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The Biological Services Program was established within the U.S.
Fish and Wildlife Service to supply scientifiec information and meth-
codologies on key environmental issues which impact fish and wildlife
resources and their supporting ecosystems. The missien of the Program
is as- fo1JDW5' ‘

i. To strengthen the Figh and Wildlife Serviee in its role as s
primary souree of information on natiomal Ffish and wildlife

resources, particularly in respect to envirommental impact
asgesgment.

2. To gather, analyze, and present informetion that will aid
decision makers in the identification and resclution of
problems associated with major land and water use changes.

3. To provide better ecological information and evaluation for
Department of the Interior development programs, such as those
relating to energy development.

. Information developed by the Biological Services Program is in~
tended for use in the planning and decision making process to prevent or
minimizZe the impact of development on fish and wildlife. Biological
Services research activities and technical assistance services are based
on an analysis of the issues, the decision makers involved and their
information needs, and an evaluation of the state of the art to identify
1nformaLlon gaps and determine priorities. This is a strategy to assure
;hat_;he_products.produced and digseminated will be timely and useful.

Blm1ogical Services projects have been initiated in the following
areas::

- Coal extraction and conversiom
«  Power plants
. Geothermal, mineral, and oil shale development

+« . Water respurce analysis, including stream alterations and
western water allocation

+  Coastal ecosystems and Quter Continental Shelf development

L Systems and inventory, including National Wetlands Inventory,
.~ habitat classification and analysis, and information cramnsfer,

e
"

‘The Program cnnslsts of the Office of Biological Services in Wash-

:1ngton§ D C., which is Iespcnsible for overall planming and manag&ment,
.Hatlonal Teamg which provide the Program's central sedentifiec and tech-
nical.expertise and who arrange for comtracting Biological Services

studies with States, universities, consulting firms, and others; Regional
staff; whu provide a link to problems at the operating level; and staff

.at certaln Fish and Wildlife SE1V1ce research fac1lities who conduct in-

hous

-research stud:as”

_.-M r . rum ety
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Preface

The series Topical Briefs: Fish and Wildlife Resources and Electric
Power Generation is publighed by the National Power Plant Team nf the
Power Plant Project to provide a set of concise summaries on topics
related to electric power generation and transmission and their effects
on fish and wildlife resources. The briefs are written for fish and
wildlife biologists who review and make recommendations regarding electric
power projects. Each brief contains background information eon and 2
diszcussion of the partiecular topic, a selected bibliography of additional
information sources, and, in some cases, a strategy to addreszs the
problem.

Any suggestions or questiomns regaxding Topiczl Briefs should be
directed to:

Information Transfer Specialist

National Power Plant Team

1451 Green Road

Ann Arbor, Michigan 48105

(313) 994-3331 ext. 23R —
Frs: 378-1238
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IMPACTS OF POWER PLANT INTAKE VELOCITIES OM FISH

Abstract

This report outlines biological problems associated with power
plant intake velocities. Information neesded to assess impacts of intake
veloeities on fishervy resources and a list of technical references con-
taining more detailed analyses of the problems and mitigarion alter-
natives are included.

INTRODUCTION

There iz pgrowing recognition thart mortality of aquatic biota due to
entrainment or impingement at power plant intakes produce substantial
impacts on estuarine, riverine, lacustrine, and coastal ecosystemns. In
some power plants water withdrawal may produce greater losses to fishery
rescutces than thermal pollution. For example, up to 165.5 million
menhaden larvae were killed per day by entreinment at the Brayton Point

P&GE  B5/16
ST TR

Plant in Masgachusetts dering the summer of 1971 (U.S. Environmental
Protection Agency 1972). The ecological implications of this mortality
are not yet known.

| POWER PLANT FEHTRAINMENT EVENT NATE COMMENT
| .
f
Srayton Palhe, 7.0 to 165,5 nillion oeahaden Summar, 7] Escimacad Tyow ERA'e
Mr.. Hope Bay, MAasz. {asme ¥iver herriag) killed sampling techniques.
’ paT day 146,53 million kiit on
| July 33 fish mangled.
50 million fish killad in Auguct 10-21, Tatimated from net tons
11 days 1971 . ar dlpehaprpe; menhaden and
J blunhack hervinp; tesce
H srmtm—tm—a———- showed all fiah dlad.
'
E Millatone, 36 million fish killed in Hov. Ael8, : Estimarad by aampling ef
| ¥iancte Day, Conn. 15 daye {peabably menhaden 14971 ' wortebrae of dead tiah in
' bluebnck herring) . dianharpe chAddel.
H 2.5 million flounder Apt.—Juna Paarh Elntc not estimated
i entrained 1872
i
i Conpnectlout Yankes, :
| Conn. River, Conn 17§ million fish larvae 136051770 : ZATimacad hy B. Magoy.
irilled par year !
L -
Tndian Telnc. Predlcted 7-3 million Futuee Far Units 1&2; estioated
Audron BEtuAry, N.Y- Acelpinl Hada killed pet ysar, from estuary eompling iw
iATvae and Juveniles 1960 and 1R67.
scabrook, Peadlecad ®E11 af 74 =illion Tuture Extimate -“fuf propoasd planc;
lamptan-Sacbrogk clam lacvar per day Th millien La infcinl kill ar
Estuary, H.H. slant atartup, lowar rate afcoer
cquilibrium reached.
i an I
'
.--"'-Fd \
L4 '
Table 1. Reports and Predictions of Power Flant Entrainment !

