slot cylindrical wedgewire screens. The
screens are affixed to two 61-cm (24-in.) diameter pipes that project out from a caisson intake
structure. They are arranged in line, with their long axis parallel to the river flow. Through-slot
velocities were found to be less than 0.15 m/s (0.5 ft/s). It was concluded that potential negative
impacts of the screens on eggs and larvae was low because the cross-sectional area of the river
was large relative to area influenced by the intake (i.e., probability of organisms encountering the
intake screens was low). The lateral distance over which the screens exert an entraining
influence on the river was determined to be approximately 8% of the stream width at the intake
location. No data were presented with respect to the biological effectiveness of the screen (i.c..
impingement or entrainment rates). ‘

Eddystone Generating Station

Cylindrical wedgewire screens were installed for fish protection purposes at the Eddystone
Generating Station located on the Delaware River (within the tidal influence) near Philadelphia.
Pennsylvania (Veneziale 1992). The four-unit Eddystone station has a generating capacity of
1.400 MW. The screens were installed in front of the cooling-water intakes of Units 1 and 2,
which have a combined flow of about 980 cfs (27.8 m'/s). The Eddystone Station originally had
trash racks and traveling water screens for collecting fish and debris. Impingement and
entrainment studies revealed that over 3,000.000 fish were impinged on the traveling screens
during a single 20-month period. It was concluded that Delaware River resident and migratory
fish populations were being adversely affected by the Eddystone Plant. Consequently, resource
agencies requested that steps be taken to reduce fish impingement at Eddystone as part of the
facility’s 316(b) requirements. After an extensive review of available fish protection
technologies. the facility chose cylindrical wedgewire screens to replace the existing screens on
the basis of past experience and low maintenance costs.

To support the wedgewire screens. a sheetpile bulkhead was installed at the intake. Sixteen
cylindrical screens were placed in front of the Unit [-2 intake structure and perpendicular to the
bulkhead (Figure 5-4). The screens are arranged in two rows: eight inboard screens extend 7 ft
(2.1 m) out from the bulkhead and eight outbourd screens extend 19 ft (5.8 m) out. The screens
can be removed for manual cleaning. and an air-burst cleaning system was installed to facilitate
debris flushing without removing the screens. Since the screens have been installed. minimal
debris accumulation has occurred and there has been no visible damage. The air-burst cleaning
system is used infrequently and the screens have experienced no problems with ice buildup. It
has been concluded that fish impingement and screen fouling have been eliminated at Eddy stone
(Veneziale 1992).
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Figure 5-4 ' )
Wedgewire Intake System at Eddystone Station (Veneziale 1992) !
Jeffrey Energy Center

A cylindrical wedgewire screen cooling water intake system has been operating since 1982 at the
Jeffrey Energy Center (JEC) located on the Kansas River in Kansas (Johnson and Ettema 1988).
The JEC has three 670 MW units that employ a closed-cycle cooling system. Replacement water
for the cooling system is withdrawn from the Kansas River. The river intake system was
designed to withdraw up to 111 ¢fs (3.1 m /s). remain free of floating debris. have a sediment-
free area around the screens. withdraw water during low flow periods. and have low maintenance
requirements (Figure 5-5).

Two screen types were considered for installation at the JEC intake: traveling screens (active
screening) and cylindrical wedgewire screens (passive screening). Through-tlow traveling
ereens have been installed at other Kansas River water intakes. These screens have operated
efficiently. however. wearing of key parts has contributed to extensive maintenance
requirements. Passive screen sysiems possess no moving parts that can wear or require extensive
maintenance. Also. low water velocity between screen wires of cylindrical screens reduces the
potential for fish impingement and entrainment. For these reasons. the cvlindrical wedgewire
sereens were chosen for installation with the new intake system at JEC.
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The screen system that was installed at JEC comprises three ovlindrical wedgewire screens
placed along the face of the intake structure (Figure 5-5). The screens are 4 £t (1.2 miin
diameter, aboutin 3.4 m (11 ft) in length. have slot openings of 10 mm (0.375 in.). and have a
flow capacity of FL.3 m/s (37 fUs). which maintains a 0.15 nv/s (0.5 {Us) through-slot velocity.
The screens are capable of being removed for inspection and maintenance. An air backwash
system was installed for screen cleaning. The intake system has been operating for several vears
with minimal problems. The screens have been free of sedimentation and debris accumulation.
Maintenance has consisted of daily sediment sluicing and air backwashing and annual sediment
basin dredging. No information was provided with respect to the biological effectiveness of the
screens.
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Chalk Point Station

