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Dr. Richard Wright

Chairman

San Diego Regional Water Quality Control Board
9174 Sky Park Court, Suite 100

San Diego, CA. 92123-4340

Re:  February 11, 2009 San Diego Regional Board Meeting, Item 6 - Poseidon
Resources Corporation, Proposed Carlsbad Desalination Project (Order No. R9-
2006-0065,. NPDES No. CA0109223)

Dear Chairman Wright:

On behalf of the Poseidon Resources Corporation, we are submitting the enclosed public
comment (“Comment Letter™) to the California Regional Water Quality Control Board, San
Francisco Bay Region ("RWQCB™) and Appendix, in response to the RWQCB’s January 2,
2009 Notice of Public Hearing, Item 6 — Poseidon Resources Corporation, Proposed Carlsbad
Desalination Project. Additional copies of the Comment Letter and Appendix follow via hand
delivery. Supporting Declarations by Peter MacLaggan, David Mayer, Dr. Scott Jenkins, and
Chris Nordby will arrive under separate cover.

We respectfully request that the Comment Letter, Appendix. and other materials
submitted under separate cover, be given appropriate consideration, be placed in the
administrative record and be maintained in RWQUCB’s records.
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Chairman Wright
January 26, 2009
Page 2

Sincerely,
,-'/’.‘ / //"/’
Py I;Q : o ~—
Amanda Halter
of LATHAM & WATKINS LLP
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COMMENTS ON CALIFORNIA REGIONAL WATER
QUALITY CONTROL BOARD’S REVIEW OF
POSEIDON RESOURCES CORPORATION’S MARINE
LIFE MITIGATION PLAN FOR COMPLIANCE WITH
RESOLUTION NO. R9-2008-0039

Submitted by: Date: January 26, 2009

LATHAM & WATKINS LLP

650 Town Center Drive, 20™ Floor
Costa Mesa, California 92626

Tel: (714) 540-1235

Fax: (714) 755-8290

Paul N. Singarella, Esq.
Christopher W. Garrett, Esq.
Amanda Halter, Esq.
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On behalf of Poseidon Resources Corporation (“Poseidon™), we appreciate the
opportunity to submit public comment to the California Regional Water Quality Control Board,
San Diego Region (*Regional Board™), in preparation for the Regional Board’s February 11,
2009 meeting, where it will consider whether Poseidon’s Marine Life Mitigation Plan'
(*MLMP”") meets the requirements of Resolution No. R9-2008-0039 (the “April Resolution™)’.
The MLMP supplements and amends Poseidon’s Flow. Entrainment and Impingement
Minimization Plan (“Minimization Plan®™), which the Regional Board conditionally approved on
April 9, 2008.

L EXECUTIVE SUMMARY

The MLMP presents the culmination of a comprehensive, interagency planning process
involving extensive scientific study and public involvement aimed to ensure that potential
entrainment and impingement (“E&I’") impacts to marine resources from the proposed Carlsbad
Desalination Project (the “Project™) will be mitigated. The California Coastal Commission
already has evaluated these very same impacts and has determined that:

“implementation of the [Marine Life Mitigation] Plan will ensure the
project’s entrainment-related impacts will be fully mitigated and will

enhance and restore the marine resources and biological productivity of

coastal waters . ...” (Emphasis in original.)

In its current form before the Regional Board providing for up to 55.4 acres of wetlands
in two phases, the MLMP contains a much more developed and robust mitigation proposal than
the one for 37 acres presented in the Minimization Plan considered by the Regional Board in
April 2008. In April 2008, the Regional Board directed Poseidon to subject its mitigation
planning to an interagency process, which had a significant positive influence on the plan. The
term “MLMP” was coined by the Coastal Commission, which ordered its preparation in
November 2007 as a condition of the coastal development permit for the Project. Poseidon
submitted the MLMP to Coastal Commission staff on July 3, 2008, which distributed it to other
interested state and federal agencies for comment, including the Regional Board. After receiving

! Appendix A, Tab 1.

We respectfully request that these public comments, and related expert reports,
appendices, and attachments submitted under separate cover be given appropriate
consideration, be placed in the administrative record for Resolution No. R9-2008-0039
and the related NPDES Permit for the Carlsbad Desalination Project, Order No. R9-2006-
0065, NPDES No. CA0109223, and be maintained in the agency’s records.