(U.5. Environmental Protection Agency 1976a)
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TOWER PLANT TP INGEMENT EVENT DATE COMMENT

Millstone, Wiantic Day | Massive kill of emall mehhaden (mbre S 1871 ! ‘Deeurring lace RIMMEY, oArly

Conn. than 2.0 million), anrssns clopged. . Enlly plant shut dewn on 8/21/71;
perriguent lew kdll of 10 oehar
2peniaa.,

[F. H- Rebinsan, 7,151,785 {ixsh impinged An one yeaw, 1959-70 Projroted Erom sampling of

Galveeton Ray, Tex. operacing plant; principal epecies
were menhaden, anchovy, aroakar; .
hiphest fim Margl,

Indian Polng, Wo. 1 Yearly kill of 1.0 tn .5 millien £ish.| 1965-72 Prlmnrily white pergh with 4~107
striped hasga,

Hudaen River, N.Y, KA1l of 1.3 million in 9 1/3 wecks 1969-70 10% striped bama; plant clesed
Feb. A,

[odian Podnt, Ne. 2 Maseiva WIlla; wAnimum per doy 120,000 | Jaw, 71 Testing ennling ayatem of pew plane
(no heat)y whike perch & athar
a@pcctag

175,000 f£iah killed ip 5 days. Fob. 72 Tasving again (no heat) Con. Ed.
fined $1.6 millien by §.Y. for killg.

Indfan Point, No. 1,2 | Prediaced total kill 6.5 million fish par Yeat With both plants 4n full operaticn

Fort, Jefferson 2 truckloads (At least) of fizh killad Jan. 26-2B| ¥ostly amall merthaden; Alac whipe

Loug Island, W.Y, on #c¢teens ia 3 daya. 1966 petch.

Lryscal River } Pradicvtea annual kill of 400,000 figh 1868 Radcd wpon operation of 3 units (2

(near) Cedar Kay, Fla. | and 100,000 phell £lats, units new dengyay 1.2 this apauns .

|

Brayvoon Peint ! 350,000 fish impinged 4o ona year; 1971-72 Heavioee £rom Nov-March; Flounder,

t. Hope Bay, Mees. mostly tenhaden silverside, & other aleo iopingad.

Dyatar Creek, 10,000 £4gh, 5,000 crabs, destroyed por| 1471 Estimated from 19 days of

Birnegat Bay, W_T. month it spring and mummer. SAMPLling: screen kill in cold
Ecanan dnknown.

Furry Fowar Scarien 6 million river hecring destroyed in Oot.=Dec. | Eartdmated by ABC from screen

Uames River, Vg. 2-3 mouths 1972 samplingn durdng partiel power puns.

Table 2. Reports and Predictions of Power Plant Impingement
(U.5. Environmental Protection Agency 1976a)

STATEMENT OF THE PROBLEM

Rates of entraipment and impingement of aguatic resources are
directly related to intake velocities at and around the intake atruc-
tures, and also to numerous other physical and biological, phenomena. An
understanding of these phenomenz is necegsary to make effective recom—
mendations concerning intake velorities.

Hydrodynamic conditions in the water bedy are the principal phys-
ical phenomena controlling entraimment and impingement. Three types of
hydrodynamic conditions may exist (with associated site-apecific modi-
fications): a stagnant pool system, such as a lake or pond with no
prevailing currents; an uni-divectional system, such as a stream, river,
or coastal system with one prevailing current in the vieinity of the
intake; and a multi-directional flow system; such as in an estuary,
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RelaFive location and construction details of the intake structur
zre also important, because they control flow conditions in the dimme- -
diate vicinity of the intake. The location of the structure in rtelatio
to the shoreline, bottom, and water sutface influences the abundanceF "
variety, and extent of withdrawal of aquatic organisms. Constructio; of
skimmer wallg, submerged welirs, velocity caps, etc., can 1imitlthe 7dne
_ : of power plant water withdrawal, and screems set at an ahgle to thed
direction of inflow may reduce the impingement of small fish consider—
ably (Stone & Webster Engineering Corporation 1976). o .
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ldealized Velocity Distribution Ideatized Velocity Distribut o "7;1
Without Cap Y Wittha; oeity Dlstmfawon 2

