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Introduction

The purpose of this report 1s to compile the most complete and most recent mformation on the
biological effects of enfraimment and impingement by coastal power plants m Califorma that use
once-through cocling (OTC). The information will be used by the Califorma State Water
Resources Control Board (SWE.CB) in developing policy for regulating the use of OTC by
power plants in the state. The sources for much of the information presented m this report are
316(b) studies that have been completed at many of the coastal power plants in Califorma mn the
past five to ten years.

To put the results into context 1t was necessary to compile accurate mformation on the actual
volume of cooling water used by the plants. The design flows for the systems (1e., maximmum
pumping capacity) were compiled from mformation already provided in the March draft of the
SWRCB Scoping Document. These values were checked agamst information published i the
recent 316(b) studies and 316{b) Proposals for Information Collection (PIC). Some of the
reported design flow values that differed between sources were also checked with plant staff It 1s
mmportant to point out that the design flows may not reflect the maxinmmm possible mtake
volumes for some of the plants, since the values typically include the volumes for the main
circulating water pumps, and not the smaller service water pumps in the systems. The total
volumes for these smaller pumps are generally less than 5 percent of the mam circulating pump
capacities. Actual coolng water flows reported to the RWQCBs under the NPDES permuts for
the plants were used to calculate average daily flows for the six-year penod from 2000-2005.
The sources used in compiling the flow information are provided in Appendix A

The methods used for compiling the entrainment and impmgement estimates presented in Tables
1 and 2 and are described 1n the following sections.
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Entrainment Estimates

The enfrainment data presented m Table 1 were mostly compiled from recent 316(b) studies of
cooling water systems at power plants in Califorma. Enframment estimates are only presented for
larval fishes becanse this is the only taxonomic group and life stage that was sampled
consistently across all of the facilities. Entramment of the larval stages of some commercially
mportant macroinvertebrates was assessed at some of the plants, but linmted to later stage larvae
of crabs and lobster, and recently-hatched immature sqmd. Earlier larval stages of these and
other macromvertebrates are not effectively collected by the mesh of the nets used m the
sampling and would have required addihonal sampling efforts. Many macromvertebrates have
mmultiple larval stages that have varying peniods of development further complicating the
planning of an appropriate sampling program and further complicating the assessment. The
entramment assessment method used for most of the studies was the Empincal Transport Model
which can be used mn assessmg the potential entrammment impacts on other macromvertebrates
using assumptions regarding the distnbution of the larvae in the source water and the extent and
volume of the source water for the populahions relative to the cooling water volume. The focus
on fish larvae in these studies 1s appropriate since larval fishes are nch more linnted iIn number
m the water column and the adults for many species are hmited in distnbution, mcreasing the
potential for population-level effects.

The table presents two sets of entramment estimates. The first set 1s simply calculated using
anmual average larval concentrations multiplied by annual design and average actual 200020035
flows. The other set of entrainment estimates 1s from the published studies, which takes mto
account month-by-month differences m larval concentrations and therefore provide more
accurate estimates of actual entramment for the periods of study (Appendix B). Some of these
studies did not melude estimates for both design and actual flows (shown as “ne’ m Table 1).
The only plants where recent representative entrainment data were not available were the Contra
Costa and Pittsburg power plants located i the Sacramento-5an Joaquin Delta (Delta) system.
The table does present annual enfrainment estimates for those two plants from studies completed
tharty years ago in 1978-1979. No estimates were calculated from the larval concentraions
measured durmg those studies because there have been so many long-term changes in flows and
species composifion within the Delta system that the listorical estimates are unhikely to be
representative of current condifions.

