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Introduction

The Symposium on Cooling Water Intake Technologies to Protect Aquatic Organisms brought together professionals
from federal, state, and tribal regulatory agencies; industry; environmental organizations; engineering consulting
firms; science and research organizations; academia; and other organizations concerned with mitigating harm to the
aquatic environment by cooling water intake structures. The efficacy and costs of various technologies to mitigate
impacts on aquatic organisms from cooling water intake structures, as well as research and other future needs, were
discussed. The Symposium was cosponsored by USEPA’s Office of Water and Office of Research and Development,
National Oceanic and Atmospheric Administration, U.S. Department of Energy, and Electric Power Research
Institute and in cooperation with Riverkeeper, Inc., Utility Water Act Group and Atlantic States Marine Fisheries
Commission and was held May 6-7, 2003 in Arlington, Virginia.

This document presents the proceedings of the Symposium. It includes, where available, technical papers, copies of
the slides used by presenters, a transcription of questions and answers raised during the symposium, as well as other
information presented at the symposium.
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9:30 - 10:00 An Overview of Flow Reduction Technologies for Reducing Aquatic Impacts at Cooling Water
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Reed Super, Riverkeeper, Inc.
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Moderator: Tom Bigford, NOAA, National Marine Fisheries Service

10:30 - 11:00 Richard McLean, Director of Nuclear Programs, Maryland Department of Natural Resources

11:00 - 11:30 Edward W. Radle (retired) and Michael J. Calaban, New York State Department of Environmental
Conservation, Steam Electric Unit

11:30 — 12:00 Richard L. Wantuck, NOAA Fisheries, Santa Rosa, California

12:00 — 1:30 LUNCH (on your own)

Session B: Flow Reduction
Moderator: Martha Segall, USEPA Office of Water

1:30-1:50 Retrofit of Closed-Cycle Cooling with Unit-Specific Mechanical Draft Wet Cooling Towers with
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reducing impingement and entrainment by cooling water intake structures. Displays will include the
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and more. Beverages will be available at a cash bar.
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Conservation, Ltd.
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|. Opening Remarks

Scott Minamyer, Environmental Scientist, U.S. EPA, Office of Research and Development
Mr. Minamyer, chair of the Planning Committee for the symposium, welcomed the attendees and set the stage for the
2-day gathering by providing a brief overview of the agenda and goals of the symposium. He then introduced the

keynote speakers.

Il. Keynote Addresses

Benjamin Grumbles, Deputy Assistant Administrator, U.S. EPA Office of Water

BIOSKETCH

Mr. Benjamin H. Grumbles was appointed Deputy Assistant Administrator for the Office of Water at U.S. EPA in
February of 2002. Before coming to EPA, Mr. Grumbles was Deputy Chief of Staff and Environmental Counsel for
the House Science Committee since February 2001. Prior to that, he was Senior Counsel for the Water Resources and
Environment Subcommittee of the Transportation and Infrastructure Committee. During his 15 years of service on
the Transportation and Infrastructure Committee staff, Ben focused on programs and activities of the Environmental
Protection Agency, the Army Corps of Engineers, the National Oceanic and Atmospheric Administration, the U.S.
Department of Transportation, the Federal Emergency Management Agency, and the Tennessee Valley Authority. He
is also an adjunct professor of law at the George Washington University Law School, as well as a member of the
faculty advisory board of the Environmental Law and Policy Program at the USDA/Graduate School. He currently
teaches courses in water pollution control, the Clean Water Act, and environmental policy. Mr. Grumbles has written
numerous articles on water quality, wetlands, water resources management, oil spills, hazardous waste, and
environmental policy. His degrees include a B.A., Wake Forest University; J.D., Emory University; and LL.M. in
Environmental Law, the George Washington University Law School.

PRESENTATION

Mr. Grumbles opened his remarks by noting that on the 30th anniversary of the Clean Water Act (CWA), President
Bush signed a proclamation making this the year of clean water and called water quality/quantity the “key”
environmental issue of the 21st century. Mr. Grumbles then gave an overview of EPA activities relative to the CWA.
He indicated that there was much optimism at the Agency about using a watershed-based approach to achieving water
quality goals. He challenged the group to address future issues, such as the use of degraded water sources in cooling,
desalination in conjunction with power production, and advanced cooling technologies such as dry cooling.

