§ 316(b) Phase IT TDD Attachment A to Chapter 3

Attachment A to Chapter 3
COOLING WATER INTAKE STRUCTURE TECHNOLOGY FACT SHEETS



§ 316(b) Phase IT TDD Attachment A to Chapter 3

I ntake Screening Systems Fact Sheet No. 1. Single-Entry, Single-Exit
Vertical Traveling Screens (Conventional
Traveling Screens)

Description:

Thesingle-entry, single-exit vertical traveling screens (conventional traveling screens) consist
of screen panels mounted on an endless belt; the belt rotates through the water vertically. The
screen mechanism consists of the screen, the drive mechanism, and the spray cleaning system.
Most of the conventional traveling screens are fitted with 3/8-inch mesh and are designed to
screen out and prevent debrisfrom clogging thepump and the condenser tubes. Thescreen mesh
is usually supplied in individual removable pands referred to as“ baskets’ or “trays’.

The screen washing system consists of a line of spray nozzles operating at a reatively high
pressure of 80 to 120 pounds per squareinch (psi). The screens are usually designed to rotate
at a single speed. The screens are rotated either at predetermined intervals or when a
predetermined differential pressureis reached across the screens based on theamount of debris
in the intake waters.

Because of this intermittent operation of the conventional traveling screens, fish can become
impinged against the screens during the extended period of timewhilethe screens are stationary
and eventually die. When the screens are rotated the fish are removed from the water and then
subjected to a high pressure spray; the fish may fall back into the water and become re-
impinged or they may be damaged (EPA, 1976, Pagano et al, 1977).

Testing Facilities and/or Facilities Using the Technology:
. The conventional traveling screens are the most common screening device presently
used at steam dectric power plants. Sixty percent of all the facilities use this
technology at their intake structure (EEI, 1993).
Resear ch/Operation Findings:

. The conventional single-entry single screen is the most common device resulting in
impacts from entrainment and impingement (Fritz, 1980).

Design Consider ations:

. Thescreensareusually designed structurally to withstand adifferential pressureacross
their face of 4 to 8 feet of water.

. Therecommended normal maximumwater vel ocity through thescreenisabout 2.5 feet
per second (ft/sec). This recommended velocity is where fish protection is not a factor
to consider.

. Thescreens normally travel at one speed (10 to 12 feet per minute) or two speeds (2.5
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I ntake Screening Systems Fact Sheet No. 1: Single-Entry, Single-Exit
Vertical Traveling Screens (Conventional
Traveling Screens)

to 3 feet per minute and 10 to 12 feet per minute). These speeds can be increased to
handle heavy debris load.

Advantages:
. Conventional traveling screens are a proven “ off-the-shelf” technology that is readily
available.
Limitations:
. Impingement and entrainment are both major problems in this unmodified standard
screen installation, which is designed for debris removal not fish protection.
Refer ences:

ASCE. Design of Water Intake Structures for Fish Protection. Task Committee on Fish-Handling
Capability of Intake Structures of the Committee on Hydraulic Structures of the Hydraulic Division of
the American Society of Civil Engineers, New York, NY. 1982.

EEI Power Statistics Database. Prepared by the Utility Data Institute for the Edison Electric Institute.
Washington, D.C., 1993.

Fritz, E.S. Cooling Water Intake Screening Devices Used to Reduce Entrainment_and | mpingement.
Topical Briefs. Fish and Wildlife Resources and Electric Power Generation, No. 9. 1980.

Pagano R. and W.H.B. Smith. Recent Developmentsin Techniquesto Protect Aguatic Organisms at the
Intakes of Steam-Electric Power Plants. MITRE Corporation Technical Report 7671. November 1977.

U.S. EPA. Devdopment Document for Best Technology Available for the Location, Design,
Construction, and Capacity of Cooling Water | ntake Structuresfor Minimizing Adverse Environmental
Impact. U.S. Environmental Protection Agency, Effluent Guiddines Division, Office of Water and
Hazardous Materials. EPA 440/1-76/015-a. April 1976.
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I ntake Screening Systems Fact Sheet No. 2: Modified Vertical
Traveling Screens

Description:

Modified vertical traveling screens are conventional traveling screens fitted with a collection
“bucket” beneath thescreen pand. Thisintake screening systemis also called a bucket screen,
Ristroph screen, or a Surry Type screen. The screens are modified to achieve maximum
recovery of impinged fish by maintaining them in water while they arelifted to arelease point.
The buckets run along the entire width of the screen panels and retain water while in upward
motion. At theuppermost point of travel, water drainsfrom thebucket but impinged organisms
and debris areretained in the screen panel by adeflector plate. Two material removal systems
are often provided instead of the usual single high pressure one. The first uses low-pressure
spray that gently washes fish into a recovery trough. The second system uses the typical high-
pressure spray that blasts debris into a second trough. Typically, an essential feature of this
screening device is continuous operation which kegps impingement times relatively short
(Richards, 1977; Mussalli, 1977; Pagano et a., 1977; EPA , 1976).

Testing Facilities and/or Facilities Using the Technology:

Facilities which have tested the screensinclude: the Surry Power Stationin Virginia (White et
a, 1976) (the screens have been in operation since 1974), the Madgett Generating Station in
, Wisconsin, the Indian Point Nuclear Generating Station Unit 2 in New York, the Kintigh
(formerly Somerset) Generating Station in New Jersey, the Bowline Point Generating Station
(King et a, 1977), the Roseton Generating Station in New Y ork, the Danskammer Generating
Station in New York (King et al, 1977), the Hanford Generating Plant on the Columbia River
in Washington (Page et al, 1975; Fritz, 1980), the Salem Genereating on the Ddlaware River
in New Jersey, and the Monroe Power Plant on the Raisin River in Michigan.

Resear ch/Operation Findings:

M odified traveling screens have been shown to have good potential for alleviating impingement
mortality. Some information is available on initial and long-term survival of impinged fish
(EPRI, 1999; ASCE, 1982; Fritz, 1980). Specific research and operation findings are listed
below:

. In 1986, the operator of the Indian Point Station redesigned fish troughs on the Unit 2
intake to enhance survival. Impingement injuries and mortality were reduced from 53
to 9 percent for striped bass, 64 tol4 percent for white perch, 80 to 17 percent for
Atlantic tomcod, and 47 to 7 percent for pumpkinseed (EPRI, 1999).

. The Kintigh Generating Station has modified traveling screens with low pressure
sprays and afish return system. After enhancements to the system in 1989, survivals
of generally greater than 80 percent have been observed for rainbow smelt, rock bass,
gpottail shiner, white bass, white perch, and yellow perch. Gizzard shad survivals have
been 54 to 65 percent and alewife survivals have been 15 to 44 percent (EPRI, 1999).
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I ntake Screening Systems Fact Sheet No. 2: Modified Vertical
Traveling Screens

. Long-term survival testing was conducted at the Hanford Generating Plant on the
Columbia River (Page et al, 1975; Fritz, 1980). In this study, 79 to 95 percent of the
impinged and collected Chinook salmon fry survived for over 96 hours.

