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REPORT ST]MI\{ARY

The Saa Onofre Nuclear Generating Station (SONGS) has substantial

adverse effects on local fish populations and organisml living in the San Onofre

Kelp Forest; it is also calculated tbat local losses of fish lawae lead to reductions in

some adult fish populations in the Southern California Bigbr Tbese effects could be

mitigated by a combination of techniques that Prevent losses and replace lost

resources. This report evaluates the feasibility of more than 30 possible techniques

for mitigating the effects of SONGS and provides background information for the

mitigation recommendations made in the Marine Review comrrittee's Final Report

to the California Coastat Commission

In its Final Reporl the MRC Presents nro options for mitigating the effecs

of SONGS. Option L Changes to the Cooling System responds to the directive in

CCC Pennit 183-73 that the 6snmittee be responsible for nrecotnmending "' any

gfuangcS it believes necessary in the cooling sysrcm for units 2 znd 3" (condition

8.4). Tbe Committee considered two chonges in the cooling qyste4 conversion to

cooling to\pers or moving the discharge; Dr. Fay is the only Committee member

recourmending the constnrction of cooling tolrters' and no member recommends

moving the discharge. option 2: Prevention and Mitigation responds to the cccs

1979 resolution requestiqg the MRC to snrdy promising mitigation measures and to

reco'mend measures "to assure there wourd be no net adverse effect on the marine

envi ronment .*opt ion2consis tsof f ived i f fereut techniquesfor reduc ingor

mitigating fuh losses and one technique for mitigating the impacts to the San

onofre Kelp Forest community: (1) avoid operations during periods of high

abundance of fish tanae, (2) reduce the volume of water flowing through SONGS'

I
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(3) constmct an artificial reef (4) restore a coastal wetlan4 (5) reduce the in-plant

loss of juvenile and adult fish by ia5t^lling sonic devices, urercury lights or other

devices, and (6) create a kelp bed. Different combinations of the first four

techniques could each result in complete nitigation of tbe Bight-wide fuh losses'

The Committee unanimorsly recommends the adoption of Option 2'

In this sumlnary, loss prevention techniques are discussed first, followed by

lsshniques for replacing lost resources. The last chapter of tbis report' Chapter 13'

discusses the MRCs nitigation recourmendations; since Chapter 13 briefly discusses

the advantages and disadvantages of the most promising techniques, it provides a

useful summary for tbe reader who does not require a detailed review of all of the

techniques evaluated.

Loss Prevention

Althougb many different loss-prevention techniques have been developed to

reduce impacts associated with power plant cooling $Etems' most development and

testing has fOsused on power plants that are much smaller tban SONGS or are not

located on the coast of a temperiate oceaq making it difficult to evaluate tbe

feasibility of uing tbese technigues at soNGS. In spite of this, several techniques

merit further consideration, and it seems feasible to reduce the losses associated

with the operation of SONGS.
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Intalcc

Fish larvae, juveniles and adulu are entrained by the intake flow at soNGS;

in addition, juvenile and adult fuh are killed during periodic beat ueatments of the

seeling systeu,- The loss of juvenile and adult fish coutd tikety be reduced by

instAfing sonic devices near the intakes and by instafling sgnic devices and merctry

Ughts in the collestion area of the Fisb Return Sprcm (FRS)' Sonic devices reduce

entrapment by figbtening fish away from the intakes; they would probably be most

effective for transient schooling species such as northern anchovy' Mercrry lights

would attract fish that had already been entrapped into the collection bay of the

FRS; they would improve tbe effectiveness of the FRS during normal operation' but

their greatest value might be for reducing fish losses during heat treatments (whicb

acconnts for about Zavo ofthe total biomass of fhb killed in tbe plant)' Botb of

tbese techniques would be relatively inexpensive to implement' but their

effectiveness should be field-tested before tbey are required at SONGS'

Many fisb are killed when they are impinged on or pass throug! the traveling

screens. Some of these, especially larnae and juvenilesr cannot actively avoid

entrainment; to redue tbe los of these fisb' they must be physicatly excluded by

some tlpe of barrier. The barrier could be located at tbe intake or at the traveling

screens. At tbe high fl6y rates that oceur at SONGS, using screens or other barriers

(e.g.porousdikes,infiltrationbeds)toexcludefishattheintakewouldPresent

problems with effestiveness, maintenance (especially the removal of debris)' &d

increased pumPing requirements. small-mesh screeDs at tbe traveling screens

would retain larvae and small fisb' and other modificatisDs might ninimize

xv



impingement losses; however, this technique has nary potentid technical

rfiffisulties and questionable effectiveness, so it is not recommended'

Dischoge

The nrbid p\rme resrlting from the discharge of water through the difhsers

of SONGS UniC 2 and3 has cased the los of resogrces at the Saa Onofre Kelp

Bed (SOK), including gant kelp, kelp bed fish' and benthic invertebrates'

Modifications to the diffusers could reduce the turbidity of the discharge plume or

move the plume avtay from the sensitive kelp bed habitat' Modifications to the

existing diffuser s),stem would reduce turbidity by reducing the amount of turbid

water entrained into tbe plume, but there is considerable gncertainty about the

effectiveness of these modifrcations; there would likely be some ls6aining, but

reduced, impact to SOIC Moving the discharge away from SOKwould be costly (up

to several hundred millisn dollars), but would ccrtainly eliminate tbe impacts of

SONGS' discharge on the kelP be4 and would have little adverse effecl (Moving

the discharge would not reduce the impacts of SONGS on frsh') Within existing

engineering constraintsn and asSgming that the new disc'harge would be a single'

point discharge rather than a difhrser, the discharge could be moved somewhat

farther of$hore, or upooalit or donmcoast from SONG$ Modi$ing or moving the

discharge would require a variance from the thermal standards beca'se less mixing

with ambient seawaterwould resrlt, and in some locations the plume would impinge

on the shore.

Althougb moving the discharge would sliminate ongoing imFacts to soK

someresidualirnFac6tothekelpbednightstil lneedtobemitigated.Becausean
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artificial reef with kelp could adequately mitigate imFacs to'the kelp

commgnity for a much lower cost, moviqg the discharge is not recommended'

Replacmten of cooling sYstent

Replacing the existing cooling qntem with closed cycle sseling would

minimi-e impac,ts to marine resources by gfeatly reducing tbe arnorrnt of water used

for cooting. However, the only closed Cycle sssling $6tems that seem feasible at

SONGS involve cooling to\r,ers, which have environmental (from salt drift and some

discbarges to tbe ocean), safety (gfound fog), and aesthetic (high profrles' noise)

costs as well as high financial costs ($500 million to $1 billion for construction and

an additional $1 billion over the lifetime of tbe plant due to reduced efficiency of

the towers). Also, some of the most suitable cooling tower technologies have not

been demonstrated on the scale needed for SONGS, and there would be logistical

problems (e.g. SCE does not or*'n the land on which tbe cooling towers would be

built).

M odfuinS Plan oPerations

The loss of fish larvae could be decreased by reducing the volume of water

that passes througb the cooling systeEl Cfrrtaifing plant operations at specific

critical times could rezurt in a disproportionarc reduction in impaca. Fish larvae

are far more abundant during February through April than during the rest of the

year. Eliminating the florr of water througb soNGS in March and April could

reduce the amognt of fuh larvae kifled by soNGS by 25 billion laRrae' antting the

esdmated losses iD half" The cost of this technique would be minimized by baving

soNcs,lgfuglingandmaintenancescheduledforthisperiod,althoughthereare

,rvii



technical and logistical dif6culties with having SONGS refuel at the sarne time cverY

year or every o$er Year.

Reducing tbe flow of water througb SONGS while the plant oPerates at full

power would also reduce tbe number of frsb lan'ae killed by SONGS' Reducing the

volume of water flowing througb the plant by about one'third apPears feasible'

althougb this would reduce tbe effrciency of the plant by about}Va Reducing the

flow by oae-third from February to May would reduce lan'al losses by 26Vo' and cost

about $5 mitlion peryear for both unia-

The MRC has recommended, as one possible means of mitigating fish losses'

decreasing the number of larvae killed each year by reducing the arnount of time

SONGS operates during periods of high larval abundances and/or reducing the flow

of water through SONGS or other SCE coastal power plana.

RePlacing lost resources

If losses cannot be prevente4 then SONGS' imfac'ts must be mitigated by

replacing lost resources. We co:lsider techniques tbat replace lost resources witb

identical resources (in-kind nitigation), and those that substinrte different resources

for lost resources (out-of-kind mitigation). The most promising replacement

techniques are constnrcting an artificial reef and restoring a coastal wetland-
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Artificd Reds

properly designed a*raa reefs can srpport communities of fish'

imrertebrates and algae that are similar to those forrnd on natural reefs' The

production of sessile and sedentary reef organisms (suc;h as invertebrates and algae)

is increased by artificial reefs, but the anount of fisb produced by (as opposed to

attracted to) anificial reefs has not been determined. There is clear evidence that

some aspects of production, such as recnritment and gfowtb' are enbanced by

artificial reefs, but there may also be negative effects from increased fishing

mortality. Most concern about fish production on artificial reefs has focused on

small artificial reefs and artificial reefs constructed from scraP materials; a large

artificiat reef constnrcted from quarry rocik would likely circumvent the limitations

of these small reefs. A large artificial reef could fumish many different qpes of

babitats and microhabitar and an increased variety of food resources for fuh' Fish

tbat are transients on a small reef migbt remain as residents on a large one' Fishing

mortality night be reduced on a large reef since it would not be as attractive to

fishermen if fisb deusities are lower and fish are not concentrated in a small area'

Thus, despite the unresolved question of fish production' it seems likely that an

artificial reef tbat mimics the size, configuration and location of a nat'ral reef would

provide suitable in-kiDd mitigation for inpacts to the natural reef' The MRC has

recommended that an artificial reef be constructed as in-kind mitigation for imFac'ts

to the kelp forest comnnrnity (see next section)'

using artifrcial reefs for out-of-kind mitigation will involve a higher degree of

scientific uncertainty than their use for in-kind mitigation because (1) there are no

quantitative data on tbe amount oi trsu produced on artificial reefs and (2) there is



no agreed-upon metbod of determining the relative values of the fish killed by

SONGS and reef resources. Nonetheless, properly designed artificial reefs certainly

produce resources, aad so represen! along with wetland restoration' one of the two

best available techniques for enhancing marine resources. The MRC has

recoErmeDded that 3 high-relief artificial reef be one possible means of nitigating

fish losses, &d has estimarcd (using methods described in Appendix D) &at a 6Gha

artificial reef would provide adequate mitigation for the fish losses caused by

soNGs.

IGIp bd cteation

Kelp beds are a valuable marine babitat in Southern Catifornia For impacts

tbat result in tbe degradation or destnrction of a kelp bed, the cleation of a new bed

or restoration of the existing bed is the most straighdorw"arA mitigdtion technique'

Restoration of the affected portion of SOK would not be zuitable because the

imFact is ongoing; the creation of a new kelp bed is preferred.

Giant kelp (Maoocystis WrTqa) almost afuva]r atUches to a hard substrate'

so attempts to create new kelp beds have focused on providing trew hard zubst'"tt'

s'ch as an artifrcial reef. Giant kerp bas grcwn on sweral artifrcial reeB, when the

kelp eitber recrgited natgrally to the reef or was PurPosely transplante4 but very

few new, self-sustaining kelp beds havc been created' Thts, any attempt to create a

new kelp bed as mitigation Eust recognize that therc is uncertainty involved'

r{owever, steps can be taken to minimize the uncertainty. In partiorlar, tbe location

of the tew Maoocysrrs bed and the design of tbe artifrcial reef appear to be

importanf Despite limited success in the PasL it should be possible to create a
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persistent, self-sustaining kelp bed gnder the proper conditions' In addition' an

artificial reef will Produce other reef resources (see previous section)' The MRC

has recommended that a 120ha anificial reef with kelp be constnrsted to mitigate

for the estimated 80 ha of kelp lost from SOK

SONGS has no direct effects on wetland habitats; wetland restoration could

provide some in-kind mitigation for fisb species that use coastal wetlands' but it

would mostly provide out-of-kind mitigation. Coastal wetlands are rare and

valuable babitats in Southern California' and there is a major effort by state and

federal agencies to restore degraded wetlands. A restored wetland would produce

Barine resources, inclurting fish; it could also provide important habitats for

endangered species and migratory birds and valuable aesthetic and educational

resources.

Coastal wetland sites in Southern California are in higb demand and

restoration/enhancement plans have already been developed for most sites' Thus' it

may be dif6sult to find an aPProPriate wetland that could be restored as mitigation

for SONGS' effects, and land or*'nershiP is a major faetor in determining the

feasibility of using wetland restoration for mitigation of soNGS' impacts' The small

portion of tbe Hgntington Beach Wetland owned by Southern California Edison is

one alternative; althougb restoration of this wetland is technically possible' a

number of obstacles would bave to be overcome before it could be applied as

mitigation for soNGs, including determining the anount of credit to be assigRed

for the restoration.
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A rrifficult problem inherent in using wetland restoration as rnitigation for

SONGS' effects, once again, is assigning a rmlue to dissimilar resourccs (e'g'

midwater fish and wetland habita$ so &at values of the lost and gained resources

can be balanced. The scientifrc basis for asy evaluation methodologr has not been

well develope4 so sone zubjective evaluation wifl be Decessary' The MRC has

judged that restoring 30 to 60 ha of coastal wetland would be one possible means of

mitigating the impacts of SONGS on fish.

Othq Techniques

In some circumstances (i.e. where jwenile production is liniting), a fish

hatchery could theoretically replace lost fish resources by providing juvenile fish that

could be released in the wild. Tbe use of hatcheries to enbance marine frsh stocls is

a recent development, and its feasibility is just beginning to be evaluated' There are

at least two seriors technical problems that limit the feasibility of using a fuh

hatchery as mitigation for frsh losses cagsed by SONGS' First, few marine fish have

been raised in a hatchery sinration It seems likely tbat nearly all species coua be

raised in a hatchery but probably not within reasonable limi6 of time and money'

Secon4 little is looum about tbe 6itical factotl liniting Eany marine fish

populations. For example, despite a large production of hatchery'reared smolts' the

success of enhancement prograns for salmonids in British col'mbra washington

and oregon has been limited. It is clear that much more information about the life

histories of marine fisb the Processes underlying the dynamics of the populations

and the nanrl'e of potential bottteneck$ is neccssary before it can be determined

wbether a hatcbery could evenPotsftally enbance a population Btindly restocking

apoputationfromahatcheryhasahigblikelihoodoffailure.
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Three other potential out-of-kind mitigation techniques are coastal land

acquisition, information acquisition, and water quality improvement' These could

be appropriate for mitigating impacts to resources (sucb as midwater fish) that are

diffrcult to replace in kind. However, tbey do not confonn to generally accepted

nitigation guidelines and are not Part of the mitigation package recommended by

the MRC.

Monitoring

All of the techniques for replacing resources impacted by SONGS must be

considered experimental because their successful use in mitigating similar impacts

has not been demonstrated. For this reason, it is crucial to monitor any

implemented technique. The criteria for success of each implemented technique

must be clearly defined so that subsequent monitoring c:rn ununbigUously

determine success or failrue. Equally important is a contingency plan so tbat a

oftheoriginalmitigationplanresultsinitsmodificationorthesubstinrtionof

a new plan that prevents an unnecessary loss of resources.

pul



-t

I
i
l
l
I
It

I
t
I
l,
t
I
I
I
l
t
I
I
I

This page intentionally left blanls



T
I

a

t
CHAPTER 1

INTRODUCTION

This report evaluates the feasibility of techniques that could potentially be

used to mitigate the adverse effects of the san onofre Nuclear Generating Station

(soNGS) on the marine environmenl Initially, one aim of tbe MRC was to provide

information to tbe CCC concerning possible sfuanges in the sesling rystem of

SONGS to prevent or. reduce any adverse effects. In 1979, the California Coastal

Commissi on recognized that some effects might be mitigated without requiring

glang€S in the cooling qystem (Fischer IgTg). In this rePort' the feasibility of

techniques that do not involve stnrctural changes to the plant are considered along

with those that do. The purpose of this reporr is to provide the technical support for

the mitigation recommendations made by the MRC in its Final Report to the

California Coastal Commission

Beforetbefeasibilityofpotentialmitigationtechniquescanbeevaluated'the

impacts from soNGS must be identified. These are Presented in the Final Repon

totbeccqwi thsrppor t ingdoourentat ion in theTechnica lRepors; th is

information is zummarized in Section 13'

After tbe impacts have been identifie4 techniques that could be used to

mitigate them need to be defined and evaluated. Three sources have been used to

identify the particular techniques considered in this report' Firt' snrdies initiated

by the Marine Review committee that were directly related to mitigation (Sheehy

1981,ThumetaLtg83,Arnbrose1986a,1986b)orrelatedtopartianlartechniques

(Lockheed ocean science Laboratories 1983a, 1983b' 1983c' Allen et aL 1984'
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Ambrose !987a,1987b, Ambrose et aL 1987, DeMartini 1987) were reviewed' Most

of these shrdies focgsed on artificial reefs, althougb Ambrose (1986b) considered a

wide range of techniques that could be applied at SONGS. Second' ideas were

solicited from and discrssed with many agencies involved witb mitigation' esPecially

tbe California Department of Fish and Game (CDF&G), the U'S' Fish and Wildlife

service (Fws), and the National Marine Fisheries service (NMFS). Thir4 we

exa:nined the relevant literature; this was partiorlarly important for identifing

potential techniques fsr reducing losses (Section I). Throughout this process' an

attempt was made to identify innovative new techniques.

section I (chapters 2 througb 6) of this rePort discusses techniques that

could reduce resogrce losses caused by SONGS by modifying the cooling s)'stem or

non_stnrctural gle n geS.

section tr (chapters 7 through 12) of this report discusses techniques that

could create new resources to replacethe resources lost due to SONGS. Chapters 8

througb 11 evaluate artificial reefs, ketp bed creation, wetland restoration and fish

hatcheries. creating a kelp bed on an artifrciar reef (disctrssed in ctapters 8 and 9)

could serve as in-kind mitigation for impacts to tbe San Onofre Kelp forest

community. An artificial reef could also serve as primarily out-of-kind mitigation

for frsh irnFaGts caused by soNGS, 4 could the other techniques evaluated'

Chapter 12 discrsses various other techniques'

The final section of this report, Section Itr (Cbapter 13)' discusses the

technical basis for tbe MRCs recommendations, made in the Final Report to the

california coasral cornmission, for mitigating tbe effects of soNGS' This section is
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intended to provide supPortirg documentation for the mitigatioB recoFmendations

in tbe Final Report to the CCC'

1.1 Ovdrview of mitigation

Many development Projects, including the constnretion and operation of the

San Onofre Nuclear Generating Station, result in environmental imFacts' Tbe

concept of mitigating these impacts has developed as a means of allowing resource

use, in spite of i15 imFacts, while maintaining environmental quality' There is no

universally accepted definition of mitigation, but definitions from the National

Environmental policy Acr (NEPA) and tbe Fisb and wildrife coordination Act

(FWCA) are commonly used. Because the F'IVCA definition is directed specifically

at frsb and wildlife resources, it is reproduced here:

"Mitigation' means (a) lessening wildlife resour@ losses to a project

througtr loss prwention measures and (b) affs9$igg losses through the

nse of other stucturA and non-struc.turA measure$

T-oss preventiod means designing and implementing a project to

avoid adverse inPacts uPon wildlife resources'

'Compensatiou" means comPletel]' (i.e. LNVo) gtrSegifg losses to

wildlife resource values"'

Tbe Fisb and Wildlife Service, as tbe federal agencf cbarged witb prinary

responsibility for evaluating impacts on wildlife, has developed an offrcial Mitigation

Policy (copy appended to Ambrose 1986b)' The stated puriose of this policy is "to

Protectandcorsewethemostimportantarrdvaluablefisbandwildliferesources

while facilitating balanced deveropment of the Nation's nan'al resourcesn (usFws
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1981, p.7644). The fundamental principles ggiding the F'WS Policy are (1) that

avoidance or compensation be recomurended for the 111ost valued resources; and (2)

that the degree of nitigation requested correspond to the value and scarcity of the

habitat at risk Two fundanentally different t,?es of mitigative compensation are

distingUished. In-t<ittd replacement of resources involves resources that are

physically and biologrcally similar to'those being altered and that play similar roles

in ecosystem function, whereas o6'of-lcind substinrtion of resources involves

resources that are pbysically and/or biologcally dissimilar in any number of

characteristics (Ashe 1982). In-kind comPensation is generally preferred' especially

for highly valued resources (USFTWS 1981)'

In Catifornia, the authority to require mitigation measures rests with the

permitting agency, although a number of agencies (such as CDF&G' FWS and

NMFS) sente in an advisory capacity by cornmenting on and helping to develop

proposed mitigation Plans. Althougb the different agencies in C:'lifornia do not

have a formal, coordinated mitigation policy, the general philosoptry used to

evaluate mitigation proposals follonn the federal guidelines established by FWS'

Thus, loss prevention is generally the most desirable form of mitigation' especially

when this can be implemeuted during the pre-construction phases of a project" In-

kind/on-site replacement of resources is the most desirable form of compensation'

witb out-of-kind substinrtion of resources being generally less preferred' However'

wetlands have been accorded such a high priority for presewation by both local and

federal agencies that wetland restoration is viewed as a relatively valuable mitigative

action, even if it is out-of-kind'
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In spite of Californil'5 ssmmitment to mitigatioq its application in the

marine environment is a relatively recent development. Most local coastal projeca

that have required mitigation have involved harbors, baln or wetlands (Table 1-1)'

Tbese habitats are very different from the open coastal babitat around soNGS'

Furthermore, babitat destnrction has been the primary impact of tbese projects'

whereas the impacts of soNGS are more varied. In addition to habitat degadation'

the entrapment of fish at soNGS results in the direct loss of resources' even though

it does not alter the midwater habitat.

12 Monitoring

A significant obstacle to recommending and evaluating'possible mitigation

techniques in tbe marine environment has been tbe lack of relevant information'

Perhaps some uncertainty is inevitable, since coastal mitigation is a relatively new

phenomenon, but the problem is certainly exacerbated by the general absence of

follow-up or monitoring snrdies for techniques that have been implemented'

Without a critical evaluation of a technique, no progress can be made towards more

effective implementation of that technique in the future' Furthermore' witbout

follow-up studies the successfulness of a partiarlar technique cannot be determined'

Follow-up sftdies are particularly important in a sinration such as the open coasr'

where few mitigation techniques have been implemented previously'

I have considered monitoring or follow'up snrdies to be an important'

integral part of most recommended techniques' In some case$ such as pneumatic

guns and mercury lrghts, the follow'up snrdies witl be needed to confirm that they

providetheamountofmitigationprojected;oncethisbas.beenconfirmed,
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additional monitoring will not be necessary. Specific objectives have been defined

for most o&er techniques, with Eonitoring needed to confirm that tbe technique

has achieved its objestive. I have discussed the objectives and an outline of the

monitoring needed alongwith each recommended technique.

Note that there are other recommended monitoring programs that are not

related to mitigation techniques. Tbese prpglarns are discussed in Chapter 20 of the

MRCs Finat Report to the California Coastal Commission

13 SummarX of resource losses

The operation of soNGS has affected organisms througb two

mechanisms: (1) kiuing organisms, especially immanre and adult frsh' that are

taken into tbe plant with the cooling water, and (2) creating a ffibid plume that

affects the kelp, fish and invertebrates in tbe San Onofre Kelp Bed (SOK)' These

losses are discussed in detail in the Final Report to the CCC and the associated

Technical Reporsi we briefly s'nrnarize the impacts in this section and Table 1'2.

The MRC has measured adverse effects on the kelp community in SOK

including gant kelp, frsb, and large benthic im'ertebrates' Tbe area covered by

moderate to higb density kelp in soK has been reduced on average by about 80

hetares (ha), or 6}Vobelowtbe abundance that would have occurred in the absence

of SONGS. Fish living near the bottoh in SOK (e'9 sheephead' bared sandbass

and black zurSerch) have been reduced by about 70vo (toughly 200,000 frsh

weighing 25 MT) below the abundance that would bave ocetsred in the absence of

SONGS. The abundances of 13 species of snails and of the white sea grchin were

I
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also reduced zubstantially QAVo-9OVo) below the levels that'would bave occurred in

the absence of SONGS.

The MRC calculates that there is a substantial impact on the standing stock

of a ngmber of fisb populations in the Southern California Bight. The reductions in

standing stock are probably between one and ten Percent' rePresenting a loss of

several hundred tons in standirrg stock

The MRC has also measured a reduction in the local abundance of some

midwater fish populations. The local abundance of queenfish has been reduced by

between 30Vo and 70Vo, depending on location' out to a distance of' 2'3 km from

soNGS, relative to the abundance expected in the absence of soNGS' A similar

redustion occtsred in white croaker, but over a smaller area In addition' SONGS

kills at least 19 metric tons (MI) of fish Per year in i15 intake systetrL This estimate

was made in a period of depressed fish abundance' and over the long term the

anount killed will be about 51 MT Per year'

other parts of tbe community that were snrdied and in which no substantial

adverse effects were found are: the zooplankto& a rmge of animals associated witb

sandy bottoms (including invertebrates living in or on thb soft sediments' semi'

planktonic organi$$ and bottom-dweuing frsh), &d intertidal sand cTabs' some

groups associated with sandy bottoms inceased in abundance as a result of soNGS'

operations.
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CHAPTER 2

INTRODUCTION TO LOSS REDUCTION TECIINIQUES

411 things being equal, the most preferred technique for mitigating an

environmental impact is to avoid the impact. This section explores techniques that ''

could potentially reduce the impac-A of SONGS by preventing the loss of resources'

One class of techniques considered here involves structural changes to SONGS'

althougb noD-stnrctural techniques are also included' Stnrcnrrd changes are

reviewed because the operating permit for SoNGS (permit 183-73) specifically

indicates that modifications to tbe cooling system (including the construction of

cooling towers) could be considered in order to reduce substantial adverse effects

on the marine environment.

The only technique tbat would cenainly eliminate all of the local biological

effects of SoNGS would be to stop the operation of soNGS' Although this

alternative would eliminate local environmental effects' it would not mininize

regionaleffec,ts because Power would have to produced at other generating statiors'

whicb night cause greater environmental impacts' Uke SONGS' SCE s other

generating stations use once-through cooling systems' so fish larvae and older fuh

lifestages would be killed during their operations. soNGS produces virnrdly no air

pollution; when SONGS is offline, the power it would provide has to be produced by

one of scE's oil and gas plans in the Los Angeles Basin' Even though scE would

use the most fuel.efficient plant that is available first (8. Mechalas, penonal

communicati,on), this would result in greater emissiors in the Basin as well as higher

costs. The South C-oast Air Quality Management District is very concerned about

increased emissions in the Basin, and would need to aPProve any alrangement to
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run SONGS less and Basin sations more (Mechalas, penonal communication)' In

the context of the entire Southern Californian environment" shutting down SONGS

would be expensive and would result in different, and perhaps more severe'

environ m ental impacts.

A second loss-reduction alternative that would greatly reduce tbe impacts of

SONGS on the marine environment is to convert SONGS from an open cooling

system to a closed sptem (Chapter 5). The most obvious way to convert SONGS to

a closed system is to build cooling towers. Cooling towers would reduce the amount

of seawater taken in and discharged by SONGS, and so would virnrally eliminate

impingement and entrainment losses and losses due to increased sedimentation or

nrrbidity. However, cooling towers are expensive, 8d would largely shift

environmental effecls from the marine environment to the terrestrial environment'

Increased ground-level fogging salt drift and other impacts would affect human

safety and terrestrial organisms'

Theremainingtechniquesforpreventingresorrrcelossescarrbecategorized

as stnrcural changes to the intake system, struc$ral chonges to the discharge

system, and nonstructural changes'

stnrcnrral cbanges to the intake system (Ctapter 3) would be designed to

prevent organisms from being taken into the plant or to retun entrapped organisms

to tbe ocea& Fish are most rikely to suffer substantial rosses due to entrainment or

impingement. The Fish Return System is designed to minimize the loss of juvenile

and adult fish, and it is reasonably effective (see Technical Report c)' Therefore'

the most important changes to the intake system would be those that reduce the
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Inuoduction to loss rcduction techniques

entrainment of fish lanae. Qfoanges that might reduce lanal entrainment include:

modifying the traveling screens, infil63dqa beds' Porous dikes' intake barrier

SlStems, and relocating the intakes. None of these techniques seem very promising'

Stnrctural sfoenges to tbe discharge rystem (Chapter 4) would be designed

primarily to eliminate or reduce increased sedimentation and/or nrbidity near tbe

present diffgsers. These techniques fall into two categories. One set of techniques

modifies the existing diffuser q6tem in order to reduce tbe amount of sediment it

entrains. Several qpes of modifications seem promising, but there is uncertainty

about their effectiveness. The second set of techniques changes the tlpe and/or

location of the discharge in order to avoid the sensitive hard bottom/kelp bed areas'

changing the location of the discharge would eliminate the effects of soNGS on the

San Onofre Kelp forest communiry, but technical and regulatory obstacles would

have to be solved and the cost would be high. (A third set of teqhniques, conversion

to closed-cycle cooling is disclssed above and in chapter 5.)

Nonstnrctural changes involve awide variety of techniques tbat would reduce

a variety of different imPacts. Some of tbese techniques would reduce the number

of organisms taken into SONGS (Chapter 3). The most promising norstntctural

cbanges to the intake qEteE include pneumatic guns and ligbt sJ|stems to reduce fisb

imprngement and beat-treatment losses. Other techniques would not be feasible at

soNcs, inctuding tbe following behavioral barriers designed to reduce the

entrapment of juvenile and adult fish: eleetric fields, bubble curtains and water jets'

Finally, there are changes to the operation of SONGS (Chapter 6) tbat could reduce

losses. The most promisrng of these include reducing the amount of water passing

through tbe cooling system at soNGS, and scheduling soNGS to be shutdown
I
I
I
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during periods of high abundance of fish.lanae and/or high probability of kelp

recnritmeBl.

some of the techniques evaluated in section I have been disctlssed in

previous rePorts to the MRC (e.g., Ambrose 1986), and there is a substantial body

of general information about reducing losses (especialty fish losses) at power plants'

Southern California Edison has also sponsored a number of snrdies specifically

directed at evaluating possible loss-reduction techniques (e'g', Schuler and l:rson

1g75,I-awler, Manrslcy and Sketly Engineers tg/g, L982, Thomas et aL 1980'

McGroddy et aL tgSl). In addition to these snrdies, a number of generd works have

been reviewed (e.g., Hanq on et at. lgn,Hocgtt et 41. 1980, Dorn and Johrson 1981'

Micheletti 1988).

This sestion is comprised of five chapten. This cbapter (Chapter 2)

summarizes the design and operation of SONGS. Chapter 3 discusses tbe intake

system at SONGS, including existing technologies for reducing losses (velocity cap

and Fish Return Sptem) and potential techniques that night be effestive' Chapter

4 diss'sses the discbarge qnteq including possible modifrcations to the existing

sJ^tem. cbapter 5 considers the feasibility of replacing the existin9 cooling system

with a closed-cycle cooling sJEteEL Finalln Chapter 6 disclsses modifications to the

operation of SONGS that could reduce resource losses' Each chapter includes a

discussion of the technical feasibility of each technique and, where possible' a rough

estimate of its cost and the amount of resources that migbt be saved' An attempt

has been made to distinguish techniques that are feasible and reasonable from those

tbat are not; the actual recorlmendations regarding mitigation are discussed in

Section In.

I
I
t
I
I
I
I
I
I
I
I
I18



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Iatroduaion to loss rcduction tcc'hniqucs

2.1 Summari of SONGS OPerations

The first step towards developing or evaluating techniques for reducing

impacs from SONGS is to understand how the plant operates and how it interac$

witb the phpical and biological em'ironments. This section summarizes the relevant

design and operation features of the San Onofre Nuclear Generating Station' and

briefly discusses how the discharge affects the water around SONGS' Much of this

information is reported in more detail elsewhere in the Final Report; in partianlar'

physical oceanography is presented in Technical Report L The more detailed

description of the cooling syste6 needed to evaluate the feasibility of some of the

techniques evaluated here is presented in Appendix A

SONGS uses an oPen cooling system; ocean water is used to cool the reactors

in each of its 3 rurits. Unit t oPerates at 436 Megawats (MW)' while Units 2 and 3

each operate at 1100 lvf\il. Unit 1 takes in seawater through a single intake located

907 m offshore at a maximum flow rate of 22 mtf seg The cooling water Passes

through condensers where the temPerature is raised about 105€ and is

subsequently renyned to ttre ocean at a Point discharge located 750 m offshore at a

depth of about 7.6 a. Units 2 and3 bave seParate intake strucnrres located 976 n

offshore and 200 m aPart alongshore. Each of these units oPerates at a maximum

flow rate of about 523 mslseq raising the temperanre about 9"G and discbarges

water back through diffusen'

The diffuser systems for units 2 atd 3 begin about 1795 m and 10&4 rr

offshore, respectively (Figure 2-1). The unit 2 diftrser is located 2?0 m upcoast of

the unit 3 diffuser. Each diffirser is 750 m in length and has 63 discharge Ports'

19
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lntroduction to lcs reduciou techniques

The individual jets have an initial diameter of 05 m' each discbarging 0'8 m3/sec

with an initial velocity of 4 m/sec. Ports extend 22 m above the bottonr' are

alternatelyalignedatanglesof+25ofromthediffrrserlines,andtiltupwardsatzv

from tbe horizontal (SCE 1981).

The diffusers were designed to provide efficient thermal mixing of the hot

discharge water with tbe cool ambient water. Inweak cturetrc' ambient seawater is

entrained in the discharge plgmes at a rate that is 7 to 10 tines greater than the

cooling system flow, creating a total discharge plurre flow rate of up to 550 m3/sec

for each of Units 2 and3 @ischer 4 aL LgTg). The enuainment ctrn rise to more

than 20 t mes the discharge in strong currents' Thus, at least 90Vo of the water in

tbe plume is entrained by the flow of water from the diffrsers' The initial upward

momennro* due to the tilt of each jet, and beated water carry tbe discharge towards

the surface. In weakly stratified water, the plume will spread at the surface'

achieving a thickness of 3-5 m within 1 km of the diffrser1 In the summer months'

thermal stratification is occasionally so pronounced that the plume never reaches

the surface; due to rapid mixing with the cold bottom water' the plume reacbes

thernal equilibrium at mid-deptbs The plgme often extends several hundred m

offsbore from tbe end of the unit 2 dihrser, but it can stretch up to 2 km beyond the

diffgser. Due to the prerrailing doumcoast curen1q the plume is frequently directed

to\ilards the San Onofre KelP Bed'

The design of the diffuser has been optimized for thermal dispersion in order

tomeetstaterequirementsfortherrraldiscbarges.Turbiditylevelsinthedischarge

plune were not considered in the design. However, the increased turbidity in the

plume has negative effects on the marine environmenl
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The coast at SONGS is unprotecred and the area is hydrodynamically

compler Ircal circglation pattems are determined by tbe interastion of water that

flows into and out of SONGS with local curren8, toPograPhy and kelp beds'

LongSbore currents are faster than 5 cn/sec about half the time, but are rarely

faster than 25 cn/sec Much of the flow is due to reversing tidal curents, and the

mean drift is only about 4 cn/sec doumcoast in summer and about 2 wfsec

downcoast in winter @eitzel 1988). Flow Pattems around the diffusers have been

investigated empiricatly with the release of dyes (EcoM 1987) and described by an

analytical model (EcoM 1988). Neither of these snrdies provides a complete

description of the flow patterns around SONGS. The dye stgdies show only surface

flow on a given day. The model uses a simplistic linearly increasing depth profile

and a simple constant ambient cgrrent model and does not include the effects of

nearby kelp beds. However, the studies seem to agree that some of the water that is

entrained in the plgrre comes from inshore, but most comes from offshore'

The water in the plume is generally more tufbid than the surrounding water'

The bigber turbidity in the plume renrls from the distribution of seston and the

source of plume water. seston ooncentration generally increases toward the shore

and tourard the bottom because these are the sources of seston The plume is

formed from water tbat is dischgged from the plant and water tbat is entrained by

the discharged water. lvater tbat is discharged from the diffusers bas a higher

seston content on average than the surrounding'water because the intakes are

located inshore of the diftrsers, where the water is more nrbid' Tbe sediment

concetrtration of intake water is tpically arognd 6 mg/l (range: 2't5 ag/l); at full

flow, approximately 54 metric tons (MT) of sediment are transPorted through the

plant per day. Water that is entrained into the plume comes from closer inshore
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Innoductioa to lcs rcduction terhniqucs

and lower doum than the anrbient water it displaces. As the entrained water mixes

with the discharged water, it warms up and rises in the water column' where it

displaces the less rurbid surface water.
/

The relative contributions of sedimeng from bottom water and inshore

water, or discharged water and eutrained water, are Dot known' However' it is clear

that sediments in the intake water cannot acco'nt for all the sediments in the plume

water. Measurements of sediments in the plume indicate concentrations of 7-12

mg/l,wbicb is sligbtly higber than concentrations in intake water in spite of the fact

that the intake water is diluted ten-fold by water that is entrained. If only water that

was relatively sediment-free was entrained, the turbidity of plume watel would be

much lower than has been measured'
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CHAPTER 3

INTAIG SYSTEM

3.1 Loss reduction tbchniques now in use

SCE already emplop two'techniques to reduce tbe loss of fish at SONGS:

velocity caps and a Fish Return Sptem'

Each of the intakes for the three units at soNGS is fitted with a velocity

cap. The cap is a concrete slab supporte d tzm above the opening of the intake for

Unit 1, a,,dz2m above the opening for Units 2atd3 (Figrre 3-t). It is designed to

produce a horizontal flow freld; without a caP' the flow field into the intake would

be vertical. It is supposedly easier for adult fish to avoid or escaPe from a horizontal

flow freld. The ability of juveniles to avoid entraPment depends on size and species'

Lanrae generany can not es€pe from the intake current, so the verocity caps have

little effect on the entrainment rate of lanrae'

Variors rePor6 (Thomas A aL $fj},Iawler, Manrsky and Skelly Engineers

\ILZ,EPRI 19S4) have indicated that velocity caps reduce the entrainment rate of

adult fish. weigbt (1g5g) concruded tbat instanation of verocity caps reduced

annual en*apment by gilvo. scE (1974) fo'nd ag}voreduetion in fish rosses while

a cap was in place compared to an l&month period after the caP was removed'

Schuler and Larson (1975) reported tbat a velocity cap reduced cntrapment of

anchovy by 85-90voin the laboratory. Tbus, the general oonsensus has been that

velocity caps reduce the entraPment of adult fsh' However' several reports have

indicated that the effectiveness of the caps may not be as great as claimed' For
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lntake SPtem

exa6ple, Sharma (1973) suggested that natgral flucnratioD in tbe density and

distribution of fishes close to the intake, which was not addressed by Weigbt (1958)'

is tbe most important factor affecting fish entrapment' and Stupka and Sharma

(Lg77) suggested tbat the velocity caP at soNGS may acnrally enhstce fisb

entraPment.

The Fisb Renrn system (FIIS) is the second technigue employed at soNGS

to reduce the loss of entrapped fish. All of the frsh entrapped at Unit 1 are

evennrally killed by being impinged on the traveling sseens' Passlng through the

screens and dying in the condensers, or being killed during heat treatments' Units 2

and 3 are each equipped witb a Fish Renfn System that diverts fish before they are

impinged on tbe traveling screens and regrns them to the ocean' The FRS (Figure

3-2) consists of guiding vanes, vertical bar racls (louvers)' a quiet area with a

collection bucket, an elevator mechanism and a return sluice' The guide vanes are

aligned witb the iiseming flow and ensure that the flow of water across the louvers

is uniform. Uniform flow prevents nrrbulencp th115 reducing the Pump bead los

througb the rystem. Tbe rranes are also designed to guide entrapped fsh into the

colleetion area by producing an eveD' steady flow through the louvers that is easier

for the fish to sense and avoid. Turbulent flow can result in sudden bursts of higb

velocity flow across the louvers that could canse the fisb to become impinged or

rnjrued. The louvers are located to oDe side of the incoming flow and are angled at

about 20p towards the flow. The vertical slats of tbe louvers are Lf 4" wide with a

separationof3/8'.Tbelouversrotateperiodicatlylikeatarrktreadforcleaning.

Thelouversarerotatedonceashift;rotationcanalsobetriggeredautomaticallyby

a pressure difference across the louven (whicb would occur if material began to

builduponthelouvers).smallhorizontalshelveslocatedataboutone-meter

t
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intervals oD the louvers belp lift the accumulating debris out of the water' Debris is

wasbed witb a higb pressure sPray into a sluice, and is evennrally hauled away to a

Iandfill. Traveling screens are downstream of the louvers in front of tbe purnPs and

catcb debris that passes througb the louvers'

Fisb are guided along the vanes and louvers into a colleetion area where the

flow is a quieter than the rest of the intake area' There is a Uaveling screen at the

back of this area- The flow througb the collection area is greater along the edges

than in the center, so fish and debris (such as kelp fronds) can acormulate in a

relatively quiet zone in the center of the collection area. The water in the collection

areais aboutg m deep. Arectangularbucket" 6 mx3 mx 1m deep sits on the

bottom of the co[ection area. The bucket doesn't quite fill the collection area;

there is a gap of several centimeters on the sides and l/2 m in the ftont and back'

The top third of the bucket is mesh. During each 8'hour shift' the bucket is slowly

(-1ft/sec) lifted out of thewater and dumped into areturn sluice leading 650 m

back to the ocean. The bucket is raised and dumped as many times as necessary to

remove the majority of the frsh from the collection area; when few fish have

accumulated in the collection area since it was last emptied, the bucket might only

be raised two or three times, but when there are urany fish the bucket is raised six or

seven times. The nrccess of the FRS in renrning fiSh alive to the ocean is evaluated

in Technical RePort C.
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32 Struchral changes

' Many technologies have been developed and applied to Power plant sesling

water intakes; still more have been conceived that require further testing' A brief

disegssion of sone of tbese techniques and tbeir applicability to SONGS follows'

A wide variety of physical barriers to reduce frsb loss have been proposed or

implemented at hydroelectric dans, water diversion projects aad irrigation canals as

well as power plants. These barriers include stationary screens' vertical traveling

screens (which are used at SONGS), horizontal traveling screens' veilical drum

screens, horizontal drum screens' perforated plates, and rapid sand frlters (Hnnson

et at.1977); the most common or promising of these are discussed in this section

32.1 Tlaveling scrcen modifrcations

Vertical traveling screens (Figure 3-3), such as those used at soNGS' form a

continuous belt of scree' panels tbat rotates vertically around two horizontal shafu;

one shaft is located above tbe water and the other is submerged in the flow of water'

Debris and impinged fiih conect on the upsueam side of the screens. (At soN'cs,

the louvers are up$ream of the traveling screen$ so the material tbat collects on the

traveling s6eens has first passed througb the slots in the lowers') As the belt

rotates, tbe debris and fisb are carried out of the water and washed from the screens

urith 3 high-preszure sPray into trougbs, whicb carry it to a collection area The

screen belt rotates at regular intervals except during periods of heavy clogging' when

tbe difference in the water level benreen the front and back side of the screen

automatically triggers the rotation'
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.Fisbthatareimpingedonorpassthroughthe6gygl ingscreensatsoNGS

are killed. Several modifications could potentially enhance the survivorshiP of fisb

that contact or pass through the scteens. The small fisb that go througb the screens

could be retained by a smaller mesh screen (0.04). The lip on the lower edge of

each screen panel could be modified so that it lstqins several inches of water to help

cushion the impact on fish as the screen rises out of the water- A separate low'

pressgre spray could be added to remove frsh and lan'ae before the high Pressure

spray removes attached debris; the more gentle sPray would cause less trauma to the

fish and larvae than the higb pressure spray. Additional modificatioru could include

retrofitting the screen drive and bearing systems to rotate and wash the screens

continuously so that fish and lamae are not held agninst the screens for an extended

period of time. Finally, a retum conduit would need to be provided to renrrn the

impinged frsh to tbe ocean.

A number of snrdies have evaluated the effectiveness of screen modifications

in reducing mortality of impinged fish. Most of these studies bave been conducted

in freshwater, on the East coast, or in the Pacific Northwest The results show that

when sgeeDs are nodified" zurvivonhip varies widely and is species-dependent'

Suwivorship ranged from llo for bay ancbovy at the Indian Point Nuclear Plant

(Texas Instruments Inc. 1978) to an overall 97Vo i^"rediate zurvival rate at the

Surry Power Station in Virginia (M. Brehme 4 pasotal communicdion to l.awler,

Manrslcy and Skelly Engineers 1982)'

Alaboratorystudyoftbesuwivalof6lanlalspeciescommontoSouthern

california waters found that survivonhip was highly variable as well as size' and

species-dependent (fable 3'1; Edwar ds a aL 1981a)' survivorship varied from very
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low for kelpfuh to >9S[ofor large topsmelt (Edwards et 4L t98la)' The effect on

long-term suwival was not tested, brrt is more relevant becarse abrasions and other

damage due to impingement on screens may be debilitating even if they are not

immediately letbal. Therefore, the effective survivorship may be substantially lower

than the data presented indicate. In additio& some of the results were anonalous

(e.g, much lower survival for large cToaker at 15 cnfsec for l-minute duration than

at higher velocities, Ionger durations, or a smaller size).

Table 3'1

Mean lmpingcneut survlvd for sir ryccies of laruc' correctcd for coutrol survival (fron Edsards

gl C!. 1981a). Florv rate at the travcling *t gt S6XCS ls 40 cn/sccond' - Indicatcs tcsting not

conductcd.

t
I

SPBCIES Sr I.ENCTII
CarccoRv (ln'{)

IMPD{GEMEI\TT SURVWAL AT

DURATIoN (MlN) AI'ID \IELOSTY ((Itl/s)

-IM1NUTE- -4MImtrE-

$ orl/s 30 otr/s 45 s{/s 15 ot'rls 30 cN{/s 45 q{/s

62
n
1m

2t

70

;

Y

a
&
I

40
v
81

6

u
69
1m

3
35
69

92
v
98

51

81

;

u

98

86
69
98

55
69
81

$

0
9

n
98

I
I
T

Topsmelt

Gnrnion

72-9J
ili3
183

9JJ-fLs
14.ii-15l}
t82-n3

180
3L&370

14.1
r89

fia
B.t-z,8

13.0

Aachovy

Itulpfisb

Croakcr

Goby

Sndl
Medium
I.aryc

SBdl
Mcdium

brgP

SEdl
I:rge

Small
krge

Small
l-atge

Small

94
gI
1m

41
v
lm

:

7
tA

96
,8

lm

;

n
1m

1m

0
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lm
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3.2.1.1 Potential reductions in losses

The snrdies of the effectiveness of screen modifications zlre not adequate for

predicting precisely their effectiveness if they were to be used at soNGS' The

relatively high sgwivonhips for some species suggest that screen nodifications

night reduce fisb losses. Furthermore, this tecbnique aPPears to be one of the few

strudurar changes that might significantry reduce tanral losses at soNGS. However'

tbere is considerable uncertainty about i13 effectiveness' Most of tbe snrdies have

not been rePresentative of the species or conditions that would be found at SONGS'

The snrdy by Edwards et cr (1981a) on frsh larvae found in southern california is

relevant to SONGS, but the results were variable and sometimes anomalous' Od

the snrdy only considered the immediate suwival of the lanrae used' In additioq no

snrdy has considered the impact of renrrning inpinged fish through a conduit to the

oceaL It seerns likely that nrbstantial phprcal danage would be incurred by a

larr,qorevenadultfisbafterbeingimpingedonatravelings6een'washedoffof

the screeo, dumped into a renrrn conduit and flushed back to tbe ocean-

when rsed in coniunction with the FRS, modifred ssreens would result in

onry a sma' reducdon in the mortarity rates of adult frsh. Most (about 84vo) of the

adult fish that are entrapped by units 2 and 3 are already diverted by the FRS

before reaching tbe screens (Iechnical Report c)' Even if soNGS' raveling

screens were modifre4 the 800'000 fish (72 MT) that are impinged (see Tecbnical

ReportC)wouldnotallsulvive,sincetheywouldbesuessedfromimpingement'

handling and the return trip to the ocean' we can make a very rougb estimate of

how many fish might be saved by using the data on survival rates of fish traveling
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througb the FRS. Short-term (96 hrs) survivorship through the FRS ranged from

68Vo forsmall species (except for anchovy) to t}}Vo"for large species (Table 17 of

Technical Report C); these values do not include mortatity due to increased

predation on diverted fuh after tbeir. release to &e ocean The sumival of fish

impinged on modified traveling screens and renrrned to the ocean would probably

be much lower than survival of diverted fisb' primarily becarse the stress on

imFinged fish would be much greater. (In'Pinged frsh also teDd to be smaller than

diverted fish, which probably makes them more rnrlnerable to phpical da:nage

during returg and predation when discharged') Assuming that one-third of the 7 2

MT of fsh that are impinged annually at unis 2 & 3 would be saved by screen

-sdificarions, the savings would amount to approximately 2'4 MT of fish' An

additional savings of adult fish could be realized by modifying the screens at Unit 1

because it has no FRS, so all entrapped fish are killed' However' the acrrrd biomass

of fisb saved at Unit 1 would be less than that possible at Units 2 and 3 because the

roral biomass of fish enrapped at Unit 1 is only 4 MT (Technical Report C)'

Perhaps the greatest promise for using modifred traveling sceelrs stems from

their potential for saving fish rarvae. The ros of fisb rarrae is partiorlarly diffiailt to

prevent, and modified traveling screens apPear to be the most feasible structurd

modif icat iontosoNcsforreducingtbelosoff ishlrarrraeatal l threeUnits.

However,itseemsunlikelytbatmanylarrraecouldsurviveimpingementonascreen'

removal from the screen (even with a low-pressure wash) and return through a

conduit to tbe oce?n' Questions about tbe adual savings that could be achieved

witb modified traveling s6ee1s preclude recommending tbem for preventing larval

losses.
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Several technical difficulties are associated with modifications to &e

traveling screens. Tbe'pressure differential (head loss) across the fine mesh screen

will be higher than for the existitrg screeL For example, the head loss across a clean

0.02. qnthetic s6een is t1'pically three times that of a conventional 3/8" screen

(Mussalli et aL 7981). Thls would lead to incteased pumping cos15 and maintenance'

and migbt require larger PumPs. An additional consequence of the increased

pressure differential across a frner-mesh screen is that the water level will be lower

on the pump side of the screens than the current level, which could qluse cavitation

problerns at low tides. Problems have also been encountered with tle scleen drive

systens when continuous oPeration was attempted over extended periods (I-ondon

1980). The screenwell hydraulics might also need to be modified in order to provide

a smooth approach flow to enhance the survival of fish and'larvae (Lawler' Matuslcy

and Sketly Engineers 1982).

3.2.1.3 Costs

Cost estimates for reuofitting a conventional traveling screen range from

$13,800 to $110,000 for each of &e six traveling screens at each Unit (Lawler'

Manrsky, and skel$ Engineers 1982; note that these and atl of the follor'ing cost

estimates in this report are given in 1988 dollars, with the conversions from earlier

figures based on the Producer's Price Index), depending on whether or not fine

mesb screening and continuous operation is included. The estimated ma:cimum- cost

of $13 million for botb units does not include the cost of stnrct'ral modifications,

renlrn conduit, or plant downtime, any of which could exceed the screen costs'
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If required, larger PumPs would involve a substastial expense' To change tbe

pumpiDg capacity, the pump impellor andlor speed would need to be slenged" at a

cost of several million dollars/pump (J. :Ist penowt communication)' PIus

downtime. In addition, pumping costs would be higber' slightly reducing the

ef6ciency of the Plant.

322 Infiltration beds

Infiltration beds (or artificial frlter beds) consist of a horizontal network of

collector pipes placed beneath nanyal sediments or other filter media (such as

gravel) on the bottom of the source water body' Intake water is drawn through the

infiltration bed. The primary advantages of this s)'stem are that the velocity of water

witbdrawn is extremely low and most animals, even small frsb larvae and eggs' are

physically excluded from entering the plant (Marcy et al' 1980)' Filters of this tlpe

have been rlsed for many years at sites where intake flow rates are low (Richards

1978), and a design concePt has been developed for a 1000 MW Power plant

requiring a flow : rte of'42sf/s (Strandberg L974)'

one of the major obstacles to infiltration beds is the accumulation of debris'

A t?,m3/min system at the Perrrrsylvania Porr,er and Ught Company's Montour

steam Electric station was abandoned because clogging could not be prevented

(Marcy et a!.1980). A proposed 95 m3/min slFtem for a washingon hrblic Power

SupplySptemnuclearplantwasrejectedduetooperat ionalandmaintenance

problems @ichards 1978). By comparison' the flow for units 2 ztd 3 is 3144

m3/min. The problem of clogging has not been solved; periodic bacldlushing seems
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to be the most promising solutio& althougb it can ca'se excessive nrrbidity in the

zurrounding water.

SCE snrdied the possibility of using 3s infil6alion bed at soNGS in 1978

(SCE 1981). Tbey concluded that a nangal sand filter s!6tem would require 160

acres of bottom and 288,000 ft of screened collector pipe per unit' A porou gravel

sl6tem would require only ? acres' but it could be covered with silt and sand during

storrns. It is possible that the gravel bed could be cleaned by reversing the flow of

water and/or air, but this technolog has trot been tested (see above)' Thus' the

nahral sand system would be required for reliable operation at SONGS' While this

s),stem would be excellent for reducing entrainrrent of all life stages and size classes

of fish and inveftebrates, the impacts on local benthic communities of constnrcting

and maintaining this large system could be extensive.

Cost of constnrcting the infiltration bed investigated by SCE was estimated at

about glgf rniltion (t S}vo),an order of magnitude above the cost of one offshore

intake conduit (Lawler, Manrsky and skelly Engineers 1982)'

323 Porous Dikes

Theporousdikeisapermeablestonebreakrraterthatsurroundsanintake.

The most common design for porous dikes includes an inner core coEPosed of small

rock covered with successive layers of larger rock and an outer layer of large annor

stone or cast shapes. The dike rises above tbe surface of the water so that all water

entering the intake passes througb the porous dike' The dike is designed to reduce

the entrapment of organisms by: (1) lowering the velocity of tbe intake flow' (2)
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excluding orgarisms as water is filtered througb the porous dike' and (3) the

behavioral avoidance of the dike by some organisms'

Porors dikes have been used at a number of power plants' including

Lakeside Generating PIanL l:ke Nuclugen and Merced River' but this technigue

remains largely untested (Schrader and l(ea&ke tgTS,Marcy et 4I' 1980)'

Porous dikes are designed to exclude fish by frltering tbem from the intake

water or causing a behavioral (avoidance) response (E'dwards et at' t98Lb' Ketschke

1981a). One potential problem with the filtering Process is that fsh will bave

already penetrated the coarse outer layers of tbe dike before they are filtered out by

the frner inner layers. To survive, tbe fish must be able to retum through the outer

layers to open wateJ. The material used for the core of a dike is too ooarse to filter

out very small organisms like larvae. Thus, while a Porous dike can potentially

exclude adults of most fish species' tests suggest that it will not effectively exclude

larvalfish.otherbiologicalfactorsthatrequirefrrrthereraluationincludethe

potential attraction of fish to the dike and the impacts of constnrction on bentbic

communities.

ArangeofconcepnraldesignsforSoNGsbasbeensnrdied([awler ,

Manrsky and Skelly Engineers lg|g)' One dike was designed to provide an intake

f,ow of 56.7 m3/sec, which would be suf6cient for one unit The dike had a

circtrmference of approxinately 370 m and rose above the ocean surfacc' The

velocity of the culretrt approaching the dike was about 0'015 m/sec and the bead

loss across the dike was about 0'6 m'

T
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The additional head loss associated with a retrofrt dike installation could

require modification or replacement of components of the existing intake system'

The stnrsnral integnty of the dike in the open ocean environment may be at risk

The effect of long-term sediment transPort must be snrdied' Finally' tbere is

clrrently no method for cleaning a dike so the effect of long-term lisfsuling must

also be considered. Both biofouling and sedimentation could c:uxie severe clogging

of the dike stmcture (Keschke 1981b).

The cost of constnrction was estimated at $1648 million' depending on the

finat design criteria and the material used for construction. The time and cost of

snrdying sediment transPort at the site would have to be added to this'

32.4 Banier systems

Barrier systems consist of mesh net or rigid screen material placed around or

in front of the intake opening. The barrier is placed at a location around the intake

where the intake gtsrent velocity is very low, so tbat frsh are not impinged on the

,screens or nets. If tbe mesh size of tbe barrier is small enougb, it could reduce the

entrainment of larvae as well as larger fish'

Barriers have been tested in freshwater and estuary environments at low flow

rate$ but bave not been extensively tested in the oPen oceall A simple barrier

placed around the existing intake openings at soNGS would probably have little

effect on larval mortality because the flow rate would be so higb that larvae would

be impinged on the mesh. Alternative intake alrangements (such as a manifold
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arrangement of multiple intakes) are possible, but Present serious engineering

challenges artd additiond coss.

A laboratory study sponsored by scE examined the performance of fine

mesh cylindrical screens when exposed to the qpes of debris and fouling commou to

Southern California coastal watets (McGroddy et aL 1981)' The study concluded

that an offshore screen q6em could become clogged by nacrophytic algae in less

than a day, depending on ambient conditions. No reliable metbod has been

developed for cleaning screens at intakes with high flow rates in an oPen ocean

environment. Air bursts have been proposed as a method of cleaning' whicb could

be effective if currents removed the debris as it is blasted from the screens' Flow

reversal has also been proposed for cleaning. This might result in clogging on the

inside of the screens, and agaur, culrents are needed to remove the debris' clogging

is not the only probleq there are additional diffieulties associated with anchoring

the screens in the oPen ocean.

3J.5 Moving intakes

The organisms that are taken into soNGS are removed from the area

imrnediately around the intakes. Therefore, thc tyPes and quantities of species

enrained and entrapped by SONGS would likely be different if the intakes were

Iocated in a different dePth or were uPcoast or doumcoast of SONGS' If fewer

organisms would be taken into SONGS if the intakes were relocated moving the

intakes would be an effective means of reducing the losses due to soNGS'

I
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The MRC has collected data on nany different midwater tara (which are at

risk of entrainment or entrapment) at different locations around san onofre, and

these data can be used to indicate whether losses are likely to be reduced by moving

the intakes. The major losses we are concerned with here are ichthyoplankton and

midwater fishes.

In order to evaluate how the enrainment of fuh lanrae worrld change if the

intakes were moved .to deeper water' I have compared the densities of

ichthyoplankton in shallow water, where the ihtakes are orrently located, to the

densities in deeper water. Using ichthyoplankton densities sampled near SONGS

during the operational period, I have compared the densities nearshore (A&B

Blocks) with the densities offshore (@D Blocks)(Table 3'2)' (See Appendix B for

more details on the ichthyoplanlcton sampling desigfr") Fifteen species had greater

midwater densities offshore than nearshore; these species would probably

experience higher entrainment rates if the intakes were moved to deeper water' In

contrast, six species would probably experience lower entrainsrent rates with deep'

water intakes. Eight species with relatively high estimated adult equivalent losses

(AEL) would experience higber entrainment rates with deeper intakes, while five

higb-AEL species would experience lower entrainment rates' It appears that

moving the intakes to deeper water would not reduce the impacts of SoNGS on fish

larrrae.