A field evaluation of cylindrical wedgewire screens was conducted at the Chalk Point Station
from 1982 to 1983. A modular barge testing facilits was placed in the intake canal of the station.
The barge had two separate but identical intake ports on which 76-cm diameter cylindrical
wedgewire test screens and an open port were attached (Figure 5-6). During testing in 1982, the
pumps withdrew approximately 7.7 m /min (4.5 ¢fs), while in 1983. after refurbishing. the
pumps withdrew [2 m/min (7.1 ¢fs). The intakes were positioned 1 m below the surface.
Screens with slot sizes measuring 1. 2. and 3 mm were evaluated. Average through slot
velocities for all of the screens together in 1982 and 1983 were 13 cn/s (0.43 fus) and 20 cm/s
(0.66 ft/s) respectively.

3ack fHush air hose

Figure 5-6
Drawing of a Bulkhead-Mounted Screen with Cut Away of Wedgewire Configuration

Samples were collected at night using a 505-u mesh plankton net located at the discharge from
each pump. A total of 24 samples was collected during testing in 1982 and 88 samples were
collected in 1983. Ambient ichthyoplankton samples were collected just upstream from the
testing barge by towing a bongo net measuring 0.5 m in diameter with a 505-p mesh at the
surface and at depths of T and 2 m.

The most abundant fish species collected were bay anchovy and naked goby. Bay anchovies
were grouped by length classes of <4 mm. 5-7 mm, 810 mm. [ 1-14 mm. and > |5 mm.
Naked gobies were grouped by length classes of > 4mm., 5-6 mm. 7-8 mm, and > 9 mm.
Numbers of fish entrained are presented in Table 5-1.

5-9
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Table 5-1

Mean Densities (Numbers/1,000 m’ of Water) of Bay Anchovies and Naked Gobies Collected in
the Bongo Net from the Canal, Through Each Wedgewire Exciusion Screen, and Through an
Open Port in 1982 and 1983 (Weisberg et al. 1987)

Fish August 1982 July 1983
%?zses Bongo | Open Screen Bongo | Open Screen
(mm) Net Port | 2mm | 1mm Net Pot | 3mm | 2mm | 1mm
Bay Anchovy
Eggs 0.0 0.0 0.0 0.0 19,610 2,341 1,707 18,435 10,966
*4 2.0 0.0 G.0 0.0 60.0 9.6 13.6 21.0 9.2
5-7 4.5 4.1 0.0 0.0 37.6 20.1 11.3 9.2 10.8
8-10 6.2 1.6 1.5 0.0 11.2 7.7 2.6 1.6 1.0
11-14 152.9 31.1 10.5 0.0 3.5 1.3 0.3 0.0 0.0
15 2,469.4 573 15.0 1.5 9.3 3.3 0.5 0.4 0.0
Naked Goby
«4 95.3 17.2 13.5 1.5 223.5 535.7 557.1 513.4 562.5
5-6 117.6 22.9 19.5 6.0 514.8 148.7 87.6 81.6 66.5
7-8 95.5 38.5 16.5 5.8 370.5 49.7 11.2 9.6 3.9
<9 342.3 201.5 64.6 35.8 243.7 49.1 7.8 4.4 1.9

For bay anchovy, the screens had no significant effect (i.e., exclusion) on eggs and larvae
measuring < 4mm. Exclusion became apparent at the 5-7-mm length class in 1983, as nearly
twice as many anchovy were entrained into the unprotected open intake than into any of the
sereens. Exclusion increased in with increasing fish length. Although more fish were entrained
through the larger slot sizes, the differences were not significant, which may have been due to
the small sample sizes.

Although there was a tenfold decrease in entrainment of naked goby measuring = +mm between
the unprotected and | mm screen in 1982, the difference was not statistically significant.
Exclusion by the | mm screen became apparent at the 5-6 mm length in 1983. Further. both
years of sampling yielded a significant decrease in the entrainment of fish measuring 7-8 mm
and larger.