. Impingement data collected during the 1970s from Dominion Power’s Surry Station
indicated a93.8 percent survival rateof all fishimpinged. Bay anchovieshad thelowest
survival rate of 83 percent. The facility has modified Ristroph screens with low
pressure wash and fish return systems (EPRI 1999).

. At the Arthur Kill Station, 2 of 8 screens aremodified Ristroph type; the remaining six
screens are conventional type. The modified screens have fish collection troughs, low
pressure spray washes, fish flap seals, and separate fish collection sluices. 24-hour
survival for theunmodified screens averages 15 percent, whilethetwo modified screens
have 79 and 92 percent average survival rates (EPRI 1999).

Design Consider ations:

. The same design considerations as for Fact Sheet No. 1: Conventional Vertical
Traveing Screens apply (ASCE, 1982).

Advantages:

. Traveding screensare a proven “ off-the-shelf” technology that isreadily available. An
essential feature of such screensis continuous operation during periods wherefish are
being impinged compared to conventional traveling screens which operate on an
intermittent basis

Limitations:

. The continuous operation can result in undesirable maintenance problems (Mussalli,
1977).

. Vdocity distribution across the face of the screen is generally very poor.

Latent mortality can be high, especially where fragile species are present.
Refer ences:
ASCE. Design of Water Intake Structures for Fish Protection. Task Committee on Fish-Handling

Capability of Intake Structures of the Committee on Hydraulic Structures of the Hydraulic
Division of the American Society of Civil Engineers, New York, NY. 1982.

Electric Power Research Institute (EPRI). Fish Protection at Cooling Water Intakes: Status Report.
1999.
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I ntake Screening Systems Fact Sheet No. 2: Modified Vertical
Traveling Screens

EPRI. Intake Technologies: Research Status. Electric Power Research I nstitute GS-6293. March 1989.

U.S. EPA. Devdopment Document for Best Technology Available for the Location, design,
Construction, and Capacity of Cooling Water Intake Structures for Minimizing Adverse
Environmental Impact. Environmental Protection Agency, Effluent Guideines Division, Office
of Water and Hazardous Materials, EPA 440/1-76/015-a. April 1976.

Fritz, E.S. Cooling Water Intake Screening Devices Used to Reduce Entrainment and | mpingement.
Topical Briefs: Fish and Wildlife Resources and Electric Power Generation, No. 9, 1980.

King, L.R., J.B. Hutchinson, Jr. and T.G. Huggins. “Impingement Survival Studies on White Perch,
Striped Bass, and Atlantic Tomcod at Three Hudson Power Plants’. In Fourth National
Workshop on Entrainment and Impingement, L.D. Jensen (Editor) Ecological Analysts, Inc.,
Méville, NY. Chicago, December 1977.

Mussali, Y.G., “Engineering Implications of New Fish Screening Concepts’. In Fourth National
Workshop on Entrainment and Impingement, L.D. Jensen (Editor). Ecological Analysts, Inc.,
Méville, N.Y. Chicago, December 1977, pp 367-376.

Pagano, R. and W.H.B. Smith. Recent Developments in Techniques to Protect Aquatic Organisms at
the Intakes Steam-Electric Power Plants. MITRE Technical Report 7671. November 1977.

Richards, R.T. “Present Engineering Limitations to the Protection of Fish at Water Intakes”. In Fourth
National Workshop on Entrainment and Impingement, pp 415-424. L.D. Jensen (Editor).
Ecological Analysts, Inc., Mdville, N.Y. Chicago, December 1977.

White, J.C. and M.L. Brehmer. “ Eighteen-Month Evaluation of the Ristroph Traveling Fish Screens’.
InThird National Workshop on Entrainment and |mpingement. L.D. Jensen (Editor). Ecological
Analysts, Inc., Médville, N.Y. 1976.
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Sheet No. 3: Inclined Single-Entry, Single-
Exit Traveling Screens (Angled
Screens)

I ntake Screening Systems

Description:

Inclined traveling screens utilize standard through-flow traveling screenswherethe screensare
set at an angleto theincoming flow as shown inthefigure below. Angling the screensimproves
thefish protection effectiveness of theflush mounted vertical screenssincethefishtendtoavoid
the screen face and move toward the end of the screen line, assisted by a component of the
inflow velocity. A fish bypass facility with independently induced flow must be provided. The
fish have to be lifted by fish pump, eevator, or conveyor and discharged to a point of safety
away from the main water intake (Richards, 1977).

Testing Facilities and/or Facilities Using the Technology:
Angled screens have been tested/used at the following facilities: the Brayton Point Station Unit

4 in Massachusetts; the San Onofre Station in California; and at power plants on Lake Ontario
and the Hudson River (ASCE, 1982; EPRI, 1999).

Resear ch/oper ation Findings:

. Angled traveling screens with a fish return system have been used on the intake for
Brayton Paint Unit 4. Studies from 1984 through 1986 that evaluated the angled
screens showed a diversion efficiency of 76 percent with latent survival of 63 percent.
Much higher results were observed excluding bay anchovy. Survival efficiency for the
major taxa exhibited an extremdy wide range, from 0.1 percent for bay anchovy to 97
percent for tautog. Generally, the taxa fdl into two groups: a hardy group with
efficiency greater than 65 percent and a sensitive group with efficiency less than 25
percent (EPRI, 1999).

. Southern California Edison at its San Onofre steam power plant had more successwith
angled louvers than with angled screens. The angled screen was rejected for full-scale
use because of the large bypass flow required to yield good guidance efficienciesin the
test facility.

Design Consider ations:

Many variables influence the performance of angled screens. The following recommended
preliminary design criteriawere developedinthe studiesfor the L ake Ontario and Hudson River
intakes (ASCE, 1982):

. Angle of screen to the waterway: 25 degrees
. Average velocity of approach in the waterway upstream of the screens: 1 foot per
second
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Sheet No. 3: Inclined Single-Entry, Single-

I ntake Screening Systems _ _
Exit Traveling Screens (Angled

Screens)
. Ratio of screen veocity to bypass veocity: 1:1
. Minimum width of bypass opening: 6 inches
Advantages:

. Thefish are guided instead of being impinged.

. Thefish remain in water and are not subject to high pressurerinsing.
Limitations:
. Higher cost than the conventional traveling screen
. Angled screens need a stable water elevation.
. Angled screens require fish handling devices with independently induced flow

(Richards, 1977).

Refer ences:

ASCE. Design of Water Intake Structures for Fish Protection. Task Committee on Fish-Handling
Capability of Intake Structures of the Committee on Hydraulic Structures of the Hydraulic Division
of the American Society of Civil Engineers, New York, NY. 1982.

Electric Power Research Institute (EPRI). Fish Protection at Cooling Water Intakes: Status Report.
1999.

U.S. EPA. Devdopment Document for Best Technology Available for the Location, Design,
Construction, and Capacity of Cooling Water Intake Structuresfor Minimizing Adverse Environmental
Impact. U.S. Environmental Protection Agency, Effluent Guiddines Division, Office of Water and
Hazardous Materials. EPA 440/1-76/015-a. April 1976.