I-anral entrainment rates might conceivably be different if the intakes were

moved up- or downcoast, depending on whether there are differences in

ichthyoptankton abund3nces at different locatiors along the coast' The MRC

sampled ichthyoplankton at two locations along the coast' an Impact site 1'3 km
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Table $2

consequenses of deep'water intslses for entrainment of fish lgrvae

Ilata pr=sentcd ar: uidwatcricbthpplanKon denslties ncar':hore (18 A & B Blocls)

and otfshorc (C & D Bbcf.s) oca't SOXCS durirg tbe opcrztionel pcrio4 rcc

IntldlD Tcchrical Rcport 5. ID th?rr prcscut location, rbc lntalcs entrein ratcr

fron A & B Blocls; lf movtd oltshorq fbey would cntrain BoE xatcr froo C & D

Blocl6. Spedes ritb the ntio AB:CD< 1 would crpericucc 8llacr cntrslnmelt lf the

tntsbs are morrcd to dccpcrratcr.

Relo
AB:CD

t
I
I
t
t
I

I.ARVALDEI{SITY
No./1m M3)

A&BBLOGS C&DBIJOCI$SPECXES

I
T
I
I
I
I
I
I

9r4
1380
yn
257
fil

TNA
ilw
16954

77lXB5
75W7
99125
1r.st

?fin
2W
3(B0

gtv
4''8
8366

11019
14541
xzt

4r,l,.4
4frI25

r269ts
TM
utn

t94tl
t43498
ztlrffi

765tU5
695f/JB
63301:}

Lva
w5
2938
3450

Califomia corbim
Blach croalcr
Sanddab
Friagehead sp.
Yellos'c.hin sculpin
Bay goby
Unid. blenny
Northera lanPfish
Northera anchovy
Queenlish
White croakEr
Diamond turbot
Chccltspot gobY
arrow gotry
Sharlon,gpby

Jacksoclt
C.aliforaia gruoim
Califomia clindtsh
Recf finspot
Unid. LclPfish
Giant kclpfisb

8219
1?81
M
3595
n55
'tl

0.o2
0.03
0.(B
0.o3
0.(X
0.04
0.(B
0.(B
0.10
0"11
0.16
0"60
0.71
045
090

L.gl
2.Sl
L76
3.JJ?
3gl
?.m
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downcoast from SONGS and a Control site 18.5 lm dowucoast from SONGS'

Parker and DeMartini (Technical Report D) re rewed MECs data for A' & B-

block densities at the two sites, and concluded that there were no consistent

differences between them- Ichthyoplankton densities at the Impact and Control

sites are presented in Appendix B. There were differences befiPeen the two sites;

for exarnple, white croaker, iuTow goby and shadow goby were more common at the

Control site, while jacksmelt were more common at the Impact site' However' there

were no consistent differences, and total abundances were not different between the

two sites. Therefore, it is unlikely that moving the intakes uP or downcoast would

reduce the entrainnent of fish la:rtae'

Finally, it is possible that moving the intakes would reduce the entrapment of

older lifestages of fish. To examine this possibility, I have compared'the densities of

midwater fish in shallow and deep water near SONGS during the operational period

(Table 3-3). Ten species had higher densities at offshore (deep water) stations'

while 14 species had lower densities offshore. Although more species would apPear

to benefit fron deep-water intakes, the number of species that would benefit is

small and it seems gnlikely that this slight improvement would not walrzlnt moving

the intakes @aniorlarly in light of the higber ichthyoplankton losses that would

result).

In conclusion, it does not aPPear that moving the intakes could reduce the

entnainment or entraPment of fish by SONGS'
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Table $3

consequences of deep-water intalcs for enrspment of midwater lish

Data prcscDted are midmtcr tisb abundances (ss catfl pcr unlt ctrort CPttE)

ncarshorc fshallod) ard ottshore ed"tP1-;d-SOxcs dTitrg the opcrstional

Dcriod; scc Intcrim fcOnicaf Rcport l.' l" O.it Pttsc't location' the lntalcs

entraln shallow t"toi ff noved of"notq tlcy wouta mort dccp ratlr'

Spocies with tbe ratio'sballow:deep<1 tJtfitipiti*ol grt3ggr GntnpEcot lf thc

tntabs arc noved to dcePerratcr'

FISHABI;I\DAT.ICE
(cPttE)

RArro
STIALI,OW:DEEP

SPE@s Snau-ow Dg

0.m
1.(B
4'g3
oa
6f7
L.fl
0.(B
380
0.13
0.fi
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Barred sand bass
Pacific sardisP
Pacificma*crel
Bat ray
Jacl maclercl
Rormd hening
Kclp bass
Salcna
Whitc scapcrch
Whitc sca bass

Paeific barracuda
Whitc croaker
Sharpclia flYing fish
Quecnfish
Pacifrc bunarfish
DeepbodY anchory
California halibut
Catifornia sco'rPioa5sh
Sargo
Nortbera aachory
Silvcrsidcs sPP.
Wdlaye surfPcrch
California corbina
Ycllowfin croakcr

3n
t-s;l
030

fi'.93
337
020
0.10
0.10
0.10

$18.8rt
rzm
0.60
on
sa

0./A
?sffi
39.42
1.10

?p59
L79
0.fi
8.m
o24
0.10

234
,&
0.17

2'955
L62
0lrt
0.03
OIB
0.(E

%Lgl
2y
0.10
0.(B
0rn

0.m
0"04
0.13
021
0"23
0.42
0.43
050
054
0.70

L37
1"t10
LJ6
L93
2.$
?#
333
333
333
4.47
5"13
6.m
gJX)
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33 Behavioral Barriers

ln addition to physical barrien to entraPment' variou lsshniques have been

proposed or implemented that take advantage of fuh behavior to reduce

entrapment rates. Fish behavior varies greatly among different species and

lifestages of Esh and is influenced by environmental and physiologicd condrtions'

making it difficult both to find a behavioral barrier that will work for all species at

all times and to predict bow effective a technique will be under partiarlar

circrrmstances. However, behavioral barriers tend to be less expensive to test and

implement tban stnrcttrral barriers, &d so g2rn be valuable mitigation techniques'

Behavioral barrien that have been proposed to reduce entrapment of fish include

lighq sound velocity gradiens (which are used at soNGS), bubble screens' and

electric barriers (Hanson 4 al- 1977).

33.1 Sonic devices

OveraI, J.f minien juvenile and adult fish (36.9 MT) have been entrapped

each year in Units 2 asd 3 (Final Technical Report C)' Although the Fish Renrn

system (FRS) diverted about 8lz'of tbe entrapped fisb' nearly 800,000 (72 MT)

fish were impinged on the traveling screetrs' 66,000 (3 MT) killed during heat

treatnents, .trd 411,000 (4.g MT) did not survive divenion througb the FRS. sonic

devices night reduce these losses. Placed near the intakes, sonic devices night

reduce tbe number of fish entrapped at SONGS; inside the plant sonic devices

might direct more fish into the FRS, reducing the number of fisb impinged on

traveling screens (especially during heat treatments)'
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Soiric devices provide 3 high-ga$ry acoustic outPut that can startle fish and

alter their behavior near the device. Several different t)?es of sonic devices have

been proposed for reducing fut enfapment. Th.e most common device is the

pneumatic gUD, or'!opper", which stores bigh-pressrue air in a firing chamber and

then explosively releases it througb portholes to cf,eate a sound Pressure wave in the

range of 200 to 2000 psi. Other sonic devies include underwater speakers' an arc-

gnq an impast device called 3 nfunmms1n, gnd a'fishdrone. (McKinley et al' 1987)'

Since most work has been conducted on pneumatic gurls, I have foqrsed on them;

however, the harnsrer has the potential for being as effective as pneumatic guns with

better reliabitity (McKinley et a1.1987, Patrick et al' 1988' McKinley and Patrick

1988). Broadcast underwater sognd generally is not effestive (Smith and Anderson

1e84).

Sonic devices rely ol fisb avoidance bebavior to keep fish away from an area'

Their effectiveness depends on hon'a species responds to the characteristics of a

partianlar device; for example, some species may respond to certain frequencies and

not otbers. Because the fish must actively svim away from the sourcs of the sound

in order to avoid entraPEent, sonic devices have little effest on the entraimrent of

larrtae.

Fish bave been shown to avoid areas with pneumatic guns; they do not

become habinrated to the sound over the short'term (EPRI 1984)' Long-term

habinration is a potential problem but has not been tested' If habinration occurs' it

would most likely be restricted to fish that reside in the vicinity of tbe intakes'

Results of a snrdy on white croaker and northern anchovy indicate that white

croaker habinrated fairly quickly, but the anchovy were still responding to the gun
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after five hours of testing (Norris et al. 1988)- Pnegmatic guns night be most

effective in redirecting tralsient schools of fish (such as northern anchovies) away

from the intakes. They have been nrccessfully used to exclude schools of alewives

from the intakes at the Pickering Diversion System (Halnes and Patrick 1985)'

Pneumatic guns could be very effective at SONGS, since schooling species make up

a large proportion of the fisb entrapped in the plant (see Final Tecbnical Report C)'

Pneumatic guns were tested by Central Hudson Gas & Electric at

Danskasrmer Point (Lawler, Manrsky urd Skelly Engineen 1984)' Dlpamite was

used initially to break up frazil ice that acsunulated on the intake trash racls'

Subsequently, powerfrrl pneumatic guns were found to be effective for breakiug up

the ice without killing nearby fish. The effectiveness of pneumatic guDs as a method

of reducing en6apment of fish at the plant was evaluated by comparing

impingement rates with pneumatic gUns in use to impingement rates from previous

years when dpamite was used. Inpingement rates were slightly lower when

pneumatic guns were in use. However, the results of this saldy are inconclusive

because there was tro control for changes in the local ab'ndance of fisb between

years. Also, impingement rates could be bigber dgring the dpamite years because

frsh that were stunned or killed by the dyna:nite blasts could not escaPe from the

intake cturent.

IntbeEid.1970's,sCEsupportedapilottestofpnerrmaticguns(Schulerand

I:rson 1975). A pneumatic gun was deployed ia the Long Beach Generating

Station forebay; there was no flow through the forebay at the time becagse the

Station was trot operating. When the pneumatic gpn was cycled continuously' fish

avoided the area within 3 m of the gun; frsb in open areas reacted more dramatically
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than tbose in more protected areas. schuler and Larson also report two sets of

obsewations of tbe pnegmatic gun at the offshore intake of tbe Redondo Beach

Generating Station Upon operation of the grrn' the dense concentration of fish

within 3.7 m of the device vacated tbe area After three hours of continuou

operation, tbe density of fish remained low near the pneumatic gun' Schuler and

Larson concluded tbat the pneumatic ggn produced 'sufficient stimulus to reduce

fishconceutrationswithinal&ft(3n)radiusofthedevice.'

Tbe Electric Power Research Instinrte (EPRI) requested that SCE perform a

more extensive test of pneumatic guns at SCE s Redondo Beach station in 1985'

Preliminary plans were developed, but the testing Dever took place' This testing is

sritical to the final evaluation of this conc€Pl

Several studies have compared the effectivenes of sonic devices and other

bebavioral barriers. Patrick et 41.(1988) found pneumatic guns to be more Effective

tban bubble c|Iltains or strobe ughB. McKinley and Patrick (1988) found hammers

and pneumatic guns to be more effective than strobe ligba for sockeye salmon

smolts. on the other ban4 Matousek et ar. (1988) found that strobes, especially

wben combined with bubble @rtains or pneumatic gnns' were most effective;

pne'matic guns arone were only effective under certain couditions, srcb as at duslg

and especially for blueback herring and alewife
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3.3.1.1 Potential reductions in losses
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Sonic devices might be effective at two locations: at the intakes and in the

screenwells inside the plant. The types of fish saved and the amount of savingS

would differ at the nro locations.

At the intakes, sonic devices would probably be most effective at reducing

the entrapment of transjeut schooling species, since there would be no possibility of

habinration with these species. Schooling species that are entrapped by SONGS

include northern anchovy, queenfrsh, jacksmelt, white croaker, salema' spotfrn

croaker (aggregates for spawning), walleye surfperch, topsmelt and grunion' Some

of these schooling species are more strongly schooling or more 6ansient than othen

and some would undoubtedly be more susceptible to sonic devices' For example'

northern anchory, with 42 million (4.8 MT) fsh entrapped per Y€8' might be a

prime candidate for sonic devices because large anchovy schools periodically move

into the area of SONGS' intakes. The enuapment data indicate that much of the

anchovy entrapment occurs when very large numbers of anchovies are entrapped

over a short period of time, apparently when a school of anctrovies happens to pass

too close to an intake. sonic devices might be able to reduce this entrapment

substantially

There are few data on the actual effectiveness of sonic devices' McKinley

and Patrick (1988) rePort a diversion rate of, 75% for a hammer and 66Vo for a

pneumatic gun when used to gulde downstream migfating salmon smolt at a

hydroelectric plant, even at culrent velocities of 1 m/sec' No sttrdies have estimated

tbe effectiveness of sonic devices in the marine environrnent' which is likely to be
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quite different. Since there are Do relevant guantitative data on the efEciency or

effectiveness of sonic devices, it is diffrsult to estimate how many losses they might

be able to prevent. I have based my estimates of possible reductions in losses on the

nine schosting species listed above, but it is important to keep in mind horv little

information these estimates are based on'

Thescboslingspecieswereentrappedatarateof5'486'142(24'8MT)fish

per year (Final Tecbnical Report C). If sonic devices had an effectiveness of 1074'

they would reduce entrapment by about 550,000 (25 MT) frsh per year' At L0Vo

effectiveness, 420,000 (05 MT) of the fish that would not be entrapped would be

anchovies and 110,000 (1.4 MT) would be queenfisb' At 50Vo effegtiveness'

entrapment would be reduced by 2.? million fsh weigbing 12'4 MT' a substantial

reductiou . z.Lmillion (2.4 MT) of the fish that would not be entrapped would be

anchovies and 560,(D0 (7.1 MT) would be queenfish' In terms of the fish killed by

SONGS UniS 2 and 3, z 50Vo effectiveness against entraPment of schooling fisb

would reduce the fisb killed by 608,000 individuals weigbing 5'4 MT' The totd

entrapment rosses wourd be reduced from 127 million (15 MT) to 66em0 (9'7 MT)'

z 4Sroreduction in number and a 36Vo redueion in biomass losr These savings

would be substantially larger if, over the long tetm' soNGS kills more fisb than we

bave measured; for orample, Technical Report c reports tbat tbe long-term average

fisb kiu from soNGS Units 1, 2 and 3 could be 52 MT/year rather tban tbe 19

MT/year we have measured'

Fifty-percent effectiveness may be overly optimistic' altbough the few short-

term tests indicated high effectiveness and appropriate testing could reveal an even

higher effectiveness. For exartple, pneumatic guns achieved a16Vo effectivenes in
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excluding alewives at the Pickering Nuclear Generating Station (EPRI 1989)'

However, for this evaluation .50Vo is taken as the uPPer limit of effediveness upon

which to base possible loss reduetions.

sonic devices could also be used inside the intake screenwells as an

additional technique to reduce fish losses. If these sonic devices were not operated

continuously, they migbt increase the efficiency of the FRS by directing more fish

into the FRS. As with mercury lights (see section 9223.L), sonic devices migbt be

most effective during heat treatments. The fish that are killed during heat

Beatmen6 apparently do not move to the Fish Renrn System before the water

temperatlye m the screenwells becomes fatal. Sonic devices might be used to

frighten frsh into the FRS, wbere tbey could be removed safely' Sonic'devices have

never been proposed for this Purpose before, so their effectiveness for this use has

not been tested. However, the potential benefits are imponant' since heat

treatmenrs comprise a sizable portion of the entraPment losses caused by soNGS

(SVoby nunber and{}Voby weigbt at Units 2 znd3) and larger' more valuable frsh

are killed druihg the heat treatments. A rough estimate of the possible reductions

in heat-treatnent losses, given in Sestion 333.1.1, is 15 MT.

3.3.1.2 Technical feasibilitv

Pnegmatic guns are conmercially available, and test systeu15 have been

established at pickering Nuclear Geuerating station (E"RJ 1989). Pneumatic g'Ds

would require routine maintenance consisting of recharging the air cylinders which

drive the pneumatic guns and periodically replacing pneumatic ggns as they wear

out. During the test at pickering'Nucrear Generating Station the pneumatic gun
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had some operadonal problems, primarily with leakage due to worn seals' and

required frequent maintenance (EPRI 1989). Similar problems were encountered

during tests at the Roseton Generating Station in 1986, witb gun failure being

caused by wearing of the o-ring seals, and weekly maintenance being required to

minimi-e this problem. Maintenance problems remain one of the major concerns

regarding the implementation of pneumatic guru (K Herbinsoq scE' pasonal

communication).

The harnsrer is a potential alternative to Pneumatic gulls' The hammer is a

spring mass device that produces a sound that is somewhat similar to that of a

pneumatic guq but the sound can easily be altered by changing the end plate of the

device and the maintenance requirements should be substantially lower than for the

gUn. However, there is some concern that the hammer may exPerience premanre

failure because the end plate cannot withstand the constant hammering'

3.3.1.3 Costs

CosS could best be estimated after field teiting' The cost estimate for

testing pneumatic guns for one yeal at Redondo Beacb (dso an open ocean

ewironment) was estimated at $245,000 (EPRI 1984)' It is likely that tbe actud

cost at SONGS would be even greater (perhaps $500,000); this was one reason tbat

tbe testing never took place (w. Micheletti, EPRI,penonal communication)'
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332 Electric fields

Electric frelds are designed to momentarily snrn fisb' which then drift away

from the area of risk and recover safely dor*,nstre'm of the hazard' This will not

work for power plant intakes because the prevailing culreBt would draw stunned fish

into the hazardous are& Electrical scrsgning Eystems are limited in the ocean

because of high electrical losses (Hoortt 1980). In addition' electric barriers are

hazardous to humans and other animals'

333 Light systems

Depending on the tlpe of light, fish can be either attracted to or repelled

from a ligbt sjFterlL Two qpes of lighs systerns could be useful for reducing losses

at SONGS: mercury lights, which attrac't frsh, and strobe lights'whicb repel thern'

3.3.3.1 Mersury lights

Various tyPes of light have been proposed to afiract fish' with merarry light

frequently being mentioned as effective. One of tbe first snrdies to demonsuate the

potential effectiveness of mercury light was conducted by Patrick and Vascotto

(1981), who found as increas e of.L3TVoin the number of alewife in an experimental

chambercomparedwithaconuolchanber.Inaddition'alewifewerecontinuously

attracted to mercury light over a 48'hr period' Several recent stgdies bave also

indicated that meranry rights could be used to guide fish (p'ckett and Anderson

1988, Taft a'I. 1988, Williams et aI. tg88), but all of these studies have emphasized

the preliminary or restricted nature of their findingS' Meranry light effeAiveness

. certainly depends on the species involved, but may also depend on the season
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(Williarns et a1.1988), whether it is day or nigbt (Taft et at' 1988)' or even the rate of

change of tight levels (hrckett and Anderson 1988). For examPle, in evaluating the

stanrs of existing fuh'protection technologies, Taft et al. (1988) state:

Merorry lights also modifred the behavior of some species and

lifestages in tbe lab and field evaluation confirmed this behavior can

be exploited to alter fish Passage rates. Tbe field attraction to

mercury ughts did not always prodrtt the desired or expected results

in all ,p".i6 or under alt tist condifions. Therefore' test results

should be applied with caution and possibly only with additional field

verification.

It seems likely that a mercury light system could be used to guide entrapped

fish out of the screenwells at soNGS and into the FRS collection area' Improved

guidance of fsb into the FRS would be advantageous at all times' but it would be

partiorlarly important during heat treatments' Losses due to heat treatments are

important (20V0 of the biomass lost at Units Z & 3) and involve larger and more

valuable fisb. It seems likely that considerable savings could be realized by ustng

mercury Ughts to guide fisb into the collection areas'

To my lnowledge, mercury lights have never been used in a sinration similar

to tbe one at soNGS, so it is impossible to predict tbeir effectiveness' Two previous

$udies provide some indication of the potential effectiveness of the lights' however'

parick and vascotto (1gg1) found twice as many arewife in chanrbers righted with

mercury lighs.as in control chambers. Taft et al' (1988) rePort that nearly twice as

many salmon were blpassed at wapatox canal when mercury lights were on as

when the light were off'



Cbaptcr 3

Potential re&tdiotts in losses

A very rougb estimate of the savings that might be expected at SONGS can

be calculated by arbitrarily reducing the presesl imPin$ement and heat treatment

mortality rates. For example, the amual estimate of biomass impinged by Units 2

and 3 is 72 MT. Most of these frsh (at least 45 MT) are quite small, and may be

unable to svim against the intake flow even if they are atuacted to mercury ligbts in

the collestion bay. o 
l* 

of the remaining fish could be saved by merorry ligbts' the

savings would amount to about 1.4 IvfT. At least 0.3 MT of the 3'0 MT of fsh killed

during heat treatments each year consist of small species. If half of the remaining

fisb could be saved by nerorry ligha, the savings would asrount to about 15 MT'

The total savings from installing mercury lights might be roughly on the order of 3

MT. This estimate would be higher or lower depending on the acnrd increase in

diversion efnciency due to the mercury lights, and how this diversion efficiency

ghangcs from species to sPecies.

Because some sttrdies have indicated greater attradiveness of mercury lighs

wben they are cycled on and oB ffi pattern night provide the highest effestiveness

at SONGS. In partiorlar, the lights might be turned off most of the time' and then

turned on immediately before operating the Fish Return system'

Tecladcal feasibilitY

There seem to be no particglar technical problems with implementing

mercury lights at SONGS; in fact, this technique has some distinct advantages' The

most likely location for the lights would be in the co[ection bay of the FRs. The
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collection bay is one of the most accessible areas of the istake g6telDr so

maintenance of tbe ligbs would be relatively easf'

Costs

Althougb I have not seen any published estimates of the cost of installing a

mercury tigbt system, the costs worrld be relatively small'

It seems likely that considerable savings could be realized by using mercury

lights to.guide fish into tbe collection areas. Merorry ligbts should be tested at

SONGS in order to estimate the reduction in fish losses that are possible'

3.3.3.2 Strobe lights

A number of snrdies have indicated that suobe ligbts provide an effective

behavioral barrier to entrap6enl For example 56Vo of tbe gilz;afi sbad tested in

tbe raboratory avoided a simulated intake with an in,.r''ent velocity up to 1.0 fps

when the intake was illuminarcd with a strobe ligbt (Patrick 1982a Patrick and

Vascotto 1981). However, strobe lights have not been tested extensively in the freld'

and no tests have been performed in soutbern california suobe lights in the

turbineintakeofadanapparentlyincreaseddiversionofsomesnlmonidsduring

thedayandsteelheadatnighgbutdecreaseddiversionforsomesalmonidsatnight

(Haln 1988); furthermore, the suobes appeared to have uo effect the following yeal'

Sockeye salmon smolts avoided a da6 intake when s8obes were use4 althougb the

effectiveness of strobes (s6%) was lower than sonic devices (6G7svo') (McKinley

and patrick lggg). In another fierd snrdy, strobe tight diverted or repened 65Vo to

ggvo of eels at risk (EPRI 1gg4). However, preliminary results at Hadley
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Falls/Holyoke indicate that sirobe lights had no effect on the behavior of sbad

under any condition during the test period (Taft et al. L988).

The effectiveness of strobes undoubtedly depends on tbe time of day'

nubidity, and species considered; it may also depend on the size of the fish' since

larger eels were repelled more successfully than smaller eels (Patrick A aL 1982)

and the intensity and duration of the flash. The effectiveness of strobe lights

app€rs to be enhanced when they are used in conjunction with other devices such

as pneumatic gUrs or air bubblen. Effectiveness at a Hudson River Power plant

increased from Z3Vo for strobes alone to 56Vo with a pneumatic gun and 62Vo with

an air curtain; however, all three devices togetber decreasd effectiveness by L9Vo

(Matouseket a1.1988). Fish apparently do not habinrate to the strobe'

Because strobe light systems have not been tested under relevant conditions'

it is impossible to predict how muctt they migbt reduce entraPment' The few tests

conducted so far suggest that, at least for some species, entraPment of juvenile and

adult fish migbt be reduced nrbstantially. However, additional testiog is neede4

particularly in the Soutbern California areq before this technique could ' be

considered effective. These tests should consider the effeetiveness of strobe lights

for different species and should employ the ligbs at night'as well as during the day'

Testing also needs to evaluate the posibility that fisb would be attracted to the light

form far away (although a demonstrably lower, overall entraPment rate might

indicate that strobe lighs could effectively mitigate entraPment losses in spite of the

attrastiveness;.
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There probably are no serious technical problems involved with instalting a

strobe system at tbe intakes, although Power would need to be suPPlied to the

intake area.

Tbe cost of a strobe light rystem would be relatively low' No stnrcturd

6erlifigations to tbe existing system would be necessary' There would be some

ongoing costs associated with maintaining the lighs near the intakes'

33.4 Bubble curtains

Bubble orrtains consist of a qntem for releasing air on the bottom of the

watel column to create a rising 'screed or qrrtain of bubbles near the intake

opening. A wide variety of bubble Patterns have been tried in conuolled tesS and

in prototlpe installations. Bubble screels have been used at Power plants located in

fresbwater or esnrarine environments. In general, bubble screens uzually result in

less than a1yvoreduction in the entrapment of fish (Andrew et aL t955' Bibko er al

LgTl,Zweiacke r et aL :f/n).In a snrdy at ontario Hydro (Patrict 1982b)' there was

a T[gSVoreduction in entrapment when bubbles were 1l5ed under low-Ievel ligbt

conditions. When used in conjunction witb a strobe light' the air bubble curtain

could be as effective method of fish diversion under various n'bidity conditions.

Bubble$r ta inshaveneverbeent r ied in tbeopenoceanofSouthern

c:,lifornia so it is impossible to predict their effectiveness' However' the high

intake flows at soNGS Unia 2 and 3, in conjunction with frequent high current-

and wave-induced water motion, would undoubtedly put serious consraints on the

l
t
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effectiveness of this system. Bubble curtains seeln unlikely to be effestive at

SONGS.

Bubble curtains do not Present any serious technical Problems' and their cost

would be relatively low.

33.5 Water Jets

Water jet cgrtains have been used successfully to guide juvenile salnon in a

test flurDe @ates and VanDerWalder 1969). However, frsh approaching an intake

are often responding to the plant-induced intake flow. It is likety that a florrr rate

rougbly equivalent to tbe intake flow would be required to influence the behavior of

fish in sucb a sinration Water jets would seem appropriate only in relatively calm

water with low intake flour rates; they would probably be ineffective at SONGS'
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CHAPTER 4

DISCHARGE SYSTEM

, 4-L Inss reduction techniques now in use

Units 2 z'Ad3 were designed to discharge water through diffusers in order to

compty with the thermal discharge requirements of the California State Thermal

Plan. The diffusers. are designed so that discharged water mixes rapidly with

entrained water and reduces the maximgm surface temperature to less than 4'F

above ambient beyond 1000 ft from the discharge strucAlre' even in the absence of

curTe1ts. With the prevailing longShore cturents' plume surface temPera$res are

generally 2oF or less above ambient temPeranyes' The cost of designing and

installing each system was about $124 million, as compared to about $76 million for

a simple single Port discharge.

The primary consideration for the design of the discharge was the thermal

standard; tbis standard was presumably establisbed to ninimize tbe environmental

impacts of thermal discharges such as the discharge from SONGS' However' the

diff.ser glEteq whictr effectively meets the thermal standar4 also produ@s aplume

tbat is frequently more nrrbid tban the ambient water' and this nfbid plume has

direct and indirect adverse effects on a variety of organisms, partianlarly those in the

san onofre Kelp bed (see Technical Reports B, F, J and K)' The potential

techniques for reducing losses due to SONGS' discbarge have revolved around ways

of reducing or eliminating the trrrbid plume near SOIL
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The Final Environmental Statement for SONGS Units 2 & 3 (U'S' Atomic

Energi Commission 1973c) evaluated four types of altenrative sssling s)'stems: (1)

singte-point discharge, once-through cooling; (2) multi-point discharge systen

(which was adopted); (3) once'through systeEs with lower temPeranrre differentials;

and (a) open- and closed-cycle seawater cooling towers' This chapter considers the

frrst nro of these alternatives; Chapter 6 considers the third alteruative' while

Chapter 5 considers the fourth alternative'

Several potential changes to the existing cooling system at SONGS might

reduce the n[bidity of the plume or avoid having a plume over solt

Unfornrnately, no one alternative stands out as clearly superior' The more

expensive alternatives seem to have more certain results, while the least expensive

alternatives might actually increase turbidity in the plume and affect transport of

sand and sediment by affecting local currenS and flow patterns' Also' most

modifications to the existing diffuser qFtem involve reducing the amount of water

entrained; soNGS Eight exceed the current thermal standards if entrainment is

reduced by 50Vo.

Inordertoevaluatefullytheirfeasibility,designchangesneedtobestudied

in more detail than we can provide. Nevertheless, we present preliminary

evaluations in this section

42 ModifY bottom toPograPhY

one possible technique for reducing tbe enuainment of nfbid bottom water

wouldbetoplacerocksaroundthediffrrserssotbattheflowofentrainedwateris
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Discharg;c System

redirected. It is coDcei\table that entrainment flow could be redirected so tbat more

water is drawn from the top. and mid-depth regions of the watel colrrmn and less

from the bottom, nrbid region-

Logistica[y, this would be the easiest solution to the problem of entraining

fi[bid water because it would not require any plant downtime or underwater

construction The rocls to modiff tbe bottom topography could be lowered from a

barge, althougb care would bave to be taken to prevent darnage to the ports' The

rocks would also act as an artificial reef, potentially enhancing the marine

envirorunent (see Chapter 8). Because there would be no plant downtime' this

technique would be relatively inexpensive, altbougb the cost of acquiring and

placing the rocls would run into several million dollars.

There are two serious technical problerns associarcd with this technique'

Fi$t the volume of the make-up flow may be so large that' in tbe absence of very

strong density-stratificatio& bottom water would be entrained in spite of the

modified topography. Hydraulic modelling would be needed to ensure that the

strucEre would modis the flow as e.:rpected. secon4 this technique would have

unknown effects on the long-sbore transport of sediment in the area The line of

rocks used to modify the topography might ncatci" sand' increasing deposition near

tbe rocks. Evennrally, the acclmulating sediments night spill over into the area

near the diffrrser Por6. As the area filled with sediments, tbe height of the Por'ts

above the bottom would be reduced" whicb courd acnrauy lead to a worsening of the

nrrbidity problem. Recent obsenntions of the diffusers bave indicated that

sediment accumulation may even be a problem with the existing diffuser design' so
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any technique that might increase the acsumulation of sediments needs to be viewed

witb caution

This cannot be considered feasible unless accurate predictions of

entrafurment and sedimentation patterns indicate that tbese Potential problems

would not be serious. Given tbe qrrrent state of ogr knowledge, this technique does

not seem to be worth considering firrtber.

43 ModiS diffuser Ports

The original diffgser design presented in tbe 1973 SONGS Envirsnmental

Impact Statement included only 30 Ports per diffuser, with each port extending 3 m

above the bottom and discharging water vertically (SCE L973U 1973b)' Althorgb

laboratory model studies indicated that this design would meet, by a small margin'

the state tbermal discharge standards (less than 4oF temPerature rise at 1000 ft from

discharge) in a curent of 0.09 loots, the diffrsers were redesigned with 63 ports'

each raised 2 m off the bottom and dischargrng water at a 2V angle in order to

increase the rate of thermal diftsion and meet the thermal requirement with no

curenl Although it was not a design criterion at the time, the orieinal design' witb

ia vertically oriented discbarge at about 1 m higber than the clurent design' would

have entrained less water, and in partiorlar, less of the tubid bottom water' It

would Dot be easy to reduce the number of Ports on the existing diffgsers' but

modifrcations could be made to the ports themselves tbat would reduce tbe n'bidity

in the plume.

I
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Disclarg;e SYstcm

The most effective modifrcation to reduc ttrrbidity would probably be to

increase the beight of the por6. This courd be accomprished by replacing the ports'

as disetrssed in t\is section, or by lowering prefabricated stnrctures over tbe ports

(see nex seetion, Section 4.4). Raising the Ports off the bottom would increase the

distance between the discharge opening and ocean botton' thereby reducing the

amount of turbid bottom water thatwould be enaained'

A second potential modification would be to alter tbe angle at whicb water is

discharged. If pora were altered to direa the flow of discharged water upward

(instead of upward and offsbore), as in the originat SCE design' the offshore

component of the flow would !e eliminated. This would reduce the enuainment of

inshore water, which is more nybid because it is stirred up by wave action It would

also reduce the total amount of water tbe discharge entrains'

Finalln entrainment could be decreased by reducing tbe velocity at which the

water was discharged. The exit velocity could be decreased by increasing the size of

the port openings. The enUainment would be reduced in proportion to the decrease

in exit velocitY.

Thereductioninentrainmentofbottomwatercannotbepreciselycaleulated

without scale models, but List and Koh (1989) provide tbe follon'ing qualitative

analpis: 
,wben tbe diffrsers are operating in a s'rrent, tbey entrain approaching.

fluid.FortheoriginalSCEdesignwithverticalports'almostTsVooftheoncoming

flow would have been mixed; the diffrsers that were achrally constnrcted achieve

full(1007o)rnixing.Becausetheinstalledporaarealmosttffivoeffrcientinmixing

the discbarged water with tbe oncoming flow, Erbid water near tbe bottom is almost
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certainly entrained with tbe discbarged water. With the origlnal SCE design' the

25Vo of.tbe flow not mixed isprobably the fraction nearest the sea floor' Thus' tbe

tall vertical discharge Ports of the original design would enrain less turbid bottom

water than the original design"

Althougb List and Koh's analysis suggests that enrainment might be reduced

by EVowith the original scE desiga and that much of this reduction would come

from the most nrbid bottom water' it cannot speos how much the nrrbidity in the

plume could be reduced. However, it seems tbat some type of modification of the

discbarge ports could be considered capable of substantially reducing the turbidity

of tbe plume.

Any technique that reduces entrainnent flow will inoease the surface water

temperatures. The actgal change in temperature will depend on the anount that

entrainnent is reduced. With the present difftrser desigR surface temperarures

1000 ft from the discharge stnrcture are well within tbe thermal standards (4oF

above ambient), so some increase in temperatgre can be tolerated within the

existing standards. However, if entrainment is rcduced zubstantially (which is' after

all, the goal of modising the diftrser Ports), SONGS would exceed tbe thermal

standard, and a waiver from the state water control Board atdlot Regional water

Quality control Board would be required. For this disc'sion of the feasibility ot'

possible mitigation techniques, I bave assumed that srrch a waiver could be

obtained.

cost of this option would include hydraulic scale glsdsling to confrrm the

effectiveness of any modification and frne-t'ne the design" fabrication of the uni6,
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Dischargc SYstem

and installation of the units. Scale modeling would run into hundreds of tbousands

of dollars. It is 'nlikety that a simple modification of the oristing Ports would meet

necessary stnrctural requirements, so eacb port gnit would probably need to be

replaced witb a new unit. The original Poff, with ahrminum /btonze nozzles' cost s

$100,000 each (J. ,sg pasonal comtnanication); assuming a similar cost for

redesigned ports, fabrication alone would cost aPProximately $12 mntion for all

ports on both diffusers. Installation would involve removing tbe existing poru

(whicb have been c€ment-keyed to the diffrser conduit) and replacing them with

modified units. Tbe existing Ports have a base consisting of a saddle tbat fits over

openings in the main discharge PiPe. Replacing the ports would involve excavating

arognd the existing Ports, removing the por6 (an expersive and difficult procedure'

with a risk of damaging the diffuser conduit; List and Kob 1989)' placing the new

porrs over the pipe (usrng the method with whicb ttre ports were originally installed)'

and backfrlling around the new Ports. constnrction costs would probably be in the

range of millions of dollars. List and Koh (1989) estimate constnrction costs of

more than $25-30 million per unit, but note tbat the potential danage to the difftrser

conduit could cagse construction complications' These operations could begtn

dgring a regularly scheduled plant outage' ninirnizing additional costs from plant

doumtime, but tbe entire operation nigbt take longer than tbe plant is routinely

offline,inwhichcaseadditional.costsfromdifferentialfuelcostswouldbeincurred.

4.4 Place stnrctures over diffuser ports

CoveringthedischargePortswithrocksorotherstnrgrrralunitsnight

reduce the nrbidity of the discbarge plume' This technique would modi$ the way
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that water is eutrained, but would not require costly port fabrication and underwater

coDstnrction.

4.4.1 Rocls

One way to alter entrainment would be to cover the diftrser Ports with rocls.

The rocls would reduce fts sa6ainment of ambient seawater by reducing the

momentum of the discharge before it mixes with &e ambient water- The warrt

discharge water would rise directly to the surface from the reef due to buoyancy. All

of the offshore component of &e momentumwould be blocked, and thus the plume

would no longer tend to flow offshore, eliminating the inshore-to-offshore causes of

the nrrbidity. I-ess water would be entrained because the velocity of the discharged

water would be lower. The anount and source of entrained water is difficult to

predict acarrately without scale modeling, but it seems likely that there would be

less of the nrbid bottom water entrained. The temperature of surface water would

also change witb changes in entrainment flow, and tbe modified diffuser might not

meet the requirements of the current Thermal Plan

The implementation of this technique is conceptually simple: rocls would be

carefully laid over the porc until &ey completely covered the ports' In practice' it is

dif6cglt to handle the large rocls that would be used, &d their positioning might

damage tbe discharge Ports-

In addition to the difEarlties of carefully placing the rocls, there are three

technical obstacles to implementing this technique. The most serious obstacle steyns

from the increased backpressure that would result from piling rocks over the Ports'
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Discharge SPtem

Tbe present pumPing sJ6tem is nrned to the head required by the discharge system'

Placing rocks over tbe ports would greatly increase the head needed' Larger PumPs

would be required to achieve a greater head, but the design of the discharge system

limits the amount of increase tbat would be possible. Simply replacing the pumps'

which in itself would be expensive (several million dollars Per PuEP, Ph$ the cost of

downtime and the higher pumping costs), would not be enougb' The design of the

hydraulic sJ6teq including the elevations and dimensions of the condensers and

seal well weir (see Appendix A), is geared specifrcally for the Pres$ue (i'e" bead)

needed to move tbe water through the condensers and discharge it into tbe ocean'

so the entire system would probably have to be re-engineered in order to

accotrrmodate the increased backpressure.

The second obstacle involves the potential recirculation of effluent water'

Since the discbarge plume would bave no offshore momennlm and less initial

dilution, soNGS' efluent might accumulate locally and tbe discharged water might

recireulate through the cooling rysteq with the discharge temPeranrre increasing in

proportion to the Percentage of reciretrlatbg water' Koh a aI' (1974) dissuss this

problem for the Unit 1 discharge.

Finally, it is possible that the reef area caused by the rocks over the diffusers

would increase tbe deposition of sand near the diffgsen' Tbe outward flow of tbe

discharges should keep ligbter sediments from settling on the reef' but other

mecbanisms might lead to increased deposition' Since tbe reef would be

perpendiarlar to the normal longshore sediment transPort' it nigbt intercept sand'

which would then aclumulate around the reef' If a low-pressure area develops

behind the rocls, sand that settles into the low-pressure zone could form a sand bar
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reported to the CCC that a 5ingls'peint discharge would probably cause less

environmental damage than the diffirser s:Etem (l"fRC 1980)' Therefore' chrnging

the diffuser systens into single-point or triple-point discharges might reduce the

resource losses caused bY SONGS.

The diffrsers could be changed into 5ingle-point discharges in wo wa)'s'

First, the discharge s,6tem could be changed in place' Essentially' all of the cooling

water could be allowed to escape from the end of the diffgsers and the PorE sealed

off. Second, the discharge could be moved to a new location, either farther offshore

or up or downcoast; this alternative is considered in the next section' Section 4'6'

There are advantages and disadvantages to modi$ing the existing discharge

system into a single-point discharge. This change would lessen the impact of

soNcs' discharge because tbe plume from a single'point discbarge would be less

tufbid (it would enUzin less water) and would cover a smaller area than the plume

from the diffirser. unfornrnately, the disadvantages are maoy, including the fast

that the discbarge will still be close to SOK and so tbere night be continuing

impacts to tbe reef from the plgme; seston flru (mwcmens of particles througb the

area) night still be higher than normal; there might be a problem with recirculation

of plnme water into the intakes (Section A5 in l(oh et at.197$; changes in diameter

of the existing difftrser piping would impose a very large Pressure head loss if all the

cooling water were to be pumped offshore; and reverse flow capabilities would be

severely reduced, naking beat ueatment of the intake lines impossible (List and

Koh1989) .D iscbarg ingf romtheendof thed i f fuserswouldrequ i reat the

minimum the replacement of both PumP motors and pumps' and might not be

possible without complete re-engineering of the cooling q/stem because of design
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Discharge SFtcs

In general, placing strucftral units over the diffgsen would provide the same

tlpes of reductions as rocks, but with fewer disadvantages. The acnrd installation of

the uniE would be fairly simple. Some preparation of tbe surface of tbe sea floor

around the diffirser Ports would be necessary, but tbe astud installation would

basically involve carefully placing the uni6 over the Ports.

Although sogre of the problems associated witb placing rocks ovel the

diffrser ports would be ameliorated by using prefabricated strucnrd uniu, severe

problerns would remain As witb rocks, the most serious problem is the insreased

backpreszure that would be added to the diffgser qEteIL (The strusturd units

would g:tgse backpressure because the discharged water would strike the inner sides

of the units rather than being discharged freely into tbe ocean') The added

baclcpreszure would probably be great enougb that larger PumPs would be required

and/or the cirsglation systeE would need to be re'engineered' The recirctrlation of

plgure water would be about the same for stnrctrual units as for rocks' The possible

problem of increased sedimentation near the difftrsen would be much less severe

tban for rocks; even with the broad base needed for structural stability, a stnrctural

'nit would have a snraller footprint than a pile of rocls covering a Port

4.5Changetosingle.pointortriple.pointdischarge

Tbeinitialdesigncrircriaforthedischarges}6teEsforUnits2znd3focrrsed

on meeting tbe thermal standards ratber than the nfbidity of tbe discharge plume'

However, tbe MRCS studies have indicated tbat the environmental effects of the

warm-water discbarge are likely to have little adverse effect on &e marine biota

compared to the effects of nfbidity in the plume' In facL the MRC has already
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serious lirnitation; however, the AT would probably be too high to allow normal

operation with reversed flow (Ust and Koh 1989).

Althougb r€placing the difhser Ports witb three discharge Ports appears to

be technicatly feasible, tbe offshore construction would be significanr It would be

relatively simple to btock off tbe untrecessary diffgser Por6; however, installing neq

large ports would require excavation of the existing diffuser conduil consmrctiDg

new discharge openings, and attaching the large Por6-three times for eacb diffirser

line. List and Koh (1989) estimate the cost of constructing three large Ports on both

diffusers to be $3C40 million, ptus any costs for down time during construction

4.6 Relocate discharge

Relocating soNGS' discharge would eliminate the adverse effect of the

discharge on SOK because the plume would no longer impinge on the kelp bed'

The discbarge could be moved in four different ways: inshore, uPcoast' downcoast'

and offshore. In all cases' it is likely that the new discbarge would incorporate a

single-point discharge rather than a difhrser systeq sincc a waiver of the thermal

standards would be needed in most cases regardless of the discharge design' and a

singte-point systen is simpler and less e'xpensive'

Althougbmovingthedischargewouldeliminatethenrrbidplrrmeoverthe

San Onofre Kelp Bed (SOK), sd therefore any futgre impacts to the be4 SONGS

has already impacted SOK Residual effests, nrch as sediments covering the

cobbles, night persist for some time even if the discharge was moved' It is not

I
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pressure limitations.on the condensers (List and Koh 1989)' This does not aPPear

to be a viable alternative-

However, it would be feasible to replace tbe 63 diffuser Ports with three large

discharge Ports (List and Koh 1989). If tbese large Ports were 5imil31 in structrrrd

design to the Unit 1 discharge, they would be about 3 m in diameter and would

discharge cooring water 5 to 6 m above the sea floor. List and Koh (1989) propose

that they could be placed at the end of eacb of the three pipe sizes in the diffusers

(see Appendix A). If these Ports discharged watel veftically, they would entrain a

smaller total volume of water than the Present diffuser system' (If the ports are

angled up from the horizontal, they could entrain a similar volume as the Present

diffusers and meet the state thermal requiremens.) As with other techniques for

reducing entrainment, there is a trade-off between lower entrainment and thermal

discharge standards

Erraluating tbe triple'point discbarge option requires a careful assessment of

the cooling water q6tem hydraulics in order to determine the hydraulic head

available to drive the modification, enaruate the potentiar for recirc'ration of

discharge water, and determine whether there is s'fEcient flow a'ailable to drive

tbe sptem in reverse f,ow mode during heat treatments' List and Kob (1989)

conducted a hydraulic analpis evaluating the possible co$equences of modiffing

thediftrsergeometry.Thisanalysisindicatedtbat(1)thetotalheadrequiredfor

norrral operation would be slightly higher, but not enorrgh to be of siggificant

concern, and (2) the reverse flow capacity would be coruiderably lower than with

the existing syster\ rezulting in a higher AT across the condensers' Since the higher

AT would only aPPly to periods of reverse flow, which occur rarely' this is not a
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As mentioned above, there is a problem associated with locating the

discharge close to the intakes because the plgme could recirsulate 'througb the

intakes. Koh er at. ([g!4)harre discussed the problem of recirsulation from the Unit

1 discharge. Because Units 7 atd3 discharge a much gfeater volume of water' the

recirculation problem would be serious enough to eliminate this possibility from

consideration.

Costs would probably be in the range of tens of millions of dollars' Costs

would be minimized if constnrction was performed when the plant is scheduled for

refueling and maintenance, although additional down time might be needed'

4.62 Move uPcoast or downcoast

To avoid the recireulation problem' the discharge could be moved away from

the intakes, either uPcoast or donacoasL As with a discharge close to SONGS' the

discharge could take place in shallow water or across the beach'

Moving tbe discharge upcoast or downcoast would cause some new

environment imFacts. The prinary impact would probabty stem from the

constnrction of new pipeline to.the disctrarge' This imPast would be similar to the

impact of the original constnrction of the difftsers If the pipeline ran along the

shore, tbe beach habitat would be disn'bed; sinc-e this is already a bighly disnrrbed

habitat (atl of the beach sedimeng can be eroded alvay or deposited over a very

short period of time), construction would most likely be a temporary perturbation

(It would compromise public access to tbe beach dgring construction' however') If

the pipeline was zubtidal, soft$ottom habitat would be destroyed and tgrbidity

I
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Dischargc' Systcm

possible to estimate the intensity or duration of these residual effects, but until they

disappeared a net loss of resources would persist that should be mitigated'

4.6.1 Move inshore

The problem with SONGS'plume is not so much how nrrbid it is as where it

occurs. High nrbidity is the norm close to shore and close to the bottom. SONGS'

however, moves nrbid.water offshore and up into the water column over SOK One

solution to the nybidity problem would be to have SONGS discharge close to shore'

near the surf zone, where the water is already nrrbid'

The discharge could have nvo confrgurations. The discharge could be a

single-point underwater discharge, much like the discharge for Unit 1 but closer to

shore. Alternatively, SONGS eould discharge water across the beach, like the

discbarge at Diablo canyon .In either case, the efluent would Eix with water tbat

was already nybid, so SONGS' discharge would have little influence on the spatial

distribution of nsbidity in tbe area; in partiarlar, ngbidity bver SOK would not be

higber than normal

Moving the discharge closer to shore would cause some new environmental

impacts. U the discharge was across [he beacb tbere would likely be substantial

erosion of the beach sedimenB. If the discharge was subtidal and utilized the

existing pipeline, there would be some temPorary construction impacts (from

nrrbidity and constnretion barges), but the environnental impacts would be

minimar. Although the water temperahrre wourd be elevated due to the discharge'

it seerns unlikely that it would bave any important effects.
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constnrction costs would be lower.

costs would be higber

If SONGS had to be offline during constnrction'

4.63 Move offshore

Relocating tbe difhrsers so that they extend beyond the san onofre Kelp bed

could eliminate tbe adverse effects of SONGS on the kelp bed' The discharge

would need to be moved far enough that the plume no longer spread over the kelp

bed, perhaps as far as 15 km farther offsbore, where the water depth is 30 m' The

discharge could then be fitted with either a diffuser or' more likely' a single-point

discharge. This oPtion would require signifrcant underwater construction' since the

discharge line is buried in sand and the qrtended line would also have to be buried

for proper anchoring.

Extending the discharge would cause additional environmental impacts'

Constnrction would destroy a limited area of soft-bottom habitaf Enrichment of

the benthic biota (infaunat organisms and bottom fish) would be expected from the

extended discharge, since this has occ'rred with tbe existing system; if a single'point

discharge was use4 tbe 'enrichmenf might be more concentrated than with the

present diffuser s!6tem, possible cauing a qualitatively different impact (for

exanple, different species might inyade the area around tbe discharge)' These

lTpacb would be exPected to be restrieted to the region around tbe discharge'

Qfuznges in the therrral characteristics of the discharge stemming frorr the use of a

single-point discharge in deeper water seem untikely to cause any substantial

impacts.
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Discbarge SYstem

would be increased during constnrction. U SONGS' cooling water was discbarged

across the beacb, there would. tikely be substastial erosion of the beach sediments'

If the discbarge was subtidal" any increased nybidity from the discharge would

probabty bave minimal effects. In the high'energ inshore area it seems unlikely

that the disc.harge would cause increased sedimentation; in any case' based on the

MRCs data on soft bentbos and bottom fish, effects of the discbarge are more likely

to be positive than negative. Simitarly, it seems likely that any increase in water

temperange would bave negtigble effests. However, discbarging the heated water

close to shore would definitely require a waiver of the thermal standards'

There are no.major technical problems associated witb this technique'

Moving the discharge away from the plant would require layrng pipe to the new

discharge arc\which would be a fairly routine procedure' The distance that could

be reached without changing the pumps depends on the head made available by not

moving tbe water several km offshore and througb the difftrser Ports' with a single-

point discharge, the discbarge pipe could be approximately 750 m longer aod stili

have the same head toss (J. lst pasorul communicdion). Thus, the discharge for

soNGS could be located as far as 35 km upcoast or downcoast from the plant

(present configuration of 19?5 m to tbe beginning of Unit 2 discharge' 750 m-long

diffuser, plus extra 750 m gained by using a single-point discharge) without

significant modifications to the existing pumPs; this would include tbe coastline from

opposite the weigh station south of SONGS uP to San Mateo Creek'

CostofmovingsoNcs,discharge3.5kmfromplantwouldbeatleast$70

million (based on $2000/ft of pipeline; J. Ust' penona! communication), and

probably considerably more. of course, if the discharge was closer to soNGS' the
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communication). If SONGS could not oPerate for six months while the new

discharge was being tied into the existi'g q6teq as suggested by Ebert (1980)' tbe

replacement fuel costs would be at least $96 million- Thus, the overall cost of

extending the diffusers 1 km migbt be rougbly $200 million'
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CIIAPTER 5

REPI,ACEMENToFHilSTINGcooLINGSYSTEM

The most radical approacb to reducing the effects of soNGS' cooling system

would be to replace the open-cycle cooling qystem with a closed'cycle system'

Closed-cycle cooling systems are now required on inland Poriler plants using river

water for cooling because of the adverse effests of the thermal load on aquatic

communities in rivers. Although therrral effects are far less important for power

plants located on the oPen coast' closed-cycle cooling systerns would still reduce the

intake and discharge effects of an open-cycle system. crosed-cycle'cooling systems

include cooling ponds and canals and many differeut t)?es of cooling towers'

5.L Cooling Towers

The substantial environmental impacs resulting from the once-througb

geeling system used at soNGS could be greatly reduced or eliminated by reducing

the quantity of water used for cooling. Cooling towers have been successfully

employed in cases where abundant water is unavailable' or in situations where the

environmental effects of once-through cooling systems are unaccePtable' Because

cooling totfrers at SONGS would use L}Vo or less of tbe volume of water used by the

once-through cooling qntem(U.S. Nuclear Regulatory Commission 1979)' there

would be a proportionate decrease in the intake losses, and the discharge losses

measuredbytbeMRcwouldbeeliminatedsincetherewouldnolongerbeanrrbid

pIume.
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Qssling towers Uaqsfer the waste heat directly to tbe atmosphere' Tbe hot

water is pumped to tbe toP of the tower and cools as it drops iown the heigbt of tbe

tower; the cooled water is recirqilated through tbe condensers' cooling air enters

the tower at the bottom and oria at tbe top. There are many tyPes ef gesling towers

tbatlJsedifferentmethodstodropwaterdownthetowerandpumpairupthetower.

The basic t)?es of cooling to\ilers are discussed below' with their advantages and

disadvantages summarized in Table 5-1'

In dry cooling tov/ers' air and water never come into direct contast' The

water is dropped through ao aray of thin tubes' and heat is transferred by

conduction and convection ody; no evaPoration takes place' since water is not lost

toevaPorat ion,drytowersrequireveryl i t t leaddit ionalwateroncetheybegn

operating and can, therefore, use fresh water' However' they are expensive and do

not uansfer heat as effectively as wet to$rers. Reduced heat transfer will increase

the tgrbine back Pressure' and plant capacity can be expected to decrease by 5 to

lcVo,eveD wi& an optimized nrrbine design (which would not be the case in a

reuofit operation such as at soNGS)' The enersf cost for a planned (not

retrofitted) dry tower cooling s!$em is about ?'\vo sote than the cost oJ a once-

throughggglingsystemduetoincreasedconsmrctioDcostsanddecreasedcapacity.

DrytowersarenowrsedinEuropeandAfricainonlysqall(<200}vf\il)fossilfuel

plants in cool climates with peak loads in winter' They have never been used at a

Po\rer station larger than 200lvf\il'

wet cooling towers allow the cooling water to drip through the open air'

transferring heat primarily by evaporation' but also by conduction' some type of

porous material such as gravel is used to slow the water droples' Drift eliminators

F

I
I
I
I
I
i
I
I
I
I
I
I
I
I
I
I
I
I
I



Replacement of e*istiag cooling

Table $1

summary of advantages and disadvantages of closed<lcle cooling options.
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MgI}IODS ADVA}IIAGES DISADVAI\ITACES
a

Cost*
(MrLuoNs)

requires -zffi acres/uait land
unarzilable

land
unavailable

5m

n0

4m

450

CoolingPonds/
Casals

Spray Ponds/
Canals

Dry towers

ine.:rpcnsive if land is
arnilable

inexpcnsira, rcquires less
land than cooling Ponds

requires - 100 acrcs/unit;
salt ddft

opcrate with little makeuP
water, so can rse frcsh water;
uo evaporatioq so
uo fogging or drift

techaologt has uot been
demoostrated on this scale;
expcnsive, oPeratiag cost uP 8Vo;
Notsy

Mechanical draft
wet towers

rclativuly snall, so less vis. imPact;
can control cxit temPcrature;
most cfficieot and
least arpemive torcr

large volume of makcuP wateE
rcquircs fan Power, aoiq6
salt drift and
grouad-lcral fogging Problems

Natural &aft
wet towers

quict (no fan poler);
rcduccd foggisgatd
&ift problcms duc to heigbt

targc volumc of makcuP watcri
wry largc (500't8ll) and uncightl$
salt drift

technologthas not bccn
deoonstratcd 93 this scalsl

sill rcquires salt watcr;
high ssst

Wct/dry tou,crs rcduccd water rcquirencB6;
efrrciency sasg asset towe6;
rcduccd fogging and drift

. c.sr is for consmrcion and tic-in ooly (1988 rtollnn). Docs oot includc plirnt dqntimc eod Fduccd Plsnt crFcity'
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are added at the top of the tower to catch 'nevaPorated water droplets being

carried up with the exiting air. Two tlpes of wet cooling towers are used:

mechanical draft and nan'al draft. Mechanical draft towers use fans to force the

air through the towers. The size of the tower can be reduced if additional power is

used to drive the fans. Mechanical draft to\ilers are the most gemmonly used tlpe of

cssling to\iler. The advantages of mechanical draft towers compared to natud

draft towers includs lower capital costs; greater flexibility because there is more

control over watef temPeran*e; and a smaller size, which reduces the visual impact"

Their main disadvantage is an increased potential for ground level fogging and drift'

Natural draft towers are large and hlperbolic in shape' which is the optimal sbape

for nafirral convection flow. The disadv:rntages of naoral draft towers are that

construcrion costs are a littte higher and the large towers (-500 ft) and visible

plume are unsightly. However, since fans are not used' they are quieter and cost

less to operate. Also, the big5 towers reduce ground level fogging and salt drift (if

seatffater is used for cooling)'

All wet cooling to\ilers at soNGS would have to use seawater because the

water requiremenE would exceed fresb water supplies (u's' Atomic Energt

Conmission 19?3c). Saltwater cooling towers have been used only rareln and they

bave uever been used at a plant as large as SONGS' cos6 are estimated to be 10 to

20vo bigber than for an egtrivalent freshwater tower' but cost ovemrns seem likely

given the unproven tecbnorogt. A high salt concentration in the tower water would

reduce the effrciency of a wet cooling tower, decreasing plant polr'er by increasing

nrrbine back pressure (J. Gianrbastiani, Ecodyne, lrlc-, penonal communicuion

1e88).
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Replaccoent of existing cooliag systcn

Wet/dry mechanical draft to\rrers attemPt to combine the best feanrres of

botb wet and dry sssling towers (e.g., lower water use and more economical cooling

in the zummer). Heated water is frrst passed tbrougb tubes as in a dry tower and

then allowed to drip througb an oPen gravel bed as in a wet tower' This allows tbe

water temPeranse to droP as low as it does in a wet to\iler, but evaporation is much

Iower than in a wet to\Per. Evaporation is still far too great to use fresbwater in

Southern California, hourever. Only a few Po\iler stations in the 200 MW range have

used wetfdry towers. Thermal performance is elgected to be equivalent to a wet

tower, but the cost of the more complicated design is usually about tAVohigher.

Cooling towers decrease the efsciency of the plant for a number of reasons'

including (Reynolds 1980): (1) Entra Porver is required for Pumping the water to

the tower, which in the case of soNGS could be substantial because the water

would bave to travel 1 mile and uphill. (2) Enerry is required for fans in the case of

mechanical draft towers' And (3) Cooling towers cause higher turbine back

pressures. This is caused by the greater temPeranre of recirculated cooling tower

water compared to a once-through qysteul Stone and Webster Engineering Corp

(1978) showed tbat energt loss for retrofrtting a nuclear plant would be more than

4Vo, and caPacity loss would be about SVo. The EIS for the Indian Point plant

predicted a 4Vo decrease in annual plant caPacity and a 9Vo rcdvCrion in peal

generating capacity.