The authors cite physical exclusion and hydrodynamic exclusion as the two principal modes by
which wedgewire screens protect ichthyoplankton from entrainment. Evidence for the physical
exclusion caused by the screens is that the smallest slot size (1 mm) excluded more fish than
cither the 2 or 3 mm screens. Further evidence of physical exclusion is that a head capsule depth
of 1 mm was not reached until a length of 9 mm, and there were essentially no fish over 10 mm
entrained in the samples. Evidence for the hydrodynamic exclusion is that fish of both species
measuring S mm in length were not entrained by the 3 mm screen. indicating their ability to
swim away from the low-velocity flow near the screen.

5-10
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Charles Point Recovery Facility

Environmental monitoring studies were conducted at the Charles Point Resource Recov ery
Facility to evaluate the number. species. and life stage of organisms impinged and entrained by
the tacility’s cooling water system (EA Science and Technoloox 1986). This wedgewire screen
facility has been operating since the carly 1980s with little maintenance required (Radle pers.
comm. 1999). The biological studies were performed as a requirement of Westchester RESCO's
SPDES permit. The facility is located on the east bank of the Hudson River near Peekskill, New
York.

The Charles Point Resource Recovery Facility has a design capacity of 60 MW generated by the
combustion ot municipal solid waste. The once-through cooling system has a tlow rate of 2.4

m /s (85 cfs). The cooling water system consists of an offshore (26.8 m [800 ft]) intake fitted
with four pairs of cylindrical wedgewire screens mounted on T-stands approximately 1.5 m (5 ft)
above the river bottom. The cylindrical wedgewire screen are 1.4 m (4.6 ft) long, 1.4 m (4.6 ft)
in diameter, and constructed of a copper-nickel alloy. The slot width of the screens is 0.5 mm
(0.02 in.), resulting in a design through-slot velocity of 0.15 m/s (0.5 ft/s).

The monitoring study was designed to sample ichthyoplankton entrainment and impingement.
Entrainment monitoring was conducted using an Automated Abundance Sampler (AUTOSAM).
Six samples were collected on each date for a 4-hour duration at approximately 1% of the total
flow. A combined total of 15,287 ichthyoplankton was collected by the AUTOSAM from May
through October in 1985 and March through April in 1986. The most abundant species collected
during entrainment sampling from mid-June through September 1985 was bay anchovy (93.5%).
Other ichthyoplankton collected were striped bass (4.2%), white perch (0.95%), and Atlantic
tomcod (0.7%). The most abundant lifestage collected in entrainment samples was eggs (67.3%)
and post-yolk-sac larvae (31.2%).

Impingement sampling was conducted from May 1985 through April 1986. Organisms were
removed from the intake screens by a specially designed apparatus. A series of guide bars were
welded lengthwise across each of the screen intake structures to allow a vacuum head to move
over the screens and remove impinged organisms. The vacuum head was operated by a diver
and attached to a pump that transported impinged organisms into a collection facility.

Vacuumed materials were screened though a 500-p mesh net in order to separate impinged
organisms from those that had already passed through the wedgewire screens (Radle pers. comm.

1999).

A total of 175 organisms were collected during 37 samples. Bay anchovy was the most abundant
species (70.3%) collected. Atlantic tomeod, striped bass, and white perch comprised 25.7. 1.1.
and 0.6% of the total impingements collected. respectively. Similar to entrainment samples.
cggs were the most abundant life stage (61.1%) collected during impingement sampling.
followed by larvae (33.7%).

Oyster Creek Nuclear Generating Station

A field study was conducted in 1978 to assess the engineering and biological performance of
cyhndrical wedgewire screens (Brown 1979) at the Oyster Creek Nuclear Generation Station.
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The test sereens were mounted on a floating test facility that was moored in the intake canal of
the the station. The test facilits had two 2,000-gpm (7.6 m/s) vertical pumps. Screens with slot
widths of 1. 2. and 3 mm were tested. The screens measured 30 in. (75.6 cm) in diameter, were
set at a depth of 3.3 ft (1 m), and were designed to generate an average through stot velocity of
0.5 fu/s (15.2 cmy/s) during their evaluation. The screens were also outfitted with air backflushing
mechanisms that would activate when a set pressure differential occurred across the screen face,
It backwashing did not maintain a differential of less than 1.3 ft (40.6 cm). the screens were
raised to the test facility's deck for high-pressure spray washing.

