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PREFACE 

The Salem Generating Station 316(b) Demonstration summarizes the results 
of 15 years of environmental studies conducted by Public Service Elec
tric and Gas Company (PSE&G) and its consultants on the Delaware·River 
estuary. Early studies responded to Nuclear Regulatory Commission 
requirements. Later studies were conducted according to a plan approved 
by the U.S. Environmental Protection Agency--Region II. The "Salem 
Generating Station 316(b) Ecological Impact Assessment Plan-of-Study" 
listed nine fish species and two macroinvertebrate species as target 
species. It directed that in-depth studies be conducted for these 
species and that species-specific reports be prepared. These reports 
are Appendixes II through XII of the Salem Generating Station 316(b) 
Demonstration. 
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APPENDIX XIII: 
INTAKE TECHNOLOGIES AND PRACTICES 

XIII.! INTRODUCTION 

As a consequence of enactment of Section 316(b) of the Clean Water 
Act (PL.92-500. and 95-217), a number of cooling water system intake 
technologies and operational and maintenance practices have been 
proposed or are currently in use in power plant cooling water systems 
to minimize adverse impacts to aquatic organisms. These technologies 
can be generally categorized as involving (1) cooling system alterna
tives, (2) intake location alternatives in the source waterbody, (3) 
intake structure design features, (4) intake guidance and diversion 
technologies, (5) intake maintenance practices, or (6) operational 
methods (EPA 1976). 

Operation of a cooling water intake structure may result in either 
entrainment or impingement of source water organisms. Entrainment 
is the pumping of arganisms into and through a cooling water system. 
Impingement occurs when aquatic organisms are caught, trapped, or held 
against the screens of a cooling water intake as a result of water 
withdrawal from the source water through the screening system. Preced
ing these two types of events, organisms may be entrapped within the 
intake structure for varying periods depending on intake velocity rela
tive to swimming ability and the behavioral.characteristics of each 
species. Organisms that do not escape the intake flow field eventually 
are entrained or impinged depending on their size. One way to reduce 
cooling system effects on aquatic organisms is to reduce the probability 
of their encountering the intake, thus reducing the number of organisms 
entrained or impinged. A second approach is to increase the survival 
rates among those organisms that are entrained or impinged. The bio
logical and engineering considerations involved in selecting and imple
menting alternative technologies and practices to achieve these goals 
are discussed in this Appendix to the Salem 316(b) Demonstration. 

An attempt has been made to identify alternatives that appear to be 
biologically effective in reducing losses of organisms, while incorpo
rating both demonstrated engineering feasibility and direct applica
bility to Salem's circulating water system intake, which already has 
been modified to employ some of the features discussed. Intake designs 
that have not proven effective at other plants are also identified so 
that unsuccessful alternatives need not be given detailed site-specific 
intake evaluations. Information has been assembled from published 
literature and reports, and from discussions with plant operators, 
design e~gineers, utility/regulatory personnel, and equipment vendors. 

This review is general and does not consider all details of the present 
Salem intake design, operational characteristics, or specific population 
effects in determining what alternatives might constitute an economic
ally practical, biologically beneficial candidate for more detailed 
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consideration. Detailed site-specific criteria are applied to the most 
promising candidate intake alternatives in Section 8 of the Salem 316(b) 
Demonstration. 
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XIII. 2 SUMMARY 

XIII.2.1 COOLING WATER SYSTEMS 

Two principal types of cooling systems are employed currently in thermal 
power plants: open-cycle (or "once-through_~·) and closed-cycle cooling. 
Closed-cycle cooling systems require withdrawal of substantially smaller 
volumes of water from the source waterbody and have therefore been sug
gested as a means of reducing impingement and entrainment rates. Use 
of closed-cycle cooling, however, can result in 100 percent mortality 
of entrained organisms, in contrast to lower mortality rates reported 
for many species entrained into once-through cooling systems. Even 
though closed-cycle cooling systems withdraw a smaller volume of cooling 
water, they consume more water due to evaporative losses. Less evapor
ation occurs with once-through systems which return withdrawn water to 
the source waterbody. The effectiveness of closed-cycle cooling as an 
alternative to once-through cooling for reducing biological losses must 
be determined on a site-specific basis. 

Closed-cycle cooling systems are very expensive to retrofit at existing 
open-cycle plants, and can impose a significant operating cost in the 
form of reduced thermal efficiency. Once-through cooling systems are 
appropriate for sites having a reliable water supply of high volume, 
since such systems pass large quantities of water through the cooling ' 
system and return it to the source waterbody. 

XIII.2.2 INTAKE LOCATION 

A cooling water intake structure may be located along the shoreline 
of a waterbody, submerged offshore, or recessed into the shoreline. 
To minimize biological impact, a primary factor in siting an intake 
structure is to avoid areas of high fish and invertebrate population 
densities, such as spawning grounds and nursery areas. This may affect 
the siting of the entire generating station. 

XIII.2.3 INTAKE STRUCTURE DESIGN FEATURES 

The principal intake design parameters which determine biological 
effects are: 

intake velocity 
intake screen design, mesh size, and screening material 
intake configuration and orientation 

Intake velocity design criteria include considerations of approach 
velocity and through-screen velocity. Swimming performance capabilities 
of fish provide a biological basis for establishing approach velocity 
criteria. Survival of impinged organisms is one factor to be considered 
in establishing through-screen velocity criteria. Engineering and bio
logical considerations for the design of intake screens and selection 
of screen mesh sizes and materials must be addressed. Specific criteria 
for intake screen design must be developed on a site-specific basis. 
The configuration of the intake structure should be designed to minimize 
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the entrapment of organisms. Additionally, provisions for returning 
entrapped or impinged organisms to the source waterbody may be desirable 
to reduce biological losses associated with the intake structure. 

XIII.2.4 INTAKE GUIDANCE AND DIVERSION TECHNOLOGIES 

Behavioral barriers are intended to cause a guidance or avoidance res
ponse to divert organisms into bypass channels, but, as detailed in 
Section XIII.6, they have not proven consistently effective in reduc
ing the impingement of fish or macroinvertebrates. Sound, lights, and 
bubble curtains have not been shown to consistently increase fish avoid
ance of an intake structure. Induction of velocity gradients and water
jet deflectors often cause sediment deposition or erosion, and also may 
trap organisms within intake structures. Louvers and velocity caps rely 
on specific behavioral responses and swimming performance capabilities 
to be effective, and hence are of little or no value in protecting 
planktonic organisms. Because of variability in response patterns 
between species and age-classes of fish, behavioral barriers are con
sidered appropriate only in cases where a single species of fish of 
relatively uniform size and age is of concern. This circumstance does 
not apply at Salem station. 

Physical barriers are designed tCl block the passage of entrained or 
entrapped organisms. Some physical barriers rely on impinging the 
organisms, which are then transferred mechanically to a by-pass or 
return channel. Some physical ba=riers are designed to act as both 
a physical and behavioral barrier to exclude organisms from a cooling 
system. Recently, several physical barrier systems have been modified 
to include fine-mesh screens in an attempt to minimize the number of 
fish eggs and larvae entrained by cooling water systems. 

In specific applications, fish conveyance and removal systems have 
proven effective. Factors such as intake structure configuration and 
design, the size and species of fish, and the behavioral response of 
the fish to various conditions encountered within an intake structure 
all affect the design and efficiency of a fish guidance and diversion 
system. 

XIII.2.5 INTAKE AND COOLING SYSTEM MAINTENANCE AND OPERATION 

Dredging to remove accUm.ulated sediment from in front of and within an 
intake can help to ensure that design velocities are maintained and that 
velocity gradients are uniform. 

Some cooling system or intake structure designs may heighten the need 
to use biofouling control agents such as chlorine. The location and 
management of the biofouling control system can minimize the effects 
on entrained organisms. 

Insufficient understanding of the role of shear forces, pressure 
regimes, and mechanical abrasion exists to permit recommendations 
of structural modifications to cooling system components (e.g., 
circulating water pumps) to reduce stresses on entrained organisms. 
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Reducing cooling water volume reduces the rates of entrainment and 
impingement but also results in losses in generation capacity and 
thermal transfer efficiency of the cooling system, and increased cool
ing water discharge temperatures (delta-T). The increased delta-T 
and resulting thermal stress may substantially reduce the survival 
of entrained organisms, and may have effects in the waterbody. 

Cooling system shutdown eliminates entrainment and impingement during 
critical periods but precludes electrical generation. Curtailment for 
short time periods on a seasonal basis may be effective in reducing 
biological losses, but the costs of replacement power and reduced 
generation reliability throughout the service area must be considered. 

XIII.2-3 
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XIII.3 COOLING WATER SYSTEMS 

There are two basic power plant cooling system designs: open-cycle 
("once-through'') and closed-cycle cooling. In open-cycle systems, 
water is pumped directly from the source waterbody to the condenser and 
subsequently discharged into the receiving waterbody. In closed-cycle 
cooling systems, the cooling water is recirculated continuously between 
the condenser and a cooling tower, or cooling pond. In an evaporative 
closed-cycle cooling system, water is withdrawn from the source water
body to make up for water lost during operation. Blowdown containing 
sediments. and impurities within the make-up water is discharged back to 
the source waterbody. The selection and design of a thermal power plant 
cooling system is dependent upon a number of factors, including water 
availability, engineering constraints, and regulatory limitations. 

XI II. 3 .1 OPEN-CYCLE ("ONCE-THROUGH") COOLING 

Open-cycle cooling may be feasible at power plant sites if a reliable 
water supply of sufficient volume is available. Variations in water 
quality and suspended sediments generally do not significantly influence 
the feasibility of once-through cooling, but do affect its thermal 
efficiency and therefore the costs of electrical generation. 

A large and reliable supply of water is available at Salem. At full 
design flow, the cooling water system uses less than 2 percent of 
the average tidal annual flow rate past the site. The zone of measur
able influence presently extends outward from the Salem intake 15-46 m 
into the Delaware River, which has a total width at this location of 
4,000 m. 

XIII.3 .2 CLOSED-CYCLE ("EVAPORATIVE") COOLING 

Closed-cycle cooling decreases the volume of water withdrawn from 
a water source and thus reduces the numbers of phytoplankton, zoo
plankton, and ichthyoplankton entrained. However, water consumption 
is increased due to evaporation. For organisms that are entrained, 
100 percent mortality usually results from exposure to increased tem
peratures, biocides, and mechanical abrasion. Therefore, the effect
iveness of closed-cycle cooling in reducing entrainment and impingement 
losses as an alternative to once-through cooling must be determined 0n 
a site-specific basis. Other factors which must be considered include 
the costs and electrical generation penalties associated with closed
cycle systems and the potential for adverse environmental side-effects 
(such as cooling tower drift, land use or space constraints, esthetic 
consideration, etc). 

Evaporative closed-cycle systems have had widespread freshwater appli
cation in the United States where insufficient volumes of water are 
available for open-cycle cooling. 

A survey of operating experience with saltwater closed-cycle cooling 
systems prepared for the Utility Water Act Group (Stone and Webster 
Engineering Corporation 1978) concluded that there are no known oper
ating or proposed electric generating facilities in the United States 
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which use seawater (salinity 26-36 ppt) make-up in closed-cycle cooling 
systems. The only power-generating facility in the world that uses 
seawater in cooling towers is the Fleetwood Power Station in England, 
a small peaking plant (three 32-MWe units) with a low capacity factor 
(Stone and Webster Engineering Corporation 1978). The units are cooled 
by two natural draft cooling towers with a circulating water flow rate 
of 1.9 m3/sec (67 cfs) per unit. Salinity of the cooling water make
up at the Fleetwood Power Station typically ranges from 26 to 27 ppt. 
The circulating water is normally concentrated 1.2-1.5 times. Opera-, 
tional problems associated with corrosion and material deterioration 
have been reported. There are approximately 25 power plants in the 
United States, ranging in capacity from 10 to 1,510 MWe and with cir
culating water rates of 4,900-540,000 gpm (0.3-34 m3/sec; 11-1,200 cfs), 
that use brackish water (0.5-26 ppt) make-up in evaporative closed
cycle cooling systems. The units at Salem would fall within this group 
if closed-cycle cooling systems were to be implemented at the site. 
There are a number of additional factors that must be considered before 
designing or building a closed-cycle cooling system which will use 
brackish water. These include preventing corrosion or degradation of 
cooling system components, air quality and terrestrial effects of salt 
deposition, and possibly further reduced thermal efficiency of the 
cooling system. 

Dry closed-water-loop cooling systems are attractive as water-saving 
devices. They are technically feasible, but are very costly and offer 
poorer plant performance than evaporative systems. The California 
Energy Commission reports that, "effective heat transfer in dry cooling 
towers requires significantly more heat exchanger surface area than in 
wet cooling systems (closed-cyc;J..e). Construction costs are therefore 
much higher •. Although dry cooling systems use essentially no water, 
they work less effectively the higher the air temperature" (Stamets 
1977). The annual peak electrical demand on the Pennsylvania/New 
Jersey/Maryland (PJM) Interconnection occurs during the hottest months 
of the year when such cooling would be least effective. Accordingly, 
dry closed-cycle cooling systems are not feasible for use at Salem. 

A combination of wet and dry closed-cycle cooling is technologically 
possible. Public Service Company of New Mexico faced a limited water 
allotment and has installed a wet/dry cooling tower of new design on 
its 500-MWe San Juan Unit No. 3. The plant will soon become 
operational. Cooling will be 70 percent dry (air) and 30 percent wet, 
resulting in roughly a 1,200 gpm (0.075 m3/sec; 2.7 cfs) maximum make-up 
rate compared to a wet tower rate of 4,400 gpm (0.28 m3/sec; 9.8 cfs) 
(Rittenhouse 1979). The value of the savings in water must be consid
ered in relation to the high capital costs of the wet/dry cooling tower 
as opposed to wet cooling towers. A wet/dry system would not appear 
to have significant advantages for use at Salem. 

XIII.3.3 COOLING PONDS OR LAKES 

The use of constructed ponds or lakes in conjunction with power plant 
cooling systems and intakes generally is chosen for locations where 
once-through water requirements cannot be met on a continuous basis by 
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the source water supply~ the discharge volume and heat would substan
tially alter the character of the receiving waterbody, or it is other
wise desirable to segregate the cooling water supply or discharges from 
waters designated for other uses. In these cases, large impoundments 
are constructed to contain a sufficient volume of water and with a large 
enough surface area to receive the plant discharge and dissipate the 
heat to the atmosphere. The flow in the impoundment is controlled such 
that heat loss cools the water so it may be discharged to a receiving 
waterbody or reused for condenser cooling. Evaporative and seepage 
loss.or the portion of the volume discharged is routinely made up from 
the source water supply. 