In addition, the Regional Board should be aware that it has all of the correspondence and
data cited herein in its possession currently but that certain items have been reproduced in
the appendices to this letter for ease of reference.

California Coastal Commission Revised Condition Compliance Fidings (Item W16a).
Condition Compliance for CDP No. E-06-013 - Poseidon Resources (Channelside), LLC;
Special Condition 8: Submittal of a Marine Life Mitigation Plan, November 21, 2008.
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expert review of the MLMP from Dr. Peter Raimondi, who is considered by the Coastal
Commission a leader in this field, and the Commission’s Scientific Advisory Panel, the
Commission approved the MLMP on August 6, 2008.

The mitigation to be implemented under the MLMP is not needed today, as construction
of the Project has not yet begun. The mitigation is relevant only after Poseidon begins to operate
the Project in late 2011 or early 2011, and only when Poseidon cannot get sufficient feedstock
water from the Encina Power Station (“Encina™), with which it is co-located. Failure to approve
the MLMP at this time, however, may jeopardize Poseidon’s orderly planning and
implementation of the mitigation proposal, placing an unnecessary cloud over Poseidon’s ability
to deliver the Project’s much-needed potable water supply.

The MLMP conservatively provides for Poseidon to construct enough wetlands to offset
all entrainment” impacts associated with the intake system, that is, even if Encina shuts down.
Because the MLMP provides mitigation to offset all entrainment impacts associated with intake,
it essentially provides for over-mitigation unless or until Encina is no longer operating.

As proposed, the MLMP will:

* Avoid or mitigate to less-than-significant levels all impacts to marine resources associated
with potential E&I from the Project’s water intake;

e Create or restore up to 55.4 acres of high-quality estuarine wetland habitat based on the best
science available to mitigate Project-related impacts and likely result in a net biological
benefit to the Southern California Bight;

¢ Establish monitoring protocols and empower the Regional Board and the California Coastal
Commission with enforcement mechanisms to ensure potential E&I impacts are accurately
measured over time and that mitigation success targets consistently are achieved;

e Establish an enforceable schedule for completion of site selection (nine months),
environmental review and permitting of the site(s) (24 months) and the start of construction
(six months after approval of the permits);

e Provide for significant, continuing agency oversight during the selection, development and
performance monitoring of the final mitigation site(s), including by the Executive Officer if
the Regional Board approves the MLMP (as the MLMP would then be equally enforceable
by the Regional Board); and,

e Authorize enforcing agencies to-order remediation in the event the rigorous performance
criteria are not met.

As is explained in Section V, infra, impingement impacts are de minimis and will be
reduced further via application of best available technology, obviating the need for
mitigation to offset impingement-related marine life mortality.



o WY o

The MLMP, in combination with the Minimization Plan and related correspondence,
fully addresses the concerns raised by the Apnl Resolution and Regional Board staff, including
the following:

o Compliance with Water Code Section 13223 — The successful interagency process
subsequent to the Regional Board's April 9, 2008 meeting complied fully with the Water
Code, resulting in a consensus mitigation plan that reflects recommendations from regulatory
agencies and extensive agency coordination to verify scientific soundness, environmental
integrity, and compliance with applicable laws, regulations, and polictes designed to protect
marine resources.

e Compliance with Water Code Section 13142.5 — The adequacy of mitigation has been vetted
fully, resulting in a robust plan based on sound data and conservative resource-protective
methodologies approved by the appropriate regulatory agencies (including the Regional
Board and the Coastal Commission).

e Sound Data — The underlying data upon which the MLMP is based were collected in 2004 —
2005 under a Regional Board-approved work plan and reviewed by the agency’s third-party
consultant, Tetra Tech. The data are representative, adequate, and appropriate for assessment
of potential E&I effects during both co-located and stand-alone operations.

o Sound Calculations — Working with Regional Board staff subsequent to the April 9, 2008
meeting, the impingement calculations were refined, and were found to be slightly more than
as presented at the April 9, 2008 meeting {about 1.5 kg/day instead of 0.9 kg/day).
Entrainment calculations were made using agency-accepted models (the Entrainment
Transport Model and the Area of Production Foregone approach). The entrainment
calculations were subject to rigorous peer review by the Coastal Commission.

