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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
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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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|. 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.



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

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).
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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 of the technology retrofit.

Alden Research Laboratory, Inc. (Alden) maintains a database of project conceptual design costs for over 35 plants.
Costs in Alden’s database typically reflect the following assumptions:

» 2002 prices and fully contracted labor rates;

» Forty-hour workweek with single shift operation for construction activities that do not impact facility
operations;

» fifty-hour workweek with double shift operation for construction activities that impact facility operations;

» Direct costs for material and labor required for construction of all project features;

» Distributable costs for site non-manual supervision, temporary facilities, equipment rental, and support
services incurred during construction. These costs are estimated to be 85-100% of the labor portion of the
direct costs for each alternative;

» Indirect costs for labor and related expenses for engineering services to prepare drawings, specifications, and
design documents. The indirect costs are estimated to be 10% of the direct costs for each alternative;

» Allowance for indeterminates to cover uncertainties in design and construction at this preliminary stage of
study. An allowance for indeterminates is a judgment factor that is added to estimated figures to complete the
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final cost estimate, while still allowing for other uncertainties in the data used in developing these estimates.
The allowance for indeterminates is estimated to be 10% of the direct, distributable, and indirect costs of each
alternative; and

» Contingency factor to account for possible additional costs that might develop but cannot be predetermined
(e.g., labor difficulties, delivery delays, weather). The contingency factor is estimated to be 15% of the
direct, distributable, indirect, and allowance for indeterminate costs of each concept.

The database costs typically do not include the following items that should be included to estimate total capital costs:

» Costs to perform additional pilot studies including laboratory or field studies that may be required;

» Costs to dispose of any hazardous or non-hazardous materials that may be encountered during excavation and
dredging activities;

» Costs for administration of project contracts and for engineering and construction management incurred by
plant owners;

» Escalation (increases in wages, materials, and other costs as a result of various economic factors); and

» Permitting costs.

For developing appraisal level estimates for a specific facility, database costs can be adjusted for identifiable
differences in project size and operations. However, these estimates of costs should only be used to identify the
relative cost differences between alternatives and the cost EPA estimated for a facility. More detailed cost estimates
based on detailed quantity takeoffs would be required if a utility planned to apply one of these alternative
technologies or for submittal with the Comprehensive Cost Evaluation Study as part of the Information to Support
Site Specific Determination of BTA.

The range of capital costs by technology contained in the Alden database is provided in Table 2. Table 2 does not
include lost generation or potential lost revenue associated with construction shutdowns and energy penalties, which
all have to be added to the capital costs to determine the total cost of an alternative. Baseline O&M costs from
Alden’s database are presented in

Table 3. In Tables 2 and 3, the average cost per ft*/sec (cfs) of CWIS flow is a weighted average calculated by taking
the total costs and dividing them by the total flow. For comparison purposes, EPA’s annualized capital and O&M
costs from Appendix A of the Rule are presented in Tables 5 and 6, respectively.

To assist facilities in understanding the costs EPA used in determining the national cost, EPA supplied two
appendices with the Rule. Appendix A is the EPA cost for each facility identification number (ID) whose flow rate
was not considered Confidential Business Information. Appendix B is a list of facilities with ID numbers. Table 4
and Table 5 present a summary of EPA’s construction and O&M cost ranges for the data provided in Appendix A of
the Rule. EPA’s costs are driven largely by cost. In our experience, while flow is an important component of cost, it
is not the sole driver. For example, Table 6 shows a comparison of retrofit costs associated with two hypothetical
facilities in which the only substantial difference is the water body type. Facility A is on an estuary and is required to
meet the entrainment reduction standard. In addition, existing entrainment data indicate that the numerically
dominant species at this site is the bay anchovy, which has relatively small eggs (0.7 — 1.2 mm) and narrow-bodied
larvae. To ensure that the eggs and larvae of this species are protected, the wedge wire screen installation will require
0.5 mm slots designed with a slot velocity of 0.5 ft/s. By contrast, Facility B is located on a fresh water river and
withdraws less than 5% of the mean annual flow and therefore is not required to meet the entrainment reduction
standard. Therefore, wedge wire with 9.5 mm (3/8 in.) slots can be used.
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Table 2: Annualized Construction Cost Ranges for Fish Protection Technologies based upon Historic Data (Source:
Alden Research Laboratory, Inc.)

Construction Construction

($)’ ($/cfs)’
Weighted Weighted
Technology Low High Average Low High Average

Aquatic Filter Barrier $6,700,000 $74,000,000 $30,947,000 $12,500 $48,500 $23,100
Bar Rack Barriers $100,000 $7,910,000 $2,633,000 $300 $7,600 $2,100
Barrier Nets $40,000 $14,000,000 $1,310,000 $100 $6,000 $800
Behavioral Barriers $330,000 $17,000,000 $2,955,000 $100  $8,200 $1,200
Coarse Mesh Ristroph Screens $930,000 $31,238,000 $6,830,000  $1,800 $15,200 $4,400
Fine Mesh Ristroph Screens $900,000 $44,000,000 $10,867,000 $1,300 $17,800 $8,200
Fish Pump $100,000 $100,000 $100,000 $100 $100 $100
Fixed Panel Screens $246,000 $9,550,000 $3,818,000 $600 $9,100 $3,400
Modular Inclined Screen $1,620,000 $22,091,000 $8,124,000  $2,200 $12,200 $4,000
Narrow Slot Wedge Wire $1,240,000 $119,298,000 $25,240,000 $5,100 $41,100 $14,600
Velocity Cap $524,000 $4,666,000 $8,608,000 $800 $1,300 $800
Wide Slot Wedge Wire $670,000 $35,900,000 $2,595,000 $2,100 $16,100 $5,100

Y Construction costs rounded to the nearest $100 and expressed in 2002 $

Table 3: Annual O&M Cost Ranges for Fish Protection Technologies Based on Historic Data (Source: Alden

Research Laboratory, Inc.)

O&M O&M
($) ($/cfs)’®

Weighted Weighted

Technology Low High Average Low High Average
Aquatic Filter Barrier $139,500  $8,060,000  $2,263,000 $310  $5,600 $1,700
Bar Rack Barriers $19,000 $153,000 $89,000 $40 $200 $70
Barrier Nets $10,000 $613,000 $135,000 $10 $410 $90
Behavioral Barriers $10,000 $676,000 $180,000 $10 $330 $70
Coarse Mesh Ristroph Screens $61,000 $2,619,000 $546,000 $50 $1,800 $350
Fine Mesh Ristroph Screens $110,000  $1,730,000 $609,000 $60  $1,300 $460
Fish Pump $83,000 $83,000 $83,000 $80 $80 $80
Fixed Panel Screens $16,000 $540,000 $251,000 $20 $500 $220
Modular Inclined Screen $22,000 $382,000 $71,000 $10 $100 $40
Narrow Slot Wedge Wire $20,000  $3,870,000 $640,000 $90  $2,200 $370
Velocity Cap $3,000 $81,000 $42,000 $10 $10 $10
Wide Slot Wedge Wire $10,000 $1,243,000 $163,000 $10 $550 $100

2 O&M costs rounded to the nearest $1,000 and expressed in 2002 $.
) Rounded to the nearest $100 and expressed in 2002 $.
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Table 4: EPA’s Annualized Construction Cost Estimates based on Appendix A of the Rule

Construction ($)*

Construction ($/cfs)

Weighted

EPA Module Low High Average Low High Average
1. Addition of fish handling and return system $26,000 $11,094,300 $1,952,700 $300 $43,600 $2,300
2. Addition of fine mesh screens to an existing traveling screen $30,600 $8,127,400 $1,580,900 $100 $28,700 $1,700
system.
3. Addition of a new, larger intake with fine-mesh screens and $2,706,300 $39,708,800 $12,067,500 $7,900 $34,300 $11,800
fish handling and return system in front of existing screen.
4. Addition of passive fine-mesh screen system (cylindrical $305,300 $27,395,500 $4,463,700 $3,800 $23,500 $7,300
wedgewire) near shoreline with mesh width of 1.75 mm.
5. Addition of fish net barrier system. $10,800 $929,800 $147,300 $0 $500 $100
6. Addition of an aquatic filter barrier system. $2,349,600 $5,809,800 $4,079,700 $9,900 $10,200 $10,100
7. Relocation of existing intake to a submerged offshore $865,300 $16,998,700 $10,065,100 $3,800 $36,100 $9,100
location with passive fine-mesh screen inlet with mesh width of
1.75 mm
8. Addition of a velocity cap inlet to an existing offshore intake. $34,600 $375,000 $213,500 $600 $12,900 $800
9. Addition of passive fine-mesh screen to an existing offshore $987,100 $106,025,000 $26,675,500 $5,400 $24,400 $16,400
intake with mesh width of 1.75 mm
11. Addition of a dual-entry, single-exit traveling screen (with $360,500 $32,926,800 $3,589,700 $1,100 $14,400 $3,200
fine mesh) to a shoreline intake system.
12. Addition of passive fine-mesh screen system (cylindrical $1,422,600 $48,835,300 $11,835,400 $4,200 $12,800 $7,500
wedgewire) near shoreline with mesh width of 0.76 mm
13. Addition of a passive fine mesh screen to an existing $848,600 $6,614,100 $2,815,700 $3,600 $15,900 $11,500
offshore intake with a mesh width of 0.76 mm
14. Relocation of an existing intake to a submerged offshore $9,461,500 $42,822,200 $26,141,900 $10,400 $25,200 $20,100

location with passive fine-mesh screen inlet with mesh of 0.76
mm.

» Costs rounded to the nearest $100 and expressed in 2002 $.
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Table 5: EPA’s Annualized O&M Cost Estimates based on Appendix A of the Rule

Construction ($)°

Construction ($/cfs)

Weighted

EPA Module Low High Average Low High Average
1. Addition of fish handling and return system $16,000 $1,533,600 $320,600 $200 $11,800 $400
2. Addition of fine mesh screens to an existing traveling screen $48,600 $3,318,600 $415,500 $0 $7,200 $400
system.
3. Addition of a new, larger intake with fine-mesh screens and $26,200 $678,800 $180,500 $1,200 $5,100 $200
fish handling and return system in front of existing screen.
4. Addition of passive fine-mesh screen system (cylindrical $17,200 $603,300 $87,500 $600 $3,600 $100
wedgewire) near shoreline with mesh width of 1.75 mm.
5. Addition of fish net barrier system. $13,800 $269,100 $59,400 $0 $300 $0
6. Addition of an aquatic filter barrier system. $242,600 $431,100 $336,800 $2,200 $2,400 $800
7. Relocation of existing intake to a submerged offshore $22,000 $398,500 $134,900 $500 $5,200 $100
location with passive fine-mesh screen inlet with mesh width of
1.75 mm
8. Addition of a velocity cap inlet to an existing offshore intake. $4,700 $10,700 $8,400 $100 $3,600 $0
9. Addition of passive fine-mesh screen to an existing offshore $13,300 $769,000 $225,100 $900 $3,500 $100
intake with mesh width of 1.75 mm
11. Addition of a dual-entry, single-exit traveling screen (with $13,600 $1,072,100 $129,400 $100 $2,200 $100
fine mesh) to a shoreline intake system.
12. Addition of passive fine-mesh screen system (cylindrical $37,400 $989,900 $227,200 $700 $1,700 $100
wedgewire) near shoreline with mesh width of 0.76 mm
13. Addition of a passive fine mesh screen to an existing $13,800 $85,700 $38,700 $600 $2,500 $200
offshore intake with a mesh width of 0.76 mm
14. Relocation of an existing intake to a submerged offshore $78,000 $281,600 $179,800 $1,500 $3,700 $100

location with passive fine-mesh screen inlet with mesh of 0.76
mm.

> Costs rounded to the nearest $100 and expressed in 2002 $.
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Table 6: A Comparison of Hypothetical CWISs on Different Water Bodies

Site A Site B
Fuel Type Fossil Fossil
Flow (cfs) 1,000 1,000
Flow (gpm) 448,830 448,830
Water Body Estuary River
Minimum Water Depth (ft) 12 12
Pipe Length (ft) 410 410
Screen Size T-72 T-72
Slot Size (mm) 0.5 9.5
Flow per Screen (gpm) 9,000 38,000
Number of Screens 50 12
EPA Cost ® $11.9M $10.9 M
Site-Specific Cost $11.8 M $3.7M

® EPA costs based on 1.75 mm mesh

Conclusions

There are many intake technologies currently available that, when used alone or in some combination, hold potential
to meet the proposed national performance standards. The biological effectiveness and engineering practicability of
these technologies is largely dependent upon site- and species-specific factors. For any given facility, therefore, the
number of options available may be many or few. In some cases, there will be no technology that can be installed to
meet the performance standards. The costs associated with the installation of technologies at a given location are also
greatly influenced by site-specific factors.
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Abstract

Power plants and factories withdraw more than 100 trillion gallons per year from U.S. waters for cooling. As a result,
hundreds of billions of adult and juvenile fish, eggs, larvae and other aquatic biota are killed as they are sucked
through the plants’ heat exchangers (entrained) or trapped against intake screens (impinged). Two fundamental
methods exist for reducing entrainment and impingement: flow reduction, which reduces the volume and velocity of
water withdrawals; and screening, which attempts to screen or divert fish away from the intakes.