Alex Matthiessen, Executive Director, Riverkeeper, Inc.

Biosketch

Mr. Alex Matthiessen is the River’s most visible and aggressive advocate. With the help of a team of attorneys and
the Pace Environmental Litigation Clinic, he investigates potential threats to the watershed and enforces
environmental law in order to safeguard the Hudson River valley and the New York City drinking water supply.

Mr. Matthiessen came to Riverkeeper in 2000 from the U.S. Department of Interior, where he served as Special
Assistant to the Deputy Secretary on matters of special importance to Secretary Bruce Babbitt. Mr. Matthiessen’s
primary responsibility was overseeing a government-wide task force to reform the Federal Energy Regulatory
Commission’s hydropower licensing process. While at the Department of the Interior, Mr. Matthiessen also
conceived and developed the Green Energy Parks initiative, a joint program of the National Parks Service and the
Department of Energy, which promotes clean and sustainable energy use throughout the national park system. For his
leadership on the project, Mr. Matthiessen received a Presidential Award from the White House. Prior to joining the
Department of the Interior, Mr. Matthiessen spent a year in Indonesia as a Macroeconomic Policy Analyst for the
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Harvard Institute for International Development and a summer working at the White House Council on
Environmental Quality. In a stint as an independent environmental consultant, Mr. Matthiessen wrote foundation
grants and authored papers on the potential social and environmental impacts of international trade liberalization.
Earlier in his career, he served as the Grassroots Program Director for the Rainforest Action Network in San
Francisco, organizing and managing an international network of affiliate activist groups.

Mr. Matthiessen earned a Masters of Public Administration from the John F. Kennedy School of Government at
Harvard University in 1995 and a Bachelor of Arts, with degrees in Biology and Environmental Studies, from the
University of California at Santa Cruz in 1988.

PRESENTATION

Mr. Matthiessen presented a brief overview and history of Riverkeeper, Inc., and noted some of the milestones in the
organization’s efforts to protect the Hudson River, beginning with the group’s first victory — stopping the Storm
King pump storage facility. He explained that Riverkeeper favors the following flow reduction technologies: dry
cooling at new facilities, retrofit wet cooling at existing facilities, repowering, use of degraded water sources, and
seasonal flow reductions. The organization prefers not to promote the use of screening technologies because of
maintenance and operational issues that can cause degradation of performance. He also referred to PSE & G’s permit
for its Bethlehem facility, where cooperation led to a success story: Air pollution and fish impacts will be reduced by
more than 98 percent. Riverkeeper is also working with Mirant at Lovett on the evaluation of Gunderboom over the
next 5 years.

Charles Goodman, Senior Vice President, Research and Environmental Affairs, Southern Company

BIOSKETCH

Dr. Charles Goodman is the Senior Vice President of Research and Environmental Affairs for Southern Company,
one of the largest generators of electricity in the United States, serving more than four million customers in the
southeastern U.S.

Dr. Goodman joined Southern Company in 1971. He received his B.S. in Mechanical Engineering form the
University of Texas at Arlington and his M.S. and Ph.D. degrees in Mechanical Engineering from Tulane University.
Dr. Goodman directs the environmental policy, research, and the compliance strategy development program of
Southern Company. Reporting to Dr. Goodman are the Environmental Stewardship, Customer Technologies, Power
Technologies, Economic Analysis, Environmental Assessment, and the Environmental Compliance Strategies and
Permitting departments. Dr. Goodman is a member of the U.S. Environmental Protection Agency Clean Air Act
Advisory Committee. He is also a member of Electric Power Research Institute's Research Advisory Committee and
chairman of the EPRI Environment Sector Council. In his current role, he is the lead officer for Southern Company's
environmental policy, and he oversees the company's research and environmental affairs activities.