Results of the engineering evaluation revealed that. despite high debris loads during the spring
and early summer, all the screens functioned well with respect to the removal of debirs by air
backflushing. Overall down time associated with cleaning the screens was 0.02-1.30% and
0.29-1.40% for the | and 2 mum screens, respectively. The author suggested that these estimates
would be decreased substantially by the addition of an automatic cleaning system.

The biological evaluation of the test screens included entrainment and impingement sampling.
Entrainment samples were collected from the pump discharge pipes using 0.5 m diameter
plankton nets with 500 pm mesh. Impingement of larger organisms and fish behavior near the
screens was monitored concurrently to entrainment sampling.

Organisms were not entrained in large enough numbers to draw any significant conclusions.
However. the data that was collected did indicate that fewer target species were entrained
through the 1-mm slot screen than through the 2-mm screen and an unscreened intake. Also,
target species entrained through the I-mm screen were generally smaller and narrower than those
entrained through the 2-mm screen and the unscreened intake, and densities of target species
entrained through the 2-mm screen were sometimes equal to and occasionally greater than
densities entrained through the unscreened intake. Entrainment data for opossum shrimp are
presented in Table 5-2.

Monitoring of the screens in situ revealed that impingement was negligible for organisms near
the screens. However. American eel elvers were observed impinged on the screens or entrapped
in the slots during observations made from January to April. Various invertebrates were also
found impinged on the screen face, though many crabs, amphipods, and isopods were also seen
moving freely along the screen face, possibly feeding on the other impinged organisms. Larval
fish (2025 cm TL). such as silversides. were also seen swimming in the immediate vicinity of
the screen in ambient currents of 0.5-0.7 ft/s (15 — 20 cmy/s) without any signs of difficulty.
Further, impingement of adult fish did not appear to be an issue.

The amount of biofouling on different screen material revealed that, of the four samples tested.
the steel containing the highest amount of copper possessed the best antifouling characteristics.

TR



Table 5-2

Cyvlindrical Wedgewire Screens

Density (No./m®) Length (mm), and Width (mm) of Mysidacea (Opossum Shrimp) in
Entrainment Sample Sets Collected January 3, 1979.

1-mm Screen

2-mm Screen

No screen (control)

Sample Set 1
Density No./m* 8.9 22.4 19.3
S;:‘;g (rof:f‘“"e to no screen 46.0 116.0 100.0
Length range (mm) 3.2-7.8 3.3-9.7 3.8-10.1
Mean length (mm) 5.0 6.0 57
Width range (mm) 0.4-0.8 0.4-1.1 0.4-1.2
Mean width (mm) 0.6 0.7 0.7

Sample Set 2
Density No./m’ 16.2 26.6 20.0
5;:;’3 (Z,j:")a”"e to no screen 81.0 133.0 100.0
Length range (mm) 3.0-9.3 3.3-10.6 3.5-8.7
Mean length (mm) 5.2 56 52
Width range (mm) 0.3-1.1 0.4-1.2 0.4-1.0
Mean width (mm) 0.6 0.6 0.6

St. John’s River, FL

A study similar to those conducted by Brown (1979) was conducted by Lifton (1979) on the St.
John's River in northeastern Florida. The investigations were conducted as a requirement of
Section 316(b) during the construction of a coal-fired electric generating station in Putnam
County. Florida. In this study. entrainment through [-mm and 2-mm (0.04 and 0.08 in.) slot
wedgewire screens was compared to entrainment through an open pipe and concurrent plankton
tows. Entrainment collections were made from March through September for a total of 134
samples. The study was conducted in three phases. Phase I involved in-river sampling to
identify species and life stages vulnerable to entrainment. Phase I involved the collection of
data on the exclusion differences between | and 2-mm screens. and Phase I examined
operational feasibility. biofouling. and entrainment mitigation.