This paper presents an overview of flow reduction technologies. It reviews the most compelling reasons for reducing
flow to minimize aquatic impacts. A variety of flow reduction technologies are discussed and the level of flow
reduction available from each technology is assessed. Such technologies include closed-cycle wet cooling, dry
cooling, repowering (i.e., adding a combustion turbine to a steam plant), variable speed pumps, changing source water
(from surface water to municipal, groundwater or treated effluent from sewage plants), seasonal outages (as a
technology operational measure), and combinations of the above. The paper assesses issues of concern in evaluating
flow reduction technologies, such as the extent of reduction in impingement and entrainment obtained as compared
with other technologies, the effect on energy generation efficiency (energy penalty), technical feasibility, and costs to
plant owners and electricity consumers. Finally, recent examples of the use or proposed use and evaluation of flow
reduction technologies at new, existing and replacement power plants are discussed.

Introduction

According to the US Environmental Protection Agency, power plants and factories withdraw more than 100 trillion
gallons per year (279 billion gallons per day) from rivers, lakes, estuaries, and ocean waters in the United States for
cooling. (U.S. EPA, 66 Fed. Reg. 65,262). The largest users of cooling water are steam-electric power plants, which
cool and recondense exhaust steam from their turbines. As a result of these large cooling water withdrawals,
hundreds of billions of adult and juvenile fish, eggs, larvae and other aquatic biota are killed or damaged, either by
entrainment as they are sucked through the plants’ heat exchangers or by impingement as they are trapped against
intake screens. Entrainment and impingement can be reduced through two primary methods: flow reduction, which
reduces the volume and velocity of water withdrawals, thereby reducing the number of organisms that are drawn into
cooling water intakes; and screening mechanisms, which attempt to screen or otherwise divert fish away from the
intakes.

Why Reduce Flow?

Reducing cooling water intake flows at steam-electric power plants is desirable for a variety of reasons. Most
significantly, because entrainment and impingement are directly related to the volume and velocity of water
withdrawals, reducing flow directly reduces the number of organisms killed and otherwise harmed by power plant
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cooling water intake structures. As explained below, by “closing the loop” at direct-cooled power plants, water
withdrawals and fish kills can be reduced by 95 percent or more.

Furthermore, reducing water withdrawals is the most reliable method of reducing aquatic mortality. Because intake
flow reduction targets the source of the problem and eliminates its cause, and because it is less dependent upon factors
such as screen maintenance and fish behavior, the reductions in aquatic mortality are more certain and reliable across
plants and species as compared screening fish from intake flows.

Reducing intake flows also facilitates lower intake velocity and allows for the installation of better intake screens.
For example, wedgewire screens with small slot widths can be an effective screening mechanism. However, such
devices can become impractical on large capacity intake structures because as slot width shrinks, the overall size of
the screen increases, thereby requiring a larger area for the intakes and screens. Thus, once-through cooled facilities
must substantially reduce their withdrawal rates in order to fit their intakes with wedgewire screens.

Using cooling towers to reduce water withdrawals also reduces or eliminates thermal impacts. Because cooling
towers dissipate heat the air through evaporation (in the case of wet towers) or in radiator-like dry cooling towers, the
aggregate amount of heat and the relative temperature change in cooling water discharged is drastically reduced.
Cooling water withdrawals and related discharges can cause other physical, chemical, and biological impacts on
aquatic systems including destruction of aquatic vegetation and other habitat, scouring near outfalls, effects on
plumes, mixing, ponding and recirculation, discharge of chemicals in cooling water, changes in oxygen content, the of
spreading alien or exotic species, among other things.

Once cooling withdrawals are reduced from hundreds or millions of gallons per day (which is typical for direct-
cooled fossil fuel power plants) to less than ten million gallons per day (typical for plants using evaporative cooling
towers), it becomes possible to decouple power generation from large natural bodies of water and rely on municipal
water sources or groundwater instead. In addition, once water requirements are sufficiently reduced, reclaimed
sources of water such as treated wastewater effluent or treated mine drainage can be used. Such innovative reuse not
only eliminates aquatic mortality but provides more flexibility in the power plant siting decision to locate such
facilities away from limited, valuable, and sensitive shoreline, wetland and coastal areas.

Flow Reduction Technologies
Several technologies are available to reducing cooling water withdrawals:

» Once-Through Cooling System to to Closed-Cycle Wet Cooling System (Benefit: 96% reduction in volume
of cooling water withdrawal). Once-through or “direct” cooling uses the sink energy of a natural waterbody
to cool exhaust steam from a plant’s turbines and recondense it to water for reuse in the boiler. In this process,
cooling water is drawn from a river, lake, estuary or ocean into a heat-exchanging condenser containing the
steam pipes. Heat is transferred from the steam pipes to the cooling water which is discharged in this heated
state to the waterbody. This form of cooling requires large volumes of water: medium to large power plants
use hundreds of millions to billions of gallons of cooling water per day. The largest user of cooling water, the
Salem Nuclear Generating Station in New Jersey, uses approximately 3.3 billion gallons per day.

In contrast, closed-cycle cooling reduces the volume of cooling water required by recycling cooling water
after it leaves the condenser. Instead of discharging this heated water, closed-cycle plants direct it to a
cooling tower, which cools the cooling water so it can be reused for cooling.

There are two basic types of closed-cycle cooling towers, wet and dry, as well as hybrid wet-dry towers
which combine the two technologies. In wet cooling towers, (also known as evaporative) the heated cooling
water is pumped to the top of the tower and then released through a fan (in mechanical draft towers) or
through baffles (in natural draft towers) which cools the water largely through evaporation. Plants using wet
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cooling towers require additional water withdrawals only to replace the evaporation and to dilute the cooling
water when mineral concentrations become too high. Such replacement water constitutes only about four
percent of the water required for once-through cooling, thereby resulting in an approximate ninety-six percent
reduction in cooling water withdrawals. Because the magnitude of entrainment and impingement is roughly
proportional to the volume of withdrawals, replacing once-through cooling with closed-cycle evaporative
cooling towers reduces fish kills by approximately ninety-six percent. U.S. EPA, 66 Fed. Reg. 65,273 .

Closed-cycle cooling is standard technology for new power plants. As EPA reports, 100% of combined-cycle
natural gas plants and 73% of coal-fired plants built in the last 20 years have closed-cycle cooling. Power
plants of many fuels types and in many different regions of the U.S. have converted from once-through
cooling to closed-cycle cooling.

Closed-Cycle Wet Cooling to Dry Cooling (Benefit: 96-100% reduction in volume of cooling water
withdrawal). Dry cooling towers are of two types: direct and indirect. In a direct system, steam exhausted
from the turbines flows through a large radiator-like tower, typically equipped with circulating fans, to radiate
heat to the air and recondense the steam for reuse in the boiler. Indirect dry cooling systems work much like
direct systems, except that an intermediate cooling loop cools the steam in a wet condenser before being
directed to a radiator tower for cooling. Dry cooling systems reduce water withdrawals by approximately
ninety-six percent as compared to wet cooling towers In other words, dry systems reduce water consumption
by 96% more than wet systems and by approximately 99.9% as compared to once-through cooling. In direct
dry cooling, where no cooling water is used (although these plants still require small amounts of water for
other purposes), or where dry cooling allows the use of an alternative water source, cooling water
withdrawals from waters of the U.S. is completely eliminated. In either case, aquatic mortality is eliminated
or reduced to negligible levels. Dry cooling technology is increasingly commonplace. More than 60 dry-
cooled plants are in operation

Repowering (addition of a combustion turbine) (Benefit: 67% reduction in volume of cooling water
withdrawal). Older power plants recovered energy only from the steam cycle. In other words, a fuel source
was used to heat water to boiling, and the resulting steam drove a turbine which generated electricity.
Modern combined-cycle natural gas plants (not to be confused with closed-cycle cooling), add a heat
recovery combustion turbine to the steam turbine, thereby generating electricity from the gas combustion as
well as from the resulting steam. Because two thirds of the electricity in a combined-cycle plant comes from
the combustion turbine, only one third is attributable to the steam turbine which uses cooling water. Thus,
adding a combustion turbine allows three times as much energy to be generated with the same amount of
water, resulting in approximately a sixty-seven percent reduction in cooling water withdrawals and a similar
reduction in fish kills. In addition, due to greater thermal efficiency, the temperature differential between
intake and discharge of cooling water will be reduced, providing additional aquatic benefits.

Variable Speed Pumps (Benefit: reduction in volume of cooling water withdrawal varies). Many power
plants use one or more single speed pumps to withdraw cooling water through the intake structure. When
running at full capacity, plants will typically need to have all of there intake pumps (except backups) running.
However, most plants run at far less than capacity. Some “peaker” plants (i.e., those running only during
daily or seasonal periods of peak demand) may supply fifteen percent or less of their maximum capacity.
Even “base load” plants (i.e., those supplying power during both peak and offpeak times) typically operate at
capacity factors of fifty to eighty percent. Because single speed pumps cannot adjust the volume of water
they draw, plants often use a disproportionately large volume of water to generate power at less than full
capacity. Variable speed pumps allow plants to scale down their water withdrawals to match reduced energy
generation. The amount of reduction depends upon many variables, including a plants capacity factor, the
number of pumps operating, the volume each pump can withdraw, and thermal discharge limits. As
explained below, to properly calculate the percentage reduction attributable to variable speed pumps, it is
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important to use a baseline flow representing the plant’s actual operational characteristics, rather than a
hypothetical maximum annual cooling water capacity.

» Changing Source Water (Benefit: 100% reduction in cooling water withdrawals from biologically-productive
water). As discussed, reducing cooling water volume can facilitate a change in cooling water sources. While
dry cooling can reduce water withdrawals to negligible levels, wet cooling towers still can still require
millions of gallons per day, resulting in significant aquatic mortality. But either form of closed cycle cooling,
wet or dry, can reduce water needs to a level (typically, less than 10 million gallons per day at an average-
sized combined cycle natural gas plant) capable of being satisfied by municipal, groundwater, or treated
effluent sources. Once-though cooling at any large power plant will require hundreds of millions of gallons
per day, at a minimum, which can only be met from large natural waterbodies, resulting in substantial aquatic
mortality. Where possible, a switch from a biologically productive waterbody to a source where aquatic
organisms are not present, will reducing entrainment and impingement by one hundred percent.

» Seasonal Outages (benefit: reduction in cooling water withdrawals varies). One operational method of
reducing the volume of biologically productive water withdrawn for cooling purposes is to schedule plant
outages during the spawning season when large numbers of entrainable organisms are present in the water
column. Six and a half weeks of outages, for example, would result in a cooling water flow reduction of 12.5
percent and a commensurate reduction in aquatic mortality. And by timing some or all of these outages to
coincide with spawning season, entrainment would be reduced by an even greater percentage. Since all
facilities must go out of service for maintenance at times, scheduling such outages with environmental
considerations in mind can provide substantial benefits.

» Combinations of the Above (reduction varies). Many of the technologies discussed here can be used in
combination, in order to further reduce impacts. For example, a direct-cooled single-cycle plant drawing
cooling water from a river, could simultaneously repower by adding a combustion turbine, retrofit with
closed-cycle cooling and switch to treated effluent for its cooling water source. Such combination of
technologies would increase the electricity generated while eliminating aquatic mortality. At least one such
plant has done exactly that.

Issues in Flow Reduction

In evaluating flow reduction technologies, the primary issues to be considered are the levels of reduction in flow (and
corresponding reductions in impingement and entrainment) that can be achieved with these technologies as compared
to each other and compared to other methods of addressing aquatic impacts, such as screening technologies; the
technical feasibility of each technology under various circumstances and in varying climates; the effect on plant
efficiency (i.e., an “energy penalty”); and the costs of the technology to the plant owner and to the ratepayer.

Flow/Impingement Relationship

Cooling water intake flow is positively correlated with impingement and entrainment levels. Thus, reducing flow
reduces both impingement and entrainment. The relationship can be expressed with regression formulas, as shown in
Figures 1 and 2. Figure 1 demonstrates the flow-entrainment relationship in a function derived from 14 direct cooled
power plants on fresh water, including the Great Lakes, and 15 power plants on ocean and estuary waters. The
formulas were derived by Pisces Conservation, Ltd. of Lymington, U.K. The functions were derived by plotting
points on a graph and fitting a curve to the data points.
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Figure 1

Fresh Water: En = 2E+07 V9%

Pisces (2002)

Ocean and Estuary: En = 457475V""%

Pisces (2002)

En is # of fish entrained/yr V is intake flow volume in cu ft per sec

Flow — Entrainment Relationship

Figure 2 shows the flow-impingement relationship in formulas derived by Pisces from work by Kelso on 37 direct-
cooled plants on the Great Lakes, and by Pisces from 13 other fresh water plants and 28 ocean and estuary plants.