PRESENTATION

Mr. Goodman opened his address by indicating that he felt a need to find a balance between effectiveness and cost as
they pertain to the protection of aquatic life from intake structures. He pointed out the work that EPRI and the
industry overall have already done to address Section 316(b) of the Clean Water Act. The best solutions consider
site-specific issues. Some 316(b) alternatives are associated with other environmental impacts, such as those
associated with wet cooling. Goodman emphasized that a single, “one size fits all” solution is not the optimum one,
but rather one that maximizes net benefits.
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lll. Overview Presentations

An Overview of Fish Protection Technologies and Cooling Water Intake Structures (CWISs)
Edward Taft and Thomas Cook, Alden Research Laboratory, Inc.

BIOSKETCHES

Mr. Ned Taft is President of Alden Research Laboratory. He received his B.S. in Biology from Brown University and
his M.S. in Biology from Northeastern University. In addition to his role as President, Mr. Taft is responsible for
Alden's environmental services. He has over 30 years experience in developing and testing fish protection

technologies for both cooling water and hydroelectric project intakes. He is currently heading the 316(b) team at
Alden.

Mr. Thomas Cook is Director of Environmental Engineering at Alden Research Laboratory. Mr. Cook received his
B.S. in Civil Engineering from the University of Vermont. He is responsible for conceptual and detailed design
engineering efforts related to fish protection and passage at steam electric, hydroelectric, and water resource projects.
He specializes in economic analyses of alternative fish protection and provides the hydraulic, hydrologic, and
structural expertise necessary for their installation.

TECHNICAL PAPER

Abstract

There are several technology options available for the protection of aquatic organisms at Cooling Water Intake
Structures (CWISs). These technologies, used alone or in some combination, have the potential to meet EPA’s
proposed national performance standards. The ability of a technology to meet the standard at any given site is
dictated by species and site-specific factors. The costs of these technologies also vary widely between sites.

Introduction

The United States Environmental Protection Agency’s (EPA) proposed Phase II Existing Facilities Rule (the Rule)
(EPA 2002) requires a thorough understanding of fish protection technologies that can be considered for potential use
at CWISs to address concerns over fish entrainment and impingement. For over thirty years, industry groups and
government agencies have been working to develop both biologically and cost-effective technologies. These efforts
have led to the development of a suite of technologies that address a wide array of biological, environmental, and
engineering characteristics associated with different target species, water body types (e.g., rivers, lakes, estuaries),
and physical locations (e.g., offshore, onshore, in-river). Research continues on new technologies, as well as on
modifications to, and enhancements of, existing technologies. Costs associated with intake technologies vary not only
by flow rate, but by other site-specific factors.

Emphasis in this discussion is on those technologies for which EPA developed costs in either the proposed Rule or the
Notice of Data Availability (NODA) (EPA 2003). For each technology, the following information is presented:

(1) a general description of the technology;

(2) the current status of available technologies and results of research to date;

(3) the potential for available technologies to meet the proposed national performance standards (reduction in
impingement mortality of 80 to 95% and a reduction in entrainment of 60 to 90%); and

(4) the costs associated with retrofitting the technology to an existing intake.

The costs include a comparison between the site-specific costs generated from historical data and those presented by
EPA in the Rule and the NODA. The site- and species-specific factors that impact a technology’s ability to meet the
performance standards are highlighted.
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Overview of Intake Technologies

Depending on their mode of action, available fish protection systems fall into one of four categories: physical barriers,
which physically block fish passage; collection systems, which actively collect fish for their return to a safe release
location; diversion systems, which divert fish to bypasses for return to a safe release location; and behavioral barriers,
which alter or take advantage of natural behavior patterns to attract or repel fish (Table 1). A review of the biological
effectiveness, engineering practicability, and costs of these systems and devices is presented in detail in three Electric
Power Research Institute (EPRI) reports prepared in 1986, 1994, and 1999 (EPRI 1986, 1994b, 1999).

Extensive research has been conducted since the early 1970s in an attempt to develop technologies that will minimize
entrainment and impingement at CWISs. An additional 25 years of research has been conducted at other water
withdrawals (e.g., hydroelectric dams). As a result, a suite of technologies is available that can be considered for
application at CWISs. The ability of a given technology to meet the national performance standards is influenced by
a wide variety of biological, environmental, and engineering factors that must be evaluated on a site-specific basis.
Below is a discussion of those technologies that show the greatest potential for wide-scale applicability in meeting the
national performance standards. It should be noted that other technologies may be highly effective under certain
conditions and with certain species. However, in this discussion, emphasis is placed on those technologies that have
been most studied for use at CWIS. Inclusion or omission is not meant to be an endorsement or condemnation of
specific technologies.