5.1.1 Potential Reduction of Losses

The degree of loss redustion would depend uPon the tlpe of tower employed'

Dry cooling to\ilers would use fresh watbr, thus eliminating the intake and discharge
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losses. Wet cooling towers would gfeatly reduce the anounJ of ocean water taken

and retnrned to the ocean: parkhurst and Mchitr (1978) rePort tbat a hlpothetical

1000 lvf\il nuclear power plant withdraws 2152 a$ic feet per second for once-

tbrougb cooling compared to 43 cubic feet per second, or ZVo of the once-througb

flow, for closed-cycle with cooling towers. (Note: Each of SONGS unia 2 and 3

achrally witbdraws 1&40 cubic feet per second')

The reduction in water utilized is about the same for reuofrtted towen' The

Palisades Nuclear Power Plant, originally operated witb a once-tbrougb cooling

system using water from Lake Michigaq was retrofrtted with mechanical draft

cooling tov/ers in 19?4. This change decreased the intake of water from Lake

Michigan by 85Vo. A snrdy of the impact on frsh revealed tbat at heast 95Vo fewer

fisb were impinged after the cooling towe$ were installed; there was also a

reduction in the total weight and the number of fish species that were impinged

@enda et aL 1975). The Indian Point EIS (u.s. Nuclear Regulatory comrnission

19?9) predicted that the water rsed with cooling touters would be less than 4Vo of

that used for once-tbrough cooling and entrzdnment and impingement would be

reduc€d bY a similar amounl

TheEls.forSoNGsUnits2znd3predictstbatgTvofewerfishwouldbe

killed if cooling towers were used instead of a once-througb qystem (u.s' Atomic

Enerry Commission lg?3c); losses due to tbe trrbid plume would probably be

completelyeliminated.$imilarly,theElsforsoNGsunitlpredictedthatintake

volume wourd be reduce dtoZ-3voof present flow if mechanical draft cooling towers

wereused,essentiallyeliminatingentrainmentofmarinelife(U'S"AtomicEnergl

Comsrission 1973b)'
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Repliaceneat of cxisting cooling s)Eten

5.12 Assoeiated ImPacts

Atthougb the installation of sssling towers at SONGS would greatly reduce

the losses measured by the MRC that are caused by the once-through cooling

rysteq cooling towers would produce new impacts. These associated imPacts will

be discussed in six categories: DrifL blowdown disposal, possibility of cloud

formation and fogging, ait quality, noise, and aestbetics'

5.1.2.1 Drift

Tbe water used in cooliqg towers contains a variety of solutes. Cooling

towers at SONGS would circulate sea water, so tbe water would contain the sals

present in sea water plus any additives used to confol scale formation, corrosio&

sedimentation, and fouling in the tower (Birchall L979). Table 5-2lists the elements

commonly associated witb cooling to\rrers. As this water circulates through the wet

cooling towers, evaporation concentrates salt and other solutes' During glp goeling

process, some of the water forms small droplets, termed drift or carryover' These

droplets escape from tbe tower witb the air sUeam and eventually fall to the gfound'

Because the drift contains salt and other solutes, there is potentid for danage due

to the deposition of these materials on vegetation' soils, and water'

TheSoNGsEIS(U.S.AtomicEnerglCommissionlgT3c)predictedthat

o.Itvoof tbe circulation of mechanical draft towers flow would escape as drift' and

that 4500 lb/hr of salt would be deposited on land' gAVo of the drift would be

depositedwithina3-mileradiusofthetowers.TheSoNGsElspredictedthatthe

deposition rate would be between 1815 lb/acre-mo. and 1,089 lb/acre'mo' (0'05 to

03lb/ftz-yr are tbe figures in the EIS). The predicted soNGS deposition rate is
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Table $2

Toxicity and concentration factors of elements used in cooling tower operations

Fron Flnsl Enviroomcutal Statemcnf Sborcbrm Nuclcar Po*tr Phnq US' Atomic

Encrgr Commission, 1972 (Aft€r Etchholz 19tS)'

I
Colccnttrtion Frctorr h

Eernart Plutton Brown Algr Funclianr Environncnrel ToxicityD (not inFcted) 
l-:IAsH3

S 6-6 tftllf;;|.tgrtr.en elgac' Modcratcly toric to ptants; slighttY to mammals

Brc 2.8 ,ffiXl?,J..1"??"T.."r0, Br2 is vcrv toxic; Br'is rclativclv hermless to organisms 
I

oc l 0.052 tffi5l,:T&Tr"o cl'is rctativclv harmlcss; clz, clo', clor'erc highlv toxic

crc r?,'q) 6100 
",:l,3i"."r"ffirrrdo- ";1'jgnru*,,i:.Jl#it1gg,?,i"lirn'rroxictoorganismsandis I

cuc l?,000 s2o E*cnrid ro 8n ors.nbmt uffJo:Hi:,1,.#il?1"#.Li.t *cd Plents; hishlv so to invcrtcbrat*;
I'

Hsc 2s0 ^nililu['r"*"#il,T ffii:Hls; 
vcrv roxic ro fungi 'nd g'ccn Pbnts; I

N lg,(xto ?J00 Brnti.t,ls structur.l Rclativcly harmlecs; conccntntions highcr in plankton and firh

Pc ts0(X) lo.oo0 vitel in m.ny ways

pbc 4l,.n)0 ?0,0m None vcry toxic ro mort plenrs, modcratcly ro to mrmmels; cumulative 
f*n , 

I '

sc '\'. 3'4 'li;;*iU;f;1,,m;g*'P''t$:T'''x*ff$:13'""F"fitri 
t

sic Ersrri.l ro ,omc pr.n. taffilr#l;:?;$#::;3.un. in mammalian rung harmfur' uscd bv

Snc 2900 92 Nonc vcry toxic to Plants sld grecn algee 
c by phnr roors I

?src Er*ntier ro r[orsrninns 
""$ffgHH[or,*.;i*litt 

todcto munrnels;uptek

I_I

modcnrcdzcd orylntsms-s&' tunr'
cActixntrbtor rgccicsorgeFn known. 
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higber than nanrral deposition rates found several miles inland from the seashore:

Talbot (Lg4g) cites a snrdy where background deposition values rangng from 2'6

lb/acre-mo to 31 lb/acre-mo were neasured several ln inland' However' tbe

predicted SONGS rate is lower than the salt sedimentation rates near the surf zone:

Moser (1975) measured deposition rates of about 900 lb/acre-mo failing near tbe

surf zone, dropPrng to les tbat 250lb/acte-mo 300 m inland'

For nanrral draft towers, the amount of drift would be reduced to 0'001vo of'

the circulation flow, or 450Ib/hr deposited on land. The EIS indicates that the drift

might impact an agriarlnyal area nro miles away in San Mateo Valley' If the

to\ilers were located near the State Parb they could have a detrimental impact on

tbe vegetation there. The soNGS EIS does not comment on the spatial pattern of

the deposition, or seasonal effects. It does not disctlss the salt tolerances of the

native plaint species or the Potential effects of salt deposition on native vegetation'

Although the EIS mentions a tnrck farming business 2 miles from the plant" it does

not mention likely impacts on the croPs. The EIS does not cornnent on the ambient

salt levels or how much the tower would add relative to the ambient level' The EIS

states that 7 to 8 months without precipitation are common in the are4 but it does

Dot discuss the fact that the impact of salt might be gfeater where precipitation is

not frequent enough to remove salt acstrmulation from vegetation' It does not

comment on the relative humidity in the arc4an important fastor in assessing the

degree of damage due to drift (Mos er L9?S,McCune et aL L977)'

Snrdiesinvolvingapplicationsofsalineaerosolssimilartocoolingtowerdrift

ontofoliagehavedemonstratedthatsolutesareabsorbed(MulchiandArmbruster

1975,1981,1983,Moser:tgls,McC\rneetaLtgTT,Francisandorrt isTg7g'Taylor
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et. aL Lg75,1980, 1983, Armbruster and Mulchi 1984, Hofrranrr et aL |987). |-arge

enougb quantities of salt can be injruiors plants, causing necrosis' lesions' stunted

growth, and/or decreased reproductive outPul The enent of the darnage depends

on many fastors, such as age and qpecies of the plant and meteorological conditions'

For orample, simulations of salt drift have demonstrated that the salt is far more

harmful at higb h'miditie s (>g}voRII) than at low bumidities (<60vo RH) (Moser

lgls,McCune 4 aL Lgn) esPecially in times of low precipitation'

A literan'e review revealed that vegetation near cooling towers is often

damaged by salt drifq but acute negative impac6 are only found close to the towers;

the chronic effects of long-term operation of cooling towers are not known (Talbot

tg{g). A freld snrdy at Chalk Point, Md., where cooling towers circulate brackish

water, was conducted at sites 1.6,4.8, and 9.6 km &om the towers for nro years prior

to operation and 5 years following operation of the towers' No negative effects were

determined on tobacco grolltn 1.6 km from the towers, the closest agriculnrral areq

or at any of the more distant snrdy sites (Mulchi and Armbnster 1982" 1983)' In a

short-term study at Turkey Point, FL the satt drift did not aPPear to harm native

vegetatioD. only the c{ltivated plans at the closest (215 n) site were injured; plam

at the other sites (430 E to 32 km from the towers) were not affected (Hindawi et

aL L916).

Rochow(1978)obsenledhighdepositionratesofsulfatearrdcalciumwithin

g2 mof the palisades Nuclear ptant mechanical draft cooling towers in Michigan

(which 'ses water from l:ke Michigan) with extensive damage to the vegetation'

including complete defoliation of trees' There was no comment about vegetation

farther from the towers. Hexavalent chromium is used in the oak Ridge Gaseous

I
t'
I
I
I
t
T
I
I
I
I
I



l -
t Replacement of cxisting cooling systen

Diffrrsion Plant in Tennessee to inhibit colrosion. In a short-term experiment

lasting 7 weels, Parr et aL (1976) examined chromigrr damage in potted tobacco

plants located 15, 200, 600, and 1400 m downwind from tbe cooling to\Pers' They

found that plants did acclmulate the drift-born chromiuq but by 1400 m the levels

of cbromium were indistingUisbable from background. Chromium deposition

damaged plants at the closest site, and leaf growtb at the 15 and 200 m sites was less

that at the 600 and 1400 m sites: on the basis of this short-term snrdy, the authors

concluded that there will not be significant accumulations of chromium beyond 500

m. At oak Ridge Gaseous Diffusion Plant" the chromium and zinc levels in the

vegetation decrease to neal background levels at 1 mile from the towers; this has

not barmed the native vegetation, but did harm the tobacco croP (Taylor et aL

1975). Anotber study was done to determine whether the deposition of chromium

on fescue grass was seasonal at the Oak Ridge Gaseous Diffusion Plant' The

highest chromium concentrations ocsurred in the winter, coresPonding with

morimum oPerational level (Tayl or et aL 1983). As with previous studies' the

highest chromium levels were found near the towers; the level of chromium was

reported to be insignifrcant at the 1500 m site'

Anotherpotentialhazardofdriftisthedepositionofsdtsandothersolutes

into the soil. In a general discussion of the impacts of cooling towers, Edmonds et

aL (Lg75) predicted that nanrral variability in soil salinity would exceed increases

due to cooling towers, and did not think that buildup of sdts from cooling towers

would be significant. Simulations of salt drift and measurements of deposition at

the Chalk Point Generating Station (Ainrbruster and Mulchi 1984' Mulchi and

Arnrbruster 1983) showed that" although salts were deposited in soils' the rains

returned the soil to normal. The soils in the chalk Point area afevery Pelrneable
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with excellent drainage, and the regular PreciPitation (averagngL02 cn/yr) washes

the solutcs away. They predicted that towers at Chalk Point would have only

rninimal inpact on the soils. The anount of salt deposition near the cooling toute$

in Galveston Bay, Texas was as much as 12fr) kg/ha-yr at a site 100 m from the

torvers, but was small at a site 434 m from tbe towers (Wiedenfield q aI t978)'

Levels of salt in the soils were high around the salt water cooling tdwers, but were

immeasnrable beyond 434 m. The authors waln that as more salt is deposited the

effects may be measurable at greater distancel and that because of the poor

drainage, the potential for soil degradation exists. Based uPon calculations'

Roffuan and Roffman (1973) predicted that cooling tower drift generally would qot

insease the salt content of soil siguifrcantly, but migbt in arid areas (like Southern

Califoruia).

Finalln there is the danger that drift solutes could enter the ground water

supply. The army draws 600 acre-feet/year from the San Onofre groundwater

suppty (u.s. Atomic Enerry commission 1973c). whether the impact on tbe

aquifer night be sigdfrcant would need to be investigated' Otber studies have

addressed the problem of contamination of aquifers. At lndian PoinL the EIS

predicted that intrtrsion of sals into the groundwater would be higbly unlikely'

Roffman and Roffman (1973) carctrlated that the infruence of sart drift on aquifers

should not be significant even over time periods of several hundred years'

Based upon the present anatysis of the impact of cooling towers at soNGS' it

is not possible to determine the state of the impact of drift on the rocal vegetatio&

soils,andgfoundwater.However,itseemsliketythatdriftwouldbedetrimental'
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but that the damage would be restricted to an area near SONGS (perhaps within a

radius of a few miles).

5.1.2.2 Blowdown disPosal

Because of evaporation and drift losses, the solutes in the water in cooling

towers become increasingly concentrated. A portion of this water' called blowdown'

is periodically or continuously discharged; it is replaced by make-up water' The

blowdorpn contai1s concentrated salts plus additives used to Prevent corrosion,

scaling, and biologicat gfowth. In the case of SONGS, the blowdown would be

discbarged into the ocean Technologt for removing some of the solutes exists

(Edmond s et aL Lg75, Anderson et aL 1984, Eichbolz 1985) and certain toxic

materials may degrade or evaPorate (Holavarttr et aL L984q 1984b, Blanchard et cl

1987), but much would still be released into the ocea&

Tbe consequences of blowdown solutes for marine water quality and marine

life are not weU snrdied. The Indian Point EIS (U.S. Nuclear Regulatory

corirmissiou LgTg) predicted that the sulfuric acid added would increase the

concentration of sulfate ion, but it would be within water quality standards' 
'itt

chlorine concentrations would exceed water quality standards. The EIS predicted

that if the blowdovtn was within water quality standards, it would not adversely

impact organisms in the Hudson River'

Tbe few srudies that havi addressed tbe toxicity of blowdown water on

organisms have not measured relevant Par?meters and caulot be extrapolated to

soNGS. For exanple, several species of fish were raised in a reservoir that
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received blorvdowu water that was high in chromium- These frsh did not contain

higber levels of chromium than frsh gro\rm in gncontaminated water' nor was any

bioaccnmulatioa of chromium deteeted @lwood et aI L98O) but the study did not

assess whether the elevated chromigm had any effect on growth rates' longevity'

health or reproductive rates of the fth. A snrdy contrasting growth of eels raised in

river water with eels raised in warm cooling tower pond water revealed that those

raised in sssling to\rrer pond water do not have abnolrnal levels of metals in their

liver and muscle tissues, deqpite tbe higber concentrations of metals in those waters

(Romeril and Davis Lg76),apparently because the eels are growing at a greater rate

(due to the elevated water temPeranrre) than the rate at which they can acctrmulate

metals. However, Romeril and Davis did not examine the rate at which eels would

accumulate metals when held at norrral temperanres in the cooling tower pond

water, nor did they compare the mortality rates' feanndity or health of the animals

in &e sseling tower pond water witb animals in the natural environment' It apPears

that rigorous rcsting of the influence of blowdown discharge has not been done'

although rwiews of the effests of chlorine and otber solutes present in the

blowdoun document the deleteriors effests of these solutes (EPRI t979, Central

Electric Research Iaboratories 1975)'

An indirect test of tbe toxicity of blowdown is the rse of saline coeling tower

water for irrigation In Maryland croPs of coru and alfalfa were not adversely

affected by this water (Mulchi and Armbruster 1981, 1982)' Engle 4 aL (1985)

irrigated corn and alfalfu crops in Minnesota witb saline cooling tower water and

found that the crops were not adversely affected. on tbe"other' hand' Amjd and

Kban(1986)foundthatalthoughwateringplantswithcoolingtowereffluentsin

India did not reduce germination' it did reduce plant growth' Because the power
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plant is discharging chlorides, sulfates, solids and other pollutants, they suggest

treatment of tie water before it is discharged.

The SONGS EIS calculated that blowdown would contain 100 ppt of

dissolved solids (which is three times the concentration of solutes in the oceag34'7

ppg ru.S. Atomic Enerry Commission 1973c). This water would be discharged into

the ocean. Table 5-3 shows the composition of the discharge from the present once-

through cooling system. The SONGS EIS mentions periodic use of sodium

hypochlorite. 'The concentration of total chlorine in the receiving water will be less

than 0.1 mg/liter for no more than six 15-minute periods per day."

5.1.2.3 Air qualitv

If cooling towers were installed at soNGS, the resulting reduced effrciency

would mean that the plant could not provide as much energf as it does presently'

For example, the Indian Point plant predicted a 4Vo decrease in annual plant

capacity and a 9Vo reduc1on in Peak generating capacity. SCE would need to

replace the enerry lost due to reduced efficiency at SONGS. It would be necessary'

therefore, for SCE to generate more energ/ at its fossil-fuel plants' Althougb SCE

would first generate electricity at its most fuel-efficient plants (B' Mechalas,penonal

communication), any additional use of these plants would produce far more air

pollutants than SONGS. Furthermore, these plants would release pollutan6 into

the sou& coast Basin- on balance, air quality would be degraded by constructing

cooling towers.

I
I
I
T
I
I
I
I
I
I
I
I
I
I



Chaper 5

Table $3

Chemical cornposition of water discharged from SONGS'

Frou Table 3J of soNcs uults 2 and 3 Final Earrironmentsl StatcDcrt (us' AtoEic Elc4y

Comntssion 19Rc). Bascd on inforuatioa supplicd ty joUl"- 
98ryoTl8 

Edison' Discbr*p frou

Unlt 1 noust be added to obtaln total amounts, but conccEtrations clted wlll not ch8rge'

:

t
I
l
I
I
j

I
I

INCRE{SE
(vo)

iltAxrrfi,tM REI.8ASE PER UNrr (B/DAY)
}lrnrnau"v ADDEDBY
OCCURRING EACHTJNIT

MA)grfl ,!,1 CoNcENrRAror'l'
T.IANJRAII,.Y ADDED BIY

OCCURRING EACHTJMT
(PPM) (PPM)

CHEtrlucAL

Boron
Bromide
Calcium
Cellulosc seala,of
Chloridc
Chloriae (frec residual)c
Coppct'
Fluoridc
(Hardacss, total)
Magnesium
Nickclc
Nitratc
Nitrogco, orgalic
Phoepbates, as ortbo
Potassfttn
Sodium
SuUatc
Sulfidc

46,000
65x1d
4.0x ld

20x 1d

1S1m
14,000
62xtC'
L%xilCf,
1
34m
1m0
1m
3.E(t x ld
1.05 r ld
?-&xLd
$m

10
2so
145f
1000
?uod
60
70
50
2N
460d
1.0
115
33
m
a5s
3&@
e50f
0.60

0.m1{.01
1.4
6ZL8
Ltn
0.00(B
034
0.10
0.10
380
10J00
?655
0.10

0.0@
0.09
o*

< 0.1
14.4b

< 0.1
0.m?
0.mlb
4-s
0.*
0.ffit
0.wng
0.000665
0.m4
ofr
1S
L9 2D.
0ffi1,2

7G7tr
a.CI1
0.0?
0.fl
?5,3d
0"67
0s7
4.0
0Jn
0.o7
0.rr
o.l2

4.6
65
400

19,980

0.05
0"08
0.07

0.07

I Arn'acr rirt Errinun cmccotntionsronld mrrduringFknic 6dcE3t neiarcouce

rtic! citqfitilgretcr llryroutd bG dly bdf of GEd llil'

b gti* dircbrrgp froo llrO crlrpcrtur ooty'

c Crblrtcd froar iafornltirn ruplicd bt$GePPlicrots'

d au.d o rrsnncd Drrinuar cirrcioo nre'
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5.12.4 Cloud Fcirmation and Fogging

Qssting towers release huge guantities of water vaPor into the atmosphere

that can form clouds under appropriate meteorological conditions. A model

developed by Neiwiadomshi and Haman (1984) predicted that large Po\rer plants

(5000 lvf\il| could increase within 5-7 km of the plant by uP to 70Vo, given

favorable conditions. They recoulmend that this possibility be closely examined

during environrnental impact shrdies before cooling towers are installed. Tberefore,

concetn exists about their potential for modifying the weather. The degree and

frequency of cloud forrration depends on tower construction and meteorological

factors. An extensive review for the Indian Point Unit showed that cloud fornation

due to cooling towers would occur, and the clouds might alter precipitation Pattems

in an area The plume from the towen at Indian Point was predicted to reduce

sunshine for a few minutes each day, but the increase in precipitation was predicted

to be gndetectable (U.S. Nuclear Regulatory Cornmission 1979)' Observations by

Kramer et aL (1976) in West Virginia showed that the cooling tower plumes can

modi$ the local atmosphere, both by increasing cloud cover and by creating new

cloud formations. Shadowing effect on the ground occurred. Car"Fistron (1975)

found a precipitation band extending 30 km downwind from a nuclear Po$'er Plant

in France, &d an augmentation in the agount of snowfall there'

A further problem is tbe possibility of ground-level fog: This is a potential

hazard because it could make driving near cooling towers more hazardous (Hall er

aL 1987). In the Indian Point EIS, a review of fogging revealed that fogging bas not

been a problem around nanrral draft cooring towers in the united states, England
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or Switzerland, and they predicted that the increase in ground fog would be small (4

hr per yeal) if natural draft tou'ers were installed at Indian Point' Mechanical draft

tourers have a greater potential for producing fog tban nanrral draft towers' sioce

they release their water vapor at about 50 ft instead of 300''500 ft' One Indian Point

EIS estimate Predicted an increase of nearly 100 hours of fogging Per year if

mechadcal draft towers were installe4 .

The EIS for SONGS Units 2 and 3 predicted that a cooling touter would

produce a plume and sometimes fog under some (unspecified) weather conditiors'

and that tbe plume could reduce visibility for drivers on Highway I'5' The SONGS

EIS stated tbat this would only happen rarely, but did not estimate the frequency.

The EIS does not mention how often a plume is expected to be visible, or whether

any changes in precipitation Pattenui or in the amount of shading due to a plume are

expected. The EIS for SONGS Unit 1 (U.S. Atomic Energt Cornmission 1973b)

estimated an increase of 90 hours of fog Per year if cooling towets were installed'

5.1.2.5 Noise

Sources of noise ia soeling towens include tbe water pump' airflor-induced

rcsonancg fan noise (in mccbanical draft towen), and waterfall noise (Edmonds er

aL1975) .The loudesto f these is thewater fa l lno ise.Theanorrn to fno ise

produced by towers depends on their size and type and the flow tbrougb the tower'

, Edmonds states that the noise level at toqrers is uzually between 80 and 90 DB'

Noise pollution is a growing and serious

excessive noise may'cause progressive hearing

problem in modern societY, and

los and deafness- To Put the
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magnitude of noise Produced by cooling towers in perspective, the folloving table

presents the noise levels for some commoD sounds:

100 db 90 db 80 db 70 db

i
I
t
I
I
I
I
I
I
l
I
I
I

Power mox/ers
tarm tracor
iackhnmmer-motorcycle 

(8 m)
jet (300 m)

diesel tnrck
bnsy'city street

garbage disposal
averaqe tadory
freighi train (1a n)
dishwasher

vacuum cleaner
freeway aaf6c (15 n)

t
I
I
I

Noises above 80 dB cause hearing danage after long'term exPosure'

The influence of the noise produced by cooling towers would depend uPoD

where the towers were located. Ednonds et aL (L975) predid that the noise from

cooling towers would probably not affect wildlife adversely, as the sound is similu:

to that of a waterfall, a sound found in nature (thougb not in the San Onofre area)'

Such steady and gniform broad-band random noises with no large Pure tones peals

in mid-range are easy to adapt to. However, if the towers were on a recreational

area or near a state beacb' visiton dg"t find that tbe noise detracts from the

serenity of the area- Sound levels can be as hrgh as 60 dB at 2'000 ft (Capano and

Bradly tg74). If the towers are close to work areas' workers may find the noise

amroying or objectionable. However, at a distance, the noise rright not offend or it

migbt not be noticeable above the sound of trafEc on I-5. The Indian Point study

included an analysis of the augnentation of noise levels at sites used by people at

various locations surrounding the towers. Such a snrdy would be necessar!' at

SONGS if cooling towers were built'
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5.1.2.6 Aesthetics
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SONGS is located atong a very scenic portion of the Southern California

coastline. The area is characterized by 'nobstructed views of gently rolling terrain

with cliffs leading dou,n to sandy beaches. Cooling towers would require more than

30 acres of land, and SCE has stated tbat there is not enough room beside SONGS

to place them there (J.8. Palm et, penonal communication)' Southern California

Edison (J.B. Palme t, p*sonal commtadcation) suggested two possibilities on the

inland side of I-5, one of whicb is on State Park land' The aesthetic impact of

cooling towers would be substantial. The towers would be highly visible; typical

nanrral draft towers are 400 ft in diameter and 400 ft high' (However' it is possible

that less-obtrusive towers could be constructed; B' Mechalas ' penonal

communication.) On days when there is a visible plume, the visual impact would be

much greater than the physical structure of the tower iself and would be visible

from a greater distance. For example, it was predicted that the plume produced by

the Rancho Seco nahrral draft cooling towers could extend as far as 20 to 30 miles

before dissipating (U.S. Atomic Energt Commission 1973a)' A large number of

people would see the towers and plume daily, as this segment of Interstate 5 is

uaversed by thousands of motoriss daily. Modeling would be necessary to tell how

visible the towers would be from different.locations, and to survey what t)?es of use

fall within the areas that the to$'eF will be visible from'

The Indian Point EIS (u.s. Nuclear Regulatory comrdssioa 1979) stated

&at the visual impacts of cooling to\r'ers could be tbe most significant social and

economic impact The california coastal Act also recognizes the importance of

aesthetics, stating that "the scenic and visual qualities of coastar areas shall be
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considered and Protected as a resource of public importance" (Section 3051 of the

Califoraia Coastal Act).

As one meanq of protecting the scenic qualities of the coasL tbe Coastal Aa

states that development should "miniqrioe the alteration of nanrral land forms"

(Section 30251). In keeping with this Policy, the Permit was explicit about the need

rc minimize destnrction of the coastal bluffs near SONGS' The constnrction

associated witb cooling towers would result in the destnrction of additional bluff

area The extent of bluff destruction would depend on the specific location of the

cooling towers. If the towers were located on the intand side of the freeway (about a

mile from the plant), it would be necessar)' to nrnnel underneath the freeway and

into the hills, defacing at least some of the seacliffs. on the other hand, a more

extensive blutr area would be destroyed if the cooling to\r'ers were constnrcted

downcoast of Units 2 and 3.

5.1.2.? Summar.v of Associated Impacts

IfsoNcshadbeencoDstn.lctedwithcoolingtowersinsteadofusingaonce.

througb spsling systeE, some of the substantial impacts on the marine environment

would not have occ'ged. In their place, there would be terrestrial impacts and new

marine impacts, the magniode of whicb is difficult to estirnate' salt drift would be

detrimental to plants, but probably only close to the tolvers' Noise levels would

increase, and it is possible that fog might be slightly more frequent' but these

impactswouldprobablynotbesubstarrtial.Blowdowndisposalintheoceanwould

add toxins to the marine environment. Perhaps most substantial would be the
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detraction from the aesthetic aPPeal of the area and tbe destrustion of the coastal

habitats, partiarlarly the coastal blufB'

In addition to the impacts Eentioned above, the use sf sesling tonrers would

decrease the efficiency of soNGS because of lower condenser efEciencT and the

additional pumping requireneuc. This would translate into higher electricity costs

for users and greater air pollution in tbe south coast Basin

5.13 FeasibilitY

Although retrofrtting soNGS Units 2 and3 is probably tecbnically feasible'

this projest would Present many diffieglties because it would include technologt that

is untested and because the scale of the Project is so large'

Althougb dry torrers do not produce problems associated with drift and

blowdown, they have presently been used only with small (<200 tvf\l/) fossil fuel

plants in cool climates. wet/dry mechanical draft toqters are only rsed by a few

posrer stations in the 200 tvf\il riange' and they cost about lgvo more than wet

to\rre6. Saltwater wet cooling towers have never been used at a plant as large as

SONGS, and cost overruns seerp tikely because of tbe unProven technologt'

A retrofit of a plant is more diffisult than if the plant were originally

designed for 6psling towers. For example, the intake pipes are currently pointing

the wrong directiou for use by cooling towers' To adapt the sl6tem' it would be

necessary to build a ctrwing pipeline from the plant out and back up the beacb' A

scE engineer said a huge concrete ancbor would be necessary to suPPort the pipe
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againqt the force of the water. This plan would also require a tunnel below the

freeway for the pipes to carry water up the hilts; it is not lnown whether tbe

Department of Transportation would give SCE permission to tunnel under the

freeway. Because"the to\rers will be 200 feet uphill, a large pumping capacity would

be required.

cooling towers require a great deal of space. Edison contends that there is

not sufficient lpace next to the plant and that they would therefore need to obtain

land for the towen. The nearest Potential locations, either land owned by the

Marine Base, or land from the State Parlq are about a mile away and across

Interstate 5. It is not known whether SCE could acquire permission to build on

these lands.

In summary, the scal. o, *, construction needed to retrofit SONGS with

cooling towers is enormous. Many technical asPects relating to the design of the

towers would have to be overcome. Although it seerns likely that these design

problerns could eventually be solved, the solutions are likely to be costiy, botb

frnancially and in terms of delap as unProven technologt is implemented'

Furthermore, there are logistical obstacles relating to the use of land that does not

belong to SCE tbat might not be solvable'

5.1.4 Costs

Thecostforreplacingopen-cyclecoolingwithcoolingtowersisquitehigh'as

was demonstrated at Indian Point Unit 3, a nuclear Power plant operated by

consolidated Edison co. of New york. Natural draft cooling towers were used at

I
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an estimated cost of $338 millis4 not including the cost of the reduction in the

generating capacity of the Plant (4Vo of. average Power zrrd 9Vo of peak capacity'

Consolidated Edison Co. 1979). Table 5-1 indicates that cooling towers could be

expected to cost at least $40S500 millisq depending on the qpe built

In 1981, SCE estimated that the cost for converting to cooling towers at

soNGS would be in the range of $800 millisa to $1 billion in 1980 dollars (Gardner

1981). This estimate is probably still valid. Recent estimates by SCE put the total

cost of retrofrtting cooling towers at between $500 million and $1 billion' In

addition, they project an additional $1 billion cost over the remaining life of the

plant due to reduced efficiency caused by the cooling towers (J' Palmer' SCE'

penonnl communic ation).

In addition to the frnancial costs, there would be environmental costs if

cooling towers were used at SONGS. Cooling towers can have signifrcant

environmentar impacts, both on the terrestrial environment through the deposition

of drift, and on water quality because of the addition of biocides and corrosion-

inhibiting chemicals to the cooling water (Section 5.12).

s2 Cooling ponds and canals

coolingponds are an economical and proven method of rejecting waste heat'

but require about 1 to 3 acres of level land per lvfw (i'e.' 2000 to 6p$ acres at

soNcs).UsingsPraypondsandcarralswouldreducethesizeofacoolingpondby

a factor of 20, but at least 1fi) acres would still be needed to cool the water from
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SONGS. A buffer zone of 30G500 m is required to confine the effects of steam fogs

and drift effects to the site.

There are two major problems with cooling ponds and canals' First' the

scarcity of fresb water would necessitate the use of salt water' and salt drift can

damage the surrounding terresUial environment (see Section 5'12'1)' The drift

from spray ponds is likely to be less extensive than from cooling towers' but

nonetheless this alternative would result in shifting environmental effects from the

marine environnent to the terrestrial environment.. Second, a relatively large

anount of land is required. The land requirement is partiarlarly difficult to solve'

SONGS is sinrated along a relatively narrow strip of land on the Ca:np Pendleton

Marine corps base. The coastline near soNcs consists mostly of narrow beach

bounded by high bluffs, with San Onofre State Beach just upcoast of the power

plant; the San Diego Freeway parallels tbe coast about 30C500 m inland' Southern

C-alifornia Edison has an &4-asre easement for SONGS, 68 acres of which are used

by the three units (SCE 1973a). Tbus, only about 16 acres of the originat traa bave

been left undisturbed, which is clearly not sufficient for even sPray ponds or canals'

It is not known whether additional land might be available, but even if additional

land could be obtained, it would be difficult or impossible to find suf6cient sPace for

a cooling pond. There is little flat area on the oc€an side of the freeway' even

considering tbe top of the blufts; sufficient area could be found directly nortb of

soNGS, but it would be at least 500 m away on tbe other side of tbe freeway'

I-ocating a cooling pond at this site would encounter the same ldgistical dif6culties

noted for cooling towers (Section 5'13)'
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The dirfreulties and uncertainties associated witb finding sufEcient land for

coeling or spray Ponds, along with the new environmental effects, mean that this

alternative is not feasible at SONGS.
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CHAPTER 6

MODIIIICATION OF OPERATIONS

Three types of modifications to plant Operations are considered: (1)

scbeduling operations to avoid critical periods, (2) reducing flow while the plant

continues to operate, &d (3) modifying the heat treatment procedures'

6.1 Scheduling operations to avoid critical periods

Qglailing plant oPerations at specifrc times might be a reasonable mitigation

technique if it results in a disproportionate reduction in impacts (Marcy et al' 7980)'

This technique has been utilized on the Hudson River, where the utilities involved

were wilIing to implement flow reductions and scheduled sbutdowns to reduce

sn6?inmsnt in order to avoid constructing cooling towers (Barnthouse et aL 1984)'

While tbe plant is not oPerating (i.e., producing power) the entrapment of fish and

sl6ainmsal of fish lawae are greatly reduced. Losses are not alwap comPletely

eliminated when the plant is off-line because some flow (often 50Vo during part of

the siheduled outage) ocors even when the plant is not producing Po\r'er' but fisb

mortality are reduced because the flow rate would be substantially lou'er'

Scheduling SONGS to avoid operation during periods of kelp recruitment could

alleviate the problem of water nrrbidity and allow normal kelp recruitment e'ents to

occur near San Onofre.
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6.1.1 Potential reductions in losses

Shutting down SONGS would be most effective if there were seasonal

variation in the risk to a species. The abundance of fish lawae was very seasond

(Figure e1). Most species were most abundant in late winter/early spring' The

abundance of alt species combined peaked sharply in March; in fact' March alone

accounted for 3l7oof the total ichtbyoplankton abundance, while April accounted

for an additional 25Vo. Details about the monthly pa$erns of ichthyoplankton

abundance near SONGS are Presented in Appendix B'

The ichthyoplankton abundance data can be used to evaluate the savings that

could be achieved by resctreduhng the operation of soNGS' This andysis is

presented in detail in APPendix B'

A substantial reduction in the loss of ichthyoplankton could be achieved by

restricting plant operations during early sPrin& This technique aPPears to be the

one most likely to be effective for reducing losses of ichthyoplankton By ceasing

operations completely dgring March and April, rougbly 25 billion fewer lanrae

would be killed than under the present operating schedule, aruing the qrrent losses

in half (rable G1). cousidering only the 13 species with estimated adult equivdent

losses >!Vo,827 million fewer larvae would be killed by not operating SONGS in

March and April (agaig ortting the losses in half); this savings could be increased to

more than 1 billion lanrae by also not operating SONGS in Augsr

I f , theplantdoesnotproducePower inMarchandApr i lbutoneormore

pumpscirctrlateswaterwhiletheplantisoff-line,thesavingsinfishlarvaewouldbe
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Table 6-1

possibte reduction in entrainrnent of frsh lanae from eliminating tlow during certain months'

Data an prescutcd for total spccics, northcra anchory (the most abundsEt specics), total- spccics

minus anchory, and 13 spccics wlth csrims&d adutt equivalcnt losscs ?1% 
(AEL spocics)' Loss

prevcnted ms calcutatcd as the number of lanae that would be entnined in thc months notcd (sce

Tsble 82) minus the number that would not bc enaained under tbe prcscot opcratiug scbedule (sce

Table BS).

Irss PRE\EI\rrED BY EUMIt'IllrING FLow DURING:

t
t
l..
I
t
T-
t
I

SPEoES/
GROUP

T{ARCH&
APRIL

x10e Vo

FEBRUARY,
ldARcH & '

APRJL

xl0e Vo

ldARcll,
APRIL&
AUGUST

x10e Vo

Total

Northcra aachovY

Total minus anchotry

auccolish

Giant Lelpfish

White croaler

Califoruia gnraioa

Blacl croaler

Califoraira corbina

Chcctspot gobY

Recf finspot

Arrow goby

Jac}snelt

ShadowgobY

Diamond turbot

California clingFsh

TotdAEL sPccies

25432 49

L.6444 52

0.9G8 6

0.09t9 18

0.0c$ t3

0.6650 76

0.0017 10

0.qxxxp, 0.06

.olnu -14

0"fl'70 5

{xm06 -14

0.01?2 32

0.923 n

0.q20 9

0.0(B3 30

0.0019 19

0&6942 48

3.82 68

2.4444 n

10488 53

o.wn, $
0.m29 .A

0.75@ 86

0.m17 10

0.00qxl2 0.06

4.mu -14

0.0il5 9

{.00106 -14

o.wz n
0.0493 60

0.0052 A

0.0053 48

0.0019 19

0.9$t42 55

z.An, 55

L.74L4 y

1.1388 58

a24T' 52

0.0011 18

0.66ru 76

o.wu 1:}
0.m$ 43

0.m49 63

0.0180 12

o.mD U
0.0195 X

0.s23 52

0.m47 2L

0.0035 32

0.0035 v

L.0Lw2 59
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Modification of oPcrations

less than indicated in Table 6.1. The general oPerating Procedure at SONGS is to

have no flow through the .PumPs during balf of the scheduled refueliqg and

maintenance period, then have two of tbe four pumps operating during the other

half of tbe period (A Dykes and D. pilmgl, penonal commttnication)' In recent

years this bas Dot alwa)E been the case (see Appendix B), but it mighl be expected

to occur in the future.

The savings would be only half as g;ezt as indicated in Table 6'1 if only one

Unit was offtine each year, as would be the case if SONGS operated on a 24-month

fuel cycle; even in this case, howevet, the loss of fish larvae would be reduced by

25Vo.

From a Bigbt-wide persPecdve, the savings might be further reduced

depending on which fossil fuel plant SCE operates to provide replacement Power'

The impacB wiu be quite different, depending on whether the replacement power is

produced at a plant with offshore intakes or harbor or canal intakes' If SCE

operates a plant witb an offshorc intake, where larval abundance is similar to that

near SONGS, more lanae will be killed when tbey are entrained into that plant

thanwould be the case if soNcs was operating. The actual numberwill depend on

the volume of water passed thro-ugh the plant per lvf\il of electricity generated' For

exarrple, soNGS Units 2 and 3 circulate 755 gPm/lvfw generated' while ormond

Beach cirsulates 3t7 gpm/MW; even if larval abundances were identical off of San

onofre and ormond Beach, ormond Beach would kill only half as many lanrae as

soNGS to generate the same amount of electricity. Nonetheless' operating

OrmondBeachinMarchandAprilwouldreducethesavingsoffrshlarr'aeshownin

TabteGlbyabouthalf .Thesituat ionwouldbequitedif ferenti fscEoperatesa
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plant with a harbor or canal intake. At tbese stations, frsh larvae are Dot abundant

in March and April (Appendix B); these stations would kill few larvae if they were

operated in place of SONGS in March and April.

Variors combinations of pumP operations could further reduce the

entrainment of fish larvae while rninimidng the costs involved (see Section 63)' For

example, reducing the flow of water throughout the winter (Section 62)' in

conjunction with no flow in March and April' would greatly increase the savingS that

could be achieved.

Unlike the case for fish larvae, the older lifestages of fish did not have a

Biurout period of high abundance. The risk for juvenile and adult frsh can be

assessed using Eean monthly entraPment rates at SONGS' FigUres G2 and G3

present these riates for the older lifestages of tbe most commonly entrapped species

at SONGS, queenfish and northern anchovy, as well as all species combined' The

entrapment of northern anchovy was highly seasonal, for both number (Figrre 6-2)

and biomass (Figrse &3). Restricting operations druing summer months would be

likely to reduce the enuapment of northern anctrovies. However, soNGS' effect on

anchovies is negligDle since most anchovies are found offshore; summer mosths are

arso the months wben tbe demand for power is higbest so restricting operatioru

druing these months could cause severe logistical problems for SCE with regards to

providing replacement Power. Queenfrsb entraPment was somewhat lou/er during

the winter months than at other times of the year (especially biomass, Figure 6-3)'

but there is no limited period of time during which plant operations could be

restricted in order to reduce queenfish entraPmenl Similarly' tbere is no period

during which the total weight of fish entrapped could be substantially reduced ry
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Fiaure &2: Seasonal pattem ot engapr-n^ell,ot tweJrll-e and aclult tish at SONGS:
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Ftqure &3: Seasonal Pattem of glqapment ot fwe-nlle 119 adult fish at SONGS:
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Modi8cation of oPcrations

restricting plant oPerations (FigUre 6-3). Tbe absence of a very limited period of

peak abundance meanq that reducing plant operations would not be a very effective

technique for reducing the loss of juvenile and adult fish.

At the San Onofre and San Mateo kelp beds the higbest kelp recruitment

occurs in tbe winter and spring (Technical Report K)' Rescheduling SONGS to

avoid operation during recruitment periods could alleviate the problem of water

turbidity and allow normal recnritment events to occur neal San Onofre' Tbe

conditiors necessary for kelp recnritment typically occur only 3 to 4 weels per year'

but tbe timing of the recmitment window is unpredictable, making it very diffisult to

schedule periods of restricted operations specifically for kelp' However' restricting

flow any time between February and June, including March and April (the time

proposed for reducing lamal fish losses), would increase - to some unl<nown extent -

the chances for successful kelp recnritment at the San Onofre Kelp bed'

6.1J Technical feasibilitY

It certainly is posible to cease producing Pou'er at soNGS' orrrently'

soNGS occasionally does not produce Power at various times for various reasons'

as noted in Table 6-2 andAppendix B. From 1984 to 1988' Units 2 and 3 did not

produce power about 116 dayslYed, and had no flow on about 46 of tbese daln'

The problem is not ho\tr to cease producing Power at soNGS' but rather how to

havetheplantoff|ineduringthespecificperiodsofcriticatlyhighabundancesoffisb

larvae.
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Table 62

Operating History of SONGS Units 2 and 3'

- ildicstes Do outag3. . bdlcatcs scbcduled rcfueling outsgls.

MoNIfl/YEAR

UNIT 2-
Fonco ScIrFt I.eD
OUTAGES OUTACES

(DAYS) (DAYS)

€ UNIT 3-
FonCP SCHEDULED
OUTAGES OUTAGES
(oevs) (oavs)

I

e16
LO/%
Lu%
12185
L/s7
2/s7
3lsl
4ls7
s/s7
6/s7
7lsl
8/s7
elsT
LO/gl
Lu87
12/gl
1/8r
2/A
3/8
4/8
5/8t
6/8
7188
8/8E
elt8
10/t8
u/88
12/8
Llt9
2lw
31t9
4/8
slse

T
I
I
l'
t
I
I
I
T
I
T
I
I
t

ao

4.1

9a

ao

L4

data

1.6

e a

t.r a

tna

1L6'
0.06

149
4"8

data

t t

no

q Q
JJ

!o

19.4
10.9

r o t

0.9
data

,xlf

aoa

113'

t't o.
t l a

tf|a

t.l a

data

Two alternative strategies corld be used to avoid operating during citical

periods. In the frrst alternative, all of soNGS' refueling and maintenance would



I
I
I
t
I
'l

I

Modi6cation of oPerations

I
I
t
,l
I
I
I
I
I
I
I

take place during the period of highest ichthyoplankton abundances' SONGS would

operate for about the srme number of days each year, the principal difference being

that its sffline periods, during whicb refueling and scheduled marntenance are

performed, would coincide with the period of highssl ichthyoplankton abundances'

In tbe second alternative, SONGS would be offline wben ichthyoplankton

abunda.nces are highest in addition to its normally scheduled period fe1 lgfusling

and naintenance. If SONGS could not coordinate refueling and maintenance witb

the period of highest ichthyoplankton abundances, it would have more days offline

each year in order to avoid oPerating during these critical periods' Operating fewer

days each year would cause trro environmental consequences: greater enissions of

air pollutants at other SCE planS, ild lower savings of fish lanrae' Greater

emissions would occur because SCE would need to replace the electricity not

produced at soNGS by generating electricity at fossil fuel plans' Lower savings of

fish larvae would occur because more larvae would be entrained at other Power

stations tban would othenrise be tbe case, since these stations would be required to

operate for more daln. This latter consequence can be minimized by operating

plana witb protected or harbor intakes (sucb as Mandalay' I3ag Beach' Alamitos'

and unia 16 of Redondo Beacb), where the seasonar pattem of ichtbyoplankton

abundances is quite different (see Appendix B)' Also, there would be a savings in

larvae in any case because SONGS (and nuclear Po\Per planS in general) cirailates

more m3 of water per K\il of electricity generated than do fossil fuel plants'

There are technical difficulties with irsuring that soNGS refuels at exactly

the same time each year. Managing the timing of refueling in a nuclear plant is very

complex, many variables need to be considered; the issue is much too complicated

T
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to be discussed in detail here. The simplified analpis that follorvs disctsses the

technical diffisglties in trro categories: problems with adjusting the length of the

fuel cycte to matcb the critical periods (paniarlarly March and April)' and the

uncertainty associated with scheduling lsfusling and maintenance at a nuclear

power planr

6.1.2.1 A-djusting the length of the fuel cycle

soNGS could in principle avoid operating during the period of higbest lan'al

abundance if both unia refueled on a l2-month cycle and both units did not operate

during March and April each year, or if both unis refueled on a 24-month cycle and

Units 2 atd3 alternated years of not operating during March and April' A L2-

montb cycle would be shorter, and a 24'month cycle longer' than the current fuel

cycle used at SONGS.

Adjusting the length of the fuel cycle used at soNGS would involve

redesigning the fuel and how it is placed in the reactor. core design is ortremely

compler The variables tbat must normally be considered for a fuer loading plan are

tbe fuel enrichment (frssile contetrt of the fuel), tbe number of fresh fuel assemblies

to be loaded (reload batci size), the aEangemeBt of the fresb and partially sPent

fuel assemblies in tbe reactor' and the techniques used to control tbe ercess

reactivity of the reactor during tbe cycle (Graves 1979)' SONGS' core utilizes a 16 x

16 arralt' witb 20 positions reserved for guide posts' there are ?36 pin positions at

whichfuelrodsorbrrrnablepoisonrods(boronassembliesthatareusedtocontrol

tbe reactivity) can be placed. Althougtr SONGS started with 100 poison rods' the

core design has become more complex and thousands are now used (D' Pilmer'
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Modifrcation of oPcrations

SCE, peyolal communication). In addition' a neutron absorber (also borou) is

dissolved in the reactor coolalt as an additional means sf geg6slling reactivity' and

the concentration of this ftuid can be varied. The design of each new load of fuel at

SONGS, which involves fine-truring rather than dramatic departures iD core desigD'

typicauy involves a $250,000 engineering task (D. Pilmer, scE' percotul

commwication). Obviously, large shanges in the core design would involve "

substantiallY greater efforts'

There are both technical and regulatory/safety constraints on core design'

The technical corstraints include the enrichment of the fuel (with asu)' the

distribution of power in the core, and the worthiness of the fuel rods (which

currently are used for npo cycles at SONGS)' The regulatory/safety constraints

irsures tbat the fuel behaves Properly under different scenarios' sucb as loss of

coolant accidens and transient events (e.g., uB at full power)'

Because a portion of the old fuel remains in the core after refueling a fuel

cycle of a partiorlar length cannot be achieved quickly' It takes a number of cycles

after the starnrp of a new reactor to achieve the desired cycle (and even then the

cycle undergoes coDstant pernrrbations due to unexPected even6' as described in

the uext secdon). Similarly, any large change in the lengfh of the fuel cycle would

ueed to be achieved over several cycles; at 18 tj24 mOnths per cycle' it could take

many years to implement substantial changes'

At soNcs, balf of the fuel rods are arrrently replaced at each refueling, and

the fuel cycle is 525 Effective Full Power Days (EFPDs). @ecause unexpected

events frequently force shutdowru between scheduled outages, there wilr usually be
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more than 525 calendar dap betwega sgfuglings')

enriched to 4.Lcio a{J.

Longer fuel qcle

The fuel tsed at SONGS is

To achieve a longer fuel cycle, the fuel would need to be enriched to a

greater extent or a higher Proportion of the core would need to be replaced during

eacb refueting. In fact, tbere are few nuclear Power plants witb longer fuel cydes

than SONGS. A 4.9Vo enrichment of a'U, which might allow SONGS to move to a

600 day cycle, is orrently being used for the frrst time at the Calvert Cliffs nuclear

power ptanL but there are no operational data available yet (D' Pilner' penorul

commaticUion). Altbough a longer fuel cycle is tbeoretically possible' Southern

california Edison feels that the c'rrent design represents the state'of'the-art (D'

Pilmer, S[ff', Penonal ammunication)'

Shonufuel qde

There are no technical diffistrlties with achieving a shorter fuel cycle at

soNGS, a8d i8 fud al2-month cycle was origiully planned for the units (soNGS

Final Environmental Statement, 19?3). Horever, SCE onsiders tbe longer fuel

c,ycles to have considerable advantages over the l2'month q'cle' A longer fuel cycle

insreases tbe amognt of electricity generated at SONGS (thereby reducing the

amount of fossil fuel bgrned), decteases operating and maintenance cos1q reduces

theqrrantitiesofliquidandsolidradioactivewaste(someofwhicharediscbarged

into the ocean), and reduces the amount of spent fuel produced and stored at the

site (Nunn 1989).

I
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Modifrcation of oPcrabons

Most importantly, it is not possible to scbedule both units for refueling and

maintenance at the sane time due to safety and logistical corsiderations' Tbrs' at

most one unit could be offline during tbe March/Aptil period' and because of the

possibility of unexpected extensiors of tbe refueling period it is unlikely tbat the

other unit could be scheduled to irnmediately follow.

O,r,erall, there are frnancial, environtnental' and logistical advantages to

longer fuel cycles. As a consequence' SCE has moved away from a 12-month cycle

to the Present cycle of 18 months or so'

FlsibilitY in fuel cYcle

Finally, it is worth noting that there is some flexibility in the length of the fuel

cycle. Althougb the fuel might be designed for, say, 525 EFPD' there is a window of

25 days on either side of the 525 EFPD during which tbe unit could be shut down'

Shutting down earlier or later than the fuel load was designed for bas ramifrcations

for the following cycle: if the unit is shut down early' the fuel assemblies that are

used again in the next cycle have more reactivity than expected' wbereas if the unit

is shut down late these assemblies have less reactivity' The changes in reactivity

would necessitate changes in the design for the next cycle (which requires some lead

time), 3sd rnighl alter the length of the next fuel cycle'

Fuel cycles are designed in terms of Effecdve Full Power Dap (EFPDs)

rather than calendar days. Various unexPected events can occul between refuelingS

that alter the schedule. For example, Table 6-3 summarizes the outages that

I
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occured between refuelings at SONGS Units 2 znd3 for the time period January

1987 and May 1989; on average, unexpested eyeuts cansed SONGS to be offline for

28 dala between sgfuslings. In addition' the actual lsfusling period varies in length

from sycle to cycle, depending primarily on the mainteoance that needs to be

performe4 but also on wbether unexPected work is required' Tbese unexpected

events affest the total tengtb of the fuel cycle'

Table G3

Sumnary of outages 8t SONGS Units 2 and 3 between January 1987 and May 1989'

DA

I
Sche&lcd rcfucling Perids

Outagps bctrccn rcfuclingS:l

Schcdulcd aaintcnalcc

EquiPmcst failure

Adninittttatiw

Opcrator error

Subtotd

I
I
I

36E.3105.6

4

4

4

88.9

55

r99

LO

991

?J.M

2s

0-203

L6fi5

0.0.1

I
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I
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I Notc that data for 3 of thc 4 fuel cyclcs wcrc Dot complctq so this rePrsselts a misimum estimatc'
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ModiBcation of oPerations

clearly, with a rigidly fixed fuel cycle length and unpredictable and varied

outage periods, it would be impossible to schedule SONGS to refuel during all of

Marcb and April in every year. southern california Edison bas developed a Monte

Carto simulatiog to iUustrate this point (A Dykes,penonal commtnication)' Their

model uses tbe probabilities of unscheduled outages (log-normally distributed with a

median of 45 days) and refueting outa$es (ranging from 60 to 270 days' although the

longest observed outage has only been 106 days) to demorstrate the increasing

uncertainty about the startuP and shutdown dates of each fuel cycle with time' This

consideration indicates tbat, regardless of the lengfh of the fuel cycle' it would not

be possible to schedule a fixed cycle period to coincide with March and April every

year.

However, there some flexibility in the length of the fuel cycle, as mentioned

in the previous sestion, that has not been incorporated into the Monte carlo model'

This flexibility could be used to extend ot contract the operating period in order to

be offline during March or Aprit. Furttrermore, substantial savings of fsb could be

achieved even if a unit operated during a Portion of Marcb and April' Finally' it

probablyisnotrealistictoexPectapartiorlarleveloflarval.savingseveryyear

(unless tbe plant is forced to shutdown during a partiarlar period regardles of it

fuel cycte). A target reduction, averaged over three or five years' might be

achievabre by ma:rimal use of the available flexibility in the fuel cycre (perhaps

combined with a somewhat longer fuel cycle)'
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Restricting Plant oPerations

additions to the Planl but would

generated.

would not require any strustural changes or

result inaddit ioualcostsi f lessPo\r 'erwere
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The additional cost to scE would be minimized if scheduted doumtime (for

lgfusling and maintenance) occurred during March and April' Since soNGS must

be down at some time for refueling and maintenance, scheduling refueling dlring

the period of greatest ichthyoplankton abundance would reduce resource losses with

minimal additional costs to scE. However, as discussed in the previous section'

there are technical obstacles to this alternative, both in terms of len$hening the fuel

cycle and in the uncertainty of being able to schedule refueling for any partiailar

calendar period.

TherewouldbebotheconomicandenvironmentalcostsifsoNcswereto

be offline more dap each year in order to avoid operating during sritical periods.

Because soNGS is a baseload planl it operates at full capacity whenever possible;

other scE plans are brougbt online as additional electricity is needed. Tberefore,

whenever SONGS does not oPerate' Power plans that would otherwise be offline

Elrst be operated. ff soNGS operations stopped during a period of maximal Power

demand, the reduced capacity of the entire scE system Eight also be a problem;

however, the time periods proposed here do not encomPass periods of higbest

po$rer demands.
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Modifrcatiou of oPcrarions

Dountime at soNGS would result in additional fuel costs because more

expensive alteraative fuels would be needed to generate Power at other (fossil'fuel)

SCE plants. Estimates of tbese additional costs range from rougbly $4 million per

week (8. Mecb alas, perconal ammwication, 1989) to $7 million per week (Eben

1980), depenrling on the cost of gas; SCE has recently estimated the replacement

power fuel differential to be $1.1 million Per Effective Full Power Day (EFPD)'

Preliminary estimates of the costs of forcing SONGS to be ofrline during all of

Marcb and April suggest an annual cost of $3G40 million ('A" Dykes' penonal

communication).

There would also be additional envirownental costs if scE had to generate

power at other power plans in order to make up for soNGS being offline' These

ptants have higher emissions of air pollutants and are located in more populous

areas than SONGS, so air quality will be degraded' ln addition' these plants have

open cooling q/stems like those at SONGS, so additional organisms will be kilted if

the plants mgst be operated at higher-than'normal capacities in response to lower

power production at soNcs. As noted above, the actual additional losses at otber

plan6, and the overall net loss, depend on the specific plant operated' Plants witb

harbor or canal intakes wourd kill very few additional lar'ae because the seasonal

abundance of larvae at these locations is very different from that at soNGS

(Appendix B). Plants witb offshore intakes would kill more lan'ae' Regardless of

which plant operated to replace electricity that would be generated at soNGS'

there would still be a net savings in larvae because ther flow rate Per MW'

generatedatotherplarrtsisonlyone-halftotwo.thirdsthatofSoNGS.

t
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SONGS could be operated at reduced flow throughout the year' However'

the condenser temPerature is already around 91oF during summer with a nrrbine

back pres$re of.23" Hg (fable tr). Increasing the AT from 20pF to 30oF would

raise the condenser temPeranre to 101oR which would lead to a hrbine back

pressnre of about 2.T Hgand reduced plant capacity. Furthermore' most fish larvae

are less abundant during most of summer (except August; see Appendix B)' The

most cost-effective schedule for protecting fish larvae might be to oPerate at

reduced flow only during the periods of higbest larval abundances (see next section)'

62.1 Potential reduction in losses

Since fish eggS and lanrae are killed when they are brought passively into the

plant with the cooling water' reducing the volume of water flowing through SONGS

would result in lower entrainment of fsh eggs and larvae (Marcy et aI' 1980)' Tbe

savings that could be achieved are related to the reduetion in water flow' As with

rescheduling Plant operations, reducing the flow rate during periods of highest larval

abundances would result in tbe greatest savingF' For exampie' reducing the flow by

one-third during March would save 541 million fsh larrrae, of which 161 million

belong to species with estimated adult equivalent losses >LVo ("AEL

species")(Table G5A), which is about zlgzoreduetion in lar'al frsh losses (table G

sB).

March and April are the months with highest larval abrrndances, but reducing

the flow in February and May could also save more than a million larvae each

month.l\etgvoreductionthatcouldbeachievedbyreducingflowbyone.thirdin
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Table 65

Potential savings of fish larvae from reducing tlow 8t SONGS

A- Data are the total numbcr of lish larvae killed eacb laar under the present o-P"ratiog schedule at soNGS' and

the number that could be saved by reducing ow rhrugb s-oncs uy 
"ne-third. 

TotarAEL spcdes ls the total of

the lit species with cstimated adult equiwlent losses )17a

T TALENTRAII{ED
WITHPRESEI{T

SCIEDUI.E
(dd)

IARVAESAVED WITI{ ONE THIRD l.EssFl,ow (x1d)
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Total

Northern AncbovY

Total minus ancbovY

Total AEL species

030 3.L2 5.41

0.18 28 359

0.12 0.41 1.81

o.B 034 1.61

4.11 1.05 0.43

2.n 0.n 0J0

L.U 058 033

151 0.48 0n

039 0.81 0.48

0.09 020 024

030 0.66 025

026 055 020

0.11 025 0.82

0.03 0.06 0.61

0.08 020 0.15

0.06 0.19 0.l:}

fi.42

31.11

1950

17.m

B. percent rcduction tD lsFsl lish losses from r=ducing nov by one-tbird for ;necrrred 
pcriotls of time'

Total AEL spGcrcs ls the total of the 13 species wltb estimated adult equivaleal ls$es )17a

SPEqES/
Gnour

N{AR
& APR
(2 Mos)

MARCX{
TO }YTAY
(3 uos)

FEB
TOT4AY
(4 Mos)

FEB
To lvlAY
& AUG
(5 uos)

}IAR
TO MAY
& AUG
(4 Mos)

Totd

Northern Atr&ory

Total minrs aachovY

Total AEL sPccies

l:8.gEo

t9S%

{l:7%

L8.4Vo

2tn%

2L.$Vo

nJ%

2L2Vo

tl2Vo

8.4Vo

n8%

82Vo

8.6Vo

D2Vo

262%

%.4Vo

26%

zLS%

u.t%

2A.4Vo
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March and April could be improve d to l7Voby reducing flow between February and

May, and to almost 29Vo by reducing flow February to May and in Augtlst

Reducing flow in February would mostly affect nofthern anchovy larvae' which

deminate tbe icbtbyoplankton during that month; althougb the absolurc nrmber of

northern anchovy larrrae saved would be substantial (230 mi[ies), this species is not

zubstantially imPacted by SONGS. In contrast, reducing tbe flow duing August

would add considerable savings for the species most impacted by SONGS' since

specics with high adult equivalent losses have their third higbest abundance (after

March and April) in that month. Reducing the flow of water througb soNGS by

one-third during the four months with the highest abundances of these species'

March to May and Augfrsl would save more than 400 million larvae of the species

with high adult equivalent losses and reduce tbe impacts to these species by nearly

25Vo (table 65, Figrre ea).