Creating a cooling pond for Salem is not considered an environmentally 
sound alternative, because several hundred acres of tidal marsh land 
would have to be excavated to supply the surface area necessary to dis
sipate the discharged heat. Loss of this ecologically important land 
would not eliminate the intake screening requirement since biological 
communities would become established in the pond, resulting in the 
continued entrainment and impingement of organ.isms. Therefore, the 
construction of a cooling pond to reduce water use from Delaware Bay 
is excluded from further consideration as an alternative intake 
technology. 

XIII.3 .4 COOLING SYSTEM RETROFITS 

The feasibility of retr,of itting a once-through cooling system at 
an existing generating station with a closed-cycle cooling system 
requires extensive investigation. Since the cooling system is a major 
and integral part of the station design, its proposed change would 
require careful examination of overlapping operational, environmental, 
and economic considerations, and could be more complex than the design 
of a new facility. 

Operational considerations include the loss of electrical generation 
resulting from increased cooling system power demands, reduced thermal 
performance, and more stringent operating requirements; a reduction in 
the service life of system components; generation loss during conver
sion; and reduced plant reliability. Economic factors include the 
large capital costs for cooling system conversion, plant performance 
penalties, increased operation and maintenance costs, higher site
related ~osts, and costs associated with the effect on system relia
bility of reduced generating capacity of the modified unit(s). 

Environmental effects of closed-cycle cooling may include air quality 
effects of cooling tower drift, a visible plume, salt deposition, 
increased land-use needs, and esthetic considerations. 

A complete discussion of this alternative is included in Section 8.10 
of the Demonstration. 
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XIII.4 INTAKE LOCATION 

Each source of cooling water has unique characteristics which affect the 
location, design, and operation of intake structures. Site selection 
involves consideration of the potential environmental impact and the 
location of suitable waterbodies to provide cooling water. 

Locating a cooling water intake structure to avoid areas of high fish 
and invertebrate population densities is desirable. This requires 
consideration of both the type of waterbody (e.g., lake, river, bay, 
open ocean) and the location of the intake structure within it (onshore 
or offshore). The most favorable intake locations are in areas of low 
biological value (EPA 1977). Few, if any, intake locations are com
pletely free of entrainable and impingeable organisms. 

A cooling water intake in a waterbody may be located in one of three 
basic orientations with respect to the shoreline: (1) at the shoreline, 
with the intake circulating pump well and screens combined into a single 
structure, (2) off shore, with the inlet and screenwell-pump well sepa
rated by some distance and connected through an enclosed conduit, and 
(3) inland, with an approach channel to divert cooling water from the 
source waterbody to the intake screens (a "recessed intake"). All three 
basic intake locations are used currently in the. United States. The 
suitability of a particular intake structure locatiou is partly depen
dent on the distribution of fish populations within the source water 
(EPA 1977-). 

XIII.4.1 SHORELINE INTAKE STRUCTURES 

Shoreline intake structures similar to that shown in Figure XIII.4-1 are 
used commonly to supply cooling water to power plants located on lakes, 
rivers, estuaries, and bays. Lateral fish escapes between the bar racks 
and traveling screens are generally considered to be a desirable feature 
of .shoreline intake structures. Low approach velocities and cooling 
water system transit times, .and minimization of turbulence are other 
desired features of shoreline intakes. Locating a shoreline intake 
requires consideration of the vertical and horizontal distributions 
of aquatic organisms to avoid siting the intake in an area of high 
abundance. Consideration of the hydrology of the-area is important 
to minimize recirculation and allow for variations in water level. 
Sediment deposition and debris accumulation along shorelines also have 
to be considered. 

The existing shoreline intake structure at Salem has many design 
features considered state-of-the-art for once-through cooling water 
systems (EPA 1976). It is considered the best of these technologies 
for minimizing biological losses. 

XIII.4.2 OFFSHORE INTAKE STRUCTURES 

Offshore intake structures similar to that shown in Figure XIII.4-2 can 
be used to supply cooling water to power plants located on large lakes 
and on beach zones along the coasts of oceans. Offshore intakes allow 
removal of cooler subsurface water in waterbodies that are vertically 
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stratified and isolation of the cooling water intake from the discharge 
to minimize thermal recirculation. They avoid disruption of littoral 
drift of beach sand and can be used where the topography prohibits use 
of a shoreline intake structure such as on a high energy shoreline. 
Offshore intake structures provide more flexibility in selecting an 
intake location than is available for a shoreline intake, but the cost 
is substantially higher. 

Locating an off shore intake structure requires consideration of the 
spatial distribution of aquatic organisms, vertical stratification of 
water temperature, and the hydrological patterns of the area. Sedi
mentation, biofouling control, fish removal and return, and possible 
obstruction of navigable waters must be addressed in the design and 
location of offshore intakes. 

Use of offshore intake structures requires an enclosed conduit to 
convey the cooling water to the power plant, and an onshore screenwell. 
This design can result in a zone of fish entrapment between the off shore 
intake structure and the intake screens. Attempts to alleviate the 
entrapment of fish within the int~ke have focused on preventing the 
entry of fish into the intake and on developing removal systems to 
return entrapped fish to the waterbody. One method used to reduce 
entry of fish into. the intake inclvdes a velocity cap that eliminates 
vertical flows into the intake entrance in favor of horizontal flows. 

Alternative methods of reducing entry of fish into offshore intake 
structures include use of infiltration galleries, stationary fine-mesh 
screens, or traveling screens (caisson intake design) at the point of 
water withdrawal. These alternatives, and also fish removal and return 
systems, are discussed in later sections. 

General recommendations for the location of offshore intake structures 
are summarized as follows: 

1. Avoid locating the intake in areas that are highly 
productive or have high population densities of fish 
and shellfish. 

2. Locate the intake in an area that will minimize the 
recirculation of cooling water, entrained organisms, 
and debris. 

3. Base design intake velocities on the swimming perform
ance capabilities and behavioral response of resident 
and migratory fishes as well as engineering constraints. 

4. Include provisions to preclude entry into or to remove 
organisms from the intake structure. 

5. Locate the intake where it will not impede navigation, 
will not be breached by ice flows, and will not be 
clogged by debris or formation of frazil ice. 
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6. Locate the intake where sediment movement and 
accumulation will not impede its function. 

Conditions at Salem not conducive to offshore intake structures include 
high sediment accretion; high t~rbidity and detritus load; absence of 
appreciable temperature or organism stratification in the relatively 
shallow, well-mixed Delaware River waters; potential for clogging by 
formation of frazil ice subject to ice flow damage due to shallow water 
depth, and inaccessibility for maintenance to assure reliability of flow 
to the power stations, especially during winter conditions. 

XIII.4.3 APPROACH CHANNEL INTAKE STRUCTURES 

Approach channel intake structures (recessed intakes or canals) are used 
to provide a protected area for intake screens, to separate the intake 
and discharge locations to-minimize thermal recirculation, or for other 
engineering reasons. 

Such a system generally consists of an approach channel conveying water 
some distance from the shoreline to an intake structure, in either an 
enclosed conduit or an open canal. One main disadvantage of recessed 
intakes is the potential for fish to become entrapped in the confined 
conduit or canal. As with offshore intakes, these organisms may become 
stressed or fatigued, and eventually may be impinged. 

Open approach channels generally have lower water velocities than 
do enclosed intake conduits; therefore they offer the possibility of 
greater behavioral avoidance and may reduce the entrapment of organisms. 
In general, the design of intake structures which utilize confined or 
enclosed conduits should be avoided in proposed installations whenever 
an alternative intake configuration can be used. Because retrofitting 
an approach channel intake at Salem could not be expected to produce any 
biological benefit, would be infeasible.from an engineering' standpoint 
given the nature of the site, and would be extremely costly even if it 
were feasible, this alternative will not be considered further. 
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XIII.5 INTAKE STRUCTURE DESIGN FEATURES 

In addition to proper intake location, the principal design features 
that influence organism losses are (1) intake velocities; (2) intake 
screen design, mesh size, and screen material; (3) intake configuration; 
and (4) fish return system (Kerr 1953). A brief discussion of intake 
velocity and intake screen design follows. A discussion of intake 
configuration is presented in Appendix Section XIII.2.3. Fish return 
systems are described in Appendix Section XIII.6.3. 

XIII.5.1 INTAKE VELOCITY 

Intake velocities as measured at two locations have received wide bio
logical attention: the approach velocity of water entering the intake 
(generally in front of the bar rack structure), and the through-screen 
velocity. To reduce impingement, the approach velocities should be 
chosen, in part, based on the swinr:ning performance of fishes present in 
the vicinity of the intake. Through-screen velocity should be chosen, 
in part, based on the relationship b~tween velocity and survival of 
impinged organisms. These velocities are primarily a function of the 
volume of water passing through the cooling system, and of the size of 
the intake. 

XIII.5.1.1 Approach Velocity 

The species of fish t6 be protected, their susceptibility to entrapment 
and subsequent impingement at each life stage, and environmental param
eters such as water temperature, salinity, illumination, and dissolved 
oxygen concentration all influence the effect of approach velocity. 
Extensive studies of fish swimming capabilities have been done on 
a variety of species by a number of researchers. It is difficult, 
however, to correlate their observations and establish highly accurate 
approach velocity design criteria for swimming ability because of vari
ations, inconsistencies, or applicability of study results regarding 
pretest conditions, experimental design, physiological ·conditions, and 
environmental considerations that may have been established for specific 
site characteristics. 

Approach velocity design criteria typically range below 1.0 fps for 
shoreline intake structures (EPA 1976) and from 1.5 to 2.5 fps for 
offshore velocity cap intake structures (Moss et al. 1981). An intake 
structure design generally should allow for an essentially uniform 
velocity profile across the entrance to the intake. In addition to 
biological considerations, the approach velocity for any intake struc
ture is dependent on engineering constraints associated with the intake 
design and configuration, hydrology, and water quality of the source 
waterbody--all of which must be determined on a site-specific basis. 

Dredging to remove sediment deposits from an existing intake structure 
may result in reduced approach velocities if resedimentation is not 
rapid. Routine maintenance of the bar racks and intake entrance area 
to remove accumulated debris and obstructions helps to assure that 
intake operation is within the range of design parameters establisherl 
for the specific intake structure. 
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XIII.5.1.2 Through-Screen Velocity 

Studies on the survival of impinged fishes have been conducted by Bibko 
et al. (1974), Prentice and Ossiander (1974), Landry and Strawn (1974), 
King et al. (1978), and many others. (See Oak Ridge National Laboratory 
and Atomic Industrial Forum, Inc. [1979] for an extensive review.) 
Findings of these studies indicate that, in addition to being affected 
by through-screen velocity, impingement survival is a function of the 
species, size, and life stage of impinged organisms; the season in 
terms of changing salinity and water temperature; spraywash pressure; 
and the duration of impingement. As a result of the number of inter
acting factors which influence impingement mortality, it is difficult 
to isolate the contribution of through-screen velocity. 

Through-screen velocities at intakes of U.S. utilities typically range 
from 15-46 cm/sec (0.5-1.S fps) for vertical traveling screen intake 
structures. As the available open area: for water to pass through the 
intake screen mesh decreases, the through-screen velocity increases. 
Establishing appropriate through-screen velocity and impingement dura
tion relationships ~s essential if a fine-mesh intake screen is being 
considered to remove fish eggs and larvae from the cooling water 
(Tomljanovich et al. 1978). Data necessary to establish through-screen 
velocities based on ;.mpingement survival are presently not available 
for most fish. Data which are available on the relationship between 
impingement survival, duration of impingement, and. through-screen 
velocity are, in many cases, inconclusive and do not provide a reliable 
basis for establishing biological design criteria for through-scre_en 
velocity for a broad variety of fish species and life stages. 

Techniques which can be used to lower or achieve uniform approach and 
intake velocities include dredging in front of the intake (Appendix 
Section XIII.7.1), reducing cooling water flow volumes (Appendix Section 
XIII.7.2), and physical modification of the intake structure such as 
increasing its size or changing its shape (Appendix Section XIII.5.2). 

XIII.5.2 INTAKE SIZE 

The size of an intake for a power plant site is generally determined 
by the requirements for water flow to the condensers, the size and con
figuration specifications, the cooling water pumps, and provisions for 
maintenance of individual intake wells while allowing continued plant 
operation. The dimensions and engineering limitations of commercially 
available intake screening units and economic constraints of construc
tion and operation maintenance affect the design and dimensions of the 
intake facility and cross-sectional opening for water supply. The water 
depth and the width of each.intake well define the area through which 
circulating water is drawn by the cooling water pump(s). The capacity 
of the circulating pump and the area of the approach opening define the 
average approach velocity, which is generally lower than the through
screen velocity by virtue of the portion of the open area occupied by 
the screenmesh and intake screen support structures. Both the approach 
and through-screen velocity can be reduced if the open area for each 
circulating pump is increased while flows remain constant. 
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Although costs for construction, lo.st power generation, and increased 
equipment operation and maintenance are substantial for retrofitting 
an enlarged intake, certain biological benefits may result. Lower 
velocities could reduce the potential for impingement of some organisms. 
This might be accompanied by reduced mortality among those impinged due 
to lower through-screen velocity pressure. Since the potential benefit 
of reduced impingement mortality is dependent on organism size, swimming 
ability, and physiological state on a species-specific basis, this 
alternative will be explored further in Sections 8.3, 8.7, and 8.11 
of the Demonstration for those target species impinged at Salem. 

XIII.5.3 INTAKE SCREEN. DESIGN, MESH SIZE, AND SCREEN MATERIAL 

A variety of intake screen designs are available commercially for use 
in.cooling-water intake structures. (Appendix Section XIII.6 includes 
a review of intake screening devices.) The major engine.ering and 
biological design requirements for an intake screen include: 

1. Sufficient area to accommodate the design cooling 
water flow and maintain through-screen velocities 
within the design parameter limits 

2. Efficient removai of debris that would otherwise 
clog the condenser s_ystem 

3. A mesh configuration and texture to ensure reliable 
cleaning and an adequate supply of cooling water 

4. Ability to minimize abrasfon or suffocation of 
organisms during impingement on screen surf aces 

Designing an intake screen for a specific site requires knowledge of 
the cooling system, the source waterbody (including sediment and debris 
loads), and ·the species and size of organisms to be protected. No sin
gle intake screen can be identified that would be best for all sites. 