Table 1. Fish Protection Technologies by Category and Their Mode of Action

Technology Category Mode of Action System/Technology
Physical Barriers Physically block fish passage (usually in |Traveling screens
combination with low water velocity) 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 Modified traveling screens
transport through a return system Fish pumps
Diversion Systems Divert fish to a return system or safe area|Angled screens

Modular Inclined Screen

Eicher Screen

Angled rotary drum screens
Louvers/angled bar racks

Inclined plane screens
Vertical/horizontal traveling screens

Behavioral Deterrent Alter or take advantage of natural Strobe light

Technologies behavior patterns to repel or attract fish |Mercury light

Other light sources

Acoustic systems

Infrasound

Air bubble curtains

Hybrid systems

Other behavioral technologies

Physical Barriers

Traveling Screens (Through flow, Dual flow, Center flow, Drum, etc).
The traveling water screen is a standard feature at most CWISs. The ability of traveling screens to act as a barrier to
fish while, not resulting in impingement, is dependent on many site-specific factors such as size of the fish, flow
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velocity, location of screens, and presence of escape routes. As barrier devices, traveling screens cannot be
considered for protection of early life stages or aquatic organisms that have little or no motility. Since EPA defines
the baseline as the impingement mortality and entrainment that would occur with a shoreline intake and no fish
protection, a traditional traveling screen can not meet the impingement mortality standard. However, depending upon
the species present in the vicinity of a CWIS, a traditional traveling screen coupled with a fish return trough can result
in high extended survival (e.g., Oyster Creek and Roseton before the installation of Ristroph screens [Thomas and
Miller 1976; LMS 1991]).

Cylindrical Wedge Wire Screens
Wedge wire screens have the potential to reduce both entrainment and impingement at water intakes. In order to
effectively reduce impingement and entrainment, the following conditions must exist:
e sufficiently small screen slot size to physically block passage of the smallest life stage to be protected
(typically 0.5 to 1.0 mm for egg and larval life stages);
o low through-slot velocity (on the order of 0.5 to 1.0 ft/s); and
e an ambient current cross-flow to carry organisms and debris around and away from the screen);

To date, large-scale CWIS applications of wedge wire screens have been limited to two plants (J.H. Campbell, Unit 3
and Eddystone Station) where relatively large slot openings have been used (i.e., they have not been targeted
specifically to prevent entrainment of early life stages). These screens have been biologically effective in preventing
impingement of larger fish and have not caused unusual maintenance problems.

Under a grant from the U. S. Environmental Protection Agency (EPA), EPRI sponsored laboratory evaluations of
wedge wire screens with eggs and/or larvae of nine fish species commonly entrained at CWISs (EPRI 2003). General
entrainment and impingement trends observed in the data collected included: 1) impingement decreased with
increases in slot size; 2) entrainment increased with increases in slot size; 3) entrainment and impingement increased
with increases in through-slot velocities; 4) entrainment and impingement decreased with increases in channel
velocity, and 5) within a species, larval fish length did not appear to be a factor, although the lengths of most species
evaluated were within a narrow size range.

Wedge wire screens can be generally considered for application at CWIS. Since the only two large CWISs to employ
wedge wire screens to date use 6.4 and 10.0 mm slot openings, the potential for clogging and fouling with slot sizes as
small as 0.5 to 1.0 mm (as would be required for protection of many entrainable life stages) is unknown. A follow-up
EPRI study is being conducted in 2004 to test a pilot scale wedge wire screen under a variety of operating conditions
and in several water body types with local fish populations. In general, consideration of wedge wire screens with
small slot dimensions for application at a given CWIS should include in situ pilot studies to determine potential
biological effectiveness and identify the ability to control clogging and fouling in a way that does not impact station
operation. As the information database on biological and engineering effectiveness in different water bodies grows,
the future need for such such studies will diminish.