Individual egg and larvie fish collections for Phase I were conducted by net tow sampling using
a 363-u mesh plankton net. The wedgewire screen test facility used in Phase [T and Phase 111
was located on an existing dock at the power plant site. Sampling was conducted over an 8-day
period. and included visual observations of the wedgewire screens. in-river larval tows. and open
pipe entrainment tests to provide control data.
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The majority of fish entrained through the I and 2-mm screens were unidentified Atherinidae
(silverside) species, tidewater silversides. naked goby and clown goby. The predominant specices
entrained through the open pipe were bay anchovy, tidewater silverside. sunfish, naked goby,
and clown goby. Fish eggs and larvae were collected in the I-mm screen samples. The 2-mm
wereen also entrained two juveniles and some adult fish were entrained through the open pipe.
Results of statistical analyses showed no significant difference in entrainment between the | and
2-mun screen with respect to organism densities for all species and hife stages. Comparisons of
total numbers entrained showed that the screened intakes entrained at least 30 percent fewer fish
than the open pipe in 16 of 20 comparisons. In 13 of 20 comparisons, the number of fish
entrained was at least 506¢ less than the open pipe.

J. H. Campbell, Unit 3

Consumers Energy’s J. H. Campbell Unit 3 screen system has functioned effectively since 1979.
Unit 3 withdraws 21.5 m'/s (757 cfs) from an offshore location (1,067 m from shore in 10.7 m of
water) through 28 fixed wedgewire screening units with 9.5-mm (3/8-in.) wide screen slots.
Units | and 2 withdraw cooling water from Pigeon Lake, which empties into Lake Michigan
adjacent to the station. It was believed that locating the Unit 3 intake in the relatively
unproductive lake environment would decrease the potential for entrainment and impingement.
When compared to Units | and 2, the Unit 3 screens have reduced impingement of gizzard shad,
smelt, yellow perch, alewife, and shiner species and have required minimal maintenance (Gulvas
and Zeitoun 1979). The screens are cleaned manually by water jets to reduce biofouling (algae).
The plant was forced to shut down once (spring 1984) due to anchor ice. Because the screen
mesh is 9.5 mm (3/8 in.), this installation achieves no reduction in entrainment other than by
virtue of its deep offshore location in an area of low abundance of entrainable-sized fish.
Operating experience to date has been satisfactory, due to the large screen slot size and the
relatively low debris loading in Lake Michigan.

Case Studies - Hydroelectric Application

Arbuckle Mountain Hydroelectric Project

A cylindrical wedgewire screen system was installed in 1986 at the Arbuckle Mountain
Hydroelectric Project located on the Middle Fork of Cottonwood Creek near Redding. California
(Ott et al. 1988). The project operates in a run-of-the-river mode, diverts a maximum of 1 15 cts
(3.3 m7/s). has a design head of 55 ft (16.8 m), and a generating capacity of about 400 kW.
Cylindrical wedgewire screens were selected for Arbuckle Mountain to prevent entrainment of
resident and migratory fish and to provide for continuous cleaning to eliminate sediment and
debris buildup. Also. a vertical-axis configuration was selected because material and
construction costs were less than for a horizontal deployment.

The final design of the screen system installed at Arbuckle Mountain consisted of eight screens,
with an intake flow of 0.4 m7/s (15.7 cfs) per screen. At maximum capacity. the approach
velocity component (normal to the screen face) is 0.1 m/s (0.33 f/s). The screen V-wire was 1.8
em (0,71 in.y wide with slot openings 2 mm (0.079 in.). yielding an open area of 57%. The
screens are mounted on a concrete manifold/plenum chamber and placed in the project forebay.
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An internal flow modulator was designed to create uniform tlow distribution across the face of
the screen eylinders. For debris management. a pneumatically operated programmable controller
was developed to automatically initiate cleaning of the eight cylindrical screens with an air burst
backwash system. An annular air distributor is mounted outside the flow modulator that
mtroduces air within a cylinder to backflush water for removal of any debris collected on the
exterior of the cylinder. Also. a conical deflector mounted internally at the top of each cylinder
provides even distribution of the air burst during the backflush cvcle. After backflushing,
ambient currents remove accumulated debris. Biological evaluations of the screen system have
not been performed.