Intake screen mesh size has historically been approximately 50 percent 
of the condenser tube diameter. As a result, the majority of power 
plant cooling systems~ which are designed with 22.2-mm (7/8-in.) diam
eter condenser tubes, have 9.5-mm (3/8-in.) square woven-wire mesh 
intake screens. Recently, increased emphasis has been placed on deter
mining screen mesh sizes according to the size of organisms susceptible 
to entrainment, and whether those organisms and life stages involved are 
better able to withstand impingement stresses or the stresses associated 
with entrainment. 

The length of fish larvae retained by screen meshes of various sizes 
is presented in Figure XIII.5-1. Screen mesh with 0.5-mm (0.02-in.) 
openings is available commercially and will retain the majority of egg 
and larval fishes present in most source waterbodies. However, before 
selecting a specific mesh size, it is important to consider the relative 
survival of impinged versus entrained individuals of each of the impor
tant species involved~ Tomljanovich et al. (1978) present a detailed 
discussion of experimental studies conducted under laboratory conditions 
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to determine the feasibility of protecting larval fish at water intakes 
using fine-mesh screening. Additional considerations in selecting a 
screen mesh size include debris loading and screen clogging, available 
open area and through-screen velocity, and screen reliability under 
site-specific operating conditions. 

Screen mesh configurations currently available include square mesh 
woven-wire, rectangular slot configurations using woven wire, and 
horizontal slot configurations using a welded wedge-wire design. Each 
is available in a variety of mesh sizes. Investigations are proceeding 
(e.g., Cook 1978; Heuer and Tomljanovich 1978; Walker and Kamata 1979) 
to determine the advantages and disadvantages of the various conf igura
tions. Insufficient data are currently available to conclude that one 
among the available intake screen mesh configurations_ is superior. 

Intake screens are ·available in a variety of materials, including poly
ester, nylon, Monel, and stainless steel. The appropriateness of a 
material depends on the screen mesh size and configuration and on the 
desired durability of the screen. Polyester and nylon is used where a 
fine-mesh screen (0.05-1.5 mm; 0.02-0.06 in.) is desired and when screen 
mesh is expected to be altered seasonally. Stainless steel is used 
where durability in a corrosive environment such ~s saltwater is needed. 
Monel is used extensively in both fresh- and sal::.water environments, but 
requires greater maintenance and more frequent re11lacement than stain
less steel. Capital c_ost and replacement cost must also be considered 
in selecting screening material. No comparative studies are available 
that indicate how the screen material alone determines the survival of 
impinged organisms. More detailed consideration of alternative screen
ing materials is provided in Section 8.4 (Small Mesh Screens) of the 
Demonstration. 
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XIII.6 INTAKE GUIDANCE AND DIVERSION TECHNOLOGIES 

XIII.6.1 BEHAVIORAL BARRIERS 

Various types of stimuli, such as light, sound, velocity gradients, 
electric currents, and chemicals, have been tested to deter fish from 
entering cooling water intakes. Louvers and velocity caps also have 
been used to guide fish away from intakes. Because these behavioral 
barriers rely on the ability of an organism to respond to a stimulus, 
they are of little or no value in protecting planktonic organisms. In 
addition, the behavioral response of fish to artificial stimuli varies 
among species and also within a species because of differences in age or 
physiological state (Sonnichsen 1975). As a result of the variability 
in responses to a stimulus, behavioral barriers are considered to be 
most appropriate in those cases where a single species of fish of rela
tively uniform size and age is of concern. 

The primary application of most behavioral barriers has been in addition 
to, or in combination with, conventional intake systems (physical bar
riers) on either an intermittent or continuous basis. Many behavioral 
barriers-have not been subjected to rigorous testing under field condi
tions, so conclusions as to their effectiveness have been drawn, where 
possible, from laboratory studies. 

XIII.6.1.1 Light 

Available data on the effectiveness of light as a behavioral barrier 
are contradictory. In some tests, fish are attracted to light, whereas 
fish are repelled by it in others. Intense illumination was charac
terized by Bibko et al. (1974) as a passive deterrent for striped bass, 
only temporarily deterring fish passage under experimental conditions. 
Fields (1966) reported that the avoidance response of salmonids to arti
ficial light varied, depending on the light adaptation of the species, 
water clarity, and flow conditions. Constant light was reported by 
Fields to be more effective than interrupted or flashing light for guid
ing young salmon. Even for species that are repelled by light, adapta
tion to light intensity substantially decreases the guidance efficiency 
of light barriers. 

More recent studies by Patrick and Vascotto (1981) showed that under 
experimental conditions strobe light in the visible range (400-750 nm) 
was effective in repelling both alewife (Alosa pseudoharengus) and 
gizzard shad (Dorosoma cepedianum) in current velocities from 0.15 to 
0.32 m/sec. The deterrent capabilities were enhanced when the strobe 
was used in conjunction with a hanging chain barrier. Attraction of 
alewife to filtered mercury vapor light was suggestive of its potential 
use in guidance systems for that species. Tests have not been conducted 
at opera~ing intakes so general responses of a variety of fish species 
is not known. In addition, light can not provide an effective barrier 
during the daytime or in highly turbid water such as prevail at Salem. 
Thus, light barriers are not currently considered to be an effective 
method of reducing the numbers of organisms entrained or impinged and 
are not considered further. 
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XIII.6.1.2 Sound 

Although fishes are initially frightened by sound barriers, tests con
ducted under laboratory conditions and at power plant intakes indicate 
that they rapidly become habituated to sound stimuli, rendering the 
barrier ineffective. 

Sonic techniques for repelling fish from industrial water intake struc
tures have been studied by Moore and Newman (1956), Burner and Moore 
(1962), VanDerwalker (1964), and Trefethen (1968). Moulton and Backus 
(1955) have reviewed the ·literature regarding the guidance efficiency of 
sonic barriers. 

In general, maximum avoidance has been observed for low-frequency, 
high-intensity sound, but variation in hearing ability among species 
and high-level background noise leads to poor repeatability of the 
behavioral response of fish to sonic barriers. Burner and Moore (1962) 
reported that the behavioral response to sound frequency or intensity 
was insufficient to be effective in guiding young salmonids to safe 
passage around dams and diversions. The Virginia Electric and Power 
Company (Vepco) attempted to use relatively high-intensity, multi
frequency sound to repel fish from power plant intakes (White 1976, 
personal communication). It concluded that, although sound was par
tially effective, sound alone was inadequate for repelling· fish from 
the cooling water intake, because of the diversity of species, the 
diversity of sizes of fish encountered, and the diversity of behavioral 
patterns. 

An underwater pneumatic impact device (popper) was tested as a sonic 
barrier at a power plant intake structure by Schuler and Larson (1975). 
They concluded that the effective range of sonic device tested was 
limited to 5-10 ft in reducing the numbers present. On the basis of 
these results from field and laboratory studies, no further consid
eration of sonic barriers at Salem is warranted. 

XIII.6.1.3 Velocity Gradients 

Flow acceleration barriers produce an increase in the approach velocity 
over a relatively short distance by use of wedges in approach channels. 
Their use within an intake structure would require a confined approach 
channel to the intake structure and relatively high approach velocities. 
This combination is expected to result in·a condition which would 
entrain and entrap fish and would require effective guidance of diverted 
organisms into a by-pass system. Further, this combination may also 
lead to the establishment of a resident predator population. -

Kerr (1953), Clay (1961), Bates (1964), Bates and VanDerwalker (1964), 
Niggol (1964), and Prentice (1966) discussed flow acceleration or 
deceleration barriers for guiding or deflecting fishes. Bates and 
VanDerwalker reported a 70 percent diversion efficiency for an experi
mental water-jet deflector at an approach velocity of 76 cm/sec (2.5 
fps). High diversion efficiencies (81 percent) have been reported by 
Prentice and Ossiander (1974) for experimental vertical flow accelera
tors oriented at a 200 deflection angle for channel velocities ranging 
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from 37 to 73 cm/sec (1.2-2.4 fps). Experimental horizontal flow 
accelerators had an average deflection efficiency of 56 percent at 
channel velocities from 46 to 70 cm/sec (1.5-2.3 fps) (Prentice and 
Ossiander 1974). No differences in diversion efficiency was observed 
for tests conducted during the day and night. Blinded fish, tested by 
Gerold and Niggol (1964), were guided by flow acceleration barriers with 
diversion efficiencies comparable to those for normal fish. 

Because. they require approach channels with high velocities (resulting 
in entrainment and entrapment), no application of velocity gradients 
for diverting fish from power plant intake structures has been tested. 
Velocity gradients currently are not a reliable technique for reducing 
entrainment or impingement at power plant intakes and are not suitable 
for further consideration at Salem. 

XIII.6.1.4 Air-Bubble Screens 

Air-bubble screens generally are unsuccessful at consistently diverting 
fish (Brett and MacKinnon 1953; Fields 1966; Mayo 1974). However, sev
eral cases have been reported where partial success was observed. Bibko 
et al. (1974) reported that striped bass would not actively pass through 
an air-bubble screen at 4.5 or 11.lOC (40 or 520F), but were found to 
drift passivelv through the screens when the water temperature was a.soc 

.(330F). Striped bass were found to pass through an air-bubble screen at 
all test temperatures if openings 5.2 cm (2 in.) or greater were allowed 
in the screen. Gizzard shad would not pass through an air-bubble screen 
at water temperatures ·of 11.1oc (520F), but were not deterred at o.soc 
(33°F) (Bibko et al. 1974). Bates and VanDerwalker (1964), studying 
juvenile migrant salmon, reported that air-bubble screens produced 
diversion efficiencies up to 95 percent during daylight, but declined 
to 28 percent at night and were not improved by artificial lighting. 
Alevras (1974) observed that an air-bubble screen at the Indian Point 
Power Station on the Hudson River did not appear to repel fish during 
the daytime, and his preliminary data indicated that the air-bubble 
screen may attract fish to ·the intake at night. 

Because of the variability in response among species, poor effectiveness 
at night and in turbid water, and lack of success in field applications, 
air-bubble screens are not an effective method of reducing either 
entrainment or impingement and will not be examined further for use 
at Salem. 

XIII.6.1.5 Electrical Barriers 

Electrical barriers have been used in fresh water to divert fishes from 
several small power plants, dams, irrigation canals, and municipal water 
supply systems with variable success. Because of low electrical resis
tance, no application of electrical fish barriers has been made. in salt 
or brackish waters. Holmes (1948) discussed the history, developmental 
problems, and practical applications of electrical techniques for fish 
diversion. Applegate et al. (1954) reviewed the literature related to 
the use of electric fish screens. 
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Pugh (1962), Pugh et al. (1964), and Elliott (1970) reported that pulsed 
current was most effective in terms of guidance, diversion, and power 
requirements. The behavioral reaction of fishes to an electric field 
are: (1) avoidance, (2) electrotaxis, and (3) electronarcosis leading 
to paralysis and eventual dea,:th (Applegate et al. 1954; Elliott 1970; 
Maxwell 1973). In general, the required current density and resulting 
behavioral response varies among species and sizes of fish (Pugh 1962; 
Pugh et al. 1964). 

Trefethen (1955) reported 68 percent guidance efficiency of electric 
barriers in large scale laboratory experiments using fingerling salmon. 
Efficiency decreases as water velocity exceeds 15 cm/sec (0.5 fps) (Pugh 
1962; Pugh et al. 1964). Maxwell (1973) reported variable success of 
electric barriers used at small freshwater intakes, usually with resi
dent rather than migrating fish. 

Electrical barriers are most effective at intake structures where 
the impingement of only a few species of relatively uniform size is 
of concern. At intakes such as Salem's, where a variety of species 
and sizes of fish are encountered, or at intakes sited in marine or 
estuarine waters, electrical barriers are not effective in minimizing 
entrainment (EPA 1976). Accordingly, they will not be examined further 
for application at .Salem. 

XIII.6.1.6 Chemicals 

A barrier consisting of a fish-repelling chemical, discharged near the 
entrance of an intake structure, may be used to discourage the entry of 
fish into the intake. Fish-repelling chemicals are available, but no 
large-scale testing h~s been conducted. Chemical barriers would be of 
little practical value at Salem because of the large volumes of cooling 
water involved and the adverse effect of the discharge of fish-repelling 
chemicals on nontarget organisms inhabiting the receiving waterbody. 
Accordingly, they will not be examined for further application at Salem. 

XIII.6.1.7 Magnetic Barriers 

Magnetic fields have been examined as a potential method of guiding 
juvenile salmonids past water diversions (Cannon et al. 1979). Sal
monids did not respond to changes in magnetic fields under experimental 
conditions. No tests have been conducted to examine the effectiveness 
of magnetic barriers at power plant intake structures. In the absence 
of any information suggesting the applicability of magnetic fields for 
reducing entrainment or impingement, further consideration of magnetic 
barriers is not warranted for Salem. 

XIII.6.1.8 Chains and Cables 

Chains and cables hung vertically at the entrance to a water intake 
structure or water diversion have been examined as a potential behav
ioral barrier. .Results of experiments conducted with juvenile salmonids 
(Brett and Alderdice 1958) suggest that chain and cable barriers are 
not effective in consistently diverting fish. Chain curtains were among 
those alternatives considered undependable based on ambiguous test 
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results (Sharma et al. 1981). In the absence of demonstrated effect
iveness, chain and cable barriers are not considered to be a reliable 
technique for reducing the entrainment or impingement of fish at water 
intakes, and will not be considered further for Salem. 

XIII.6.1.9 Louvers 

The application of fixed louvered deflectors for diverting juvenile 
migrant salmonids and striped bass has been discussed by Bates and 
Vinsonhaler (1957), Bates and Jewett (1961), and Skinner (1974). 
Diversion of downstream migrants of anadromous species with louver 
deflectors has had variable success. Diversion efficiency is influenced 
by the approach velocities and the species and sizes of fish. Louvers 
have proven to be a relatively well-developed engineering and biological 
design concept, requiring minimal fish handling. They do not, however, 
divert fish eggs and larvae, are vulnerable to biofouling accumulations, 
and are not self-cleaning. 