Richards, R.T. *Present Engineering Limitations to the Protection of Fish at Water Intakes’. In Fourth
National Workshop on Entrainment and Impingement, L.D. Jensen (Editor). Ecological Analysts, Inc.,
Méville, N.Y. Chicago. December 1977. pp 415-424.
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I ntake Screening Systems Fact Sheet No.4: Fine Mesh Screens
Mounted on Traveling Screens

Description:

Fine mesh screens are used for screening eggs, larvae, and juvenile fish from cooling water
intake systems. The concept of using fine mesh screensfor exclusion of larvaerelies on gentle
impingement on the screen surface or retention of larvae within the screening basket, washing
of screen pands or baskets to transfer organisms into a sluiceway, and then dluicing the
organisms back to the source waterbody (Sharma, 1978). Fine mesh with openings as small
as 0.5 millimeters (mm) has been used depending on the size of the organismsto be protected.
Fine mesh screens have been used on conventional traveling screens and single-entry, double-
exit screens. The ultimate success of aninstallation using fine mesh screensis contingent on the
application of satisfactory handling and recovery facilitiesto allow the safe return of impinged
organisms to the aquatic environment (Pagano et al, 1977).

Testing Facilities and/or Facilities Using the Technology:

The Big Bend Power Plant along Tampa Bay area has an intake canal with 0.5-mm mesh
Ristroph screens that are used seasonally on the intakes for Units 3 and 4. At the Brunswick
Power Plant in North Carolina, fine mesh used seasonally on two of four screens has shown 84
percent reduction in entrainment compared to the conventional screen systems.

Resear ch/Operation Findings:

. During the mid-1980s when the screens were initially installed at Big Bend, their
efficiency in reducing impingement and entrainment mortality was highly variable.
The operator evaluated different approach velocities and screen rotational speeds.
In addition, the operator recognized that frequent maintenance (manual cleaning)
was necessary to avoid biofouling. By 1988, system performance had improved
greatly. The system’s efficiency in screening fish eggs (primarily drums and bay
anchovy) exceeded 95 percent with 80 percent latent survival for drum and 93
percent for bay anchovy. For larvae (primarily drums, bay anchovies, blennies, and
gohies), screening efficiency was 86 percent with 65 percent latent survival for
drum and 66 percent for bay anchovy. Notethat latent survival in control samples
was also approximately 60 percent (EPRI, 1999).

. At the Brunswick Power Plant in North Carolina, fine mesh screen hasled to 84
percent reduction in entrainment compared to the conventional screen systems.
Similar results were obtained during pilot testing of 1-mm screens at the Chalk Point
Generating Station in Maryland. At the Kintigh Generating Station in New Jersey,
pilot testing indicated 1-mm screens provided 2 to 35 times reductionsin
entrainment over conventional 9.5-mm screens (EPRI, 1999).

. Tennessee Valley Authority (TVA) pilot-scale studies performed in the 1970s
showed reductions in striped bass larvae entrainment up to 99 percent using a 0.5-
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I ntake Screening Systems Fact Sheet No.4: Fine Mesh Screens

Mounted on Traveling Screens

Advantages:

Limitations:

Design Consider ations:

Biological effectiveness for the whole cycle, from impingement to survival in the source
water body, should be investigated thoroughly prior to implementation of this option. This
includes:

mm screen and 75 and 70 percent for 0.97-mm and 1.3-mm screens. A full-scale
test by TVA at the John Sevier Plant showed less than half as many larvae entrained
with a 0.5-mm screen than 1.0 and 2.0-mm screens combined (TVA, 1976).

Prdiminary results from a study initiated in 1987 by the Central Hudson and Gas
Electric Corporation indicated that the fine mesh screens collect smaller fish
compared to conventional screens; mortality for the smaller fish was rdatively high,
with similar survival between screens for fish in the same length category (EPRI,
1989).

The intake velocity should be low so that if thereis any impingement of larvae on
the screens, it is gentle enough not to result in damage or mortality.

The wash spray for the screen panels or the baskets should be low-pressure so as not
to result in mortality.

The sluiceway should provide smooth flow so that there are no areas of high
turbulence; enough flow should be maintained so that the sluiceway is not dry at any
time.

The species life stage, size and body shape and the ability of the organisms to
withstand impingement should be considered with time and flow ve ocities.

The type of screen mesh material used isimportant. For instance, synthetic meshes
may be smooth and have a low coefficient of friction, features that might help to
minimize abrasion of small organisms. However, they also may be more susceptible
to puncture than metallic meshes (Mussalli, 1977).

There areindications that fine mesh screens reduce entrainment.

Fine mesh screens may increase the impingement of fish, i.e., they need to be used in
conjunction with properly designed and operated fish collection and return systems.

Due to the small screen openings, these screens will clog much faster than those with
conventional 3/8-inch mesh. Frequent maintenance is required, especially in marine
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I ntake Screening Systems Fact Sheet No.4: Fine Mesh Screens
Mounted on Traveling Screens

environments.

Refer ences:

Bruggemeyer, V., D. Condrick, K. Durrd, S. Mahadevan, and D. Brizck. “Full Scale Operational
Demonstration of Fine Mesh Screens at Power Plant Intakes’. In Fish Protection at Steam and
Hydrodectric Power Plants. EPRI CS/EA/AP-5664-SR, March 1988, pp 251-265.

Electric Power Research Institute (EPRI). Fish Protection at Cooling Water Intakes: Status Report.
1999.

EPRI. Intake Technologies: Research Status. Electrical Power Research Institute, EPRI GS-6293.
March 1989.

Pagano, R., and W.H.B. Smith. Recent Developments in Techniques to Protect Aquatic Organisms
at the Intakes Steam-Electric Power Plants. MITRE Corporation Technical Report 7671. November
1977.

Mussdli, Y.G., E.P. Taft, and P. Hofmann. “ Engineering Implications of New Fish Screening
Concepts’. In Fourth Workshop on Larval Exclusion Systems For Power Plant Cooling Water
Intakes, San-Diego, California, February 1978, pp 367-376.

Sharma, R.K., “A Synthesis of Views Presented at the Workshop”. In Larval Exclusion Systems
For Power Plant Cooling Water Intakes. San-Diego, California, February 1978, pp 235-237.

Tennessee Valley Authority (TVA). A State of the Art Report on Intake Technologies. 1976.
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Passive | ntake Systems Fact Sheet No. 5: Wedgewire Screens

Description:

Wedgewire screens are designed to reduce entrainment by physical exclusion and by exploiting
hydrodynamics. Physical exclusion occurs when the mesh size of the screenis smaller than the
organisms susceptible to entrainment. Hydrodynamic exclusion results from maintenance of a
low through-slot velocity, which, because of the screen’s cylindrical configuration, is quickly
dissipated, thereby allowing organisms to escape the flow field (Weisberd et al, 1984). The
screens can be fine or wide mesh. The name of these screens arise from the triangular or
“wedge’ cross section of the wire that makes up the screen. The screen is composed of
wedgewire loops welded at the apex of their triangular cross section to supporting axial rods
presenting the base of the cross section to theincoming flow (Pagano et al, 1977). A cylindrical
wedgewire screen is shown in the figure below. Wedgewire screens are also called profile
screens or Johnson screens.