Figure 2

Cooling System/Flow/Impact Relationship
Great Lakes: |=1.7023V"""
Pisces (2002) using data from Kelso (1979)

Other Fresh Water: | =6 x 1083

Pisces (2002)

Ocean and Estuary: | = 0.1704V'°%%

Pisces (2002)

All Waters: | = 0.4719V" %%

Pisces (2002)

| is # of fish impinged/yr V is intake flow volume in cu ft per sec

Flow - Impingement Relationship

Cooling Systems, Megawatts, Flow, and Impingement and Entrainment

The choice of cooling system technology has a significant effect on the volume of cooling water used, and
consequently a significant effect on impingement and entrainment, but a minimal effect on the amount of electricity
generated. As illustrated in Figure 3, closed-cycle wet or hybrid wet-dry cooling reduces flow and aquatic mortality
by approximately 95 percent compared to once-through cooling, yet the average energy loss associated with the
change in cooling system averages only about 1.5 percent. Similarly, dry cooling reduces flow and fish kills by 99.9
percent compared to once-though cooling, while resulting in a energy penalty of only about 5 percent. The
environmental benefits therefore far exceed the energy loses.
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Figure 3
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Flow Reduction at New Facilities

The siting and construction of new facilities provides an opportunity to install state-of-the-art technology to reduce
intake flow and minimize environmental impacts. Figure 4 provides compares two different cooling technologies
considered for use at a new power plant recently built in Athens, New York on the basis of flow and cost. The plant
operator proposed installing a hybrid wet-dry steam plume abatement cooling system, which would withdraw
between 4.53 and 8 million gallons per day (mgd). Environmentalists proposed and New York State’s regulatory
agencies ultimately required a dry cooling system requiring only 0.18 mgd. The cost difference between the two
technologies was approximately $30 million dollars in addition to the $500 million cost of the plant. Figure 4 shows
the drastic reduction in flow compared to the modest increase in cost. This figure addresses capital costs only. There
may be additional costs associated with revenue losses if efficiency is reduced during certain times of year.

Flow Reduction at a Replacement Plant
Where a new plant is proposed to replace an existing plant, dramatic reductions in flow can be obtained. In Morro
Bay, California, a plant operator is proposing to replace an existing direct-cooled plant, built in 1954, which generates

Figure 4
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1000 megawatts of power and uses 707 mgd of water at full capacity and 387 mgd under recent operational
conditions. Then static subtidal volume of the Morro Bay is 2400 acre feet. At full capacity (707 mgd), the existing
plant cycles 95 percent of the volume of the bay though the plant each day. Two cooling systems are being
considered for the 1200 megawatt replacement plant: a once-through system and a dry cooling system.

The once-though system would withdraw 475 mgd, which is 1489 acre feet per day or 62 percent of the bay’s volume.
The conditional mortality rates (CMRs), or percentage of the year class of fish that would be entrained, range from 17
to 33 percent depending on species, according to the California Energy Commission, the Regional Water Quality
Control Board, and California Department of Fish and Game and the National Marine Fisheries Service. A more
recent study conducted by a consultant to the Regional Water Quality Control Board determined that the CMRs
would range from 20 to 37 percent. The cost of the plant would be $800 million.

The dry-cooled system would draw a minute amount of water from a municipal source and no cooling water from
Morro Bay, and would cost approximately $852 million and have an estimated energy penalty of 1.5 percent. The
comparison between the two proposed systems is illustrated in Figure 5. As above for new plants, this illustration
considers capital costs only, not potential lost revenue from reduced capacity caused by any efficiency losses.

Figure 5
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Comparison of Technology Types: Flow Reduction vs. Screening

Flow reduction technologies can reduce aquatic impacts to a far greater degree than fish screening technologies.
Figure 6 illustrates this concept by comparing the performance of an aquatic filter barrier (AFB), which is designed to
prevent entrainable organisms from entering the intake structure, to closed-cycle cooling towers. An existing direct-
cooled plant withdrawing 390 mgd per day is shown as a baseline. The cooling towers reduce flow and entrainment
by 95 percent, from 390 mgd and 225 x 10’ fish per year to 19.5 mgd and 11.25 x 10’ fish. By comparison, the AFB,
even if it meets the 80% reduction standard which it has been predicted as capable of achieving, will not reduce flow
at all and will reduce entrainment only to 45 x 10 fish killed per year, which is four times as many fish kills as with
the flow reduction approach.
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Figure 6
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Comparison of Flow Reduction Methods

Illustrative comparisons can also be made between different types of flow reduction technologies. Figure 7 shows the
reduction in water usage achieved from the retrofit of cooling towers on a direct-cooled plant as compared to the
retrofit of variable speed pumps. While the percent reduction attributable to variable speed pumps depends on a
variety of factors, it is unlikely to ever approach the 96 percent reduction achievable with cooling towers. Reductions
on the order of 30 percent from current volumes are probably typical, although the amount of reduction is highly
plant-specific and it is difficult to generalize the flow reduction potential. Moreover, to make a proper and consistent
comparison with cooling towers, the proper baseline usage is the current operation of the plant, not the hypothetical
full capacity operation of the plant.

Figure 7
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Overview Session Questions and Answers

Q.

Greg Seegert, EA Engineering, asked about the mathematical relationships that Reed Super, Riverkeeper, Inc.,
presented and the reliability of those relationships; he also asked whether Mr. Super could site an R* value. Also,
for Lovett, Mr. Seegert had understood that Mr. Super was dealing with entrainment but had used formulas from
the Pisces paper, which are actually based on impingement. He asked Mr. Super to explain.

In answer to the second question, Mr. Super said that he showed formulas for the volume:impingement
relationship as well as the volume: entrainment relationship, and used the volume:entrainment relationship for the
Lovett numbers. Mr. Super deferred to Peter Henderson, a statistician, to answer questions about reliability of the
mathematical relationships. He explained that the points were plotted using actual facility data, and that the
resulting line was the best line that could be drawn.

Q. Paul Martin, TRC Environmental, asked Mr. Super whether he had used the energy cost of running the cooling

towers as part of the costs in calculating the energy penalty.

Mr. Super answered that there are two components to the energy penalty: backpressure and energy penalty
associated with mechanical draft tower fans. He used the energy penalties on average as discussed in the USDOE
reports to illustrate that the penalty is only a small percentage as compared with orders of magnitude of reduction
in environmental impacts.

Q. Andy Turnpenny, Fish Guidance Systems, asked Mr. Super how he addressed climate impacts as traded off for

>R

Q

fish impacts.

Mr. Super indicated that it often takes a small amount of one resource to protect another resource and that one
must look at the relative benefits. He emphasized that it does not mean sacrificing air for water but rather taking
advantage of huge benefits to water. If people were concerned about side effects of pollution technologies, there
would be none, because all of the technologies (recycling, for example) require some smaller expenditure of other
resources. These smaller impacts may be reduced by other methods.

Steve Cibiki, ENSR, stated that discharge of blowdown and consumption are detriments of recirculated systems.
Mr. Super pointed out that dry cooling addresses both, and that thermal plumes do contribute to evaporative
losses.

. Geoff Grubbs, USEPA, asked Mr. Taft to speculate about which are the most promising emerging technologies

and where R&D dollars should be spent, given future demands from population growth and resulting resource
pressures from activities such as overfishing.

Mr. Taft indicated that there is a need for an improved understanding of technologies such as cylindrical wedge
wire screens and aquatic filter barriers in order to know how to apply them nationally would be helpful. For
example, combining technologies such as AFB for impingement together with fine mesh screens for entrainment,
needs to be examined. Historically we have over studied certain technologies and under-studied others. There is
a need to fill in these data gaps.

Q. Debra Littleton, USDOE, pointed out that USDOE has never said the energy penalty for dry cooling was 1.5

percent.
Mr. Super indicated that he cited the USDOE 1.5 percent penalty for wet cooling and that the 1.5 percent number
for dry cooling came from the Morro Bay analysis from the California Energy Commission.
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V. Session A: State-Level Issues

Maryland
Richard McLean, Director of Nuclear Programs

BIOSKETCH

Mr. Richard McLean is Senior Administrator and Manager of Nuclear Programs for the Power Plant Research
Program of Maryland’s Department of Natural Resources. He received his B.S. degree in Biology in 1968 from
Pennsylvania State University, and subsequently worked in the monitoring and evaluation of power plant
environmental effects with the Academy of Natural Sciences of Philadelphia before joining MDNR. He has been
involved in all aspects of ecological impact assessment of power plants, particularly relating to nuclear facilities, for
more than 25 years.

TECHNICAL PAPER

Abstract

Maryland is a state to which the U.S. Environmental Protection Agency (EPA) has delegated authority to administer
the National Pollutant Discharge Elimination System (NPDES). In the late 1970’s the state developed and
implemented regulations for cooling water withdrawal and intakes in accordance with EPA guidance on
implementation of Clean Water Act Section 316b provided at that time. The Code of Maryland Regulations
(COMAR), 26.08.03.04-05, established procedures for determining adverse environmental impacts due to
impingement and entrainment at cooling water intake structures (CWIS) relative to determination of best technology
available (BTA) for minimizing these impacts. Maryland has applied these regulations to all power plants in
Maryland that operate CWIS, including facilities located on both freshwater and estuarine waters. Over the past 30
years, the Power Plant Research Program (PPRP) of the Maryland Department of Natural Resources (MdDNR), has
participated in or conducted studies of a wide range of technologies and processes including, for example, wedgewire
screens, modifications to intake structures, Royce “Smooth Tex” intake screens, altered plant operations (e.g., screen
rotation times), and installation of barrier nets. These evaluations resulted in a range of determinations, from deciding
whether an existing CWIS already featured BTA to requiring installation of tested technologies at some facilities.
Our 30 years of experience supports our contention that there is no single technology or suite of technologies that can
be applied on a state-wide or national basis. However, we believe it is important to have a consistent national process
for identifying BTA at the site-specific level.

Introduction

Maryland facilities that utilize cooling water intake structures (CWIS) are regulated by the Maryland Department of
Environment (MDE), the state agency with authority and responsibility for National Pollutant Discharge Elimination
System (NPDES) permitting, as delegated by the U.S. Environmental Protection Agency (EPA). Maryland’s
regulations relating to CWIS were developed based on EPA guidance on implementation of Clean Water Act Section
316b when that legislation was enacted in 1972, and are documented in the Code of Maryland Regulations
(COMAR), 26.08.03.04-05. These regulations address all potential impact sources associated with withdrawal of
cooling water, including entrainment and impingement. While MDE is responsible for regulation of CWIS, a sister
agency, the Maryland Department of Natural Resources (MdDNR), provides the technical support employed to
address CWIS impacts at power plants.

MdDNR'’s Power Plant Research Program (PPRP) was established in 1971 to ensure that Maryland meets its
electricity demands at reasonable costs while protecting the State's valuable natural resources. It provides a continuing
program for evaluating electricity generation issues and recommending responsible, long-term solutions. The
Maryland legislature created the Power Plant Siting Program, precursor to the current PPRP, in 1971 as a result of
extensive public debate regarding the potential effects on the Chesapeake Bay from the Calvert Cliffs Nuclear Power
Plant. Calvert Cliffs was a source of concern because the plant uses a once-through cooling system that withdraws 3.5
billion gallons of water per day from the Bay and discharges the water back to the Bay with a temperature elevation
of about 12° F. The controversy over potential environmental impacts during the licensing of Calvert Cliffs prompted
the creation of PPRP to ensure a comprehensive, technically based evaluation and resolution of environmental and
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economic issues before decisions were made regarding whether and where to build other generating facilities. Today,
PPRP continues to play this role in providing a comprehensive set of technically based licensing recommendations for
proposed generating facilities. PPRP also conducts research on power plant impacts to the Chesapeake Bay, one of
Maryland’s greatest natural resources, and provides technical support to MDE regarding all power plant NPDES
permits and variances associated with those permits. In addition to surface water concerns, PPRP’s evaluations
consider impacts to Maryland’s ground water, air, land, and human resources.