Aquatic Filter Barrier (AFB)

The aquatic filter barrier (AFB) is a relatively recent technology designed to protect all life stages of fish at water
intakes. As a result, there are limited data available on its deployment for this purpose. The AFB consists of
polyester fiber strands that are pressed into a water-permeable fabric mat. Beginning in 1995, Mirant, New York,
LLC has sponsored an evaluation of the AFB to determine its ability to minimize ichthyoplankton entrainment at the
Lovett Generating Station on the Hudson River (ASA 1999, 2001). Despite difficulties in keeping the boom deployed
and providing adequate cleaning in the 1995-1997 studies, results of studies in 1998 showed a large reduction in
entrainment. It appears that most of the AFB deployment and cleaning problems may have been resolved for this site.
Results analyzing the rate of ichthyoplankton entrainment between two side-by-side water intakes (one protected by
an AFB and the other unprotected) have shown the potential biological effectiveness of this technology (ASA 1999,
2001).
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Laboratory studies on retention and survival of the early lifestages of five species of fish exposed to aquatic filter
barrier fabric were conducted in 2002 (Black et al., in press). Results of testing with three perforation sizes (0.5, 1.0,
and 1.5 mm) and two flow rates (10 gpm/ft* and 20 gpm/ft*) indicate that, in general, survival of organisms was not
significantly correlated to either flow rate or perforation size. Retention (the inverse of entrainment) of organisms,
however, appeared to decrease significantly with increasing flow rate for one species of fish (rainbow smelt). In
addition, increasing perforation sizes decreased retention of three species of fish tested (common carp, rainbow smelt,
and striped bass), which potentially limits the effectiveness of larger perforation sizes in protecting the earliest
lifestages of these species.

At this time, we consider the AFB system to be experimental despite its high potential for effectively reducing
entrainment and impingement. However, continued improvements in anchoring and cleaning systems make the AFB
a technology to be considered when evaluating fish protection alternatives.

Barrier Nets

Under the proper hydraulic conditions (primarily low velocity) and without heavy debris loading, barrier nets have
been effective in blocking fish passage into water intakes. There have been several recent applications of barrier nets
in the Midwest (Michaud and Taft 1999). At the Ludington Pumped Storage Plant on Lake Michigan, a 2.5-mile long
barrier net, set in open water around the intake jetties, has been successful in reducing entrainment of all fish species
occurring in the vicinity of the intake (Reider et al. 1997). The net was first deployed in 1989 and modifications to
the design in subsequent years have led to a net effectiveness for target species (five salmonid species, yellow perch,
rainbow smelt, alewife, and chub) of over 80% since 1991, with an overall effectiveness of 96% in 1995 and 1996.

In 1993 and 1994, Orange and Rockland Utilities, Inc. sponsored a study of a 3.0-mm, fine mesh net at its Bowline
Point Generating Station on the Hudson River (LMS 1996). In 1993, clogging with fine suspended silt caused the net
to clog and sink. In 1994, spraying was not effective in cleaning the net when it became fouled by the algae
Ectocarpus. Excessive fouling caused two of the support piles to snap, ending the evaluation (LMS 1996). In both
years, abundance of the target ichthyoplankton species, bay anchovy, was too low to determine the biological
effectiveness of the net. On the basis of studies to date, the researchers concluded that a fine mesh net may be a
potentially effective method for preventing entrainment at Bowline Point (LMS 1996). However, pending further
evaluation, this concept is considered to be experimental.

In conclusion, barrier nets can be considered a viable option for protecting fish provided that relatively low velocities
(generally <1.0 ft/sec) can be achieved and debris loading is light. A thorough evaluation of site-specific
environmental and operational conditions is generally recommended. At this time, barrier nets can only be considered
for reducing impingement of larger fish at CWISs.

Fish Collection Systems

Modified Traveling Water Screens

Conventional traveling water screens have been altered to incorporate modifications that improve survival of
impinged fish. Such state-of-the-art modifications minimize fish mortality associated with screen impingement and
spraywash removal. Screens modified in this manner are commonly called “Ristroph screens.” Each screen basket is
equipped with a water filled lifting bucket that safely contains collected organisms as they are carried upward with the
rotation of the screen. The 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. Such features have been incorporated into through
flow, dual flow, and center flow screens.