Testing Facilities and/or Facilities Using the Technology:

Wide mesh wedgewire screens are used at two large power plants, Eddystone and Campbell.
Smaller facilities with wedgewire screens include L ogan and Cope with fine mesh and Jeffrey
with wide mesh (EPRI 1999).

Resear ch/Operation Findings:

. In-situ observations have shown that impingement is virtually diminated when
wedgewire screens are used (Hanson, 1977; Weisherg et al, 1984).

. At Campbdl Unit 3, impingement of gizzard shad, smelt, yellow perch, alewife, and
shiner species is significantly lower than Units 1 and 2 that do not have wedgewire
screens (EPRI, 1999).

. The cooling water intakes for Eddystone Units 1 and 2 wereretrofitted with wedgewire
screens because over 3 million fish were reportedly impinged over a 20-month period.
The wedgewire screens have generally iminated impingement at Eddystone (EPRI,
1999).

. Laboratory studies (Heuer and Tomljanovitch, 1978) and prototype fied studies
(Lifton, 1979; Delmarva Power and Light, 1982; Weisberg et al, 1983) have shown
that fine mesh wedgewire screens reduce entrainment.

. One study (Hanson, 1977) found that entrainment of fish eggs (striped bass), ranging
in diameter from 1.8 mmto 3.2 mm, could be iminated with a cylindrical wedgewire
screen incorporating 0.5 mm slot openings. However, striped bass larvae, measuring
5.2 mmto 9.2 mm were generally entrained through a 1 mm slot at a level exceeding
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75 percent within one minute of release in the test flume.

. At the Logan Generating Station in New Jersey, monitoring shows shows 90 percent
less entrainment of larvae and eggs through the 1 mm wedgewire screen then
conventional screens. In situ testing of 1 and 2-mm wedgewire screens was performed
inthe St. John River for the Seminole Generating Station Units1 and 2 in Floridain the
late 1970s. This testing showed virtually no impingement and 99 and 62 percent
reductions in larvae entrainment for the 1-mm and 2-mm screens, respectively, over
conventional screen (9.5 mm) systems (EPRI, 1999).

Design Consider ations:

. To minimize clogging, the screen should be located in an ambient current of at least 1
feet per second (ft/sec).

. A uniform velocity distribution along the screen face is required to minimize the
entrapment of motile organisms and to minimize the need of debris backflushing.

. Innorthernlatitudes, provisionsfor theprevention of frazil iceformation onthescreens
must be considered.

. Allowance should be provided below the screens for silt accumulation to avoid
blockage of the water flow (Mussalli et a, 1980).

Advantages:

C Wedgewire screens have been demonstrated to reduceimpingement and entrainment in

laboratory and prototype field studies.
Limitations:

. The physical size of the screening device is limiting in most passive systems, thus,
requiring the clustering of a number of screening units. Siltation, biofouling and frazil
ice aso limit areas where passive screens such as wedgewire can be utilized.

J Because of theselimitations, wedgewire screens may be moresuitablefor closed-cycle
make-up intakesthan once-through systems. Closed-cyclesystemsrequirelessflow and
fewer screens than once-through intakes; back-up conventional screens can therefore
be used during maintenance work on the wedge-wire screens (Mussalli et al, 1980).

References:

Demarva Ecological Laboratory. Ecological Studies of the Nanticoke River and Nearby Area. Vol
Il. Profile Wire Studies. Report to Delmarva Power and Light Company. 1980.
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Passive | ntake Systems Fact Sheet No. 6. Perforated Pipes

Description:

Perforated pipes draw water through perforations or slots in a cylindrical section placed in the
waterway. Theterm “ perforated” is applied to round perforations and elongated slots as shownin
thefigurebelow. The early technology was not efficient: velocity distribution was poor, it served
specifically to screen out detritus, and was not used for fish protection (ASCE, 1982). Inner sleeves
have been added to perforated pipes to equalize the ve ocities entering the outer perforations. Water
entering asingle perforated pipeintakewithout aninternal sleevewill haveawiderange of entrance
velocities and the highest will be concentrated at the supply pipe end. These systems have been used
at locationsrequiring small amounts of water such as make-up water. However, experienceat steam
dectric plantsis very limited (Sharma, 1978).

Testing Facilities And/or Facilities Using the Technology:
Nine steam dectric unitsin the U.S. use perforated pipes. Each of these units uses closed-cycle
cooling systems with relatively low make-up intake flow ranging from 7 to 36 MGD (EEI,
1993).

Resear ch/Operation Findings:

. Maintenance of perforated pipe systems requires control of biofouling and removal of
debris from clogged screens.

. For withdrawal of reatively small quantities of water, up to 50,000 gpm, the perforated
pipeinlet with an internal perforated sleeve offers substantial protection for fish. This
particular design serves the Washington Public Power Supply System on the Columbia
River (Richards, 1977).

. No information is available on the fate of the organisms impinged at the face of such
screens.

Design Consider ations:

The design of these systemsis fairly well established for various water intakes (ASCE, 1982).
Advantages:

The primary advantage is the absence of a confined channd in which fish might become trapped.
Limitations:

Clogging, frazil ice formation, biofouling and removal of debris limit this technology to small
flow withdrawals.
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Description:

Porous dikes, also known as leaky dams or leaky dikes, are filters resembling a breakwater
surrounding a cooling water intake. The core of the dike consists of cobble or gravel, which
permits free passage of water. The dike acts both as a physical and a behavioral barrier to
aguatic organisms and is depicted in the figure below. The filtering mechanism includes a
breakwater or some other type of barrier and thefiltering core (Fritz, 1980). Tests conducted
to date have indicated that the technology is effective in excluding juvenile and adult fish.
However, its effectiveness in screening fish eggs and larvaeis not established (ASCE, 1982).

Testing Facilities and/or Facilities Using the Technology:

. Two facilities which are both testing facilities and have used the technology are: the
Point Beach Nuclear Plant in Wisconsin and the Baily Generating Station in Indiana
(EPRI, 1985). The Brayton Point Generating Station in Massachusetts has also tested
the technology.

Resear ch/Operation Findings:

J Schrader and K etschke (1978) studied a porous dike system at  the L akeside Plant on
L akeMichigan and found that numerousfish penetrated|argevoid spaces, but for most
fish accessibility was limited.

. The biological effectiveness of screening of fish larvae and the engineering
practicability have not been established (ASCE, 1982).

. The size of the pores in the dike dictates the degree of maintenance due to biofouling
and clogging by debris.
J Ice build-up and frazil ice may create problems as evidenced at the Point Beach

Nuclear Plant (EPRI, 1985).
Design Consider ations:

. The presence of currents past the dike is an important factor which may probably
increase biological effectiveness.

. Thesize of poresinthedike determinesthe extent of biofouling and clogging by debris
(Sharma, 1978).