Skinner (1974) discussed the diversion efficiency of the Delta Fish 
Protective Facility near Byron, California, which diverts water from the 
Sacramento I San Joaquin River system primarily for agricultural usage. 
The facility is a fixed-louver design oriented 150 to the flow, with 
primary and secondary by-pass facilities. Present diversion capacity of 
the facility is approximately 170 m3/sec (6,000 cfs). Louver efficiency 
for white catfish was found to be directly related to fish length. 
Primary diversion efficiency ranged from 4 percent for white catfish 
10-12.5-mm (0.4-0.5-in.) long to 68 percent for those 75-100-mm (3.0-
3.9-in.) long. Diversion efficiency for salmonids was related to fish 
length and water velocity. Velocity was found to influence diversion 
efficien<;y of smaller fish greatly, but as fish increased in size and 
swimming capability, velocity became less critical. Diversion effi
ciency for salmonids ranged from 65 to 84 percent in 1970 and from 84 to 
90 percent in 1971 for salmon 50-150-mm (2.0-5.9-in.) long. Differences 
in diversion efficiency between the two years was thought to be related 
to the operator's ability to attain and maintain test parameters. Based 
on observations of 1.3 million striped bass 5-125 mm (0.2-4.9 in.) in 
length, there appeared to be an inverse relationship between diversion 
efficiency and channel approach water velocity. Lower approach veloc
ities were most favorable for striped bass less than 30-mm (1.2-in.) 
long. The diversion efficiency of the louver system for striped bass 
was 69 percent. 

Schuler (1974), using an experimental approach, observed the behavioral 
reaction of marine fish to fixed louvers oriented at various angles 
to the flow, to various louver vane spacings, and to various approach 
velocities. For marine fish, highest guidance efficiency was observed 
for louvers oriented 200 and 300 to the flow with vanes 2.5 cm (1 in.) 
apart. Maximum diversion efficiency occurred at a mean approach veloc
ity of 61 cm/sec (2 fps). Schuler (1974) observed for marine species 
that the guidance component extended 15-20 cm (5.9-7.9 in.) from the 
louver face and that test species guided better along an array of 
louvers than along s.creens. 
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Results of flume studies of a louver diversion system with a fine-mesh 
screen modification have been reported for several coastal California 
marine fish species (McGroddy et al. 1981). When smooth woven wire slot 
mesh (1.2-mm by 14-mm openings) was placed on the louvers of 2.5-cm 
(1-in.) width and spaced at 2.5-cm (1-in.) intervals, diversion effi
ciency increased and mean lengths for 50 and 100 percent diversion 
decreased with respect to louvers alone for all fish tested in both 
conditions. Approach velocities of 30 cm/sec (1 fps) and 61 cm/sec 
(2 fps) were tested and the data show decreased diversion at higher 
velocities due primarily to decreased survival of smaller fish unable 
to avoid repeated contact with the screen. More sensitive species, 
like northern anchovy (Engraulis mordax), demonstrated poor post
diversion survival (18-28 percent at 96 hours), reducing the effec
tiveness of the high diversion percentages for fish of lengths greater 
than 20 mm (0.78 in.). Quantitative relationships between survival of 
diverted larval fish and approach velocity, fish size, and other stress
related parameters (i.e., length of diversion structure, mesh size, and 
texture) are not available for species of concern at Salem. Fouling of 
diversion structures and its effects have not been tested under opera
tional conditions at any power plants. 

Louvers have been used effectively for diverting migrating anadromous 
fishes from several large agricultural water diversions, but the exclu
sive application of louvers ~o power plant cooling water intakes has not 
been attempted. Louvers do not provide a positive barrier for eliminat
ing either entrained planktonic organisms or debris from a cooling water 
flow, and entrainment could result in blockage of the condenser tube 
system and lead to reduced operating reliability and increased mainte
nance of the cooling water system. 

Southern California Edison has recently begun preoperational testing 
of a combined louver/traveling screen intake for application at a power 
plant cooling-system intake. The structure is designed to provide the 
guidance characteristics of louvers and the positive physical barrier 
of a screen. The louver system is backed up by a conventional traveling 
screen in a forebay supplied with water through an offshore velocity 
cap. Preliminary observations indicate effective diversion of several 
species at lengths >150 mm (>5.9 in.), but poorer diversion of smaller 
fish. Since the vast majority of fish impinged at Salem are <150 mm 
(<5.9 in.) in length and louver systems do not reduce entrainment, the 
use of louvers will not be considered further for use at Salem. 

XIII.6.1.10 Velocity Cap with Relocated Offshore Intake 

During the early 1950s, operation of offshore intakes wotild occasionally 
result in schoolS of fish becoming entrapped within the intake conduit. 
These offshore intake conduits were unscreened and oriented vertically 
in the water column to minimize sediment deposition within the onshore 
intake structure. The entrapped fish would eventually become impinged 
on the onshore intake screens. Experimental testing showed that fish 
sense and react to vertical flow fields much more slowly than to hori
zontal flow fields. As a result of these observations, velocity caps 
(Figure XIII.6-1) were placed over the entrance to the offshore intakes 
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to reorient the flow patterns from a vertical to a horizontal flow 
field. The quantity of fish removed from one intake structure decreased 
by nearly 95 percent (Weight 1958). 

Velocity cap intake structures are presently in use in offshore intakes 
in the Pacific Ocean off southern California and in Lake Michigan. 
A velocity cap functions as a behavioral barrier and is used in combina
tion with onshore intake screens, which function as a positive physical 
barrier for those fish that enter the intake. Velocity caps are not 
expected to reduce the numbers of planktonic organisms entrained and 
subsequently subject to predation by biofouling organisms residing and 
growing on conduit surfaces. Extensive biofouling control systems may 
be required to maintain operational reliability and prevent the propoga
tion of heat tolerant nuisance organisms. 

Velocity caps fitted to an off shore intake conduit are not a proven 
technology for power station sited on rivers or estuaries. At Salem, 
the high rate of sediment accretion, absence of appreciable vertical 
temperature stratification or strata with low organism density, poten
tial for biofouling, poor accessibility (especially during winter con
ditions, and the continuing need to maintain and operate the existing 
intake screen structure contribute to eliminate this as a reasonable 
alternative. In addition to its relatively high cost of installation, 
the side effects of the extensive dredging required for the conduit, 
and the navigational hazard an offshore intake system might ere.ate, 
exclude the alternative from further consideration. 

XIII.6.2 PHYSICAL BARRIERS 

During recent years, extensive effort has been devoted to designing and 
'· modifying physical barriers to provide exclusion of entrained fish and 
:'. invertebrates from the water supply while minimizing mortality resulting 

from impingement. In addition to excluding debris and organisms from 
a cooling water supply, an acceptable physical barrier must be mechani
cally dependable and operate as designed under a variety of conditions. 

Physical barriers are designed to block the passage of entrained or 
entrapped organisms on the basis of the size of organisms encountered 
at specific intake systems. Some physical barriers rely on impinging 
organisms for brief periods while they are mechanically transferred 
to a by-pass channel. Recently, many physical barrier systems (e.g., 
vertical traveling screens and centerf low screens) have been modified 
on an experimental basis to include fine-mesh (0.5-2.5-mm; 0.02-
0.l-in.) screen material, in an attempt to minimize the numbers ·of 
eggs and larval fishes entrained into cooling water systems. 

The following sections review the biological and engineering consider-· 
ations associated with the use of various physical barri~rs at power 
plant intakes. They present the results of laboratory studies, proto
type field studies, and actual operating experience at water intake and 
diversion structures, and discuss various media filters and infiltration 
systems, fixed-screen concepts, and traveling screen designs • 
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XIII.6.2.l Rapid Sand (Media) Filters 

The high-capacity rapid sand filter (infiltration gallery) has the 
potential to prevent entrainment, entrapment, and impingement of all 
species and life stages of fish in power plant cooling systems, but only 
when the proper conditions exist in the adjacent waterbody. Free flow 
across the filter surf ace and low approach velocity combine to eliminate 
potential fish kills and the need for handling and disposal of debris. 
These filter systems, however, are plagued by operational problems, 
primarily those associated with clogging of the filter media. As a 
result of these operational problems, filters have had limited use at 
power plant intake structures. They require sediment stability and 
source waters with low suspended sediment loads and low productivity 
to be considered reliable. These conditions are not present in the 
Delaware. 

The Montour Stream Electric Generating Plant, located on the Susquehanna 
River, Pennsylvania, used a filter bed designed to provide make-up 
cooling water at a rate of approximately 33,000 gpm (2 ~3/sec; 73 cfs). 
Filter operation was considered to be unacceptable because algae and 
fine sediment clogged the filter media. Despite several modifications 
to the original design, the filter was unreliable and wa1 replaced by a 
perforated pipe intake. 

The feasibility of using a filtration bed as a cooling water intake 
structure in the marine environment was examined by Stober et al. ( 197 4) 
and Strandberg (1974). It was concluded that a filter intake system 
is an effective means of excluding planktonic eggs and larval fish from 
power plant cooling systems. However, the present technology is not 
considered to be sufficiently developed to allow reliable design and 
operation of filter intake systems. 

Low infiltration rates of media filters require large surface areas, 
approximately 10 acres for every 1,000 gpm (0.07 m3/sec; 2 cfs) of 
cooling water, which makes their application at many sites infeasible 
even when used to supply make-up water for closed-cycle cooling systems. 
This is the case at Salem where more than 2,000 acres of sand filters 
would be required to supply required cooling water flow, assuming that 
clogging could be avoided. 

Operational problems and poor reliability of filter intake systems, 
as a result of clogging, siltation, and biofouling, make further con
sideration of the concep~ for use at Salem unwarranted. 

XIII.6.2.2 Porous Dike 

A porous dike uses a filter medium of stone and gravel to exclude 
organisms from a cooling water system. Porous dikes are in the devel
opmental stage and have not been used to date in estuarine or marine 
environments. The porous-dike concept is applicable for both shoreline 
and offshore intakes, may provide a behavioral and physical barrier for 
larval and juvenile-adult fishes, and eliminates the necessity of a fish 
return system. Operatione: reliability under actual field conditions 
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and maintenance associated with biofouling, clogging, and sediment 
accumulation would have highly site-specific characteristics. 

Preliminary criteria for the design and use of a porous dike as an 
intake structure include: 

1. The dike must be stable and resistant to erosion 
caused by water currents and storm wave action. 

2. The size and composition of the media must provide 
structural integrity, acceptable water flow rates, 
and exclusion of organisms. 

3. The hydraulic efficiency must be high and biofouling 
and sediment accumulation low. 

4. The dike must not require excessive maintenance. 

S. 'The design should include provision for backflushing 
and recirculation of heated water to eliminate 
clogging due to biofouling and ice. 

Hydraulic investigations of flow-throu~h porous-dike structures under 
- laboratory conditions (Roberge 1978) provide the foundation for the 

design of large-scale porous dikes. Engineering evaluation of porous
dike intake structures (Roberge 1978) indicates that the concept is· 
feasible, but long-term prototype testing under field conditions is 
required to determine the practicality and performance of a porous-dike 
intake at a specific site. 

The primary biological advantage of a porous dike is its potential 
effectiveness in excluding larval and juvenile fishes from the cooling 
water system. Schrader and Ketschke (1978) reviewed the biological 
aspects of porous-dike intake structures and concluded that a porous 
dike may act as both a behavioral and a physical barrier for larval 
and adult fishes. Available information, however, is insufficient to 
determine operational exclusion efficiency for various sizes and species 
of estuarine fish at various approach velocities; nor have the exclusion 
efficiency and survival of entrained fish eggs been determined for 
porous-dike intake structures. 

Two operating power plants located on the western shore of Lake Michigan 
have intake structures designed to obstruct organisms and debris from 
entering the cooling systems with stone barriers (Michaud 1981). At 
the Lakeside Power Plant (310 MWe), the onshore intake structure is 
supplemented with a rubble dike that has been in operation for nearly 
60 years. The Point Beach Nuclear Plant (994 MWe) has a 10-year history 
of operation with an offshore intake crib comprised of quarry stone. 
Cross sections of these intake designs are shown in Figure XIII.6-2. 
The operation of these structures has been relatively trouble free 
except for the following (Michaud 1981): 
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Lakeside 

• Shoreline screen clogging due to fish populations 
and algae growing in the diked pond 

• Periodic dredging of the diked pond to remove 
settled sediments 

Shift and slippage of larger stones requiring 
retrieval and reconstruction 

• Sedimentation along outer base of dike decreasing 
porous surf ace area 

Point Beach 

Ice build-up causing blockage of water passage 
through stones 

•· Inefficient heated water recirculating system 
requiring redesign for winter operation 

• Washout of sand and.gravel causing settling of dike 

Silt acumulation in crib feeder pipes 

• Storm erosion 

Although these problems are not ·severe where water quality is good and 
sediment loads and biofouling is minimal, they indicate the ciisadvan-· 
tages that must be considered on a site-specific basis. 

The effectiveness with which the porous dike can reduce impingement 
rates is indicated by a comparison with rates measured at adjacent power 
plants for juvenile and adult alewife over a three-month period. For 
Lakeside, impingement rates ranged from 2.3 to 33.3 percent of those at 
adjacent plants. At Point Beach, impingement rates ranged from 4.8 to 
86.4 percent compared' to the same plants during the same period. Real 
differences in population levels near these intakes could not be taken 
into account and high variability.in the data precludes precise quan
tification of exclusion efficiency of these dike designs. Similarly, 
apparent reductions in entrainment rates of greater than 60 percent 
could not be unequivically attributed to intake design or intake loca
tion at the several plants (Michaud 1981). 

Field and laboratory testing of porous dike characteristics has been 
conducted at the Brayton Point Station, Massachusetts (Ketschke and 
Toner 1982; Ketschke 1981a,b). Rock gabions constructed with either 
3- or 8-in. test stones were used to evaluate hydraulic performance 
and potential pump-condenser exclusion of entrainable eggs and larvae 
of locally abundant species. Flume studies showed that bay anchovy 
larval passage through 8-in. stone dike material was essentially pre
cluded (94-99 percent exclusion), whereas winter flounder showed a size 
dependent trend C.23-87 .5 percent exclusion). Juveniles of all species 
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tested avoided entrainment through the dike material in the test flume. 
Laboratory approach velocities ranged between 0.02 and 1 fps and the 
field approach velocity was 0.1 fps for these tests. 

Hydraulic studies showed that biofouling and detrital accumulation 
decreased the gabion void volume by approximately 25 to 30 percent and 
increased gabion weight by 10 to 15 percent in the first 6-12 months of 
operation. Flow-through volumes per surf ace area apparently stabilized 
at approximately 0.025 cfs/ft2 after 6-12 months of operation with 
periodic backflushing (Ketschke 198lb). 