Hw'Figﬁre 1. Operation of the Velocity cap
(U.8. Envirommental PFrotection Agency 1976a)

Biological phenomena that influence the magpitude of entrainment
L and impingement of aquatic organisms include their: (1) motility; (2)

physiological and behavioral responses to factors such as temperature,

galinity, oxygen concentration, currents, etci; (3) vertical and hori-

zontal distribution in the vieinity of the power plant intake; and (&)

growth rate which governs the peried of vulnerability to entrainment or
impingement during each life srage.

‘ The biologist should be aware of the follewing problems inheremt in
diseusaions of entrainment and impingement impacts on eritical fishery
resources that appear in environmental reports, environmental im%act

statements, 316(b) demonstrations and other such reports. The biclogist
should also consider the design stage.
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i Prediction of the zope of water withdzawal.
ﬁw method has yet bean establighed for Predicting the
I

No universally accepted”

. ; zone of influence on
aquatic organisms around Power plant intake, Three~dimengional velocity

prefile models superimposad on movement patterns of agquatic species are
one approach to this problem. However, these models arpe gtill in the
Lormulative stage, dimplistic mathematical models neglect imporrant
hydrodynamic phenomena neceseary for predicting flow conditions in rhe
vicinities of power plant intakes. Field verificatiens by dye or drogue
studies do not reflect the reaction of aquatic organisms to the higher
velocities in the immediate viecinity of intakes and, therefore, are
unreliable for predicriva Purposes.

Relating swimming speeds of fishes to intaks velherability. Im-
Pingement and entrainment rates of fiches are dependent on much more
than simply their ability to maintain position in a given velocity for a
given period of time. TFor example, available data indiecates thatr im—
pingement rates of fishes are strongly influenced by temperature and
salinity conditions in the viecinities of estuarine power plant intakes,
Rheotaxis (responmse of an orpanism to current), phototaxis (response to
light), and tactile responses also are lnportant in determining the
Valnerability of a species. Furthermore, fish may hold a position
immediately in front of the intake structure and become susceptible to
entrainment or impingement upon exhaustion.

Reports may also mention an organism's capacity to exert a burst of
speed to support arguments for reduced vulnerability to intakes. Heaw—
‘g ever, such arguments are seldon supportable because ipitial orienration,
o distance and direcrion travelled, and the types of atimuli thac elicit a
sudden burst of speed all are variables that can not be sufficiently
documented.

Measurements of intake velocities. The repoxt should state exactly
where mezasuyrements or estimates of intake velocities have been made with
respect to the intake structure, water gurface and bottom, tide, river
stage, and other pertinent variables. Often an average intake veloeity
H - is reported with no indication of the range of veloeities meross the
intake structure; some parts of the intake may have close to zero
velocity, while others may have velocities much higher than the "aver-
age''. Furthermore, low velocities are extremely difficult to measure,
and the accuracy of these measurements nay be gquestionable.
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Figure 2. Undesirable Intake Well Velocity Profiles
(U.5. Envivonmental Protection Agency 1976a)

Stagnant pool areas around the intake. All intgkes are designed to
prevent the pumps from runming dry. To keep them from running dry some
companies construct a reservoir. In such cases, a stagnant water area
" usually occurs in the vicinity of intskes, which allows material such as
sand and silt to settle out and concentrations of zquatic organisms to
inerease. Vulnerability of the aquatic organisms to the intakes is also
increased. These areas can be created by breakwaters in combination
with a dredged-out area, sheet pile walls, ponds dredged adjacent to thse
river, iBtake canals, etc.

o

Relation of intake locatien to plant discharge. Fish and shellfish

often are attracted to the discharge, and more of them may be subjectad
to entrainment or impingement if the intake is located too near the
dizscharge.
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SUGGESTED STRATECY

Entrainment: Eggs and early larval Stages of aquatic orgzanismg gra
particularly vulnerable L0 entrainment. Volume of intake flow iz oftan
mere important than intake velocity in determining degree of impace. It
important fishery resourcesg are likely to he entrained at a power Plant
the project report ghould include the following:

r Accutare delineation of vertical and herizontal distriburiog
of egegs and Jarvae by species in the expected zone of with-
drawal.

. Information on the period of vulnerability of the regource g

entrainment, including data on duration of the egg and larval
stages, length of Spawning s=eason, and relationship of devel-
opmental periods g environmental facters (e.g., temparature)
that are likely to affect them.