The entrainment estimates calculated using the average annual larval concentrations are very
similar to the published enframment estimates for the two nuclear plants (SONGS and DCPP)
and units at other plants that operate at high capacity factors. There are greater differences
between the two sets of estimates for plants and wmts that operate at low capacity factors. This is
due to seasonal changes m larval concentrations that can sigmficantly affect estimates of anmal
entramment, especially when peak pumping capacity 1s occcumng dunng penods with high
concentrations of larvae. The seasonality in larval abundances vanes between central and
southern Califormia, and also between open coast and protected bays and harbors (Figures 1 and
2).
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Impingement Estimates

Simular to entrainment, the impingement data presented m Tables 2a and 2b were mostly
obtained from recent studies (Appendix B) at power plants in Califorma using the same flow
data used m Table 1 and documented in Appendix A. Impmgement estimates are only presented
for fishes because this 1s the only taxonomic group that was sampled consistently across all of
the facilities. Data on macroinvertebrate impingement were collected at all the facilities, but the
data collected vaned among plants. At some facilities all mvertebrate groups were counted, and
at others only mvertebrates that could be charactenzed as shellfish (e.g., crabs, shnmp, squud,
and octopus) were counted, while the other mvertebrate categonies were only recorded as
‘present’ when they were collected. At some facilities only shellfish were collected and
quanfified Besides the inconsistencies in the samplmg among plants, it is sometimes difficult to
distinguish the mvertebrates that are collected after they are dislodged from the intake condut
walls from orgamsms that are impinged from the source water. Even crabs, shnmp, and other
mvertebrates that could be charactenized as “shellfish’ that are collected dunng mpingement
sampling probably settled in the biofouling commumity mmside the cooling water intake system as
larvae. As a result of these 13sues, only data on fish impmgement 15 summanzed m Tables 2a
and 2b.

The mformation in Tables 2a and 2b presents two sets of impingement estimates for both
numbers and biomass of fishes. The first set 1s calculated using the annual average mpingement
rates dunng normal operations calculated from the recent studies. The total annual normal
operations Impingement estimates were calculated by nmltiplying the impingement rates by the
total anmual design and average 2000-2005 flows. These impingement estimates for normal
operations would be added to the average annual impingement dunng heat treatments for the
other set of Impingement estimates 1s from published studies, which did not in all cases present
estimates for both design and actual flows (shown as “ne’ in Table 1b). These estmates include
both normal operations and heat treatment impingement. As with the entrainment studies, the
only plants where recent representative data were not available were the Conira Costa and
Pittsburg power plants located in the Delta system. The table does present annual impingement
estimates for those two plants from studies completed thirty years ago in 1978-1979.

Intake Structure

Information on the mtake structures at the Califorma power plants 15 presented imm Table 3. The
vanous fish protection measures in use at each plant are hsted and details are provided on the
dimensions of screening used at the openings to the cooling water systems. This information
could be used m evaluating the potential for enfrapment of marne mammals and sea turtles mto
the systems. Note that the only plants with vanable speed drives that allow flow to be adjusted to
meet load capacity are mnstalled at the Contra Costa and Pittsburg power plants m the Delta. San
Omnoffe 15 the only plant with a soplsticated fish retumn system.
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Table 1. Entramment estimiates for larval fishes from Cahformia coastal power plants. Eshmates melode calculated values from design and
average ammual 20002005 flows usmg larval concentrations from recent studies and also eshmates from recently pubhizhed entramment studies.
Feferences used in compibng the mformation in the table are provided in Appendix B.

Average Average Average
Average Flow Larval Fish | Concentraion  Concentration Shudy Result Study Rasult
Deslgn  (mgd) bassed Concaniration| and Design Flow and Average Flow  Emntralnment Entrainment

Flow  on 2000-2005 [# per milllon Eniralnmesnt Entrainment  Estimate Design Estimate [Achual
Mow)

Flant {mpe) data gallons) Estimais Estimais Tiow)