On the basis of the operational history of porous-dike structures at 
Lake Michigan power plants, which indicates that even in waters with low 
suspended sediments some clogging occurs, and the results of prototype 
testing at Brayton Point, which ultimately excluded the porous-dike 
concept as a feasible alternative in estuarine waters, it would appear 
that accretion of sediment in the Delaware would rapidly clog such a 
structure at Salem. In addition, sediment passing through the dike 

,would have to be dredged periodically and the operation of the present 
intake continueG to screen fish populations confined within the dike 
structure. Available stability-flow information (Ketschke 198lb) 
indicates that a structure of a 6-m (20-ft) depth would have to be a 
minimum of approzimately 6,048 m (10,000 ft) in length to accommodat~ 
the present Salem ~ooling water requirements. The extensive creat~d 
habitat would be suitable for a biofouling and predator community thet 
preys upon fish eggs and larvae drawn to the dike surface. Exclusive of 
the high capital and outage penalty costs of construction, the require
ment for an extensive hot water backflushing system to prevent or retard 
icing, biofouling, and clogging is not a readily available technology. 
The combination of all these factors makes the alternative to construct 
a porous dike at Salem untenable from a biological benefits and engi
neering viewpoint. This option will therefore not receive further 
consideration. 

XIII.6.2.3 Radial-Well Colle~tor~ 

The radial well is a subterranean intake system that withdraws water 
from an aquifer or from an overlying water source such as a river or 
lake. Radial wells have been used to supply water for domestic and 
industrial usage and are planned to be used to supply cooling tower 
make-up water at several steam electric power plants. The maximum 
capacity of a typical radial well collector is approximately 55,500 gpm 
(3.5 m3/sec; 124 cfs), which is insufficient to meet the demands of most 
once-through cooling systems. Limitations in aquifer size, sediment 
permeability, and groundwater hydrology tend to make it technically and 
economically impractical to build radial wells large enough to provide 
adequate water volume for once-through cooling. 

Radial-well collectors rely on induced infiltration through unconsoli
dated alluvial deposits; they furnish water that is typically low in 
turbidity and concentrations of suspended solids. In addition, because 
of the extremely large surface area associated with radial-well col
lectors, the water velocity at the waterbody/sediment interface is 
extremely low, less than 0.01 cm/sec (0.0003 fps) (Mikels and Bennett 
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1978). The low velocities and positive physical barrier created by 
the substratum result in complete exclusion of egg and larval fish 
and microzooplankton from the water being withdrawn. 

Engineering and operational considerations include the suitability of 
geological structures and groundwater hydrology of a particular site, 
sediment deposition, presence of iron bacteria, biological fouling, 
and accumulation of debris. Before a radial-well collector can be 
considered acceptable for a specific site, the potential for depleting 
groundwater storage reserves, particularly during droughts, and the 
operational reliability of the intake system through the life of the 
power plant must be evaluated. 

The radial-well collector provides a biologically effective intake 
structure that eliminates entrainment and impingement. The use of 
radial wells, however, is limited to specific sites because of substrate 
permeability and aquifer characteristics, and is limited to meeting 
small water demands comparable to the make-up water requirements for 
close-cycle cooling. The limited capacity and siting constraints make 
radial-well collectors unsuitable at power plant intakes such as Salem. 

XIII.6.2.4 Conventional Stationary Mesh Screens, 
Perforated Plates, and Pipes 

Stationary screens have. long been used in irrigation canals and indus
trial water intake systems. Debris accumulations on screen surfaces 
reduce water flow volume and the efficiency of these screen instal
lations. Blockage of a stationary intake screen by impinged debris 
results in unacceptable operational reliability of stationary screens 

·for use in once-through cooling water intakes, particularly in areas 
with heavy detrital and sediment loads, such as the lower Delaware 
River, so are not acceptable alternatives for Salem. 

Perforated plates and pipes provide a positive barrier for adult and 
subadult fish and have the potential for the protection of eggs, larvae, 
and juvenile fish (Maxwell 1973; Richards 1978). Biofouling and debris 
accumulations reduce reliability of perforated intakes, since they are 
not self-cleaning. Perforated pipe intake structures are being used 
to supply make-up water at several power plants, but they have not been 
used for once-through cooling systems. These devices are not proven 
technology for large-volume, once-through cooling systems. Biofouling 
and heavy debris load coupled with absence of self-cleaning make these 
devices untenable as alternative technologies for Salem. 

XIII.6.2.5 Cylindrical Wedge-Wire Screens with 
Relocated Intake Structure 

Stationary cylindrical screens are presently being considered for use 
on offshore power plant cooling water intakes. The application of 
stationary cylindrical screens for once-through cooling system intakes 
has undergone extensive evaluation (Key and Miller 1978; Cannon et al. 
1979; Browne 1980; Gulvas and Zeitoun 1980; McGroddy et al. 1981; ASCE 
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1982). Until recently, wedge-wire cylindrical screens have been in 
the developmental stage and have not been considered to be available 
technologies for application to once-through cooling water systems 
(Cada et al. 1979). 

The design of stationary, submerged, cylindrical screens typically 
includes the use of a wedge-wire material. Wedge-wire screen is manu
factured by welding wire of triangular cross sections to a support 
structure (Figure XIII.6-3). Wedge-wire screen is generally constructed 
with slot widths ranging from 0.25 to 2.5 mm (0.01-0.1 in.) and offers 
20-35 percent open area for water passage. This design results in a 
smooth screen surface and screen openings that widen inwards, facili
tating screen cleaning (backwashing) and increasing hydraulic efficiency 
(Cook 1978). The cylindrical screen configuration, which promotes 
radial flow into the screen, and the use of wedge-wire screen material 
are expected to reduce screen clogging~ 

A typical intake system design with stationary, completely submerged, 
cylindrical screens is shown in Figure XIII.6-4. The cylindrical 
screens can be used individually, in pairs, or in a manifold design 
to provide the necessary cooling water volume. The fish protection 
potential of a cylindrical wedge-wire screen depends on the location 
and orientation of the screen with respect to ambient water currents, 
on the size of the screen openings, and on the through-screen velocity. 
The absence of a confining screenwell which may entrap organisms and 
the design of screens with through-screen velocities less than 15 cm/sec 
(0.5 fps) serve to reduce the numbers of organisms entrained and 
impinged. 

The once-through cooling water intake system for Unit 3 of the 
J.H. Campbell Plant on Lake Michigan consists of 28 pairs of 1.37 m 
(4.5 ft) diameter by 1.2-m (4-ft) long, 9.5-mm (3/8-in.) opening Wedge
Wire screen modules. Each pair is mounted 4 m (6.5 ft) above the bottom 
2,117 m (3,500 ft) offshore starting at the 21-m (35-ft) contour. Seven 
pairs of screen are mounted on each of four manifold headers emptying 
into an 5.48-m (18-ft) diameter intake pipe which delivers water at a 
rate of 1,280 m3/min to the onshore intake channel. Although numerous 
difficulties were encountered in the design and construction phase, 
the intake has been operating since November 1979 without substantial 
clogging, biofouling, or ice damage problems. 

The biological effects associated with the intake operation were studied 
by the University of Michigan (1982) and concluded the following: 

1. Biofouling of over 60 percent of some screens did 
not affect function of the screen modules. 

2. No impingement of live fish was observed to occur. 

3. Entrainment may have been increased due to spawning 
activities and attraction of fish to the intake 
structure. 
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Biological data on the potential effectiveness of cylindrical screens 
using wedge-wire screening of smaller slot widths to minimize entrain
ment and impingement have been collected in prototype flume experiments 
conducted by Hanson et al. (1978). The entrainment and impingement of 
fish of various sizes (eggs, larvae, and subadults) on screen cylinders 
0.3 m (1 ft) in diameter and 0.6-m (2-ft) long, made up of Wedge-Wire 
screen with slot widths ranging from 0.25 to 1.0 mm (0.01-0.04 in.) 
was tested. Through-screen velocity was 15 cm/sec (0.5 fps) and chan
nel velocity ranged from 0 to 79 cm/sec (0-2.6 fps). Results of these 
experiments indicate that: 

1. Impingement of fish larger than 15 mm (0.6-in.) in fork 
length was virtually eliminated on screens with 0.5-mm 
(0.02-in.) slot width. 

2. Fish 12-17 mm (0.5-0.7 in.) in fork length impinged on 
the screen showed excellent ability to escape impingemejt. 

3. Less than 0.1 percent of the striped bass eggs test~d were 
entrained through screens with slot widths of 0.25-0.5 mm 
(0.01-0.02 in.). 

4. Mortality of striped bass eggs impinged on 0.5-mm 
(0.02-in.) Wedge-Wire screen for 0.5-2 minutes ranged 
from 0 to 11 •. 9 percent and averaged 1.4 percent for· 
all tests. 

Primary engineering concerns for stationary cylindrical wedge-wire 
screens focus on maintenance and operational reliability of the intake, 
which are influenced by the extent and frequency of debris clogging and 
biofouling accumulation on the screen surface. Each cylindrical screen 
must be equipped for either air-burst or hydraulic backwashing to remove 
accumulated debris. An ambient water velocity past the screen greater 
than the through-screen velocity promotes self-cleaning. The signifi
cance of a tangential velocity component across the screen to minimize 
clogging is discussed by Hanson et al. (1978); the problem of removing 
biofouling organisms from screens in brackish water or marine environ
ments is described by Key and Miller (1978). The effects of clogging 
and biofouling on the operational reliability of stationary cylindrical 
screens should be investigated for intake sites in the marine environ
ment. Similar evaluations should be conducted in areas of heavy detri
tal and silt loading, before they can be confidently used in once
through power plant cooling water intakes in estuarine environments. 
It is noted that Hansen et al. (1978) found that detrital material from 
the vicinity of Salem clogged the wedge-wire.test screen more rapidly 
than other sources of detritus. 

The design and operation of stationary screening systems have been 
established in many small industrial applications. Stationary screening 
systems such as the wedge-wire cylindrical screens have only recently 
been applied to power plant intakes. Field and laboratory testing has 
been underway for several years to establish the biological effective
ness of stationary screens and to refine engineering design criteria for 
screen location, orientation, through-screen velocity, and mesh opening 

XIII.6-14 



Salem 316(b) Demonstration: Appendix XIII 

size. Operational reliability, screen clogging and biofouling, and 
maintenance requirements for stationary screens sited in various water
body types is required before site-specific adoption of this alternative 
can be considered. 

Offshore intake conduits fitted with cylindrical Wedge-Wire screens 
have not been used for large-volume intakes in estuarine waters. 
Entrainment may be increased by attraction of spawning activity to the 
vicinity of the submerged intake structure. Detrital clogging was more 
rapid on test panels at Salem than with other materials at other sites 
examined. Based on the measurement of maximum detrital loading on the 
present screens being in excess of 500 gm/100 m3 and maintenance of 
cooling water system flows at 2.2 million gpm, it can be calculated that 
approximately 500,000 kg of detrital material could accumula,te around 
the intake Wedge-Wire screen array during an hour period surrounding 
slack tide. With insufficient tidal currents to remove material from 
the area, reduction in backwashing system efficiency could result in 

· unreliable operation and water supply at Salem~ Methods have _not been 
developed for effective cleaning of marine encrusting organisms from the 
surf ace of such submerged screens. Deposition of sand and silt in this 
zone of natural accretion may be a serious impediment to operation of 
such a system. Inaccessibility for needed cleaning and maintenance, 
especially during winter conditions, is a major concern. To assure a 
reliable supply of cooling water, the existing intake would have to be 
maintained. For these reasons, further consideration of this technology 
as an alternative for Salem is not warranted at this time. 

XIII.6.2.6 Drum Screens 

Vertical drum screens have .been used for fish diversion in irrigation 
canals, and in British steam electric stations for the protection of 
salmonids, with varying success (Eicher 1974). Vertical drum screens 
with diameters of approximately 3 m (9.8 ft) are commonly aligned in 
rows leading to a by-pass channel. Screen rotation carries imping~d 
fish toward the by-pass and provides self-cleaning of debris. Vertical 
drum screens provide a positive barrier for adult and subadult fish, but 
do not appear capable of protecting fish eggs and larvae. Fluctuations 
in water depth do not affect the performance of vertical drum screens. 

Horizontal drum screens have been used for fish diversion in irrigation 
facilities, power plants, and hydroelectric projects, as discussed by 
Maxwell (1973), Eicher (1974), and Mayo (1974). 'rhese well-developed 
and proven screens provide a positive barrier for adult and subadult 
fish, but do not protect their eggs or larvae. The screen surf ace is 
cleaned through screen rotation, but screen rotation is detrimental to 
impinged fish if no by-pass facility is provided. Diversion efficiency 
of horizontal drum screens is sensitive to fluctuating water levels. 

Drum screens, although acceptable for use in intake structures of orice
through power plant cooling systems, of fer no biological or engineering 
advantages over conventional vertical traveling screens. Drum screens 
have not been utilized extensively in electric generating stations in 

XIII.6-15 



-... · 

Salem 316(b) Demonstration: Appendix XIII 

the United States, partly because of problems associated with the carry
over of debris into the condensers, which reduces system reliability. 
They accordingly will not be considered further for application at 
Salem. 

XIII.6.2.7 Horizontal Traveling Screens 

The horizontal traveling screen (Figure XIII.6-5) developed by Bates 
(1969) has been proposed for fish diversion in canals, hydroelectric 
dams, irrigation intakes, and power plant intakes. Major attributes 
of the horizontal traveling screen concept include (1) formation of a 
complete physical barrier, (2) high diversion efficiency of juvenile 
migrant fish, and (3) release of impinged fish into a by-pass without 
aerial exposure. Operation of horizontal traveling screens is not 
greatly affected by fluctuations in water depth. The screen is self
cleaning, thereby minimizing head loss, and is capable of operating 
under higher approach velocities than is normally possible with other 
types of screens. Research and development of the horizontal traveling 
screen has been reported by Bates (1969), Bates et al. (1970), Farr and 
Prentice (1974), and Prentice and Ossiander (1974). 