. Filtering material must be of asizethat permitsfree passage of water but still prevents
entrainment and impingement.
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Dams
Advantages:
. Dikes can be used at marine, fresh water, and estuarine locations.
Limitations:
. Themajor problemwith porous dikes comesfrom clogging by debrisand silt, and from

fouling by colonization of fish and plant life.

. Backflushing, which is often used by other systems for debris removal, is not feasible
at a dike installation.

. Predation of organisms screened at these dikes may offset any biological effectiveness
(Sharma, 1978).
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Description:

Louver systemsare comprised of aseries of vertical panels placed at an angleto thedirection of the
flow (typically 15 to 20 degrees). Each pane is placed at an angle of 90 degreesto the direction of
theflow (Hadderingh, 1979). Thelouver panels providean abrupt changein both theflow direction
and veocity (seefigure bdow). This creates a barrier, which fish can immediately sense and will
avoid. Oncethe changein flow/velocity is sensed by fish, they typically align with the direction of
the current and move away laterally from the turbulence. This behavior further guides fish into a
current created by the system, whichisparalld to thefaceof thelouvers. Thiscurrent pullsthefish
along theline of thelouvers until they enter afish bypass or other fish handling device at theend of
the louver line. The louvers may be ether fixed or rotated similar to a traveling screen. Flow
straighteners are frequently placed behind the louver systems.

These types of barriers have been very successful and have been installed at numerous irrigation
intakes, water diversion projects, and steam dectric and hydrodlectric facilities. 1t appearsthat this
technology has, in general, become accepted as a viable option to divert juvenile and adult fish.

Testing Facilities and/or Facilities Using the Technology:

Louver barrier devices have been tested and/or arein use at thefollowing facilities: the California
Department of Water Resource's Tracy Pumping Plant; the California Department of Fish and
Game s Ddlta Fish Protective Facility in Bryon; the Conte Anadromous Fish Research Center in
Massachusetts, and the San Onofre Nuclear Generating Station in California (EPA, 1976; EPRI,
1985; EPRI, 1999). In addition, three other plants also have louvers at their facilities: the Ruth
Falls Power Plant in Nova Scotia, the Nine Mile Point Nuclear Power Station on Lake Erie, and
T.W. Sullivan Hydrodlectric Plant in Oregon. Louvers have also been tested at the Ontario Hydro
Laboratories in Ontario, Canada (Ray e al, 1976).

Resear ch/Oper ation Findings:

Research has shown the following generalizations to be true regarding louver barriers:

1) the fish separation performance of the louver barrier decreases with an increase in the velocity
of the flow through the barrier; 2) efficiency increases with fish size (EPA, 1976; Hadderingh,
1979); 3) individual louver misalignment has a beneficial effect on the efficiency of thebarrier; 4)
the use of center walls provides the fish with a guide wall to swim along thereby improving
efficiency (EPA, 1976); and 5) the most effective slat spacing and array angleto flow depends upon
the size, species and ability of the fish to be diverted (Ray et al, 1976).

In addition, the following conclusions were drawn during specific studies:

. Testing of louvered intake structures offshore was performed at a New Y ork facility. The
louvers were spaced 10 inches apart to minimize clogging. Thearray was angled at 11.5
percent to the flow. Center walls were provided for fish guidance to the bypass. Test
species included alewife and rainbow smdt. The mean efficiency predicted was between
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22 and 48 percent (Mussalli 1980).

. During testing at the Delta Facility’ sintakein Byron California, the design flow was 6,000
cubic feet per second (cfs), theapproach ve ocity was 1.5t0 3.5 feet per second (ft/sec), and
the bypass velocitieswere 1.2 to 1.6 times the approach velocity. Efficiencies werefound
todrop with anincreasein velocity through thelouvers. For example, at 1.5 to 2 ft/sec the
efficiency was 61 percent for 15 millimeter long fish and 95 percent for 40 millimeter fish.
At 3.5 ft/sec, the efficiencies were 35 and 70 percent (Ray et a. 1976).

. The efficiency of a louver device is highly dependent upon the length and swimming
performance of afish. Efficiencies of lower than 80 percent have been seen at facilities
where fish wereless than 1 to 1.6 inches in length (Mussalli, 1980).

. In the 1990s, an experimental louver bypass system was tested at the USGS Conte
Anadromous Fish Research Center in Massachusetts. This testing showed guidance
efficiencies for Connecticut River species of 97 percent for a“widearray” of louvers and
100 percent for a“narrow array” (EPRI, 1999).

. At the Tracy Fish Collection Facility located along the San Joaguin River in California,
testing was performed from 1993 and 1995 to determinethe guidance efficiency of asystem
with primary and secondary louvers. Theresults for green and white sturgeon, American
shad, splittail, white catfish, delta smelt, Chinook salmon, and striped bass showed mean
diversionefficienciesranging from63 (splittail) to 89 percent (whitecatfish) (EPRI, 1999).

. In 1984 at the San Onofre Station, a total of 196,978 fish entered the louver system with
188,583 returned to the waterbody and 8,395 impinged. In 1985, 407,755 entered the
louver system with 306,200 returned and 101,555 impinged. Therefore, the guidance
efficiencies in 1984 and 1985 were 96 and 75 percent, respectivey. However, 96-hour
survival rates for some species, i.e., anchovies and croakers, were 50 percent or less.
Louverswereoriginally considered for useat San Onofre because of 1970s pilot testing at
the Redondo Beach Station in California where maximum guidance efficiencies of 96-100
percent were observed. (EPRI, 1999)

. At the Maxwell Irrigation Canal in Oregon, louver spacing was 5.0 cm with a 98 percent
efficiency of deflecting immature steelhead and above 90 percent efficiency for the same
species with a louver spacing of 10.8 cm.

. At the Ruth Falls Power Plant in Nova Scotia, the results of a five-year evaluation for
guiding salmon smelts showed that the optimum spacing was to have wide bar spacing at
the widest part of the louver with a gradual reduction in the spacing approaching the
bypass. The site used a bypass.approach velocity ratio of 1.0 : 1.5 (Ray et al, 1976).

. Coastal speciesin California were deflected optimally (Schuler and Larson, 1974 in Ray
et al, 1976) with 2.5 cm spacing of the louvers, 20 degree louver array to the direction of
flow and approach velocities of 0.6 cm per second.
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Design Consider ations:

The most important parameters of the design of louver barriers include the following:

Site-specific modeling may be needed to take into account species-specific considerations and
optimize the design efficiency (EPA, 1976; O'Keefe, 1978).

Advantages:

Limitations:

At theT.W. Sullivan Hydrod ectric Plant along the Williamette River in Oregon, thelouver
systemis estimated to be 92 percent effective in diverting spring Chinook, 82 percent for
all Chinook, and 85 percent for steelhead. The system has been optimized to reduce fish
injuries such that the average injury occurrence is only 0.44 percent (EPRI, 1999).

The angle of the louver vanes in relation to the channd velocity ,

The spacing between the louvers which is related to the size of thefish,

Ratio of bypass velocity to channed velocity,

Shape of guidewalls,

Louver array angles, and

Approach veocities.

Louver designs have been shown to be very effective in diverting fish (EPA, 1976).