Ristroph screens have been shown to improve fish survival and have been installed and evaluated at a number of
power plants. Improvements to the Ristroph screen design, made in the late-1980s and early-1990s, have resulted in
increased fish survival. The most important advancement 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
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that substantial injury associated with these traveling screens was due to repeated buffeting of fish inside the lifting
buckets as a result of undesirable hydraulic conditions. 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&G) performed a biological evaluation of the improved screening system
installed at the Salem Generating Station in the Delaware River (Heimbuch 1999; Ronafalvy 1999). The reported
survival rates for this installation are among the highest for any traveling screen system (Heimbuch 1999).

Modified traveling water screens continue to be an available technology that can reduce fish losses due to
impingement. Unless modified to incorporate fine mesh, as discussed below, these screens do not reduce entrainment
losses.

Fine Mesh Traveling Screens

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. For many species and early life stages, mesh sizes of 0.5 to 1.0 mm are required for effective
screening. Various types of traveling screens, such as through flow, dual flow, and center flow screens, can be fitted
with fine mesh screen material.

Because collection systems, such as fine mesh screens, physically handle organisms, some mortality of organisms is
inevitable. The likelihood of an organism surviving impingement on screens is species- and life stage-specific, with
heartier organisms experiencing higher survival. As currently written, the proposed Rule does not address the fate of
organisms prevented from being entrained. However, the final Rule may require a reduction in entrainment mortality
rather than a simple reduction in entrainment. Such a requirement would have a very different implication in terms of
the ability of fine-mesh screens to meet the performance standard.

A number of fine mesh screen installations have been evaluated for biological effectiveness. Results of these studies
indicate that survival is highly species- and life stage-specific. Species such as bay anchovy and 4losa spp. have
shown low survival while other species, such as striped bass, white perch, yellow perch, and invertebrates have shown
moderate to high survival. If entrainment survival is a consideration, evaluating fine mesh screens for potential
application at CWISs requires careful review of all available data on the survival potential of the species and life
stages to be protected, as well as non-target species.

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, alewife, yellow perch, walleye, channel catfish, and bluegill were impinged on a 0.5 mm screen mesh
at velocities ranging from 0.5 to 3.0 ft/sec and for durations of 2, 4, 8 or 16 minutes. As in the field evaluations,
survival was variable between species, larval stages, and impingement duration and velocity (ESSERCO 1981).

The primary concern with fine mesh screens is that they function by impinging early organism life stages that are
entrained through coarse mesh screens. Depending on species and life stage, mortality from impingement can exceed
entrainment mortality. In order for fine mesh screens to provide a meaningful benefit in protecting fish, impingement
survival of target species and life stages must be substantially greater than survival through the circulating water
system.

Fish Diversion Systems

Angled Screens
A variety of species have been shown to be effectively guided on screens given suitable hydraulic conditions. Angled

screens require uniform flow conditions, a fairly constant approach velocity, and a low through-screen velocity to be
biologically effective. Angled screen systems have been installed and biologically evaluated at a number of CWISs
on a prototype and full-scale basis. Angled screen diversion efficiency varies by species, but is generally relatively
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high for most species evaluated. Survival following diversion and pumping (as required to return fish to their natural
environment) has been more variable. Overall survival rates of relatively fragile species following diversion can be
low. Heartier species exhibit higher survival rates resulting in overall system efficiency values (diversion and
survival) ranging from 50 to nearly 100%.

In addition to the CWIS applications, angled fish diversion screens leading to bypass and return pipelines are being
used extensively for guiding salmonids in the Pacific Northwest. These screens are mostly of the rotary drum or
vertical, flat panel (non-moving) types and have provided effective downstream protection for juvenile salmonids at
several diversion projects in the Pacific Northwest (Neitzel et al. 1991; EPRI 1998). Like other angled 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 source water body
(Pearce and Lee 1991).