Prentice and Ossiander (1974), studying 70-mm (2.8-in.) fingerling 
chinook salmon (Oncorhynchus tshawytscha), observed 98 percent diversion 
efficiency of a traveling screen aligned at an angle of 30o to a flow 
of 46 cm/sec (1.5 fps) under lighted conditions, and a 91 percent diver
sion efficiency under dark conditions. Diversion efficiency for 170-mm 
(6.7-in.) salmonids tested under similar conditions was 99.6 and 99.8 
percent during day and night tests, respectively. No screen impingement 
was observed during these tests, and 48-hour posttest survival exceeded 
97 percent for all experiments. 

Unfortunately, mechanical performance of horizontal traveling screens 
is not, at present, acceptable for continuous operation at a power plant 
intake such as Salem's. Operation is limited by both screen depth and 
screen weight. Prototype tests designed to examine mechanical operation 
and to assess performance limitations are discussed by Farr and Prentice 
(1974). Potential solutions to mechanical problems, resulting from sus
pended sediment and sediment bedload, have yet to be perfected. 

Horizontal traveling screens promise to be effective in reducing fish 
impingement but are not expected to reduce the number of organisms 
entrained into a cooling system. The lack of reliable operation of 
horizontal traveling screens, however, precludes any further consider
ation for their use in cooling water intake structures applicable for 
Salem. 

XIII.6.2.8 Rotating Disc Screens 

Rotating disc screens have been used in both small irrigation diversions 
and municipal water supplies. No application of rotating disc screens 
in power plant intake structures has been reportedG Rotating disc 
screens of fer no biological or engineering advantage over conventional 
vertical traveling screens for use in cooling water intakes. 

XIII. 6-16 



------------

Salem 316(b) Demonstration: Appendix XIII 

XIII.6.2.9 Centerflow or Passavant (Single-Entrance, Dual-Exit) 
and Cogenel (Dual Entrance, Single-Exit) Traveling Screens 

The centerflow or Passavant traveling screen represents a relatively new 
intake screening technology in the United States, although it has been 
used extensively in European industrial and electric generating facili
ties for almost three decades. Centerflow screens (Figure XIII.6-6) are 
oriented parallel to the approaching waterflow, and water enters through 
the center of the screen and exits through both vertical faces. Screen 
panels on centerflow screens are attached to a continuous drive chain 
and unlike conventional vertical traveling screens, each screen panel 
forms a concave basket, increasing available screening surf ace area. 
Screen mesh sizes range from 0.5 to 9.5 mm (0.02-0.4 in.), with many 
units having from 1.0 to 2.5-nnn (0.04-0.1-in.) mesh. Because debris 
can accumulate rapidly on the small mesh commonly used in centerf low 
screens, they are designed to rotate continuously. 

The hydraulic flow patterns associated with centerf low screens are more 
complex than those associated with vertical traveling screens. Water 
flows into the scree~ chamber through a keyhole-shaped opening in the 
front wall of the intake screen structure, turns 900 to flow through 
the screen mesh, and turns 900 to complete its transit to the circulat
ing water pump. Ef fec.tive screening occurs on both the ascending and 
descending sides of centerflow screens, increasing available screen 
surface area. As a result, the average through-screen velocity of 
a centerf low screen is less than the approach velocity to the screen. 
However, through~screen velocities are highly variable across the screen 
face because of flow patterns and screen orientation, and velocities 
tend to increase with distance downstream from the chamber entrance. 
The turbulence of the flow may negate potential benefits from reduced 
average through-screen velocities. High velocities at the entrance 
to the screen may also prevent the escape of fish entrapped within the 
screen structure. 

Screenwash mechanisms are similar for both centerf lo~ and vertical 
traveling screens. Spraywash pressures generally range from 50 to 
100 psi. Debris and 1mpinged organisms dislodged from the screens fall 
directly into a single sluiceway for return to the source waterbody. 
Fish-protection systems for centerflow screens, although not currently 
commercially available, may involve such modifications as watertight 
holding troughs at the base of each screen panel, low-pressure (10-
20 psi) spraywashes, and an additional sluiceway to return impinged 
organisms to the source waterbody. 

Murray and Jinnette (1978) examined the initial survival of organisms 
impinged on continuously rotating centerflow screens located at the 
Barney M. Davis Steam Power Plant, Corpus Christi, Texas. Initial 
impingement survival of 15 species of invertebrates and 37 species of 
fish was estimated to be 86 percent (10,406 individuals alive; 1,654 
individuals dead) during the 12-month study. Impingement survival 
was found to vary among species and among months of the year. Lowest 
initial mortality of the predominant species during a month occurred 
in February, when menhaden (mean standard length= 21 mm; 0.8 in.) 
experienced a 5 percent initial impingement mortality. Highest initial 
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mortality of a predominant species by month occurred in June, when bay 
anchovy (mean standard length= 25 mm; 1.0 in.) experienced a 98 percent 
initial impingement mortality. No studies were performed to examine 
long-term survival of organisms previously impinged on centerflow 
screens. 

Fine-mesh centerflow screens are being investigated in laboratory 
studies to determine their potential effectiveness in protecting 
larval fish at power plant intakes (Magliente et al. 1978). Field 
and laboratory studies are required to evaluate the initial and long
term survival of eggs and larval fish impinged on fine-mesh centerf low 
screens. Insufficient data preclude a detailed comparison of the 
potential survival of egg and larval fish impinged on modified vertical 
traveling screens (fine-mesh screen material, fish buckets, low-pressure 
spraywash, continuous rotation) and centerflow screens (fine-mesh screen 
material, continuous rotation). Significantly increased impingement 
survival has not been satisfactorily demonstrated for these systems. 

Centerf low screens require increased screen-to-pump distance over that 
requir~d for conventional vertical traveling screens. This may make a 
screen retrofit of an existing intake infeasible because of space limi-. 
tations. Irregular velocity patterns, turbulence, and attendant head 
losses are inherent with the waterflow patterns for centerflow screens. 
Highest water velocities occur in the entrance area of centerflow 
screens and could contribute to fish entrapment. Within the screen 
chamber,_ velocity varies irregularly as current changes direction, 
resulting in non~uniform flow through the screening surf ace. Use of 
average approach and through-screen velocities for centerf low screens 
is thus an inappropriate and misleading design parameter. The turbu
lence associated with centerf low screen systems was examined by Alden 
Research Laboratory (1974), which found that circulating water pmnp 
performance was adversely affected by flow irregularities if screen
to-pmnp distances were too short or baffling was inadequate. 

Operating and maintenance experience with centerf low screens in the 
United States is limited to one installation, ·the Barney M. Davis Steam 
Power Plant, where centerflow screens have been in use since 1974. 
Originally, a 0.5-mm (0.02-in.) polyester mesh screening material was. 
used. However, the polyester screen material fatigued and subsequently 
failed during operation and was replaced with a nylon mesh material 
having 1.0-mm (0.04-in.) openings which is now performing satisfac
torily. Other than operational problems encountered during start-up 
of the centerflow screens, routine maintenance has been described as 
minimal (Benes 1978, personal communication). Details of operating and 
maintenance experience for centerflow screens outside the United States 
are unavailable. 

Several alternative design configurations for the centerflow screen 
concept have been proposed in an attempt to minimize the probability 
of organisms becoming entrapped within the screen structure by higher 
velocities through the opening than through the screen mesh. A double
entry /double-exit screen design has also been proposed. 
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In addition to the single-entrance/dual-exit design shown in Figure 
XIII.6-6, there is a double-entry/single-exit "Cogenel" design in which 
water enters the screen from two sides and passes out through one end. 
This design can be located either within a screenwell or supported 
from a platform with no confining concrete housing (Figure 13.6-7). 
A prototype of a double-entry/single-exit traveling screen equipped 
with 0.5-mm square mesh panels has been tested at Big Bend Station on 
Tampa Bay, Florida. A six-month study of postimpingement survival of 
organisms removed from the screen with a low-pressure (10 psi) spraywash 
showed substantial 96-bour survival (Taft et al. 1981). Survival among 
impinged invertebrates generally exceeded 90 percent while survival 
of fragile fish larvae,. e.g., bay anchovy, an4 the scianidae was less 
than 25 percent. Hatcbability of impinged eggs was also high (>60 per
cent for most species). Results of the engineering evaluation (Mussalli 
et al. 1981) showed that the 1:5 scale prototype performed favorably at 
0.5 and 1.0 fps with respect to differential bead and automatic rotation 
speed. Existing vertical traveling screens would back up the double
entry /single-exit screens if the modifications were adopted. To date, 
biological and engineering data are not available to compare the rela
tive effectiveness of these alternative screen configurations. 

Centerf low or Passavant and cogenel screens can be an acceptable intake 
screening technology for proposed new units depending on site-specific 
engineering performance, o~erational reliability, and maintenance con
siderations. Retrofit installation into an existing intake structure 
would probably require extensive modification of the intake, and might 
adversely affect the performance and reliability of circulating water 
pumps. Although these screens do not appear to offer any major bio
logical advantag~s over conventional vertical traveling screens, their 
use is considered in greater detail in Section 8.9 of the Demonstration 
due to their widespread use in Europe and low through-screen water 
velocities. 

XIII.6.2.10 Vertical Traveling Screens 

The conventional vertical traveling screen (VTS), the most commonly 
used intake screening device by power plants in the United States 
including Salem, is available commercially from a nuniber of manufactur
ers in a wide range of lengths, widths, and materials. It consists of 
a series of screen panels attached to a chain drive, mounted vertically 
in a concrete structure which normally functions as the screen well and 
circulating pump well (Figure'XIII.6-8). Although the vertical travel
ing screen was originally .designed to prevent clogging of the condenser 
tubes, in ·recent years modifications have been made to enhance the fish 
protection capabilities of the screens. The screens are designed to 
remove particles whose diameters are more than one-half that of a con
denser tube. In most situations, 9.5-mm (3/8-in.) mesh is used. In a 
conventional installation the screens rotate intermittently, either at 
regular intervals of several hours or when debris buildup yields a 
predetermined pressure differential across the screen; most screens 
are not equipped to rotate continuously for extended periods of time. 
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During rotation, material caught on the screen is removed by either a 
low-pressure (10-20 psi) or a high-pressure (50-100 psi) spraywash and 
is either returned to the source waterbody or transferred to refuse bins 
for disposal. 

A design recently proposed by Western LNG Associates (California Public 
Utilities Commission 1978) would locate the vertical traveling screens, 
but not the circulating water pumps, in an offshore intake structure in 
the form of a caisson. 

XIII.6.2.11 Other Physical Barriers 

A wide variety of physical barriers, in addition to those previously 
discussed, either have been or are currently being examined for their 
application to power plant intakes. Many of these alternative designs 
originated as intake structures £or industrial or municipal water sup
plies, at irrigation water diversions, or in association with hydro
electric dams. There is an expanding effort to identify, design, and 
test the potential effectiveness of intake design concepts under labora
tory conditions (ASCE 1982). 

A promising concept for alternative intake design is the use of vertical 
traveling screens oriented at an angle to the intake flow and leading 
to a by-pass. This design concept bas been tested under laboratory 
conditions (Taft and Mussal li 197 8) ·and was effective in diverting 
alewife into a by-pass. The angle-screen intake design is currently 
being incorporated into the intake structure design of several proposed 
and existing power plants. Field verification of the diversion ef fi
ciency of an angled-screen intake under actual operating conditions is 
not yet available. Engineering performance and operational reliability 
under field conditions is unknown. 

Attempts have been made to exclude fish from the area around an intake 
by encircling the intake area with netting. The netting is believed to 
form both a physical and behavioral barrier for fish. Results of field 
testing conducted to date haye been inconclusive. Problems associated 
with debris accumulation on the net, the maintenance of the integrity 
of the net barrier, especially in areas where bottom topography is 
irregular or following storms, and the hazard to navigation have not 
been adequately resolved. Net barriers are applicable only in lacus
trine (lake) environments, where currents are minimal. 

Variations of intake designs previously discussed include the use of 
offshore louvers, a caisson offshore intake structure which is sur
rounded by vertical traveling screens, inclined traveling screens (con
veyor screen), and "hump-back" screens. Sonnichsen (197 5) discusses the 
development and use of many of these alternative designs. Few of these 
alternatives are generally applicable to power plant intake screening, 
but may have site-specific applicability depending on the particular 
biological characteristics and engineering requirements. 
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XIII.6.3 FISH COLLECTION, REMOVAL, AND CONVEYANCE SYSTEMS 

The following sections review the design considerations, effectiveness, 
and application of fish return/conveyance systems and fish removal 
systems at power plant intakes. Such systems remove impinged organisms 
after brief periods and return them to the receiving waterbody, or con
centrate entrapped organisms within an intake structure and remove them 
by use of pumps, elevator baskets, or by-pass channels. 

XIII.6.3.1 Vertical Traveling Screen Fish Buckets and Accessories 

Impingement survival of aquatic organisms depends upon a number of 
interrelated factors: the species, life stage, size, duration of 
impingement, stress, fatigue, hydraulic parameters, and debris loading. 

Impingement survival for some species has been improved by the incorpo
ration of watertight collection buckets along the base of each screen 
panel to prevent repeated impingement of organisms and to provide a 
wet holding area for organisms during screen rotation (Figure XIII.6-9). 
In conjunction with this addition, a low-pressure wash system may be 
installed to remove impinged organisms from the screen and reduce the 
stress and abrasion from exposure to the high-pressure debris removal 
spraywash. A separate fish-return sluiceway can be incorporated to 
transport organisms back to the receiving waterbody. Continuous screen 
rotation has also been used to reduce stress on impinged organisms. 

Incorporating some of these features into an existing vertical traveling 
screen requires consideration of the specific intake.structure and its 
performance. Potential problems include (1) alteration of the hydraulic 
characteristics of the intake structure, which could affect the perfor
mance and reliability of circulating water pumps; (2) requirements for 
additional screen area to maintain acceptable approach velocities, while 
providing adequate cooling water volumes; and (3) increased maintenance 
resulting from screen clogging and reduced reliability of drive motors 
from continuous operation. · 

A dual spraywash system would require separate sluiceways for fish and 
debris, additional pumps, .control mechanisms, piping, and result in 
increased maintenance costs. Installation of either watertight buckets 
on each screen panel or fine-mesh screen material would necessitate 
reinforcement of structural supports to maintain the structural integ
rity of the screen under increased static and dynamic loads. In the 
absence of extensive operating information for the modified screens, 
especially for those equipped with fine mesh, predictions.of operation 
and maintenance problems that might influence reliability cannot be made 
with certainty. 