The costs of installing intakes with louvers may be substantially higher than other
technologies due to design costs and the precision required during construction.

Extensive species-specific field testing may be required.

The shallow angles required for the efficient design of a louver system requirealong line
of louversincreasing the cost as compared to other systems (Ray et al, 1976).
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. Water level changes must bekept to aminimumto maintainthe most efficient flow velocity.
. Fish handling devices are needed to take fish away from the louver barrier.
. Louver barriers may, or may not, require additional screening devices for removing solids

fromtheintakewaters. If such devices arerequired, they may add a substantial cost to the
system (EPA, 1976).

. Louvers may not be appropriate for offshoreintakes (Mussalli, 1980).
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Description:

A veocity cap is a device that is placed over vertical inlets at offshore intakes (see figure
below). This cover converts vertical flow into horizontal flow at the entrance into the intake.
The device works on the premise that fish will avoid rapid changesin horizontal flow. Fishdo
not exhibit this same avoidancebehavior to the vertical flow that occurswithout the use of such
a device. Vdacity caps have been implemented at many offshore intakes and have been
successful in decreasing the impingement of fish.

Testing Facilities And/or Facilities Using the Technology:

Theavailableliterature (EPA, 1976; Hanson, 1979; and Pagano et al, 1977) statesthat vel ocity
caps havebeeninstalled at offshoreintakesin Southern California, the Great L akes Region, the
Pacific Coast, the Caribbean and overseas; however, exact locations are not specified.

Velocity caps are known to have been installed at the EI Segundo, Redondo Beach, and
Huntington Beach Steam Electric Stations and the San Onofre Nuclear Generation Station in
Southern California (Mussalli, 1980; Pagano et a, 1977; EPRI, 1985).

Modd tests have been conducted by a New York State Utility (ASCE, 1982) and several
facilities have installed velocity caps in the New York State /Great Lakes Area including the
Nine Mile Point Nuclear Station, the Oswego Steam Electric Station, and the Kintigh
Generating Station (EPRI, 1985).

Additional known facilities with velocity caps include the Edgewater Generation Station in
Wisconsin, the Seabrook Power Plant in New Hampshire, and the Nanticoke Thermal
Generating Station in Ontario, Canada (EPRI, 1985).

Resear ch/Operation Findings:

. Horizontal velocities within arange of 0.5 to 1.5 feet per second (ft/sec) did not
significantly affect the efficiency of a velocity cap tested at a New Y ork facility;
however, this design veocity may be specific to the species present at that site
(ASCE, 1982).

. Prdiminary decreases in fish entrapment averaging 80 to 90 percent were seen at the
El Segundo and Huntington Beach Steam Electric Plants (Mussalli, 1980).

. Performance of the velocity cap may be associated with cap design and the total
volumes of water flowing into the cap rather than to the critical velocity threshold of
the cap (Mussalli, 1980).

Design Consider ations:
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Advantages:

Limitations:

Designs with rims around the cap edge prevent water from sweeping around the edge
causing turbulence and high veocities, thereby providing more uniform horizontal
flows (EPA, 1976; Mussalli, 1980).

Site-specific testing should be conducted to determine appropriate velocities to
minimize entrainment of particular species in the intake (ASCE, 1982).

Most structures are sized to achieve a low intake vel ocity between 0.5 and 1.5 ft/sec
to lessen the chances of entrainment (ASCE, 1982).

Design criteria developed for a model test conducted by Southern California Edison
Company used a ve ocity through the cap of 0.5 to 1.5 ft/sec; theratio of the
dimension of therim to the height of the intake areas was 1.5 to 1 (ASCE, 1982;
Schuler, 1975).

Efficiencies of veocity caps on West Coast offshore intakes have exceeded 90
percent (ASCE, 1982).

Veocity caps are difficult to inspect dueto their location under water (EPA, 1976).

In some studies, the velocity cap only minimized the entrainment of fish and did not
diminateit. Therefore, additional fish recovery devices are be needed in when using
such systems (ASCE, 1982; Mussalli, 1980).

Velocity caps are ineffective in preventing passage of non-motile organisms and
early life stage fish (Mussalli, 1980).
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Description:

Fish barrier nets are wide mesh nets, which are placed in front of the entrance to an intake
structure (seefigure below). The size of the mesh needed is a function of the species that are
present at a particular site. Fish barrier nets have been used at numerous facilities and lend
themselves to intakes where the seasonal migration of fish and other organisms require fish
diversion facilities for only specific times of the year.

Testing Facilities And/or Facilities Using the Technology:

The Bowline Point Generating Station, the J.P. Pulliam Power Plant in Wisconsin, the
Ludington Storage Plant in Michigan, and theNanticoke T hermal Generating Station in Ontario
use barrier nets (EPRI, 1999).

Barrier Nets have been tested at the Detroit Edison Monroe Plant on Lake Erie and the Chalk
Point Station on the Patuxent River inMaryland (ASCE, 1982; EPRI, 1985). The Chalk Point
Station now usesbarrier nets seasonally to reducefish and Blue Crab entry into theintake canal
(EPRI, 1985). The Pickering Generation Station in Ontario evaluated rope nets in 1981
illuminated by strobe lights (EPRI, 1985).

Resear ch/Operation Findings:

. At the Bowline Point Generating Station in New York, good results (91 percent
impingement reductions) have been realized with a net placed in a V arrangement
around the intake structure (ASCE, 1982; EPRI, 1999).

. In 1980, a barrier net was installed at the J.R. Whiting Plant (Michigan) to protect
MaumeeBay. Prior to net installation, 17,378,518 fish wereimpinged on conventional
traveling screens.  With the net, sampling in 1983 and 84 showed 421,978 fish
impinged (97 percent effective), sampling in 1987 showed 82,872 fish impinged (99
percent effective), and sampling in 1991 showed 316,575 fish impinged (98 percent
effective) (EPRI, 1999).

. Netstested with high intake velocities (greater than 1.3 feet per second) at the Monroe
Plant have clogged and subsequentially collapsed. This has not occurred at facilities
where the velocities are 0.4 to 0.5 feet per second (ASCE, 1982).

. Barrier nets at the Nanticoke Thermal Generating Station in Ontario reduced intake of
fish by 50 percent (EPRI, 1985).

o The JP Pulliam Generating Station in Wisconsin uses dual barrier nets (0.64
centimeters stretch mesh) to permit net rotation for cleaning. Netsare used from April
to December or whenwater temperatures go above4 degrees Celsius. |mpingement has
been reduced by as much as 90 percent. Operating costs run about $5,000 per year,
and nets are replaced every two years at $2,500 per net (EPRI, 1985).
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. The Chalk Point Station in Maryland realized operational costs of $5,000-10,000 per
year with the nets being replaced every two years (EPRI, 1985). However, crab
impingement has been reduced by 84 percent and overall impingrment liability has been
reduced from $2 million to $140,000 (EPRI, 1999).

o The Ludington Storage Plant (Michigan) provides water from Lake Michigan to a
number of power plant facilities. The plant has a 2.5-mile long barrier net that has
successfully reduced impingement and entrainment. The overall net effectiveness for
target species(fivesalmonids, yelow perch, rainbow smelt, alewife, and chub) hasbeen
over 80 percent since 1991 and 96 percent since 1995. The net is deployed from mid-
April to mid-October, with storms and icing preventing use during theremainder of the
year (EPRI, 1999).