Angled screens can be considered a viable option for protecting juvenile and adult life stages provided that proper
hydraulic conditions can be maintained and that debris can be effectively removed. To date, all angled screen
applications at cooling water intakes have involved the use of conventional traveling water screens modified to
provide a flush surface on which fish can guide to a bypass. Fish eggs, larvae, and small invertebrates would not be
protected by angled screens unless fine mesh screening was used.

Modular Inclined Screens

The Modular Inclined Screen (MIS) has recently been developed and tested by the Electric Power Research Institute
(EPRI 1994; EPRI 1996; Taft et al. 1997). The MIS is intended to protect juvenile and adult life stages of fish at all
types of water intakes. An MIS module consists of an entrance with trash racks, dewatering stop logs in slots, an
inclined screen set at a shallow angle to the flow (10 to 20 degrees), and a bypass for directing diverted fish to a
transport pipe. The module is completely enclosed and is designed to operate at relatively high water velocities
ranging from 2 to 10 ft/sec, depending on the species and life stages to be protected.

The MIS was evaluated in laboratory studies to determine the design configuration which yielded the best hydraulic
conditions for safe fish passage, and the biological effectiveness of the optimal design in diverting selected fish
species to a bypass (EPRI 1994). Biological tests were conducted in a large flume with juvenile walleye, bluegill,
channel catfish, American shad, blueback herring, golden shiner, rainbow trout (two size classes), brown trout,
chinook salmon, coho salmon, and Atlantic salmon. Screen effectiveness (diversion efficiency and latent mortality)
was evaluated at water velocities ranging from 2 ft/sec to 10 ft/sec. Diversion rates approached 100% for all species
except American shad and blueback herring at water velocities up to at least 6 ft/sec. Generally, latent mortality of
test fish that was adjusted for control mortality was low (0 to 5%).

Based on the laboratory results, a pilot scale evaluation of the MIS was conducted at Niagara Mohawk Power
Corporation’s Green Island Hydroelectric Project on the Hudson River near Albany, NY (EPRI 1996). The results
obtained in this field evaluation with rainbow trout, largemouth and smallmouth bass, yellow perch, bluegill, and
golden shiners were similar to those obtained in laboratory studies (Taft et al. 1997).

The combined results of laboratory and field evaluations of the MIS have demonstrated that this screen is an effective
fish diversion device that has the potential for protecting fish at water intakes. Studies to date have only evaluated
possible application at hydroelectric projects. Further, no full-scale MIS facility has been constructed and evaluated.
As a result, the potential for effective use at CWISs is unknown. Any consideration of the MIS for CWIS application
should be based on future large-scale, prototype evaluations.

Louvers

A louver system consists of an array of evenly spaced, vertical slats aligned across a channel at a specified angle and
leading to a bypass. Bar racks can also be angled to act as louvers. Results of louver studies to date have varied by
species and site. Most of the louver installations in the U.S. are in the Pacific Northwest at water supply intakes.
Louvers generally are not considered acceptable by the fishery resource agencies in that region since they do not meet
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the current 100% effectiveness criterion. However, numerous studies have demonstrated that louvers can be on the
order of 70 to 95% effective in diverting a wide variety of species over a wide range of conditions (EPRI 1986; Stira
and Robinson 1997).

Until recently, the effectiveness of diversion devices for non-anadromous fish has been largely unknown. Recent
studies by the Electric Power Research Institute (EPRI) evaluated the potential for 15 and 45 degree louvers for
guiding river species (smallmouth bass, largemouth bass, walleye, channel catfish, and golden shiner) and others (lake
sturgeon, shortnose sturgeon, and American eel) (EPRI 2001, Amaral et al., 2002). Results indicate that 15 degree
structures have considerable potential for guiding fish to a bypass.

Most of the louver applications to date have been with migratory species in river environments. The ability of louvers
to protect species commonly impinged at CWISs is largely unknown because there have been so few louvers installed
at CWISs. A system of guiding vanes and louvers has been installed at San Onofre Nuclear Generating Station
(SONGS) to direct fish away from the traveling screens into a collection area. Biological effectiveness of these
louvers is unknown.

Due to the large spacing of the louver slats, louver systems do not protect early life stages of fish. Future
consideration of louver systems for protecting fish at cooling water intakes is warranted but will require large-scale
evaluations.