Alarmiios Generating Station Units 122 207 1 OEB0.6 748,306,544 437 B54 835 ne 124,070,037
Alarriins Generating Station Unitts 324 3o 281 9EA0G 1,414,971, 165 1,013,733.474 1,109,572 442 728,044 010
Aarriis Generating Stallon Units 585 674 413 99722 24550201 1.503,334,233 nc 835,541,962
Conira Cresta Power Plant Units 687 440 257 noFecentrepreseniative data avaliable ne 05, 110,000
Diabio Canyon Power Plant 2538 2,287 10125 1,765,016, 778 1,507 310,020 ne 1,481 045 383
Bl Sequndo Generating Staion Units 182 207 £ 18537 147,965,510 40437254 nc 35,743,328
Bl Sequndo Genersting Staon Units 384 399 265 18537 2B4 430,472 168,290,759 275,934,513 165,532,003
Encina Powear Piant BST (4] 130502 4,366,667.706 3,162,646,118 4,404 B0 115 3,627 641,744
Hasbor Generating Station 108 =& 38619 156,285,731 85,447 534 153,231,013 5,206,000
Haynes Generaling Station 965 255 123053  4,349,235947 1,159,662 065 4,527 644,064 3,649,208,392
Humtington Beach Sanarating Station 514 179 1536.1 200, 54T, 084 104,330,074 344 570,635 ne
Marialay Generating Sttion 253 234 1514.5 140,195, 151 120,204 071 141,736,337 33422 31T
Moo Eay Fower Fiant 658 257 3404.0 B30,540, 169 318,942 511 853,337.744 ne
Moss Landing Power Plant Uniis 142 351 153 44709 584,101,411 311,537,103 522,319,740 ne
Moss Landing Power Plant Units 637 B&S 38T 20583 034 56 TR 418,350,825 888,204 236 ne
Crmond Beach Generating Station 635 s 1689 42,376,504 32,133,537 40,510,043 6,351,783
Priisburg Power Plant Unlts 585 462 274  norecentrepresentative data avaliable nc 175,230,000
Pairero Power Plant 23 193 35033 303,510,077 252 B3 150 280,731,E11 ne
Redondo Generaiing Siation Units 585 =T 51 44856 354,702 A0 83,037 227 356,000,276 101,650,379
Redondo Generating Station Units 783 E7S 254 3335 772,10E,544 200,801,357 744,508,585 160,537,344
Zan Onofre Muckear Generaling Stion U 1,210 1,430 74306  3,311,307.168 3,005.251,583 ne  3,5557ET.272
San Onafre Muckear Genaraling Staton U1 1,219 1,154 74306 3311307168 3.136,923,500 ne 3,261 TH3 562
Scatierpood Generating Station 435 309 27369 506,063,227 315,634,578 524 2012 £52 365,258,133
Souih Bay Power Plani &1 417 109516 2,404 046,574 1,567 406,378 2 43(1,537.779 ne
Totals 15,245 10,151 1196822 29483387501  19.355190,108

5440.1

nc = nat calculated
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CaA Power Plant CWS Estimates

Table 3. Information on cooling water intake system design at Cahforma power plants. Acronyms used for the vanous intake components and fish
protechion systems and provided below the table.

Vearanal
I Zoreaning or Fish Protsotion Sirs of opaninge = Enfrance o Diclanos from Mammal Exslesion