Design Consider ations:

. Themost important factorsto consider in the design of anet barrier arethe site-specific
veocities and the potential for clogging with debris (ASCE, 1982).

o The size of the mesh must permit effective operations, without excessive clogging.
Designs at the Bowline Point Station in New Y ork have 0.15 and 0.2 inch openingsin
the mesh nets, while the J.P. Pulliam Plant in Wisconsin has 0.25 inch openings

(ASCE, 1982).
Advantages:
. Net barriers, if operating properly, should require very little maintenance.
. Net barriers have reatively little cost associated with them.
Limitations:
o Net barriers are not effective for the protection of the early life stages of fish or
zooplankton (ASCE, 1982).
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Description:

Aquaticfilter barrier systemsarebarriersthat employ afilter fabric designedto allow for passage
of water into a cooling water intake structure, but exclude aguatic organisms. Thesesystemsare
designed to be placed some distance from the cooling water intake structure within the source
waterbody and act as a filter for the water that enters into the cooling water system. These
systems may be floating, flexible, or fixed. Since these systems generally have such alarge
surface area, the velocities that are maintained at the face of the permeable curtain arevery low.
One company, Gunderboom, Inc., has a patented full-water-depth filter curtain comprised of
polyethylene or polypropylene fabric that is suspended by flotation billets at the surface of the
water and anchored to the substrate below. The curtain fabric is manufactured as a matting of
minute unwoven fibers with an apparent opening size of 20 microns. The Gunderboom
Maring/Aquatic Life Exclusion System (MLES)™ also employs an automated “air burst” ™
technology to periodically shakethe material and pass air bubbles through the curtain system to
clean it of sediment buildup and release any other material back in to the water column.

Testing Facilities and/or Facilities Using the Technology:

. GunderboomMLES ™ have been tested and are currently installed on a seasonal
basis at Unit 3 of the Lovett Station in New York. Prototype testing of the
Gunderboom system began in 1994 as a means of lowering ichthyoplankton
entrainment at Unit 3. Thiswas thefirst use of the technology at a cooling water
intake structure. The Gunderboom tested was a single layer fabric. Material
clogging resulted in loss of filtration capacity and boom submergence within 12
hours of deployment.  Ichthyoplankton monitoring while the boom was intact
indicated an 80 percent reduction in entrainable organisms (Lawler, Matusky, and
Skedly Engineers, 1996).

. A Gunderboom MLES ™ was effectively deployed at the Lovett Station for 43 days
in June and July of 1998 using an Air-Burst cleaning system and newly designed
deadweight anchoring system. The cleaning system coupled with a perforated
material proved effective at limiting sediment on the boom, however it required an
intensive operational schedule (Lawler, Matusky, and Skelly Engineers, 1998).

o A 1999 study was performed on the Gunderboom MLES ™ at the L ovett Station in
New York to qualitatively determine the characteristics of the fabric with respect to
the impingement of ichthyoplankton at various flow regimes. Conclusions were that
the viability of striped bass eggs and larvae were not affected (Lawler, Matusky, and
Skely Engineers, 1999).

o I chthyoplankton sampling at Unit 3 (with Gunderboom MLES ™ deployed) and
Unit 4 (without Gunderboom) in May through August 2000 showed an overall
effectiveness of approximately 80 percent. For juvenilefish, the density at Unit 3
was 58 percent lower. For post yolk-sac larvae, densities were 76 percent lower.
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Advantages:

For yolk-sac larvae, densities were 87 percent lower (Lawler, Matusky & Skely
Engineers 2000).

Resear ch/oper ation Findings:

Extensive testing of the Gunderboom MLES ™ has been performed at the Lovett Station in
New York. Anchoring, material, cleaning, and monitoring systems have all been redesigned
to meset the site-specific conditions in the waterbody and to optimize the operations of the
Gunderboom. Although this technology has been implemented at only one cooling water
intake structure, it appears to be a promising technology to reduce impingement and
entrainment impacts. It is also being evaluated for use at the Contre Costa Power Plant in
Cdlifornia

Design Consider ations:

The most important parameters in the design of a Gunderboom ® Marine/Aquatic Life
Exclusion System include the following (Gunderboom, Inc. 1999):

Size of booms designed for 3-5 gpm per square foot of submerged fabric. Flows
greater than 10-12 gallons per minute.

Flow-through velocity is approximatdy 0.02 ft/s.

Performance monitoring and regular maintenance.

Can be used in all waterbody types.

All larger and nearly all other organisms can swim away from the barrier because of
low velocities.

Little damage is caused to fish eggs and larvae if they are drawn up against the
fabric.

Modulized pands may easily be replaced.

Easily deployed for seasonal use.

Biofouling appears to be controllable through use of the sparging system.
Impinged organisms released back into the waterbody.

Benefits relative to cost appear to be very promising, but remain unproven to date.
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. Installation can occur with no or minimal plant shutdown.
Limitations:
. Currently only a proven technology for this application at one facility.
. Extensive waterbody-specific field testing may be required.
o May not be appropriate for conditions with large fluctuations in ambient flow and

heavy currents and wave action.

. High level of maintenance and monitoring required.
o Recent studies have asserted that biofouling can be significant.
o Higher flow facilities may require very large surface areas; could interfere with other
waterbody uses.
Refer ences:

Lawler, Matusky & Skedly Engineers, “Lovett Generating Station Gunderboom Evaluation Program
- 1995” Prepared for Orange and Rockland Utilities, Inc. Pearl River, New York, June 1996.

Lawler, Matusky & Skedly Engineers, “Lovett Generating Station Gunderboom System Evaluation
Program - 1998”" Prepared for Orange and Rockland Utilities, Inc. Pearl River, New York,
December 1998.

Lawler, Matusky & Skdly Engineers, “ Lovett Gunderboom Fabric Ichthyoplankton Bench Scale
Testing” Southern Energy Lovett. New York, November 1999.

Lawler, Matusky & Skely Engineers, “Lovett 2000 Report” Prepared for Orange and Rockland
Utilities, Inc. Pearl River, New Y ork, 2000.
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Description:

Sound barriers are non-contact barriers that rely on mechanical_or eectronic equipment that
generates various sound patterns to dicit avoidance responses in fish. Acoustic barriers are
used to deter fish from entering industrial water intakes and power plant turbines.
Historically, the most widdy-used acoustical barrier is a pneumatic air gun or "popper.” The
pneumatic air gun is a modified seismic device which produces high-amplitude,
low-frequency sounds to exclude fish. Closdy related devices include "fishdrones" and
“fishpulsers' (also called "hammers’). The fishdrone produces a wider range of sound
frequencies and amplitudes than the popper. The fishpulser produces a repetitive sharp
hammering sound of low-frequency and high-amplitude. Both instruments have ahd limited
effectivenessin the fied (EPRI, 1995; EPRI, 1989; Hanson, et al., 1977; EPA, 1976; Taft,
et al., 1988; ASCE, 1992).