Reducing tbe flow of water through soNGS is a very flexible technique for

preventing losses because, once variable'speed motors and controls have been

installed, flow can be reduced in virnrally any month or combindion of months' ([n

contrast, refueling can only occur fu a single block of time' and any additional

periods ofline would be ornemely expensive') Obviously' the greater the number

of mosths operated at two'thirds flow tbe greater the savingS in fish lanae;

howwer, urore months also mean gfeater costs to SCE' Tbere is no obviots break-

point in the sanngF that could be achieved (whicb night help determine tbe most

cost-effestive nrmber of months with reduced"flow)' but there are diminishing

retums as more months are added (Figure 6a)'
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Snrdies by Thomas et 4L (Lg80) and Marcy et al. (1980) have indicated that

reduced flow lowered the nrlnerability of tbe otder lifestages of fisb to entraPmeot'

However, there are not enougb data to estimate how many fisb nigbt be saved at

soNGS. Ebert (1980) suggess that tbe velocity cap and Fish Return sptem might

not be as effective at lower florv velocities, so that more fisb might actually be killed

at lower flow rates. However, analyses of entrapment data during different flow

regimes at SONGS .indicates that lorver flow rates did not result in higher

entrapment rates (Appendix A of Technical Report C)'

As with frsh larrrae, entrapment of older life stages could Potentially be

disproportionately reduced by reducing flow during the times of highest fish

densities; in reality, only anchovies have a limited period of peak abundances

(Figure 63), so reduced flow could not be timed to coincide with Peak abundances

of older lifestages of frsh.

In theory,-reducing the flow rate through SONGS should reduce nrrbidity'

thereby reducing impacts on kelp and the San onofre Ketp Forest community'

Reducing floil rate by a third would reduce the diffrser jet velocity by a sinilar

amount, and therefore the entrainment near the diffrser Ports would also be

reduced sligbtly. Moreover, less turbid bottom water in partiorlar would be

entrained because the discharged water would become plumelike more quickly due

to its reduced momennrm and higher buoyancy flru (List and Koh 1989)' However'

since the present diffrrser gives essentially 7a0vo mixing with the nanrral cross flow'

List and Koh (1989) believe it is unlikely that the decreased ennainment would be

significant. r
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t
J

622 Technical feasibilitY

Reducing the flow rat; during normal oPeratiolls could be achieved in two

posible ways. The simpler method would be to oPen the recirculation blpass gate

used during beat treatments (see Appendix A) to allow Partial recircrrlation of tbe

6ssling water. Alternatively, the pumP motors and controls could be modified to

allow operation at variable speeds. (Unfornrnately, the condenser design does not

allorv simply shutting down one of the four PumPs' which would be the simplest way

to reduce the flow rate, because each PumP serves a section of the condenser shell;

shutting down one pumP would leave a sec{ion of the shell without cooling water')

Both of tbese methods would reduce the plant ef6ciency by increasing the

condenser temperature above the 20"F for which it was designed, thereby increasing

the nsbine back Pressure. Under normal operatioru Power production is anrrently

limited to ?SVowhen the cooling system has only three circtrlating PumPs operating

(Milter 1989); Power is limited in order to prevent excessive stezm velocities inside

tbe condenser and subsequent nrbe damage (Miller 1989). The plant was desigRed

for the partianlar steem velocities inside the condenser that are associated with a

AT=20.F, aDd it is possibte tbat a higher AT could result in stnrctural daurage to the

planr However, it now aPPears tbat this would not be a problem (Lisg penorul

communicdion).

A major drawback to the higher turbine Pressure is tbe faa that it reduces

ptant efficiency. For exanple, increasing the condenser temPerature to 30"F from

20oF would increase the turbine back Pressure b.y approximately 038' Hg' resulting

in a loss of 10 to tzMW (aboutlvo) of generating capacity (ust and Koh 1989)'
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Southern California Edison engineers contend tbat List and Koh did not consider

that the water-side film coefficient of heat transfer is dependent of water velocity,

that at reduced velocity there would be a much greater effect on the overall AT' asd

that the increase in back pressrue would be 0.99" Hg rather tban 038" Hg (D'

Pilner, SCE, penonal communication). A plant-specifrc model predicts a reduction

of 22 lvf\il/unit (Wharton 1989) or n.4 lvf\il/unit (D. pilmgl, p*sonal

communication ), or about 25 Vo, rather than 1S 12 lvf\il/unit.

In addition, tbe higher nrrbine Pressure could have an undesirable effect on

one of the safety feanses for the hrrbine, the high exhaust Pressure trip' This trip is

anrrently.set at 45" Hg with a pretrip alarm at 35" Hg (Whanon 1989)' Normal

pressure in the low-pressure section of the conderuer varies'between 1'7' to 23" Hg'

Although List and Kob prediet an incnease of 038" Hg Wharton rePorts that the

plant thermat model predicts an increase close to 0'8" Hg and Pilmer Qtenonal

commwication) reports an increase of 0.99' H9 wharton states that this is "a

significant reduction in naryin to trip which increases the likelihood of a plant trip

with possible challenge to plant safety systen"

scE has e.xpressed concern about the potential hydraulic limitations of this

tecbnique @. Pitner, p*sonal commwdcation). As a[rently operate4 the

circulation pumps provide 45 ft of head needed to Erove the cooling water througb

the rystem; tbe condeosers (water boxes) are at 35 fL SCE estimates that reducing

the flow by one-third would allow the pumps to produce only a 20 ft head' so the

water boxes would be at -15 ft head. under these conditions, the qlstem would

oPerateunderavacuum(likeasiphon);SCE'sconcernisthatthe.l5ftheadmight

betoolargeavacuumforthesystemtooPerateproperly.Ifthisisthecase'alesser
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Modification of oPcations

redustion in flow might be necessary; for e;cartple, a20Vo reduction would produce

a 30 ft head, which is likely to be adequate. It is also possible that modifications to

the cooling q6tem or operations, sucb as adding an evacuation systen or

periodically running the qntem at full flow, would allow tbe qystem to be operated

at one-third reduction

Finally, SCE has indicated that there might be unanticipated problems witb

running the pumps at different speeds. These PumPs previously have experienced

problems from torsional vibrations; although solved for culrent speeds' such

problems might resurface if the PumPs are used at a different speed' It is apParently

not possible to anticipate these problem; rather, resonant vibrations would need to

be investigated at different speeds. If vibrations (or some other problem) become

apparent, various modifications or' at worse'

necessary.

replacement of the PumPs maY be

In conclusiorl it aPPears to be technically feasible to oPerate the plant at

reduced f,ow. Reducing florv througb SONGS by instali"lg variable speed motors

on the circglating cooling water pumPs would reduce the energt demands of the

cirorlating PumP$ but also leduce the efficiency of the nrbines due to higber

tgrbine pressures, for an overall net cost of 5 to 7 MW per unit (List and Koh 1989)

or l7lvfw per unit @. Pilmelpenorul commtnication').

In addition to these technical consideratiors, operating SONGS at reduced

flow but full power would require a waiver of current tbermal standards' soNGS'

operating license anrrently limis the AT across tbe condensers to 20"F (seaion 3'b3

of the Thermal Plan). In addition, the thermal standard requires that the plume not
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be wanner than 4oF above anbient at a distance of 1000 feet from the discharge

(Section 3.b.4 of the Thercral Plan). If the flow rate at SONGS is decreased but the

po\per level stays the same, water will be discharged at a higher temperature'

Aszurring tbat water flow was reduced by 33Vo,List and Koh (1989) calorlated tbat

tbe offshore regulation (4.F at 1000 feet) would not be violated, but that the

condenser discharge temPeranrre would increase by ltrF, and a inplant variance

would be required. At any rate, for this evaluation I have assumed that the thermal

standards are not a consideration It is also worth noting tbat the MRC has

concluded that the higher discharge temPerature would be unlikely to affect the

marine environment adversely (Final Report to the California Coastal

Comrrission).

623 Costs

The two alternatives to reducing flow while oPerating at fuU Power' using the

recirculation blpass gate versus installing variable speed motors, differ in their costs'

Opening the blpass gate would not reduce the costs of pumping water tbrougb

SONGS, which is proportional to the ctrbe of the flow rate' The recirctrlation gates

would erode considerably if used in this manner, so would have to be replaced more

frequently (at additional cosS). Finally, wafin water would be discharged into the

intake embayment (as in a heat treatment), whicb might increase the mortality of

older life stages of frsh.

In contrast" pumping costs would be lower if the motors were operating at a

lower speed. Reducing the flow rate through SONGS by one'third would reduce

pumping pou/er demand by a factor of 3.4, for an electric Power saving of 4'7 MW
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Modification of oPcratioas

(List and Koh 1989). Rerofining the pump motors would involve a considerable

capital cost because the existing constant speed motors for the circulating water

pumps would have to be replaced witb variable qpeed motors and controls' List and

Kob (1989) estinate this cost to be more than $3 million per unit' based on their

recent experience with similar horsepower yariable speed motors and controls for

San Diego METRO. SCE has indicated that the costs could !s higher, possibly by

an order of magninrde (wharton 1989). wharton (1989) also points out ttrat tbere

are numerous uncertainties involved with modifyrng the circulating system (e'g.'

possible vibration problems in tbe PumPs at these reduced conditions that would

require pump replacement) that could become significant operational concerlrs

and/or increases in the proposed capital costs'

Beyond the capital costs of retrofitting the pump motors' there would be an

ongorng cost from tbe reduced power outPut of the plant due to the higher nrrbine

back pressures. List and Kob (1989)'estimate that' with the water flow rate reduced

by 33[oand tbe condenser discharge temPerature increased by 10"F' tbe operating

capacity of each unit would be reduced by tvtz lvf\il; tbe electrical demand for

each set of pumps would be 4-5 lvfw lower tban at PresenE for a net loss of

generating capacity of about 5 to 7 MW per unit (List and Koh 1989)' List and Koh

(1989) estimated that the cost of the lost enerry' computed using the current

averaged purcbased enersl cost of $0.0451KwH and an estimated load faetor of

Svvo,would be $1.G22 million Per year per unit' [rivharton (1989) suggests that the

adual replacement Porrer cost wiu likely be bigher by a factor of' 2 on a levelized

basis, and that the actual projected capacity for soNGS.UniS 2 and3 rs 90va based

upon a two'Year fuel cYcle']
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SCE's preliminary analpis indicated that the net Power redustion would be

considerably greater than List and Koh's estimate' about 54'8 tYf\il' for the two units

combined. Using SCE s 1991 projection of the cost of replacement pou/er

(S0.048IKWH annualized cost of burning gas), the net annual cost of reducing flow

for the four months (Febnrary to May) has been estimated to be $5 million for both

nnits combined @. Pilmer, pmonal commnicAion)' This annual cost has a

present value of $25-30 millis*

In addition to frnancial costs, the reduced efficiency of SONGS would result

in some environmental cosB. It is likely that scE would compensate for the lower

output of Units 2 znd3 by increased operation of fossil fuel ptants' As noted in

section 6.13, SCE',s fossil fuel plants have higher ernissions of air poltutants and are

located in more populous areas than SONGS, so air quality in tbe South Coast

Basin will be degraded; however, the amount of electricity that would need to be

generated is quite small, so the environmental impacts would also be small' Some

larvae night be killed at po$/er plans with offsbore intakes if they are openated to

replace SONGS' enerry; however, this would be Uivial relative to the savingS at

SONGS, since a33zoreduetion in flow rate would yield only a L'25Vo redustion in

po\per outPuL

63CombinedApproach:ReschedulingandReducingFlow

A compromise between the ma:dmum protection of frsh lanrae and minimal

disruptionofplantoperationswouldbetocombinereschedulingPlantoperations

witb reducing flow rates. For example, reducing the flow rate by 33Vo in February'

May and August would reduce the total number of fisb larrrae kilIed by nearly 500
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Modifrcation of oPcrations

million individuals , or l}vo. If Units 2 and 3 did not oPerate during March and

April, 25 bilIio n (50Vo) fewer fisb larvae would be kitled' Using these two

techniques together would save a total of 3 billion fish larvae' reducing the overall

impact of the unia 2 and 3 by 60vo. This combination would substantially reduce

the impact of soNGS on species with high adult equivalent losses, reducing larval

losses by 57Vo (827 milli on l48.6Vol from berng offiine and 137 million l8'7Vo] from

reducing the flow). (Note that tbe savings achieved by having SONGS offline in

March and April would be considerably lower if SCE oPerates power plants with

offshore intakes to produce the replacement power')

Combiningthesetechniqueswouldalsobebeneficial i fUnit2alternated

being offline during March and April with Unit 3, as could occur if they operated on

a 24-month fuel cycle. For example, each year the larval fish losses could be

reduced by Z|Voin the unit that was offline in March and April' with an additional

g.SVosavings achieved by reducing flow rate in the other plant during this time' and

ag.gfosavings from reducing flow in both plants in February' May and August' for a

total savings of 44Vo (Tables 6-5 and 6'6)'

Finatly, combining these trpo tecbniques would add some certainty to the

uBcertainty of scheduling refueling periods for SONGS' If SONGS cannot be

offline for normal refueling and maintenance every March and APril" reduced flow

could be used to insure that a minimum number of larvae are saved' since the flow

could be reduced at will'
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Table 5'6

Reduction in ichthyoplantcton entrainment under different llow schedules

and llow reduction"

A Total ichthYoPlanldon
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I
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Modifrcation of oPcrations

6.4 Modification of Heat Treatment Procedures

Biofouling in the cooliqg s,6tem is controlled by heat treatments' Heat

6.eatments are done wben flow througb the system becomes restricted (about every

6 to 8 weets). The power production of the plant is reduced to SAVo during heat

treatments (Miller 1989), and this is costly. However, the use of heat treatments to

eliminate biofoulers gfeatly reduces the need for chlorine treatmenS asd thrs

reduces the a:nount of chlorine discharged into the ocean. Tbe current operational

procedure at SONGS during heat treatments is to recirsglate approximately two-

thirds of the normal discharge flow back through the condenser to allow the water

to heat up to 150"F (41€). The temperature is maintained for about an hour'

When the water is beated, tbe flow is reversed to clean out the intake systert.

The heat treatment procedure kills a substantial number of fsh that were

entrapped but residing in the screenwells. These fish are generally tbe largest

individuals entrapped, include g1any economically important qPecies, and comprise

20Vo ofthe biomass of all fish killed by SONGS' The fisb are killed becatse' for

some reason, they do Bot move into tbe Fish Renrn System before the rise in

temperanre kills them. Initially, many more fisb wpre kitled during heat treatments

because tbe temperanrre was increased too quickly; however' the heat treatment

procedures have been modified so that the temperature is now increased slowly' and

ail of the fish should have sufEcient wa:ning to move into the FRS'

Several modifrcatioru of the current operating procedures might reduce the

loss of fish during heat treatments; however, it sbould be noted that scE s

t



Chapter 6

-t

I
l

procedures have already been designed to minimize the mortality of frsh during heat

treatments; it is nnlikely that any further modifications to'the procedures would

have much effect on losses. The temperature is already raised gfadually during heat

treatmen6, but it is possibte that an even Eore gradual te6Peranre build-up might

be more effective at driving fish out of screenwells and into the collecdon area; the

effecriveness of this procedure could easily be tested. In addition, fish losses might

be reduced if the collection area of the Fish Return System were emptied for a

longer period of time during the warm'up phase of the heat treatment's' since some

frsh tolerate fairly high temperanrres; the effectiveness of this Potential procedural

change could also be tested easily. Finally, survivorship of diverted frsh miglt be

enhanced by insuring'that water is run through the renrrn sluice for a long enough

period of time.

Althouglr these possible modifrcations of the culrent heat reatment

procedure should be teste4 the primary problem seents to be gtd@ the fhb into

the FRS. These procedural cbanges would have little effect on frsh guidance'

potentiany feasible mecrranisms for driving and/or attracting frsh into the collection

are4 sonic devices and ligbt systems, have been diseussed in sections 33'1 and 333'
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CIIAPTER 7

INIR ODUCTION TO REPLACEMENT TECHNIQIIES

Although it is generally best to avoid an impaa if possible (see Chapter 1)'

under some circtrmstances mitigating an impact by replacing lost resources with

similar resources (h-tdnd mirtgation) or by substinrti4g dissimilar resour@s for lost

resour@s (ow-of-lcittd mitigation) is acceptable. The 
fish 

and Wildlife Service

mitigation policy, which is generally followed by resogrce agencies in California

establishes in-kind compensation as the preferred replacement method' especially

for higblyvalued resoruces (USFWS 1981)'

The most promising techniques for mitigating soNGS impacts in'kind are

constructing an artificial reef to replace fub and other reef-associated resources

(chapter 8) and creating a kelp bed to replace kelp (ctrapter 9); tbese techniques

can be combined into constnrcting an artificial reef that supPorts a kelp bed' In

addition, tbe restoration of degraded coastal wetlands (Cbapter 10) would provide

in-kind mitigation for some of tbe fish species inpacted b'y SONGS; at least 15 fisb

species at risk at SONGS occur in oastal wetlands'

The out.of-kinal tedniques that seem most feasible and generally acceptable

areartificialreefconstructionarrdwetlandrestoration.Constnrctinganartificial

rcef would producc reef rcsources &at courd be s.bstinrted for resources impacted

by SONGS. On the basis of existing information, it is reasonable to conclude that

somefisb are produced ou artificial reefr, but it is not possible to predict with

confidence how mueh production occurs' In addition' there is the problen of

equating the resources produced on the reef witb the dissimilar resources impacted
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by SONGS, such as water-colgmn fuh; yet tbese dissimitar resources need to be

coEpared in order to deterEine the size of reef needed. In spite of the difficulties

in determining the size of reef neede4 an artificial reef would be an appropriate

rcchnique for mitigating impacts of SONGS because it would enhance the

productivity of the marine environmenr

Most of the species of invertebrates" algae and fish that are impacted by

SONGS do not occur in wetlands. However, wetlands have zuch exceptional

resogrce value that wetland restoration would be an appropriate technique for

mitigating losses that cannot be prevented or for which no feasible in-kind technique

exists. As with constnrcting an artifrcial reef, it would be very difficult to comPare

tbe resources impacted by SONGS with the value of restoring a wetland'

There are other alternatives for out-of-kind compensation Virmally any

technique tbat produces natural resources could be an appropriate out'of-kind

mitigation tecbnique. Other techniques tbat are discrssed in this section include

fisb hatcberie$ coastal preservatioa' research and water quatity improvement Fish

hatcheries are not considered feasible for mitigating the effeAs of SONGS' and tbe

other three tecbniques do not conform to generally acceptcd mitigation guidelines'

Tbis second seetion of the Mitigation Technical Report evduates the

feasibility of replacemeut tec,bniques that could be rsed to mitigate the irnpacts of

soNGS. Both in-kind and out-of-kind techniques are corsidered' The techniques

considered here have been discussed in other reports to the MRc (e'g', sheeby

1981a, Thum et a1.1983, Anbrose 1986e 1986b, 1987a) and elsewhere; this report

updates and summarizes tbese discrrssions'
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Inuoduaion to repliacament tcchniquas

This section is comprised of five chaPters besides tbis one' Chapter 8

evaluates artificial reefs, including the evidence for fish production on artificial

reefs; artificial reefs could be used for either in'kiDd or out'of'kind mitigation'

Cbapter 9 evaluates kelp bed creatio1 as a means of mitigating kelp bed losses iD'

kind. chapter 10 discusses the restoration of coastal wetlands; although wetland

restoration would produce some in-kind nalue, it would most likely be primarily out-

of-kind. Chapter 11 evaluates the feasibility of using fisb hatcberies as mitigation

Finally, Chapter LZ evaluates otber mitigation techniques, such as coastal

presenratiorq researcb and water quality improvement'
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CHAPTER 8

ARTTFICIAL REEFS

Summala

The main concftsions from this chapter are: Properly desigRed afiificial

reefs can suPPort communities of fis\ invertebrates and algae that are similar to

those found on natrual reefs. Tbe production of sessile and sedentary organislDs

(such as invertebrates and algae) is incteased by artifrcial reefs' but the asrount of

fuh produced by (as opposed to attracted to) artifrcial reefs has not been

determined. There is clear evidence that some asPests of production, such as

resnritment, are enhanced by artificial ree$, but tbere may also be negative effects

from increased fishing mortality. Most cogceln about fish production on artificial

reefs has focused on small artificial reefs and artifrcial reeB constnrcted from scraP

materials; a large artificial reef constnrcted from quarry rock would likely

circumvent the limitations of tbese small reeB. A large artifrcial reef could furnish

Erany different tlpes of habitats and an increased variety of food resources for fish'

Fish that are tlansietrts on a small reef uright remain as residents on a large oue'

Fishing mortality night be reduced on a large reef sine it would not be as attractive

to fishermen if fish densities are lower and fisb are not concentrated in a small area

Thus, in spite of the unresolved question of fisb productio+ it seems likely that an

artificial reef that mimics the size, configuration and location of a natural reef would

provide sgitable in-ki1d mitigation for impacts to the natural reef' Tbere is more

rrncertaintyassociatedwitbusinganartificialreefasout.of.kindmitigatioubecause

tbere are no quandtative data on tbe amount of fish produced' Nonetheless'

properly designed artificial reefs (either with or witbout kelp) that are sufficiently
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Chapter I

largecertainly Produce resources' and so rePresent' along with wetland restoratioD'

one of the two best available techniques for enhdncing marine resources'

Introduction

Artificial reefs have been constructed for cennries, althougb their

widespread use bas only ocanrred in the last 2&30 years' The recent popularity of

artificial reefs is linked to tbe perception of their usefulnes as a fisheries

manageEeut tool and the desire by various govemment and private organizatioDs to

increase fuhing luccess. Because fish are found around them and benthic organisms

(algae and invertebrates) grow on theq anificial reefs have been coruidered as a

potential mitigation technique for at least 10 years (Swanson et al' 1978' Stephens

and Palme r !9|9,Sheehy 19814 Grove 198e Grove et aI' 1983, Spenisl and Pisanti

1983, Thum et at. tg83, Alewas and Edwards 1985, Davis 1985)' Several 'mitigation

reefs' have been constructed in California and other states (see Table 1-1)' For

example, in 1981 a small artificial reef was constructed from concrete pipe in San

Diego Bay to mitigate a fill projecq atrd THUMS' reef in Long Beach Harbor was

built i! 1982 to mitigate dredgrng 3ad filling in the harbor' Recently' a 7'aste

artificial reef (witb rock covering 35 acres) was constnrsted in Washington to

mitigate for the loss of 7 acres of breakwater (Hueckel 4 at' 1987} In spite of tbese

application$ soEe resour@ agencies question the actual contributiou of artifrcial

reefs to fish production (J. Fancber, U.S. Fish and Wildtife Service' pasonal

communiUion), and tbeir implementation in mitigation remairs controversial'

TheMRChasmadetworecommendationsaboutartifrcialreefs.First'the

MRC has recomrnended that a bigh-relief artificial reef be one possiblg ngans of
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41ifiaial ysefs

mitigating midwater fish losses cagsed by SONGS; this reef would serve as out'of-

kind mitigation. Second, the MRC has recomrnended that a low-relief artificial reef

witb kelp be built to mitigate SONGS' impacts on tbe San Onofre Kelp forest

community. This chapter coDsiders issues that concern both of tbese applications'

Most of tbe discussion is relevant to both applications, but wbere appropriate I

distingpish between using reefs for in-kind versgs out'of'kind mitigation Also note

that the MRCs recomneudatiou for in-kind mitigation requires that the artificiat

reef support a kelp bed; tbe general evaluation of using an artificial reef for in'kind

mitigation is given in tbis chaPter, but the technical feasibility of cteating a kelp bed

on an artificial reef is discussed in Chapter 9'

Tobesuitableforuseasin.kindmitigationartificialreefsmustreplacelost

resources witb new, similar resources. Two aspects of this requirement' the

similarity of anificial reef comrrunities to comrrunities on nanrral reefs and the

production of resources (especially fish) o11 ar artificial reef' are discussed in the

first two sestions of this cbapter. Tbe production of reef resources (Section 82) is

also a major concern for rsing an anificial reef as out-of'kind mitigatiou' The third

section of this cbapter disctrsses asPects of the design and location of artifrcial reefs

(including cost), tbe fourtb section reviews information about tbe impacts of

artificial reeB on soft-bottom comrrunities, and the last sedion provides an overall

enaluation

Pra,iotts MRC snrdrigs

TheMRChascornmissionedseveralstudiestoevaluateartificialree8asa

potential technique for mitigating the effects of soNGS (Sheehy 1981a' Thum er aI'
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1983, Ambrose 1986a). In addition, the MRC sPoDsored several field programs tbat

collected data on artifrcial feefs. I-ockheed Ocean Science Laboratories (I3SL

t983 q b and c) and DeMartini (1985, 1987) have conducted detailed snrdies of

Pendleton Artificial Reef (PAR). Ambrose conducted a sufvey of artifrcial and

natural reefs througbout southern california in Fall 1986' Results from the survey

are $mEarized in this report and presented in more detail in Ambrose (1987a'

Ambrose and Swarbrick 1989); the methods rsed are sulmarized in Appendix C

8.1 Similarity of artificial and natural reef communities

Mauy snrdies of artificial reefs have compared communities on artifrcial and

natgral reefs (for a general review of frsb snrdieq see Bohnsack and Sutherland

1985). Most of tbese stgdies focgsed on reefs made Aom man'made materials

(including tires and concrete). There have been very few comparisons of artificial

and nanyal rees in SOuthern California In this section' we discuss (1) tbe

community struc$re (i.e., species diversity and composition) of assemblages on

artificial and nansal rec$ and (2) the densities of fisb on tbe two reef qpe$

E.1.1 ConmunitY strucfur

Tbe similarity of fish communities on artifrcial and nanral rcefs can be

assessed by comparing the composition and species diversities of asselblages on the

two types of reefs. The zuwey by Ambrose (198?a) in Fall 1986 represents oBe of

the most detailed comparisons of community strudure on artificial and nanral

reeft, and these data are presented in this sedion

'l
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Arti$nal recfs

Forty-one species of fisb wcre samPled on the reefs during the Fdl 1986

survey, witb more species found on artificial ieefs (Mean=l8'?) than oD natural

reefs (Me an=ll2;Table 8-1). The difference in total species ricbness was a result

of sigprficantly highgl qpecies richnes Dear. the bottom or artificial reefs

(Mean=153 rre. 10.9 species on nanrral reefs). Althougb higher species richnes on

artificial reefs has been reported previously (Stephens et al' Lg84)' most snrdies have

reported equal gr higher species richness on nansal reefs (Randatl 1963' Fast and

Pagan lgl4,Smith et at. tgfl} Alevizon et 611.lgss,Burchmore et aI' 1985' Matthews

1e8s).

Most fish species were found on botb artifrcial and natural reefs, altbough a

few qpecies were found on a bigher ProPortion of one tlpe of reef than on the other

(Table &2; Arrbrose 1987a). Most cogrmon species were found equally often on

both reef types. For exaqPle, kelp bass, black zurfperch, blacksmith' California

sheephead, senorita and rock wrasse were found on virnralty all reefs' opaleye and

pile surfperch were the only relatively commog species that ocssred on a bigher

proportion of anificial reefs than nanrral reefs'

Clusteranalysiswasrrsedtoindicatethesimilarityofthefshassemblageson

different reeB (Figr'e g-1). some pain of artificial reefs clustered closely together

(e.g.,TorreyPinesandPendleto&andMarinadelReyandHerrrosaBeach),

indicating tbey were quite similar. However, artificial reeb as a whole did not

segregate into their owD cluster at higher levels, as would be expected if tbe fish

assemblages on tbem were not similar to tbose on nanrral reefs' In fact most of the

clusters containing nanrral reefs also contained some artificial reefs'
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Tabte &1
Species richness and density;fiaf on artincial and n8turel neefs'

Bcntbtc rnd retcr coluna spcdcs richncss ras dctcrolned lron bcstbh end ratcn'coluEr trrlsccts

(Ambruc l9&/a). Total richncrs * J bdudcs aff spcUcs-rccorOca b bcstbic tr:ruccts' tlttr€lull

trarsc.,ts, end frsb{cngth samplcs" Totat s@cs ti.b"c""^i;-Ghl" spcdcs lth"eat 
nr= slgnlficently

dttfcrcot b.fiEGD udfidsl rnd nabnt J-Crotrr, t = e.n,u d{,P= o'noo; B€nthle t s {J5' a df'P

= 0JXXlrl). Fon dcustttcs, rttldstd.*or, -oia not bc cslcd;tld for mtcr colunn ranplcs duc'to ncthods

uscd to sanph dltrcrcnt llfcstags (scc Anbrsc l9t?a). D."rib,-; tbc bcuthoc ms signlflcrntly dltrcrcnt

bctrccn.rdtrdd ud nalrnl rtUs tt = 354rA df' P = 0lnA)'
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Artificial rccfs

Table &2

Occurrence of species of trsh on srtilicial and natural rcefs.

T,he proportions of srtiticisl or Datalat r=efs on cbierb a spccics occurre4 tnduding dl

lifestagps of tisb seen in bentbic and watcr column trarsccts and tish leEgth sanplcs

(Ambrose 19t?a). Spocies thst aFe fisheil ati, -.-"rcially or for sport arc lnitlcatcd by s'

SPECIES COI,${ONNAMES
- IIEEFTYPE-

AXnnctAL I'hnrnal

I
I
t
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Scoryaanagunau
Sebastes atmvinns
Sebastes saiceps
sebastes sermnoides
Sebastes car'' |gtlts
Sebostes niniaats
Sebastes rasmlligu
Sebestes cauinus
OryIebius pkus
S corpuicltthYs msrnuatus
Pamlabrs clatlvaats
Pomlabrs nebulifa
Traclurus synmeaias
Anis otremus doyidsor;tii
Qteilotrcms sanurut rl
Ginlla nigricotts
Medialwu califomiasis
Embiotor'o iac.kuti
Phancrdanlurcaus
DuulidttltYs vocca
Hypsttnts cuYi
Rhocochihts tuates
Btsclryistitts IffieLJ
HypsyPPs rubianfuts
Quontis pwtaiPbllnls
S cmic o s sYPl*ts Pttldcr
Arylulis califonica
Halichoens senricinas
Lythryprws tuIli
bryphoPterus nidtoHi
Pl*roni&tltYs annosts
Microstomus Pacifiats
PamlichthYs califonias
Hetemstidrus mstonls

' Gibborzsia sPP.
Altoclints holdei
Atheini&
Hetmosilla @tnos
Rathbunella sPP.
Sarfu chilicttsis
Tdalds scmifasciao

Spotted scorPioufstf
IGlp roclfishs
TrcefsF
Olive rockfishs
Gopher rockfisbs
Vermilion rockfshs
Grass rockfrshs
Copper rockfshs
Painted grcenling
Cabczoss
Kplp basss
Barrcd sand basss
Jack maclercF
SargoF
Blacl croalct'
OpaleYC
Halfmood
Black surfPercts
Whitc surfPcrcb
Pile surfpcrchs
Rainbor'; surfPerchs
RubbcrliP surfPcrch
IGlp surfPcrch
Gadbddi
Blaclrslnith
Califomia shccPhcads
Seoorita
Rocl *rasse
Bluc-bandcd gobY
BlackeYc gobY
Turbots
Dowr soles
Califoraia halibuts
Giant LclPfish
I(elpfsh sPP.

' Island kclPfsh
Jacksnclt, ToPsnelts
ZcbraPcrchs
Ronquil
Pacific boniloF
LcoPard shatlf

0.06
0.19
0.06
0.19
0.06
0
0
0

050
0.06
LM
0"88
038
038
0.06
056
081
1.00
0.13
0"69
0.63
025
0.63
0.69
0.75
1.00
088
iln
025
031
0'06
0

0.06
025

0
0.13
0.13
0.13

0
0.06

0

0.40
OA

0
0.?0

0
0.10
0.10
0.10
0.60
020
LM
080
0r0
0.70

. 0.60
1.00
0.90
LM
050
LM
080
0.60
050
0.70
LM
080
0"90
1.00
0.40
0.CI
0.10
0.10

0
030
0r0

0
030
0r0
0.10

0
020
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Artificial recfs

The data from Ambrose (1987a) indicate that, overall, the composition and

diversity of fisb assemblages on artificial and natural reefs in Southern California

were similar. These results agree with npmerous otber stgdies comparing artificial

and nanral reefs that have found a general similarity in the fish assemblages

(Russell Lg75, Jones and Thompson 1978, Molles t978, Bobnsack 1979, 1983q

1983b, Walton tgTg,smith 4 at. tgZg, stone 4 at. Lg7g, Gascon and Miller 1981'

Stepbens et at. Lgu. Alevizon et al. tgSs,Mattbews 1985).

Although most attention has been focused on fish, tbere are also some data

on algal and invertebrate assemblages on artificial and natural reefs' The

similarities of artifrcial and nanrral reefs are summarized here, with a detailed

evaluation glven in Anrbrose (1987a) and Anrbrose et 41. (1987>.

The algal comrrunities found oD artifrcial and natural reefs were

quantitatively differenL Perce1t cover or density of most gfouPs of algae was higher

on natural reefs than on artificial ones. Giant kelp (Maerocystis pyrifera) occurred

more frequently on nangal ree|g- (70Vo of nanrral reefs compared to 40Vo of' the

artificial reefs), and the density and size of giant kelp ptants also tended to be

greater on na$ral reefs (atthougb the differences were Dot signifrcant)' Mean algal

heigbt was greater on aansal reefs because of the high cover of foliose red algae

and kelps. Algal assemblages seemed partiorlarly sensitive to location and

placement of artificial reefs. For example, much of the differences between

artificial and natural reefs can be erplained by the depths of the reefs, with the

shallowest reefs (the brealcwaters, Pitas Point Artificial Reef and Torrey Pines
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'l

I
Artificial Reef) zupportiag relatively higb densities of algae. Watel nrbidity may

also have influenced the algal assemblages.

Overall, the inrrenebrate assenblages on artificial and naAral rees were

quite sirnilar'. The cover of sessile invertebrates, partictrlarty bryozoans' and the

density of the gorgonian Lophogorgia tended to be higber on artifrcial reeB' while

anemones, bivalves, the snail l<elletiT keltdii and the red urchin StronglocaXrottts

frutciscarus had higber densities on naftral reefs. Total invertebrate density was

not significantly different between tbe nro reef tlpes'

t.12 Fish densitY

Mary shrdies have found that densities of fish are higber on artifrcial reefs

than on natural ree& (Fast and Pagan tg|4,Russell lg7|,Smith et al' 1979' Wdton

LgTg,Stephens d al.[g[, Iaufle and Pauley 1985, Mattbews 1985)' In Califoraia

Pendleton Ardficiat Reef (PAR) has been the subject of several investigations'

Jessee 4 at.(1985) reported a higher density of fish on PAR than oq nro nearby

natgral reefr, Las Pulgas Reef (IJR) and San Ono&e Kelp Bed (SOK)' The

Californira Department of Fish and Game (CDF&G) also compared PAR and LPR

and fonnd a higber Jensity of fish on PAR (Iogstad 4 al' 1986)' DeMartini (1987)

fognd that PAR bad higber density and biomass density of fish than SOK but noted

that the standing stock (total number or biomass) on PAR was mucb lower because

tbe artificial reef was much s;sraller'

In the sunr€y of reefs in Southern california by Arrbrose (198?a)' benthic

fish generally had higber densities on artificial reefs than on nanrral reeB (Table 8'
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Arti6cial rcefs

1). Mucb of the differeuce in density was due to blacksnitb (Ctromis pwaipbnis)'

Blacksmitb densities on three artificial reefs were particularly high (697' 529 and

2g7 frsh/L000 m3 on PendletoD, Torey Pines, and Newport Beacb artificial reefs'

respectively). In contrast, density 1125 thiq higb on only one natural reef (300

fish/1000 m3 on Palos Verdes). However, the obsenred panern in fish densities is

not entirely due to blacksnith; the density of sport fisb (which does not include

blacksmith) was also signifrcantty higher on artificial reefs (mean=145/1000 m3 vs'

80/1000 m3 on nafiral reefr, t=3.946, df.=22.L,P=0.0007; fractional df result from

Satterthwaite's corection for unequal variances)'

The densities of fish iD tbe water colulDn were highly variabb on both

artificial and nanrral ree$, and there was no significant difference between the tn'o

reef t1pes.

Previous strdies have often shown that fish density is much higher on

artificial reefs than naturel reeft (for review, see Bohnsack and Sutherland 1985; for

an exceptio1, see Burchmore et sI. 1985)' The consistency of this pattera is

somewhat surprising given the wide rrariety of reef tyPes that have been snrdied

(including reeft oolstnrcted from 1fugs,, boats, quarry roch and ooncrete blodrs'

rubble and pipes), suggesting that placement features (i'e., piles of material that are

isolated from natgral rocky areas) rather than specific construstion materials may be

contributing to the general Pattem of higb fish richnes and density'

.Randal l(1963)arrdRussel l(1975)suggestedthattheposit ionofanart i f ic ial

reef in the surrounding habitat was an imponant determinant of fish density on the

reef. Artificial reefs are usually placed on sand plains' isolated from nanrral roclry
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areas; they are also usually fairly small" wi& a high perimetet't(>area rat'o' Both of

these factors nigbt influence the size of the area'srurounditg a reef from which fuh

are attracted to the reef. Assuming fish are attracted to a reef from a set distance

(zu& as 300 q as rePorted by Shimizu [1981D, small reefs will attract fish from a

Iarger are4 relative to reef size, than large reefs. For example, if the radius of an

ardficial reef is 10 m and it attracts fish from 300 m away, then the ratio of area of

attraction to reef area is 960:1. If &e radius of the reef is increased to 100 m' tbe

absolute area of attraction increases, but the ratio of atUaction area to reef area

decreases to 15:1. If tbe radius of the reef is increased to 1000 m' the ratio

decreases to 0.69:1. Small reefs will attract fish from a proportionately larger area

than large reeB, so the fish atnacted to the reef will occur at a higher density on the

reef.

This putative relationship between reef size and area of attradion may

explain why the artificial reefs tbat have been shrdied (which are smatl) generally

have higher fish densities than most natural reefs (which are large): the artificial

reefs night be attracting frsh from an area that is large relative to their size' Tbe

density of fiqh on a large artificial reef might be lower &an on a small pef (and

similar to densities on large nanrral reefs) becarse of the relationship benreen reef

size and the area of attraction-

In addition to placcment feaftres, the design of artificial reefs, especially

their greater stmctual complexity (Smith 4 al' lng), may contribute to higher fish

densities. Jessee et 't1. (1985) attributed higher frsb densities on Pendleton Artificial

Reef to tbe relief and height of the reef, but also noted that the ratio of reef surface

areatoreefperimeterandthedistancetoneighboringreefsandhardbottomaleas
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could be important. At present, we lxrow too little about the behavior and

population biologr of Eost Southern California reef fisb to identify critical aspecls

of reef design- However, two species that were abundant on artificial reefs'

blacksmith and barred sand bass (Psalabrs ndttlifer), deserve partiarlar mention'

Blaclsmith rely on boles and crevices for shelter @beliag and Bray 1976' Bray 1981'

Anderson et at. tgSg); anificial reefs bave abrrndant shelter sites in the interstices of

their rocks tbat seem to be ideal for blacksmith. Barred sand bass were forurd

predominantly along the perimeter of all reefs, at tbe sand/rock interface' Because

of their design, artificial reefs have a lelatively longer Perimeter per unit area than

natural reefs, and this may explain the higher densities of sand bass on artificial

reefs.

Onefinalaspectofartificialreefsthatmayinfluencefishdersitiesisthe

biological commgnity growing on the reefs. One of the most conspianous

characteristics of nany reefs in southern c-alifornia is the Presence of giant kelp

(Macroqstis pyrifera),a large brown alga that forms a surface campy' The presence

of glant kelp did trot influence our comparison of artificial and nanral reefs because

gant ketp density on the reeft we sarrpled was Dot significantly different on the two

reef tlges (Ambrose 198?a). However, our data (Ambrose 1987a), along with a

number of other shrdies (Miller and Geibel 1973, coyet !979' Larson and

DeManini 1984, Bodkin 1986, 1988), indicate th* Maaocystis strongly influences

the assemblage of fish iD the water column, and thus is a key fastor in deterrrining

theoverallfishcommunityonareef.Therefore,theabilityofanartificialreefto

support giant kelp should be an important corsideration in the design and planning

of the reef.

TN
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Althougb Fant kelp is clearly an imponant influence, frsb assemblages qm

be zurprisingly insensitive to tbe biological characteristics of artificial reefs' For

example, fishes appeared at PAR within dap after reef placement (Grant et al'

1982), long before there was any biological structure on the reef' Moreover' tbe

Nmber of fish qPecies at PAR increased quickly during a time in which the

invertebrate and algal community was dominarcd by the encrusting bryozoan

Cryptoarachnidiumand algal turf (Ambrose and Anderson 1989)' It seems that the

fish assemblage was not dependent on the cover of partiarlar "babitat'forming"

species. Instead, physical stnrshrre apPears to be at least as importurt in attracting

fishes as the developing invertebrate and algal communities (see Helvey and Dorn

1981; Helvey and Smith 1985).

The general lack of relatiorship between fish abundance and the biota

ocanrring on PAR and otber reefs (e.g., Holbrook et at'inpt"ss) Presents a dilemma

with regards to enaluating the amount of 6sh produced on the reef' It seens logical

that, as an artificiat reef sgcb as PAR developed more and more fobd resources for

fisb it would be contributing to greater and greaier frsh production' However' fish

were abundant on PAR beforeit prorrided much food; tbese high densities must have

stemmed from tbe attraction of fish to tbe reef' The Presegt high 6sl densities on

PAR may atso re$rlt (tO sone unloown degree) from its afirasdvenes to frsh' so

the existence of food resources does not guamntee tbat the reef has increased net

productivity of fub nor that all of the fish on the reef were Produced on the reef'

a

TheinvertelrateandalgalspeciesonPARmaybemoreimportantasfood

andshelterforyoung.of-yearfishestharrforolderlifestages.FishdidnotrecTuitto

pAR until it was two and a half yean old; it is posible that the resnritment habitat
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at pAR was not suitable before this time

1e8e).

(DeMartini 198?, Ambrose and Andersou

8.13 Discussion

The values of artificial reef enbascement effors have been based primarily

on the abundances of fishes and economically important invertebrates such as

abalone and lobster (see Bobnsack and Sutherland 1985)' Ngmerous shrdies have

indicated tbat artificial reefs suPPoft higber fish densities tban some natural reefs'

The comparatively higher densities at artificiat reefs have been used to suggest that

they are beneficial to fishery management. Whether this is the case depends on the

factors that cause the higber densities on artificial reeB.

The abitity of artificid stnrcnres to attract fsh, and hence increase fshing

success, is well established. krge numbers of fsh aggegatearound Fish Attrac'ting

Devices (FADsxKtima and wickham TgTL,Brock 1985), whictr are simply ratu or

underwater tites" that have no resources for fish, and many shrdies have reported

significantabgndances of adultfishshortlyafterareef hasbeenconstnrcted (Turner

et a1.1969, Fein and Morganstein 1974, Russell et aI' tg74' Russell 1975' Molles

1978, $shncasf, and Talbot 1980, Ranasinghe 1981' Tubb et at' t98L' wilson er aI'

1gg1, walsh 1gg5). However, FADs are so structurally simple that they could not

be increasing recnritment, growttr or survival' and the fsh found on artificial reefs

soon after constnrctioq partisularly large individuals, are clearly not produced

there.
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It is generally acloowledged that the higb density of fish on new artificial

reefs is due primarily to aggegation; the implication is that older reefs, with more

mature biote have produced the higb densities of fsh. However,'higb densities of

fish on older reeft could also be due to aggregation. Some older artificial reefs'

nrch as the Newport Beacb Artifrcial Reef, bave virnrally no algal or invertebrate

populations that could provide food for fisb yet still have higb densities of fish'

Other reeft, sucb as the Hersrosa Beacb Ardficial Reef, uot only have few food

resources but also have an oPeB strucnrre that provides little shclter' yet fish occur

at high dersities. The behavioral responses of fhh that result in higb densities

around FADS may also be responsible for high densities on artificial reefs'

Therefore, the preseuce of high densities of fish even on reefs that have abundant

resources, does not guarantee that the reef has increased net productivity of fish'

nor that alt of.tbe fish on the reef were produced on the reef' The evidence for fisb

production on artifrcial reefs is discussed in the next secdon

A distinction between density and abgndance Deeds to be made' DewW is

the number of fish in a defined area (e.g., no./1000 m) regardless of the total area

of habitat, whereas obttttdozce is the total ngmber of fish in a prescribed area

(usratly the areal extent of the reef or babitat oramined)' This distinctiou in

termiaologr is important, especially with respest to mitigation For mitigative

purposes, there is no nrbstinrte for rcalistic estimates of production' but when zuch

esdmates do not exisL abundance would be bener than density for indicating

mitigative value in comparisons of habitats of unequal area (DeMartini 1987'

DeMartinietal.|g8g:ArrrbrosearrdSwarbricklgSg).
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Density-abundance relatioruhips at Pendleton Artificial Reef (PAR)

illustrate a coucepfirally simple but nonetheless important coDsideration for using

arrificiat reefs as mitigation for impacted nangal-reef habitas. Both density and

abundance estimates were determined at PAR and San Onofre Ketp Bed (SOK) in

1986 (DeMartini 198?, DeMartini et sI. tgSg). Overall" the densiry at PAR was 25

times greater than that at SOK However, abundancp at SOK was 27'26 times

higber than at PAR due to its much greater size (approximately 88 ha at SOKversus

L2 ba at PAR). As'with numben, the total biomass at SOK and PAR gives a

clearer picture of mitigative value than biomass densities (the weight of fish per unit

area). Tbere was a much higher ProPortion of juvenites at PAR (70Vo) than at SOK

(l}Vo). The combination of higher dersities but smaller fuh at PAR resulted in

comparable biomass densities between PAR and SOK However' the total biomass

of fisb was about 75 times greater at SOK because of its greater area'

pendleton Arti6cial Reef, conceived as a means of evaluating the potentid

of using artificial reefs to mitigate coastal impacts, has been evaluated in Anbrose

and Andenon (1989). Although PAR was not inteDded to serve as mitigation for

soNGS'impacts, it is instnrctive to consider howwell it would serve such a PurPose'

An erraluation of PAR's potential to Provide iD-kind rePlacemeDt of impacted SOK

resources must include a comparison of similar resources between PAR and soK

However, the necessary degree of similarity is subjea to different interPretatiolg'

resulting in divergent views of PAR's worth' For ocample' similarity in a fub

assemblage could be assessed in terms of overall species composition' total fisb

numbersorbiomass'orone-to.onereplacementatthespecieslevel.
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At what level of similarity should PAR be evaluated? At a general level' the

fuh species comPositioo at PAR was similal to that at SOK (DeMartini 1987)' A

cluster analysis (Fig. 8-1) based on fish assemblages indicated that PAR was

basically similar to other Southern California artifrcial and nanral reefs (Ambrose

198?a). In this analysis, the fish assemblage at PAR was most similar to two other

artificial reeft (Torey Pines and Newport Beach), but it was also similar to a

number of natural reefs, including Two Man Rocb ks Pulgas Reef and Barn Kelp

in the San Onofre regiotl

However, there are considerable differences in the relative densities of

species between PAR and SOK (Table 8-3). The density of blacksmith was

extremely high at PAR. This fish represented a major portion of total fuh numbers

at pAId and also accounted for 9|Voof the total estimated production of young-of'

year fishes (DeMartini 1987), yet was virtually absent from SOK Garibaldi were

also common at pAR but absent at SoIc Conversely, SoK had much higher

densities of senorita and kelp bass than PAR' These differences in the relative

densities of species are reflected in the cluster analysis, whicb indicates a relatively

low degree of similarity betwcen soK (soKM in Figure &1) and PAR'

Wbrydothesemarkeddifferencesindensitiesexistbetweenthetworeefs?A

likely explanation is that they rezult from the interaction between the physical

characteristics of soK and pAR, and the microhabitat associations and habitat

requirements of partiarlar fish species. PAR is composed of high-relief rock piles

with numerous crevices between boulden. The crest, slope, perimeter (ecotone)'

and sand are clearly defined microhabitats that were samPled at PAR' Tbe fish on
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Table 8'3

Ihnsttics(no./rfi}m2)ofsclcctfisbspeciesrtPendletonArttficlslRccfGAR)euit
at tro locations (soK out, soK r!) withb tbe san onofir Kctp Forcst GoKl'

Data fton lhMartini (19t7).

PAR SOKour SOKTN
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Blaclsnith

Gadbaldi

Kelp bass

Seuorita

963.9

11j]

4.6

30.0

LI

0

60.8

746,J

<0.1

0

79.r

2808

Table 8-4

Ihnsltics (no./l0fl) d) of rdccr nsb spccics ovlr mlcrobsbltsts at Pcndleton Artlfrcial RlGf caR)

and gt the San Onofit Kclp Fonst tSOil. 1be crtst' slope, and perimetcr (= ccotone)

micnobibttats corarEpond ro sanplcd sttatr rt PAR ltc canopy uicmbabltat repr:scnts tbe

upFr 3J m of ratcr 
"oto.o 

wlthi; te tcetftorest' and tbe botton is dcfrned as tbe sca Ooor and

ratcr colunn up ro 15 n la heigbl o"tt iot-i,g1 and SOK ar: fiom lhMartiui (199) and

Tcchnical RcPortJ.

-PAII-

C"EST STOTE PERIMETER

€ soK-

CAt{oFY Bcnrou

BlacLsnith

Gatbaldi

I&lpbass

Senorita

7gs

n9

9J

u}A

N:I

4J

LI

BS

v9

0.9

1.1

15.0

0.1

0

5.02

66.9

1.1

0

15.4

38.9
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PAR use tbese miqrohabitats differently. For exarrple' botb blaclsmith and

garibaldi were most abundant on the crest regions of modules (fable 8-4)'

In contrast to PAR" SOK is a cobble'bottom kelp forest that has virnrally no

vertical rock relief and few crevices and interstices, but it has Maooqstis canoPy as

well as bonom microhabitats. (Tbe canopy includes tbe upper 3 m of water colum!'

where Mrcrocy*is fronds form a mat'like layer at the zurface') Blaclsmith and

garibaldi were essentially absent at SOK (Table 8-3), perhaPs due to the lack of

high-retief rock alld crevices for shelter. Senorita were the most abundant species at

soK perhaps because of their strong association with giant kelp (Fedet et d t974;

Bernstein and Jung 1979). Few senorita' other than young'of'year, were observed at

PAR. Kelp bass were also more abundant at SOK (Table 8-3), and most were

found on the bottom (Table 8a). Two other species at SOK that are closely

associated wrth Macrccystis, the kelp perch and the giant kelpfhh' were Present at

soK but absent at PAR, wbere there is no Maoocystis.

Tbe dissimilarities between pAR and SoK suggest that PAR (or a reef like

pAR) has only timited ability to sewe as in-kind mitigation fol impaos to fsll at

soKMostofthedissimilaritiesseemtoresultfromthedifferentmicrohabitat

t]?es occlrring at PAR and SOIC PAR's limited ability to sewe as in-kind

nitigation does not mean that a different artifrcial reef would not be suitable' since

no artificial reef has yet been constructed with physrcal characFristics similar to

those at soK it is not surprising that no artifrcial reef has a fub assemblage that is

very similar to the assemblage at soK (Fig' 8-1)' Nonetheless' a low-relief artificial

reef could be built; the assemblage on such a reef would likely be more similar to
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SOKs (especially if it supported a kelp bed), and would be mucb more suitable for

in-kind mitigation of SONGS' effects ou SOIC

Mitigative vahte of Pendleton Anificial Reef

Pendletou Artificial Reef was coDceived as a test of tbe mitigative potential

of artificial reeft ratber than to actually serve as mitigation Nonetbeless' it is of

interest to assess the actual mitigative value that PAR migbt have' In this section'

we briefly evaluate PAR's ability to sewe as in-kind mitigation for the effects of

SONGS on tbe San Onofre Ketp forest (SOK)'

Two important resources that would be impacted at soK and the most

amenable to in-kind replacement by artificial reeft, are giant kelp and the resident

fsb assemblage. Kelp provides habitat for many species of invertebrates atrd fuhes'

and fish abundance is nearly atwap central to mitigative consideratioDs of artifrcial

reefs, undoubtedly because of the economic importance of commercial and sport

fisheries. Giveu that kelp and fishes are important resources' would PAR

adequately comPensate for their los?

Apers is tents tandofke lp(Mrcroq*borPterygophom)wasDever

established at PA& deqpite uansplant efforts (Ambrose and Andenon 1989)' The

lack of kelp probably affected the abundance of fishes such as senorita' kelp percb'

grant kelpfisb, and young-of-year kelp bass. similarly, tbe abundance of certain

invertebrates associated with kelp must also have been low' It is clear that PAR

could Dot sen|e as in-kind mitigation for giant kelp and the organisms associated

with it.
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Although kelp could not be replaced, it is possible that the fish assemblage

observed at PAR could serve to mitigate fish losses at SOIC However, the uumber

of fish produced by the reef (as opposed to the ngmber attrasted to the reefl is very

rlifficult to assess. A maximum estimate of production can be made by assuming

tbat all of the individuals on PAR have been produced on PAR. It is likely that

some fraction of tbe fish on PAR (perhaps a large fraction) is attracted to the reef,

rather tban produced on it, so this estimate is undoubtedly too high (DeManini

1987). However, even under this assumption PAR falls well short of SOK in fish

abundance: the standing stock of fish on PAR is 4Vo by number, and lVo by

biomass, of the standing stock at SOK (DeMartini 1987, DeMartini et al' 1989'

Arnbrose and Anderson 1989).

8.2 Fish Production

one of the most controversial aspeca of artifrcial reefs revolves around the

question of whether they actually increase the production of fish, or simply attract

fish. This question is important because attracdon alone is not accePtable for an

artificial reef tbat is meant to offset a los of resources. The simple redistribution of

biomaqs that ocsurs when frsh are attraCed to an artificial reef would not

compensate for the loss of resolrces, since no Dew resources would be provided'

For this reason, determining the erilent to which artificial reeft contribute to fish

production is a critical steP towards evaluating the usefulness of artificid reefs as

mitigation.

The snrdies that bave been cited most frequently as demorutrating that

artificial reefs increase fish production in the marine environment have generally
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cogpared tbe density of fisb on an artificial reef witb density on a nearby Daturd

reef (e.g., Stone et al. LgTg). Althougb rece't discussions about the necessary

cotrponents of production (e.g, Bohnsack and Sutberland 1985) have clarified the

point that local incrcases in density are not necessarily indications of increased

production, some researchers are apParently still confised (e'9' Alevizon and

Gorham 1987).

Fish production refers to tbe rate of change in fisb biomass' Produstion

includes the sum of growttr ingrements for all population members alive at any time

iu a given period (Chapman 1978). Production can be insreased by higher

recnritment or grourttr, &d decreased by gfeater moftality from natural causes or

due to fuhing. (I-'nigration and emigration do not alter fsh production; althougb

tbey change tbe spatial distribution of fsh biomass, they do not cbange the total

amount of fub biomass present.) Unfortunately, it is very diffictrlt to measure these

components of fisb productioU lnd no one has ever deterrrined the acmd amount

of fisb production resulting from the construction of an artificial reef' Tbe evidence

for fisb production on artificial reefs has been reviewed in detail by Anbrose

(1986a); the following sections summarize and update that informatiou.

82.1 Recruitment

Artificial reefs could potentially increase frsh production by making habitat

or other resources available for new recruits' Since the number of fisb strongly

infigsasgs tbe amount of production @ackiel and Le Cren 1978)' and youDg fish are

botb uumerogs and fast'growing the youngest age'grouP is frequently very

important to overall production (chapman 1978)' To estimate the contribution of

I
I
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recnritment to production, two factors must be evaluated: (1) Is there recluitment

to an artifrcial reef an4 if so, how much? (2) Would the recnris have been equally

successful elsewhere if the ardficial reef did Dot exist?

8.2.1.1 Recnritment to artifrcial reefs

The term nrecnritment" has been used with different meanings in different

stgdies; it is used here to mean the settlement of larval or post-larvat fish (or the

birtb of fish without a larval stage), as opposed to the movement of fish to a reef,

which is immigration.

Yogng-of-year have been observed on temperate artificial reefs by a number

of researchen (including Parker et al. tgTg and Woodhead a al. 1982)' In

California, Turner et al. (1969) reported small juveniles or young'of'year for a

number of fish species found on artificial reefs in Southern California partiailarly

senoritas Pryjuli:t califordca) and sheephead (Smticossypttrts pulcher)' Young-of-

year rocldsh (sebasta spp.) have been recorded from the San hris obispo county

Ardficial Reef (sLocAR), an artifrcial reef in central california, from 1985

through 1987 (Krenn and Wilson 1986, pasonal ammnication)' Recent

information ftom SIOCAR indicates that young-of-year rockfish occur at higber

densities on the artifrcial reef than on nearby nanrral reeB, possibly because of

higber densities of the overstory kelp Neteocystis laiaeua on the artificial reef

(Krena 1987).

One long-term snrdy of fsh recnritment was conducted on Pendleton

Artificial Reef. The young-of-year of 11 frsh species were observed in 1983, trvo and
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a half years after PAR was built (Table 8-5; ISSL 1983a)' From 19&4 tbrougb

1986, the young-of-year of 8 to 12 species were salnpled on the reef each year

(Table 8-5; DeMartini 1987). Tbere were some differences in species composition

of recnrits in different years; for example, sand bass and rock wrasse recnrited in

1983-84, but not in 1985-86. Therewere also tremendous differences in the reliative

abundances of different species. Blacksmith was by far tbe most abundant species

on PAR, comprisrng 95.98voof alt young-of.year fisb on PAR in 1985-86.