o Conservative Results — The Coastal Commission required Poseidon to incorporate into the
MLMP mitigation acreages that are based on high levels of conftdence regarding the amount
of entrainment not typically imposed (80 percent), and including acreage to account for
attenuated impacts to open ocean species. These strict requirements are what resulted in the
acreage increasing from 37 (before the Regional Board in April 2008) to 55.4.

e Not Tied to One Site: Not Disregarding Agua Hedionda Lagoon - The actual mitigation
site(s), which will be selected this year, will not be locked in to San Dieguito Lagoon or other
pre-determined outcome as staff was concerned in April 2008, and will be at location(s)
acceptable to the Executive Officer of the Regional Board, and the Executive Director of the
Coastal Commission.

e Strict Success Criteria — The MLMP incorporates strict criteria against which the success of
mitigation will be measured, which were developed for the highly successful San Dieguito
restoration project that Southern California Edison has underway. By accepting these strict
performance measures, Poseidon is demonstrating its commitment to mitigation, and these
criteria also enable the Regional Board and the other agencies to continue to consider several
sites, since they know they will be provided with a thriving wetlands project at any one of
these locations, as measured by the criteria.
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e Poseidon’s Commitment — Poseidon is subject to multiple process checks from multiple
agencies, any of which could result in adverse consequences to Poseidon should it not
implement the MLLMP as proposed. For example, on April 1, 2011 Poseidon will be
submitting a Report of Waste Discharge to the Regional Board, starting the process of permit
renewal. No doubt the Regional Board will be evaluating Poseidon’s progress on mitigation

" at that time. Permit reopener provisions contained in Poseidon’s existing permit give the
Regional Board atypical authorities to reopen the NPDES process and reexamine permit
conditions, including the one requiring mitigation through the Minimization Plan. Further,
Poseidon very likely will need additional Regional Board approval (e.g., WDRs and/or
Section 401 Water Quality Certification) for its mitigation site(s). Poseidon’s commitment to
mitigation has been inextricably bound by the agencies to its entitlements to operate the
Project.

After repeated attempts to identify any additional, specific concerns that staff may have,
we are aware of none, except for a minor issue regarding the timing of the submittal of the
MILMP, which timely was received in draft form in July, months before the deadline, and in final
form as soon as possible to accommodate the Resolution-directed interagency agency process
with the knowledge and permission of staff.

The Regional Board’s approval of the MLMP will put Poseidon on schedule to begin
construction of the Project mid-year 2009, while enabling Poseidon to begin securing
entitlements for the wetlands restoration in the MLMP that will result in net biological benefits
to coastal Southern California. In short, we believe that a robust, science-based MLMP that
complies fully with all legal requirements is before you today, and we urge your approval of it so
that we may proceed to the implementation phase of mitigation planning.

II. BACKGROUND

A. The Facility

Poseidon plans to construct and operate the Carlsbad Desalination Project, which will
convert approximately 104 million gallons per day (*“MGD") of salt water into 50 MGD of fresh,
potable water for 300,000 San Diego County residents in this water-starved region. The Project
will be located alongside the Encina Power Station so that it can use the discharge water from
Encina’s cooling system as its feedstock water. Encina’s source water is Agua Hedionda
Lagoon, which opens into the Pacific Ocean. The Project will use Encina’s intake system even
when Encina is not operating. Currently, Poseidon expects to begin construction of the plant in
June 2009. Commercial operations are to commence approximately 2.5 years later, in
approximately December 2011.

B. Regional Board Order No. R9-2006-0065. NPDES No. CA (0109223

On August 16, 2006, the Regional Board unanimously adopted Order No. R9-2006-0065,
granting Poseidon a National Pollutant Discharge Elimination System (“NPDES™) permit
pursuant to its authority under the federal Clean Water Act (“CWA?™). The permit allows the
Project to discharge up to 57 MGD of combined concentrated saline wastewater and filter



backwash wastewater into the Pacific Ocean via Encina’s cooling discharge channel. The permit
expires October 1, 2011, months before Poseidon is likely to begin commercial operations.
Poseidon, will therefore, need to come before the Regional Board to secure a permit renewal
before any discharges will have occurred.