Case Studies — Laboratory and Field Evaluations

Laboratory Test EPRI/EPA, Alden Research Laboratory

The Electric Power Research Institute (EPRI) with Water Quality Cooperative Grant
(#X829108010) support from the U.S. Environmental Protection Agency (EPA) sponsored the
biological evaluation of cylindrical wedgewire screens. The testing was conducted in a
laboratory flume with striped bass larvae and a surrogate egg type in 2001 and with eight
additional species in 2002. The tests conducted in 2001 were primarily designed to determine if
the test facility and procedures functioned as needed for accurately evaluating the relative
effectiveness of the wedgewire screens. These tests also provided the initial set of data on
relative impingement and entrainment rates of the organisms that were evaluated.

The section of the test facility flume where testing is performed has a maximum depth and width
of 2.1 m and 3.0 m, respectively. For 2001 testing, the width of the flume channel was about 1.5
m and water depth was 1.3 m. Flume width and water depth for 2002 tests were both 1.8 m (a
temporary wall was removed and the plexiglass window was repositioned to widen the flume
prior to 2002 testing). Channel velocities up to 0.9 m/sec can be maintained at full depth. Flow
is re-circulated through the flume by a bow thruster that is driven by an electric motor.

The location of the screens was about 11.4 m downstream of where water is returned to the
flume from the bow thruster (Figure 5-7). At this location, one side of the flume consists of a
plexiglass window that allows for real-time visual and video observations to be recorded during
testing. The wedgewire screen test facility consists of a fish larvae and egg release system, the
wedgewire screens, an entrainment collection system. and a downstream collection system. The
design of the test facilities used in 2001 and 2002 are presented in Figure 5-8and Figure 5-9,
respectively.
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Figure 5-8
2001 Wedgewire Screen Test Facility
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Figure 5-9
2002 Wedgewire Screen Test Facility

The screens that were used for the laboratory evaluation were T-12 (12-inch diameter [30.5 cm])
cylindrical wedgewire screens supplied by Johnson Screen (Figure 5-10). The T-12 screens have
two 31-cm long sections through which water is withdrawn. Three screens constructed with
different slot sizes (0.5, 1.0, and 2.0 mm) were evaluated to determine fish egg and larval
entrainment and impingement rates under different channel and screen flow conditions. All three
screens had 1.5-mm wide wedgewire bars. The porosities of the screens were 24.7% tor the 0.5-
mm slot screen, 39.6% for the 1.0-mm screen, and 56.8% for the 2.0-mm screen. Design
information and flow rates at each through-slot velocity that was evaluated are presented in
Table 2-1.
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Figure 5-10
Johnson T-12 Cylindrical Wedgewire Screen (White Lines Delineate Sections of the Screen

for Which Impingement Locations Were Recorded)



Table 5-3
Wedgewire Screen Design and Operation Parameters Evaluated During the Laboratory

Cylindrical Wedgewire Screens
N at

Study
Screen Channel Flow Rate
Slot Sg;ﬁn Screen Slot Witgc;::wal Channel 2001 .2002
size Area | Porosity | Velocity Velocity
(mm) | (MY (%) (m/s) m'/s gpm (m/s) m’/s | gpm | ms gpm
0.5 0.15 24.7 0.15 0.023 363 0.08 0.15 | 2376 | 0.26 4039
0.15 0.30 | 4753 | 0.51 8078
0.30 0.60 9506 1.02 | 18,157
0.30 0.046 726 0.08 0.15 | 2376 | 0.26 4039
0.15 0.30 | 4753 | 0.51 8078
0.30 0.60 | 9506 1.02 | 16,157
1.0 0.24 39.6 0.15 0.037 582 0.08 0.15 | 2376 | 0.26 4039
0.15 0.30 | 4753 | 0.51 8078
0.30 0.60 | 9506 1.02 | 16,157
0.30 0.073 1164 0.08 0.15 | 2376 | 0.26 4039
0.15 0.30 | 4753 | 0.51 8078
0.30 0.60 9506 1.02 | 16,157
2.0 0.35 56.8 0.15 0.053 834 0.08 0.15 | 2376 | 0.26 4039
0.15 0.30 | 4753 | 0.51 8078
0.30 0.60 | 9506 1.02 | 16,157
0.30 0.105 1667 0.08 0.15 | 2376 | 0.26 4039
0.15 0.30 | 4753 | 0.51 8078
0.30 0.60 89506 1.02 | 16,157

The biological evaluation of cylindrical wedgewire screens successtully identified several
important relationships associated with the various factors that effect impingement and
entrainment of aquatic organisms. However. these relationships were not always straightforward
or easily detectable due to interactions among the test variables and the inability to collect data
tor all species and life stages with all combinations of test conditions. The following are general
conclusions from the analysis of the entrainment and impingement data that were collected:

[

3

5
3.