The survey by Ambrose (198?a) provides a comparison of recnritment of fisb

to artificial and natural reefs. A variety of fish species recnrited to aftificial reefs'

On average, more species of fisb recnrited to the benthos of artificial reefs than to

natural reefs, and tbe mean density of young-of-year of all species combined was

higber near the benthos on artificial reeft than on natural reefs (Table 8{)' On

average, young-of-year were frve times more dense on artificial reefr' No

differences in the young-of-year in the water col'nrr of the nvo reef t)?es were

detected. As uoted for PAR, blaclsmith dominated the young'of'year density for a

uumber of reefs, and mucb of the difference between anificial and nanrral reefs was

due to youug-of-year blacksmitb. when blacksmith and gobies (whidt were very

dcnse on oDe brealurater) were exclude{ the difference in young'of'year densities

between ttre two reef types was less, but young-of-year density on artificial reefs was

still sligb0y higher than ou nanral reefs'

Tbesuweyresultsmustbeinterpretedcautiously.Eachreefwassampled

only once, Dd even though no temporal bias was detected (Anrbrose 1987a)'

detailed information over an entire recnritment period would bave provided a

better estimate of recnritment. In addition, t}e suney was conducted in only one
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Table 8-5

Young-of'y&r fish at Pendleton Artificisl Reef'

Ilrta for 19Ei O sunrc'y$ I{ISL 19838) and 19t4 (1 $ntGy; IhMartbt 19t5} ru:

colhctrd uslo, 61fcrc'i mcthods, so l,n*ctoe ls hdi.tr.d W X but dcnsltics lrc lot

prcccntcd. Idodcal mcthods rere uicd h 19tS and 19t6; data are csdmatcd mcsn

dcnsttics ovtr tlc cotirt ncf bsscd on 3 surtlt cach par (Dctvtsrtinl f$D'

- lndlcetcs young'of'ycar aot prcscnt h any surtys for liat par'

1983 1984
DENsnY(No./lmM1

- 19E5 - - 19186 -

MEAl.r SE MEAI.I SE

I
I
I
I
I
I
I
I
t
I
I
I
I
I
I
I
I
I
I

42
0.1 0.1
2. 1
11

50 B5

205
8ffi2 2L6Z
108
32 25

*it
815

3361 5/,25
2 t

63 65
x
x

x
x
x

x
x
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year; since there is yearly variation in reqnritmeut success for many species

(Stepbens et al. 1986), the 1986 survey will not be representative of all years'

Nonetheless, the survey demonstates clearly that fish recnrit to artificial reefs; in

fact-artifici"l reefs nigbt provide particularly suitable settlement sites.

Marine fish populations are sometimes regarded as either habitat/resource-

lirnited or recnritment-limited. Habitat- or resource-limited populations ocsur in a

,,saturated" environment in which existing individuals utilize nearly all of the

essential resources. Under these conditions, additional individuals can only survive

and reproduce if more resources become available. In recnriunent'limited

populations, in contrast, the size of the population is determined by the number of

individuals that zurvive the planktonic stage. Thus, when condidons are more

favorable (e.g., more food and/or fewer predaton)' more individuals will survive to

settle on reefs, and the population will increase.

We do not know if babitat limits the populations of most temPerate reef fsb'

but proponents of artifrcial reefs often implicitly assgme that it does' For example'

it is sometirnes argUed that it does not matter if fish are simply attraEted to an

artificial reef, because a fish leaving a natural reef to move to an artificial reef will

Ieave a 'space" or "oppornrniqf behind on the natural reef into which another

individual will recnrit and grorn; by this reasoning even attrastion to artifrcial reefs

will result in higher fub production However, this scenario is only valid if the fish

population is babitat-linited. In a recnritment-limited populatioa emigration to a
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Dew habitat would have little effeet on the total uurnber of fish on a reef becatse no

recnrits would be avarlable to fill the "space" left behind.

Tbere is evidence that habitat may be liniting for a few (uzually snall)

temperate reef fish. For example, shelter availability influenced the recnritmeut of

the blue-banded golqv &ytWtuts dalli)(Bebrents 1987), 8d Dest sites influenced

the number of breeding male blackeye gobies (Coryphoptmts nichoki) on a

Southern California reef @reitburg 1987). Otber species, such as blaclsmith and

garibaldi (Hypsypops rubianda), may also be timited by the availability of nesting or

sbelter sites (see Bray 1981, Clarke 1970)'

However,therehavebeennosnrdiesonhabitat l imitat ionfortbevast

majority of temperate reef species, and therefore there is no evidence that habitat

limits temperate reef 6sh populations in general' There are numerous studies

indicating tbat coral reef fish populations are recnritmeDt-limited rather tban

habitat-limited (e.g., Williams 1980, Doherty 1983, Victor 1986), which suggests that

the same nigbt be tnre of temperate reef fish' Iu facL Doherty and Williams (in

press) have argued that the dynamics of reef fish pcipulations' including those in

temperate coastal regions, wilt be strongly influenced by fluctuatioas in recruitment

If resources (but not babitat) are sometimes timiting the higher densities of

young-of-year on artificial reefs could acnrally be detrimental' By concentrating a

large number of young'of-year that "night othenvise dispene to less crowded

habitats, post-settlement growtb and survivorship of a cobort of recnrits rnight be

lower on an artificial reef tban it would be if the reef was not tbere'

I
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I
I
I
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I
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We need to loow much more about the population dyaarnic and community

interacdons of tenperate rocky-reef fish than we Presently know before we will be

able to determine tbe relative importance of tbese different factors. The

uncertainty about the facton that are linriting fish populadons leads to uncertainty

about the consequences of resruitmeut to artificial reefs. Even if fish recnrit to

ardficial reefs in substantial numbers, constructing an artificial reef wilI not result in

higber fish production if the recmis would have been equally successful elsewhere'

8JJ Growth

Some information on the growth of fish on an artificial reef has been

collected by Dewees (1970, Dewees and Gotshall 1974) on a 30 m x 8 m reef

constructed from tires. Thirteen tagged copPer rocldsh grew an average of'273 mm

over 191 dap. Diet information suggests that some fish, especially the younger

ones, fed on organisms that grew on the artificial reef'

Most of the evidence on the contribution of artificial reefs to growth of fisb is

indirect Severat sttrdies bave shown that organisms that ocetrr on artificial reefs

were important items in the diets of some species (Pearce and Chess 1968, Turner er

al. Lgilg,Lindquist et aI. tg85). The work by Hueckel and his colleagues (Hueckel

1980, Hueckcl and Stayton 1982, Buckley and Hueckel 1985) provides some of the

best evidence to date for the contribution of an artincial reef to fish growth. It

demonstrates that, while fish are in the vicinity of an artificial reef, at least some of

tbem receive substantial PortioDs of their diet from &e reef' However' it is not clear

what proportion of the overall diet of the fish, averaged over weeks or months' c:m

be attributed to tbe artificial reefs, since fish might forage on an artificial reef for
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only a few dap before mwing to otber areas; even fsh captured on an artifrcial reef

could have obtained food from natgral rocky substrates (Hueckel 1980)'

Although some fisb on artificial reefs appear to feed on.the reef' others do

not. Eleven species of fish collected from artifrcial reefs off New York and Soutb

Carolina were not highly dependent oD reef'associated fauna for food (Steimle and

Ogren 1982). Diet information for fuh associated witb Torrey Pines Artificial Reef

(=Bureaucrat Reef) in Southern California also indicated tbat some. fish were

eating large numben of animals from the surrounding sand area (Davis et aL' 1982)'

Mottet (1981) has suggested tbat anificial reefs will attract fsb as long as there is

adequate food nearby the presence of food on the reef itself is not essential'

Much more detail about tbe feeding behavior of fsh on artificial

needed to determine how much artificial reefs contribute to groutth'

Hueckel's snrdies, which indicate that artificial reefs funish some food for some

fish, does not provide tbe information needeil to make a quantitative estimate of the

increase in fish biomass due to an artificial reef' The necessary information could

be gathered ftom time/energ budges, t^gsng sttrdies to measgre fish movements'

gut-content and foraging behavior snrdies' etc"

833 Natural mortalitY

Suwival of fsb on artificial reefs has often been assumed to be higher than

on nanrral reeB because tbe forner offer a complex refuge from predation'

However, the densities of predators are also higber on artificial reefs' and these

predators probably increase the risk of predation on the reefs' Depending oD the

reefs is

Even
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relative strenglhs of these two oPposing factors, mortality of small fisb could be

either increased or decreased. Unfornrnately, there bas never been an attempt to

measrue survivorship on artificial reefs.

E2.4 Fishing mortalitY

Many fish species experience mortality due to fishing' Fishing mortality may

be partiorlarly important for fish on artificial reefs because artificial reefs attract

anglers, so frshing pressure is often much heavier over an anificial reef compared to

a nanrral reef (Turn er et al. 1969, Matthews 1985)' If' artificial reefs simply

conce1trated fishing efforl they would have no net effect on the fish stocks in a

region- However, angler success (CPIJE) is frequently higher on artificial reefs' and

this may lead to an inc:ease in bo& the total fishing effort expended in an area and

the biomass of fish han'ested from the ocean'

The potentially heavy mortality due to fishing on artificial reeft is even lnore

important when the frsh attraction properties of artificial reeB are considered' Fast

and Pagan (1974) found that fish moved from natural to artificiat reeft' but not in

the other diredion Similar unidirectional movement to an artificial reef was

detested at Monterey, California (Matthews 1985, Solonsky 1985)' Out of the 272

fish tagged in the Monterey study, all of the fisb that were recaptured away from

their original rocation had moved from the natural reefs to the artificial reef- An

absence of movement from the artificiar reef to the nanrrar reef could have resulted

from the high fishing Pressure on the artificial reef' so that fish that moved to the

artificial reef were cipnrred by anglers' High fishing mortality was suggested by the
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fact the gTVo of. the fsh recapnred in the Monterey snrdy were caugbt by

sportEsbermen (Matthews 1985).

The Monterey snrdy suggesB tbat fishing on artificial reefs may drarnatically

lower tbe survivorship of fish on the reefs. The impact of fishing would depend on

urany factors, including fishbg Pressure relative to nanrral reeft and the

charaeteristics of different species. Clearly, fisbing on artificial reefs will impact

different species dissimilarly. Some species, sucb as gobies and blacksmith' are not

caught by fisherrren and so are unlikely to be affected by fshing' Fishing mortality

is potentially very important for many other species, such as kelp and sand bass'

The impaa of fishing will vary according to species, time and place' Fishing

pressure could also be controlled with restrictive regulations'

Mortality due to fuhing could affect fish production on two sPatid scales'

From the standpoint of an individual reef, higher fishing mortatity could reduce the

amougt of fsh produced on the reef, although it might not have regional' or

population-wide, consequences. However, if artificial reefs lead to a greater total

bionass of fish berng harrrested from tbe ocean, they could result in lower standing

stocks, partiarlarly in a location such as Southbrn California' where ma$y stock are

heavily e:rploited and there is already concero about overfrshing' By reducing the

statrding stocks of some species, higher fishing mortality caused by artificial reefs

couldpotentiallyreducetheamountoffrshproducedinanentireregion
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825 Discussion

Application of tbe phrase "attraction versus producdon' to the i3sue of fish

production on anificial reeft is perhaps nisleading becatse it implies tbat attraction

and production are munrally orclusive. This is not the case' On very simple

artificial reefs or Fish Attracting Devices (FADs) attrastios aloue may be operating'

Horvever, the existing evidence suggests that most artificial reefs (and certainly the

quarry rock reefs considered here for mitigative purposes) increase frsh production

to some degree. The relevant question is not "is there attracdon or productiono" but

rather \rhat is the net increase in frsh production on an artificial reef (taking into

account possibly increased frshing mortality)." It is also important to redize tbat an

afiincial reef night increase the production of some species but not otbers'

There are no data on the actual amount of fish produced on an artificial reef'

The production of some specieq such as gobies and blacksmith' is almost

undoubtedly increased by anificial reefs. Both of these species recnrit to artifrcial

reefs in southern california and neither is fshed; in addition' gobies at least are so

sedentary that they probably do all of their feeding near tbeir settlement sites'

unless these small, sedentary, unfished species are recruitment-limited' artificid

reefs increase their Production

However, for otber species tbe gairs in some comPonents of fish production

might be reduced or eliminated by losses in others' For many soutbern california

fisb species, some comPoneats of production are cenainly increase{ buJ we do not

have enougb information to determine how these increases might be discounted ry'

decreases in other comPonents, pbrtiorlarly fhbing mortality' so overall changes in
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produsdon cannot be estimated. For exanPle, kelp bass (Pualfrru' datlvatus) afi

sand bass recnrit to anificial reefs, but the ProPortion of tbeir food that is obtained

from artificial reefs is not knoum, and they both are heavily fished' Thus' for most

species in Soutbern California we do not have enough specific information about

their use of artificial reefs, nor do we u1derstand their ecolosr well enougb' to

determine wbether (or to what degree) tbeir production is increased by an artificial

reef.

Unfornrnately, the species that we are confident have increased production

on artificial reefs are not the economically important sPecies' nor are they sPecies

that are likely to be'heavily impacted by SONGS' However' there are wa)E to

reduce the uncertainty about fish production on artificial reefs. The principal

disadvantage of an artificial reef is that it might increase fshing mortality; bowever'

fishing mortality can be controlled by restrictive regulatiors or reef size or design

(see section 85). Since there is evidence that fish recnrit as well to artificial reeB as

natural reefs and that benthic organisms (on which fish feed) are similar on artificial

and nanrral reefs (Arrbrose 1987a), it is reasonable to conclude that artificial reefs

of appropriate size, design and location can increase fish produsdon'

Even if it can be assume that some fsb produAion will occur on artificial

reefs, it is critically imponant for out-of-kind mitigation pulPoses to estimate how

muchproductionresultsfromcorstructingareef.Estimatesoftheamountoffish

producedonart i f ic ialreefsareneededtoestabl ishdefini t ivelythesizeofreef

required for mitigation; tbis subject is discussed in more detail in section 833'
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In spite of the uncertainty about tbe amount of fish they produce, artificial

reeft provide one of tbe few oppornrnities available for enhancing nearshore Earine

resonrces, so they could be a valuable technique for mitigating unavoidable marine

losses. The challenge will be to insure that the size and design of anificial reef ued

for mitigation is appropriate for the impact"

83 Design and Location

With the caveat that important asPects of fish production have not been

adequately evaluated, and that gains in production could be negated by heavy

fishing pressure on artificial reefs, it seems that artificial reefs could be appropriate

for mitigating resource losses or enhancing fish populations. If artificial reefs are to

achieve these objectives, important questions aboui the appropriate design must be

addressed.

E3.1 Design

The most common distribution of materials in artificial reeB in the United

States is to deposit all of the reef material in one place. In California' however' the

material for most rccent. reefs has been placed in discrete piles' or modules'

separated from eacb other by exparses of sandy substrate' One possible advantage

of separate modules is that the amount of ecotonal babitat (i.e. habitat along the

sand/rock interfacc) is higber than if the same amount of material is placcd in only

one pile (Grant et a1.1982). lhere are few data available to test the importance of

ecotonal area to fsb. However, higher densities of older juvenile barred sand bass'

young-of-year senorita, and blackeye goby (coryphoptmu nichoki) on the ecotone
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compared to tbe crest of Pendletou Artificial Reef (DeMaaini 1987) suggest that

ecotoual area is important- 'Fish densities in tbe sand areas between modules at

pAR were also highsl than in the surrounding sand area (DeMafiini 1987'

Anderson d al. !ggg). In additiou, barred saud bass sarrpled during the Fall 1986

survey were found predominantly at tbe sand/rock interface of all reefs (Ambrose

1987a). unfornrnately, there has never been a shrdy comparing modular and

"single-pile" reefs, so the Dature and extegt of tbe advantages of modular

construstioq if anY, are Dot known.

When desigUing a modular artificial reef, a decision must be made regarding

the appropriate distance between modules. The distance between tbe modules will

influence the degree of movement of fish between modules' the density and species

composition of fish in tbe area between modules, and the effective area of the reef'

Unfornrnately, there have been no snrdies on the effests of different sPacing

pafien$. Recently, c,alifornia Department of Fish and Game constnrcted an

artifrcial reef with two sets of modules that are seParated by different distances' and

this inlormation should be available in the future'

Most of tbe artifrcial reefs in Southern California have been oonstructed from

quarry rock Quarry rock bas the advantage of being a nanrral substrate' and it is

relatively ineryensive in California However' two of the reefs included in the Fall

1986 suwey were made from concrete. A comparison of the communities on these

concrete reefs to communities on four roclcpile reefs built from quarry rock is

presented in Table 8-?. The number of fish species found on the concrete reeB was

slightly higher than on the rockpile reefs, but the overall density of fisb was

somewhat lower (although the standard errors are large)' The dersity of young-of-

year Esh on concrete reefs was less than a third of tbe density on rockpile ree$'
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Algae and iuvertebrates also occurred at corsistently lower densities. The concrete

reefs were relatively deep, which confounds any analysis of the influence of the

concrete aloue. Nonetheless, these data suggest tbat concrete reefs might provide

somewhat fewer resogrces for fish which could affect fish production'

Table &7

Comparison of concnete and roclspile reefs'

T\vo concretc rcefs Ncnport Bcscb ald Hcnoss B'8cb) atrd four rcckpllc rccfs

(Torrey Pines, Pendleton;Marins Del Rey and Pttss Point) nrcr= sampled (Ambrcse

1987a). Percent cover information nas collec'ted using a randoo point contaa't

mctho4 algal and invertcbrate densities wtr: colletcd using I mr or lu D-

quadmts, ioa nrU inforuatioa ras collectcd from visual transccts: dctallcd

methods arl prcscnted in Anbrose (19t7a).

- Coxcrere- - RooenE-
MEAI.I SE MEAI.I SE

AI.GAE

TotalVo covcr of alg3lc
Undsrstory kclp density (No-/100 rn2)

INVERTEBRATES

TotalVo cotr of scssilc inwrtcbrates
totd acasity of iavprtcbrates (No./n2)

L2 1.0
00

6..1 LJ3
1.0 0.60

3051 632 l:}io
632 431 raJ4

zrs 05 168 330
3109 lmJ 5n1 1780
y2 4.15 19L0 106.9
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Reef beigbt may be imponant for attracting or supponing ertain fish species

(sucb as blacksmith); its importance has also been suggested in otber snrdies (see

Mottet 1981). Jessee et al. (1985) suggested tbat the relief and height of PAR

contributed to tbe high fisb densities on PAR compared to nearby natural reefs'

Data from the 1986 srwey suggest tbat reef height nigbt influence the density of

some species (Ambrose 1987a), but there is no evidence that Hgrt"t artificial reefs

produce more fish. Patton et a!. (1985) suggest that tbe densities of many fuh

species are "saturating functioru" of reef height, so that tall artificial reefs may

actually be 'over-engineered" and may not provide a cost-effective way of producing

fish. It seetrls that a variety of heights in an artificial reef might be more important

than maximum height of the reef, since the increased diversity of micTohabitats

might have a greater effect on fsb productioq but this possibitty has not been

snrdied.

The srustural complexity of an anificial reef is also likely to play an

important role in determining the densities of fsh on the reef (Smitb 4 al' t979)'

The variety of microhabitaa existing on a large, complex artificial reef could

increase the number of species that reside on the reef' On a smaller scale' a

stnrcturally complot reef could provide abundant refuges for many species' The

most common fish species in the Fall 1986 suney' blacksmith' aPPears to benefit

from the complexity'of artificial reefs: blacksmith rely on holes and crevices for

shelter (Ebeting aad Bray tg76,Bray 1981, Anderson et al' tg89)' and artificial reeB

haveabundantsbeltersitesintheintersticesoftheirrocks.Altboughstructural

complexity seems likely to be important' there has not been a thorougb sildy

relating it to the productioq or even dersities, of fuh on artificial reefs' so it is not
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possible to predict the effects of high or low structural complexity, or the influence

of different t)?es of complexity.

t32 lacation

The site chosen for an artificial reef may be more importarrt &an the design

of the reef (Ogawa 1982). Two aspects of reef location tbat could influence tbe

communities that occur on a reef are the deptb of the reef and its proximity to

nailral reefs.

The depth of a reef can have a substantial influence on the community that

develops on ir In some locations, shallow reefs may not be feasibte because of

navigational safety consideratiors; otherwise, a wide range of depths is available' In

th. p.rt, most of C-alifornia Department of Fish and Game's anificial reefs were

constructed in water that was at least 20 m deep. More receutly, california

Department of Fish and Game has constnrcted ree& in relatively sballow water'

including PAR (15 n) and the Pitas Point Artifrcial Reef (11 m). The most obviots

difference between deep and shallow artifidal reeb is the high abundance of algac

on shallor reefs, especially tbe kinds of algae that are likely to enhance fisb

populations (Ambrose 1987a). Maaocystis. which also glay enhance fish

populations, g.ew only on tbe shallow artificial reefs zuweyed in Falt 1986' In

addition, the density of some benthic fisb, including young'of-year, was higber on

shallow reefs.

Perhaps as a consequence of their shallow depth breaknraters had some of

the higbest abundanccs.of algae seen on artificial reefs in the Fdl 1986 survey'
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Three of the four artificial reefs witb kelp were breakrvaters' Tbe diversiry and

density of fub on breakrvaters also tended to be higher than on the other artificial

and nan[al reefs. For example, the highest dersities of sport fish young-of'year

occured on breah*'aters. In additioq the higbest biomass of fsh in the watel

column on artificial reefs occulred on brealflr'ates. It appears tbat a breaktrater'

tlpe configuration might be an effective way to generate a rich and abundatrt fisb

fauna However, there is not enough information to evaluate which aspects of

brealwaten contribute most to their biological communities'

Since tbe fish assemblage that occurs on a reef will depend on the deptb of

the reef, an artificial'reef should be corstructed at a depth thatwill develop the

desired assemblage. At Present, there is not enough information to predict precisely

the communities that will develop on reefs at different depths. California

Department of Fish and Game has recently constructed a series of experimental

artificial reefs with sets of modules between 15 m and JJ m deep' so information for

tbat depth range should be arrailable in tbe future' Orrrently' it seerns most

reasonable that an artificial reef constn'rcted for in-kind replacement of reef

resources be placed at about the same depth as the impacted reef; there is not

enougb information to develop guidelines for the depths of reefs constructed for

out-of-kind mitigation

' 
A second aspect of reef placement concerns the distance to tbe nearest

nanrral reef. Most artificial reefs are placed in relatively urstructured habitas' such

as'sandy bottorns, in a location that is isolated from nanrral reefs' Although tliis

type of location may maximize an artificial reefs ability to attract frsh' and is
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frequently cited as a criterion for siting a reef to be used to enhance fishbg it is oot

necessarily tbe best location for mitigativ: purPoses.

Only nro reefs in Catifornia have beea constructed near nanral reeB' The

San Irris Obrspo County Artifrcial Reef (S[,OCAR), which was built to enhance

roclfish recnritment, was constructed near Danrral roclry regions to allorv ready

colonization and movement of species ocanpying roclsy habitats' Pitas Point

Artificiat Reef (formerly called Ventura Artifrcial Reef) was coustnrcted in

relatively shallow water approximately 500 m from a natural kelp bed' For species

with planktonic larrrae, distance to a nanrral reef would probably have little

influence on recruitment to an artificial reef. However, movement of juveniles and

adul6 would be facilitated ry the close prorimity of artificial and nanrral reefs' The

proximity of a nanrral reef would also be important for the recnritment of species

that are live'bearing (such as surfperch) or have larrrae that disperse over sbort

distances. Species with linited dispersal may find it difEcult to reacb an isolated

artifrcial reef. In partiorlar, gant kelp (Macrocysis Wifem) only dispenes over

short distances under most, cirqrmstances (see Section g2j2)' and the failure of

kelp recnritment on most existing artificial reefs may be due in Part to the lac* of

nearby kelp beds. (In this regard' it is intcresting to note that Pitas Point' which is

near a kelp be4 is the only qnificial reef that is not a brealsrater that zuppora

kelp.) Positioning an artificial reef adjacent to an existing kelp bed would greatly

enhance tbe probability of establisbing kelp on the artificial reef (see section

gl;L2). Placing an artificial reef near a nafiral reef might also reduce tbe fishing

pressure on the artifrcial reef because the natural reef would provide adjacent

frshiug sites.
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833 Size

One of tbe most critical decisions about reef design involves the size of reef

that will be required to achieve a certain level of resources. The size of reef needed

to mitigate a partianlar imPact depends on the quantity of resources lost due to the

i-p".t, and the resources that will be provided by the artificial reef. The amount of

resources lost can uzually be estimated, but the productivity of an artificial reef is

diffrcult to predict because of the uncertainties about fish production on artificial

reefs in general. In addition, the processes used to estimate the size of reefs needed

for in-kind versus out-of'kind mitigation are differint'

8.3.3.1 In-kind

one approach to the problem of determining the size of anificial reef

needed as in-kind uritigation for damages to a natural reef would be to require 1:1

replacement of habitat area; that is, for every hectare of natural reef impacted' a

hectare of artificial reef would have to be built' This approacb assumes that

production per gnit area would be the same on the replacemeil artificial reef and

tbe natural reef. It seems reasonable tbat an artificial reef that rnimi6 $s

charaeteristiG of an inpacted nanral reef (including size) would produce as trlany

resources as the nan[a] reef. A large reef could furnisb nany different tlpes of

habita6 and microhabitats. Placed in an appropriate locatio& it could supPort a

rich assemblage of algae and associated invertebrates, tbereby providing food for a

number of fish sPecies.

If we knew more about the production of fish on artificial reefs, we might be

able to build a smaller anificial reef that would still replace all of the lost resources'
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The biomass density (i.e., weight Per unit area) of fuh is higber on artificial reefs

than on mnrral reefs (Table 8-8; Asrbrose 1987a). If we assume that (1) fisb

production per unit area is Proportioual to biomass density, and (2) large artificial

ree& will have the same average densities as the small artificial reeB surveyed by

Ambrose (1987a), then a smaller artificial reef might suffrce. However, there are !o

data to indicate tbat either of these two as$mPtions are true' The smaller size

estimate presupposes that an artificial reef can be constnrcted to produce resources

at a higber dersity tban the na$ral reef it replaces. In fact, it does seem likely that

different design feanres of artifrcial reefs affect the amount of resources produced'

and that these feanrres could be manipulated to maximize the production potential

of a reef. Some of the existing data are suggestive of possible relationships (e'9"

Secdon 83.1 and Ambrose 198?a), but these are untested relationships based on

densities" and there are no data on the amount of. production that could be expected

from a partictrlar design At this point, there is no evidence to supPort the

construstion of an artificial reef that is smaller than the area impacted on a nanrd

reef.

To insrre adequate mitigation' it may be necessary to build an'artificial reef

that is larger than the area impacted on a nanrral reef' Becarse an artificid reef on

nrch a scale has not been buitt, it is diffigult to predict the nanre of the fish

comnunity that would develop on one. Fish densities on a very large artifrcid reef

would probably not be as higlr as on the existing smaller artificial reefs because the

area of attraction would be proportionately smaller; there is no information

available on how fish production might vary' Furthermore' if the artificial reef is to

support grant kelp (see Chapter 9), there is uncertainty about establishing a kelp

bed and the kelp probably would not cover the entire reef' Given these
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Estimated standing stoch"rJil:fi|o" artiticial and natural reefs'
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uncertainties about artificial reeB, the conservative approach would be to build an

artificial reef that is larger than the impacted area of the nanral reef' The MRC

has recommended that 15 ha of artificial reef be constructed for every t ha of

nanral reef i6pacted (Appendh p); since the MRC estimates a loss of 80 ha of

kelp due to the operation of SONGS, a 12$ha artificial reef is recommended'

The lack of information about Processes on artificial reefs means that a large

artificial reef used to.mitigate impacts to a nanral reef should be viewed as

experimental. Nonetheless, such a reef would be appropriate mitigation because it

is reasonable to expect that it could replace lost reef resources if it (1) mimics tbe

impacted reefs structure, (2) is placed in an appropriate location' and (3) is

sufEciently large.

8.3.3.2 Out-of-kind

Unlikethesinrationwithin.kindmitigatiorr'thereisnoclearlinkbetween

the Bight-wide losses of fish and the size of reef needed to completely mitigate those

loses. Furthermore, there is no established method for developrng such a link The

MRcestimatesthatg60.hahigb.reliefartificialreefwouldadequatelymitigatethe

irnpactS of SONGS on midwater fish; the procedure used to derive this estimate is

presented in APPendix D'

t3.4 Cost

In general, the costs of corstructing a quarry.rock artificial reef near San

Onofre are well known because the California Department of Fish and Game bas

2r0
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recently built a number of reefs in this area. To construct a reef in 'tbe area between

Dana Point and Pendleton Artificiat Reef, tbe quarry rock would cost aPproximately

$30/ton installed (DFG, penoz al communication)'

Of course, the cost for any specific reef will depend on its design as well as

location. Neither of the two artificial reefs proposed as mitigation has been

designed in detail" although they are roughly described as 'high-relief' and "low-

relief;' reefs. To estimate the approximate costs of these reefs' I have used

Pendleton Artificial Reef (PAR) as the basis for comparison' PAR has an 
"vetage

marcimum height of 43 m (Ambrose and Anderson 1989); I coruider this to be a

high-relief reef. In contrast, I consider a low-relief reef to be one-quarter the height

of PAR, and so it would use one'quarter the amount of rOck needed to constnrct

PAR.

PAR was constructed from 10,000 u.s. tons of quarry rock' The total area of

PAR, inctuding the sand areas between its eight modules, is about 3 ha; the rock

itself covers about t ha. A high-relief reef, constructed with the same topography as

PAR and a maximum heigbt of about 43 q would therefore use about 1O000 tons

of quarry rock/ha, costing about $300,000/ba (or $12Om0/acre)' It would cost $15-

18 miltion to constnrct the 6&ha high'relief artificial reef recornnended by tbe

MRC as mitigation for midwater fisb impacs'

A low-relief artificial reef would use only one'quarter as much rock as tbe

higb-relief reef, and so would cost about $75,000/ha (or $30,000/aoe)' It would

cost about $g milrion to constnrcl the 12&ha low-relief artificial reef recommended

by the MRC as mitigation for the impacts to the San Onofre Kelp forest community'
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(Note: this cost does not include the cost of establishing kelp on the artificial reel

which could be an additional $1-2 million)

8.4 Impacts to soft'bottom communities

Ardfrcial reeft are almost invariably constructed on extensive sandy plains,

typically at great distances from rock bottorn, because these areas are viewed as

being generally unproductive, and hence most amenable to habitat modification'

However, artificial reefs could adversely impact the existing soft-bottom

communities in several ways. Finq the infauna (organisms that live beneatb the

surface of the sediments) directly beneath an artificial reef will be buried' For most

reeb tbe actual area of soft-zubstrate covered is relatively small' so this loss would

not be very greaf although the cgmulative effect of many artificial reefs could

evennrally be substantial. Second, artificial reeB can alter wave and current

patterns (Iurner d at.1969), resllting in changes in the pbysical strudure of the

nearby soft-bottom habitat (to which infaunal organisms are very sensitive)' There

is some evidence suggesting that the effects of artificial reefs on tbe srrrounding

soft-bottom habitat may be very tocalized. Davis et at' ($U norcd shallow sco-ur

effects up to 15 m from Bureaucratic Reef (Torrey Pines Artifrcial Reef in Table c-

1), but there were no measurable effects on sand rippte Pattems' grain size or

organic carbon beyond the scoured areas. Third, predators associated with a reef

may feed on the organisrns that live in the adjacent sediments' Finally' coDstrudion

of an artificial reef could resurt in the reduction of suitable habitat for flatfish and

other fisb associated with soft-bottom habitats, potentially detracting from their

populations. These last two possible effects are discltssed below under the general

topicsofinfarrnalarrdepifaunalorganismsandfshpopulations.
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8.4.1 Infaunal 8nd epifaunal olganisms

Davis et at. (Lg82) found tbat only two taxa' both epifaunal' were affected by

Bureaucrat Reef. Sea pens (Stylatuto etongata)were eliminated from within 30 m of

tbe reef, and reduced in density uP to 80 m away, due to grazi\gby reef-associated

fisbes. Tbe nrbe-dwelling polycbaete s DiopAra splendidissittu and D' ontata

experienced increased densities near the reef' No relationsbip with distance ftom

the reef was detectef for anV infagnal species or taxonomic category; in all cases'

variability between samples collected the same distance from the reefs was more

important than differences between groups of samples collected at different sites

along traDsects. Davis et al.'s data suggest that infaunal populations are les

sersitive to disturbances associated witb anificial reeB than large' sessile epifauna

They suggest tbat the life histories of many infauna in Southern California permit

rapidrecolonizationofareasdisnrrbedbyreefcoDstructiotr.

A similar snrdy of infauna around Pendleton Artifrcial Reef' conducted in

Fall 1986, is summarized in Ambrose and Anderson (1989' in prep')' Tbe effect of

the reef on the nrbe-dwelling worm Diopatta ornata was most obvious; Diopatra

occurred only near the modul es Qrcnonal obseruation)' For all other species and

taxonomic grouP$ no consistent relationship between density and distance ftom

module was detected. Furtberurore, there were no consi$ent differences among tbe

transects placed on the uPcoast' downcoast' insbore and offshore sides of the reef'

suggesting that cgrrent and/or spell exposure does not dranatically affect infauna

densities. High variability among replicates may have obscured some effects, but

the data from this sildy suggest that tbe effect of PAR on adjacent infaunal

densities is smdl.
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t.42 Fish PoPulations

Because artificial reefs could result in the reduction of suitable habitat for

flat6sh, the constnrction on an artifrcial reef migbt be expected to bave a negative

effect on resident flatEsh populations. Walton (1982) has shorrn that artificial reefs

can actually enhance fladsh populations; however, his reefs were specifrcally

designed with semi-enclosed stnrchres tbat are rarely incorporated into artifrcial

reefs. A zubsequent snrdy by the Washington Department of Fisheries did not frnd

an increase in flatfish density surrounding concrete reefs that were not placed in a

semi-enclosed Pattern (Hueckel 1981). It seems that a reef with the appropriate

design features may result in increased flatEsh populations, but otherwise flatEsb

populations are not likely to be enhanced by anifrcial reefs.

Except for the sfirdies by Walton and Huec;kel on fladsh, there is virnnlly no

infornation about the effect of an artificial reef on resident fish populations'

Obviorsly, an artifrsial reef removes some sand habitat; however' the proportion of

habitat covered by anificial reefs is so small tbat it seems unlikely that tbey would

significantly affect tbe overall standing stock of sand'associated fsbes'

Artifrcial reefs could increase the dersity of fish in a sandy area by allowing

reef-associated fish that feed in soft'bottom habitats to occur in otherwise

inaccessible areas. Tbere are no data comparing the density of fish on an artifrcial

reef to the density of fish tbat occurred in the area before the reef was constnrcted'

Honrcver, DeMartini (1987) has estimated the density of frsh in the area around the

Pendleton Artificial Reef modules. on tno traltsects that extended to 75 m away

ftom the modules, fisb were found on the sand close to the modules' but no fish
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were observed betweeg 30 m and 75 m oD tbese transests' These data suggest that

fisb density near the Eodules was somewhat higher than normal for a sandy botton

but that this effect did not extend beyond 30 n'

85 Overall Evaluation

There are still questions about &e suitability of using artificial reefs for

mitigatioq mostly revolving around the amognt of fisb production that occurs on

artificial reefs. Artificial reefs have frequently been assumed to produce fish,

although there have been no srudies of frsb production of artificial reefs in the

marine environment to substantiate this assumption In facL it is knorm that

artificial reeft attrast fisb, but some of tbe assumptions about the production of fisb

on artificial reefs are questionable or scientifically unsupported' For this reason' it

is important to consider the evidence for fish production on artificiat reefs (reviewed

in Anbrose 1986a, t987aand this chapter). In the context of this evidence' I believe

that the uncertainty can be reduced to acceptable limi6 by setting constraints on

how an artificial reef is used in mitigatiou and that naDy of the conceros can be

tracedtotwoprevailingasPec6ofmostartificialreeB.

Fist'mostartificialreefsareDotbuiltlikenaturalreefs.Quarryrockisthe

material of choice in Califorqiq but is rarely used elsewbere' Instead' @rs' ships'

tires, appliances, concrete rubble, discarded toilets, etc' 111ay be used' and virrually

any pile of junk on the ocean bo$om can be considered an artificial reef' There are

legitimate questions about whetber reeft constructed from piles these materials

produce as many fish as nanrral reefs. E-ven prefabricated ree$' sucb as fiberglass

reinforced plastic reefs, are so different that it is not immediately obvious how much

I
I
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fish production.theywill supPorL Fgrthermole, many altificiat reeB are constructed

as discrete Eodules or iD other configuratioDs tbat differ markedly from most

natural reefs. Careful scientific snrdy is needed to determine bow nany fish can be

produced by these lnnatural'artifrcial reefs.

Second most artificial reefs are small, much smaller than most nafirral reefs

that would be impacted by coastal developmeut (see Table 8-8)' Botb artificial and

natural reefs probably attract fsh, and it seems probable that the proportion of fish

on a reef that have been attracted to tbat reef will be higher for small reefs'

Furtbermore, small artifrcial reefs, which are almost always marked on nautical

charts, attract fishermen as well as fish. Fishermen are attracted to artificial reefs

because a small reef size allovrs fishergren to concentrate their efforts and the

higher densities of fish on artificial reeft provide higher fishing success' A large

artifrcial reef would Presumably attract fewer fsh per ha and so would have lower

frsb densities. Sucb a reef might be less attradive to fisbermen because they might

aot catcb fish as quickly as on a small artificial ree! and the large size would

preclude concentratisg fishing mortality in a small area Thus' a large artificiat reef

would rninimi-e the potential negative asPecB of artifrcial reefs by mirrimizing tbe

increased fishing mortality imposed on fish populations'

Itscemsreasonabletoconcludethatanartificialreefthatperfectlymimicsa

Danrral reef would, given enough time, producc as many frsh as the nanral reef'

Note that there are two qualiffing conditions to this statemenc given enougb time

andperfect lyrnimickinganai lralreef.We}nowli t t leabouthowmuchtimeis

needed; observations on pendleton Artificial Reef suggest that 10 years or more

may be required before an artificial reef acbieves a higb degree of similarity to a

2t6
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similar natural reef (see Ambrose and Anderson 1989). As for mimicking a Banral

reef, the assumption is tbat function follows foru' i.e., that providing the physical

stnrcture on the ocean bottom will lead to the development of the resources

Decessaly for fisb production' and tbe resogrces that develop on an artificial reef are

the same as would have developed on a nanrral reef at tbe same location' Agai&

this assumption seems reasonable if not Proven. The challenge will be to mimic an

impacted nanral reef well enough to provide in'kiDd replacement of lost resources'

Arrificial reefs could be used for either in-kind or out-of-kind rritigation' By

making tbe leasonable assumption that similar resources (including fisb) are

produced on similar reefs, we can avoid having to know exactll' how much fish

production occurs on an artificial reef in order to allow it to be used as in-kind

mitigation. But there are definite constraints on how far this approach can be taken

Most importantly, it cannot be used to design an artificial reef for use as out-of-kind

mitigation. For out-of-kind mitigatioA it is necessary to know' in absolute terms'

how many new resources will be produced in order to trade off with the dissimilar

lost resources. (The procedure used to decide the trade-of is a seParate' difficult

probleuu) These nro possible applications of artificial reefs are discussed below'

E5.1 In.kind replacement of reef resources

AttheSanonofreNuclearGeneratingStation,thereefresorrrcestbatareat

risk are the resources in the San Onofre Kelp bed' specifically giant kelp' benthic

algae and invertebrates, and kelp bed fish. The main criteria for deciding whether it

is feasible to 'se an anificial reef to replace these resources are: (1) Are tbe
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resources on artificial reefs similar to the resources that will be lost? And (2) Can

they be produced to equal the losses?

A number of snrdies have indicated that comnunities on artificial reefs are

similar to those on natlsal reefs. Algal and invertebrate assemblages were generally

similar on the two qpes of reefs (Ambrose 1987a). Because the benthic algae and

invertebrates are sessile or sedentary, the production of individuals found olr an

artifrcial reef can safely be assigned to the reef. Producing glant kelp on an artificial

reef will be discussed in detail in Chapter 9, but a properly designed and located

artificial reef should be able to supPort a kelp bed'

. For fistr, the species composition of assemblages on artificial and nanrral

reefs is generally similal, and species richness is at least as ligh on artificial reefs'

As discgssed in this chapter and elsewbere, the absolute amount (if any) of fish

produced on artifrcial reefs remains unknorvn' but undoubtedly depends on the

specific reef and species of fish involved. It has been established that artificial reefs

"ol-o 
some aspects of fish production, such as fish recruitmenL It has also been

establishcd that masy species feed on artifidal reef$ althougb we do not knorv the

degree to which growth might be enhanced'

Theaboveinformationindicatesthatartificialreefscouldprovideresour@s

tbat are nritable for in-kind replacement of natural reef resources' but the question

of fuh (urd otber resource) production is stitl unresolved' Mary of the differences

between artificial and nanral reefs that could influence fish producdon are

dependent on the size of the reef. One difference is that frsh on artificial reeft may

be more transieut, only staying on the reef for a short time before moving to another
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site; in additiorU it is likely that many of tbe fisb found on artificial r'eefs are

temporarily attracted to the ree&. This problem migbt be minimized on a large

ardficial reef, where the large size would reduce the relative z)ne of attraction

around tbe reef, and tbe size and gfeater yariety of habitats might increase the

residence time of fisb found ou the reef. A second difference is that predation may

be higher on artifrcial reefs because of tbe higb* density of predators on these

reefs. However, if attraction is contributing to the higb densities of fish on artificial

reefs, large artificial reefs should have lorver dersities of atl fish species' including

predators, than small reefs. Finally, fishing Pressure is often higher on artificial

reefs, leading to increased mortality. due to fishing' As mentioned earlier' the

densitiesoffishmightbeloweronlargeartificialreefs;combinedwithalargerarea

of hard substrate available for fishermer\ it seems likety that fshing pressure (and

fsh) woutd not be concentrated at a small area' so per capita mortality from fishing

should not be higher than on a nanrral reef'

These argrrments suggest that many of the concems about fish production on

artificial reefs may be alteviated when considering a large, complex artificial reef'

The componeDts of frsh production that result in lower productiou increased

natural mortatity and especially iucreased fishing mortality' sbould be no different

on a large artificial reef than on a nanfal reef of the sasre size' Tbus' it seems

feasible to replace resources from a natural reef by building a large artifrcial reel

Ifadecisiontoreplacereefresources.byconsmrctinganartifrcialreefis

made, many questions about desigu location' and especiatly size must be resolved'

Theconseryativeapproachwouldbetoconstrugttheartificialreeftobeassimilar

as possible to the impacted nanral reef; this approach carries the least risk to the

I



Cbaptcr 8
t
I
I
I
t
I
I
I
I
I
I
I
I
t
I
I
I
I
t

resourcts. It is posible that a more efEcient design would produce the same

alrogat of resources but allow tbi reef to. be smaller and less expensive; however'

there are two serious problems with trying to identi$ zucb a design. First' slanging

tbe configuratiou of the reef is likely to change to some gnloown degfee tbe tlpes of

resources that develop on the reef, resulting is somewhat les similar resources

being produced. More importantly, mucb more precise quantitative information

must be lnoum about the resources lost and &e resources that will be produced by a

particular design- Both of these requirements are problematiq but it is clear that

there is not enough inforsration to quantitatively predict how different designs affect

resource production (see Section 83). Therefore, attempting to design a "more

efEcient" reef, althougb possiblg is a risky alternative given our Present state of

knowledge about artifrcial reefs. In fact, the uncertainty about the processes that

operate on artificial reefs mean that the artificial reef should probably be larger

than the area of imPacted reef.

t.53 Out.of-kind substitution of resourres

The ue of artificial reefs for out-of-kind substinrtion of resources Presents

tnore diffictrlties than their use for in'kind rePlacenenl Two aspess must be

considered in order to insure that the artificial reef provides complete replacement

of lost resources: the absolute amount of resources produced by an artificial reef

Erust be.know& and an objective value must be assigned to both the lost resources'

and the resources produced by tbe reef'

The problems witb attempting to determine &e absolute amount of fish

production on aD artificial reef have been disstrssed above' For in'kind replacement
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Attificial rccfs

of resources, this problep can be circugyented by building a reef $31 rnirnics the

impacted nahrral reef (and allowing an extra margin of safety when considering the

appropriate size). Replicating an impacted habitat is uot an oPtion if an artificial

reef is to be used for out-of-kind mitigation Instead, an accurate estinate of tbe

amonnt of fuh produced by an artificial reef is required' Currently' there are Do

data to provide this information Several qpes of estimates' with varying degfees of

inacanracy, could be attempted (see DeMartini 1987), but these would comprise

little more than gueses. (Note: The PorS of Long Beach and Los Angeles are

orrrently funding a project that will provide the first useful inforsration in this

regard, but the resuls will probably not be available for a year or two')

It is atso dif$ctrlt to Place a value on nanrral resources' Tbis problem is

intrinsic to any attemPt to provide out-of'kind comPensation' No method for

determining an objective value for dissimitar resources on an artificial reef has been

devised, so determining the value of resources on an artificial reef will necessarily

involve some subjectivity. The approach we have taken to this problem is described

in Appendix D.

Avoiding resource losses would eliminate the need to consider using an

artifrcial reef, witb its uncertainties about the amount of fisb produced and the

rclative values of different types of resources, as out'of'kind mitigatioa At SONGS'

however, the resources are already being impacted' Short of shutting the plant

dos,n or cosstructing cooting towers' some resources witl be losL and some

technique must be used to replace these resources' In spite of the uncertainty about

tbe amount of fish they produce, artificial reefs provide one of tbe few oppornnities

available for entrancing nearshore marine resources. Restoring a wetland can also
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enhance marine resources (see Chapter 10), althougb tbe tlpe of resources differ

from those produced oD an artificial reef. These two tectrniques il's 5imPly the most

feasible methods for reptacing nearshore resonrces. Much more information is

neede4 partiarlarly about frsh produstiou on ardficial reefs, before artificial reefs

should be gsed routinely as mitigatioo Nonetheless, they do provide an option for

minirni-ing tbe deleterious effeets of coastal developmenu.

m
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CHAPTER 9

rEt p BED CREAIION

The operation of SONGS adversely affects a portiou of the San Onofre Kelp

Bed (SOK); in this case, the impact is on'going' so restoration of the affested

portion of SOK would not be suitable. Thus, if feasible, the creation of a new kelp

bed elsewhere would be the most straightforward mitigation technique because it

would result iD in-kind replacement of resources'

The MRC has recommended tbat a kelp bed be created on an artificial reef

as io-kind mitigatiou for the impacs of SONGS on tbe San Onofre Kelp forest

cornmunity. This ctrapter addresses the feasibility of creating a new kelp bed by

reviewing previous atempts to create kelp beds and disctlssing the technical

considerations that must be addressed in any project to create a kelp bed' (A

general evduation of artifrcial reefs, including artificial reefs used for in'kind

mitigation, is given in Chapter 8). The major conclusioru of this chapter are: Most

attempts to create new kelp beds have failed; however, kelp does glow on many

man-made strucnfes. A corservative approach to creating a kelp bed for mitigating

soNGS' effects wouJd be to build tbe new bed adjacent to existing kelp stands'

Drawing from the experiences of past attemPts and knowledge about Maaoqstis

biglogr, this approacb seems to have a reasonable chance for succes'

9.1 Histora

Kelp beds are one of the most valuable marine habitats in Southern

California; perhaps as a consequence of their relative rarity (compared to the vast

I
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expanses of soft bottom or eveu kelp-less bard-bottom babitat), meny resource

management decisions have implicitly assumed that kelp habitat is more valuable

s?r oth"r t!?es of habitats, partictrlarty sand habitats. Giant kelp (Maoocystis

ffiaa)plants nlrnssl alqralr attach to a hard substrate (Foster and Schiel 1985)' so

most attempts to create oew kelp beds have relied on providing new bard substrate'

Thus, it is not zurprising that artifrcial reefs have been viewed as possible 6sans sf

increasing the areat extent of kelp beds in Southern California

There have been several instances when giant kelp has grown on artificial

reefs. These cases are discussed below, separated according to whether the kelp

recnrited naturally to the reef or was PurPosely transplanted &ere to establish a

kelp bed. There are trumerous other cases, not disstlssed here' where kelp has

grown on man-made strudures sucb as chain nenvorls (Neushul and Harger 1985)

and undenrater pipelines (Foster and Sctriel 1985)'

9.1.1 Natural recnritment to artificial rcefs

Giant kelp has g5oum natgrally, for a short time at leasq on severd artificial

reefs. A cal reef in Paradise Cove (in Santa Monica Bay) supported Maaoqstis for

several years, even serving as a sogrce of kelp for transplants to other Santa Monica

Bay artificial ree&. The kelp was first noted in Ostober 1958; by Decembcr' density

was as high as n,plan,g'lrm2. By April 1959, each car had 35-50 planS uP to 3m tall'

Thp kelp surrrived for a few years before disappearing; since the car bodies

disintegfated a short time after the kelp disappeare4 there was Do zubsUate

available for kelp to become re'established'
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Kclp bcd creation

Bureaucrat Reef (near La Jolla) also developed a nanral stand of giant ketp

shortly after its constructiorl Iu June 1975, only two months after construction'

juvenile MaaoqSis were observed on the reef. The juvenile planA were Bear

unattached adult plana that bad drifted ogto the reef. By March L976' juvenile

Macrccystis ocstured in densities of up to 20 planu/mz (Davis et al' t982)' A dense

zurface canoPy had developed by July Lg76, L5 months after the reef was built" The

ketp bed persisted for nro years, but was destroyed by storms in 1978 and has not

become re-established. Snall Maoocystis plants bave been observed at Bureaucrat

Reef in recent years (Wilson et al. tg84. Anrbrose, Perconal obseruation), but have

not persisted.

The most recent natgral recnritment of giant kelp to an artificial reef in

Southern California occgrred at the Pitas Point Artificial Reef (PPAR) in Ventura

County, which was constnlcted in 1984. A $and of giant kelp had established itself

by 1986 and bas now persisted for several years. Although attemPts were made to

transplant grant kelp to the reef, most kelP plants in tbe bed apparently recmited

naturally (Ambrose , pasonal obsavation). Most of tbe planS occurred along the

crest and upPer slope of ttre modules and away from the trqnsPlant sites (Wilson

and TogStad 198?, Asrb:ose, pasonat obsewAion). Obsernations in June 1987

zuggested that at least some of the Maaoqstis plans were two or more years old

(Wilson and TogStad 1987). PPAR was specifically desigoed to supPort giant kelp;

it is one of the shailowest arrificial reefs in southern california (only l1m deep)' is a

relatively lowirofile reef, and is the closest artificial reef to an existing natural kelp

bed (between 100 to 500m away). In spite of tbe apParent Success of PPAR' it is

worth noting that the kelp bed has so far persisted for only a few years' so it is too
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early to conclude that the long-term penistence of kelp ou PPAR will be greater

than on the Paradise Cove and Bureaucrat Reefs.

One artifrcial reef off the coast of Central California (the San Luis Obispo

County Artifrcial Reei or SISCAR) has also supponed a kelp bed (but not

Manocystis) for several years. Bull kelp (Nqeocystis) recnrited in very high uumbers

to SI-OCAR shortly after it was constnrcted in 1985, and bas penisted since tben-

Several factors probably contributed to its success. SLOCAR is close to nanrral

roclry areas, so Nereocystis propagUles did not have to disperse very far to reach the

reef. The oce:lnogritphic conditions in Central California may be more suitable for

kelp growth than tbose in Southern California' excePt for severe winter stonns

(which do not affect Nteoqstis because it is an annual). Finally, herbivorous fish

are not common in the area, and gfazing at SI-OCAR was insignificant'

9.12 Tlansplants

IGlp bas been traruplanted to artifrcial reeft on numerous occasions' The

first kelp transplant efforts to artificial reefs were to the santa Monica Bay reefs in

1959 and 1961 (Turnct et 41.1969). Some planS were Protected from herbivores

after transplantation because unProtected plans were quickly eaten by herbivorous

fish (opaleye and halfmoon); however, even the Protested plants nrnrived only a few

months. It was thought that the failure of initial transplants may have been caused

by high water tempet?tures, but an effort to overcome tempennrre limitatioos by

using plants from Baja California also failed' Turner d at' (L969) believed tbat the

ultimate failure of the transplants was due to the nsbidity of the water in Santa

Monica Bay, which severely limited the amount of light available for photosynthesis'
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Considerable effort was also sPe1t trying to establisb Masocystis oD

Pendleton Artificial Reef. Both adult and juvenile giant kelp plants were

transplanted to PAR on several occasions (Wilson et al' 1981' 1984' Califorqia

Department of Fisb and Game 1983). However, a kelp bed was Dever established'

Transplanted plants appeared to have been seve tely grazed by fish (Wilson et 4l'

1985), and other factors may have been imponant as well' Although recnrits were

seep near transplanted adults, only occasional solitary adult planS have been

observed at PAR.

There has been one case in which uarsplant efforts bave produced a self-

sustaining kelp bed oD an artificial substrate' Beginning n t977' a transPlant

operation to an artificial substrate iu 9 m of water in the l'os Angeles Harbor

successfuUy generated a kelp bed (Rice 1983)' Over a period of four years' more

than ?00 adult ptana from Abalone Cover (on the Palos Verdes Peninsula) and

Baja California were transPlanted to the San Pedro breahrater' The plants were

atgched to floats, which were in nrrn attached to nylon line and anchor chaiu' In

addition, young plans (Sporophytes) reared in the laboratory on twine were also

ransplanted. By Allgust 1978, kelp was successftrlly established and growing along

tbe brealurater. In spite of storm and fisb damage to the plants' lagtrrd recruitment

occnrred in the transplant area in lgTg- By 198?, the bed was approximately t524 m

longand25mwidealongtheinsideofthebreahrrater(Rice1987)'andseveral

smaller beds bad developed in other areas of outer lns Angeles harbor'

Altbough transplants to natural subsrates have been successful (e'g" the

Palos Verdes kelp bed restoration), the Los Angeles Breakrvater operation was the

only transplant that resulted in a persisten! self'sustaining kelp bed on an artificial
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substrate. Tbere are undo-ubtedly many reasons why the a$emPs to establisb kelp

on artificial reefs have failed; likely facton include low tight levels (due to depth

and turbidity), high water temPerature and low nutrient availability, 8d grazing

pressure. These factors will be discussed in more detail in Sestion 42;the published

infotuation on the influence of these fastors has been reviewed in Ambrose

(1e87b).

There has been one attemPt to establish an ortensive kelp bed on a sandy

substrate. This project, conducted by Kelco under contract $'ith California

Departurent of Fish and Gane, focgsed on a kelp bed in Santa Barbara County'

Although success see6s feasible at the Santa Barbara site, wbere the Channel

Islands prwide protection from large svells and nanrral kelp beds occur on san{ a

kelp bed would be unlikely to sunrive on sandy substntes near San Onofre'

92 Technical consider:stions

Data on the facton influencing kelp growtb' recnritment and survival have

bcen compiled in Ambrose (198?b), and are reviewed in Foster and schiel (1985)'

If a kelp bed is to bc created as mitigation, these facton Eust be considered when

the project is being designed; however, these details ar'e not reviewed hcre' Instea{

general factors that migbt influence the dpamis of a man-made kelp bed are

discgsse{ and some of the techniques that can be 113ed to create kelp beds are

briefly reviewed.

?23
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9J.1 Pereistence and stability of kelp beds

Natural kelp beds undergo frequent and sometimes efireme flucnEtions' and

local extinctions are relatively cornmon A number of snrdies have documented

these fluctnatiors and attempted to explaiD kelp bed dpamics (e.g-, Daytot a al'

19&t, Ebeling et at. Lg85, Harrold and Reed 1985), but the* divenity and complexity

of factors influencing kelp beds make it very difficult to predict the dpamics of any

partiarlar bed. Tbe dynamics of kelp beds are considered here because a man-

made kelp bed constructed for mitigation should be at least as persistent as the bed

it is replacing.

Ircal extinctions of.Maaoqstbbeds are freguently associated with global or

regional oceanograPhic conditions (Dayton and Tegner 1984' Ebeling er 4t' 1985)'

and so affect a large number of beds simultaneously. There is little that can be done

to avoid widespread extinctions such as tbese, and any man'made kelp bed would be

as likely as a nanrral bed to be affected by general oceanographic conditions'

However, characteristics of individual beds undoubtedly affect their stability

and persistence. Dayton d al. (lgg4) have explored a number of factors influencing

tbe patch dynamics and stability of kelp comnunities' They concluded that relative

patch stability was determined by biological retationships (e'8". competition for ligbt

and nutrients, spore dispersal, grazing) within a glven area and phpical differences

(e.g. ,s torms'wavesurge)betweenareas.Someof thefactors thatmigbtbe

important are discussed below'

?29
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4.2.1.1 I-ocation

The location of z Mamcystk bed is importanu beds that are regularly

zubjected to violent storns are obviorsly morc likely to experience storm damage'

probably fluctuate more, and might be less persistent than more protected beds'

The kelp beds off the coast of Santa Barbara County are an example of beds that

are relatively protected from stotms, and conseguently have persisted for long

periods. (Note, however, that even these beds were destroyed several years ago by

partiorlarlY heavY storms.)

If a kelp bed is to be qreated as mitigation for SONGS' impact' the choice of

location may be constrained by the desire to produce tbe new resources as close to

the impacted site as possible. Thus, it might be possible to choose a location that is

more prorected than the san onofre reglon, such as the lee side of Santa catalina

Island or Santa Barbara county, but.creating a kelp bed far from san onofre would

result in a signifrcant loss of kelp resogrces in the regon around San Onofre'

Because kelp beds are relatively rare in this regioU such a local loss should be

avoided, if possible. Howwer, the created kelp bed cailrot be too close to SONGS

or it too will be impacted by the planr

Akelpbedmaybemorelikelytorecoverqui*lyfrompernrrbationsifithas

a high probability of receiving sPores from otber beds' Most snrdies of' Maooqstis

dispersal have reported very limited dispenal ability' on tbe order of a few rieters

(Andenon arrd Nortb 1967, Dayton et a1.1984, T,4. Dean and F.R Jacobsen'
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personal communication). Thrs, it seems tbere could be a problem with natural re-

seeding of kelp beds that have disappeared.

Recent snrdies have suggested thal under certain circumstances' M@oqstis

spore dispersal may be greater than previously thought (D' Reed' penorul

ammrmication). IGlp beds in Santa Barbara County (Ebeling et al' t985) and the

california channel Islands (Ambrose d 'l1'. i\press) have recovered rapidly due to

tong-distance colonization of Maaocystis. ID fact several artificial strudures have

developed kelp beds shortly after being emplaced in spite of being located several

kilometers from the nearest kelp beds (Turner et oI. tg6g, Fager' Ig7t,Davis et aI'

1e82).

The dispersal mechanisms leading to recruitment at distant reefs are

probably varied. However, in the San Onofre regioU nbouncers' (ketp plans that

have so much buoyancy relative to the rock to which they are attacbed tbat they

bounce" along the oast) are common and could provide a consistent input of

recnrits to an isolated reef. Itr fact, the problem of establishing a kelp bed on an

isolated reef may not be so mucb one of ge$ing kelp to recnrit to the reef' but rather

getting enough recnritment to overcome other facton such as fistr grazing' For

c*ample, there were a number of nanrral recruitment even6 at PAR (Calfornia

Department of Fish and Game, penonal communication)' but MasocySis Dever

recnrited in sufEcient numbers to become firmly established on the reef'

Theseexamplesindicatethatlong.distancedispersalofMaoocystisis.a

uormal phenomenor\ but it may be relatively infrequent' For example' the kelp bed

at Barn Kelp, south of San Onofre, disappeared in 1980. Barn Kelp is quite isolated
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from other kelp beds, and kelp has not yet re-established itself. It seems likely that

loog-distance dispenal of. Mrctocystis will evenhrally lead to the re'establishment of

Barn lklp, but the distance from Barn Kelp to er6ant kelp beds has probably

prolonged the period without kelp.