FRaglon  Plamt Liomation Type of intakes  Deviosc* Inkaks Riear to W& Bars CffshaoneT
NoTal | Contra Cosis Power Plant ‘tdal river Shordime BR-TE-FD |Bar ks 57 spadng na Pl
MoCal Fitishurg Power Flant Bl riwver Shomdime BR-TEAFD B maciks 35" spacing na F'
NoCal  Polem Power Famt bayharbar Shomdime BR-TE |Eswr ks 3,57 spadng na 'l
Molal Einss Landing Power Plant Links. 183 bay'harbor shoredine BR-TE B maciks 35" spacing na r'a
Motal  Moss Landing Power Plant Unks GET bayharbor Shordime BR-TE |Bar racks T spacing na '3
MoCal Moo Bay Fower Plant bayharbor Shorsin BR-TE |bar ks 47 on cenier na et
MoCal Diabio Canyon Power Pland ‘ooEEn shoreime BR-TE |bar macks 37 on cemier na ]
EoCal Mandaay Seneraing Etabon bayharbor Caral BR-3E |bar racks 2.5 spacing na (et 1
EniCal Cemond Beach Gensrafing Eiabion o= oifsiome YCap-ER-T3 £ ot Wap with bars. every 15 4" 18" spacing
EnCal Ecamerpocd Generabing Station Do et ] YoapER-TS 5" ot W with bars. every I = 9" spadng
BoiCal El Begunds Generafing Eiaflon Units 142 Do oo YCoapER-T3 I ot Wl Fa 7
BoiCal El Begunds Generaiing Eiaflon Unis 344 DO oo YWCapER-T3 T ot W ¥ -
EoCal FRedondo Seneraing Siaton Units SL6 bayharbor DiTsione WCoap-ER-T2 4 ot WWiap with bars every 187 4 18 spacing
‘EoiCal Redondd Generaing Siaton Units TAB bayharbaor T WCapER-T3 £ ot Wil with bars. every 187 & 18" spacimg
EoCal Harbor Generatng Etalion bayharbor shoreime BR-TE |bar ks 4.5 on center na ra
BoiCal Haymes Generatng Siation Bl riwer ] BR-TESE |bar racks & on ceier na '
EoCal Alamiins Gonerating Stsbion Usls 182 bayharbor shordime BR-TE |bar ks 37 spacing na m¥a
EoCal Alamins Generaing Siabion Unils 384 bayharor Shorsine T8 na bar racks na 2%
‘EniCal Alamilns Generating Siabion Unlts S46 bayharor shordime BR-TE |bar ks 37 spacing na mia
EniCal Hunbngion Besch Gensrating Siafon DO oiTsione VCap-ER-T3 5" ot W with bars. every 1587 5 18" spacing
BoiCal San Cnofre Nuclear Generating Station Link 2 oCEan TS YW Cap-Yanes-Fish Eevalor-BR-T3 T ot Whap ' Mo
EnCal Ean Onofre: Muciear Generabing Station Uink 3 oo et ] Yiap-vanes-Fizh Eevator-BR-T3 T ot Woap T ]
EoCal Endna Power Flani bayharor shordine BR-TE |bar ks 357 o oEnter na g1
SoCal __South Bay Power Plant shorsine BR-TZ bar racks 3" spacing nia rsa

[l

- ViCap = weiodty cap, BR = bar mcks, TS = tevelng soeens, 359 - Sl seens, Vaness = Smactores inskde imiske o divert Sshes, YWD = vanabie frequency dive pamps
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Larval Fish Concentrations by Month at
Southern California Power Plant OTC Intake
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Figure 1. Total concentration of larval fishes by month at OTC mntakes in southern Cahformia. Diata sources based on

most recent 316(b) sampling conducted at each power facility. Plants combined for bay-harbor concentrations were South Bay,
Encina, Havnes, Alamites, and Harbor, and the plants combined for the open coast concentrations were San Onofre, Huntington
Beach, Redondo Beach, El Segundo, and Scattergood.
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Larval Fish Concentrations by Month at
Central/Northern California Power Plant OTC Intake
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Figure 1. Total concentration of larval fishes by month at OTC mmtakes i central Cahforma. Diata sources based on
most recent 316(b) sampling conducted at each power facility. Plants combined for bay-harbor concentrations were Moo Bay, Moss
Landing, and Potrero, and the plants used for the open coast concentrations was Dhiablo Canyon
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Appendix A. Sources for coolng water data used mn calculabons of entramment and ropmeement eshmates.