PPRP operates with a small administrative and technical staff, supported by contractors with special expertise in
engineering, economics, biology/ecology, and atmospheric sciences. The program is funded from an Environmental
Trust Fund that is maintained through a surcharge on users of electricity. The surcharge amounts to about 25 cents
per month for average residential customers, and has provided a relatively stable source of funding to address the
State’s power plant assessment needs for nearly three decades. The manner in which PPRP carries out its
responsibilities with regard to CWIS assessments is varied and customized to address issues and circumstances
specific to individual facilities and impacts. As a result of review of a permit or variance application from a given
facility, PPRP may recommend CWIS studies be performed by the applicant. In such instances, PPRP utilizes its
contractors to conduct technical reviews, the product of which provides support for recommendations from PPRP to
MDE concerning disposition of the applicant’s application and compliance with COMAR. In cases where an issue
may be relatively generic and findings may be relevant to broader state-wide issues, PPRP may develop cooperative
CWIS studies with an applicant, with PPRP contractors working with the applicant and their consultants to develop
and implement studies. In cases where potential impacts are of concern, or where the efficacy of new technologies
may be of interest, PPRP may conduct independent CWIS studies. Since inception of the program, PPRP has carried
out all of these modes of study at all power plants in Maryland with regard to cooling water intake impacts and
structures. Findings from a number of these studies are presented in this paper and provide the basis for the State’s
perspective on CWIS impact assessment methodologies, significance and solutions.

Maryland’s General CWIS Perspective

Thirty years of experience in assessing and resolving CWIS impact issues serve as the basis for Maryland’s
underlying perspective. The first major aspect of this perspective is that CWIS issues are not simply
technology/structural issues. While CWIS may stand for “cooling water intake structure,” many factors, beyond
simply the structure, influence the biological consequences of the operation of a CWIS. Location of the CWIS is
critical, both in terms of ecosystem (e.g., fresh water river versus low salinity estuarine waters) and site characteristics
(e.g., intake flush with shoreline versus long, dredged intake canal). The mode of operation of the CWIS is also very
important, particularly in influencing the extent of mortality of organisms that may be affected by the CWIS. For
example, the frequency of intake screen rotation and washing can have a significant effect on the level of mortality
that is imposed on impinged fish. Similarly, the strength of the screen washing water stream, and the location at
which impinged fish may be returned to the source water body can similarly impact the resulting mortality rate. The
major point here is that CWIS impacts, and the means of minimizing those impacts, must be viewed holistically;
taking into account the intake hardware, its mode of operation, and the site-specific characteristics of the ecosystem
on which the CWIS effects are exerted. Such a perspective precludes simple solutions such as standardized
technology applications and requires site-specific assessments and considerations. In the remainder of this paper, I
describe a number of types of studies that have been done and actions that have been taken to reduce CWIS impacts
throughout Maryland over the past 30 years, and provide examples to illustrate how the evolution of diverse actions
taken at various power plants have resulted in significant CWIS impact reductions or resource enhancements. Figure
1 shows the locations of power plants in Maryland, with three plants that will be addressed below highlighted: Chalk
Point, Calvert Cliffs, and Morgantown.
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Figure 1. Locations of power generating facilities in Maryland.

Chalk Point Steam Electric Station

The Chalk Point Steam Electric Station (SES), owned by Mirant Energy (formerly PEPCO), is located on the
estuarine portion of the Patuxent River in Prince George's County. It is the largest generating facility in Maryland,
with a total generation capacity of 2,415 MW provided by a mix of oil, coal and gas generating facilities. Units 1 and
2 utilize a once-through cooling system, withdrawing a maximum of 250,000 gal/min per unit from and discharging
the heated water into the Patuxent River. Units 3 and 4 have closed-cycle cooling, using natural draft cooling towers
and re-circulating water at a rate of 260,000 gal/min per unit, with make-up and blow-down taken from and
discharged into the intake and discharge streams of the once-through cooling system. Seven combustion turbine
generators are also located on the site. The plant has dredged intake and discharge canals, as seen in Figure 2. One
feature of the cooling water system to note in Figure 2 is the location of what are termed auxiliary cooling pumps.
These pumps shunted water from the intake canal directly to the discharge canal as a means of ensuring compliance
with a 100° F maximum temperature of waters discharged to the Patuxent River.
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Figure 2. Plan view diagram of the Chalk Point SES, showing the configuration of the intake canal, cooling system,
and discharge canal; note the location of the auxiliary cooling pumps

When Chalk Point first began operating in 1964, a number of potentially significant biological impacts became
evident. Large numbers of fish and crabs were being impinged, with potential for adverse biological impacts in
addition to causing significant operational difficulties (e.g., small crabs were carried over the traveling screens and
then blocked condenser tubes, requiring plant shutdowns for cooling system clean-up). Extensive on-going
monitoring studies revealed the potential for other sources of significant impacts (MMES 1985). The three primary
areas of concern identified by PPRP included: mortality of fish and crabs entrained through the auxiliary cooling
pumps, primarily due to physical damage; impingement of fish and crabs on CWIS traveling screens; and, significant
entrainment of forage fish, specifically bay anchovy. The manner in which these issues were addressed and resolved
are illustrative of Maryland’s approach to resolving CWIS issues.

Tempering pump entrainment - Auxiliary cooling water pumps, also called tempering pumps, were not screened.
Thus, when operated, all ages and sizes of fish and crabs could be passed through the pumps and suffer physical
damage from striking pump impellors and experiencing pressure changes. Large concentrations of fish and crabs
were present in the intake canal, most likely because the intake flows and configuration of the canal were attractive to
these organisms, which resulted in large numbers of organisms being entrained through the pumps. PPRP carried out
a detailed assessment of the effectiveness of the tempering pumps for reducing plant-induced mortality of aquatic
biota, using data collected by the facility owner and their contractors (Cadman and Holland, 1986). Several
Representative Important Species (RIS) and dominant benthic and zooplankton species were used in the evaluation as
indicators of overall system-wide responses. Expected mortality with and without auxiliary pump operation was
estimated using thermal tolerance data available from the literature for blue crabs, white perch, striped bass, spot,
Macoma balthica (a shellfish), and Acartia tonsa (a zooplanktor). PPRP concluded that the operation of the pumps
increased plant-induced mortality of spot, white perch, striped bass, and zooplankton, but could reduce blue crab
mortality slightly under some circumstances. Macoma mortality was largely unaffected by their operation. The
overall conclusion was that cessation of use of the tempering pumps would result in a 50% decline in losses of fish
and crabs from CWIS operations. A sensitivity analysis confirmed that the conclusions drawn were not significantly
affected by uncertainties in the input data used. As a result of this evaluation, PPRP recommended to MDE that the
Chalk Point NPDES permit be modified to eliminate the requirement for use of auxiliary pumps. Thermal criteria in
the permit were later changed to a thermal loading cap rather than a specific discharge temperature cap.
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CWIS Traveling Screen Impingement — As noted above, impingement rates at the Chalk Point facility were very high
when the facility first began operation, with on the order of 2 million fish and 2 million crabs being impinged
annually (Figure 3). The primary factor contributing to these high impingement rates was the apparent attractiveness
of the intake canal to both fish and crabs, with the result that high densities of organisms would regularly occur in
front of the intake screens. Chalk Point consulted with PPRP on means of reducing impingement that would have
costs within the limits specified in Maryland’s CWIS regulations (BTA is defined in Maryland regulations as being
CWIS modifications the cost of which would be less than five times the value of the organisms lost to impingement).
Because the cause of the high impingement was the high densities of organisms in the intake canal, the first feasible
method tested was the deployment in 1981 of a single, 1.25-inch stretch mesh barrier net at the intake canal entrance,
that would prevent organisms from moving into and concentrating in the canal. Deployment of this net reduced
impingement by more than 75% (Figure 3), but did not resolve some of the operational problems. In particular, small
crabs continued to occur in the intake canal in high abundances. Thus, in 1984, a second, smaller mesh net (0.75-inch
stretch mesh) was deployed behind the first net, net supports and anchors were modified, and the manner in which the
net was deployed was changed. These modifications resulted in further declines in impingement rates, with a total
reduction of about 90% (Figure 3) (Loos, 1987). More detailed documentation of the Chalk Point barrier net studies
can be found in the paper by David Bailey of Mirant Energy in this volume.
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Figure 3. Average annual total number of fish and crabs impinged at the Chalk Point SES prior to installation of a
barrier net (1976-1977), after installation of a single 1.25 in mesh barrier net (1982-1983), and after installation of a
double barrier net system, with 1.25 in and 0.75 in mesh (1984-1985).

Bay anchovy entrainment — PPRP assessments of biological impacts at Chalk Point included extensive modeling to
quantify the effects of entrainment on the Patuxent River ecosystem (MMES 1985). Using hydrodynamic modeling
and field data on ichthyoplankton densities and distributions, PPRP estimated that as much as 76% of the Patuxent
River bay anchovy stock was being lost to the ecosystem as a result of entrainment mortality. Bay anchovy is a
forage fish of great value to recreationally and commercially important predator species in the river. PEPCO
consultants conducting independent modeling concluded that entrainment losses were only as high as 25%. Many
factors contributed to the divergent modeling results, with no clear means of firmly establishing which estimate was
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most reliable or realistic. Given the potential significance of entrainment losses of this magnitude, PPRP concluded
that it was appropriate to investigate the feasibility of intake technologies that could reduce entrainment at Chalk
Point. Thus, PPRP initiated studies of wedge-wire screens at an in-situ testing facility at the plant. PEPCO
cooperated in the study by providing on-site testing locations and a variety of support. Details of the testing methods
and procedures can be found in Weisberg et al. (1987). The exclusion efficiency of cylindrical wedge-wire screens
was investigated by measuring entrainment of larval bay anchovy and naked goby through screens with slot sizes of
1, 2 and 3 mm, and through an unscreened intake, with the screens mounted on a barge moored in the Chalk Point
intake canal (Figure 4). The degree of exclusion by the screens increased with fish size. Fish less than 5 mm were
not excluded by any of the screens, while ichthyoplankton larger than 10 mm were excluded by screens of all slot
sizes (Weisberg et al., 1987). While the screens were confirmed to have the capability for significantly reducing
entrainment, issues arose concerning the potential for screen fouling and corrosion in an estuarine environment, and
the high cost of employing fine mesh screens for intake volumes as large as those at Chalk Point. The questionable
feasibility for successful deployment of this technology at this facility, and disagreement on the magnitude of the
entrainment problem, led to negotiations between PPRP and PEPCO on alternative resolutions of the entrainment
issue. The outcome of these negotiations was an agreement, incorporated into the Chalk Point NPDES permit, on
fisheries enhancements that would serve as out-of-kind mitigation for the entrainment impacts. PEPCO was required
to implement several different enhancement projects, including removal of barriers to anadromous fish migration in
tributaries to the Patuxent River, and implementing an aquaculture program to produce striped bass, yellow perch, and
American shad for stocking in the river. Maryland DNR believes that the gradual recovery of stocks of these species
in the Patuxent River over the past 20 years has been enhanced as a result of this mitigation program.
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Figure 4. Plan view diagram of the PPRP wedge-wire in —situ testing barge; water was withdrawn through test
screens and samples collected at the pump discharge points.

Calvert Cliffs Nuclear Power Station

Calvert Cliffs is owned by Constellation Nuclear, a member of Constellation Power Source, Inc., (formerly Baltimore
Gas and Electric Company, BGE). Maryland’s only nuclear power plant, it is located on the Chesapeake Bay
mainstem in Calvert County. It has a generating capacity of 1,675 MW, and employs a once-through cooling system
utilizing 2.5M gpm. It has a shoreline intake embayment with a curtain wall that extends 8.5 m below the surface,
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and a 1,460 m long, 15.5 m deep dredged intake channel from the curtain wall to the main channel of the Bay. Units
1 and 2 began operating in May 1975 and April 1977, respectively.

Because of it’s size and the extent of controversy surrounding its location and construction, Calvert Cliffs was the
subject of intense scrutiny and environmental assessment. Utility contractors conducted a wide range of intense
environmental studies to satisfy Nuclear Regulatory Commission license technical specifications. These utility
studies were augmented by extensive PPRP-funded studies. All of these studies and their findings are described in
detail in MMC (1980), which summarized PPRP’s conclusions regarding biological impacts of Calvert Cliffs. At this
facility, impingement of fish and crabs was the issue of greatest concern. When the plant first began operating, very
large numbers of both fish and blue crabs, often more than 1 million annually, were impinged (Figure 5; data from
Ringger, 2000). At issue to PPRP was whether this magnitude of impingement would have an adverse impact on fish
and blue crabs stocks within Chesapeake Bay. This issue was addressed in a number of ways, three of which are
discussed here: evaluation of species-specific mortality rates due to impingement; investigation of alternative intake
technologies to reduce entrainment and/or impingement; and, assessment of factors causing impingement and means
of mitigating for those factors.