Proximity to kelp beds may also affect the succes of efforc to establish new

kelp beds. Many of the attemPts to establisb uew kelp beds on artificial reefs

appear to have failed because transplanted kelp was eaten by herbivorors fistr' and

there was linited recruitment from the manipulated plants. These problerns have

been implicated in the failure to the transplant attemPts at Pendleton Artificiat

Reef. Placing a new kelp bed close to an established bed would eliminate a number

of potential factors. Herbivorous fish would not concentrate as heavily on any

transplanted planS because the nearby nailral bed would provide an ample supply

of food, and tbe naftral bed would provide sPores for recnritmenl

Close proximity to a naftral kelp bed is probably not a prerequisite for

establishing a neu/ kelp bed, but it could improve &e odds of success' Being close :o

an existing bed would enhance the chances of recnritment and might reduce the

intensity of fish grazing at the new kelp bed. It could also enhance tbe stability of

the bed by providing a nearby source of spores, which could lead to more rapid re'

establishnent after a local extinstion

4.2.1.3 Substrate

Substratestabilitywillalsoinfluencetbepersistenceofkelpbedsbecause

most Macrocystis plans (including those in the vicinity of soNGS) require a hard
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substrate for attachment. Heavy sedime1tation a1d/ol sediment movemeDt can

cover hard substrates and reduce the area available for kelp.

The burial of hard substrate is not the only Problem' when placing rocks on

a soft-bottom, there is the dnnger that the rocks will nsinkn into the bottom and

disappear. A number of snrdies have dosgmented scogring around isolated rocks

that evenhrally results in the disappearance of the rocks; this problem is most severe

on unconsolidated bottoms.
a

9.2.L.4 Size

There have been no snrdies relating the size of kelp beds to their variability

or the probability that they will go extinct. However, it is reasonable to expect that

smalt kelp beds will experience more exgeme fluOuations' and perhaps more

extinctions, than large beds. If a kelp bed ceated for mitigative PurPoses is too

small, high variability and/or frequent extinctions could lead to a lower longterm

averageof kelp resources in the bed than expected'

In addition, it may be easier for frsh to graz|a small ketp bed heavily thari a

large kelp bed (It Wilsou penonal communication)'

922 Techniques

Mostoftheeffortforestablishingkelpbedshasbeendevotedtodeveloping

transplant techniques. Ho*,ever, site selection and preparation are also important'

Oue focus of site preparation has been the removal of dense understory algae that
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could inhibit the recnritmegt of juvenile Macroqstis (Ambrose and Nelson 1982"

Reed and Foster 19&a). A more important foctls of site preparatioa has been the

control of sea urchins that graze on kelp plans (Wilsou and McPeak 1983)' Urchins

are not likely to be a major problem on a new artifrcial reef, but if necessary tbey

canbe killed or manuallY removed'

Fisbgranng,part iai lar lybyopateye(GireltTnigricans)andhalfmoou

(Mdiafuru catifomiatb), can also carse considerable damage to uansplanted kelp'

Fisb gfazing.aPParently damaged kelp transplanted to the Santa Monica Bay reeB'

Pendleton Artificial Reel and the Palos Verdes Peninsula At Palos verdes'

attempts to control fish grazing included fish traps, spearfhhing' gi[ nets' and fish

exclosures; noDe of these methods were successful, and efforts to control gt&xng

wcre eveaually abandoned (Wilson and McPeak 1983)'

Most projects have relied on traruplanting adult kelp plans (sporophytes) to

establish a Dew kelp bed. At Palos Verdes, two methods were used to attactr the

plants to the substrate flililson d al. LgTg). Somi plans were attached to floats tbat

were attached to ancbor chains by 05-m nylon lines' Smaller planA wcre secured

directly to tbe substrate with inner tube circlets' Other methods for transplanting

adults tbat have been developed more recently include placing boldfasa in weigbted

mesh bagp (Neushut and Harger 1985)'

Although most kelp re$bration projects have uansplanted adult or juvenile

Maoocystisplants, earlier life stages can also be used' North (1981) used embryonic

Maoocy*issporophytes to attemPt to establish kelp beds in southern california' but

success could not be demorstrated. Neushul attempted to establish kelp on the
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Pitas Point Artificial Reef by spraying tbe reef boulders with a solution containing

kelp gametopbytes before the'boulders were piaced in the water' but the boulders

were appareutly too hot when gametophyte solution was applied and no kelp plans

were produced (J. Benson,pelro nal commwication)' Microscopic sporophytes were

outplanted as Part of the effort to establish a kelp bed in tbe LA Harbor @ice

1983). As witb most restoration attemPts, outplanr using early life stages have not

had suitable controls, so altbough adult plants did gfow in the harbor' it is not

possible to know whether they can be attributed to this technique'

923 Costs

The cost of creating a new kelp bed depends, of course' on tbe techniques

and intensity used to establish the kelp. When the new kelp bed is created as

mitigation for ongoing impacts, as in the case of SONGS, efforts should be made to

establisb the bed as soon as possible in order to minimize the net loss of resources'

Such an effort would be labor intensive; even oD a small scale' such as with PAR' it

could cost hundreds of thousands of dollars. For a large'scale mitigation project'

tbe cost of actively creating a kelp bed would probably be several million dollars'

The MRC has recommended that a kelp bed be created on a 12$ha artificial

reef (section 833.1). A low-relief reef this size would cost about $9 million

(Section83.4),inadditiontothecostofactivelycreatingakelpbed.

I
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93 SummarY

The rcchniques uied to transplant Fant kelp are well'establishe4 so there is

little doubt that a kelp bed can be established over the short term' However' very

few new, self-sstaining kelp beds have been created in Soutbern California' despite

all the artificiat reefs that have beeu constnrcted and all the atteEPB to establish

kelp on artificial strustures. Thus, any attemPt to create a new kelp bed as

mitigatiou tnust reco grln that there is considerable uncertainty involved' The

problem is not whether kelp wilt grow on artificial reefs-we know that it will'

Rather, the problem is how mucb certainty we qu have that kelp will grow on a

pasigdat reef constnrcted for mitigation we know enougb to provide general

gUidelines, but tbere remains too much uncertainty to be confident about

predictions of kelP growtb.

Previous attemP6 to establish kelp beds have not incorporated orperimental

designs that would help evaluate success or failure, so cause(s) of the failures cannot

be determined. Nonetheless, an evaluation of these previous atteEpts provides

some insight into tbe important fastors influencing kelp bed creation Most artifrcial

reeft (which were not designed to have kelp) have been placed too deep for

Magocystis. They have been placcd in turbid water (e.g, Santa Monica Bay). Most

artifrciar reeB are small and isolated, whictr limits the nanrrar dispenal of

Maooqstis A the reef and migbt *acerbate the ga tg probtem (becaue

herbivorotrs fish concentrate on the reef and macroalgae is not anailable nearby)'

These conditions have probably conUibuted to the absence of kelp on artificial

ree6 and strould be avoided in future attempts to create kelp beds'
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IGlp bcd crcatior

Despite limited success in the Past, it should be possible to create a

persistent" self-sustaining kelp bed under tbe proper conditions' Foster and Schiel

(1985) note that timing of placement, proximity to nailral kelp stands' and pbpical

relief appear to be partiorlarly imporrint for the rapid development of a kelp forest

oD an artificial reef. Tbey also zuggest that reeB should be 'seeded" with

Maoocystisspores soon after placement, and may have to be manipulated at rtarious

times (e.g., remove grazers or sessile organisrns). Placing an artificial reef adjacent

to an existing kelp bed would provide nvo important benefis' First' such a location

would be likely to bave the oceanographic conditions necessary for kelp growttr and

reproduction (e.g., adequate light, nutrien6, and Protection from storms)' Second'

the nanrral kelp bed would provide a source of spores as well as biomass for

herbivorous fish. In addition, if the new kelp bed is created in the vicinity of the San

onofre Kelp Bed, the new ketp bed resources would be close to the lost resources

(i.e., it would be nearly on'site mitigation)'

As witb artificial reefs, it is necesar)'to determine the tlpe of kelp bed that

must be created in order to achieve lBVocompensation of lost kelp resources' Two

variables could affect the size of kelp bed needed: the density of kelp and the size

of tbe bed. If the loss of kelp plans is to be mitigated by a one-for'one replacement

of plants, itwould theoretically be possible to create a smaller' but more dense' kelp

bed. However, the processes that determine the dersity of kelp at a site are very

complex (see Technical Repon K), and one could not be certain that kelp densities

would remain higb over the long term. Furthermore, the area covered by kelp may

be more imponant for the organisms that live in kelp beds tban the number of

plants. Tberefore, it would be most appropriate to base the decision about

complete compensation on the size of the bed'
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In mary areas, including the region around San Onofre, the availability of

nritable hard substrate seems to limit the size of kelp beds. However, not'all

available Danral substrate is covered with kelp, so the area covered by rock would

have to be larger Oan tle area of kelp needed. There is also ucertaioty about bow

Buch of a reef designed and built by nan will be suitable for kelp, and whether the

kelp community on an artificial reef would be as productive or diverse as a natural

community. Finalln there remahs some uncertainty about being able to create a

self-zustaining kelp bed as discussed in this chapter, even thougb I have concluded

that a properly designed and located reef bas a good chance of developing a kelp

bed. These considerations indicate that an artifrcial reef would need to be larger

. tban the area covered by the lost kelp resources in order to be reasonably certain of

providing adequate compensation

There are no scientific data that can be used to determine how large the

artifrcial reef needs to be. Rather, the size of the reef must reflect a judgement

about the importance of the various uncenainties involved. The MRC decided that

a 15:1 ratio would be appropriarc for SONGS (see Appendix D)' Since the

estimarcd loss of kelp bed area is 80 ha, &e recommended mitigatiou reef size is

120 ha
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CHAPTER 10

RESTORATION OF COASTAL WETI"ANDS

Tbe San Onofre Nuclear Generating Station will not have any direct effests

on wetland habita6. However, wetland restoration could provide in-kind

replacement for some fish species impacted by SONGS that utilize coastal wetlands'

Except for these fish species, wetland restoration would constinrte out-of-kind

mitigation for SONGS' imPacts.

In this chapter, I review the general value of wetlands, partiortarly in

Southern California, and discuss horp wetlands could provide in'kind or out-of-kind

compensation with respect to the losses resulting from tbe operation of SONGS' I

also examine some of the Decessary steps for completion of a successful wetland

restoration project, and discuss the poteutial for wetland restoratioB in Southeru

California

The tnajor conclusions of this chapter are: Coastal wetlands are valuable

habitats, and tbere is a major effort by state and federal agencies to restore'

degraded wetlands in Southern california wetland restoration could provide in-

kind mitigation for a few species at risk at SONGS, but for the most Part it would

constitute out-of-kind mitigation As out-of-kind mitigatiou a restored wetland

would produce marine, resources' including fish; it could also provide important

habitas for endengered species and migratory birds asd valuable aesthetic and

educational resourc€s. Because restoration pla$ have already been made for most

wetlands, it may be difficult to find an aPProPriate wetland that could be restored as

mitigation for SONGS' effects. The portiou of tbe Huntington Beach Wetland
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owued by Soutbern California Edison is one alternative; altbough restoration of this

wetland is technically Possible, a number of obstacles would have to be overcome

before it could be applied as mitigatio! for SONGS, including determining the

amount of cedit to be assigned for the restoration

10.1 Value and use of coastal wetlands in Southern California

The value of wetland habitats stes$ in part from the functioru they provide'

which include (Adanus and Stochvell 1983): (1) Hydrologic funaiotts' including

flood reduction, sboreline stabilization aod groundwater recharge' For example'

wetlands can function as bolding basins that con6ol flooding during storrns and

reduCe erosion from runoff by temporarily storing surface water' and root systems of

the marsh vegetation tend to bind sediments and retard erosion (Thayer et al' 1978)'

(2) Water ryality impwement from sediment acsretion and nutrient uPtake' As

runoff water passes through coastal wetlands, curent flow slows and sediments are

deposited, thus increasing water quality. water quality is also improved by the

removal of nutrients througb phpical Processes such as settling' absorptior\

filtration, and chemical processes such as cbemical precipitation' chelatio4 aFd

exchange reactions @ourne and Wolfgang 1983). (3) Food cluh s&tpPort from the

provision of habitat and food, especially for commercially important fish and

shellfish. In gened esfiraries and marshes are among the most productive marine

systems because of the addition of primary organic material from vascular plans

(Thayer et a1.1978). coastal wetlands are an interface beween marine and

terresrial envifonments and tpically piovide a wide variety of microhabitaS that

rangeftomemergentvegetationtotidalclreelsandcharrrrels.
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Re$oration of coastal wetlands

The extent of coastal wetlands in Catifornia is very limited (Figure 1G1)'

Before 1900, there were about 380,000 acres of salt marsbes' mudflats' bays'

lagoons, slougbs and esnraries along tbe California co:NL Only about 105'000 acres

of wetland lsmain. The loss in Southern C,alifornia has been greatest; less than 257o

of the acreage present iD 19m remains today (USFWS !979, teponed in Sorensen

and Gates 1983). More thzrt 60Vo of the coastal wetlands remaining in the state

have been severely degraded (California Coastal Tnte Conservation Cornmission

1975) and southern california's sbare of undisnrrbed wetland is very small (onuf er

al. 1978).

In contrast to the broad coastal plains elsewbere in the United States, coastal

wetlands in Southern California are small and discrete and are confined to Dalrow

river valleys that are separated by coastal hills and mountains (7*dher 1982)'

Additionally, tbe semi-arid climate produces hlpersaline soils' which are suessful to

vassnlar planS (7*dlet 1983). Since California's coastal wetlands differ from

wetlands in other parts of the country, tbey may be valuable for different reasons

than tbose cited for wetlands in general. For examPle, estimates from Mugu

I agoon in Southern california indicarc that produetivity is low compared to wetland

areas on the Atlantic 9d Gulf Coasts of the United States (Onuf a al't978)' Onuf

et al. (1978) suggest tbat the critical nalues of Ccntral and Soutbern California

coastal wetlands derive from tbeir rarity rather tban from any exceptional richnes

of the systeuls. Soutbern california wctlands are very important as habitag and

feedinggroundsforendengeredwildlifeandmigratingbirds@otand1981).ID

addition, tbey are valuable educational and aesthedc resources because they are

oPensPaoe,usuallyclosetourbanareas'ttrathasabundantwildlife.
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SoutberA Califoraia bals, esnraries' Earsbes aad tidal creels and chennels

are utilized by a variety of fish sPecies (Table 1D1). The most abundant sPecies

include topsmelt, arrow gobies, california killifis[ shiner Perch,'diaEoDd turbot,

striped mullet, and Pacifrc stagbom sarlpin There have been few estimates of the

densities of fish in Southern California coastal wetlands, but Allen (1982) e$funates

a total biomass density of about 75 kg/hain Upper Neuport Bay. (For comparison'

tbe biomass density of benthic fub on nangal reefs sampled by Ambrose [1987a]

ranged from 86 to 9}lkg/hq with a mean of 327 kg/ba [N= 16 reefsJ.) A few of the

species that utilize wetlands, such as California halibut and shiner perc\ are

valuable commercial or sport fisb species. However, the primary coutribution of

Catifornia coastal wetlands to fisbery values see6s to be tbe provision of food to

higber trophic levels, including terns, berons and other fishes (7*dler and Nordby

1e86).

Most of the fisb species that are found in Southeru C-alifornia wetlands are

not strictly wetland-dependent. Many fish species scbool close to shore' and young

fisb may be svept into lagoons and tidal channels with 1fos iaseming tide (onuf a a/'

1978). Althougb these fish may benefit from faster grounh rates and a lower risk of

predation in esnraries, they would almost ertainly survive if they could not utilize

esnraries (Lenanton and Potter 1987). However, there are some fish that are tnrly

dependent on wetlands. Species such as &e arow, shadow, and cheekspot gobies

and tbe lougiaw mudnrcker spend most of their lives within wetland habitats'

wetlands also appear to be essential nrsery grounds for california halibut' Recent

worh including shrdies commissioned by the Marine Review comnrittee (Allen et

aJ. Lg} ),has indicated tbat juvenile halibut are common in bap and lagoons in

T
l
I
T



Chaptcr 10

Table 10-1

The ocgurrrncc of fish spccies in coastal wetlands la Southcra Crliforaig. Inctuded ar- spocics thgt stre sampled at

st least two sitcs orwcne prescnt as llraac. R indicstcs rarq C inaicatcs conmon; A indicatcs abundaa$ P indicates

prescng - lndicatcs not caugb3 ln sanples. j;dd; Juvcnllcs; I tndicatcs lrrvs.f r lndicatcs rcsidcn4 n indicatcs

DUnter:f.

COI\'MONNAIi,C

MUGU
IAGooN1l

COT.oRADO
Lacoox3

UPPER
NE1VFORjT

BAY5

TuuAl.lA
Esm;en:6

AI.IAIIEIM
BAt'

topsoelt
specklefin midshipman
bay blenny
Califoraia hdibut
Pacific sardine
Pacific staghorn sotlpin
California toungrefsh
California killiftsh
barrcd surfpcrch
pile surfpcrch
walleye surfpcrch
black pcrch
shiacr pcrch
deepbody anchovY
slough anchorry
northem anchovY
arrow gobY
longiawmu&uclcr
checkspot gobY
shadow goby
opaleP
stripcd mullst
diamond ttrrbot
sponcd turbot
horayhcad turbot
spotfrn croalcr
whitc croalcr
Califonia corbiu
quecafish
Pacific mackcrcl
kelp bass
spotted sandbass
barrcd sandbass
California barracuda
bay pipefsh
spccfbd salddab
grunion
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Rcstoratio of coastal setlands

Soutben California, but extremely rare along the opei coast (see also Kraner and

Hunter 1987).

A rich and produstive assemblage of imrertebrates occurs in the soft'bottom

habitat of Soutbern California wetlands. Combining data from a nrmber of shrdies'

7*dlerand Norby (1986) rePort tbat more than 75 species of im'ertebrates occlltred

in the Tijuana Estuary. The most commoD benthic imrertebrates in wetlands include

bivalves, polychaete woru$, gastropods, ad decapod cru$aceans' Ouuf (1987)

sampled invertebrates in many different habitaS in Mugu Lagoon; his dat4

sruunarized in Tabl e 1U2, indicates an average benthie invertebrate density of

about 1500/mz. Although smatl gastropods were not abundant in Onufs samples'

tbey can reacb extrenely high densities in some habitac; for example"4ssiminea

califomica ztd Cerithidea califomicacan eacb rcach densities of 10001m2 or more in

coasal marshes (7*dler 1982). As would be e:cpected, the compositioo of the

inverrcbrate assembl4ge varies ?mong wetlands; for example, densities of common

invertebrates in Mugu I agoon and Tijuana Esnrarl'are given in Table 1S3' Benthic

invertebrates are an important soulcle of food for birds that use wetlands'

Table 10'2

Abundsnce of bcotbk brcrtcbntlE ln tbc astcls la of Mugu Lrgooo' Mcan

dcustties rrc ror .II rl|a"r".tt nportcd by onuf (lwD rt 'J'71. Taxononic

c.tcgoti.s gftcr Ouuf; indivtilual tsn lrc prcscntcd il Onuf (198/)'

MEAl.t DENSITY (No./M2)

Larce worn-likc
Smill worm-litc
Largc gasnopod
Snall glstropoa
Biwlrcs
Largc cnstaceans
Small crustaccans
Saad dollars

TOTAL

474
516
2,

185
n5
Lt2
74
,

1556
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Table 1(}.3

Abundsrcc of uost somno. bcnthic ilrcricUratcs Et Mugrt Irgmu and liiuana Estualy

(frou Pacrson 1!175).

CottruoNNAr||E

Dmlrn (No./Ml

MUCUIAGOON TuuaxeEsruarY

Bivalws

C4ptonyacalifomica
Prototlws stotnhea
Sotguinobiotufralli
Tagelus califomiouts

Decapod crustaccans

C.allisnssacalttoniozsis

Echircdcrrs

Dqfuestqsstias

All othcrs

Falsc oya
Littlcncck d"-
Purplc-hinged d^-
Jacknife cl"-

Ghost shrinp

Sand dollar

TOTAL

35
76
14

273
59
{l
9

88
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a

31

37

35

102 Potential application at SONGS

103.1 In-kind rcplscement of resources

A number of frsh species are at risk at SONGS. Since we{ands provide

habitats for fish, wetland restoratiou could Potentially furnish in-kind rePlacement

of fisb losses at soNGS. However, many of the sPecies that are likely to incur the

gteatest losses, such as queetrfuh and kelpfish' are trot abgndant in coastal wetlands'

I
t
t
I
I
I
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Resto'ratioa of coastal wetlan&

Most of tbe comYnelcial ot sPort fish specigs that are at risk at SONGS' such as

Califoraia cofti!4 kelp bass and yellonfin croaker, are also rarely found in

wetlands. Nonetheless, some of the species at risk at SONGS (Table 1&4)'

including the arrow goby and diamond ftrbot, are often abundant in coastal

wetlands. Out of 27 species identifred in Table 1&4 as being impacted by SONGS'

15 are reported to ocgly in wetlands. Seven of the 15 species can be common in

wetlands, and three species (arro* goby, diamond turbot aDd toPsmelt) can be

abunda*. Restoration of wetlands could provide in-kind replacement for these

species.

wetlands alsoprovide habitats for nrmerous sPecies of marine invertebrates

and some algae (7*dler 1982). However, there is little Possibility of providing in'

kind replacement of invertebrates and algae impacted by SONGS' In conuast to

fisb whictr are highly mobile during their lifetimes and can utilize wetlands during

onel i festage'benthiciur lertebratesandplantshavel imitedmobil i tyafter

setlement and have specialized habitat requirements. wetlaod conditions are

unique, and the invertebrates and algae impacted by SONGS generally do not occur

in tbose conditions.

Thus, restoring a coastal wetlaud would provide some itr-kind repliacement rralue'

but most of the species of im,ertebrates" algac, and fish that are impacted by

soNcs do not occur in wetlands. A few of the fisb species tbat are impacted by

soNGS are abundant itr wetlands; bowever, these species have relatively low

economic value or ale likely to experiene relatively minor impacts from SONGS'

Some of the species tbat are courmog in wetlands, sucb as northern anchovy and

white sroaker, are Dot wetland-dependent' and it is not clear that restoring a

wetland would enbance their populations'
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Table 1G4

Ilst of specics of lisb that are er risk pt SONGS and/or occur tn Soutbcra Califorde coastsl

;ctlud;. C ndi33t33 sontlon ead A lndicatcs sbuldsDt, bsscd on rbundanccs ln thc Evt

rrtlands suEE rizcd in Tablc l{FL

SPECIESATRNil(ATSONGS

l
I
I
T
I
I
I
I
I
I
I
I
I
T
I
I
I
I
T

x
F

yc

;c
;c

;A

yc
1A

r
x

1c
x
x
xA

x

hrPtaNTlossoF
EGGS,IARVAE&

Jurrym.es

Ir{flaNrLossoP
Jurrym-es&

ADULTS

I,SSIN
tr(EI,PBEDS

quecnfish
whitc croaler
kelpfsh spp.
California gnrnioa
black croalcr
Califoraia corbina
c.hcelspot goby
recfEnspot
arron, goby
jactsnclt
shadowgoby
diamoad nrbot
C.aliforuia alingfirh
nortbcra anchory
Pacificbuttedsh
urallcp srfpcrch
pllmdncroatcr.
whitc scapcrch
salcna
barcd saDdbass
tclp bass
spo6n croalcr
topsnclt
Pacilic clccttic cel
bladc pcrch
rahboe'pcrcb
California shccphcad

x
x

x
x
x

x

x
x
x
x
x
x
x
x
x
x
x
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Rcstoration of coastal wetlaods

1tA22 Out.of-kind substitution of rcsourees

wetland restoration could be used as out'of'kind mitigation for tbe effects of

SONGS. Althougb resour@ agencies prefer in-kind repliacement of lost resources

to out-of-kind replacement (usFws 1981, Ambrose 1986b), out-of-kind mitigation

can be considered when no feasible method for in-kind replacement exiss' or when

the lost resogrces are abundant elsewhere in the region and the substinrted

resources are fiIre and valuable (Grene[ 1938)' Both of these criteria apply to

wetland restoration- Althougb both an artificial reef and a restored weiland would

provide a limited 2itlount of in'kiDd replacement of fisb losses' for the most part

there is no feasible method for producing mid-water fish' Furthermore' tbe most-

impacted species, queenfisb asd white 6oaker, are abundaut $rougbout tbe

southirn california Bight, wbereas coastal wetlands are raxe and valuable habitaa

in Soutbern California.

southern california wetlands clearly bave otceptional value' As noted by

Onuf d al.(1978), much of their value comes from their rarity' California coastal

wetlands are important habitats for many endangered species' Foufteen of tbe

species that use coastal wetlanis are listed as rare or endangered by the federal

and/or state government' including the Aleutian Canada goose' Anerican peregfine

falcon, Bald eagle, California least tern' California and Ligbt-footed clapper rails'

Californiablackrail"CaliforniabrownpelicarlSarrtaBarbarasParorv'Beldiqg's

sarrannab sparrow, salt marSh hani'est mouse' Morro Bay kangaroo raL Santa Cruz

long-toed salamander, and the San Francisco garter snake (usFws 1979' National

Audobon society 1986). Three of the endangered bird species are residents i!
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Southern California salt marshes. The Light-footed clapper rail builds floatable

nests out of cordgrass in the low intertidal marsb, Beldingis savannah sPiurow trests

in pickleweed dominated Eidma15b areas, and the California least tern lests in

coastal dgnes and feeds in marshes (7*dler 1987). In addition, an endangered plant

species, the saltmarsh bird's bcak, gf1n$ only in a nalro\rr mne atthe upper limit of

tidal influencc in sdt marsbes (7*dlet 1982).

Catifornia's coastal wetlands provide imponant wintering habitat for

migratory birds. Approximately five'Percent of the waterfowl population in tbe

pacifrc Fly*ay inhabit Califoruia coastal wetlands during tbe mid-winter and almost

100 percent of the population of Canvasback ducks and Brant and Aleutian geese

use the wetlands at some time during their annual migfations. Coastal wetlands are

also used as staging areas for migratory birds enroute to and from wintering grounds

in the Central Vallen Mexico, and Central and South Asrerica (National Audubon

Society 1986).

southern california coastal wetlands also provide significant values that are

not directty tied to natgral rcsources. Because they furnish open qpace with

abundant wildlife, wetlands are naluable aesthetic and educational resogrces' In

Southern Califoraia wetlands are important 35 oPen space because Erost are

zurrognded by densely popularcd lrban areas. A ngmber of proposed wetland

restoration projects in Southera California (for example, the Ballona Wetland

restoration Plaq National ..{udubon Society 1986) include Prograns for public

access and educational centers. coastal wetland areas are also important research

sites. The impacts of disnrrbance on wetland funstions are not ctearly understood

and the criteria for determining the zucces of wetland restoration projects based on
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Rcstcation of coasal wetlands

wetland firnetious are not yet established- coastal wetlands are a diminishing

resour@ ia the United States and there is an immediate need for continued

researcb to address these problems (7*dlet 1983)'

103 Successful coastal wetland restoration

Two factors that are irrportant in promoting the success of any wetland

restoration project are the design of the restoration and the monitoring Program'

Tbe success of past wetland restoration prgjects is difficult to evaluate

because in most g:$es the objectives of tbe restoration plans were not cleady

outlined and the projects were not monitored after the permitting Process wils

cornpleted (Josselyn and Buchholz 1982, Rae and Cbristie 1982' Quammen 1986'

1988). There have been a nrmber of reviews of restoration projects in California

and the conchsions about the uumbcr of srccesses are variable, often because the

criteria used to judge success differ (ftace 1985, Harvey and Joselp 1986' Race

1936,Quarnmen19S6,lgSS,SanFranciscoBayConserrrationandDevelopmeut

commission 1988). Few snrdies bave addressed the question of how effectively the

restoredwetlandsreplacedthelostfrrnctionsandhabitatsofdestroyedordegraded

sites (Quammen 1988, Zp'dler 4 alt988}

103.1 Designing wetland restoration proJects

Before a successful wetland resbration project can be designed' the goals of

the project should be clearly identified. The success of local Projests' partiorlarly

those that encompass small areas, will be enhanced if regional ptans have already
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been developed to identify the habitats and ftEctionli that are most important in the

ecoregion Ios Angeles and Orange counties have developed a regional plan that

stresses the importance of preserving the region's present wetlands and tbeir value,

and increasing habitats for endangered species. It also sgtlins5 site-specific goals

and guidelines for the design of restoration projects (State Coastal Consewancy

1e82).

There are a number of important fastors to consider when developing the

design of a restoration projecr These have been outlined in detail elsewhere

(Williams and Harvey 1983, 7*dler 1984) and only a few of them are mentioned

here.

Once regional goals have been establishe4 the plan for a specific site should

Dot propose to fulfill all the regional.goals but should capitalize oo those that are

nanrral attributes of the site (Zcdler 19&4). Therefore, before a site plan is

developed, the site should be carcfully saurpled to determine existing resouces and

wetland functio1s. This is partiorlarly important not only for developnent of the

plan but also for srbscquent determination of the success of the Projecl Specific

specieg gfouPs of species or wetland funetions should be targeted for enhancement

so that the design can incorporate the proper mix of habitat tyPes to maximize

resource rralues. For exanple, the design of a wetland restoration to be used as in-

kind mitigation for fish losses at SONGS should naximizc the asrount of fish

habitat (e.g., tidal creeks, channels and ponds)'

Particutar attention should be paid to the toPogfaphy of tbe restoration site'

The period and dep& of tidal inundation are major factors determining the
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Rcstoradon of coastal wctlands

disuibutiou of wetland orgianisgs and are greatly influenced by toPogfaPhy

(WilliaEs and Harvey 1983). Small changes in elevation (05 to 1'0 foot) can have

irnportant effects on plant cogg16ities (Zedler 1984)' Other factors affeeting

hydrologt are also importanf In Southern Catifornia rainfall is very seasonal and

large inputs of fresh water can occur over a short period of time' with little fresb

water input during the rest of the year. As a resgll tidal cirqilation is extremely

imFortant to coastal marshes (Z.edler 1984 7*dler a al' 1986)'

The potential for sedimentation at tbe restored site should also be carefully

considered. Wetlands are latural sedimeut sitrl6 (7*dler 1982)' Natural

sedimentation cas be used to create mudflats that will" in time' be invaded by marsh

vegetatioD (Williams and Harvey 1983). However, sedimentation can also fill in

tidal creeks, channels and pools. If c.hannels are dredged during restoration' tbey

may require subsequent dredging to be maintained. AD additional Problem can

arise if dredge spoils are left oD tbe wetland site' Few species are tolerant of the

extreme salinity of the dredge sPoils and tbey often remain unvegetated for years

(7*dler 1984).

Another important design onsideration is a buffcr zone that will separate

tbe envirosmentalty sensitive wetlaod habitat from the surounding arca Buffer

zones are particrrlarly important in lrban sreas becatse they restrict public ac@ss

and can protect wetland species from impacts of unnatural zurroundingS (sorensen

and Gates 1gg3, 7*dler 1gg4). The additional open spac provides wetland wildlife

.withhabitattbatcanserveasarefugeduringpeakfloodingperiods.

E3
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103, Monitoring retland rcstorstion prciects

The success of wetland restoration projests qrnnot be determined unless they

are carefully monitored. In the past, monitoring of restorations for mitigation was

rarely required as a part of the permit requirements (San Francisco Bay

Conservation and Development Commission 1988). Monitoring requires a long-

term, welldesigned snrdy that must be started before the restoration beeins and

compared to reference sites (Qtranmen 1986, 1988, 7-edler et al. 1988). It is

important that quantitative data be collected before restoration using the some

methods and sites, and over a sgfEciently long period of time, so that a statistically

and ecologically meaningful comparison catr be made with post'restoration data.

Monitoring studies must be long-terrr because coastal marshes are dynamis

systeg$ and natural disnrrbances are commou (7*dler et a1.1986). A monitoring

program must continue for several years to determine the resPo$e of the

community to a wide range of environmental conditions that caD vary seasonally aod

emorg years. High annual variability in community characteristis may be the rule

and data from many years may be necessary to determine 'average states' (7*dler et

ar. 1988). If vegetation is plante4 or new species are introduced or encouraged to

recnrit to the site, it may take years to determine if they will successfirlly reproduce

and if populations will become self-zustaining (7*dler et a1.1988)' Many curent

wetland restoration proposals in California require a 5 year monitoring period (R'

Holderman, California State Coastal Conserrtan cy, pasonal communication)'

Sampting at the restoration site should occgr at least once a year to

determine annual variability. However, different -pecies or firnctions may have to
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Rcstoration of coaSal wetlas&

be monitored at different times duriDg the year if tbey are influenced by factors that

vary seasonally. If monitoring occurs at least annually, problems zuch as the

invasion of exotic species calr be corected'

A monitoriqg program should not focus on only a few of the most visible

wetland characteristics (zuch as dominalrt vegetation or endangered species)' but

must sample a wide ragge of ecoqntem attriburcs' The list of characteristics to be

monitored should include those tbat are important indicators of ecorystem functioD'

as well as .those tbat tbe public views as important assets (Tndlet 1984)' For

example, data should be collected on charaderistics of hydrologr' toPograPhy' soils'

trutrient dynamicq algae, vascular plants a1d cogsumers at the restoration site

(7*dler et 4t. 1988).

f033 Deternining the success of a restoration pnoject

Evaluating the suces of a wetland restoration Project is ctrrently highly

controversial (references in Zedle t et (t1. 1988)' The dercrmination of wbat

constitutes a'success'will depend on the Projea objectiveq the criteria rsed for

evaluation, and tbe referene sircs used for omparisons. Projects should be

considered successful if the restored wetland shows a high potential for achieving

natrrralfuggtionalatuibutes(7*d|ete'4t.1988).

7*dler 4 at. (Lg88) have developed a list of funetions of southera california

salt marshes that sbould be assesed to determine tbe similarities between the

restored marsb and nanrral' gndistgrbe4 "reference" masbes' In panicular' they

E5
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have allowed wetland restoration to be used as mitigation for Port development

projects. Because of the high demand, most stritable wetlands bave already been

claimed, and land ownership is a major factor in determiniqg the feasibility of using

wetland restoration for mitigation-

10.4.1 Availability of wetlands

Because wetlands are in higb dernand in Southeru Californiq the availability

of a par-ticular wetland can change rapidly depending ou recent political or

commercial events. Wetlands that could potentially be available for restoratiou as

mitigation for SONGS' impacts include the Ballona Wetlan4 San Dieguito Lagoon'

San Diego Bay Salt Worls, and the Tijuana Bn rr],; however, the anailability of

these wetlands is far from certain It is also posible that unanticipated cveats wil

make other wetlands available in the future. Nonetbeless, tbere is only one wetland

that would certainly be available to SCE for restoration' the Huntington Beacb

Wetland.

The factor of land onmership favors the Huntington Beach Wetland as tbe

most likely wetland to restore as mitigtion for SONGS' efrects The Huutingon

Beac.h Wetlasd was once part of an o6ensive wetland rystem that covered more

than 2950 acres. Most of the system was destroyed by development and agtriorlnrre'

but 115 acres remain in the Huntingrcn Beacb area (Coas et al. L987). A plan to

restore a$-acresite in the remaining degraded wctland was devcloped tbrougb the

combined efforS of the Catifornia State Coastal Conservancy' thG city of

Huutinglon Beacb, the Huntingon Beach Wetlands Corsernancy, and tbe oumers of

tbe property (C,oats d a1.1987, Eliot and Holdetlpn 1988), and the marsb was
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opeDed to tidal excb2nge in February 1989. SCE owns 14 acres of land in the

degraded Huntingon Beacb Wetland that had not yet been committed to any

partianlar use, and which could Potentially be restored for use in mitigation'

The wetland area that includes the ?S-aere restoration site and the property

oumed by SCE is bounded by tbe Talbert Channel on the nonheast and east' and

the Pacific Coast Higbway on the southwest (Figge 1C2); privately owned land

separates the 25-acre parcel from SCE s land. Three city streets Pass thtough the

are& A higb levee separates the wetland from tbe Talbert channel and there is

culrently no surface tidal flow into SCE s proPefly. Tbe wetland character of the

site is maintained by periodic fresb water runoff and the tidal and seasonal

fluctuations of the local water table. However, wetland functions are degfaded

compared to functions in the salt marshes of the historic wetland area when it was

linked to the ocean by tidal flushing (Coas 4 al'7987)'

Pickleweed is the dominant plant in tbe wetland area Other wetland species

fo'nd at tbe site include sickle grass, cattail, alkali bulrusb widgeon grass and fleshy

jaumea Few species of water birds are able to use tbe site in its present condition'

Only a few ducls, shorebirds and berons bave been seen dgring the winter' None of

the three endangered bird species that are often fousd in soutbern california

coastal wetlands, tbe California least ter!' Ught'footed clapper rail and Belding's

ssyannah sparow, has been observed in the wetland in i15 present condition (CoaS

et at. Lg87). There is no open water habitat on the SCE property in tbe summer

months Qtenonat observation). Most of the vegetation on the site is coastal sdt

marsb (Figure 1G3). However, much of the salt marsh area is'covered with roads

and tire tracls (Figure 1e4). Furttrermore, about hatf of SCE s ProPerty is salt flat'

E9
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Flgure 1(l2

A Huntlngton Beach Wetland: ownenshlp. Ownershlp ot the Huntingrton
Beach Wetland ls divided among publlc and prlvate owners.

f,$l!! Conrrvrdon

m hdutltLl En ?gYPto.lscdon

$@ *En tgyPtod./corlt wdotl

lI t*SrwlngConrnllarl

B. Gertltlecl ]3nd use Plan. The coastat tand use plan ot the clu ot

TiJ[',x*sf"#gEil:#d;'""lli"::]:'m"*miisiononoetobers'
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with virnrally no vegetation (Figure 1G3). It is clear that the value of the wetland is

low compared to what it would be if it was restored.

Before restoratioa, the channel qntem in the ?S'acre restoration site also

dried up by mid-5|lmmer dltring low tide, althougb one moderately deep pool

retained watcr and supported a few fish. During a frve'month period in 1979' wben

culverts were installed to oPen the restoration site to tidd flushing the area was

reportedly a productive wetland. Ponds, which were sirmpled by the C-alifornia

Department of Fish and Game at that time, contained opaleye, kelp bass' California

halibut topsmelt, shiner sur$ercb, stagborn sctrlprq California killifish' and

yelloufin goby. (No data are available on the abundance of these species') The

channels also contained dense clarn beds (Coats 4 aL 1987).

Tbe zi-ase site was restored in February 1989 by removing the levee tbat

separated the area from Talbert Channel to restore tidal flow. Existing channels in

the marsh were enlarged to increase the area of mudflat and low Earsh and create

openings into the flood control channel Several ponds were ceated to insure tbat

the marsh retains some water dtuing low tide as refugia for resident fish' The

restored area should eventually provide babitat for the three cndangered bird

species, fish and iwertebrates; the nalue of the wetland should.be gfeatly enhanced'

Pretiminary monitoring resulg (Gorman d at.1989) indicate that (1) the area is

undergoing revegeration with wctland plant specier (2) the divenity of marine

invertebrates has incrcased gfeatly, (3) both the diversity agd the abundance of fish

are increasing with time since tidal ftushing was restore4 (4) tbe number of bird

species aod individual birds using tbe wetlands increased geatly following

restoration, and a higber proportion of the birds are wetland rather than upland
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Rcstoratiou of coastal wedads

species" (5) tbe eDdaqgered California least tcrn has been successfully using the area

for foraging, &d (6) water quality is near nornal These resuls indicate that the

value of this wetland has already been enbanced. In the future, cordgrass will be

planted in the low marsh zone and pickleweed in tbe middle and higb z)nes'

monitoring will continue, and work on displaln for an interpretive center will

continue (Gorman et al.t989).

Althougb no restoration plan has been produced for the lA.acre site owned

by SCE, its restoration could presumably be similar to tbat of the Zs-acre site'

Removing the levee for the Talbert Channet would provide the SCE site with tidal

flow. Although the two sites are seParated by additional degfaded wetland acreage'

tbey would be connected tbrougb the flood channel" whicb would increase the value

of both sites. Because tbe SCE site is so degrade4 there is great potentid for

enhancing its value. If.the intent of the restoration is to maximize iD-kind mitigation

for fuh losses at soNGS, tben the anount of open water habitat at the scE site

should be maximized. If out-of-kind mitigation is acceptable (or preferable), the

restoration plan could be quite similar to the plan for the 25'asre site' with

naximum habitat for endangered species.

AltbougbSCE'slandintbeHrmtin4ionBeacbwetlandhastherrndeniable

adrantage of already belonging to SCE, its value for mitigating SONGS' effects is

limited by several factors. First' it is not clear that SCE s'holding is large enough to

provide complete compensation for the fish losses caused by SONGS' Of course'

SCE migbt be able to acquire additional land in tbe wetland' since much of tbe

renraining degraded acreage is prirately owned. Secon4 it may Dot be able to

provide enougb open-water babitar Most of the resources losses tbat would need to

265
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be mitigarcd by wettand restoration inrolve fisb species; tbe restoriation plan for tbe

?S-aqeparcel does not emphasize fish, and it is likely that SCE s parcel dso is not

ideally nrited for providing fish habitar

If the Hgntington Beach wetland is to be restpred as nitigation for SONGS'

effests, the value of the restoration will be set by the constraina of the site's

characteristics, including its size. It would be possible to manipulate the abundance

of some tlpes of habitats in order to maximize tbe habitat value of the site, but it

will not be possible to create some habitat t)?es. For example, the amount of

standing water on the site could be changed to zuit tbe partiarlar nitigation need'

but a relatively deep embalment could not be created. Thtts, the challeuge is likely

to revolve around tbe questions of (1) &e design of the wetland that will produce

the ma:rimum resource value that can be obtained on the site, and (2) how mucb

resource loss can be mitigated ry that partiorlar restoration design

Although SCE does not already owu land in other potentid wetland

restoration sites, the restoration of otber coastal wetlands could also be an

acceptable means of mitigating SONGS' impacts. Thc San Dieguito Lagoon is

larger and contains more oPen water than tbe Huntington Beach wetland'

Restoratiou of the San Dieguito Lagoon was until recently considercd for mitigating

development in tbe ports of Long Beach and Ios Angeles; however, this proposat

was recently rejected by the california coastal commission, so it is possible that the

lagoon would be available for restoration by SCts Thc wetland has an area of

about 120 acres, with a water area of about 33 acres' Thuq the san Dieguito

Lagoon would be able to provide substantially more resources and resources that

are more similar to the impacted resourc€s than the Huntington Beacb wetland'
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Restontion of coastal wetlan&

A nrmber of otber ooastal wetlands, including Ballona Wetland and the

Tijuasa Esnrary, niglt potentially be considered for restoration There is already a

plan to restore 175 acres of the Ballona lVetland as part of the mitigation for a

separate development project (Mea L988), but it night be possible for SCE to sbare

sone of the costs and receive mitigation credit

t0,42 Costs

Costs for restoring wetlands vary tremendously, in Part depending on the

partianlar goals of the restoration and the pre-existing condition of tbe wetlan4 but

targely depending onwhether the land must be acquired.

The recently completed restoration of,9.7 ha (25 acres) at the Huntington

Beach wetland cost $488,000, or $50,000 per ha The proposed restoration of

Bataquitos Lagoon (as mitigation for development in the Ports of Long Beach and

Los Angeles) is expected to aost about $15 qillion for 160 ba or $94,m per ha

Restoration costs could !s highsy if the cost of acquiring the land is unusually high'

For example restoring 18 ha in the Huntinglon Beae.h wetland migbt inrrolve

purchasing the land for $25Q000/ha and restoring tbe wetland for $55,000/ha' for a

total cost of $5J; rnilliqq or $305,000 per ha If land aoquisition oosts are bighsl'

tben of course tbe total restoration costs wiU also be highsl'

105 Discussion

SONGS has no direct effect on wetland babitats. Wetland restoration could

provide iD-kind mitigation for species at risk at SONGS tbat use wetlands during
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pan of their life. In large part, however, restoriDg a wetland would constinrte out-

of-kind mitigatioo Restoration of wetland habitat as mitigation for SONGS' effests

would necessarily be off-site.

Wetland restoration may be an acceptable Eeans of mitigating SONGS'

impacts becarse wetlands are rare and extremely valuable resources in Southern

California However, this method of mitigation preseuts a number of problems.

One potential obstacle, disanssed above, is the possibility that a suitable wetland

cannot be acquired for restoration Two additional problens will be discussed here.

The first, tbe use of out-of-kind and off-site mitigatio+ involves the philosophy of

mitigatior5 while the secon4 the vduation of dissimilar resources, presents a

technical challenge.

105.1 Outof-Hnd/otr-site mitigation

The curent mitigation philosopby of federal and C,alifornia resource

agencies deems tbat out-of-kind, off-site mitigation is generally the least'preferred

altetaative. This philosophy is based on the aryBment that overall Proiect ulrP4cts

wiU be rynt-y"d when mitigationproduces resonres that are as similar as possible

to the lost resoprces. The acceptance of out-of-kind resources could be risky'

especially if the impactcd resoruces are highly value4 rare, and/or subject to

substantial cumulative impacts. on the other han4 out-of-kind mitigation can be

acceptable for common resources with relatively low resource rralue (USFWS 1981),

such as perhaps mid-water fish.
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Rcstoration of coastal wctlands

Off-site mitigation could result in an inequitable geographic disuibution of

resources. It seems likely tbat a restored wetland would be far away from SONGS

(especially if tbe Huntington Beach wetland is chosen) and therefore, the impacted

area would locatly have a net loss in resource values in spite of mitigation' The

importance of the distance betweeg the impact and mitigation sites may depeud on

the specific resources that are being mitigated. For example, for wide'ranging and

ubiquitous species, such as the mid-water fish species impacted by SONGS, a shift in

the geographic distribution of resogrces may not be importanf But local

replacement might be essential for mitigating the loss of important species, sucb as

grant kelp, that are relatively uncommo1 or patchily distributed in the area of the

impact

Witb resPect to SONGS' imPacts, wetland rcstoration would be used to

mitigate fisb (primarily mid-water fish) losses. Because, for tbe most Part' the

impacted fisb are cotDmOD, bave relatively low tesourc€ value, and are wide'ranging

and because restoring a wetland would enhance rare and valuable resources'

wetland restoration would be an appropriate technique for mitigating SONGS

effects.

10.5.2 Value of a r:storeil wetLand

Perhaps the largest technical problem inherent in rsing wetland restoration

as mitigation for soNGS', effects arises because the resources axe very different'

Ideally, an objective, quantifiable metbod of assigning a value to dissimilar

resources sbould be devised. In the case of SONGS, the resources that are

impacted are primarily rrid-water fish. (Kelp bed fish, invertebrates associated witb



Chaptcr 10
l
I
I
I
I
t
I
T
I
I
I
I
I

kelp beds, aad giaat kclp are 
"15s 

irnFacte4 but the MRC recommends that these

i-p"cts be mitigated using other methods.) Restoring a degraded wetland would

pro.vide wetland resource$ including associnted species of birds' fish and

iwertebrates. For L00Vo compensation of lost resources, tbe rralue of the lost

resources must balance thc .nalue of the restoration (Note that, from the

perspective of mitigation bookkeepiq& the nalue of tbe restoration is the insease in

wetland resources over the resourcss present bcfore restoration ) Yet how can

these very different tJpes of resources be equated?

There presently is no conse$;us regarding a tectrnique to be used for valubg

resources, especially when the resources are dissimilar. Several metbods have been

developed for assessing the valuc of wetland habitats (e.g., HEP, McCollum 1988;

.Adamgs procedure, Adamus and Stoclsrc[ 1983), but none is very satisfactory and

none is tailored for coastal wetlands in Southern Califoraia (7*dler 4 aL L988). For

SONGS, wetland restoration may be most ueful for mitigating the loss of mid'water

fisb, but to our knowledge the value of mid'water frsh pa sa has never been

assessed. To datg' mitigation for projects that adversely afrect mid'warcr frSh bave

focused on providing similar habitat nalues. For example, a modified HEP

procedgre was used to determine (1) the rraluc of open-water habitat that would be

lost as a result of port development in Los Angeleq and (2) the amount of open'

water habitat that would need to be created in Bataquitos Lagoon in order to

compersate for this loss. In this casg the dwelopment Project would result in the

loss of mid-water fish habitat rather than directly carsing fish mortality, so a habitat-

based eraluation could bc gsed: Howerrer, SONGS will not cause the loss of mid-

water fisb habitat, so the values of tbe mid-water fish themsclves will have to be

determined.
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Rcstoratioa of coastal uretlads

If wetland restoration is choseu as a technigue for mitigating some of &e

effects of SONGS, it seems likely that determini4g the amount of credit that should

be assigned for a partiarlar restoration project will be diffrcult and perhaps

controversial. The scientifrc basis for ary evalgation methodologl has not been

developed, so some srbjective evaluationwill be necessary. (Even the U'S' Fish and

Wildlife Sewice's modified HEP im'olved the zubjective best professional

judgement" of qualified expera.) As Onuf (1985) states' "the determination of the

relative values of grossly different kinds of habitat is a matter of interpreting policJ'

not the application of a method of habitat assessment which assumes that the same

resources are at issue."

The MRC has proposed that, depending on the particrrlars,30 to 60 ha would

adequately mitigate for the loss of fish caused by SONGS' This size was not derived

by applying an evaluation methodologt because no aPProPriate metbodologl exists'

Rather, the MRC judged the relative nalues of tro proposed rnitigation techniques'

artificial reefs and wetland restoration. The MRC has estimated that 60 ha of high-

relief artificial reef would adequately mitigate the mid-water fish impacts carsed by

SONGS (see Appendix D). Tbe MRC judged tbat, depending on the specific

wetland and restoration plan, restoring a wetland would provide from equal rralue to

twice thevalue of an artificial reef (on a per-ha basis)'

The MRCs judgement of the value of a restored wetland compared to a!

artificial reef is based on a number of factors disanssed in this chapter, including the

high productivity of coastal wetlands, their impoftant roles as nursery areas for

marinefishandfeedinggroundsforbirds,tbeirprovisionofhabitatforrareand

ssdangered species, and their visual and educational value' As one example' we can
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consider the reliative productivity of coastal wetlands and zubtidal reefs in Southern

Califorda As noted in Chapter 8, uo estimate of fuh production is available for

Southern California subtidal reefs Honreve& Allen (1982) has estimated fish

production for a coastal wetland (Upper Neuryort Bay), and compared production

ir this wetland to a variety of other habitaa (Table let. Estimates for two sites,

the Newport Bay littoral zone and Mexican coastal lagooU night be considered

indicative of the levels of fisb production that could be achieved in a restored

wetland in Southern California These two habitats ranked anong the most

productive of all habitats, and were much more productive than tbe purely marine

(Fnglis! Channel and Georges Bank) habitats, which miglu be representative of fish

production o! a temperate subtidal reef..

There is one final concern about rcstoring a wetland as mitigation for

SONGS' impacts. Wetland restoration has frequently been used as a mitigation

techniqge, &d in some respects, the technolog of wetland restoration is fuily

established. There is reasonably little doubt about the ability to modi$ and

superficially improve a wetland. Howwer, recent evaluations of wetland

restoratio$ have srggested that they freqgently do Dot achicve their goalf and

there is doubt about the ability of tbese rcstored wetlands to assume the full

functions of a natural wetlaod. Tbe potential for restoring rraluable, degraded

wetland resogrces is appealing but there is enougb uncertainty about the success of

wetland restorations that this technique should be applied cautiorsln with the

realization that it is still elgerimental

zn



I
I

Rcstoratioa of coastal wetlands
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Table 10-5

comparison of ennual fish prcduction for t!8rhc end csnnrine babltas.
.Moditred lnom Allcn (19E2), cftcrG FfercncGs to the cig[t origirsl sbdies can be

found. Vducs arc for all spccies ccept nber: notcd-

I,CALEAI{D HABNAT

ESM{ATED
ANNUAL

PRODUCAION
(convwr/u2)

Delaware salt Barsh ctcck
Nenport Bay linoral zone
Mcxican coastal lagoon
Cuban frqshwater lagoon
No. Carolina celgrass beds
Bermuda Coral Rccf
Tcxas lagoon (I4ura Madrc)
Fngli<h Channcl pclagic and dcmersal fishcs
Gcorges Bank commercial Eshes
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CHAPTER 11

FISH HATCHERIES

11.1. Introduction

A fuh hatchery could potentiatly provide iD-kind replacement of lost fish

resogrces by providing juvenile fisb that could be released in the wild' The

successful use of hatcheries to SPawD adults and rear larvae requires a thorougb

knowledge of the life history characteristics of a species, at least througb the juvenile

life stage. There must be a reliable source of reproductive adulS and tbe

techniques for hatching and rearing larvae mlrst be available' Equally important for

successful release of hatchery stock is an uuderstanding of the ecologr of juveniles'

The questions that need to be answered include: Where do juveniles live? What

size sbould they be when released? Wbat facton influence survival in the juvenile

habitat? Is the species recntitment'Iimited? How can Post'release survivorship be

maximized?

The major conclrsions of this chapter are: Existing (salmon) hatcheries have

had limited success in spite of substantial finarcial coss and ortensive snrdies' The

use of hatcheries to enhance marine frsb is in an early stage of developmeut' with

little knoum about reariag techniques or the effectiveness of releasing hatcbery-

reared6sbiDtbewild.Becausetheseandotherproblemsarerrnlikelytobesolved

in the near future, a batchery does not seem like a feasible technique for mitigating

SONGS' effects on fuh.
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112 Hatchery case studies

lLz.l. Sslrnon

The ctrrent use of hatcheries to enhance salnon stocks provides a useful

model to evaluate the feasibility of hatcberies as a source of recruits to adult

populations. Pacifrc salmonids provide one of tbe best oppornrnities for success

because they have been studied extensively (see McNeil and Himsvorth 1980)'

Brood stock is readily available and the requirements of the early life stages are

known galmss species are anadromous; adults migrate from the oiean into coastal

ste2ms and rivers to spawD and juveniles renrn to tbe ocea& wbere they manre.

Hatcheries are usually located in streams and rivers. Spawning adulB are gatbered

as they move upstream to sPawn and, depending on the species, juveniles are

released into either strerms or lakcs @rannon 1984), where tbey remain until they

return to the ocean-

All nations with major salmon fisheries are orrently enhancing salmon

stocks (Healey 1980). One of the most ambitious effors is tbe Salmonid

Enhancement Prograra (SEP), which was established in resPonse to the steady

decline in Pacific salmon stocls and has been operating in British Columbia

canada, since $n. However, after 10 years it cannot be clearly demonstrated tbat

the hatchery progran is a success. In fact' for one important species, chinook' the

progran has not been successful, as measgred by the size of the cornnercial coast-

wide catch. For example, despite a constant increase in the batchery production and

release of chinook smolS over tbe past 5 years' the chinook catch in the Georgia

strait in 1987 was the lowest in 25 years (Hume 1988). Tbe success of similar

n6
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Fish hatcheries

salmon enhancemelt Programs in Oregon and Washingou states has also been

limited (Hume 1988).

The lack of success witb many of the hatchery prograuts for Pacific salmon

points out a rumber of risl6 associated witb the use of hatcheries in general' One

potential problem is a reduetion in the gene pool of the stock (Department of

Fisheries and Oceans 1985). Because hatcheries need fewer sPawners than wild

stocls to produce relatively large populations, genetic diversity mighl decline' which

could be hazardous if the ability to adapt rapidly to changes in the environment is

affected. Since influence of natural selection in the early life stages is probably

weaker for hatchery fish than for native fish, hatchery release could swaEp the gene

pool with the less well adapted genotlpes of the released fish' Weaker fish rnay be

produced as a consequeDce' and ultimately fecgndity could decrease and natural

mortality could increase. only long-terul obserrrations can esEblish wbether

depletion of the gene pool has these detrimental effects (Department of Fisheries

3sd Qggens 1985).

There is also the risk that hatchery stocls will replace rather tban

zuprplement natural stocks. Replacement wiu occur when a stock witb a higb

surrrival rate is fished at the time as a stock witb a lower survival rate' If

fishi4g quotas are deterEined by the yield of tbe stock witb the higher rate of

survival, the weaker stock is, in effect, overbarvested and will decline' The survival

of hatcbery stocks in the oPeD ocean could be higber than nanral stocls if hatchery

smols are larger than natural smolts when they return to the sea' This could easily

occur if tbe growtb of nanrral smolts is foodlimited and the grounh of hatchery

smols is not. If batchery fish merely replace na$ral fisb" net benefits will be lost'
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Jls limilsd success of the hatchery progam in Wasbington'has been attributed to

the replagenent of nanrral Production by hatchery producdon (Brannon 19&a)' The

extent of stock replace6eut in the SEP Progfiun is presently unloown' but

preliminary data zuggest that t3Vo of.total SEP production during 1980 to 1984 was

replacement of natural stocks (Department of Fisheries and Oceans 1985)'

Althougb tbe number of hatchery smolts released in British Columbia has

inseased steadily, increases in adult stocks have not met exPectations' This

indicates that facton that affest fish after they renrrn to tbe ocean are important

determinans of adult stock size and may reduce the effectiveness of a hatchery

program. One possible explanation for the poor chinook catch in Georgia Strait in

1987 is that oceanic conditions wer€ not favorable that year (Hume 1988)' During

unfavorable years, the resources sPent on large scale hatcbery produstion will be

wasted if the monality of smolts is unuzually higb. This is partiarlarty important if

the carrying capacity of the juvenile habitat is reduced during poor years"

Juvenile habitats could become sanrrated even in years when sgsanig

conditions are favorable. Production at a large hatchcry will be very high' Smolts

are often released within a narrow time interrr"al and if they are released from a

single site, hatchery fish could exceed the carrying caPacity of tbe juvenile habitat

near the release area cven in good years'

l:1.22 Marine fish sPecies

Comparedtosalmon'theuseofhatctreriestoenhancemarinefrshstocksisa

recegt development whose feasibility is just beginning to be evaluated' Two species

n8
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Fisb hatcheries

have been targeted by tbe Califonria legislatgre and the Department of Fish and

Gane for research witb regards to establishing a batchery Progfiun: the white

seabass, ,4straAoscion nobilis,and the California halibut, Poalichthys califomias'

These prograu$ are still in their ear$ stages, so there are Do data on their

effectiveness.