Dats ourss

Average Flow
Decign Flow  {mgd) based on

Plant jmigd) 2000-2005
Alamiios Geneming Staton Unks 182 i b 12
Alamiios Gensmdng Staton Unks 384 =2 =1
Alamiios Geneming Staton Unlks S86 ET4 413
Conira Costs Power Plant Uinits &87 420 =T
Driablo Canyon Power Flamt 2,528 =T
El Begundo Generabing Biation Units 142 7 [

El Segundo Gensrabng Station Units 344 399 5
Emcina Fomer Fland -1 Bzl
Harbor Generaling 38ation 108 ]
Haynes Genemating Elton -] ]
Hunbngtom Beach Senerabng Stalon Zia 1™
Mandalay Generating Stabdon 253 34
Bioaro Bay Power Plant =68 P4
Mg Landing Possesr Flant Uinfs 1832 361 193
Eires Landing Power Flank Uinfis BT B65 =7
Ormond Beach Generating Skafon &85 =2
Fitisharyg Poser Flant Unlis 586 482 T4
Folrero Poser Flani Z31 153
Redondo Generating Staton Unks SEG 217 =
Redonds Senerating Station Unks TEB &T5 =}
San Cnofre Nuckear Geneaiing Stabton Uink 2 1219 1,139
San Cnofre Nuck=ar Geneaiing Staton Uink 3 1218 1,154
Srafergosd Generating Sadon 485 i
South Bay Powssr Flank el 417

data from SWRECE stall - 2000-05 acheal mon&ily flows.

datn from SWRECE staff - 2000-05 scheal monSily lows

data from SWRECE stall - 2000-05 achual monily Nlows:

dats from plant stalf - dally fiows for Z000-2005

Tiows from plani scwrce compleie Tor 2000-05

data from SWRECE staff - daily fows for Z000-2005

datn from SWRECE staff - dally fiows for 2000-2005

Tiows Trom plant socwrce compheie Tor 2000-05

data from SWRCE staff - 2000-01 achaeasl monSily Nows, Z002-05 dally Sows.

data from SWRCE staff - 2000-01 adeal monghily lows, 200205 dally fows, 2005 missing
for Unlis 3&4

dats from SWRTE sialf - 200405 schusl mon iy fows, 200003 calculabesd from megraatt
outpu

data from SWREE staff - 20005 schual monEly flows

Tiows from plant sowrme complete Tor 2000-05

fiows from plant sowrme complete Tor 2000-05

Tiows from plant sowrme complete Tor 2000-05

data from SWRECE stafl - 2000-05 acheal monily flows

dats from plant staf¥ - 200005 daly flows

dats from EWRTE sialf - 200015 schusl mon By fows. - alss plat dats prosded same
AT

daia from SWRECE stafl - daily flows for 101/01-53042 and 1/1/03-1 2531405

data from SWRECE stafl - dally flows for 1001/01-530M2 and 1//03-1 2531405

daia from SWRECE stall - 2004-05 achual monily flows, Z000 and 2003 calculsted from

meipyaa it carput
data from SWRCE sialf - 200405 achual monily flows, 2000 and 2003 calculsted from

megarsatt owtout
data from SWRTE siall - 2000 -2005 actual morthly foses
Tiows from planf sowre compbeie Tor 2000-05
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Appendix B. References and information on studies used 1n compiling the data presented 1 Tables 1 and 2.

Plant

|MMEEMIM

Impingemement codlection period & frequency | Reference

Alamitns Generating Staton Urits 182
Alamitns Generating Stason Lnits 384
Alamitos Generating Stafon Units 585
Conira Costa Power Plant

Diatio Camyon Power Plant

Bl Segundo Generating Station Units 152

Bl Sequndo Generaling Station Unlts 384
Encina Power Plant

Harbaor Generating Sitation
Haynes Generating Station

Huntington Beach Generaing Station
Mandalay Generating Station

Momo Bay Power Pant
Wicess L anding Power Piamt Linfs 182
Micess Landing Power Plant Linfis 627

Crmiond Beach Genarating Station

Pittsburg Power Fiant Uinlis 586
Potrem Power Plam

Fedondo Generating Stafion Uinfis 586
Fedondo Generating Siatkon LUinis 756
San Onofre Mudear Generating Siation
San Cnofre Mud ear Generating Station
Scabisrgood Generating Siation