Species-specific impingement mortality rates - While large numbers of organisms were being impinged on the 9.6
mm mesh intake screens, those organisms were regularly washed from the screens and returned to the Bay, with many
organisms appearing to be alive and viable. The real impact of impingement is a consequence of organisms that
suffer mortality, and thus it was important to establish the level of mortality experienced by the impinged organisms.
To quantify the survival rates, BGE used holding tanks along the screen wash trough into which organisms removed
from the troughs could be maintained for 48 hours to determine immediate and chronic mortality rates. Over the
course of these studies conducted from 1975 to 1981, 57 species and over 100,000 individual organisms were
examined (Ringger 2000). Most mortality occurred within the first 16 to 24 hours after impingement. Table 1 from
Ringger (2000) presents the 48-hour survival rates of 14 species that were among the five most numerous impinged
fish species in any single year. Eleven of these 14 fish species demonstrated survival rates of 50% or greater, with 5
exhibiting greater than 90% survival. Blue crabs, which were also studied, had overall survival of 99.5%. These
studies also showed that survival with continuous screen rotation, which would have reduced the time that organisms
were trapped on the screens, was not significantly different from survival with normal screen wash operations, with
screens being rotated for 10 minutes and stationary for 50 minutes of each hour. Thus, the study documented the
efficacy of different screen operations procedures for minimizing impingement impacts. The survival rates
established from BGE’s extensive studies were then applied by PPRP to total impingement rates in order to quantify
the numbers of organisms actually being lost to the Chesapeake Bay ecosystem as a result of impingement at Calvert
Cliffs.

Table 1. Average percent survival of the fourteen fish species that were among the five
most numerous impinged fish species in any single study year; survival was based on fish
condition in holding pools 48 hours post impingement (from Ringger 2000)

Most Common Species Percent survival
Blueback herring 47
Bay anchovy 68
Atlantic menhaden 52
Weakfish 38
Threespine stickleback 91
Skilletfish 93
Spot 84
Atlantic silverside 54
Atlantic croaker 19
Summer flounder 90
Northern searobin 50
Winter flounder 93
Northern pipefish 85
Hogchoker 99
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Assessment of an alternative intake screening — While the mortality studies showed that consequences of
impingement were not as great as implied by numbers of organisms impinged, impingement rates were high and
remained a concern to PPRP. BGE undertook a number of investigations of alternative screening technologies to
determine if such technologies could help reduce impingement. Among the screening technologies tested was Royce
“Smooth-Tex” screens, finer mesh screens that offered the possibility of reducing entrainment of smaller species such
as bay anchovy. These screens were installed in place of several of the existing traveling screens, but resulted in
substantially higher impingement than existing screens at other intakes in the embayment. As a result, the technology
was rejected for further study. This illustrates the iterative process that must often be followed in establishing
whether a particular technology will be effective at a specific plant, and which of a number of technologies is the
most effective means of achieving fish protection objectives. Maryland has addressed impingement and entrainment
issues on a site-specific basis in this manner.

Assessment of factors contributing to impingement — In addition to evaluating alternative screen operations and
alternative screening technologies, BGE and PPRP consulted on additional means of reducing impingement. The
relatively high impingement rates during the early years of plant operation peaked in 1984 (Figure 5), when over 9
million fish were impinged (Ringger 2000). During a single major impingement episode, 46 thousand fish, primarily
Atlantic menhaden, were impinged in a single hour at one unit in 1984. Episodes of this magnitude sometimes
resulted in screen failure and plant shutdown, and it was thus of great economic value to BGE to reduce or eliminate
the factors responsible for such episodes. A detailed evaluation of environmental conditions occurring during major
impingement episodes revealed that they were associated with low dissolved oxygen conditions in the intake
embayment. The curtain wall of the embayment, extending down to 8.5 m below the surface, was intended to have
the plant draw cooler, bottom waters from the Bay. These deeper waters frequently exhibit low dissolved oxygen
levels as well as low temperatures. When low dissolved oxygen events occurred, oxygen levels in the embayment
dropped to lethal levels, and fish aggregated in the embayment were incapacitated and impinged in great numbers. A
number of simple and inexpensive solutions were found to correct for these contributing factors. During periods
when low dissolved oxygen conditions were most likely to occur, several curtain wall panels were removed, thus
providing an oxygenated route for fish to move out of the embayment into open Bay waters. In addition, aerators
were installed in the embayment to enhance surface oxygen levels. These simple measures resulted in a significant
decline in impingement that has been maintained since they were implemented. Figure 5 illustrates the reduction in
both numbers of fish impinged but also in mortality rates of those impinged fish. It should be noted that these
reductions in impact were achieved with no change in screen technology or operation.
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Figure 5. Annual fish impingement and fish lost to impingement at the Calvert Cliffs nuclear power plant (data from
Ringger 2000)
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Morgantown Steam Electric Station

The Morgantown SES, located on the estuarine portion of the Potomac River in Charles County, is owned by Mirant
Energy (formerly PEPCO). It has a total generating capacity of 1,411 MW, and utilizes a once-through cooling
system with a capacity of 1M gpm. As with all other power plants in Maryland, Morgantown was the subject of
intensive PPRP study and evaluation, as is summarized in Bongers et al. (1975). One CWIS issue of particular
concern at Morgantown was the fact that organisms impinged on intake screens were transported in the screen wash
trough to the cooling system discharge canal. The consequence of this fish handling system was that organisms that
may have already been stressed due to impingement were then exposed to abrupt and significant temperature
increases and thermal stress. Predictive assessments suggested that these combinations of stressors could result in
survival rates considerably lower than were being documented at facilities such as Calvert Cliffs, where impinged
organisms were discharged directly into the source water body. As a result of these concerns, PPRP requested that
PEPCO investigate alternative fish return configurations and technologies. PEPCO’s consultants identified and
evaluated a number of different alternatives for reducing fish impingement losses, including a variety of diversion
devices (e.g., louvers, revolving drum screens), behavioral barriers (e.g., bubble screens, lights, sound), fish collection
devices (e.g., fish pumps), physical barriers (e.g., wedge-wire screens, barrier nets) and alteration of plant operations
(Stone and Webster Engineering. 1981). This evaluation included an assessment of engineering feasibility and cost,
as well as potential for reductions in impingement mortalities. In subsequent negotiations between the State and the
plant owner, the diversion of screen wash from the discharge canal into the Potomac River main stem was determined
to be the least cost means of achieving a substantial reduction in impingement mortality at this facility. That
modification of CWIS was then considered to be BTA at this plant. In this instance, PPRP raised the issue with the
plant owner, consulted on the work to be performed by the plant’s contractor, and reviewed and utilized the study
findings in making its NPDES CWIS recommendations to MDE.

Conclusions
This brief overview provides several diverse examples of the process employed by Maryland in making power plant
BTA determinations under Maryland’s CWIS regulations. The major points [ wish to convey include:

» Impingement and entrainment impacts can be significantly reduced by a wide variety of changes in intake
structure operation, fish handling, external structure design, etc.; no single operational or technological
change will have the same effects or benefits at all facilities

» Site-specific results of implementation of CWIS impact reduction measures cannot be accurately predicted, so
site specific studies and evaluation are critical to successful, cost-effective reductions of CWIS impacts, and

» Cooperative efforts between regulators and permittees are the most timely and cost-effective way of ensuring
that CWIS impacts are minimized
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Technical Paper

Abstract

This paper highlights NYSDEC’s efforts over the last 25 years to advance intake mitigation technology in New York
State and briefly reviews their effectiveness and application. The flurry of activity in exploring technologies and
operational modes to reduce the impacts of withdrawing cooling water from natural systems that characterized the
mid-1970s through the early 1980s across the country continues to this day in New York State. Efforts to further
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develop intake mitigative technologies is based on the realization that the requirement to install best technology
available (BTA) to minimize adverse impacts is an empty promise absent efforts to advance the existing state of the
art. The requirement to install a particular mitigative technology at a cooling water intake, however, must also pass a
reasonableness test, and we have interpreted that to mean that the cost of mitigation should not be wholly
disproportionate to the benefits to be realized.

Installation of closed cycle condenser cooling, with its attending reduction in water use, minimizes both impingement
and entrainment of fish. However, the expense of retrofitting this technology at existing facilities frequently does not
pass the wholly disproportionate test. Other than reducing cooling water use, the only other technology we believe to
have the potential to be effective in mitigating the entrainment of early life stages of fish is an aquatic filter barrier
(AFB), an emerging technology in New York State. Past efforts to apply cost effective reductions in impacts at
cooling water intakes have led to our work with traveling intake screen modifications, fish return systems, passive
wedge wire intake screens, barrier nets and behavioral devices.

Introduction

The New York State Department of Environmental Conservation (NYSDEC) has been working to mitigate cooling
water intake impacts at steam-electric power plants since shortly after the National Pollution Discharge Elimination
System program was delegated to New York State in 1975. Steam-electric power plants impinge many millions of
juvenile and adult fish and entrain billions of fish eggs and larvae from New York State waters each year. The
NYSDEC Division of Fish, Wildlife and Marine Resources (DFWMR) addresses the biological impacts resulting
from the operation of cooling water intake systems and thermal discharges.

Similar to Section 316(b) of the Clean Water Act [33 U.S.C. Section 1326(b)], New York State established
regulations for the withdrawal of water from natural waterbodies for cooling purposes. 6NYCRR 704.5 requires:
“The location, design, construction and capacity of cooling water intake structures, in connection with point source
thermal discharges, shall reflect the best technology available for minimizing adverse environmental impact.”.
Adverse environmental impact has been generally defined by the NYSDEC as mortality or injurious or harmful
effects, including those effects on individual organisms. Mitigation is aimed at minimizing any mortality or injury,
but not at a cost that is wholly disproportionate to the environmental benefit to be gained.

The NYSDEC is at the national forefront in the development and application of state of the art technologies to
achieve BTA at cooling water intakes. Staff have nurtured productive working relationships with industry and the
environmental community to help advance the state of cooling water intake mitigation technology and have made
significant accomplishments. This paper provides an overview of the efforts and technologies applied to minimize
fish mortality at cooling water intakes in New York State over the past 25 years.

Overview of Technologies used at Cooling Water Intakes

Low Technology Solutions

Direct Return of Fish and Debris

For many years, the standard practice for the handling of fish and debris screened from condenser cooling water was
to collect the material for upland disposal. The NYSDEC recognized that a return of this material to the waterbody
could be a low cost benefit to both the environment (through survival of at least some fish), and industry (through
reduced operational and disposal costs). By the 1980s, improvements in water quality under the Clean Water Act had
resulted in screen wash debris containing more fish and less trash, making the return of this material all the more
important. Returning fish and debris to the waterbody became a common requirement placed into discharge permits
issued for steam-electric power plants. This usually required constructing some conveyance between the screenhouse
and point of discharge. In the case of the Albany Steam Generating Station, located on the Hudson River, an
inground sluice was built to transfer fish to the thermal discharge canal, thus allowing the 300,000 fish impinged on
average each year to be returned to the Hudson River. At the Ravenswood Station located in New York City along
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the East River, screen washings at each of three units were collected in a wire basket suspended within a 10 foot deep
concrete pit. To return fish to the East River, they must be safely transported through the debris pit with a minimum
of stress. The utility accomplished this by installing aluminum and plastic spiral sluices, modeled after playground
slides, to smoothly convey fish and debris to a discharge pipe located at the bottom of each pit. The sluices
eliminated debris and odor problems. The cost of materials and labor was under $3,000 per unit. In most cases, these
requirements were considered to be interim measures, to be in use until the station’s impact could be addressed in full.
Although success of these installations has not been quantified by post-operational monitoring, they have operated
well, and many fish that would have otherwise been carted to landfills have been returned safely to the water. Those
fish that do suffer mortality become a food source for scavengers such as American eels, crayfish and blue crabs
rather than contributing to landfill problems.

Management of Cooling Water Flow

The volume of cooling water withdrawn can be an important determinant of the magnitude of impacts to fish at a
cooling water intake. Some flow management alternatives used for a number of years in New York State, such as
reduced winter pumping, offer a simple approach to seasonally reducing cooling water use and protecting resources,
while reducing operational costs to generators. Pumping less cooling water during periods of low ambient water
temperatures can reduce energy consumption, increase plant thermal efficiency, and reduce plant maintenance and
internal wear to items such as condenser tubes.

At the Dunkirk Steam Station, located along the southeast shore of Lake Erie, NYSDEC approved the utility’s request
to shut down one or more circulating water pumps when ambient intake water is below 50 degrees F. During the
winter period (generally November through March), it was estimated that cooling water withdrawal could be reduced
by 40 %. Winter is a period of high impingement for species such as rainbow smelt at the Dunkirk Station and this
operation is expected to provide a cost effective reduction in fish mortality (Beak Consultants, Inc. 1988).

As a consequence of reducing cooling water volume, Dunkirk Station’s intake-discharge temperature differential
(delta T) was permitted to increase from 16 to 28 degrees F during this period. Some concern existed over an
expected increase in the thermal discharge plume’s near field temperatures (although no increase in total heat
rejection occurred), and the subsequent attraction to fish and potential for cold shock. Therefore, additional
provisions were placed in the facility’s State Discharge Elimination System (SPDES) permit to prevent a rapid
shutdown of the Plant’s thermal discharge and lessen any potential for cold shock induced mortality to fish acclimated
to the thermal plume. The program has been in place since 1994, and no rapid plant shutdowns have occurred.