C: NPDES Tentative Order Altered in Response to Public Comment

The Regional Board had initially held a hearing to consider adopting Tentative Order No.
R9-2006-0065 granting Poseidon the NPDES permit two months earlier, on June 14, 2006. At
the June 14, 2006 hearing. the Regional Board elected to postpone adoptmg a final order so that
it could revise the tentative order to include the following provision:

The discharger shall submit a Flow, Entrainment and Impingement Minimization Plan
within 180 days of adoption of the Order. The plan shall assess the feasibility of site-
specific plans, procedures, and practices to be implemented and/or mitigation measures to
minimize the impacts to marine organisms when the Project intake requirements exceed
the volume of water being discharged by the Encina Power Station. The plan shall be
subject to the approval of the Regional Water Board and shall be modified as directed by
the Regional Water Board.”

The Regional Board's stated rationale for the provision is that “[t]he Regional Water
Board recognizes that future Encina flows may not follow historical trends.” That is, the
Regional Board required the development of the Minimization Plan to account for a scenario in
which Encina’s outflows are insufficient to satisfy the Project’s feedstock needs.

Responding to comments from interested parties. the Regional Board, pursuant to its
authority as an administrator of California’s Porter-Cologne Water Quality Control Act,
amended the original tentative order to include within the Special Provisions, section
VI.B.. a requirement that Poseidon submit a “Flow, Entrainment and Impingement
Minimization Plan”, VL.B.2.e. The Regional Board has noted that approval of a
Minimization Plan is not a condition for commencement of discharge. April Resolution
at 9 3-4.

The Regional Board noted that the Project’s operations are not subject to the statutory
requirements of Section 316(b) of the CWA, as that section pertains only to impacts from
intake of seawater for the purpose of power generation, but that the Project is a “new
industrial installation™ subject to California Water Code Section 13142.5, which requires
the use of best available site. design, technology. and mitigation measures feasible to
minimize the intake and mortality of all forms of marine life. Resolution at 49 3-4.

7 Add cite NPDES rationale §.




One month after the Regional Board adopted Order No. R9-2006-0065, Poseidon’s
NPDES permit, Surfrider Foundation and Coastkeeper filed a petition to the State Water
Resources Control Board (“State Board™) on the basis that the permit’s reopener provision was
inadequate, the permit failed to adequately address the impacts of the Project when Encina is not
operational, and that the permit conflicted with the federal Clean Water Act by not following
proper procedures for establishing water quality-based effluent limits. On June 5, 2007, the State
Board rejected the challenge on the ground that Petitioners had failed to raise substantial issues
that were appropniate for review. Petitioners did not seek a writ of mandate challenging the State
Board’s denial of review. On October 1, 2006, the NPDES permit became effective.

Poseidon submitted the first draft of its proposed Minimization Plan to Regional Board
staff for its review on February 12, 2007. Afier time for public comment, Poseidon submitted a
substantially revised second draft on June 29, 2007. On February 19, 2008, Regional Board staff
sent Poseidon a letter identifying concerns with the second draft of the Minimization Plan.

Poseidon responded to staff’s concerns by requesting a meeting to review the letter and
better understand staff’s needs, which appeared to be concerned primanly with insufficiency of
supporting data. Then, on March 7, 2008, Poseidon submitted a third draft of the Minimization
Plan, which included over three hundred pages of scientific support for the proposal. Submitted
concurrently with the revised Minimization Plan was a detailed response to the February 19,
2008 letter, which addressed how the Minimization Plan and supporting scientific material
responded to the Regional Board’s concerns as articulated in the letter and refined in the
subsequent meeting with staff.®

D. Minimization Plan is Conditionally Approved

Regional Board consideration of Poseidon’s Minimization Plan was set for a public
meeting on April 9, 2008. During that meeting, staff’s comments, as well as comments from the
public, were addressed by Poseidon’s Project Manager Peter MacLaggan and three experts, Dr.
Scott Jenkins from Scripps Institute of Oceanography, David Mayer of Tenera Consulting, the
foremost expert on the West Coast on entrainment and impingement studies, and Chris Nordby,
an environmental wetlands restoration specialist.