The rearing Program for the California halibut has been undertaken jointly

by DFG and Soutbern Califoraia Edison at Edison's laboratory in Redondo Beach'

Halibut hav.e been successfuUy reared from egg to post-feeding juveniles

(approxim ately Zcn long). The tec;hniques for raising larvae have been developed'

although there is still some difEculty inducing spawning in adult halibut (IC

Herbinson, pasonal commrniuion)'

Theprogramforrear ingwhi teseabass isbeingconductedatHubbs

Researcb Center in San Diego. The progfam has been succesful at getting two

groups of white sea bass to sPawD at aay desired time, regardless of the uormal

spawning period. Techniques for collecting and barching eggs have been worked

out, and tbe program is now e,xperimenting witb the effests of differeut rearing

densities and food tjpes (D. KcnL pas- contmaicaion\ Some animals have

sgrvived at least two years; work is continuing on estimates of survivorshiP'

Even if the potential for rearing young marine fish is realize4 it is not clear

tbat a hatchery Program will satisfactorily comPensate for impacts to fish' For

example, the bottleneck for california halibut nay be the nursery habitat for young-

of-year (Allen et a|. tg85); if so, only a certain number of young halibut will suwive

n9
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no Eatter how many are release4 and a hatchery is not likely to be effective for

enhancing the stock

113 Discussion

Tbere are at least two serious technical problems that lirnit the feasibility of

using a fish hatchery as mitigation for fish losses caued by SONGS' Fint' few

marine fish have been raised in a hatchery sinration It seems likely that, given

zufficient time and mo1ey, nearly alt species could be raised in a hatcbery'

However, there are many potential pidalls with little previous experience to provide'

guidance, and there is no guarantee that ary partiorlar species could be raised

within reasonable limits of time and money. Furttrermore, replacing fisb losses witb

hatchery production would require a continuous outlay of money for operatioru and

maintenance. Secou4 little is lnoum about the critical factors limiting ftmy marine

fish populations. It is clear th:t much more information about tbe life histories of

Earine fub, the Processes underlying the dynamics of the populations and the

nature of potential bottlenecls, is necessary before it can be determined whether a

hatchery could er7et Powfiatly enhance a population" Blindly restocking a

population from a hatchery has a higb likelihood of failure.

The posibility of restoring marine fish populations througb a frsh hatchery is

attractive, and hatcheries cnuld one day prorride a valuable mitigation technique'

However, they do not apPear to be feasible at Present' and it would be e:cUemely

difficult to link the rralue a hatctrery could provide to tbe resources impacted'
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OTIIER MITIGATION TECHI{IQUES

There are a n'mber of techniques not covered in the preceding five chapters

that could be considered for mitigating the impacts of SONGS' None of the three

techniques discussed in this c,haprcr are traditional' in the sense that tbey are

consistent with the FWS Mitigation Policy guidelines and/or bave been applied

previously in coastal mitigation projects. However, each of these techniques offers

partianlar advantages, especially when considered for mitigating impacts to

resources (such as midwater fub) for which it is diffic'lt to envision an appropriate

tecbnique for in'kind replacemenl

12.1 Coastal Preservation

Ilnd acquisition has been used as mitigation for some coastal developnent

projects (Ashe 1982). Acguiring and preserviqg coastal land could sewe to mitigate

impacts to the marine environment resulting from the operation of SoNGS'

However, resonrce presernatiog aPPea$ to be inconsistent with the mitigation

policy set forth by F'WS because it merely Prcsenes cxisting resources rather than

producing Dew resogroes to aogPeDsate for project'related resource losses' This

inconsistency can be seen by couidering tbe consequenc€s of having land

acquisition as tbe sote mitigation technique: as more and more projects were

completed, more and more tand would be preserved' but the total amount of

resource would dwindle'

281
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r -nd acquisition could be appropriate mitigatiotr if the acquired land would

otherwise be degraded. Tbe protestion of rare and valuable habitat (such as a

wetland) mighl be seen as preferable to the in-kind replacement of ssemingly less-

valuable resources (zuch as midp€ter fish). Judgements about the relative value of

different resonrces are subjective and difficult to quantiff, and in the long term the

value of preseration depends on the nature of the (unloown) funre development

of the land. Viewed strictly from the standpoint of absolute resource value,

preservation guarantees the protection of some resources at the cost of others. But

if the protected resources are ar great risk, presernation might in the loug run be the

most valuable alternative. For example, wetland habitat is at great risk in Southern

California in spite .of its perceived value, and 7*dler (1982) argues that

development in and around wetlands will continue unless wetlands are purchased

for public managemeDl

IJnd acquisition and presewation c:rn be traditiond nitieation if the

acquisition is tied to restoration In this case, tbe resource value of a degraded

habitat is enhanced througb restoration, and there need not be a net loss of

resources. It seems likely tbat most, if not all, of the land that could be acquired in

Southern California would bc somewhat degraded; Se acquisition and restoration

of land could &erefore be a valuable mitigation technique. (The restoration of

wetlands and esnraries is disggssed in detail in Chapter 10.)

122 Research

Knowledge about partiarlar resources or mitigation techniques could be very

valuable where actions or recommendatiors by government agencies have been
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ther mitigation tcchniques

hampered by a l,ack of information- There bave been a Dumber of cases in which

snrdies have been recolnmended as at least part of the mitigation requirement'

Recent exanples in Southern California (N. Gilbert' USFWS, personal

commwi@ion) include: (1) A sftdy of an adjacent liagoon in reqponse to building

oD a mes4 which was to provide information about tbe value of the lagoon tbat

would be valuable for funre Eranagement decisions. (2) A sftdy of the impact of

isolation on the ecological functioning and integrity of vernal pools, recommended

as part of an overall mitigation package that inctuded preserving existing vernal

pools. (3) A sndy of the effests of shading on eelgrass in response to development

- that would impact eelgrass beds. In addition, a researcb instinrte was establisbed as

part of the mitigation'settlemeut for Hudson River Power plans (Barnthouse et al'

1e88).

There are potentially serious problerns witb utilizing research as the sole

meags of mitigating a partianlar impact- By itself, research does not directly change

resogrce values, and there would be some net loss in resource value, at least in tbe

short tenL tn rhis sense, researcb does not follorv tbe F'\ilS Mitigation Policy'

flowever, the long-term beuefrts of properly directed research could be nrbstantial'

and could ultimately result in increased resource values tbrough the application of

novel or refined techniques. This technique would be partiorlarly appropriate as

nitigation for resources for which no otber feasible technique of replacing tbe

resource exists.

Research was an explicit coEPoneut of the nitigation settlement for the

impacts of power plans oD the Hudson River. In this case, the dispute over the

impaca of entrainment of fish larvae by power-plant cooling systems could not be
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resolved in spite of many yea15 of hfaringS. Because lack of informatiou about the

ecology of the Hudson River was viewed as a major impediment to policy decisions

concerning the use of the river, research on Hudson River ecolory was seen as

appropriate mitigation As a result of the outd-court settle6ent, the Hudson River

Foundation was established to coordinate and fund research on tbe ecology of

organisns living in the Hudsou River.

[Jtili-ing shrdies to complanent other mitigation techniques would be

extremely valuable. In each of the cases cited above, a study was recommended as a

Eeans of acgqiring information about habita6 that would cenainly be impacted by

futrue development projects; the information would help the resource ageucies

make funue judgements about proposed impacts to tbose habitats' And i! two of

the cases, the snrdy would provide information about the babitat being inpacted'

It is worth noring that monitoring snrdies to determine whether a partioilar

mitigation project was nrcces$rl would not be appropriate mitigation' These

monitoring studies are very important, providing info:mation that could be applied

to funrre mitigation projeets. However, they should be onsidered a necessary Part

of the mitigation requiremeng rather tban mitigation in their own righr

1ll3 Water qualitY imProvement

Mitigation for a terrestrial project sometimes takes the forrr of reducing

imracts that are similar to the Projest impacts but are produced by a separate'

gnrelated project For example, the California Air Resources Board has required

that new sonrces of air pollution, if permitte4 should cagse a net benefrt in the air



Other nitigtim tcchniques

quality of the regolL Tbe policy is based on the theory tbat air quality impacts in

one area can be mitigated by air quality inprovements at another site within the

'airsbed' (Ashe 1982). For example, Standard Oil bad agreed to reduce emissions

at a Southern California Edison Power plant as nitigation for one of Standard's

proposed refineries (Ashe 1982). Similarly, mitigation for oil dri[iug and procesing

developments impacts on air quality in the Santa Barbara Channel may include

improvements to emissions of other operations off-site @' Douros' penonal

commwication). In both cases, the underlying idea is that tbe project-related

impacts are mitigated because the overall air quality has not been degfaded'

A similar approach could be used for water quality is tbe soutbern

California Bight. As mitigation for adversl effeets of water quality as a result of

discharged water from SONGS, SCE might improve the water quality at anotber site

within the Bight Any number of differeut impacts to water quallty could be

improve( including sewage treatment plants or indusgial discbarges' SCE might

also be able to redue the water quality impacts at their other Southern california

porver plans.
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CHAPIER T3

RECOMMENDAIIONS

This chapter discusses the basis for the MRCs mitigation recoururendations'

First, I discgss the Permit and CCC guidelines that have governed the MRCs

approach to mitigation (A general overview of mitigation' including the generally

accepted mitigation priorities, is given in Cbapter 1.) Second, I briefly review

techniques tbat could potentially be 115ed to mitigate the impac'ts of SONGS'

Finally, I present two options for mitigating the effects of SONGS, "Changes to the

Qesling System" and ?revention and Mitigation." The purpose of this chapter is to

relate the infonnation presented in the first two sestions of this rePort to the

recorunendations made in the MRC's Final Report to the CCC'

13.1 APProach

The MRCs approach to developing recommendations has been mandated by

Coastal C-ommissiou Permit 183'73 and subsequent guidelines issued by the CCC'

Altbougb rrariors laws and policies related to mitigation have been considered (see

frapter 1), the recommendations have not been constrained or lirnited by tbem"

The permit statcs that tbe MRC is reqponsible for recommending to the

c;omtnission "any changes it believes necessary in the cooling sJEtem for units 2 atd

3" (Condition 8.4). Condition 8'6 provides that:

Shouldthestudyatanytineindicatgqhattheproiectwillnot.oTPll'
witb the regulatory ,"qno"-?i[ oi stat. or Federal water qudity

agencies, dr tbai ,ubrd,ii;i-"ddfi effects on the marine

eDvlronment are likely to occur' or 31s-. seeurrine' through the

operation';i [;1;--Il, z -i'i]",r,-, "piti.-s 
striit immidiaterv
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undertake 5ugfo nsdifications to the sssling system as may reasolably
be required to reduce such effects.or comply with sucb regulatory
reqgueme"ts-(*Ui.[-can be nade while conitiuction is.gginS^ q anO
;;itd 

-b!-.s 
Ln"orive as t"qniriog .ooling towers if= tUat q. the

recornmenaatioi). fti Gti-ConrFssion shill then further condition
the Permil ssssldingly.

In Novemb er t979 the CCC expressed interest in evaluating means of

mitigating adverse effects other than changes to the gesling system, and directed the

MRC as follour:

The Commissiou also
6ffitieation measures migbtrecgSnizes that OperatiOnal Changes Or EUUgaUOII l1easurcr rruErrr

;A;il,"tt .oip"'os"iJ-fot antdtine life danages resuldng from
th;6p!t;"iionof U"i1s2-and..3..n.$qprf io*-q,.I9lo,t":l^"91it-Tth;A;re-rafo" ofU-Ots 2 and 3.' Tle Commission' ihFrefore, requests
tha ihe to snrdy th9 fea;fbility and e$ects of selecteq-PtggTqOe titR,C to snrdy the feasibility and effec'ts of selectect prompmg
mitieation measures, including ionstruction of an artificial reel as
il;?iiei' u" 

-so"ii.ti,- -c"ti?otn1" 
Eaison The MRc slqqldzuggEsted by - Southern

;83"il;A?U"i.."i*"t -igh-ue tat go to assure there Yolld_ b:
Io-iE[-&i*J?nEiii6J-d-fi *"itoo-Jotfr.-ogroperationof
SONGJUnis z a"o 3. (StatrReports LL/9/79'4/4/80)

The permit states that the Committee is responsible for "recommending "'

any changes it believes necessary in the cooling sJ6tem for Units 2 and3" (Condition

8.4), witb no mention of operational changes or mitigation Option 1: Changes to

the Cooling Systenr" below, responds 6 this charge. On the other hand' Option 2:

Prevention snd Mitigation, below, considirs recommendations in light of the

November 1979 resolution as well as the Permir Under Option \ the MRC first

recoEmends techniques for reducing as many of SONGS' impacts as can reasonably

be accomplishe4 and then recomnends replacement techniques to mitigate the

remaining losses to the Point of no net advene effecl This priority was dosen

beca'se the permit stresses reduction of inpacts; preveuting losses is also gven

precedence over replacing lost resources by state and federal resource agencies

(Chapter 1). For each mitigation technique, initial and ongoing costs and the
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zmount of resources mitigated are estinated. Horpever, many of tbese estinrates are

rougb at best, and some techniques should Dot be required until tests determine that

they will substantially reduce the impacts of SONGS.

Condition 8.6 implies that recommendations should Pass a criterion of

"reasonableness," and althougb the Commission nakes the ultimate judgement of

what is reasonable, this chapter sumnarizes inforcratioD on this matter, partianlarly

with regards to tbe risls and expenses of each tecbnique. Several technically

feasible techniques are not recom6ended because of associated impacts'

uncertainty, eIPeDse or a combination of factors, all of which bear on the

"reasonableness" of recommended techniques.

132 Summara of potential mitigation techniques

The previous chapters of tbis technical report describe and evaluate avariety

of techniques that could potentially be used to Prevent tbe los of resources due to

the operation of SONGS or comPensate for the value of lost resogrces' These

techniques are listed in Table 13-1.

Table 13-2 lists the most promising techniques for mitigating the impacts of

soNGS and indicates tbe resource losses eacb technique could selve to mitigate'

Two techniques, sseling to\ilers and reduced flow, could reduce nearly all identified

categories of impacts. Witb cooling tolvers' the existing once-througb cooling

qystem would be converted to a closed rysten, virnrally eliminating all of tbe

impacts snrdied by the MRC. (Some additional imPacts to tbe marine environment
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Table 13-1

List of potential techniques for mitigating the effects of SONGS

AII tochniqucsr llclurling thocc lhat vould uot bc feasiblc or would not pnovide adequatc Ditigntion 8t

SONGS, are hcludcd in this lisL The uost promising tcchniqucs anc notcd by t.

Loss reduction techniques Replacement techniques
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Intake

Morfified 63yslling Screen
(e.g., low-pressrire wash, small mesh)

lnfrl6alisn bed
Porous dike
Barrier wstems
Movinq iirtate'Sonic devices (poppen and hammers)

'Merqrry liehts
Electrir! fi;lds
Strobe lishts
Bubble cunains
Water jets

Discharye

'Relocate discharge
(to shallow or deep water,
upcoart or do\rrDcoast)

Covlr diffuser ports with rock
Modifv diftsei Dorts

(g.d. increasi heigbt/cxit diarneter,
cn:rnse orscnarge ange,

Changeio singte-fon discharge
Modiff bonom topograpby
Reduce fl ow/reduce Power

Replacattmt of cooling systmr

rgsgling towers
Cooling ponds

Mdification of opmions

'Reduce flow/maintain full Power'Reschedule flow

'Constnrst artificial reef
'Create new kelP bed
'Restore coastal wetland
Constnrct fish batcherY
Coastal presewation
Research
Information dissemination

(e.9, book)
Water qualiry improvement

Modi$ heat treatment Procedures
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might result from the small volume of discharged water from cooling towers, and

terrestrial and other impacts would certainly occur; see Section 5.12.)

Reduong the flow of warcr througb SONGS would not completely eliminate

3ny inpacts, but it could potentially reduce dl categories of losses to some exteul

For organisms that are entrained by SONGS, reducing the flow of water througb the

plant would directly reduce the losses due to SONGS. Tbe relationship between

flow rate and resource loss is less certain for giant kelp, kelp bed fishes and kelp bed

invertebrates (Section 621} but reduced flow might result in some reduction in

impacts.

The remaining frve loss prevention techniques would reduce impacts on two

or three resources. Rescheduling the operation of SONGS could reduce the losses

of fish larrrae and giant kelp. Changes to the diffuser system (either moving the

discharge or modiSing the diffrser poru) could reduce the impacs ou giant kelp'

kelp bed fsh and kelp bed invertebrates. Finally, sonic devices, zuch as intake

poppers (pneumatic guns), and light systems'could reduce the loss of entrapped fish'

. The most promising replacement techniques inctude consmlcting an artificial

reef and restoring a degraded wetland. An artifrcial reef could serrte as in-kind

replacement for kelp bed fish and invertebrates an4 if it zupported giant kelp' kelp

iaelf. The amount of in-lcind resonrces tbat would be provided by a restored

wetland would depend on tbe paniarlar wetland and its restoration plan' A

restoration tbat provided large oPen-water areas could provide bigb in'kind value'

or at least would enhance the production of tbe same type of resources (e.9.' fish) as

impacted by SONGS.
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Either an artificial reef or a restored wetland could prwide out-of-kind value

for any of the resource losses caused by SONGS. However, Table 13-2 also

distinguishes out-of-kind replacement that would result in tbe substinrtion of tbe

6ame general type of resource (e.g., fish). Altholgb this tlpe of replacement has not

be distinguished in established publications or policies, it would be preferred over

out-of-kind mitigation resultiqg in completely dissimilar resources. Botb an

artificial reef and a restored wetland coutd produce fisb as out-of-kind mitigatiou for

midwater and bottom fuh species impacted by SONGS. Wetland restoration could

also produce fish as out-of-kind mitigation for kelp bed fisb species impacted by

soNGs.

The two mitigation options considered in the Final Report to the CCC are

sumnarized in Table 13-3. The components and alternatives of these oPtions are

considered in the rest of this chapter.

133 Option 1: Changes to the Cooling System

Conditions 8"4 and 8.6 of the Permit state that, if the MRC finds that

SONGS causes substantial adverse effects on the marine enviroument, the

Comminee is responsible for reconmending "sucb modifications to tbe cooling

q6tem as may reasonably be required to reduce such effects'.'"'

Tbere are reasons besides the mandate of the Persrit to prefer stnrctural

cbanges as a means of reducing tbe impaas of SONGS. Strucnral cbaqges could

remove or reduce the mechanisrns of impacq thereby insuring that SONGS has the

least possible impact on the marine environment. Such changes not only minimize
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Options for reducing or rnitigating the impacts of SONGS

Optioo lgl.hniquc ObiectitE Rccoonendatioa

1: Changes to cooling system

Option la

Cooling toxfets

Option lb

Mwing discharge

Rcducc dl losscs

Reducc disc,hargc losscs

Rcject (WM, BM)
Acccpt (RF;

Rcject

I
t
I
I

2: Prevention and mitigation

Ftsh l-ossa

Rcducc 0oui
Rc$hedulc o'pcratiousr
Artiftial rccf (60 hdl
Rcstorsrctlard (30 toeO hdl
Rcdrce inpiagetlcst losscs

Iklp fuat cmnunity impoa

Artilicial recf (U0 ba)

Rcduce lanal fish losscs
(l-10% se&rctims is
staditgstocb of sooe
spcdes)

ncOuce fish iltaltc lcscs (21 tons/yt)

Acccpt
(Unaaimous)

I
I
l
t
I
I

Rcplace lcclp conmunitY losscs
(80 ha tetp ad associatcd
irrcrtchatcs ald ftsh)

1 A combiaation of tbcsc techoiqucs could bc uscd as loag as ovcrall rcsult was complctc nitigation' I
I
I
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the impact a projest has on tbe local ecosj6terD, tbey also avoid tbe extremely

rliffisuh problems associated witb trying to (1) estimate tbe value of resources

produced by imperfectly understood mitigation techniques, and (2) compare the

values of dissimilar resources.

In this section, I address cturnges to &e cootiDg qntem at SONGS that would

reduce the substantial impacts of SONGS. I foeus on the two alternatives,

constnrcting cooli4g towers and moving the discharge, that were considered by the

MRC in its Find Report to the California Coastal Commission

U13.1 Option la. C.ooling tow€ns

Tbe substantial adverse imFacts of SONGS are directly related to the intalce

and discharge of a large volume of water at SONGS; cooling to\r'ers could reduce

this florp by 90Vo or more, thereby substantially reducing all of SONGS' effests on

the marine enviroument that the MRC has meastued.

Qosling tos'ers present tbeir own suite of problems (disorssed in SaPter.S).

Any one of several different cooling tourer designs could be used at SONGS, but all

have technical or environnental problems One design tbat seems suited to the Saa

Onofre environment, dry cooling to$rers, has never been used at a plant larger than

200 lyflil, so it is uncertain wbether the engineering obstacles of applying tbis

technologr to a 1100 lvf\il scale could be resolved; furthermore, dry cooling towerE

would be expected to decrease plant capacity by 20Vo. Wet cooling towers would

also result in a sigUificant decrease in plant caPaclty. Any decrease in efficiency
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would likely increase emissions in the Los Angeles Basin, because Basin Power

plants would need to oPerate Inore to make up the lost power.

Salt water would be used for wet gsoling towe$ at San Onofre becarse of the

scarcity of fresh water, and the rezulting satt drift could c:ilse nrbstantial terrestrial

imFacts within a few rniles of the towe6. Althougb a smaller volume of water would

be discharged from SONGS than with the present once-tbrough cooling system' the

discbarged water would have higtier concentratioos of toxic chemicaJs and other

sestnminants (which are r15ed to prevent corrosion, scaling and biofouling).

Retrofitting SONGS foy cooling towers would be a complex engineering and

logistical project SCE does not own the land on which the cooling toweni would be

built but.would need to acquire it from eitber Camp Pendleton or the State Park.

There may not be enougb room to build the towers next to Units 2 atd 3; if not' they

would need to be located at leail a mile away from the plant on the other side of the

freeway. The intake pipes, which are pointing the wrong way, would need to be

extended in a sreeping cirarlar plpe out and back up the beach. If the towers are

locatcd across &e &eeuay, thc pipcs would need to be buried deep beneath the

freeway (tbe Department of Transportation would have to give permission to nrnnel

beneath the freeway) and up into the hille, and additional PumPs would be needed

to Etnte the water uPhiU against a head of about 200 feer The sea difB would

probably have to be destroyed no matterwbere the cooling towetE were constnrcted'

Cooling tower5 are also likely to affect human safety by increasing the

frequency of ground-level foggrng around San Onofre. The cooling towers would

have to be located adjacent to Interstate 5, wbere weather conditions that produces

I
I
t
l"
t
I
I
I
I
I
l
T

I
I
I

32,



I
I

RccommcndatioBs

a visible plgme from the towers would sometfunes redu@ visibility on the higbtl|ay'

Althougb this would probably ocor only rarety (according to the 1973 Final

Environmental Statement for Unit 1, SCE estimated that conditions conducive to

fog would probably occur dgring 90 hrs/year), the probability of automobile

accidens near SONGS would be sligbtly highel as a result of constructing cooling

towers.

Finally, cooling towers are expensive, witb an estimated cost of about $500

milliea to $1 billion for corstnrstion In additio& the decrease in plant capacity

would be expected to cost at least another $1 billion over the life of the planr

Cooling tos'ers were considered in the Final Environmeutal Statement for

Unis 2 and 3 and by tbe MRC in its 1980 report to the CCC' and in both cases

rejected as unnecessary for the anticipated level of impacts' None of the recent

information indicates that theywould now be a better alternative'

If cooling towers are required, their environmental impacts would be

substantially different from the impacts measured by the MRC; tbese imPacts

should be monitored even tbough they would be lower than the Present impacts'

'The appropriate monitoring would depend on the design characteristics of the

towers, so it is not possible to anticipate the specific monitoriqg that would be

needed.
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1332 Option 1b. Moving the discharge

.An alternative to cooliug toweni is to move the discharge so that &e plume

does not Pass over tbe San Onofre Kelp Bed- This would eliminate the impacts on

the kelp bed.

This option has the following disadvantages (Section 4.6): (1) Changes to

the discharge system mlrst accommodate the plant's frnely'tuned hydraulic

requiremerts, and this rest'icts the distance at which a new discharge could be

located. (Z) There would be new impacts on the marine environment, some of

which we are not able.to predict. (3) It would not reduce the adverse effects on fuh

populatiouq which are caused by the egtrapment of fish. (4) Although impacts to

the San Onofre Kelp Bed would cease, it would take a period of time (perhaps long)

before &e kelp bed would recover, dgring which there would be a net loss of

resources. (5) The exact cost would depend on the specific location and design of

the new discharge (and would reqgire a detailed analysis), but would be hundreds of

millisa5 of dollars.

Movigg the discharge is technically feasiblc, would gliminats ongoing

irnpacts to the San Onofre IGlp Be4 and would qruse only minor new

enrrironmental irnpac6. However, moving the discbarge will be vety exPensive, and

the impacts to the kelp forest commnnity can be adeqrately mitigated with an

artifrcial reef at zubstantially lower cost

Tbe MRC was unadmous in not recotnmending this technique for mitigation

of SoNGS'irnFacts.

t
T
l,
I

l
I
I
t

I
I

I
I



I
I
t
l
I
I
I
I
I
t
I
I
1
t
I
I
I
I
t

Recosncndations

1!1.4 Option 2: Prevention and mitigation

Option 2 consists of techniques that, combine4 could be used to comPensate

for the resources lost as a result of the operation of SONGS. The goal of this option

is to have no net adverse effea resultitg from the operation of SONGS.

The MRC has evaluated more than 30 different techniques that could be

used for preventing or mitigating losses due to SONGS (Table 13-1), most of which

have never been adequately tested. Furthermore, development and testing of these

techniques has generally focused ou power plants that are much smaller than

SONGS and are not located on the coast of a temperate ocean* It is therefore

dif6cult to evaluate tle feasibiiity of these techniques at SONGS, and there is

uncertainty associated with even tbe most promising of them. In addition, there

have been few attempts to mitigate Dearshore coastd impacts, so there is little

precedence or experience for guidance. The relatively few techniques included in

Option 2 arethe techniques tbe Committee feels are the most likely to be successful

with no unacceptable effects.

The detailed recommendations in this sestion zre organiznd according to two

major categories of losses: fuh losses, and kelp forest community impacts.

1:i.4.1 Fish losses

The MRC has recommended a possible combination of four differest

techaiques for mitigating the fsh losses: (1) reduce tbe number of larvae entrained

(by reduciag the flow rate at SONGS or other coastal Power sutions or by
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scheduling SONGS so it does not operate during periods of maximum abundance of

fish larvae), (2) co$itnrct an artificial reef, (3) restore a wetland, srld (4) reduce the

in-plant loss of juvenile and adult fish.

Rescheduliag operations and reducing flow would prevent losscs of some fisb

lawae, but a substantial number of larv"ac would still be killed. There is no feasible

technique for replacing all of these larvae in-kind; althougb some in'kind

repiacement would occur on an artificial reef or with wetland restoration, these

techniques would be primarily out-of-kind. An artificial reef or wetland restoradon

would also serve as mitigation for any in-plant fish losses that cannot be prevented.

This section discusses each of these techniques. In addition' the MRC

recognizes that different combinations of the frrst three techniques could each result

in complete mitigation, and a framework for combining the techniques is presented'

13.4.1.1 Reschedule oPerations and reduce flow

These npo techniques, considered together because they could perhaps be

implcmeuted in a complementary Fanner, would be rsed to decrease the loss of fish

tawae by reducing the vohtme of water that flows through SONGS' We present the

techniques in relation to SONGS, but note that an equivalent reducdon in

entrainment from lower flow at other SCE coastal stations could be an accePtable

zubstinrtion
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Reschdule operdiotts

The water flow througtr SONGS is shut off regularly for routine rneintenance

and refueling' By scheduling this donmtime duriry the period of maximum

abundance of fuh lartae, the number killed could be reduced zubstantially. If tbe 60

dap a Unit is doum for refueling and maintenance occurred during March and

Apnl, losses of fish lanne could be reduced by about 50Vo (table 13-a)' Obviously'

more dalr witb no flow will give grczter savins but higher costs (aPProximately $4-7

milliss/week) to SCE.

Florv could be stopped each year dgring the period of highest larval

abundance with either a 12-month or a 24-month refueling cycle. There are

technical and financial objections to a 12-moutb cycle. Although difficult to achieve,

a 24-month cycle, witb UniS 2 and 3 down in alternate years' would have the

advantages of fewer manPower or safety conflicts (which would occur if Units 2 zsd

3 were doqm at tbe same time), a lower volume of radioactive wastes, and lower

costs. Even an l&montb refueling cycle, centered around tbe goal of reducing flow

ia March and Apri! would provide a substantial reduction in the number of fish

killed.

In spite of the advantages of, a2armouth cycle, unanticipated intemrptions in

tbe operation of SONGS and otber factors will make i1 ditrianlt to adhere to any set

schedule (Section 6.L2). In fact, it may be inpractical to require SCE to schedule

refueling and maintenance at Uni6 2 or 3 during any specifrc period of time' The

period scheduled for refueting is subject to a comPlex suite of factors, nany of which

are not under ScE s conuol. Nonetbeless, lan'al fub loses can be substantially
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Table 13.4

Reduction in ichthyoplanlcton entrainment under different f,ow schedules

A. Totd ichthyoplanliCon

l,
I
I
I

lvIA&
AP&

& AUC

FEB,
lvtAR,
& APR

MoNn$wm{ No FIrw

IvIAR
MAR

&APR
MoN$rswrlll

6TVoFtow

Nonc

Feb to May

0Vo

26%

32Vo

47%

49Vo

58Vo

55Vo

64Vo

8Vo

TlVo

B. Species with estimated Adult Equivalent lasses ) l7o'

MoNn$wmr No Fl,ow

I
I
I
I
I

lvlA&
APR,

& AUGMoMlrswnH
67%Ft,o'vl

F'Ets,
I.IAR MA&

&APR,  &APR

9%

65%

8% 55%

94Vo 59%

0%

a%

a%

42%

None

Feb to May
I
I
I
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reduced if SONGS can be scheduled to avoid operatioDs during March and April'

and the adoption by SCE of a policy that minimizes operations during periods of

higb larval abundances should be encouraged.

Re&tce flow

Reducing the rate of water flow througb SONGS while operating tbe plant at

full power would also reduce losses of fish larvae. The flow rate could potentially be

reduced by 33Vo; a33Vo reduction would maintain the thermal standard of < 4oF

increase at 1000 feet from the diffusers, althougb a waiver would be required to

allow an increase across the condenser of 30pF instead of 20"F. Operating the plant

at 67Vo flow for February through May (and full flow tbe rest of the year) would

reduce fish larval losses by 26Vo (Table 134). (Most of the savings in February

comes from anchovies.) Savings would be somewhal higher if flow was reduced for

more months; however, fuh larval abundances are not partianlarly high in October

througb January, and higher water temPeranrres after June would reduce the

efficiency of the tgrbines and substantially increase costs.

The costs of this tecbnigue include $10 rnitlion to retrofrt the pumps, plus

annual costs tbat depend on (1) when flow is reduced and (2) the number of dap

with reduced flow. For technical and financial reasons! it night be best to reduce

flow duriag the months witb low arrbient water"temPeranlres' (One exccption: the

potential savings in species with hig! adult equivalent losses could make operating

at reduced flow in August worthwhile.) Alternatively, it might be best simply to

allow scE adjust the flow in resPonse to ambient conditions and powel

requirements, as long as the required reduction in entrainment was achieved' For
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tbe proposed February-to-May reduction, the annual costs could be as higb as $5

million for both units (Section 623).

In addition to reducing the flon' rate througb SONGS, SCE night be able to

reduce larrrat ent'ainrnent by reducing the volume of water Passing through coastal

po\rrer plants besides SONGS. Studies at SONGS indicate that the thermal effluent

from the plant is of little environmental concerlt. We believe that the

environmental advantiges of reduced flow that can be achieved by having a bigber

condenser temper:rture will generally outweigb any potential environmental hazards

at coastal power plants. The gfeatest emrironmental protection might result from a

waiver of thermal standards at SCE s coastal power plan6 since this would

minimioe the volume of water pumped througb the plants-

Reschedule opuations and re&rce lbw

The most cost-effestive means of reducing losses of fish lanrae would be to

schedule SONGS, whenever possible, so it does not operate when fish larvae are

Erost abundant and to reduce the flow of water through the plant during a few other

months. Of course, the actgal savins in larvae will vary depending on the spedfic

timing implemented; no flow dgring March and APril and 67Vo flow during

February and Maywould reduce larval fisb losses by nearJy 60vo (Table 13a)' Even

with only otre lro1th of no florr, reduced flow from February to May would yield a

combined svings of nearlY 50Vo.

No biological monitoring would be required, for rescheduling or reducing the

flow rate througb SONGS.
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13'4'1'2 High:relief anificial reef

An artificial reef would produce a variety of reef resources' the algal'

inveftebrate and fish communities on artificial reefs are similar to tbose on narural

reefs, and tbere are data indicating tbat some fish production does occrr on

artifrcial reefs. Artifrcial reefs are one of only two rcchniques (the otber being

wetland restoration) available for produciqg nearshore marine resources' and their

use for mitigating gnavoidable losses could be appropriate if approached cautiorsly'

For exarrple, the problems associated witb using an artificial reef as out-of'kind

mitigation include uncertainty about tbe amount of fsh produced (Section 82) and

the need to compare the value of dissimilar resources. The size and design of an

artificial reef used as out-of-kind mitigation should take into account these

uncertainties. '

Any estimate of the sizp of'reef needed will be nainly a best gpess' and since

tbere is no impact to a qpecific habitat it is not posibte to come up with

replacement ratios. To estimate tbe reef size needed to compensate for the fuh

losses, I have converted tbe fish losses from biomass of mid-water fisb to area of

reef. This approac;h relies on m"ny rpugb estimates, since virtgally none of tbe

Decessary information is acanrarcly knonm' and on a judgement about tbe relative

wortb of midwater fub verss a roclsy reef cornmunity. These calculations, and the

assgmptions uPog which they are base4 are given in Appendix D' Using the values

described in Appendix D, I estimate that a 6trha artifrcial reef would comPensate

for the all of tbe unavoidabte fub losses. (As discussed in Section 13'4'1'4' a smdler

artificial reef could also be combined with othei' techniques to mitigate the fisb

losses.)
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Monitoring the mitigation reef is an integral part of this recommendation'

The physicat stnrcture of the relf should be monitored immediately after

colstnrction to ver$ tbat it mee13 the design specifications; if it does not, additional

constnrctiou sbould be reqgired to bring it up to the specifications. The principal

evaluation of this technique should take the form of a comprehensive sildy of the

anount of fish produced on the ree! to be completed over a period of perhaps frve

years (and probably commencing soute years after reef constrtrction). Uncertainty

about the amount of fish produced on artificial reeft hampers tbeir use in

mitigation, so the information from tbis snrdy will be extremely valuable for

evaluating future proposals to use artificial reefs as mitigation'

Cost of constnrsring a high-relief anifrcial reef is estimated to be $250'000

per ha (Section E3.4), so the cost of coilimrcting a 6$ha reef would be about $15

million

13.4.1.3 Restore wetland

coastat wetlands are naluable habitats becase they serve as nrrseries for

somc madne frsb, are productive, ad prwide habitat for rare and endangered

species. In Southern Catifornie less than $Vo of,the original wetlands remain and

nearty all of these havc been degraded. wetland restoradon would be an

appropriate means of mitigating the loss of frsh larvae carsed by soNGS'

Two dirficulties with implementing tbis technique are: (1) I-ocuion'

rWetlands in Southern California are in higb demand for re$oration and the

alteruatives are limite4 but SCE owns some property in the Huntinglon Beach

I
I
I
I
I
t
I
I

I
t
I
I
I

I
I
I
I



I
Rccommcndations

wetland and there are several other possibilities (including purchasiqg more

Huntingfon Beacb ProPeny or restoring another wetland such as the Ballona

Wetland; Sestion 10.4.1). (2) Amowt of restorwion needed. As witb all out-of-kind

techniques, it is difEcult to determine the amount of mitigation needed to achieve

the appropriate amount of replacement; this is paniarlarly 9iffi*tt under the

present circrmstances, where tbe impacted resources are tied to a habitat (open

water) that we cannot restore. Furthermore, the aYnount of restoration needed will

depend on the specific design of tbe restoration: shallov-water habitats such as

esilaries and embayments will provide more in-kind, and perbaps out-of-kind, value

than most salt marshes, although marsb habitat that supporu endangered species

would be especially valuable. While it is impossible to determine preciseiy the

amount of restoratiou neede4 we propose that, depending on the partiarlars, 30 to

60 ha would adequately mitigate for tbe fish losses (Section 1052).,

If wetland restoration is chosen to replace losses, tbe restoratioD must be

monitored carefully to iruure that it is successful. Previous monitoring efforts have

generally evaluated only wbether transplanted vegetation grew as expected; this is

not suffrcienl Specific criteria for srccess (ie, partiarlar hydrological, physical and

biological cbaracteristics that must be realized) and tbe time frame for their

achievement sbould be established when the restoration plan is developed' If

monitoring indicates that tbese objectives have not beea accomplisbed on scbedule,

additional efforS should be required to ensure tbat the best possible effort is made

to establisb tbe target comrrunity. The monitoring would be completed over a

period of perhaPs five Years.
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The cost of restoring a wetland will vary tre6esdously depenrling on tbe

qpecific project, and especially whether of not tbe land must be purchased' Using a

general estrrnate of S1001000 to $300,000 Per ha (Section 10.42), the cost of

restoring 30 to 60 hawould be benreen $l millieg and S18 million

13.4.1.4 Combined approach to mitigating losses of fish lalae

Different combinations of the previors three techniques (reducing

ssg,einmgDt, constructing an artificial reef, and restoring a wetland) could each

result |a gsrnplete mitigation for the loss of fish laryac. A framework for combining

these techniques would allow the CCC to choose a mix of the tbree techniques, but

would insure that the impact is fully mitigated-

The relative value of reducing the entrainment of fish lan'ae is

straigbtfonrard: eac.h percent reduction in entrainment losses would be one Percent

of the rmoutt needed for complete mitigation Of course, short of consmrcting

soeling towers, the entrainment of frsh lanae €nnot be completely prevente4 so

sone other technique Eust be combined with this one'

From the perspective of the resogrces saved it does not Eatter whether SCE

reduces entrainment by rescheduting the operations of SONG$ reducing tbe flow of

water through the plant, or both. Howerrer, tbesc two tecbniques for reducing

en6ain6ent are not equal in easc of achierremcnt or accpunting' Rescheduling the

operation of SONGS wiU be partiorlarly problematic in this repr{ since

unexpected events will certainly impinge on any desired schedule' It migbt be most

reasonable to oQest a partiorlar.level of performance over an average of several
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years, ratber than requiring a strict schedule in any partiqilar year. In any case,

ssglining both reduced flow and rescheduling would provide additional flexibility

for meeting a target reduction in larvd losses.

orr best estimarcs indicate tbat either constructin,g a 6trha artificial reef or

restoring a 6$ha wetland would omplercly conrpensate for the los of fish larvae

Cfhis estimate for wetland restoration is rsed bere for illustration PurPoses; the

acnral wetland value will depend on the Danrre of the restoration Proposed.) Based

on these numben, one ha of artificial reef is wortb tNVo/60=t-67Vo of the total

mitigation neede( and each ha of wetland is worth tA0Vo/60=t.67Vo of the

required total.

Complete mitigation for ttre fsh lan'al losses would be achieved when the

combination of techniques adds uP to [ffJVo. For example, complete nitigation

would be accomplisbed by the combinatioru given in Table 13'5.

Table 1$5

Qsnlining mitigation techniques - Examples

E,GIIPLEl

REIAIWE
AIIIOT,NT VAI.IJE

E)( TAE2

REIATT\IE

AMOT'NT VALT'E

fi%

25ba

0

I
I
I
I

Rcduction in atraianeot

HigD-rclief srti$cisl rccf

Wctland rcstoratioa

8%

24ha,

2/-ba

Wo

.4%

ryh

s%

42%

0%
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By this method of combining techniques, each tecbnique is considered

equally acceptable for mitigation- In fact, there is an advantage to preventing the

entrainment of larvae, since this will reduce the los of real fish (as opposed to

compensating on the basis of inferred losses) and does not rely on the assumptions

needed to determine the appropriate anount of out-of-kind mitigation On the

otber han4 an artifrcial reef or wetland restoration would satisfactorily mitigate any

gnavoidable fish lossis. Althougb there is a great deal of uncertainty about the

appropriate sizes for these projects, one factor favors uslng thEse techniques: they

will continue to produce resources after SONGS has stopped operating' An

ardfrcial reef or wetland restoration bas the potential for actually having a greater

long-term resource value than a prevention technique.

13.4.1.5 Reduce fish impingement losses

SONGS already emplop two techniques for reducing rridwater fish losses:

velocity qIPs on the intakes, atrd the Fish Renrn System. Althougb these two

rcchniques reduce the ngmber of frsh entrapped and killed by the planl at least 20

to 50 metric tons (MT) of frsh are still killed each year'

Tbere may be new techniques tbat could be used to reduce the inpingement

of fish. Meragy lights and sonic devices are two techniques that could potentially

reduce the impacts of SONGS on midwater fish populations' Neither tecbnique has

been adequately tested in the fiel4 so they shoutd be experimentally evaluated

before being required at soNGS. Tbe alrangement of intakes for units 2 and 3 is

paniorlarly suitable for controlled tests of these systems; a q6tem could be operated
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at one unit, and entraPrgert when the qstem is operati4g compared (using

simultaneors 24-hour samples) to entraPment over tbe same period and flow rate at

the otber unir To control for differences in the species entrapPed by the two Units,

tbe test and control units could alrcrsate between Units 2 and3 during a series of

trials. Effectiveness should be evaluated in rcrms of overall fish entrapped and on a

species-by-species basis; both numben and biomass sbould be considered. The tests

should be performed druing normal operations and during heat treatmeng.

Mercury Eghs

Merclry lights would be used in the Fish Renrrn System charnber to attract

fish out of the screenwell. This could increase tbe diversion effrciency of tbe FRS at

all times, but would be partiarlady important during heat treatments because tbe

fuh killed duriqg heat treatmens tend to be tbe largest and most economically

important of those killed by SONGS (Section 333.1). Meranry lights (perbaps in

conjunctiogwitbsonicdevices)rnighlbeabletos:lveuPto3MToftheselargefish

per year. The cost of mercury lighs is estimated to be rougbly $100'000'

Meranry ligh6 are regg1gtrlended becarse they appear to be a simple and

inexpensive way to reduce losses. But they night not be worth implementing if they

are not effective or do Dot Prove to be simple and inexpensive, so a feasibility smdy

should be performed before they are implemented"

Sonic devices

Sonic devices, sucb as pneumatic gtlns ("PoPPers") or "harnmers'" could be

placed in tbe screenwell area to increase diversion of fish into the Fish Return
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System and/or at the intakes to reduce eutr:rPment of fish' Sonic devices in the

screenwell isea are likely to be effective for all species and sizes of fisb enfapped'

although large individuals night benefrt the most because they are

disproportionately kilted dgring heat treaturenr. Sonic devices (perhaps in

conjunctionwitb merorry lighrc) night be able to save up to 3 MT of frsh per year

(Section 33.1.1). The cost of sonic devices in the screenwell area is rougbly

estimated to be about $100,000.

sonic devices at the intake would probably be most effective for schooling

fish. Transient schooling species such as noftheru anchovy would be in tbe vicinity

of SONGS, intakes for only a short time, so sonic devices might effectively dispene

these fish away from tbe intakes without habinration to the devices' If the sonic

devices can reduce the entraPment of schooling frsh by S}Vo,they will save about 0'4

MT of fish (section 33.1.1). The species that would be saved comprise a large

runbq of the fisb entrapped fy 
soNGS, but they are the smaller and younger fuh

of those entrapped and do not conUibute much to the weigbt entrapped' The cost

of sonic devices at the intakes is rougbly estimated to be $300'000'

13.42 Kelp forest community impacts

13.4.2.1 r '.w-relief artifigipl reef wth kelP

The fractiou of tbe ketp community lost at san onofre Kelp Bed could be

replaced by consmrcting an artificial reef that develops qnd maintains a kelp bed'

Few artificial reeB have been used for mitigation because there is substantial

uncertainty about the resources they provide (SeAions 82 and g'L2)' To insure that
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Recomncndatiors

an artificial reef provides adequate mitigation for kelp losses, the reef sbould be

Iarger than the imFacted ree! since (1) kelp would probably not cover the entire

reef, (2) the density of kelp night be lower on the artificial reef, and (3) the kelp

community on the artificial reef -ight not be as productive or diverse T th" naffial

community. This approach, in which the ratio of created habitat to impacted habitat

is greater than one, has been used extensively in nitigation The MRC has

recornmended tbat tbe artifrcial reef be 15 times the impacted area; in the case of

SOK where the impacted area is 80 ba the artifrcial reef should be 120 ha

In order to insure that the community that develops on the rnitigation reef is

as similar as possible to the impacted cornmunity at SOK the physical strudure of

the reef should be as similar as possible to SOKs. In partiarlar, there are few kelp

beds in Southern California in which the kelp plants grow on'cobbles" or scattered

boulders as in SOK and this phpical stnrcture would be needed to replace the

charasteristic orgaqisrns that live in this habitat- Ideally, the substrate itself should

rnimis SOK that is, it shoutd consist of cobbles and boulders identical to those at

SOK However, there is a risk that a low-relief artificial reef will be more Prone to

being ingndated by sand tban a high-relief reef; this risk could 6s minimized.by

gsing some larger rocls and having occasional areas of somewhat higber relief.

Two difficulties with implementing this technique are: (l) I-ocation ldeally'

the reef should be located as close as possible to SOK but if it is too close it also

will be impacted by SONGS. Likely locations for the mitigation reef include

upcoast and dou,ncoast of SMK and several km downcoast of SOK Because there

is a possibitity of unfavorable physical conditions (e.g, high nrbidity aod

sedimentation) in unlsrown locatioru, potential sites should be tboroughly surveyed
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before &s final location is determined. As an additional safegUard' the reef couid

be constnrcted in stages, wi& ongoing monitoring and a careful evaluation of the

data before each stage to insure that the site is nritable. (2) Teclmiqu?.s for

estabtishing ketp. Nthough kelp is no\rr present on several artificial reefs, there have

been many problems with establishing kelp on artificial reefs. Different tecbniques

are available for establishing kelp, including transplanting adults, ransplanting

sporophylls, &d ouptanting juveniles. These techniques could be employed in an

experimental design dgring thc frrst year after constructio!' with a decision about

fte rcghnique(s) to be used iu successive years made after their effectiveness has

been evaluated.

Independent monitoring of the artifrcial reef is an integral asPect of this

recommendation First, it is essential that grant kelp become established quickly on

the reef and that it persists. Performance criteria could be used to establish a

timetable for giant kelp development, for orarrple, establishnent of giant keip

within 3 years; if monitoring indicates that gant kelp has not been established on

schedule, additional efforts should be required nntil the target cornmunity is

established. Because the densities of frsh and benthic algae and invertebrates

should evennrally be similar to the densities that would have occtu,red at SOK in the

absence of SONG$ inpacts, these organisms also sbould bc monitored'

The cost of a low-relief artificial reef is estimated to be rougbly $75'000 per

ha (Section 83.4); the cost of establishing kelp on the artifrcial reef is estimated to

bc several million dollars (section g23). The total cost of constructing a 12$ha

low-relief arrifrcial reef with kelp is estimated to be about s1s12 million

I
I
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Recommesdations

t

il15 SummarT

Two options for mitigating the

environment, correqponding to Coastal

considered by the MRC.

irnpacts of SONGS oD the marine

Commission directives, have been

I
I

The first option consisg of large-scale cba'ges to the cooling sJEteE at

SONGS, either replacing the open-cycle sptem witb a closed'cyde cooling to\r'er or

moving the discbarge from SONGS away from the San Onofre Kelp Bed' Although

eacb of these techniques would zubstantially reduce the impacts of SONGS, each

also has. associated technical difFculties, othet environmental impacts, and higb

costs. Dr. Fay recommended constnrcting cooling towers; the MRC was unanimous

in not reco?nrqending moving the discharge (Table 13'3)'

The second option consiss of a variety of techniques to Prevent and mitigate

Iosses due to SONGS; this opion was unanimorsty recotrtmended by the MRC'

Impacts to fish resources could be mitigated by reducing the flow of water througb

SONGS, rescheduling the plant to avoid periods of high larvd abundance'

constnrcting a ligh-relief artificial reef, restoring a coastal wetlan{ and

implementing new techniques for reducing impingement losses' Tbe first foru of

these techniques could be used in variors combinatiogs to acbieve complete

replacement of lost resources. ImFacE to the kelp forest cornmunity could be

mitigated by constmcting a 120 ha low-relief anificial reef in the San Onofre regioa
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APPEI{DX A

DESCRIPTION OF COOLING SYSTEM AT SONGS

Note that, througbout this appendix, we use gallons per minute (GPM) and

feet per second (FPS) rather tban the metric equivalents becatrse these units are

used almost exclusively by engineen and in the relevent doc@ents.

Operation of Songs Units 2 and 3

SONGS Units 2 ztd 3 are similar in design and operations. They differ in

only 2 aspeds; they are mirror images and the discharge pipe for Unit 2 extends

farther offshore than the pipe for Unit 3 (Figure A-1). The following sections

dessribe tbe stnrctue and operation of both ttsits.

Intalre

Eaen rrnil !35 a separate intake structure located 970 m offshore at a deptb

of 9.1 Dr; tbe intakes are ?-00 m aPart atongshore. Each intake is 85 m (28 ft) in

dia-erc, and extends vertically so that tbe opening is 2.9 m (g t/2 ft) above the

bottom (Figure AA). There is a3 m (10 ft) lip around the openiqg. The intake has

a velocity cap that is supported by columns and lies LL m Q q above the opening

(Figrre A-Z). About 52A m3/s (830,0m gpn) of water is drawn into tbe intake at a

crurent speed of 05 m/s. Tbe watet is transported to the plant at a velocity of'22

m/s (73 fps) tbrougb a 55 m dianeter pipe that is buried about t2a under the

surface of tbe ocean bottom- A much smaller, auxiliary intake is located about 30 m

sboreward of the prinary intake'and is available for emergencies (e.g-, when
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sonething happens to the prirary iutake, sone water is still able to enter the plant

througb the auxiliary intake).

Inplant

The intake pipe connects to a 45 m (16 ft) square box-conduit onshore, at

the seawall On the plant-side of the seawall, there is an open slot in the top of the

couduit for a stopgate (also called the tsunami gate). A reinforced concrete gate

can be'lowere4 from the plant yard, dowu this opening to close off the box conduit

and prevetrt water fron entering the plant through the intake pipe. Down stream

from the stopgate opening is a gate counecting the intake and discharge conduits

which is opened to reckqrlate heated water during heat treatments. The intake

conduit then transitions into tbe screenwell smrcnrre (Figure A-3). B'ffles at'Jre

entrance of the scrcenwell spread the water flow over the channel as it widens and
.  < ^  ?

the water velocity slonn to 0.8 m/s (Z7Ss). The channel widens to 125 m (41 ft)

over a distance of 21.7m (715'ft) and then narows. As it narrows, the mainvolume

of water turtrs througb a 7@ angle and passes througb traveling bar racks and

screetrs. Guiding vanes aligned with the inconing water'flow in the narrowing

channel direct the water so that the florr over the bar racks is unifonq thus reducing

turbulence. The renaining water is firnnelled into the collestion bay of the Fish

Retum Sprcm (FRS).

There are 6 adjacent sets of traveling bar racls and screens (Figure A-3)'

Each bar rack is made of articnlated panels of vertical slats- The slats are about

1/4" wide, 2 t/T deep and 2 fr higb; rhe l/a ' surface faces the oncoming flow of

water. The gap between adjacent slats is about 1l/T' Debris is trapped on the

slats as water Passes througb the racft. The rack rotates like a tank tread for
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cleaning. Rotation is triggered arrtomatically (usually a fcw times a day) by tbe

pressure difference across the raclc Horizontal shelveso about 4" wide, attached to

the panels help lift the accunulated debris out of the water. Debris is washed from

the racls witb a high pressge !pny, and travels througb a sluice to a collestion bin

Debris that passes througb the bar rack is collesad on a 95 'nm (3/8") mesh

traveliqg screeu directly donmstream (Figure A-3). The screen also rotates and is

cleaned by a high pressure spray (Figure A4). The debris from the screeDs travels

tbrougb a second sluice and is collected in another bin Evenfirally, all tbe debrb is

transferred to large rasb containen and hauled away to a landfill.

After passing througb tbe screens, a small volume of water is withdrawn for

the rack and screen wash and for nuclear co6poDent sseling (Figure A-5). Tbe

punps for the bar :ind screen wash remove water at a rate of about 0.13 d/s (2000

gpm), but tbe water is discharged back into tbe screemn'ell. hrmps for the nuclear

component cooling loop each witbdraw about 1.1 m3/s (17,000 gpm) of water; one

to four pumps (usually trro) operate simultaneorsly. The remainiug water (512

m3/s) is pumped from tbe screqrwell by four large cirorlating Punps. Each PumP is

a wet pit-t1pe Puqp, rarcd at U|.0 m3/s Q-A7500 gpm) and 11.6 n (38.0 ft) of head.

(One foot of bead is tbe energr reguired to purrp x anount of water to a height of 1

foot above sea level) Less tbas 0.1 n3/s (1,000 glrn) of the uater is usedJor the

Fish Retgrn System, Z1 m3/s (34,000) goes to the auxiliary ttrrbine plant cooling

loop, and the remainder travels to the condenser where it cools the steam generated

by the reactor to operate the nrrbines (Figure A-5).

The elevation of the bottom of the screeuwell stnrcture is -26 ft, wbere 0

elevation is mean sea level (Figure A-6). As the PumPs withdraw water from the

screenwell, water from tbe btake pipe nshes into tbe screenwell under tbe force of

A-3
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gravity to take the place of the water that was removed. There is an "energr cost"

associated with the trarsport of water into the scriemnrell from the intake stnrcture.

This cost results from fristion between the inner surface of the intake pipe and the

florring water, and arbulenge as the water passes througb the bnffles into the

screeswell The cost is measured in feet of head (tbe same Beasure used to rate the

circulating puEps, see above). As a result of the loss of head feet as water Passes

througb &e intake pipe and into the screeurpell, when all punps are operating the

level of the water in the screemrell is about 8 feet below Eeaa sea level Since sea

level changes with the tides, tbe water level in the screen well can vary from about 3

ft to 10 ft below 0 elevation during extreme tides. As the intake pipe becomes

fouled by scssile marine organis65 such as mussels and barnacle$ the bead los due

to friction inseases. This causes a further drop in the water level in the screenwell.

The intake pipes of both units are periodically flushed with heated water to remove

fouling organisns and thus rninimize the head loss due to friction

The cir-arlating punps are placed so that tbe intake ports are at an elevation

of about At ft- The intake ports must sit well belon'the surface of the water in the

screenrrrell so tbat air is aot drawn into the pumps. If a pury sits in water tbat is too

shallorr, a yoilcx wiU be created as the punp nrcls water from the screempell and

air bubbles \rill bs dracn into the pury (cavitation). The bubbles can da'nage the

propeller bV pitting the nrface of the blades If too much air in drawn into the

Irunp, itwill lose prime and shut doum.

The condenser has nro shells (also called waterboxes). About 125 m3/s

(199,00) of watcr is transported from eacb punp to tbe condenser througb zL4 m

(8 ft) sqlrare box conduir The conduis from two pumPs suPply the uear shell and

the conduits from the other two punps are routed to tbe far shell (Figure A-5)-
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Each conduit traositions to a pipe whicb rises vertically and theu turos to euter the

coadenser waterbor As the water passes througb tbe condenser at a velocity of 2J

m/s, the teurperature increases 10.?'C (20oF).

Two pipes from each shell of the condenser carry the hearcd water to a

conmon 4.9 m (16 ft) square box conduit for discharge. lVarcr from the uuclear

componetrt cooling and the nubine plant cooling toops dso flow into the ooElElon

discharge conduif The combined flow tben passes over the seal well weir. The seal

well weir is a dam that maintains a constant lonrer limit for the hydraulic grade line

to ensgre that water siphons tbrougb tbe eondenser properly. If the hydraulic grade

line is too steep (e.g, during extrene low tides), tbe siphoning effect of the

ciranlating water on the dise.harge side of the condenser is excessive and causes a

break in the siphon in the condenser. When the siphoa breaJrs' air enters the

condenser nrbes and the efficiency of the heat exchange Prooess declines'

Dou6streaa from the weir, a crossover box conduit branches off tbe rnain

discharge conduif Normally, the gate at tbe entraoce to tbe crossovel conduit is

close4 but during heat featments it is opened to allow recirarlatiou of heated

water.

Tbere is an open slot in the top of the discharge coaduit for a stopgate jrst

upsaeam from the seawall At this Poitrt tbe discharge conduit is right next to the

intake conduif A stopgate, like the one for the irtake, can be lowered from tbe

plant yard into the opening, to close tbe conduit and prevent the flow of water out of

or into the plant througb tbe discharge pipe.
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At the shoreline, the box couduit joins to a 55 m (18 ft) dianeter discharge

pipe that transpors the water to the diffrser. The discharge pipes for Unit 2 asd

.Unit 3 extend 1950 m and 1150 m ofthore, respectively both are buried 1'4 m

under the srbstrate surnace. At the end of each discharge pipe is a difhser' Each

difrtser is 762 m long and has 63 pottt, spaced L?2 m apart Each port was

designed to rise ?-7 mabove the bonon with a flared'opening that is positioned so

thatwater is discharged at a 2@ an$efrom the horizontal The pora are alternately

atigned at angles of 25o to each side of the pipe pointing ofthore' The maximum

discharge velocity is 4 m/s. At intervals of.?54 m along the difftrser, the diameter of

the diffgser pipe decreases W L2m (a ft) from an initial diameter of 55 m (18 ft) to

4 final diameter of 3.1 m (10 ft). The decrease in pipe dianeter maintains a

relatively constant backpressure in the diffirser so the discharge velocity is relatively

coDstaDt for all63 Pora.
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APPEI{DX B

ENTRAINMENT IOSSES OF IIISH I"ARVAE

The most ertain tecbniqrrc for reducing the entrainme.nt losses of fisb lawae

(ichtbyoplankton) is to resuict the operations of SONGS. Because entrainment

losses are directly related to flow rate, reducin,g the flow rate will result in a

proponionate reduction in entrainment losses; this posibility is disctlssed in Sestion

62. Rescheduling SONGS' operations to avoid periods of higb lanal abundances

night also substantially reduce effrairment; this possibility is examined in Sectiou

63 and this Appendir

Densities of fish traruae ia tbe field have been used to es irnate the

entrainnxent losses due to SONGS. A similar approach was employed to estimate

the adult-equivalent loss due to SONGS (Technical Report D). Thc calculations

preseuted bere are trot as detailed as those required for the adult-equivaleut

analysis; only the temporal panem of larval abundaices is needed in order to

determine whether a partiorlar period of reduced intake flow csuld result in a

substantial reduction in eutrainment losses.

Icbtbyoplankton data were colle6ed over a period of eigbt yeats and in

different areas, as outlined below. In the first part of this Appeud8 I compare the

temporal abundane Pattents of difrerent sample combinations iD order to

detergine &e appropriate densities to be used in the anatpis In the second paft,I

estunate the larval losses that coutd be prevented by scheduling the operation of

SONGS to avoid critical periods (times of partiarlady higb ichthyoplanktou

abundances).