The Somerset Power Station, located along Lake Ontario in Niagara County also reduces cooling water flow during
the winter period. In 1987, the station studied the effects of using two rather than three circulating water pumps when
intake temperatures were 50 degrees F or less. Results showed that with the condenser in a clean condition,
circulating cooling water could be reduced by 22.6% when operating with two circulating pumps (NYSEG et.al.,
1988). Improvements in both heat rate and unit reliability were noted under two pump operation, as well as cost
savings due to running one less circulating water pump. An economic analysis indicated a savings of more than $3
million (1987 dollars) over a 30 year life cycle.

Impingement of fish has been monitored since the Somerset Station began commercial operation in 1984. Table 1
shows impingement for all species between 1985 and 1993 during periods of the year which include reduced pump
operation. In years when reduced winter pumping was in effect (1988 and later), impingement is substantially
reduced in all but one year.
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Month 1985 1986 1987 1988* 1989* 1990* 1991* 1992* 1993*
April 18,060 486 44,925 372 155 2,492 67,918 424 11,412
May 2,764 4,624 409 558 2,369 1,061 308 3,256 324
June 5,468 2,931 360 635 10,800 460 237 2,869 6,743
July 9,586 24,008 572 3,681 23,369 413 1,151 689 3,175
Nov. 22,726 196,862 3,145 1,222 5,446 5,195 218 1,771 417
Dec. 52,364 39,023 8,110 1,900 1,056 1,129 10,322 1,976 0
Total 110,968 | 267,934 | 57,521 8,368 43,195 10,750 80,154 11,012 22,071

Estimated monthly impingement at the Somerset Station (all species) from 1985 to 1993. Years with two-pump
winter operation are denoted with an asterisk. From Beak Consultants (1993).

Traveling Intake Screen Modifications

Through Flow Traveling Intake Screens

Standard traveling intake screens, designed to keep debris from plugging the plant’s condenser tubes, are not fish
friendly. Numerous studies have shown that only the hardier species of fish have high rates of impingement survival
off standard intake screens. A large part of our effort has been to help advance protective intake screen technology
and apply it where necessary. The most common type of traveling intake screen in New York State is the through
flow screen, which is a rotating belt of screens facing perpendicular to flow. An early advance made to this type of
screen was to fit a bucket or fish rail on the bottom of each screen panel to maintain impinged fish within a water
filled trough as they are lifted from the surface for transfer to the fish return sluice. A reconfiguring of the rail to
reduce turbulence and create a sheltered zone within the rail was an important achievement developed by lan Fletcher
in his work at the Indian Point Nuclear Generating Station (NGS) (Figure 1). (Fletcher 1990). The turbulence, or a
secondary flow that swirls the fish around inside the rail, is thought to be a major source of injury during the
impingement process. Other important features of the modified through flow or “Ristroph” screens are the smooth
textured mesh panels, free slide screen panel articulation that allows fish to slide into the water filled return trough,
and low pressure fish sprays. These design features have worked to markedly reduce injury and improve
impingement survival for nearly all species of fish studied. Fletcher (1990) reported the results of a 1986 study at the
Indian Point Station, where 8,882 fish, representing 34 taxa were collected and held for post-impingement survival
from modified Ristroph screens, and more than 45,000 fish were collected for testing from standard (unmodified)
screens. Because the screen types were tested during different seasons, the species compositions from the two screen
types differed considerably. For the six species collected in greatest abundance and common to both screen types
(more than 10,000 fish), the 8 hour post-impingement survival (all species combined) was 84.5% from the modified
screen as compared to 37.6% from the standard screen. Ristroph type modified screens are installed and operating at
the Indian Point NGS (DEIS for Bowline, Indian Point 2 & 3, and Roseton Steam Electric Generating Stations, 1993).

At the Huntley Generating Station located along the Niagara River, modification of the through flow traveling screens
and a dedicated fish return system were determined to be BTA to mitigate the 1 to 2 million fish estimated to be
impinged each year. The fish protection technology was further developed by the Station owners at Utah State
University’s Water Research Laboratory (personal observation). The design of the fish bucket or rail was optimized
through computer analysis and verified in the laboratory’s test flume. An additional feature was added inside the rail
to enhance the stalled fluid zone within. Smooth top mesh, low pressure fish sprays and wide water filled collection
trough system were also part of the design. The screens were installed in 1998 and tested in the fall and winter of
1999. Nearly 10,000 fish were collected and held for 24 hour post-impingement survival tests to verify the screens
performance. The overall survival rate was 78.1%, which included large numbers of delicate species such as alewife,
rainbow smelt and gizzard shad that typically do not survive the impingement process well (Beak Consultants, Inc.
2000). The cost for new screens was approximately $1.6 million dollars.
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Dual Flow Traveling Intake Screens

Dual flow screens are also rotating screen belts, but with the screen panels oriented parallel to the intake channel
flow. Unlike through flow screens, both sides of the dual flow screens (ascending and descending) are used for
filtering water (Figure 2). Because they virtually eliminate debris carryover (a significant problem with through flow
screens), they can be attractive for use in high debris load situations. In addition, it was thought by the industry that
the greater screen filtration area (through use of both screen sides for filtering) allows for lower through screen
velocities and lower stress on impinged organisms. However, soon after their use in New York State, it was noted
that flow across dual flow screens was very non uniform, raising concern over areas of high velocity and increased
stress to impinged fish. Figure 3 shows that as cooling water turns to enter each side of the dual flow screen, a
separation in flow occurs whereby the flow becomes concentrated at the back of the screen, creating an eddy current
of backward flow out through the front of the screen. Therefore, only part of the screen is actually filtering water.
This effect was evident at the Dunkirk Station, where only the rear half of the dual flow screens were collecting debris
(personal observation). In flume tests, flow velocities of 30 and 45 cm/s measured at the face of conventional through
flow screens increased to 90 and 140 cm/s over sections of dual flow screens, due to flow separation (Fletcher, 1994).
These fluid “hot spots™ are a likely cause of post impingment fish injury as evidenced by low survival rates recorded
from standard dual flow screens in both laboratory studies and in the field.

The velocity problem to a large extent has been solved through use of an elliptical shaped nose cone or fairing device,
developed by Ian Fletcher (Figure 4). Installed on the front wall of the screens, the nose cone allows for a more
gradual turning of the water as it enters the screen face and a more even distribution of flow across the screens. At the
Arthur Kill Generating Station, 24 hour impingement viability was assessed on both standard dual flow screens and
those modified with a fairing plus the full compliment of Ristroph enhancements (improved fish rail, smooth top
mesh, low pressure fish sprays and free slide panel design). A total of 16,427 fish representing 59 species were tested
from1994-1995 (Con Edison 1996). Post-impingement survival (all species combined) from the standard dual flow
screen (1/8 inch square mesh) was 15.2%. Survival, and increased to 78.9% on the modified screen equipped with

1/8 X 1/2 inch smooth mesh and to 92.4% on the modified screen equipped with 1/8 X 1/4 inch smooth mesh. The
modified dual flow screens were judged to perform as well as modified through flow screens. The improved survival
from the larger mesh screen was thought to be a function of its selection for older and hardier individuals (Con Edison
1996).

The Dunkirk Steam Station, located along Lake Erie, has imposed the largest impingement impact in New York State.
In 1987, nearly 28 million fish, primarily emerald shiner, rainbow smelt and gizzard shad, were estimated to have
been impinged at the plant. A single dual flow screen was modified with Ristroph type enhancements further
developed at Utah State University’s Water Research Laboratory (similar to those installed at the Huntley station). In
addition, a rectangular design front wall fairing was developed and modifications made to the fish rail (a vortex
suppressing ledge), and in the screenwell upstream of the screens to more uniformly distribute flow across the full
width of each dual flow screen. Post impingement survival from the prototype screen was assessed over a one year
period (1998-99). Table 2 summarizes survival results for seven species common to the standard dual flow screens
study in 1987, and for the prototype Ristroph modified dual flow screen study in 1998-99 (Beak Consultants, Inc.
2000). Post-impingement survival of the more than 20,000 fish tested was similar to results obtained from the Indian
Point and Arthur Kill modified screen studies. The remaining six screens at the station were modified in 2000, and
together with an offshore fish return system, are now returning millions of fish to Lake Erie with a high rate of
survival. Cost for new modified screens and additional flow straightening work performed in screenhouse 2 was
approximately $1.5 million dollars.
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Table 2. Dual Flow Screen Impingement Survival Studies (Beak Consultants, Inc. 2000)

Target Standard Screens (1987) Modified Screen (1998-99)
Species S (%) N S (%) N
alewife 4.1 73 29.6 879
emerald shiner 82.7 891 97.3 12,420
gizzard shad 48.3 1,013 92.5 4,058
rainbow smelt 51.7 1,217 74.3 1,453
white bass 73.6 424 98.1 155
white perch 55.5 279 100.0 69
yellow perch 95.0 139 98.8 259

Comparison of 24-hr. impingement survival rates (S) of target fish species, and number of fish (N) at the Dunkirk Steam Station
from standard dual flow screens in 1987, and a modified prototype dual flow screen in 1998-99.

Flow Management - Use of Variable/Multiple Speed Pumps

Variable and multiple speed pumps can be used to reduce cooling water flow on both a seasonal and daily basis, and
can therefore be used to help minimize the abundance of organisms impinged and entrained at steam-electric power
plants. In New York State, variable or multiple speed circulating water pumps are in use at the Indian Point Nuclear
Generating Station and at the C.A. Poletti Power Project located on the East River (New York Power Authority,
personal communication). In addition, assessments of this technology have been conducted at several other power
plants located along the Hudson River Estuary and New York Harbor.

This technology can benefit plant operations as well as the environment. Electric power is produced most efficiently
when the cooling water flow rate is at a minimum needed to condense exhaust steam from the turbine. Cooling water
use in excess of this minimum is undesirable because the condensed steam may be cooled below saturation
temperature, requiring more energy to re-heat it. At stations whose generating loads follow seasonal and/or daily
demand patterns, modulation of the cooling water flow to maintain a high thermal efficiency can result in large
reductions in cooling water use and the number of organisms entrained. An engineering analysis of the theoretically
achievable flow reductions through the use of variable speed pumps at the Arthur Kill Generating Station, located in
New York City along the Arthur Kill tidal straight, concluded that the annual flow could be reduced at the Station’s
two units by 43% and 59% respectfully (LMS, 1999). Depending upon the relative timing of flow reductions and
abundances of ichthyoplankton subject to entrainment, reductions in the entrainment of passive organisms like
ichthyoplankton could be substantial. Plant heat rate effects, discharge temperature limits, temperature related
mortality to entrained fish, and potential entrainment reductions all need to be carefully assessed so that the maximum
benefits to both the environment and station operation are obtained.

Fish Return Systems

As discussed, low tech systems to return fish to the waterbody, often through the station’s thermal discharge, have
been constructed as interim measures at a number of plants. For facilities that have optimized fish survival from their
traveling intake screens, a dedicated fish return system is necessary to complete the BTA process. Return pipes are
constructed with smooth interior surfaces, wide angle bends for gradual transitions in direction and elevation, and
discharge points well below the water’s surface. Fish pumps are only used if necessary to maintain adequate flow.

The cost and complexity of fish return systems can vary greatly. For the Huntley Steam Station, returning fish from
the newly modified screens was a relatively simple matter. The fish and debris sluices discharge first into a steel pipe,
then into an 18 inch diameter high density polyethylene (HDPE) pipe which leaves the screenhouse and is suspended
along the sheet pile wall along the Station’s river front. The end of the return structure is located up stream and out of
the influence of the Station’s thermal discharge, and was designed for smooth entry of fish into the river. The return
system is gravity operated, and therefore avoids added stress to fish through operation of a fish pump. The cost of the
return system was approximately $ 400,000 dollars (Niagara Mohawk Corporation, personal communication).
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At the Dunkirk Steam Station, the fish return system was actually constructed before the screens were modified, and
was a much more challenging project. Because of local opposition existed to discharging the large quantities of fish
and debris typically impinged at the Station back to Dunkirk Harbor, the only other option available was to construct
a return line to the Lake proper. Directional drilling was used to construct a tunnel underneath a federal navigation
channel, terminating at a discharge point approximately 1250 feet offshore and lakeward of a harbor breakwall. Fish
and debris washed from the screens in each screenhouse are joined into a 24 inch diameter HDPE pipe before
traveling under the lake bottom. Because of insufficient hydraulic head, a pumped system consisting of a 28 inch
variable speed , screw type impeller Hydrostal Pump was installed. The pump operates at low rpm’s (i.e. 200 to 350)
to minimize damage to aquatic organisms, and is capable of passing up to a 9 4 inch diameter, 36 inch long solid.
Station personal have been pleased with the return system’s operation, which has nearly eliminated the debris load
problems of the past. The total cost of the fish return system was $3.25 million dollars. The company estimated that
they save approximately $30,000 dollars per year in operating and disposal costs (Niagara Mohawk Corporation,
personal communication).