Salem is presently equipped with vertical traveling screens with 9.5-nnn 
square mesh modified to include fish buckets, low-pressure spraywash~ 
and a special fish handling trough to provide for the return of impinged 
fish to the estuary· alive. Continuous rotation of the existing screens 
minimizes the impingement time and therefore tends to improve impinge
ment survival. The biological benefits of the current operation mode 
are a part of the bases of comparisons among alternative intake designs. 
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King et al. 0978) compared the effects of different screen rotation 
frequencies and screenwash pressures on the survival of fish impinged 
on conventional vertical traveling screens at three power plants on 
the Hudson River (Table XIII.6-1). Continuous screen rotation resulted 
in better impingement survival for young-of-the-year white perch than 
screenwash at either 2- or 4-hour intervals (Figure XIII.6-10). Low
pressure screenwash sprays (SO psi) resulted in better initial and 
long-term (84-hour) survival of impinged white perch on several occa
sions, but the results of screenwash pressure studies were generally 
inconclusive. 

White and Brehmer (1976) evaluated the initial survival of fish impinged 
on a modified vertical. traveling screen similar to the one shown in 
Figure XIII.6-9, which has been in operation since 1974 at the Surry 
Power Station, James River, Virginia. Average initial survival for 58 
species of impinged fish was 93.3 percent. Survival of impinged fish 
beyond· the IS-minute holding and observation period was not de~ermined. 

Impingement survival of the relatively hardy juvenile chinook 8a~mon 
on modified vertical traveling screens located on the Columbia River 
was reported by Page et al. ( 1976, 1978). Initial survival was 95 .6 
and 97.2 percent, respectively, in 1976 and 1977. Long-term (96-hour) 
survival of impinged chinook salmon in 1976 was 94.8 percent; long-term 
survival was not report·ed for 1977. In addition, Page et al. estimated 
initial impingement survival of yellow perch fry to be approximafely 
92 percent (1978). Additional information on the initial and long-term 
survival of a variety of species and sizes of fish, impinged on modified 
vertical traveling screens under a variety of enviromnental conditions, 
is needed before the general effectiveness of intake screen modif ica
tions designed to reduce impingement mortality can be assessed. 

Ecological Analysts (1979) investigated the use of fine-mesh screen 
material (2.5-mm; [0.1-in.] nylon mesh) in a vertical traveling screen 
tested under field conditions, in an effort to reduce the number of 
larval fish entrained into a power plant cooling system. It was con
cluded that early life stages of striped bass were not able to withstand 
the stresses imposed by impingement and collection. · For larval striped 
bass (IS mm; [0.6 in.] mean length) 96-hour survival was estimated to 
be 60 percent. For juvenile striped bass (19 mm; [0.8 in.] or greater 
in length) survival is expected to exceed 7S percent. 

The survival of entrained striped bass passing through the Indian Point 
Power Plant cooling system was compared with survival of striped bass 
impinged on the 2.5-mm (0.1-in.) screen at the Indian Point cooling 
water intake (Ecological Analysts 1979). It was concluded, based on 
the low retention and survival of eggs and smaller larvae impinged on 
the fine-mesh traveling screen, that fine-mesh screens would not .be 
·effective for reducing entraimnent losses for these life stages. In 
addition, since the survival of larger larvae and juveniles following 
entrainment was comparable to that following impingement on the fine
mesh screens, selectively diverting these fish at the intake would not 
appreciably affect their survival. 
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Texas Instruments, Inc. (1977) examined the survival of young-of-the
year and yearling fish impinged on a modified vertical traveling screen 
(low-pressure spraywash, dual screenwash sluiceways, fish buckets) 
equipped with 2 .5-mm (0.1-in.) nylon screen mesh. The vertical travel
ing screen was rotated continuously during the impingement survival 
studies. Most of the 3,619 fish collected were bay anchovy, blueback 
herring, and white perch. Mean initial survival of all species was 
41 percent, and mean survival of each species is presented in Table 
XIII.6-2. Species-specific survival patterns are apparent, with high 
long-term survival for species such as white catfish, white perch, and 
Atlantic tomcod and low survival for species such as bay anchovy and 
rainbow smelt. 

Tomljanovich et al. (1978) conducted a series of laboratory studies 
designed to examine factors influencing the retention and post-impinge
ment survival of larval fish impinged on fine-mesh screen material. 
Four square-mesh screen sizes ranging from 0.5 to 2.5 mm (0.02-0.1 in.) 
were tested; only the 0.5-mm (0.02-in.) screen provided 100 percent 
retention of the larval fish tested. Post-impingement survival of lar
val fish was shown to be inversely related to the duration of impinge
ment and dependent on the species and size of fish tested and, to a 
lesser extent, on water velocity. Survival of larval fish 48 hours 
after impingement for 16 minutes ranged from less than 1 percent for 
striped bass to 96 percent for bluegill and smallmouth bass. 

The results of studies available to date suggest that the entrainment of 
larval fish through power plant cooling water systems can be virtually 
eliminated by use of 0.5-mm (0.02-in.) intake screen mesh. But survival 
of larval fish passing through a cooling water .system may be relatively 
high (Cada et al. 1979), and survival on a fine-mesh screen that is 
operated in an intermittent screenwash mode or is subject to high detri
tal loads may be extremely low (Tomljanovich et al. 1977). 

Vertical traveling screens are an acceptable intake screening technol
ogy. The vertical traveling screen has demonstrated performance capa
bility and an extensive. history of operational reliability. Two major 
classes of modifications have been developed for vertical traveling 
screens to collect impinged organisms and return them to the waterbody: 
(1) "fish buckets, 11 a system of troughs and low-pressure sprays to 
minimize damage to impinged fish, as is in present use at Salem, and 
(2) fine-mesh screens, which impinge ichthyoplankton instead of entrain
ing them. The merits of these systems depend on the specific biological 
and engineering conditions at the particular plant where they would 
potentially be installed. Accordingly, they are detailed in Sections 
8.2 and 8.4 of the Salem 316(b) Demonstration. 

XIII.6.3.2 Fish-Return Conveyance Systems 

A fish-return conveyance system, which is generally used in association 
with vertical traveling intake screens, is simply an open or enclosed 
trough which returns organisms removed from the intake screens to the 
receiving waterbody. The sluiceway troughs are typically made of con
crete or steel and use either gravity-induced _:flow or a pumping system. 

XIII.6-23 



Salem 316(b) Demonstration: Appendix XIII 

The design of conveyance systems has not been standardized or exten
sively studied, so they vary widely from one power plant intake to the 
next. The limited data available on the relationship between conveyance 
system design and survival of organisms returned to the receiving water
body make it difficult to identify and quantify the effects of various 
design parameters on the biological effectiveness of conveyance systems. 
The difficulties in extrapolating generalizations from one site to 
another at the present time are particularly important in considering 
the design of a fish-return conveyance system for use with a fine-mesh 
intake screen for removing eggs and larval fish from th~ intake. 

Cada et al. (1979) proposed a set of recommendations concerning fish 
return conveyance systems which can be expected to contribute to the 
survival of fish being returned to the waterbody. These recommendations 
include: 

1. Maintain sufficient water levels and velocities to 
expedite return. 

2. Avoid hydraulic turbulence in the conveyance wherever 
possible. 

3. Prevent ice formation in the conveyance in cold weather. 

4. Maintain smooth surfaces in the conveyance. 

5. Enclose the conveyance to minimize avian predation. 

6. Consider multiple release locations to minimize 
predation at the outfall. 

7. Prevent re-entrapment. 

8. Avoid thermal shock. 

9. Separate debris sluiceways from fish sluiceways. 

Because sluiceway and pipeline returns are usually part of a physical 
barrier technology and an intake design technology, their implementation 
must be considered on a site-specific basis. ·The existing fish return 
system at Salem and potential modifications to it are discussed in 
Sections 8.2 and 8.5 of the Demonstration. 

XIII.6.3.3 Fish-Pump Systems 

Fish-pump removal systems have been developed in response to entrapment 
problems in which fish are known to be concentrated in a confined area 
of ,the intake structure and are susceptible to removal using a pump 
system. The first application of a fish-pump removal system at a power 
plant intake occurred at the Contra Costa Power Plant (Kerr 1953). 
Prior to installing the fish pump system, the behavioral responses of 
fish to various pump collector (intake) designs were tested in a number 
of velocity gradients. Based on observations and tests, a zone of fish 
concentration between the vertical traveling intake screen and a curtain 
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wall was located within the intake structure. The placement of a large 
intake collector (similar in design to the inlet of a vacuum cleaner) 
in the zone of fish concentration, in combination with low suction 
velocities, resulted in high diversion efficiency and high survival 
of all species removed from the intake structure. Kerr estimated the 
survival of fish following passage through the fish pump system to be 
greater than 98 percent. Recent studies of the Contra Costa fish pump 
system (PGandE 1981) indicate that the number of fish impinged on the 
power plant intake screens is reduced by approximately 80-98 percent by 
the fish-pump removal system. Following passage through the fish pump, 
initial and latent (96-hour) survival of juvenile striped bass were 
approximately 100 and 85-95 percent, respectively (PGandE 1981). Pres
ently available data indicate that the fish-pump systems at the Contra 
Costa Power Plant effectively reduce the numbers of fish impinged while 
main~aining high survival of those fish returned to the receiving water
body. Some problems have been encountered with maintenance and with 
loss of pump prime at yery low tides. 

Other fish-pump installations have had mixed success. Studies of the 
Monroe Nuclear Generating Station estimate rem.oval efficiencies of 52-99 
percent and gizzard shad survival of 10-99 percent (Cannon et al. 1979). 

· Southern California Edison reports a lack of success at its Huntington 
Beach and El Segundo gererating stations (Stipanov 1976). 

Mussalli and Taft (1977, cited in Cannon et al. 1979) have investigated 
the use of jet pumps as en alternative to either single-port or dual
port centrifugal pumps for use in a fish-removal system. Based on 
results of laboratory testing, a peripheral-type jet pump fish-return 
system has been designed for inclusion into the intake structures of the 
Nine Mile Point Nuclear Station Unit 2 and Oswego Steam Station Unit 6, 
both located on Lake Ontario. 

Available data indicate that fish pump return systems may substantially 
reduce the entrapment and impingement of fish at many cooling water 
intake structures, but data are insufficient to permit evaluation of 
the conflicting nature of many of the findings. Additional research is 
needed to identify the specific behavioral responses of fish, which can 
be used to concentrate organisms within a confined area of an intake 
structure, and the design parameters for a fish pump system, which will 
minimize fish mortality during removal from an intake. Accordingly, 
such systems are not yet sufficiently developed to warrant further 
consideration for use at Salem. 

XIII.6.3.4 Fish Basket Collectors 

Testing of fish basket collectors has been conducted at the Alden 
Laboratory (Stone and Webster Engineering Corporation 1975) and at the 
Redondo Beach test facility· of the Southern California Electric Company 
(Schuler and Larson 1975). In both series of tests, a fish basket col
lector provided acceptable removal of fish. A full-scale fish basket 
collector has been developed and is being tested for use at the San 
Onofre Nuclear Generating Station. 
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Fish basket collectors are not expected to be effective for all species 
and sizes of fish. In addition, the hydraulic conditions within an 
intake structure, debris loading, and the configuration and design of 
an intake structure are expected to influence the effectiveness of fish 
basket collectors for removing entrapped fish. Fish basket collector 
systems are not generally applicable to shoreline intake structures and 
will not be considered further for Salem. 

XIII.6.3.5 Fish By-Passes and Escape Channels 

Two intake structure configurations have been developed which provide 
by-passes or escape channels to minimize entrapment within the intake 
structure. A shoreline intake structure has been designed, and is cur
rently in use at several power plants, in which the vertical traveling 
intake screens are located flush with the shoreline. In this shoreline 
intake configuration, concrete dividing walls between forebays have been 
eliminated and bar racks have been installed as a cage-type structure 
on both the front and lateral sides of the intake structure. The con
figuration allows a lateral flow of water across the face of the intake 
screens tending to guide entrapped fish away from the intake screens and 
out of the intake structure. 

A second p~oposed intake struc.ture configuration. use~ vertical traveling 
screens orJ.ented at an angle to. the inflow of water (Section 6.2.10). 
The angled intake screens are intended to divert entrapped fish later
ally ac~oos the face of the screen and into a by-pass channel. This 
approach combines the advantages of intake screening with the diversion 
capability typical of louver intake structures. 

Results of prototype testing (Taft and Mussalli 197 8) indicate that high 
diversion efficiencies and survival rates of fish diverted by angled 
screens are possible. At present, however, no full-scale tests have 
been conducted to evaluate the efficiency of angled intake screens under 
field operating conditions. 

One aspect of the use ·of angled screens to divert fish into a by-pass 
which requires detailed consideration is the hydraulic flow pattern 
associated with the by-pass. Concentration of fish in a by-pass channel 
requires a nonturbulent flow in order to guide fish into the by-pass. 
Backflows, eddies, and rapid changes in velocity of the water approach
ing a by-pass will stimulate avoidance in fish, which interfere with 
their transit past the intake screens and into the by-pass. A gradual 
acceleration of flow in the direction of the by-pass provides the 
optimal hydraulic conditions for fish diversion (Taft et al. 1976). 

The performance of shoreline intake structure with fish escape chan
nels has been demonstrated at power plant intakes. The angled-screen 
diversion appears promising based on prototype evaluations; however, 
full-scale operation under field conditions is needed to confirm the 
effectiveness of diverting entrapped fish. The use of fine-mesh screen 
material on an angled-screen diversion may not be effective in diverting 
-larval fish (McGroddy et al. 1981). Angled-screen diversions can be 
made applicable for use in either offshore intake structures with a 
fish-return system, or in shoreline intake structures. 
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Unidirectional flow past the screen is required for effective diversion 
of fish. To achieve this in tidal waters such as at Salem would require 
placement of such a screen recessed in a constructed channel so that 
the circulating pt.nnps behind the screen could induce a unidirectional 
flow of water through and across the face of the screen. In effect, 
all fish that enter such an intake canal have to be induced to move past 
the screen into a by-pass (or else become impinged) from which they must 
be removed by pump or other device. Currently there is no basis for 
concluding that such an intake would provide biological benefit compared 
to the existing intake at Salem. Therefore, no further consideration 
of this technology is warranted for Salem. 
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TABLE XIII.6-1 IMPINGEMENT SURVIVAL OF JUVENILE WHITE PERCH UNDER 
VARIOUS CONVENTIONAL VERTICAL TRAVELING SCREEN 
OPERATIONAL MODES AND SCREENWASH PRESSURES AT 
THREE HUDSON RIVER POWER PLANTS DURING NOVEMBER 
AND DECEMBER 1976 

Washwater Survival (%} Screen Pressure 
Power Plant Operational Mode (psi} Initial Long-Term 

Ros et on Continuous 50 98 44 
100 79 6 

2-hr intermittent 50 96 8 
100 92 5 

4-hr intermittent 50 96 17 
100 71 0 

Danskammer Point Continuous 55-65 82 29 

2-hr intermittent 55-65 62 15 

Bowline Point Continuous 10-20 98 56 
30-50 96 55 

2-hr intermittent 10-20 90 26 
30-50 90 32 

4-hr intermittent 10-20 75 19 
30-50 69 19 

(a) Long-term survival at Roseton and Danskammer Point determined 
84 hours after impingement; at Bowline Point, 96 hours after 
impingement. 