Impingement decreased with increases in slot size

Entrainment increased with increases in slot size

LEntrainment and impingement increased with increases in through-slot velocities
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4. Entrainment and impingement decrease with increases in channel velocity

This study identified several biological factors that can influence wedgewire screen impingement
and entrainment rates. including life stage. size, and swimming ability. These factors appeared
to be strongly related: although for larvae. life stage is probably inconsequential compared to
size and swimming ability. Specifically. as fish mature during early life stages. thev grow larger
and swimming ability improves. allowing for greater physical und behavioral exclusion to oceur.
The most pronounced effect of life stuge is associated with differences between passive eggs and
actively swimming larvae. The entrainment and impingement of eggs during our study were
related to the size of eggs and hydraulic conditions that influenced downstream movement of
eggs along the screen surface. Alewife eggs. which averaged 0.7 mm in diameter. did not
impinge on the 0.5 mm slot screen but were entrained at rates of 10 to 20% for the two channel
velocities evaluated. The entrainment rate at the lower channel velocity was nearly 50% greater
than at the higher velocity. In contrast to alewife, white sucker and surrogate striped bass eggs
were not entrained but were susceptible to impingement depending on the hydraulic conditions
being evaluated. For both these species, egg impingement rates increased with slot velocity and
decreased with channel velocity.

Based on the estimates of entrainment and impingement for larvae and eggs. protection of
aquatic organisms using cylindrical wedgewire screens will be optimized by minimizing slot size
and slot velocity and maximizing ambient currents approaching a screen or screen array. Design
and operation criteria that result in optimization of these parameters will be dependent on the
target species and life stages. Older and larger organisms will not require as stringent criteria as
younger and smaller organisms that do not possess the size or swimming ability to avoid
impingement and entrainment. Using less than optimum slot size and velocity criteria may be
appropriate if wedgewire screens are located where species and life stages that are potentially
susceptible to entrainment and impingement are not abundant.

The data that was gathered during the biological and CFD components this study clearly
demonstrate that this technology can effectively protect early life stages of fish from entrainment
and impingement when designed according to appropriate biological and hydraulic criteria. It
was concluded that future studies, whether conducted in the laboratory or field. should focus on
interrelationships among a smaller set of design criteria or for specific species and life stages.
Such studies are expected to provide more specific descriptions and a better understanding of the
relationships between biological and engineering design parameters that maximize fish
protection effectiveness.

Laboratory Evaluation — Delmarva Power and Light

Laboratory studies were conducted Delmarva Power and Light to assist in the development of a
surface water intake using wedgewire screens that would be effective in protecting the early life
stages of fishes (Hanson et al. 1977). These studies were initially conducted to determine the
entrainment and impingement of striped bass eggs. larvae. and juveniles but were later expanded
to include other fish species. Additional studies were also performed to investigate potential egg
mortality associated with screen contact and impingement.
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The majority of the experiments were carried out in a 9. | by 4.6 m (30 by 15 ft) oval flume
{Figure 5-11). The flume was constructed of aluminum and plywood and was 8.4 m (2.6 ft) wide
and 12.2 m (4 0 deep. The test screens were placed in the flume and were evaluated under both
static (no flume flow) and dynamic (flume flow past the screens) conditions. A 5 hp honzontal
pump was used to withdraw flow through the screens with a maximum pump rate of 0.03 m/s
(1.13 ¢fsy.

A = Channel

B = Sump

C = Screen

D = Intake Pump

E = Paddie Wheel

F = Paddle Wheel Drive
G = Hydraulic Backwash pump
H = Air Compressor

-

Figure 5-11
Schematic Diagram of Wedgewire Test Flume (Hanson et al. 1977)

Egg mortality studies were conducted with a flat 30.5 cm (12 in.) square screen panel with a 0.5-
mm (0.020 in.) slot width. The panel screen was placed on the flume wall orientated
perpendicular to the flow. The test screens used t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>