New intake traveling screens to mitigate impingement impacts were included as part of the negotiated agreement that
settled a NPDES permit disagreement at the Indian Point NGS. The Hudson River in the area of Indian Point is an
estuary, with nearly equal ebb and flood tidal flows. As a consequence, simply releasing impinged fish downstream
of the intakes raised concerns about possible recirculation of the fish back into the plant. The Hudson River Utilities
were raising and stocking striped bass at the time. Each released fish was marked with a coded magnetic tag inserted
into the cheek muscle so that the contribution of stocked fish to the existing population could be evaluated. In excess
of 25,000 of these fish were released at numerous locations in the area of the plant with each release location having a
specific tag code. An impingement census provided information on the percent of recirculation of these marked
striped bass from each of the release locations. The southernmost unit, (Unit 3) had a suitable location at the distal
end of the shoreline bulkhead diffuser, so a simple pipe carrying the screen washing and fish to that area was
acceptable. The most practical location for Unit 2 resulting in approximately 3% recirculation was 240 feet offshore
of the intake and in 40 feet of water.

The shoreline intake of Indian Point is 28 feet deep, and therefore releasing fish into water 12 feet deeper than their
maximum pre-impingement depth exposure raised concerns about stress and possible subsequent mortality.
Moreover, there is a substantial debris load in the river at times, and there was a question of the need to keep the fish
return trough separate from the debris return to avoid further stress to returned fish. Separate return systems for both
fish and debris would greatly increase the cost of the project.

In addition to strong tidal currents, the Hudson River in this area is quite turbid and has considerable ship traffic from
large vessels. There was little expectation that an evaluation of the effects of the fish return terminus depth, and
combining fish and debris in the same pipe could be done in situ. However, a nearby quarry provided ideal test
conditions, and so a complete replica of the Indian Point screen wash and fish/debris return systems were constructed
at the quarry. Test results indicated that fish could be returned with a large amount of debris in the same pipe with no
apparent stress. Fish acclimated to surface pressure, however, did show signs of stress on a video monitor when
confined to the rectangular test cage at 40 foot depths. When the rectangular cage was replaced with a cylindrical unit
that allowed access to the full water column, test fish would quickly move up in the water column to a depth where
they did not appear to be under stress.

Wedge Wire Intake Screens

Wedge wire intake screens have been approved as BTA for a number of cooling water intake systems in New York
State, such as the Westchester and Oswego Resource Recovery Facilities, the Brooklyn Navy Yard Cogeneration
Plant, Cornell University’s Lake Source Cooling System, and for several small cogeneration facilities. Wedge wire
screens will be used in conjunction with other fish protection features such as the aquatic filter barrier (AFB) to filter
cooling tower make-up water at two state approved repowering projects, the Bethlehem Energy Center (750 MW),
and the Astoria Generating Station (1816 MW). These screens generally require little maintenance (no moving parts),
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and their placement within the waterbody allows for easy debris removal via the air backwash cleaning system, as
long as sufficient current exists to carry the dislodged material away. Because of these features, wedge wire screens
can be an attractive option for power plant operators. However, because of the low through flow velocity design (0.5
feet per second (fps) or less) and need for relatively large screen surface area, their use has been mainly limited to
facilities with lower cooling water requirements in New York State (personal observation).

Laboratory studies of wedge wire screens at the more narrow slot widths (<2.0 mm) have been shown to be effective
at reducing the entrainment of early life stages of fish, and the impingement of older fish is virtually eliminated
(Weisburg, et. al., 1987; EPRI 2003). The protective features of the screens are due to: 1) physical exclusion of
organisms by the narrow screen slot widths (0.5 - 11.5 mm slot widths are available), 2) low through slot withdrawal
velocities of 0.5 feet per second or less, 3) rapid dissipation of the through flow velocity as you move away from the
surface of cylindrical shaped screens, which allows organisms with weak swimming abilities (e.g. fish larvae) an
increased chance for escape, and 4) the placement of the screens within the waterbody which provides organisms with
numerous escape routes from the screens.

Wedge wire screens with 2.0 mm slot widths are most commonly used in New York State. This slot width is narrow
enough to provide a high degree of protection in most cases, while also allowing for relative operational ease.
Entrainment studies conducted at the Brooklyn Navy Yard Cogeneration facility, and at other plants have shown that
2.0 mm slot wedge wire screens utilizing through slot withdrawal velocities of 0.5 fps or less, exclude well over 90%
of the larvae of several species of fish (e.g. bay anchovy, winter flounder, gobies, grubby sculpin) that are greater than
15 mm total length (EA 1998). However, a 2.0 mm wedge wire provides less protection for eggs and smaller larvae
(Weisburg et. al., 1987).

Barrier Nets

Since 1976, an impingement barrier net has been deployed around the cooling water intake structure to mitigate fish
impingement at the Bowline Point Generating Station. This facility consists of two 600 MW generating units located
on the west shore of the Hudson River. A design cooling water flow of 912 MGD is withdrawn from a small bay,
named Bowline Pond. The barrier net is deployed within the pond, extending the full depth of the water column, and
is approximately 560 feet in length. The net is constructed of 0.38 inch multi-filament nylon mesh and is equipped
with float lines, anchor attachments, a de-icing bubbler and debris boom. Annual deployment of the net occurs during
historic peak impingement season at the Station, usually from early fall (October-November) through spring (May-
June), and has proven to be effective in reducing impingement of fish at the Station. An impingement monitoring
program, in effect since 1974, is used to evaluate the nets performance. Figure 5 shows the annual estimated
impingement abundance (all species) from 1974 to 1999. Following deployment of the barrier net in 1976 and its
refinement in 1977, the abundance of fish impinged has been reduced from more than 600,000 fish per year to an
average of about 30,000 fish per year. Species such as white perch have benefited in particular, as they are typically
impinged in greatest numbers during the colder months when the barrier net is in place (Normandeau 2001).

Occasional problems have occurred that affected net efficiency. A buildup of algae in 1981, and large amounts of
detritus and leaf litter in 1982, 1987 and 1988, each caused the net to lift off the bottom and allow fish to enter the
Station’s intake thereby increasing impingement. In December 1999, the net was damaged by a submerged tree,
leading to a high impingement episode over the first few days of the month. A regular inspection and maintenance
program and impingement monitoring is important for ensuring that the barrier net remains intact and continues to
keep fish out of the plant.

The barrier net at Bowline turned out to be a win-win situation for the environment and the station operators. The

heavy debris load that often occurs in Bowline Pond frequently required station personnel to spend hours raking
debris from the trash bar racks. The debris boom and the barrier net effectively eliminated this problem.
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Behavioral Deterrent Systems - High frequency sound

The J.A. Fitzpatrick NGS is an 821 MW facility, located on the south shore of Lake Ontario. The Station has an
offshore intake and historically impinges several hundred thousand fish per year, of which approximately 70% are
alewife. The alewife is a delicate species that does not survive the mechanical stresses of impingement well - even
from modified traveling intake screens. Because the alewife is the major species impinged at Lake Ontario power
plants, technologies that avoid impingement can provide superior impingement mitigation at this and other Lake
Ontario power plants.

A number of behavioral deterrent systems (e.g. fish hammers, hanging chains, bubble curtains, strobe and mercury
lights, etc.) have been studied by utilities in New York State for reducing impingement impacts. High frequency
sound is the only behavioral deterrent technology shown to be effective and currently in use as an impingement
mitigation technology in New York State. The technology is in use at the J. A. Fitzpatrick NGS and has effectively
reduced the impingement of alewife at the Station. The fish deterrent system, known by the trademark “Fish Startle
System”, emits a high frequency broadband sound (122 - 128 KHz) at a source level of 190 decibels. The system has
three major components: the integrated projector assemblies (IPAs), the power source taken from the heated bar rack
supply and the computerized control panel. The IPAs contain the signal generators and transducers that emit at high
frequency broadband sound which members of the herring family avoid. (Ross et. al. 1996).

In 1989, the New York Power Authority, who owned and operated the Fitzpatrick NGS, started developing the
mitigation system after learning that high frequency sound evoked a strong avoidance effect in some species of
herring. Laboratory testing was successfully conducted on alewife, then a temporary acoustic deterrent system was
developed and tested in Lake Ontario in 1991. Preliminary results showed that the number of fish in front of the
Fitzpatrick intake was reduced by 81 to 87% when the system was operated. Between April and July 1993, a second
full scale test was conducted. Paired impingement samples were collected with the system on/off and compared
against impingement samples collected at the nearby Nile Mile Point Unit 1 NGS (control facility). The Nile Mile
Point Station is a similar sized NGS, with a similar off shore velocity-cap type intake structure. Ross et. al. (1996)
reported the overall effectiveness of the system to be 84% (i.e. an 84 % reduction in impingement as compared to the
control facility).

In 1995, the NYSDEC determined the acoustic deterrent system to be BTA for minimizing adverse environmental
impact at the Fitzpatrick NGS, and the acoustic deterrent system has been in use since that time. Because high
frequency sound has only been shown to be effective for certain clupeid species (alewife, blueback herring and
American shad), the technology has limited application. The preliminary cost of a permanent fish deterrent system at
the Fitzpatrick NGS was estimated to be about $775,000 dollars (1993 dollars). The system was later reconfigured to
eliminate unnecessary transducers, reducing the cost to $525,000 dollars. Operational costs are about $120,000
dollars per year (Dunning and Ross 1998).

Aquatic Filter Barrier (AFB) Systems

An emerging technology for protecting aquatic organisms of almost all sizes from cooling water intakes is the aquatic
filter barrier (AFB) system. Designed by the Gunderboom Company as a sediment barrier and oil boom, it has been
modified and developed for placement around cooling water intakes for impingement and entrainment mitigation.
The AFB system is a full depth curtain barrier, constructed of polyester fibers pressed into a water permeable fabric
mat. Additional components of the AFB include anchors, flotation billets, an air back wash cleaning system and
electronic monitoring equipment. The original fabric tested had a nominal pore space of 20 microns (0.02 mm) which
is capable of excluding all life stages of fish. The original AFB was designed for a flow rate of approximately 5
gallons per minute per square foot (0.01 feet per second) (Gunderboom Inc., personal communication). The fabric
can be made with perforations to increase filtration rate and facilitate cleaning, without compromising its
effectiveness in excluding fish eggs and larvae. More recently, experiments with various fiber diameters, curtain
thickness and perforation sizes and density have been conducted in order to optimize the AFB design.
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Between 1995 and 2000, the technology was developed at the Lovett Generating Station, located on the west bank of
the Hudson River Estuary. The station has a once through cooling system with a design capacity of 4991 MGD. A
series of studies were conducted to evaluate impingement, entrainment, operational reliability and the influence of
biological growth on the fabric. Samples of eggs and larvae were collected at both Unit 3 (protected with an AFB)
and at Unit 4 (unprotected) in 1995, 1998 and 2000. Despite some early operational problems, the studies indicate
that the boom reduced the entrainment of eggs and larvae by approximately 80% (LMS 2001). Additional laboratory
studies have found that American shad eggs and day-old larvae in contact with the fabric at design flows were not
adversely affected (NYSDEC, unpublished data). The AFB was determined to be BTA for the Lovett Generating
Station in early 2003.

The Arthur Kill Station is a 713 MGD facility located in Staten Island, along the Arthur Kill tidal straight. This
facility in the past has impinged more than 10 million fish per year. Conceptual engineering plans for an AFB are
currently being developed for the Station’s entire cooling water flow. A preliminary cost estimate for a 3,000 foot
long AFB (66,000 square foot filter area) at the Arthur Kill Station was $10.6 million dollars. This cost includes
55,000 cubic yards of dredging and disposal costs of $2.75 million dollars. Operation and maintenance costs were
estimated to be between $310 to $500,000 dollars per year (LMS 2002).

The technology is also planned for use at several new combined cycle facilities to be located along the Hudson River
such as the Bowline Unit 3, Bethlehem Energy Center and the Empire State Newsprint Project. For these facilities,
which will use closed cycle cooling, a smaller AFB will be required, and is expected to virtually eliminate
impingement and entrainment impacts.

Conclusion

This paper has presented a wide range of alternatives that the NYSDEC has implemented over the last 25+ years to
achieve BTA for minimizing adverse environmental impacts from the operation of cooling water intake systems.
These alternatives have ranged from relatively simple fixes to substantially complex and expensive mitigation
projects, depending upon the magnitude of impingement and entrainment, site specific considerations and cost of
mitigation. Consistent with other environmental protection programs, an evolution of increased protection at cooling
water intakes has taken place over this period. This is most evident in the NYSDEC’s increased focus on minimizing
the entrainment of early life stages of fish. For Hudson River species, more than a quarter century of data collection
and modeling of losses to juvenile fish populations indicates that the entrainment of early life stages is a major aquatic
impact resulting from power plant operation. Entrainment mitigation alternatives are more limited, and generally
much more costly than impingement mitigation, and therefore they present added difficulties. However, protecting all
life stages of fish at cooling water intakes will continue to be the NYSDEC’s goal, and this work will no doubt
continue to be challenging.
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Figure 1. Cross section of screen panel showing modified screen rail, flow pattern and sheltered region created within rail.