Source: King et al. 1978. 

(a) 



TABLE XIII.6-2 INITIAL AND LONG-TERM IMPINGEMENT SURVIVAL (JF YOUNG-OF-THE-YEAR AND YEARLING FISH IMPINGED 
ON A CONTINUOUSLY ROTATING FINE-MESH (2.5-mm) MODIFIED VERTICAL TRAVELING SCREEN 

Tax on Age( a) Number Survival (%) 
Common Name Scientific Name Class Collected Initial 84-hour 

Striped bass Morone saxatilis 1 13 85. 75 
White perch Morone americana 1 223 45 26 en 
White perch Morone americana 2 37 41 18 

Ill 
' ..... 

Atlantic tomcod Microgadus tomcod 1 78 92 58 m 
Atlantic tomcod Microgadus tomcod 2 2 100 100 w .... 
Blueback herring Alosa aestivalis 1 509 93 19 0\ -Blueback herring Alosa aestivalis 2 1 100 0 c' 

Bay anchovy Anchoa mitchilli 1 2,415 25 1 -
Bay anchovy Anchoa mitchilli 2 65 55 13 

t:i 

m Alewife Alosa pseudoharengus 1 107 69 6 0 

American shad Alosa sapidissima 1 4 100 0 
i:s 
tll 

Hogchoker Trinectes maculatus 1 4 100 100 
r-t 
t; 

American eel Anguilla rostrata 2 4 100 100 
Ill 
r-t 

Banded killifish Fundulus diaphanus 1 1 100 
,.... 
0 

White catfish Ictalurus catus 1 27 100 100 
i:s 

Spottail shiner Notropis hudsonius 1 2 100 100 
Sea lamprey Petromyzoa marinus 1 1 100 100 > 

"d 

Largemouth bass Micropterus salmoides 1 1 100 100 
"d 
!I> 

Yellow perch Perea flavescens 1 1 100 100 i:s 
p.. 

Weakfish Cynoscion regalia 1 3 67 67 
,.... 
~ 

Bluefish Pomatomus saltatrix 1 4 100 0 ~ 

Rainbow smelt Osmerus mordax 1 20 10 0 H 
H 

Rainbow smelt Osmerus mordax 2 4 25 0 H 

(a) Age-class: 1 = young of the year; 2 = yearling or older. 

Note: (--) indicates no data available. 

Source: Texas Instruments 1977. 

" 



" 

TABLE XIII.6-2 (Page 2 of 2) 

Taxon •. Age 
Common Name Scientific Name Class(a) 

Menhaden Brevoortia spp. 1 
Gizzard shad Dorosoma cepedianus 2 
Unid. clupeids Clupeidae 1 
Centrarchids Centrarchidae 1 
Northern pipefish S:yngnathus fuscus 1 

Number 
Collected 

1 
5 

80 
5 
1 

Survival (%) 
Initial 84-hour 

100 
100 

51 
100 

0 

0 

100 

' t:::I . ID 
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10 
'j:j 
. en 
rt 

; 11 
I IU 
i rt : .... 
10 
. j:j 
! •• 

! 
'> "d 
'"d . ID 
: j:j 
!~ 
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Capped I ntal<e 

High velocity horizontal flow scares fish 

Schematic Representation of an Offshore Intake with Velocity Cap (Weight 1958) 

Fig1.ire XII 1.6-1 
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Material: Stainless Steel 
Slot widths: 1.0-2.5 mm 
Open area: 22.3-39.5% 

Dimensions (mm) 

Public Service Electric 
and Gas Company Characteristics of Flat Wedge-Wire Screen Panels Used in the TVA Hydraulic Test (Cada et al. 1979) 
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A Design Concept for Cylindrical Wedge-Wire Screens at Power Plant Cooling Water Intakes 
(Cada et al. 1979) 

Figure XII 1.6-4 
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Horizontal Traveling Screen (Courtesy of Envirex) 

Figure XII 1.6-5 
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Centerflow Traveling Screen 
(Courtesy of Passavant Corporation) 

Figure XII 1.6-6 
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Double-entry/single-exit screen 
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Figure Xlll.6-7 
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Conventional Vertical Traveling Screen 

(Courtesy of Envirex) 

Figure XI 11.6-8 
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SID£ ElfVATIOH 
ASH SCREEN -

Ristroph Modified Traveling Screen With Fish 
Buckets, a Modified Spray System, and a 
Sluiceway for Fish (Courtesy of Envirex) 

Figure XI 11.6-9 
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• = Continuous Wash (n = 107) 

0 = 2-Hour Hold (n = 28) 
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Time Since Collection (hours) 

Probability of Surviving Impingement for Young-of-the-Year White Perch 
and Atlantic Tomcod Collected at the Danskammer Point Plant 
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XIII.7 INTAKE MAINTENANCE AND OPERATION 

Operational modifications of power plant cooling systems to reduce 
entrainment and impingement losses focus on reducing the exposure of 
organisms to physical, chemical, and thermal stresses. 

Physical stresses result when an organism is impinged on intake screens 
or when an entrained organism is exposed to shear and pressure forces 
or mechanical abrasion during cooling system transit. Physical stresses 
may be reduced by maintenance dredging in front of the intake to keep 
approach velocities low, or by reducing the volume of cooling water 
used. Cooling water volume reduction can be achieved by limiting the 
operation of circulating water pumps or by curtailing cooling system 
operation and, thus, electrical generation. At the present time, insuf
ficient quantitative data are available to specify design parameters for 
cooling system components such as circulating water pump impellers which 
can assure reduction of the physical stress on entrained organisms. 

Chemical stresses on entrained organisms result primarily from exposure 
to biocides used in cooling systems to control biological fouling. 
Operational modifications to reduce chemical stresses on entrained 
organisms focus primarily on minimizing the frequency, duration, and 
concentration of chemicals used for biofouling control. 

Thermal stresses on entrained organisms result from exposure to elevated 
temperatures in the condensers and cooling water discharge. Operational 
modifications to minimize thermal stresses on entrained organisms focus 
on minimizing the temperature elevation (delta-T) and time of exposure 
during cooling system transit. 

XIII.7.1 DREDGING 

Sediment transport, sediment deposition, and littoral drift are fre
quently encountered in the vicinity of an intake structure. Such 
deposition may increase approach velocities. Dredging may generally 
represent a simple and cost-effective means of· reducing physical stres
ses on aquatic organisms by helping to achieve design velocities and 
maintain uniform velocity gradients. Complete discussion of this 
alternative appears in Section 8.3 of the Demonstration Document. 

XIII.7.2 REDUCING CIRCULATING WATER FLOWS 

Reduction in the number of circulating water pumps in operation is a 
possible method for reducing cooling water volume and intake approach 
velocities and hence reducing the rate of entrainment and impingement. 
A reduction in cooling water flow rate during full-load generation would 
result in losses in both generating capacity and thermal transfer ef fic
iency, with losses more significant at higher ambient inlet water tem
peratures. Increases in condenser backpressure resulting in reduced 
turbine cycle thermal efficiency, and increased temperature differen
tials through the condenser system (delta-T) will occur when cooling 
water flow rates are reduced during generation. Although a reduction 
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in cooling water volume would be expected to result in a decrease in 
the number of entrained organisms, the associated increase in delta-T 
may substantially reduce the survival of those organisms that are 
entrained. 

The biological effectiveness of reducing entrainment and impingement 
losses by reducing the volume of cooling water withdrawn cannot be 
completely examined within the scope of this appendix. Quantitative 
information is needed on the relative contribution of physical stresses 
and thermal stresses for each species and life stage being considered 
before the benefits of reduced losses resulting from reduced cooling 
water volume can be determined. Insufficient data are available to 
optimize the balance between cooling water volume and delta-T for most 
power plants and fish species. 

The regulation of cooling system volume and delta-T becomes increasingly 
complex when a diverse array of species and life stages, each with 
individual and unique tolerances to physical and thermal stresses, are 
present at an intake simultaneously. In addition, during those periods 
when the delta-T and absolute discharge water temperture exceed the 
upper lethal limit for thermal tolerance of a species, it may be desir
able to increase the volume of cooling water and thus decrease the dis
charge water temperat~Jre below a lethal limit. The alternative approach 
of reducing cooling w~ter volume to a minimum and increasing the delta-T 
above the thermal tolerance of a species may result in an absolute 
increase in th~ total number lost from the populaton. 

The biological complexities of cooling system operational modifications 
are compounded by engineering constraints. Circulating water pumps, 
typically,. d·o not have the capability to be throttled or regulated. 
In addition, reducing the volume of cooling water reduces the thermal 
efficiency of the cooling system, resulting in decreased generating 
capacity of the unit. Therefore, considerations of reduced generation 
in perspective with electrical demand are needed on a site-specific 
basis for a specific period of time. This information is developed in 
detail in Section 8.7 of the Demonstration. 

XIII.7.3 CURTAILING PLANT OPERATION 

Entrainment and impingement losses of aquatic organisms at a power plant 
can be entirely eliminated by shutting down a particular unit or units. 
Cooling system shutdown, however, also curtails electrical generation 
and hence involves implications of cost and of reduced system.wide capa
bility for meeting electrical demand. 

Cooling system curtailment may be feasible if the seasonal period of 
maximum abundance of a critical species is short and coincides with 
a period during the year when electrical generating capacity ex~eeds 
demand~ The cost implications. from loss of generation, electrical 
transmission from alternative sources, and availability of alternative 
sources of electricity must be evaluated on a site-specific basis. 
Coordinating plant activities, such as scheduled outages for maintenance 
or refueling, with periods of high organism densities could also be 
considered. 
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Coordinating cooling system curtailment with periods of highest abun
dance of a critical species requires an ongoing biological monitoring 
program at each site to identify the period of maximum abundance. 
Coordinating scheduled outages with the temporal distribution of a 
particular species is also difficult in that outages require precise 
scheduling, generally months in advance, while the temporal pattern 
of species abundance may not be as predictable as necessary. 

The feasibility of curtailing cooling system operation to minimize 
biological losses must be examined on a site-specific and species
specific basis, as is done in Section 8.6 of the Demonstration. 

XIII.7.4 BIOFOULING PROCEDURES 

Schubel and Marcy (1978) have made the following recommendations for 
minimizing mortality associated with chemical stresses (most commonly 
from chlorine) during treatment to kill or remove biofoulers. 

1. Chlorinate intermittently. 

2. Reduce the concentration of free chlorine to the 
lowest possible level. 

3, Minimize transit time through the cooling system 
and thus exposure to the bioc.ide. 

4. Maximize the rate of dilution of the discharge water. 

The use of alternative biocidal agents does not appear to be an ef fec
tive method of minimizing mortality of nontarget entr.aiiled organisms. 
Mechanical fouling control techniques have not proven to be completely 
effective in controlling fouling accumulations in power plant cooling 
systems. Better management of chemical biocide use is generally 
required. Since optimal biofouling procedures are already in effect 
at Salem, this alternative will not be discussed further. 

XIII.7.5 MODIFYING COOLING WATER SYSTEM COMPONENTS 

Structural modification of cooling system components in an attempt to 
reduce the mortality of entrained organisms is not effective given the 
present state of knowledge. Insufficient quantitative data are avail
able to isolate specific sources of mortality within a cooling water 
system. Design parameters for specifying pressure regimes, circulating 
water pump design and operation (e.g., rpm, impeller design), tolerable 
shear stresses, and cooling system designs for minimizing mechanical 
abrasion have not been developed. 

Structural modifications have focused on the design and operation of 
intake structures, with particular emphasis on intake screening systems, 
which will reduce stresses imposed on impinged organisms (Appendix 
Section XIII.6.2). To date, greater effort has been devoted to develop
ing methods for excluding fish eggs and larvae from cooling systems than 
on developing specific criteria for structural modifications which would 
reduce stresses imposed on entrained organisms. 
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XIII.7.6 REGULATION OF THERMAL ELEVATIONS (delta-T) 

To minimize mortality of entrained organisms resulting from thermal 
stress, Schubel and Marcy (1978) recommend that a once-through cooling 
system be operated in such a way that: 

1. The minimum delta-T is used that is technologically 
practicable, based on cooling system design and load. 
At Salem the design temperature rise is in the range 
of 8-12oc. 

2. Transit time through the cooling system is minimized. 
This is the case at Salem where the transit time is 
6-8 minutes. 

3. The cooling water is discharged in a way that will 
promote rapid mixing and dilution. This is achieved 
at Salem with an exit velocity of 10 fps at the point 
of discharge back to Delaware River. 

Regulation of thermal elevations requires the integration of information 
on plant generating loads and delta-T, and species- and size-specific 
thermal tolerance data for evaluating the effectiveness of various cool
ing system operating modes for reducing entrainment losses. The recom
mended conditions for minimizing mortality of entrained organisms are 
already in effect at Salem, so this matter is discussed in conjunction 
with the examination of potential flow-reduction options in Section 
XIII.7.2 of this Appendix. 
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XIII.8 CONCLUSION 

Based on the foregoing discussions, the following alternatives deserve 
further consideration, either singly or in combination, as candidates 
for use or continued use at Salem: 

1. Retaining the current Ristroph traveling screens, 
fish-return system, and planned outage schedule 

2. Dredging 

3. Installing fine-mesh screens 

4. Improving the CWS fish-return system 

5. Revising planned outage schedules 

6'. Reducing flows 

7. Increasing CWS intake size 

8. Installing Passavant or Cogenel intake and screens 

9. Retrofitting closed-cycle- cooling 

11. Building a second intake 

Each of these alternatives is detailed in Section 8 of the Salem 
Demonstration. 
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