B- 1



81.0 Data Collection

Marine Ecological Consultants Inc. (MEC) estimated the densities of eggs

and fish lanne near SONGS from 1978 tbrougb 1986. Data were collected at two

sites: the Impact sirc was 1-3 km donmcoast from SONGS, and tbe Conuol site was

185 km dowucoast from SONGS. Each sirc was divided into 6ve cross-sbelf blocks

(A-, &, C-, D-, and E$tocls) extenrling to about 7 km from shore. Three deptb

strata (bottom 05 m, top 0.16 m, and the water in between) were sampled within

each bloclc. The two blocks of greatest interest for this analpis are A'and B'biocks;

A-block extends to about 1 km offshore, and Bblock extends from 1 km ro about 2

lcn- A detailed description of the sampling locations and methods is given in tbe

Interim Technical Report 5 on Fish Larvae and Eggs (l"fRC 1988). Technical

Repon D on Adult-Equivalent Loss is also relevant (l"Rc 1989).

82.0 Choice of samPle densities

Ichthyoplankton were sampled in five different nearshore blocks at two

different sites wer a period of seven years; it iS not c)eat a prrori whether it would

be most appropriate to combine all the data or to analpc some subset ID this

section, I considen (1) whether to use data from A & B blocks only, or to average

across all five cross-shelf blocks; (2) whetber to use data for tbe impact site only'

control site only, or combined data; and (3) what years to include, iuld whe&er or

Dot to distinguish between preoperational @efore July 1983) and operational

periods.
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82.1 A and B Block versus Cross-shelf Densities

The intake risen for Unir 2 and 3 are located near the boundary of the A-

and B-blocks,'so the intake water is withdrawn from botb of tbese blocks. Of

course, tbe proportion of water withdraum from eitber block probably depends on

prevailing oceanographic conditions. It seems Eost'rsasonable to assume the

nrmber of fish larvae withdrawn into the plant would be best estimated by tbe

densities in A & B blocls. Horrever, it night be bener to use the cross-shelf data if

its temporal pattern is the same as tbe pattem h A- and Bbloclq since it constitutes

a larger dataset. Furtbermore, some B-block samples were taken as far as 3 km

south of tbe intakes. For these reasons, I have compared tbe densities in A & B

blocls with the densities average across A through E blocls.

When all years and all species are combine4 the seasonal panern of

ichthyoplankton abundances in A & B blocls is quite similar to the cros-sbelf

abundaoce pattem (Figue e1). In botb casesr ichtbyoplankton'were most

abundant in February, March and April. However, tbe relative importance of these

three months differed. In the cross-shelf pattern, March was had a much hlgher

abundance than either February or April" whereas the abundances were mucb Eore

eveninA&Bblocks.

Differences in the abundane patterns betr*'een cross-shelf and A- & B-block

sarrples can also be seen for individual species. For example, the pattern for

northeru andwy larvae (Figure B-2) is nearly identical to the pattern for all species

combined; this is not surprising since anchovies comprise a majority of the larvae.

For queenfi,sb lanrae (Figure B-3), ttre cross-shelf and A- & B-block abundance
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pa$en$ were not the so"ne. gussnfish lanrae were relatively more abundant in the

suntrler montbs in A & B biocks; the higbest abundance in A & B blocls occurred

h Argurr, whereas abundances were higher in May when densities are averaged

across all blocks.

Becarse the abundance pattens were somewhat different for A & B blocits

conpared to cross-shelf and the intake water courcs from A & B blocks, I have

chosen to use only the data from A & B blocls.

B22 Impact versus Control Densities

The analpis of adutt-equivaleut loses assumes that the average

contemporatreogs densities at the Impact and Control sites were equal. Parker and

DeMartini (Technical Report D) reviewed the data for A- and B-block densities at

the two sites during the preoperational period; the operational period data were trot

reviewed because the ichtbyoplankton densities may have been influenced by

SONGS. No consistent differences were found betwecu the Impaa and Control

sites In this section, I compare the Impact and Control sites over all years 5ampled.

The temporal patteros of larval densities for all years combined at the

Control and Impact sites are presented in Figures B-1, B'2 and &3; I bave cbosen to

nse only data from A & B blocks, so the comparison focuses on these data For

total species and northeru anchovy tbere were sligbt differences in absolute

densities, but the seasonal Pattems were vety similar at the Congol and Impact

sites. For queenfisb lanrae, there wiui a bimodal abundance Pattenr at the lmpact

site that was not Present at the Control site.
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Differences between the Control and Iryast sircs can also be seen in Figues

8.4 through +10. These figures present densities at each of the nro sampli4g sites

over all of the years sampled for the seven species wi& densities that exceeded 20

larvae/aO0 nF. In atl cases, sone differenes between the nro sites can be

distinguishe{ and these differcnces are fregueatly srbstantial MaDy qpecies were

not consistently more abrundant at one site or the other. For example, northeru

anchwy (Figure B,-.4) were more abundant at the rrrrF36 sitc in 1980 and at the

Control site in 1986. On the otber has{ some specicq sucb as jaclsmelt (Figure B-

10), were generally more abundant at the rrnFact sitc, whereas other species, such iis

aro\il goby and shadow goby (Figrres B.7 asd F8), were more abundant at the

Control site. Note that higher densities at the Control sirc could be due to SONGS'

impacq and for tbese two species the differcnccs between rt'rPaA and Control were

most notable after SONGS begau operations.

From these datq it is clear that therc were no onsistent differences betrveen

the Control and Impact sites: the relative importance of a site depended on tbe

species and year in guestion- These rariations ntay or uray Dot be random; it is

possible that one site was consistently bener for a paniarlar species. Nonetheless,

the lack of a consistent differene between the sites suggests that combini4g the

data from tbe nro sites woutd provide the best estimate of general ichthyoplankton

abundance.

B23 Interannud Variation in Densities

To evaluate tbe imponance of interannual variation in lan'al fish densities'

the abgndance patterDs for tbe ning ye315 betweeu 1978 and 1986 are presented in
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Figures B'11 tbrougb B-15. Note that relatively few months were sampled in sorDe
yeats' no sanples were takea in 198a and SONGS began operations in July 19g3.

There dearly were nrbstantial differences between years. The total
ichtbyoplanktou achieved high densities in 1980 and 19g6, apparently with much
lorrer densities in intervening years (Figure B-11); hoverrer, the period of highest
abnadance when all years are combine4 March and April, was not sampled in most
yea'rs' Northenr anchovies (Figure btz),which constifirte the largest. componeut of
the ichthyoplankton' and white croaker (Figrre B-13) followed the same patter*
when northern anchovy is excluded, the abundance of all other qpecies is somewhat
lover in February and somewhat higber io A,rg,rrq but otherwise the pattern is
similar (Figure &14). The overall abundance pattem for queenfish was produced
nlmssl entirely by the paftem in 19g0, wheu queenfish appeared to be most
abundant (Figure B-15). Note that arrow goby and shadow goby (Figures B-7 and
B{) appeared to have increased betrreen rgTgasd 19g6.

As with the comparison benpeen Impact and control sites, tbere were no
consistent differelces amongyears. In addition, sanpling was not intense enough in
eac;h year to choosc a nrbset of years. It secms tbat combining all years sampled
would prwide the bcst-estimate of seneral i&thyoplanlcton abundance. Howwer, it
is importaut to reqli''e ihat some montbs tvere only sampled in one or a fenryears, so
the data are not based oE a very large sample size. (On tbe other han4 it is worth
notitg that this is perhaps the best ichthyoplankton dataset ever collected for a
segnent of Southern California coastline.)
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R3.0 Calculation of potcntial savings

This section considen horr the number of fish lailae that are entrained by

SONGS could be reduced by restricting the operation of SONGS duriqg periods of

higb ichtbyoplankton abundanes Current estimarcs of losses of fisb larvac (about

5x10 Lzrvze/yar: see Technical Report D arrd Interim Technical Report 5) are

based on tbe operatiqg history of SONGS, that is, the past flow rates. The flow rarcs

used iD calculations of ichthyoplankton losses inchded all periods of reduced

operations, including scheduled outages.

In this section, I evaluate how scheduliqg outages druing the period of

maximum ichthyoplankton abundance could reduce overall larval losses. Fint, I

consider the past operating history of SONGS in order to prwide a basis against

which proposed changes can be compared. Nexq I consider hov the timing of

outages could affect tbe number of fish larva€ entrained.at SONGS. I cal$late how

many larvae would be spared by stopping the flor of water througb SONGS during

a partiorlar period of time. Of course, Iarvaa are not entrained during outages

under the crrrrent operating schedule; we are interested in the difference iD larval

entrainment btween the qrrrent schedule and an alrcraatiw schedule. Therefore,

the number of larvae not entrained under a proposed operatiqg schedule is adjusted

by the number that would not be entrained uader the curcnt operating schedule.

One final concertr is also discussed. Whin SONGS does not operate, Power

production mrst be increased at otber Southern Califoraia Edison facilitiEs. I

consider whether an alternative operating schedule would rezult i11 highgl lar%l

entrainment at these other facilities.
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83.1 Operating history of SONGS

Larval losses will be reduced any time SONGS oPerates at a lower than

normal flow rate. Operating SONGS at a sustahed reduced flow rate is considered

in Sestion 62. This Appendix considers the resource savinp that can be achieved

by schednling SONGS' operations to avoid periods of hig! tarvd abundances, so I

focus on periods when there is uo flbw througb SONGS, and hence no loss of

ichtbyoplankton-

Figure &16 shows the total uumber of dap Units 2 atd3 did not oPerate

betweeu the period January 1, 1984 and July 31, 1988 (L674 days). During this

per iod 'Uni ts2and3didnotproducePou,eranaverageof3}voof thedaln,or

about 116 dzys/year. Some of these periods of no Pouter were caused by

unscheduled outages (see Table 63). Periods of no flow occur during scbeduled

outages at fairly regular intemals of about 14 months (Figrue B-17). On average,

Units 2 and 3 had no flow l25Vo of the dap, or about 46 days/year' Most

scheduled refueling periods lasted for about nro months (Figure B'tZ,Table 6-3)'

but of course the annual average was less than two months because the scheduled

outages did not occur at l2-month inrcnrals.

In the fufirre, Units Z a\d 3 may oPenrte at a somewhat different rate'

Funge fuel cycles are scheduled to be 5z5 Effective Full Powcr Dap (EFPDs) long

or about 18 months Unschcduled outages Eight also be les frequent now that

SONGS has been tbrougb several fuel cycles. Futgre refueling periods are

scheduled to be 70 dalr long @. PiLner, pasonal commwdcation). In sPite of these

possible futgre changes, the data presented in this section are indicative of the tlpe
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of operating schedule expected and are tberefore used as the baseline agairst which

a proposed uew sc.hedule can be compared

B33 Larvae entrained by SONGS

In this sectio& I ceilculate the number of fish lanae that would be entraiDed

if SONGS were to oPerate at t0f,1Vo fl6np during the period of highgsl

ichthyoplankton abrmdance. I have targeted 13 species qftfo high estimated adult

equivalent losses (see Table B.1; unidentified keBfisb which has an estimated

adult-equivaleDt loss of. 4.97Vo, is tbe only species witb >7Vo AEL that was not

analped), as well as total ichtbyoplankton, northern anchory, and total minus

anchovy. Several different periods of time are coDsidered, ranging from two to

three montbs long.

Fish larvac were most abundant duri4g February tbrough April (Table B2;

Fignres 6;3 and e1). For all species combine4 37Vo of the annual abundance

ocg15red in Marcb, 24Vo inApril and t77o in February (fable B-S); thrs, 557o of tbe

ichtbyoplankton occgrred in 2 moaths andT2Vo of the ichthyoplankton occurred in 3

months. This pattera is strongly influenced by northeru anchovy because it is by far

the most abundant species. However, the general Pattern exists wheu ancbovies are

excluded (Figure 63), and 53Vo of. the total ichthyoplanktou Einus ancbovies

occgrred in March and April (Table B3). The 'nat'' conuibution of ancbovies to

tbe abrrndance panerg is to increase the importane of Februa41 when anchovies

are exclude4 only |Vo of.tbe ichttryoplankton ocqured in Februaqy.
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Datz on the combined ichtbryoplankton tzxz' demonstrate that a

disproportionate number of larrrae occur during a few qrcnths' so that restricting tbe

openrtion of SONGS during those months could result in a substantial reduction i8

losscs. Of course, individual taxa have different abgndancc Pattens' Table F3

pr€seat the larval abundance of lj} qpecies with estimated adult equivalent losses

(AEIs) s:rcesding 1% (Iechnical Report D). Mary of the species with high AEIs

were abundatt in March and April Nine species (queenfisb' gant kelpfuh' white

croaker, black croaker, cheekspot goby, alrort gory, jac}smelt, shadow goby and

diamond tqrbot) had more tbas tAVo of their larvae in Marcll w-hile seve! species

(queenfisb" gant kelpfisb, white croaker, California gnrnioU agow goby, jaclsmelt

aud California clingfish) had more than t\Vo of their larvae in ApriL Only three

species (gant kelpfish, sbador goby and diamond nrrbot) had more tbat l$Vo of'

their lawae in February.

The estinated number. of larnae that would be entrained (an4 hence' the

losses that would be prwented if SONGS didn't operate) are PreseBted in Table B-4

for three periods: March asd Aprit' Febnrary through Apnt' nnd Marcll April and

August Based o! the general Patten of ichtbyoplankton abuadance and the

abundances of the tf, species with higb AEI'5, l'Iarch and APril would be the trro

best montbs to eliminatc &e flonr of water throrgh SONGS' Nearly 33 billion

larvac would be entrained in March and April if SONGS oPerates at full flow; more

than 2 billion of these larrrae would be nortbern ane.hovies Ia addition' more than 1

billion larvac of the 13 species with AELS >l%owould be entrained dtring March

and April Howwer, few of tbe species with high AEIJ are commos' and only

queenfish and white croaker would have more than 100,000 larrrae entrained during

March and APril.
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Restricting tbe operation of SONGS during February would also

disproportiouately redue the total los of ichthyoplankton (Table B4), since about

1 million larvae are eutrained in February, but the reduction would consist prinarily

of anchovies,whichhaveanestimatedadulteErinalentlossof les tbzn0J%o. Giant

kelpfis\ with an estimated adult eguivalent los of 6.88V0, were much more

abundant in February -\an otber nonths (Table B.2). Hon'ever, relatively few giant

kelpfish laryae are entrained (6.98x1tr per year; of tbe 13 target sPecieq oaly black

croaker had fewer tarvae entrained), &d losses to this species could be

compensated iD-kind by buitdiag an anificial reef with kelp. As in March and April,

white croaker is the AEL species with by far the greatest number of laryae

entrained.

A number of ichthyoplankton species were Erost abundant in summer (Table

B-3), as reflecred in tbe small peak in abrurdance in August (Figure 63). Species

with higfi AEts sd high lar%l abundances in sumner include queenfis\ California

grunioa black croaker, Catiforuia corbina reef finspot and Califoraia dingfish.

compared to the nine species with high trf,I5 and > tlvo abI,Jtrldance in Marell six

species had > 107o abundance in Augrrst Fur&ermore, four of these species (black

croaker, Califoruia corbina reef finspot and Catiforaia clingfish) were mucb Elore

abundant in Augrst tban in lvlarch.

Substantial losses in some of the Eost-impacted species ould be avoided by

scheduling the plant for no flow in August as well as in March and April. The

number of queenfish larrae eutrained in August is equat to tbe nrmber entrained in

March and Aprii combined (Table Ba). Atthoug! black croaker and Califonia
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corbina were not commoD, they were very abundant in AllgUsE with 15 and 6

millisa larrrae entrained in that Eoutb, resPectively (Table B4)'

Finally, note that very few species were abgndant in September through

Jannary (fable B3); only tlVo of the ichtbyoplankton occtrred during this foru-

month period. Coincidentally, tbis is the period when SONGS Eost frequently had

no-flow conditioos (Figure 8-16). In additiorU SONGS has had relatively few no-

flow days in March and April, when the ichthyoplankton were most abundant' or

even in July and A,tg,ttq when some of the species with high AEIs were most

couunon The past operating history of SONGS has by chance been alnost the

opposite of the optimal schedule for reducing ichthyoplankton losses'

B33 Larrae spared under present schedule

The number of dals offlin e/yezt was gsed to estfutrate the number of larvae

that are spared under tbe present operating schedule' (Under actual condidons'

SONGS also sometimes oPerates at less than full flow, but this has been ignored for

the sake 6g $rnplicit] in this aullEts.) Note that soNGS is uot ofline at the same

time each year @gUre Bl.7), but rather can be of,ine in alry month' Over a long

period of time, each month would be expected to havc the same number of no-flow

days. (FigUre &16 demotstrates ft4 this has not been the case over the past few

years, but wennrally it should be.) Tberefore, tbe otal number of larr"ac that are

spared under tbe present schedule is estimated by rsing the average entrainment

rate over all montbs, as follorvs:
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Number of
Irnae Spared

Per Yirar

For example:

Total No. of
I-arvae Spared

Per Yi:ar

Mean
Density

ofLarvac

Florv
Volume

Pcr Montb

No. Moutbs
With No FIow

Per Year

= l'7$/d x 2'76xlF nr/no x 15 mo

= 737xlfflanrac

A similar procedure was rsed to cal$late tbe number of lanae of individual species

that are spared under the present schedule.

Uuder the preseut operating schedule, 737 million larvae are spared duing

tbe 15 montbs of tbe year when SONGS has no flow (Table B5). Most of these

Iarvae (62Vo) are nortbern anchovie$ but 245 miilios of tbe larvae belong to tbe 13

species Yift high AELS.

83.4 Potentid reduction in entrainnent of lish lrrvae

To estimate roughly tbe number of larvac that can be saved by rescheduling

tbe operation of SONGS, tbe number of larvae that would be spared using tbe

present schedule (Table R5) has beeu srbracted from the number entrained

during the critical months (Table R4). The ichthyoplankton losses that migbt be

prevented by rescheduliqg SONGS over three different periods are presented in

Table 85. For example, if the flow of cooling watcr through SONGS was stopped

during March and April roug$y 25 billion fua lart'ae would be killed tban under

the present operating scbedule. This would cut tbe culreDt estimated loses iD half.
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The savingp could be iacreased to 68Vo of.tbe clrrent losses by also eliminating the

cooling s],sten flou, in FebruarY.

'When 
only the lil species with high AELs are coDsidere4 827 million fewer

larvac would be killed by not operating SONGS in March and April; this savingp

could be iacreased to trlore than 1 billion larvae by also uot operating SONGS itr

Augusr The additional benefrt of not operating SONGS in August is not obvious

when the numbers of all higb-AEL species are combined becarse white 6oaker'

which are not in Augrsl a;'e by far the most abundant species. However,

the importance of August is clear when the average reducdon is cal$lated' The

mean reduction in entrainment for the 13 high'AEL species is lSVo in March &

Apnt, }SVoinFebruary, March & April, and3|Vo in March, APril and August'

The savingp that could be obtained by rescheduling SONGS' operations

would vary from species to qpecies. With SONGS sffiins in March and April' the

loss of white soaker, wbich has one of the highest AEIJ, could be reduced ftom 875

million lan^e to 210 miltion lanrac, a reductioir of' 76Vo' Having no flow during

March and April would cgt the losses of northern anchovies and jaclsmelt in half'

on tbe other han4 not all qPecies would necessarily benefit ftom

rescheduling SONGS. Althougb Marcb and April may be overall the best months

for scheduling soNGS to be ofline, some sPecics may experience somewhat higber

losses as a resrlL Of tbe 13 species with higb AEls, !'l millisa more California

corbina and 1.06 milliou more reef finspot would be entrained if SONGS is offline

ia March and April (Tabte B5); for both speciet this would be an increase of about

t4Vo isthe number of larv.ae kilted. Hovever, including August in the time period
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SONGS is scheduled to be ofEine would result in a substantial reduction in losses to

these nro species. In facq Done of tbe 13 tr;gl-aEl species would experience less

than a !2Vo rcdustion in losses if SONGS is scheduled to have no flow in Marcb'

April & AugusL and jackmelt, Catiforuia corbina white croaker, queenfish and

northern anchoywould elgerience aSETSVo reduction in losses.

The savings calculated in this section were based on SONGS' recetrt

operating history, Le., 46 dap per year witb uo florv througb the planr The savings

would be lower if SONGS operates in the funre witb fewer dap witb no flow. Tbe

savings would be only balf as great if only one unit was offline eacb year, as would

be the case if SONGS operated on a 24-month fuel cycle.

83.5 l"arvae entrained st other poxer stations

If rescheduling SONGS means that more larvae witl be impinged at otber

po$'er stations, the savings attributed to the &e rescheduling must by adjusted by

the increased losses elsewhere. In order to evaluats this possibility, we need to

know the seasonal patten of entrainment at the stations that would be used.to

generate poiverwhen SONGS is offliae.

One approach to making this adjrstment would be to comPare the daily

eutrainment rate at SONGS by month witb the daily entrainment rate at otber

stations by montb. The ouparison would be based on tbe absolute number of

larvae entrained or, better still, tbe nrmber of lanae entraiDed Per megawatt of

electricity gvfW"; generated, since.that is what will determine how much water is

pumped through tbe other plants. (Note that uuclear Por*'er plants use more water
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per lvf\ile than fossil fuel plants.) The analpis for eac'h plant would parallel the

atat)'sis perforoed for SONGS, with the larval entrainmeut under the mitigation

schednle compared to the entrainment nnder the present operating schedule'

Unfornrnarcly, this approach is complicarcd by the fact that we dos't know which

station is likely to be gsed as an alrcmative to SONGS (S(E chooses the alternative

based on a co6plex set of fastorq including cost of fucl and emissions) and we don't

have their operating histories

A simpler approacb to'this problem would be to ask whether increased

operations at other SCE geuerating statio1s in February, Marclf April or August

would rezult in disproportionate losses I have rsed SCE data to exanine the

seasonal entrainment pattens of ichtbryoplankton at otber SCE stations. SCE does

not colleet ichthyoptankton abundance data near all of its of&hore intakes. Instead,

Schlotterbeck a al. (lg7g') categorized &e pbJrsical and biological characteristics of

the several intake types in the SCE qnten Data from Ormond Beach Generating

Station (OBGS), identifred as rePresentative of offthore velocity cap intakes' were

used to estimate at El Segrrndo and Huntingon Beach Generating

Stations.Datafronllal'ocsGcacratingStation(actuallyrrrnbryl.osAngelesWater

and Pover), representative of canal/embay6eut harbor intakeq were used to

estimate entrainmeat at Mandalry, Long Beach and Alamitos Geuerating Stations'

Datawere also collccted atboth tbe ofthore (Units 1 &8,near the mouth of King

Harbor) and harbor (UniS 1{, within King Ha$or) intakes at the Redondo Beach

Generating Station (RBGS). In all cases, ichtbyoplanktonwere saslpled over about

oue year, so it is uot possible to consider year-to-year variationt and it is possible

that the year sampled (1979-1980) was not rePresentative of the long-term average'
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There were two distinct temporal pattems of entrainment for these stations

(Fignre B-18). Ormond Beach and Redondo Bearh Unis 7 & 8, which have

offshore intakes, had temporal pattems that were fairly similar to SONGS: tbe

greatest entrainment ocsrred in lvlarch. At OBGS, tfus high entrainmeBt in Marcb

was due to botb northern ancbovies (20.7Vo of the total annual entrainment) and

white croaker (la.6Vo); l4Vo of. the larrrac were eutrained io Apttf, and no other

month ontribute d >t}Vo.'The pattem was someuftat different at RBGS Unia 7

and 8, which enuained a great mary white croaker larnae in Jaauary as well as

March; no other month contributed >l0Vo.

A different patteru occured at HGS and RBGS Units 1-6, where highest

gsueinment occured during tbe summer mouths. At HGS, entrainment was

dominated by Hypsoblemhs and gobies, and May, June and August each

contributed >107o of the total annual entrainmenl RBGS 1{ entrained many

cbee}spot gobies and reef finTrots, eqpecially in June and September, althougb July

also contributed >L$Vo of the total annual entrainmeur

The entrainment at HGS and RBGS 1{ was relatively low druing February

througb Apnl, so that increasingpo\r'er production at these plants (and prenmably

Mandalay, Long Beach and Alarnitos Generating Stations) if SONGS is scheduled

doum during this time would not result in highgl total entrainmenr Althougb

entrainmentys5 highest in the sunmer at HGS and RBGS 1'6, it was only tlVo anid

9Vo, respectively, dgring fugnsq so that iucreasing poriler production duri4g this

time would not result ia high additional losses. The entrainment at RBGS 7 & I

and OBGS was more 5imils 1s SONGS, altbougb white croaker was more

important at RBGS than at SONGS. Increasiag PuBPing at RBGS 7 & 8 during

B-17
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March and OBGS (and presumably Huntingtoa Beach and El Segundo Generating

Statioas) during March and April would renrlt in somewhat higber total larvd losses

at those stations, so if these stations operiate at a higber level becarse SONGS is

ofEine dudng March and April, thrc savings calculated above would need to be

adjusted doqrnuard somewhal

I have not attempted a quantifred adjustmeut becarse SCE s entrainment

data were collected during only one year, while the MRCs data from the Impact

and Control sites clearly show large interannud differesces.

I
I
I
I
l
I
t
t
I
l
I
I
I
I
I
I
t
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Table B-1

Comnon and scientilic names of lish species.

Northen anchory and il] spccics witb estimatcd adult cgutvaleut losses >1% wre

targetcd" Adult cquivalent losses fjom Tcchnical R4on D. AEL = Adult equivaleot
loss.

SPEcES/GRouP SCIENIINC}.IAME Vo AFjL

Quecnfsh

Giant lclpfish

r$fhite croaker

Califoruia gruniou

Blacl croaker

C-aliforaia corbina

Cheekspot goby

Reef frnspot

Arrow goby

Jaclsnelt

Shadow goby

Di"-ond turbot

California alingfiqh

Northenr aachovy

Sedpltttsplius

Hetemsticluts msmsus

Genyonemts lineaas

I.curcskes teruis

Qteiloaerna soatnum

Menticbrlus undulatus

Ifuntts glberti

Patulitttts lntegiprwtils

Clevvludia ios

Akeinopsis calilalz iouls

Quieuls)'cstfu

Hypsopsaoguailu

Gobiescrhqsfut

Engrulis morb

12-70

6.88

750

4591

3.891

355r

3.04

L%

L&

2.45r

Lt4

2(b

1.43

<0.10

I Loss througb juvcnilc stagp incstinable (se.c Tcchaical Report D)
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Table B-2

Monthly densities of Iish larvae near SONGS.

Data are deuidcs (numbcr of larvae/4{Xl u1 for total spccics, nortbern enchorry (the most abundant

spccies), total spccics miaus anchory, and |jt spccics si1tr 6rin"c4{ edult equivalcnt losscs > 17o'

Ihasldes bsscd oE A. and $.bleks, lgpact and Cong.oln dl fcars combined.

sPEcrEs/
GRoup

DENsrrY 6 /mM3)
TOIAT, JA}I FEB T{AR APR TVIAY JUN. JUL AUG SEP OC'l NOV DEC

Total

Northera Anchovy

Total -inus anchovy

Queenfsh

Giant kelpfish

White croaker

California grunion

Black croaker

Califoraia corbina

Cbeekspot goby

Reef finspot

arow goby

Jacksmelt

Shadow goby

Diamond turbot

Califoraia clinsfish

Total AEL specics

8v2

5Z{2

32fi

115 : . ,&265L? f rn51321819041824555129400

89 126L t762 trjg N 50 43 96 t2' t4 29 329

57 24 88t1 S4 2U 168 145 3n. L26 4L 101 7t

o 7 vz 1y u 90 83 224 656 8 0'2 0'04

0 33 L2 1.1 ul 0.6 05 0.4 0'7 0'4 0 0'6

1 tu t76 578 65 8 2 3 1 2 49 74

000358  1059 .1  L60 .90 '1  000

000 .800 .6  150 .6L t03000

000005020 .69250 '1  00

1310810?pL4  14  152 '12vy

000 .1000J6J45050500

252512 t47 t035351

16.1 103 t4J 82 A3 L0 o-vz 0 0'03 0'4 0'4 55

15 5.0 5:7 18 4.L 1-1 3i 39 32 1'6 t'7 3'7

o 32 55 Ul 0t 02 0 02 L'7 05 4s 0'1

0 0 0.6 4.4 1.4 33 3-1 22 1'6 '02 0 0

39 lgl 7go nr a5 rx 1n 269 104 a 95 62

l
I
I
t
I
I
T
I
I
I
t
I
I
t
I
I
I
I
I

789

10.1

t4,/,9

8.4

5.8

1:}O

a

a.0

t9

tx

36.9

185

16.9

2W
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Table B-3

Temporal patteras of ichthyoplanliCon sbundance near SONGS.

Data are pr:sentcd for total species, northera anchovy (tbe most sbundlDt species)' total

spccies mious ancbovSr, ad lii ip."io with estimatcd adult cquivalent losscs >1%. Densities

based on A. and B-blocls,Impact gld Control, all lcars combined. Months wi& >10% of

the roul abundancc arc shorm in boklface typa

SPECES/
GRoUP

PERCENT OF T TAL ABIJNDAI.ICE

JAI.J FEB T4AR APR \{AY JTN JI,JL AUG SEP OCT NOV DEC

I
I
I
I
I
I

Total

NortherD Anchovy

Total minrs anchovy

Queenfisb

Giant kelpfsh

White croaker

California gruaion

Black croakcr

Califoraia corbina

Cheekspot goby

Reeffinspot

Arrow goby

Jacksmelt

Shadow goby

Diamond turbot

Califorsia clingfsb

Total AEL species

!1 
.11.4 

3r.q US 6.0 L6 22 49 Z9 0.6 15 43

LJ 23.9 33.4 23t 4.4 0.9 08 1"8 23 03 05 62

L.7 6.9 273 2SS 8.7 5.1 45 9.9 3"9 :"3 3'1 22

0 0.9 11.? 1?.0 10.6 11-q 10.6 2E.4 83 1"1 0"03 0'004

0 32.1 12.1 r0.9 12.t 5.7 5.0 3.9 72 3"9 0 6'4

05 99 3sJ 3g9 45 0.6 02 02 0.1 0.1 3'4 0'9

0 0 1.1 19t 35t 303 8-9 32 05 0'04 0 0'006

0 0 g!3 0.06 103 25.0 r03 35.9 52 0 o 0

0 0 0 0 3.8 t2  5.0 695192 1-1 0 0

5.4 4.4 E2 4.1 13,9 53 58 6.4 92 5.1 143 15'6

0  0  0 .4  0  0  55  505353  4 . t  42  0  0

L8 s.4 376-IL0J56 7s r0'? 3s 5"1 Ze s'4 Ls

ru 73 402 11.r r7S 0J 0.(p' 0 0.02 03 03 4'0

4.0 135 15.4 48 ru Lg 10.0 10J 8.7 . 4'4 43 9'9

0 l?J 29.9 7-L 4.4 1.1 0.09 13 93 L6 U'5 05

0 0 35 zu 8.4 19.7 13.6 13: 92 L"4 o 0

L.4 6.6 27.t 21J 83 4.8 43 95 3.7 1'0 33 22

I
I
I
I
I
I B-23



Table 84

AnticiPated ichthyoplanldon entrainment at SONGS'

Data are prcsentad for total specics, norlhen anchory (the most gSusdnnt species),

toAl spccics minus ancho?y, and tlt spccics with estimated adult equivalcnt losses

>l?a Number of larrrc 
-c"tt"i""a 

is cstimaEd by nultiplying tchthyoplanliCon

dcnsity tlmcs tbe fiov ratc at SONGS (9.07x106 ;3lUy for Units 2 and 3 combined)

dmcs thc numbcr of days in thc period bcing considercd.

I
I
t
t
I
I
I

SPECTES/
GRoup

Nt uBERENTRA$'IED ( x 101
lv{ARcH & FEBRUaRY, ldARcxI,

APRIL IT,|ANAN & APRIL &
APRIL AUGUST

Total

Northcru aachovy

Total miaus aachovy

Quecnfsh

Giant kelpFrsh

Whitc croaker

Califoraia grunioa

Black croakcr

Califoraia corbina

Chcckspot goby

Rcef finspot

Arrow goby

Jacksnelt

Sbadow goby

Dianond nubot

Califoraia "Iingf*h

Total AEL spccies

357

1 1'7

L.42

42.

L9

ul3

328

LL

1.19

I
I
I
I

0.156

0.0017

0.?9

0.0042

0.0005

0

0.9276

0.fixxx

0.9249

0.0t1

0.00y2

0.0049

0.0034

Lgru

0.1603

0.0038

0.881

0.m42

0.0005

0

0.93/.2

0.00004

0.wn

0.061

0.m84

0.0069

0.0034

L1916

0316

0.002

0.792

0.0049

0.ffi2

0.m6

0.(886

0.00304

0.a72

0.054

0.00.19

0.m51

0.005

L26n

I
I
I
I
I
I
I
t

Bl4



Table B-5

possible reduction in entrainment of tish larvae from rescheduling'

Data aF prcscntcd for total spccies, norlbern anchorry (thc most abuudaBt sPecies), total spccies

ninus anchorry, and 13 spccics wifb cstimatcd adult eguivaleut losscs >l7a Loss pr=vented $as'

calculatGd as tte nuubcr of larne that would be entmined in tbe months notcd (sce Tablc 82) minus

the numbcr that would uot be cntrained under tbe PrGscIt oPcrsting oclcdule"

AI{NTJAL I.OSS INEVEI'TTED BY ELIMINANNG FI.oW DURING :

sPECrEs/
GROUP

No. SPARED
PERYEAR

ATPRESENT

x 10e

T{ARCTI&
APRIL

x 1 @  %

F:EBRUARY,
lv{ARcxt &

APRIL

x10e Vo

lvlARo{,
APRIL&
AUGUST

X10e Vo

Total

Northera anchovy

Total minus anchovy

Queenfish

Giant kelpfish

White croaker

Califoruia gruaion

Black croaker

Califoraia corbina

Cheekspot goby

Reef fraspot

Ariow goby

Jacksnelt

Shadowgoby

Diasond trubot

Cdiforaia dingF<h

Totd AEL spccics

0.7368

0.4556

02812

0.0681

0.0m9

0.150

0.005

0.0005

0"0011

0.o206

0.00u

0.0077

0.011?

0.0032

0.m$

0.0015

02455

25432 49

t.6444 52

0.9088 4

0.08i/9 18

0.0008 13

0.6650 76

0.0017 10

0.000002 0.06

-0.m11 -14

0.0070 5

-0.00106 -14

an'.:n 32
0.s23 52
0.0@0 9

o.q[B 30
o.mp $

0&6%2 48

3.4832 68

2.4444 n

1.0488 53

o.wzT 19

0.m29 48

0.7560 86

0.0017 10

0n00m2 0.06

4J0U -t4

0"0136 9

-0.00106 -14

0.@t2 31

0.0493 60

0"0052 B

0.m$ 48

0.mD $

a.%742 55

2.8322 55

t.1474 x

1.1388 58

02419 52

o.mu 18

0.6670 76

0.m24 13

0.0015 43

0"0049 63

0.0180 L2

0.0019 24

0.0195 x

0.0423 52

0.004? 21

0.0035 32

0.0035 34

1318242 59
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Figure B-11 Densltles ot total tish taruae at lmpast & Control sltes combined for each of
tn6 years sampled from 1979 to 1986 and tor all years combined. Only months in which
samptes were taken are labelled. r Incllcates zero denslty.
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FigUfe B-12 DenSltieS gt nofthefn ancno!ry Entae af lmPaq a eglruer Drrn! \;t.urt'urE\r rr'l

each of the yearE sampted from 1979 to 1985 and lor atiyears-combined' Only months in

nrtticfrsa.pies were tifen are labelled. r lndicates zero densl$'
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Figure B-13 Densltles of whtte croaker larvae at lmpaet & Control sttes combined lor
ea-cn ot the years sampted trom 1979 to 1986 and for all years comblned. Only months in
which samples were taken are labelled. * indicates zero denslty.
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Figure B-14 Denslties Ot totat fish larvae minus anchorry at lmPast & Uonrror stles

comblnecl for each ot the years samplect from 1979 io f gg6 and for all years-combined'

onty months In which samples were iaren are labelled. i Indicates zero denstty'
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Figure B-15 Densitles of q-u-99nfish laruae at lmpact & Control sites combined lor each of

the years sampted trom 19zs_to. rige 1;0.!:; llii{fEmuineo. 
onlv months in which

Jah'pits were'Ufen are labelted. r Indicates zero denstty.
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APPEI{DIX C

MEfiIODS USED IN FALL 1986 SURVE'T OF

ARTIFICIAL AI{D NATT]RAL REEFS

The methods used in the survey of artificial and natural reefs in Southeru

C-alifornia conducted in Fall 1986 are sumnarized in this Appendix A more

detailed description of the methods and analpes tsed is presented in Ambrose

(1e87).

Ten anificial reefs, including three breakrvater sites and one 
"nifi.ia 

island,

were chosen for this snrdy. For comparisog 16 nanrral reefs were sampled. Tbe 26

reefs sampled range from San Diego to Vennra (Figure C-1, Table C-1). Eleven

uanrral reefs and foru artificial reefs had a giant kelp (Maooqstis Wrifera) canoPy at

the f''ne of sarnpling.

Sampling methodologl was the snme on natural and artificial reefs. Visual

transects were used to estimate the densities of fuh. A diver swam at a constant

rate along a transect to minimize counting fish attracted 1e hirn or counting fisb

twice, and recorded all fub encountered within a corridor of specific dimensions;

fuh were placed in life-stage categories accord,ing to leuglh (Ambrose 1987). Two

types of transects were employed: "adult" tratsects, in which adult and subadult fish

were cousted, and '!oung-of-yea/' Bansects, h which young-of-year and juvenile

fsh were counted. On each reef, the transects were located in two habitat t)?es:

near the bentbos, and in tbe water column"
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Eigbt benthic tra$iesls, 3Sm long and spaced at least 5 m apart, were

sampled on each reef. In the "adult" 6enssgtg, adult and subadult fish were counted

rfithin a 3-m wide by 15-m higb corridor. Young-of-year and juvenile fish were

sampled along the sane benthic transects as tbe aduls and subadults, but after at

least one-half hour bad elapsed to allow the fish to recover from the disarbance of

tbe initial salnpling of adult fishes. The loung-of-year" corridor was only 1-m wide

to allow a more detailed search of the substrate, but was 2-m higb to ensue tbat

" young occurring off the substrate (such as Chromis pwaipirms) were included.

Adult and sub-adult fish ocorrring in the water column were sampied by

underwater video camera at a depth of about 3 m- Eight transects, approximateiy

3&m long were sampled at each site. Horizontai visibility was measured and used

to determiue the width and height of each transect based on a previous calibration

of the video camera- Young-of-year and juveniles were sampled in eight visual

transects (2-m higb x 1-m wide x 3&m long) in the s2me area as the adult video

survey.

To determine the size frequency distribution of fistt, divers estimated the

lengths of all fish seen during 3 [$min $vim around the reef.

Literature cited

Ambrose, R.F. Ig87. Comparison of conmunities ou artificial and nanrral reefs in

Southern California with emphasis on fish assemblages. Final Report

submitted to the Marine Review Committee. December 1987.
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Table C-l

Physical Characteristics of Reefs surveyed in Fall 1986

Rcefs are numbcrcd within tbc tso typc of rlcfs h ordcr of occutl'cncG bom Sorrtb to North (sce

iig,ft A1-il.-jio63j13r brcakratcrs ii nan.oarlc islElds tbrt rach tbe srufcc! of tbe ratcr.

No. REEF RB
Cooe

AnEA
(ha)

Dms l{sanr Srcre
(D) (n)

SussrRATE

ATNIICIALREEFS

Torrcy Pincs AR
Pendlctou AR
Neuport Beac.hAR
L-4,. Harbor Brcakwatcr
- outsidc

L-4- Harbor Brealnater
- inside

A6 King tlarbor Breakcater
N Hermosa Beach AR
A8 Marina Del ReyAR
.A9 Pitas Point AR
A10 Rincon Oil Islard

MEA}T
(sE)

39.& large roc\.boulders
13 coacretc Piliags sand
4L.1o larce roch boulders
113 mfrium &large rod*' sald
47.9 largc rodq boulders

larse rodq bouldcrs
niiium & largp rodr, boulders
concretc pilings, sand
boulders

large roct bouldcrs

hdrock
large rocJr, bouldcrs" saad
bcdrod
snall & mcd- rock, bedrock
laree rodr' be&ock
rai'a, 

"oUUtc, 
med- rock

snAt A, med rodq sard

cobble, snall & med. rock

mcdium rodq sand
mcd. & large roc\ bedro€k'
sand bouldcr
san4 cobblc, rocks, bedrock
snall rodr, bcdrosk
boulde$' bcdroct
bouldcrs, bedrock
uedium & targe rodr'
bcdtoclg boulders

medium & large rodr, sand

5 ?J3
4 n.b
3 213F

11. 3"&

9' 38.1o

0"18 16
1.40 t5
250 U
581 11

415 9

A1
?c
.[3
A4

A'5

n, t3
183
16 1
t5 1
725
t1 1
16L

15 1

162
185

185
154
ua
158
r.6 5

u2

TPAR
PAR

NBAR
I.OAR

LIAR

KI{AR
HBAR
MDAR
PPAR
RIAR

386
o24
032
0.45
2"81

2A
(054e)

99 '
2J2
2 t4
u3
16 16'

153 55 2t3"
(15e) (1.42) (4.61)

I,{ATUNALREEFS

N1
N2
N3
N4
N5
N6
lv

N8

N9
N10

Marine Street Reaf
La Jolla Cove Recf
Del Mar Rcef
Barn IGlp
I-as Pulgs Recf
Box C;anyon
San Onofrc Ifulp
- Mai! (+1)

San Onofre Kclp
- North (002)
San Mateo Kelp
Two Man Rock

N11 ksusa Bcach North
N12 Pe[caa Point
Nt3 Point Vicentc
N14 Don't Dirrc Tbcrc
N15 Flat Rock

N16 Rincoa IGlp

MSR 24.6t
IJCR 220.m'
DMR 214.M
BK SOTN
LFR 53.00
BC 16.00

soKM - l(X.m

soKN l(x.(p

u4lp
u4.(r

23J0
3Lm

551.m,
55Lm.
55Lm.

RK 6A0

1t455
(i1t.609)

03
(>
tr

L&
18.&
tr
&

13

0t
tr.9

0.
35.0"
33"&
9b
18"&

10"s

SMK
TMR

LBN
PP
PV

DDT
FR

MEAN
(sE)

16J 4A 11J'
(030) (0J9) 6.59)

I

t

4

Botb rccfs tG pan of tbe b Jolla rlcf goriP-lc1
Both reeG ere.!an of tbc S'" Oaofrc f.!F B€d
Both rccls ue pan of rbc San MateoXctp !{
AI thrcc rects ire Fn of rhc Prlc Verdcs Peainsuh rccf mpler
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APPENDX D

CAIfT'I,ATING TIIE SIZE OF ARTIIICIAL REEF

NEEDED FOR MITIGATION

The MRC has proposed that afiificiat reefs be used to mitigate nro tlpes of

impacts. First, an artificial reif could serve as in-kind replaement of San Oaofre

Kelp Bed resogrces. Second, an anificial reef could provide out'of-kind mitigation

for midwater fuh losses, such as those carsed by SONGS' killing of fuh lanae and

eggs. As noted in Chapter 8, a critical aspect of uing artificid reefs as mitigation is

determining tbe size of reef needed. Different procedures are needed for the two

different applications of ar:tificial reefs, iD-kind and out-of-kiBd mitigation; the

processes used by tbe MRC in developing tbeir recommendations on size are

ciescribed below.

D1.1 Size needed for in-kind mitigation

As noted in Sestion 833, there is insufEcieut evidence to warrant

constructing a reef tbat is smaller than the area of Daffral reef impacted; in fact, tbe

general gncertainty about the proesses operating ou artificial reefs argues that the

ardficial reef should be larger than tbe impactcd area

There are no establisbed policies that could be used to determine the

appropriate "compensation ratio" tbat should be used. Other mitigation projects

bave used ratios tbat range from 1:1to 4:1 or 5:1 or more. Tbe MRC decided that a

15:1 ratio of artificial reef to area of kelp lost would be appropriate for SONGS'
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The actual size of reef recornrnended is based on the area of kelp estimated

to be lost from the San Onofre Kelp Bed (SOK) due.to the operation of SONGS:

80 ba Using the 15:1 ratio, the size of artificial reef needed to mitigate tbe impacs

of SONGS on the Sau Onofre Kelp Bed was estimated to be 120ba" or 300 acres'

In addition to tbe impacts to kelp, SONGS has reduced tbe abundances of

kelp forest invertebrates and fuh. Because the kelp forest invertebrates are closely

tied to the hard substrate at SOK a 12Gha artifrcial reef would probably provide a

15:1 replacenent of invertebrates. However, this migbt oot be the case for kelp

forest fuh.

As noted in Chapter 8, the fact that no large artificial reefs similat to the

proposed reef have been built means thdt it is not possible to predict the dersiry

(much less the production) of fuh that will occur on such a reef' However' I have

used tbe Fall 1986 survey of artificial and nanrral reefs (Ambrose 1987) to estimate

the biomass densities that might occur on a large anificial reef'

Existing artifrcial reefs had a mean biomass density of nearly 05 MT/ha

(Table D-1). Althougb fish density was higber on artificial ree& than natural reefs

dgring tbis and other surveys comparing the reef types (see Ambrose 1987 and

Chapter 8), this will not necessarily be the case for a very large artificial reef' All of

the artificial reefs sampled (including Pendleton Artifrcial Reef) aod all other

artificial reefs constnrcted so far in California are Eruch smaller than most uanual

reefs, and consist of isolated piles of rock in tbe midst of a sand Plai!' (Although

some recent reeft spread reef modules over a large area' the actual area covered by

rock is still quite small.) The characteristics of a{stiug artificial reefs probably
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increase tbe uumber of fuh attrasted to the reefs, tbereby artificially enhancing tbe

density of fisb (see Cbapter 8 asd Ambrose and Swarbrick 1989). A large artificial

reef, sucb as the proposed mitigation reef, would not attract zucb a hi8& proponion

of fuh, so that the fish biomass densities would probably be lon'er than ou existiug

artificial reefs.

The best estimate of the density tbat would occur on the proposed mitigation

reef is perhaps tbe avgrage density found ou the natural reefs surveyed in Fall 1986'

029 MT/ha- At this density, a 12Gba reef would jrst replace the biomass of fsb

lost" and 18S190 ha would be needed for 15:1 replacement (Table D"1).

Of cogrse, since the anificial reef would be designed 1e mimic tbe pbysical

structue of SoK biomass density on &e artificial reef might be as low as it was in

the rnain portion of SOK 0.19 LIT/h, i! which case a ?32-ha artificiat reef would

be required for 15:1 replacement (based on these estimates). Since SOK had

atready been impacted by SONGS wben it was surveyed iD 1986, 0.19 MT/h might

be too low an estimate; however, the 214-ha Del Mar Reef had a biomass density of

only 0.17 MT/ba, so this value is not unreasouably low. On tbe otber ban{ the San

Mateo Kelp Be4 whieib sewed as the control for SOK had a biomass density of 036

MT/ha Overall, it simply is not possible to predict the density that would occur on

tbe proposed mitigatios reef.

D12 Size needed for out'of'kind mitigation

There is no clear, simple, quantitative link between the Bigbt-wide losses of

fish and the size of reef needed to completely mitigate those losses. Likewise, there
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are few guidelines for developing such a link (The most cornffion approacb to this

tlpe of problem, the Habitai Evaluation Procedures IHEPI developed by USF'IVS'

focuses on habitat values; since SONGS does not degrade the midwater fuh habitat'

HEP cannot be used here.) In the absence of a quantitative metho4 one frequentiy

used approach is to reiy on test professional judgement", decirling by consensus on

a size that seems reasonable to some panel of experts. We have chosen instead to

try to calqrlate a value. The method I describs in this section has the advantage of

being explicit about the steps taken to arrive at a value (which is one of the principal

advantages of HEP as well), but we recognize that our assumptions €nnot be

verified and that our estimate depends in Pan on a subjeaive judgement'

Nonetheless, it is the best estimate we can make.

Our approach relies on rough estimates because virnrally none of the

necessary information is accurately loown- We have dealt with this problem by

presenting minimun and maximum estimates.

D12.1 Minimum estimate

The rninimrrm size of ardfrcial reef needed to mitigate for tbe Bight'wide

effeas of SONGS on frsh is 0 ha (Table DA). This rninimum size is based os

complete biological compensation of the losses of fish larrrae; that is, there would be

no loss io s3srring stock in spite of SONGS killing 4 to 5 billion fish larvae'

Althougb complete biological compensation is not [ikely, in principle it is possible'
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DL22 *T"- estimete

The ma:rimum size of artificial reef needed to mitigate for tbe Bigbt-wide

effects on SONGS on fish is estinated to be 240ha Oable D'2).

Oru estimate of the size of reef needed to mitigate the Bigbt-wide effects of

SONGS is based oD two steps (Figure D-1). First, we estimate the biomass of adult

fisb expected to be lost as a result of SONGS' entrainment of fisb lan'ae. This

estimate is derived from the analyses of adult-equivaleut losses (Technicat Repon

D) and Bight-wide effects (Technical Report M) and estimates of the Bight-wide

standirg stocks of tbe a.ffected fuhes. Second, we coDvert the estimated loss, in tors,

to area of rocky reef based on a judgemetrt about the relative values of the lost

midwater fi5b versus the community of organisms living on a rock reef (including the

tonnage of fsb ou a hectare of ree$.

The estimates of biomass lost due to SONGS are given in Tabte D'3. The

combined 5gsrling stock of white croaker and queenfisb is estimated to be almost

10,000 MT (Appendix B in Technical Report D); with an estimated adult equivalent

ioss of about l1Vo tor these nvo species (Technical Report D), and assuming tliat

this adult equivalent los leads to a lT%o decrease in standing stock (i.e., no

biological compensation; Technical Report M), we estimate that SONGS causes a

loss of 1000 MT of these two species. The other species killed by SONGS had lorper

estimated adult equivalent losses, which we approximate as about tVo fsr tbe group

as a whole. Altbougb we caDnot estimate tbe standing stocks of these species, it

seems safe to assume that the combined stock does not exceed 20,000 MT, so the

loss of these species is estirnated to be 200 MT (Table D'3)' [This exciudes
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northern anchovy, which has an estimated sl2arling stock of 500,000 MT but an

adult equivalent loss of <O.lVo; Technical Report D.] Tbu, the naximtrm

redustion in the standing stocls of fuh in the Bight is estimated to be about 1200

MT.

In order to determine the size of artificial reef needed to mitigate these

losses, we ueed to cowert the 1200 MT of mostly midwater fishes to area of rocky

reef; this out-of-kind conversion requires a judgement about the relative vdues of

midwater fisb and roclry reef communities. Oue possibility would be to judge that

midwater fish and rocky reef fuh have the same value; this would require an

artificial reef of 1200 ha or larger (based on fish biomass densities in Ambrose

1987). However, we do not believe this is a reasonable estimate because we believe

rocky reef communities are generally conceded to be more valuable that midwater

fish such as queenfish and white croaker.

The rocky reef community created by constnrcting an artificial reef might be

considered more valuable than the midwater fish killed by SONGS for several

reasons: (1) The tjlPe of fish. Rocky reefs zupport a number of species that have

beea given a special protected status, nrch as garibaldi and black croaker; in

contrast, none of the species substantially impacted by SONGS are protected. (2)

The number of economically valuable fish. Roclsy reefs zupport a high density of

economically valuable fish, inclurling kelp bass, sand bass, surserches and rocldsh.

Atthougb so6e midwater frsh, such as barracuda and yellowtaif are economically

valuable, these are not impacted by SONGS. .However, both white croaker and

queenfish have a limited comgercial and/or sport value: they are comrnoniy caught

by sportfishermen, but they are not higbly valued species. (3) The permanence of
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the rockl, reef. A properly designed and located rocky reef sbould continue to

produce resources indefinitely, and in any'case long after Units 2 and 3 have been

dgssmmissioned and cease impacting midwater fuh. (4) The relative rariqv of

rochv reef versus sandy hottom in the Southern Califofnia Bight. For example, only

l4%o of,the shoreline consists of roclry areias in San Diego &-ry, while in Orange

Connty roclry areas comprise onlry 7Vo of tbe shoreline, and relatively few subtidal

reefs are fognd along 169 rnainland in Southern Califoraia (Ambrose et al. L989).

(5) Recreational and aesthetic valpes. Becatrse rcclry reeft in Southern California

support a diverse biological community coutaining macroalgae, multicolored

invertebrates sucb as sponges, tunicates, gorgoniaqs and nudibranchs, and a variety

of fuh species, they provide signifieant recreational and aesthetic values to scuba

divers that are not provided by tbe assenblage of midwater fisb. (6) The diversit'v

and abundance of organisms on the reef, including invertebrates and algae (perbaps

includinB ganr kelp). In place of a single assemblage of fisb a rocky reef would

produce a full, complex community of organisms. Thousands of different species

belouging to ma1ry different ta;ronomic grouPs live on rocky reefs' Tbe roclcy

substrate is tlpically covered with algae (20Vo to 3AVo cover) and invenebtates (40Vo

to S|Vocover)(Ambrose 1987). I:rger invertebrarcs (sucb as gorgonian$ suails, sea

urchins and sea stars) are also conmoa; large inn'ertebrates (all species) had an

average of density of ?5-30/mz during tbe FaIl 1986 zurvey of artifrcial and nanral

reefs tbrougbout Southern Califoraia (Ambrose 1987). And of course' there are

Bany reef fish on rocky reefs; during the FaIl 1986 survey tbe biomass density of fisb

near tbe bottom was estimated to be 03-05 MT per ba (Ambrose 1987). [Note:

This suney onty sampled the conspianous fisb on reefs; the estimates would be

somewbat higber if the cryptic species had been included. In addition, the biomass

density of fuh il tbe water column could be substantial (more than 0'2-0'a MT/ba)
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for reefs tbat supponed giant kelp. A reasonable rougb estinate of the totai fuh

biomass on a reef would be 1 MT/ha.l

In spite of the many reasoui for judging a roclry reef more valuable than tbe

midrrater ffi irnpacted by SONGS, there is no accepted procedure for quantiffing

the relative values of these two dissimilar resources. At this poinq judging the

relative worth of these two resources must be'a societal or policy decision rather

than a seientific one. We believe that it could reasonably be determined that one ha

of rocky reef supports a community that is worth 5 MT of white croake& queenfish,

and tbe other species impacted by SONGS' entrainstent of their larvae'

Using the conversion factor of 5 MT impacted fish per ba of roclcy reef, the

estimated loss of 1200 MT of fish ua.nslates into 240 ha of rocky reef (TableD'2)'

We think it is unlikely that the losses are large enougb to require a 24bha

ardficial reef. To arrive at this estimate, we used maximum values, we assumed that

biological compensation did oot occur (althougb so6e biomass compensation seens

likely; Tecbnical Report M), and we judged a ba of artificial reef to be worth only 5

MT of impacted fish.

D133 Best estimate

'lhe ir4Rgs best estimate of tbe size of artificial reef needed to mitigate

Bigbt-wide fish losses moderates both tbe estimate of biomass lost due to SONGS

and the relative values of midwater fuh and roclsy reef cornmunities'
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We think that the estimate of 1200 MT of fish lost might be too high. While

we hink that it is unlikely that there is perfea compensation of lanal losses, some

biomass compensatioD seems likely. In additioq we have assumed that late larval

stages cannot avoid entrainment and tbat dl larvae entrained into SONGS are

killed in tbe plant; if tbese assumptions are trot corect, the number of larvae killed

by SONGS wil have been overestimated. Therefore, the biomass lost seems likely

to be between several hundred tons to more thas one thousand tons, and an

estimate of 600 MT lost seetrE most reasouable (Table D-3).

In additioD, the conversion rate of 5 MT of impaeted fish per ha of roclcy reef

may undenraiue roclcy reefs. We perceive a consen$rs among marine scientists (and

the general public) that roclry reefs are far more valuable tban sandy habitats. More

imponantly, the rocky reef will continue to bave value long after SONGS bas

stopped killing larvae. It seerns tair to consider t ha of rocky reef to be wortb 10

MT of impacted fish.

These more moderate estimates suggest that a 6$ha artificial reef would

mitigate the losses caused by the entrainment of fisb (Table D'2).
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Table D-l

Size of artilicial reef needed for in.kind replacement of lclp forest fish losses (36 MI).

Biornass csdmatcs arl bsscd d $rruy of erttfidal rnd naarel rccfs conducted iD Fall 19t6 by
Anbrosc (1987) rnd r=fcr only to thc bionass of frsh ncar tte boEoa; oD Dost reefs, biomass
dcnsitywas much lowr in tberatcroluml. Ihe propoccd nitigntion rcef would scrve to replace
rcsouFces lost at tbe Sal Onofn KolF Bcd (SOK), partiolarly thc Main portion of tbe bed
dormcoast fmm the ditrusers.

BIoNTASSEmMATE SrzF 1IEEDED

Sounc (MT/HA) L1

Repreceuenr
15:1

REFI.ACETT{EATT

Meaa of dl arti6cial reefs

Densiry on Pcndlcton Artificiat Rcef

Meaa of all natural recfs

Mean at SOKMaiD Bed

Mea! at Dcl Mar Resf

0.4s2

0359

0.286

0.191

0"r,4

80 ha

lm ha

15 ha

188 ha

n7 ha

120 ha

150 ha

187 ha

ZgZha

310 ha
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Table D-2

Calculation of artificial reef area needed for out-of-kind nitigation

fhe minimum cstlmaic ls based on thc assumpdon that therc is couplete biological
compcnsation, so thcrc ls actuallyno biomrss lost duc to thc operution of SONGS. Tbe maximum
csrinntc EssuDGs ao biological compensadon (scc Table I)-3) and judges that 5 MT of midsater
fish is worth t ha of roctcy rccf, The bcst esttnatc assumes tbcrc is some biomass compensation
and that rucky reef communities arc reladvcly more valuabla

Btol,rAss Losr REIATTVEVALT'ES AREA OFROO(Y REEF

Minimum

Maximum

Best estinatc

0

1200 MT

600 MT

5 MT fish = t ha reef

10 MT fish = 1 ba rccf

0

240 ha

50 ha
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Table D-3

Estimates of biomass lost

lte maximum cstims& is bsscd on tbc assunptiou thrt then is no biomass compensatiou, i.c"n a 107o Adult

equi".tent Loss sould lead to a lt}% rcduction L stafiing stoct. lte !Cg! cstimatc considcrs lhrt tberc"Esy h

some biomass compensation, tratcr larnl stages Bty b eUle to ryoid cntninmeug .Dd atl Esh lrnre may not be

killed aftar beiry cDtr'aine&

SPECIES SIAI.IDINGSTOCK ADIJLTEOUrvALENTI.OSS BroldAss Losr

Maximum estimatc

Queenfsh & while croaker
All otber species*

Best estimate

Queenfrsb & whirte croaker
All other species"

10,000 MT
20,000MT

10,000 MT
20.mMT

10Vo
lVo

t0%
7%

1000 MT
2M MT

-

12M MT

5OO MT
1OO MT

-

600 MT

1 f,lduding aorthcra anc.hovy, c,hich bad aa adult cguiralcot loss <0"1%.
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Biomass of adult fish

Relative values of lost

water-column fish versus

roclcy reef communitY

Area of roclcY reef
needed for mitigation

Process used to estimate area of rocky reef needed to

reptacemidwaterf ishimpactscausedbySoNGS.
Figure D-1:
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