Behavioral Barriers

Strobe Lights
The use of strobe lights to elicit a behavioral response is supported by the results of laboratory and cage test studies

that have demonstrated strong avoidance by several fish species. Strobe has been evaluated for repelling or guiding
fish away from water intakes and, in many cases, towards bypasses for transport to a safe release location (EPRI
1994, 1999). Early studies with light examined the response of salmonids to both flashing and continuous sources
(Brett and MacKinnon 1953; Craddock 1956). The results from these studies indicated that flashing light produced
stronger avoidance reactions than continuous light and that responses appeared to be affected by species tested,
developmental stage (i.e., age or size of fish), and adaptation light level (Feist and Anderson 1991). More recent
studies with salmonids have corroborated these findings (Puckett and Anderson 1987; EPRI 1990; Nemeth and
Anderson 1992).

Research examining the potential for strobe light to be used as a fish deterrent expanded considerably in the 1980s,
including laboratory studies with anadromous salmonids and Alosa species, several riverine and estuarine species, and
the catadromous American eel. These studies involved both controlled experiments (laboratory and cage tests) and
field studies. Extensive research with strobe lights has continued in the 1990s, including laboratory and/or cage test
evaluations with Pacific salmon, American eel, and several freshwater species, open water tests with kokanee salmon,
and field tests with freshwater species and Atlantic salmon.

Although many studies have evaluated strobe lights as a primary barrier system, strobes are often evaluated as part of
an integrated fish protection and passage system that includes other devices such as screens, narrow-spaced bar racks,
bypasses, and/or other behavioral systems (EPRI 1994, 1999). As a secondary system, strobe lights have the potential
to incrementally increase fish protection effectiveness.

Air Bubble Curtains

These curtains generally have been ineffective in blocking or diverting fish in a variety of field applications. Air
bubble curtains have been evaluated at number of sites on the Great Lakes with a variety of species. All air bubble
curtains at these sites have been removed from service. Recently, however, their use in combination with sound has
shown promise in diverting salmon smolts to a bypass at a European power facility (Welton et al. 2003).

-14 -



Proceedings Report: Symposium on Cooling Water Intake Technologies to Protect Aquatic Organisms

Sound

The focus of recent fish protection studies involving underwater sound technologies has been on the use of new types
of low and high frequency acoustic systems that have not previously been available for commercial use. High
frequency (120 kHz) sound has been shown to effectively and repeatedly repel members of the Genus Alosa
(American shad, alewife and blueback herring) at sites throughout the U. S. (Ploskey et al. 1995; Dunning 1995;
Consolidated Edison 1994). Other studies have not shown sound to be consistently effective in repelling species such
as largemouth bass, smallmouth bass, yellow perch, walleye, rainbow trout (EPRI 1998), gizzard shad, Atlantic
herring, and bay anchovy (Consolidated Edison 1994).

Given the species-specific responses to different frequencies that have been evaluated and the variable results that
often have been produced, additional research is warranted at any sites where there is little or no data to indicate that
the species of concern may respond to sound.

Costs
There is a variety factors that influence the cost of retrofitting a given technology to an existing intake. Broadly
speaking, those factors can be divided into six categories:

e Biology
e Hydraulic / hydrodynamic
e Fouling

¢ Geotechnical

e Navigation and space requirements

e Climate
For example, the species present near the intake can influence the design of a modified traveling screen retrofit. If the
species present are relatively fragile, then the velocity approaching the screens may have to be reduced. One method
for reducing the velocity is to expand the intake. Expansion of the intake to reduce the through-screen velocity would
require more civil/structural construction, a greater number of screens, and more pumps and piping for the screenwash
systems. The additional hardware and construction activities will increase the overall cost for retrofit. In this
example, biology clearly plays a role in impacts the costs.

For example, with modified traveling water screens, the relative hardiness of the organisms could affect the cost of
their installation. If the most frequently impinged organisms are fragile, reduction in through-screen velocity may
increase post-impingement survival. One method for reducing through-screen velocity is to expand the intake and
add more traveling screens. Such an expansion would require more civil/structural modifications and a greater
number of screens and screen wash systems. In this example, the biology of the organisms to be protected can
substantially impact the overall cost