Researchers have generally been unable to demonstrate or apply acoustic barriers as fish
deterrents, even though fish studies showed that fish respond to sound, because the response
varies as a function of fish species, age, and size as well as environmental factors at specific
locations. Fish may also acclimate to the sound patterns used (EPA, 1976; Taft et al., 1988;
EPRI, 1995; Ray at al., 1976; Hadderingh, 1979; Hanson et a., 1977; ASCE, 1982).

Since about 1989, the application of highly refined sound generation equipment originally
developed for military use (e.g., sonar in submarines) has greatly advanced acoustic barrier
technology. Ibis technology has the ability to generate a wide array of frequencies, patterns,
and volumes, which are monitored and controlled by computer. Video and computer
monitoring provide immediate feedback on the effectiveness of an experimental sound
pattern at a given location. In a particular environment, background sounds can be accounted
for, target fish species or fish populations can quickly be characterized, and the most
effective sound pattern can be selected (Menezes, at al., 1991; Sonalysts, Inc.).

Testing Facilities and/or Facilities with Technology in Use:
No fishpulsers and pneumatic air guns are currently in use at power plant water intakes.

Research facilities that have completed studies or have on-going testing involving fishpulsers
or pneumatic air guns include the Ludington Storage Plant on Lake Michigan; Nova Scotia
Power; the Hells Gate Hydrodectric Station on the Black River; the Annapolis Generating
Station on the Bay of Fundy; Ontario Hydro's Pickering Nuclear Generating station; the
Roseton Generating Station in New Y ork; the Seton Hydrodectric Station in British
Columbia; the Surry Power Plant in Virginia; the Indian Point Nuclear Generating Station
Unit 3in New York; and the U.S. Army Corps of Engineers on the Savannah River (EPRI,
1985; EPRI, 1989; EPRI, 1988; and Taft, et al., 1998).

Updated acoustic technology developed by Sonalysts, Inc. has been applied at the James A.
Fitzpatrick Nuclear Power Plant in New Y ork on Lake Ontario; the Vernon Hydrodectric
plant on the Connecticut River (New England Power Company, 1993; Menezes, e al., 1991;
personal communication with Sonalysts, Inc., by SAIC, 1993); and in a quarry in Verplank,
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New York (Dunning, et al., 1993).

Resear ch/oper ation Findings:

o Most pre-1976 research was related to fish response to sound rather than on field
applications of sound barriers (EPA, 1976; Ray et a., 1976; Uzid, 1980; Hanson,
et al., 1977).

o Before 1986, no acoustic barriers were deemed rdiable for field use. Since 1986,

several facilities have tried to use pneumatic poppers with limited successes. Evenin
combination with light barriers and air bubble barriers, poppers and fishpulsers,
wereineffective for most intakes (Taft and Downing, 1988; EPRI, 1985; Patrick, et
al., 1988; EPRI, 1989; EPRI, 1988; Taft, et a., 1988; McKinley and Patrick, 1998;
Chow, 1981).

. A 1991 full-scale 4-month demonstration at the James A. FitzPatrick (JAF) Nuclear
Power Plant in New Y ork on Lake Ontario showed that the Sonalysts, Inc.
FishStartle System reduced alewife impingement by 97 percent as compared to a
control power plant located 1 mile away. (Ross, et al., 1993; Menezes, et al., 1991).
JAF experienced a 96 percent reduction compared to fish impingement when the
acoustic systemwas not in use. A 1993 3-month test of the system at JAF was
reported to be successful, i.e., 85 percent reduction in alewife impingement.
(Menezes, e al., 1991; EPRI, 1999).

. In tests at the Pickering Station in Ontario, poppers were found to be effectivein
reducing alewife impingement and entrainment by 73 percent in 1985 and 76 percent
in 1986. No benefits were observed for rainbow smdt and gizzard shad. Sound
provided little or no deterrence for any species at the Roseton Generating Station in
New York.

o During marine construction of Boston's third Harbor Tunnd in 1992, the Sonalysts,
Inc. FishStartle System was used to prevent shad, blueback herring, and alewives
from entering underwater blasting areas during the fishes annual spring migration.
The portable system was used prior to each blast to temporarily deter fish and allow
periods of blastmg as necessary for the construction of the tunnel (personal
communication to SAIC from M. Curtin, Sonalysts, Inc., September 17, 1993).

o Infall 1992, the Sonalysts, Inc. FishStartle System was tested in a series of
experiments conducted at the Vernon Hydrodectric plant on the Connecticut River.
Caged juvenile shad were exposed to various acoustical signals to see which signals
elicited the strongest reactions. Successful in situ tests involved applying the signals
with a transducer system to divert juvenile shad from the forebay to a bypass pipe.
Shad exhibited consistent avoidance reactions to the signals and did not show
evidence of acclimation to the source (New England Power Company, 1993).

Design Consider ations:
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. Sonalysts Inc.’s FishStartle system uses frequencies between 15 hertz t0130
kilohertz at sound pressure levels ranging from 130 to 206+ decibds referenced to
one micropascal (dB//uPa). To develop a site-specific FishStartle program, a test
program using frequencies in the low frequency portion of the spectrum between 25
and 3300 herz were used. Fish species tested by Sonalysts, Inc. include white perch,
striped bass, atlantic tomcod, spottail shiner, and golden shiner (Menezes et d.,
1991).

. Sonalysts' FishStartle system used fixed programming contained on Erasable
Programmable Read Only Memory (EPROM) micro circuitry. For fied
applications, a system was developed using IBM PC compatible software. Sonalysts
FishStartle system includes a power source, power amplifiers, computer controls
and analyzer in a control room, all of which are connected to a noise hydrophonein
thewater. The system also uses a television monitor and camera controller that is
linked to an underwater light and camera to count fish and evaluate their behavior.

. One Sonalysts, Inc. system has transducers placed 5 m from the bar rack of the
intake.
. At the Seton Hydrodectric Station in British Columbia, the distance from the water

intake to the fishpulser was 350 m (1150 ft); at Hells Gate, a fishpulser was
installed at a distance of 500 feet from the intake.

o The pneumatic gun evaluated at the Roseton intake had a 16.4 cubic cm (1.0 cubic
inch) chamber connected by a high pressure hose and pipe assembly to an Air Power
Supply Modd APS-F2-25 air compressor. The pressure used was a line pressure of
20.7 MPa (3000 psi) (EPRI, 1988).

Advantages:
. The pneumatic air gun, hammer, and fishpulser are easily implemented at low costs.
. Behavioral barriers do not require physical handling of the fish.

Limitations:

. The pneumatic air gun, hammer, and fishpulser are not considered rdliable,

. Sophisticated acoustic sound generating system require reatively expensive systems,
including cameras, sound generating systems, and control systems. No cost
information is available since a permanent system has yet to be installed.

o Sound barrier systems require site-specific designs consisting of reatively high
technology equipment that must be maintained at the site.

References:
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