. Deseription of the physical and biological phenomena that
could increase vulnerability, such as tidal cycles, current
patterns, location 0f intake, behavior, ete.

- Indication of the volume of water withdrawal in relation o
the net flow of the water body.

- Estimates of the egg and larvae population sizes.

. Evaluation of gsignificance of entrainment losses to recrea-
tional and commercial fisheries.

Reduction of eéntrainment logses can be accomplished by several
methods, ineluding use of skimmer walls, velocity caps, and submerged
weirg to contrel the zone of withdrawal; relecation of the intake in
areas of less eritical habitat; or construction of a clesed-cycle
cooling syatem to reduce the volume of water withdrawal. Seasonal mode
aoperatien of once-through ceoling during perieds of low Potential impaet
may also be recommended. Tt cannot be overemphasized that the best way
to minimize the impact of a rower plant on important dquatic resourcas
is to site the plant in a location where such TeS0urces gre very scarce,
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Impingement. Juvenile (post-larval) stages of fish arz much more
vulnerable to impingement losses than any other 1life stage. In some
instances, however, substantial impingement of adult fish can OCCUT.

If critical fishery resources are likely to be impinges at power
plant intakes, the project report should contain the followiag:

- Accurate delineation movement patterns of the eritical fishery
resource through the zone of withdrawal.

. Deseription of the physical and bioclegical phenemsna that may
increase the vulnerability of a species to impingsment, such
as temperature, saliniry, currents, behavior, etc.

. If fish by-pass gystems are utilized, evidence thzt fish
returned to the water bedy will survive, grow, ant reproduce
successfully.

. Estimation of the numbers and sizes of impinged szecies in

relation to the quantity of water passing through the plant,
intake current veloecities, season, water temperatures, stage
of tide, illumination, and other environmental cozditions.

- Population estimates of the impingeable stocks of aguatic
organisms.

. Evaluation of the degree to which impingement losses will
reduce recreational and commercial fisheries.

— Reducrtion of impingement can be accomplished by use of methods such
as travelling screens, fish bypass systems, louvers, relocziion of the
intzke, ete. Air bubbler screens and sound waves have not tTeen shown to
be effective measutes,

More detailed anmalyses of alternate intakes that will rsduce entrain-
ment and impingement are found in the Atomic Industrial For= source
bock on cooling water intakes (Battelle 1975) and the 1U.5. Tovironmental
Protection Agency's cooling water intake development documezt (1976a).
Guidelines for studies related to power plant intake velocizs impacts on
aguatic resourees are presented in the U.3. Envirenmental Protection
Agency's 316(b) techmical guidance manual (19765).

It is important to keep in wind that closed-cyele cooling is net
the best available technology in all cases. Minor alteraticns in
existing open—cycle syztems to minimize impact should ke recommended
whenever possible. Each system must be judsed on a case-by~case basis.
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CUERENT POLICY

The T.5. Environmental Protection Apency (1973) recommend g reducing
intake velocities ro below 0.5 ft/sec(fps) at the trash rack to enable
fish to escape the Screenwell. The U.5. Nuelear Regulatory Commission
(1975) recommends thar "...ths site should have characteristicg that
allow placement of intake structures where the relative abundance of
important species is small and where lew approach velocities can he
attained.” Also "...approach veloeity and screen face veloeity are the
principal design criteria for controlling the impingement of larger
organisme, principally fish, on intake Screens. Acceptable approach and
screen face velocities are based on fish swinp speeds which will thusg
vary with the species, site apd Feason. Maximum acceptable approach
velocities are on the order of 0.5 fpa."

Fizsh and Wildlife Service concerns on inmtake velocities appeared in
Dr. Willis King's Instructional Memorandum RB-44, dared Fabruary 5,
1973, and in the Navigable Waters Handbook (U.S. Fish and Wildlife
"The maximum velocity protecting

Serviee 1974). The memorandum reads:
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‘Az the Nation's principal conservaii . zy, the
Department of th. Interior has resporsibili o most of :
‘our nationally owned pubTic lands and nature souUrces.
L ..} Thisincludes fostering the wisest use of our nd and
o S water resotrces, protecting our fish and wiltdis.'e, preserv-

T ' ing the environment and culturd] value of our national
parks and historical places, and providing for the enjoy-
ment of 1ife through gutdoor recreation.  The Department
a55e5585 Qur energy and mineral resources and works to
.assure that their development s in the best interests of
s . ‘ all our people.’ The Department also has a major responsi-
i bility for American Indian reservation communities and for

people who Tive in island territories under U.S. admini-
stration. N ‘ o
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