From Fletcher (1990).
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Figure 2. Plan of intake channel equipped with a through flow screen (a) and dual flow screen (b). From Fletcher (1994).

-52 -



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

Fumuov DISORDER

FISH IMPINGED ON SCREEN

BYPASS

s 7 1 5 4 3 2 1

Figure 3. Plot of flow trajectories for dual flow screen model at 45 cm/s, showing corner flow separation. From Fletcher
(1994).
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Figure 4. Top view of an elliptical fairing for a dual flow intake screen. Arrows show the direction of flow before turning into
screen face. From Fletcher (1994).
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Figure 5. Estimated impingement abundance at Bowline Point Generating Station, 1974-1999. Barrier net was in first deployed
in 1976. From Normandeau Associates (2001).

-53 -



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

California
Richard L. Wantuck, NOAA Fisheries, Santa Rosa, California

BIOSKETCH

Mr. Wantuck is currently Chief of Fisheries Bioengineering for NOAA Fisheries, Southwest Region of the U.S.
Department of Commerce in Santa Rosa, CA. Mr Wantuck was educated at the University of the State of New York
and Cornell University, receiving (2) Bachelor of Science degrees and a Masters degree in the fields of Sociology and
Government, Environmental Science and Technology, and Aquacultural Engineering. Mr. Wantuck was a former
small business owner in the water treatment field- servicing water resource and water quality needs of commercial,
residential, and industrial clients. Mr. Wantuck is a U.S. Navy Veteran, who served honorably for 6 years in the Navy
Nuclear Propulsion Engineering Program. Mr. Wantuck has more than 20 years experience in various aspects of
water resources and hydraulic engineering, as well as natural resource and aquatic species protection.

TECHNICAL PAPER

Introduction

Cooling Water Intake Structures at power plants are required to meet certain standards of fish protection as mandated
by the Clean Water Act 316(b) Final Rule (2003), as well as other regulatory statutes in various areas across the
nation. These standards are based on the idea of protecting sensitive fisheries populations, and the ecosystem as a
whole, from serious and irreversible decline. Natural resource agencies seek to prevent entrainment, impingement,
and predation of aquatic species at the point of diversion via proven technologies. On the West Coast, the
conventional method of achieving these goals is through the use of positive barrier fish screens. In recent times,
however, a number of new technologies have been promoted as a more cost effective means of achieving the required
level of fish protection. Recognizing this technology question, the National Oceanic and Atmospheric
Administration’s Fisheries Office (NOAA Fisheries) promulgated a set of Agency guidelines entitled: Experimental
Fish Guidance Devices (1994), to govern the development, implementation, and evaluation procedures used to assess
the efficacy of any given technology in California. The American Fisheries Society (AFS) Bio-Engineering Section
also produced: Guidelines for Evaluating Fish Passage Technologies (2000). These two documents are resources
for researchers and professionals in the fish passage and fish protection field.

Discussion

NOAA Fisheries, a branch of the U.S. Department of Commerce, has been involved with fish passage technology
development on the west coast for more than forty years. The Endangered Species Act, Federal Power Act, Fish &
Wildlife Coordination Act, and other federal statutes mandate protection of fisheries resources from impacts created
by water withdrawals and other human activities. In recent years, the most common applications in California have
been directed at preventing harm to juvenile salmonids (plus other riverine, estuarine, and marine species) at
agricultural, municipal, and power plant intakes. Conventional technologies such as positive barrier fish screens are
well understood through years of operations and evaluation. They are the standard technology for salmon protection
in the western states because of the physical barrier they provide. A physical barrier offers the highest assurance for
entrainment prevention for all Atarget species. However, these systems are often very expensive to design and
construct for large scale water diversions. Thus, innovative new technologies have been developed which have the
potential of providing some degree of fish protection in a more cost-effective manner.

Due to seriously declining fish population trends over the past fifty years, and subsequent natural resource agency
decisions to list numerous Pacific salmon stocks under the federal Endangered Species Act, NOAA Fisheries adopted
a stringent standard for fish protection at water diversions and hydropower intakes.

The standard is based on equaling or exceeding the protection efficiency offered by the best available technology-
positive barrier fish screens. If a particular alternative technology can demonstrate that it matches or exceeds this
level of performance, then NOAA Fisheries is likely to accept it. However, no new technologies have been able to
meet the scientific threshold for success. Therefore, West Coast natural resource agencies have been reluctant to
approve these systems for widespread use where endangered or threatened species are concerned.
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Over the past quarter century, the NOAA Fisheries western regions closely monitored several field prototypes which
featured Abehavioral barrier technologies. These demonstration projects applied a number of devices which sought to
elicit an Aavoidance behavior from fish in the vicinity of large water diversions. Typical systems included the use of
sound-emitting equipment and underwater electrical fields which were intended to provide an Ainvisible barrier
between fish and the water intake. Unfortunately, the results of these experiments were inconclusive, and they did not
prove as effective as conventional positive barriers."

The inconclusive outcomes of field prototype testing over many years led NOAA Fisheries, and later the AFS
Bioengineering Section, to publish formal guidelines to ensure that laboratory and field experiments are conducted in
a scientific and statistically valid fashion. The objective is to offer a standard testing protocol that all technology
development efforts can follow. In this way, natural resource agencies, which have the responsibility of conserving
the nation’s fisheries resources can be assured that the technology development process is scientifically objective, and
consistent among all applicants.

NOAA Fisheries Southwest Region published Experimental Fish Guidance Devices (1994) to assist consultants,
industries, and manufacturers in following a logical, stepwise process for technology development where fish
facilities are needed in California (see appendix A).”> The process includes five discrete steps:

1) Consider earlier research

2) Develop a Study Plan

3) Conduct Laboratory Research
4) Evaluate Prototype Units

5) Study Results

Seeking to refine the technology development process further, the AFS Bioengineering Section published a document
titled: Guidelines for Evaluation of Fish Passage Technologies (2000) (see Appendix B)’. This work provides
additional background information such as- technology definitions, controversial issues, existing guidelines and
recommendations, and guideline implementation. It describes a Aphased process for technology development:

Phase 1 - Conceptual Development

Phase 2 - Laboratory Evaluation

Phase 3 - Prototype Evaluation

Phase 4 - Technology Selection and Application

The relationship between these two sets of guidelines is a complementary one in many respects. The NOAA Fisheries
guidelines are specific to salmon protection in the western United States; though they serve as a good template to
follow elsewhere, and for other species. These rules serve as a basis for government regulatory procedures within the
jurisdiction of the Agency. The AFS Bioengineering guidelines represent a broader set of informative material. They
deal with technical and scientific details to a greater degree. It should be noted that both documents contain a

e, g.- Reclamation Districts 108 and 1004, Sacramento River, CA (1994-1996). Georgiana Slough acoustic testing, San
Francisco Delta (1996)

% NOAA Fisheries Northwest Region produced a similar document for use in the northwest states, nearly identical to the
Southwest Region.

Internet websites: Southwest Region- http://swr.nmfs.noaa.gov/habitat.htm
Northwest Region: http://www.nwr.noaa.gov/1hydrop/exp_techl.htm

* Internet website: http://www.afsbioengineering.org/fish_pass_comm.htm
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common theme: development of new technologies for fish protection must be validated with a deliberate, scientific
approach before they can be accepted as Amain-stream solutions for widespread use in the United States.

Conclusion

Fisheries resources all over the world have come under intense pressure in the modern era due to human activities.
Water diversions represent a threat to viable fish habitats unless their impacts can be effectively mitigated. New
technologies show promise for minimizing the damages in a cost-effective way. However, it is not in the interest of
natural resource agencies representing the federal (and state) government, or the AFS, to allow unproven technologies
to proliferate without considerable proof that they work in the field, as advertised. This is why it is important for
consultants, manufacturers, and industries to observe the guidelines that have been set forth. Working in unison,
toward common goals, there is every reason to anticipate that new technologies will become an increasingly
important and effective tool for the protection of our nation’s living aquatic resources.
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Appendix A

EXPERIMENTAL FISH GUIDANCE DEVICES
Position Statement of
National Marine Fisheries Service
Southwest Region

January 1994

NMES Southwest Region Position Paper on Experimental Technology
for Managing Downstream Salmonid Passage

INTRODUCTION

Numerous stocks of salmon and steelhead trout in California streams are at low levels and many stocks continue to
decline. The Sacramento River winter-run chinook salmon is listed as "endangered" under the Federal Endangered
Species Act. Petitions for additional listings are pending. It is essential to provide maximum protection for juveniles
to halt and reverse these declines.

The injury or death of juvenile fish at water diversion intakes have long been identified as a major source of fish
mortality [Spencer 1928, Hatton 1939, Hallock and Woert 1959, Hallock 1987]. Fish diverted into power turbines
experience up to 40 percent mortality as well as injury, disorientation, and delay of migration [Bell, 1991], while
those entrained into agricultural and municipal water diversions experience 100 percent mortality. Diversion mortality
is the major cause of decline in some fish populations.

Positive barrier screens have long been tested and used to prevent or reduce the loss of fish. Recent decades have

seen an increase in the use and effectiveness of these screens and bypass systems; they take advantage of carefully
designed hydraulic conditions and known fish behavior. These positive systems are successful at moving juvenile
salmonids past intakes with a minimum of delay, loss or injury.

The past few decades have also seen much effort in developing "startle" systems to elicit a taxis (response) by the fish
with an ultimate goal of reducing entrainment. This Position Statement addresses research designed to prevent fish
losses at diversions and presents a tiered process for studying, reviewing, and implementing future fish protection
measures.

JUVENILES AT INTAKES

The three main causes of delay, injury, and loss of fish at water intakes are entrainment, impingement, and predation.
Entrainment occurs when the fish is pulled into the diversion and passes into a canal or turbine. Impingement is
where a fish comes in contact with a screen, a trashrack, or debris at the intake. This causes bruising, descaling, and
other injuries. Impingement, if prolonged, repeated, or occurs at high velocities also causes direct mortality.
Predation also occurs. Intakes increase predation by stressing or disorienting fish and/or by providing habitat for fish
and bird predators.

A. Positive Barriers

Positive barrier screen systems and criteria for their design have been developed, tested, and proved to minimize harm
caused at diversions. Positive barriers do not rely on active fish behavior; they prevent physical entrainment with a
physical barrier. Screens with small openings and good seals are designed to work with hydraulic conditions at the
site, providing low velocities normal to the screen face and sufficient sweeping velocities to move fish past the
screen. These screens are very effective at preventing entrainment [Pearce and Lee 1991]. Carefully designed bypass
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systems minimize fish exposure to screens and provide hydraulic conditions that return fish to the river, preventing
both entrainment and impingement [Rainey 1985]. The positive screen and fish bypass systems are designed to
minimize predation, and to reduce mortality, stress, and delay from the point of diversion, through the bypass facility,
and back the river.

Carefully designed positive barrier screen and bypass systems have been installed and evaluated at numerous facilities
[Abernethy et al 1989, 1990, Rainey, 1990, Johnson, 1988]. A variety of screen types (e.g. flat plate, chevron, drum)
and screen materials (e.g. woven cloth, perforated plate, profile wire), have proved effective, taking into consideration
their appropriateness for each site. Well-designed facilities consistently result in a guidance efficiency of over 95
percent [ Hosey, 1990, Neitzel, 1985, 1986, 1990 a,b,c,d, Neitzel, 1991].

The main drawback to positive barrier screens is cost. At diversions of several hundred cubic feet per second or
greater, the low velocity requirement and structural complexity can drive the cost for fish protection and the
associated civil works over a million dollars. At the headwork, the need to clean the screen, remove trash, and
provide regular maintenance (e.g. seasonal installation, replacing seals, etc.) also increase costs.

B. Behavioral Devices

Due to higher costs of positive barrier screens, there has been much experimentation since 1960 to develop behavioral
devices as a substitute for barrier screens [EPRI, 1986]. A behavioral device, as opposed to a positive (physical)
barrier, requires a volitional taxis on the part of the fish to avoid entrainment. Early efforts were designed to either
attract or repel fish. These studies focused on soliciting a behavioral response from the fish, usually noticeable
agitation. Using these startle investigations to develop effective fish guidance systems has not been effective.
Experiments show that there is a large response variation between individual fish of the same size and species.
Therefore, it cannot be predicted that a fish will always move toward or away from a certain stimulus. Even when
such a movement is desired by a fish, it often cannot discern the source or direction of the signal and choose a safe
escape route.

Many behavioral devices do not incorporate and us