Soum Bay Power Plant

 lan-Dec: 2006, b-weekly | MBC and Tenera 20083
1an-Dec: 2006, bi-weekly | MBC and Tenera 20083
 1an-Dec 2006, b-weekly | MBC and Tenera 20083
1978 - Apr 1979, weekly | Ecological Analysts 10813
Eiﬂ-ﬁmiﬁﬁ&.lﬂﬂrfﬂmmmmwmm
 Ian-Dec: 2006, monthly / Tenesa and MEC 2008
 1an-Dec: 2006, monthiy / Tenara and MEC 2008
L Jun 2004 - My 2005, monthiy / Tenesa 2006
lan-Dec: 2006, bi-weekly f MBC, Tenesa, and URS 20080
lan-Dec: 2006, bi-weekly | MBC, Tenesa, and URS 20083
2003 - Aug 2004, weekly | MBC and Tenem 2005

Fab 2006 - Feld 2007, biweskly § ENSR Cop. 20083

LLan 000 - Dec 2000, weskly | Tenera M1
Mar 1599 - Feld 2000, weelly [/ Tenera 000
MEr 1599 - Felb 2000, weelly | Tenera 000

Feh 2006 - Fel 2007, biweskly / EMSR Corp. 20080

{Miar 1573 - Mar 1979, weekly; Ecological Analysts 19610
[ 1an 2001 - Fah 2002, weekly (Dec-Mar) or manthly Apr-Nov) | Tenera 20073
 1an 2006 - Jan 2007, monthiy ! MBC and Tenera 2008b

1an 2006 - Jan 2007, bi-weekly J MBC and Tenem 20050
Miar 2006 - Apr 2007; bhweekly Inside plant, monthly at offshome Intakes. |

Llan 2006 - .1an 2007, bi-wveskly F MBC, Teresa, and LIRS 2006
jret 2001 - Jan 2002, manthly § Tencra 2004

 Jan 2006 - Dec 2005; weskly | MBC and Tenerm 20083
Jan 2006 - Dec 2006; weekly / MBC and Tener 20033

 Jan 2006 - Dec 2005; weekly | MBC and Tenerm 20083

Agr 197 - Apr 1579; weskly sampiing / Ecological Analysts 19813
Feb 1365 - Mar 1535; weekly samping / Tenera 1553

Jan 2006 - Dec 2006; monihly / Tenera and MBC 2008

Jan 2006 - Dec 2005; monthly ! Tener and MBC 2008

Jun 2004 - Jun 2005; weekly / Tenera 2008

Jan 2005 - Dec 2006; weekly / MBC, Tenera, and URS 20080

Jan 2006 - Dec 2006; weekly / MBC, Tenera, and URS 20083
Il 2003 - Jul 2004 weekly § MBC and Tenara 2005

Feb 2006 - Feb 2007, biweakly / rmies and totals from ENSR Corp.
H0E, average raies and HT (ata fom NPDES data suppiled by
MBC

Sap 1999 - Sap 2000; weakly / Tenam 2001
Mo 2008 - Mov 2006; weekly | Tenera 2007

Mo 2005 - Mov 2006; weekly | Tenera 2007

Fieb 2006 - Feb 2007, biveakly / rates and totals from ENSR Corp.
006h; average rEies and HT fata fmm MPDES data suppiled by
MBC

Mar 1975 - Mar 197%; weekly sampling / Ecoiogical Araiysts 10610
May 2006 - May 2007 weekly | Tenera 20073

 Jan 2006 - Jan 2007, weekly / MEC and Tenara 20080

Jan 2006 - Jan 2007 weekly / MBC and Tenara 20080

Mar 200 - May 2007; biweekly | MEC 2006

Miar 2006 - May 2007, biweskly | MBC 2008

Jan 2006 - Jan 2007 weekly / MBC, Tenera, and UIRS 2003¢

Diec 2002 - Now 2003; weelkly / Tenara 2004
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