After considering testimony, the Minimization Plan, and Poseidon’s extensive supporting
submittal, the Regional Board conditionally approved the Minimization Plan, adopting the April
Resolution. The April Resolution required Posetdon to submit within six months an amendment
to the Minimization Plan that included a specific-proposal for mitigation of the impacts, by
impingement and entrainment, upon marine organisms resulting from the intake of seawater

Consistent with the interagency exchange of information on this Project, Regional Board
staff member Eric Becker then sent Poseidon’s March 7, 2008 response to several other
interested agencies, including the Coastal Commission, the U.S. Department of Fish &
Wildlife, and National Marine Fisheries Service. Email from E. Becker to several
others, March 7, 2008.



from Agua Hedionda Lagoon, i.e., a mitigation plan, just as the Coastal Commission had
required Poseidon to generate as a condition to its coastal development permit.

E. Interagency Coordination to Develop Minimization Plan Amendment — Data and
Modeling are Subjected to Additional Expert Review

The Regional Board directed Poseidon to resolve the conditions of the April Resolution
through an interagency review and approval process. The Coastal Commission staff retained Dr.
Pete Raimondi to examine the Tenera study provided by Poseidon to the Regional Board and the
Coastal Commission in March 2008 submitted as part of the Minimization Plan supporting
materials. ‘

1. Late April Follow-up to Regional Board Staff Questions

On April 17, 2008, Mr. MacLaggan received an email from Senior Regional Board
Scientist Chiara Clemente indicating that perhaps a meeting with Regional Board staff would not
be necessary to obtain clarifications staff sought but that it would be most helpful to receive via
email answers to several specific questions.” On April 30, 2008, Mr. MacLaggan provided
responses to Ms. Clemente’s emailed questions and invited her to contact him should she have
any questions.'’

2. May 1-2 Interagency Meetings

On April 10, 2008, just two days after the conditional approval of the Minimization Plan,
Peter MacLaggan sent the Executive Officer a list of confirmed attendees for interagency
meetings set for May 1-2, 2008, as well as the original invitation to the meeting, receipt of which
the Executive Officer acknowledged. "

On May 1, 2008, the Coastal Commission hosted an interagency meeting on the MLMP
at the Agua Hedionda Lagoon Discovery Center. The agenda notes that it was an “interagency
working group meeting...to address potential mitigation options for impacis to marine life from
impingement and entrainment by the Carlsbad Desalination Project.” Thirteen state and federal
agencies were invited to attend. Both the Executive Officer and Senior Scientist Chiara
Clemente attended on behalf of the Regional Board. At the conclusion of the May 1, 2008
meeting, Mr. MacLaggan asked the Executive Officer whether Poseidon’s April 30, 2008
submittal, coupled with the Coastal Commission’s independent expert review of Poseidon’s
entrainment study, adequately addressed Poseidon’s obligations under the April Resolution to
identify potential impacts from impingement and entrainment, and establish the adequacy of the
monitoring data to support such a determination. Mr. Robertus responded that the Regional
Board had no further questions regarding the identification of impacts or the adequacy of the
monitoring data.'?

? Email from C. Clemente 10 P. MacLaggan, April 17, 2008, Appendix A, Tab 13.
10 Email from P. MacLaggan to C. Clemente, April 30, 2008, Appendix A, Tab 16.
' Email from P. MacLaggan to J. Robertus, April 10, 2008, Appendix A, Tab 12.

MacLaggan Declaration (submitted under separate cover), § 33.



3. Scientific Advisory Panel Advises Coastal Commission on MLMP

In June, Coastal Commission staff asked the Commission’s Scientific Advisory Panel
(“SAP”) to review Dr. Raimondi’s conclusions and make further recommendations to Poseidon
to include in its soon-to-be-proposed MLLMP.

4. Poseidon Submits MLMP

On July 3, 2008, Poseidon submitted the first draft of its MLMP to Coastal Commission
staff.'* Poseidon’s draft closely followed the SCE model that had been provided by the Coastal
Commission. The next day Coastal Commission staff member Sara Townsend sent an email to
the various interested agencies, including the Executive Otficer of the Regional Board. attaching
Poseidon’s MLMP for review. The email indicated that the MLMP would be brought before the
Coastal Commission in August and asked that comments from the other agencies be submitted
within the next two weeks."® Thus, the Regional Board received the first draft of Poseidon’s
MLMP on July 8, 2008. We are not aware that the Regional Board staff expressed any concerns
to Coastal Commission staff. On August 2, 2008, Poseidon submitted a revised version of the
MLMP.

5. Coastal Commission and State Lands Commission Approvals Reflect Input
Received from Agency Staff

On August 6, 2008, at a public meeting, the Coastal Commission approved Poseidon’s
MLMP with certain non-substantive modifications delegated to the Executive Director to resolve
with Poseidon. It appears the Executive Officer attended this meeting.

The State Lands Commission (“SLC”) also approved the MLMP when it incorporated it
as an amendment to the Lease for the intake system. The SLC lease requires, among other
things, that at all times during the term of the lease, Poseidon shall comply with the MLMP as
adopted by the Coastal Commission on August 6, 2008."*

6. Poseidon and Coastal Commission Staff Work Together to Finalize
Language - Regional Board Staff Elects to Wait for Final Language

Over the next several months, Poseidon continued to work at the direction of the Coastal
Commission staff on revisions to the August 2, 2008 draft MLMP to make it consistent with the
Coastal Commission’s August 6, 2008 approval. On September 17, 2008, Mr. MacLaggan
advised the Executive Officer in an in-person meeting that he was continuing to work with the

. Coastal Commission to finalize that language but that final language was unlikely to be available
before October 8, 2008, the deadline set by the April Resolution for submittal of the MLMP.

MacLaggan Declaration, Exh. D.

Email from S. Townsend to various people, including J. Robertus, July 8, 2008,
Appendix A, Tab __.

State Lands Commission, Amendment of Lease PRC 8727.1, Appendix A, Tab 21.



Mr. MacLaggan and the Executive Officer discussed the substance of the MLMP as it had been
approved by the Coastal Commission on August 6, 2008, and Mr. MacLaggan brought a draft of
the MLMP with the anticipated Coastal Commission language changes. Mr. MacLaggan offered
the Executive Officer the option to receive the draft, anticipated language or wait to receive the
final language. The Executive Officer advised Mr. MacLaggan that he preferred to wait to
receive the final language.'®

On October 15, 2008, Mr. MacLaggan emailed Ms. Clemente at the Regional Board
advising her that he had a meeting with Coastal Commission staff on October 28, 2008 to
finalize the text of the MLMP and that he would forward her the final language when received.
Ms. Clemente responded, “Thank you for the ‘head’s up.” We will plan accordingly.”"’

At the November 12, 2008 Regional Board meeting, the Executive Officer advised the
Regional Board that flexibility in the October 8, 2008 deadline was being allowed to
accommodate the involvement of the other agencies participating in the interagency process
required by the April Resolution. The Regional Board’s attorney also noted that the other
agcncie?; approvals may have been impacted by litigation initiated by groups opposing the
Project.

In response to an email from Regional Board staffer Mike Porter on November 13, 2008
inquiring as to the status of the final language, Mr. MacLaggan responded that an agreement had
been reached with Coastal Commission staff on November 7, 2008 and that he would be
forwarding the final language the next day. On November 14, 2008, Mr. MacLaggan submitted
the final MLMP to the Regional Board. On November 17, 2008, the Executive Officer
acknowledged receipt."”

7. Regional Board Staff’s Participation in the Interagency Process

In sum, the Regional Board staff participated in the process but looked to the Coastal
Commission staff to largely coordinate it after the May 1, 2008 interagency me:<:ting.20 The
Regional Board was kept informed by other agencies and the public record. To Poseidon’s
knowledge, Regional Board staff never objected to or asked questions about the process or the
way the MLMP was developing into the plan that was ultimately approved by the Coastal
Commission on August 6, 2008. By its participation in the interagency process and failure to
voice any continuing concerns, staff’s conduct led Poseidon 10 reasonably believe that that any
concerns it had had already been addressed or were being addressed during the process.

8. Staff Responds to MILMP and Ceases Communicating with Poseidon

MacLaggan Declaration § 41.
17 MacLaggan Declaration 4 43, Exh. G9.

Recording of November 12, 2008 Regional Board meeting (submitted under separate
cover).

19 MacLaggan Declaration, § 45, Exh. G12-13.
Email from G. Newton to J. Brown, August 5, 2008, appendix A, Tab 18.
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On December 2, 2008, Regional Board staff sent a letter to Mr. MacLaggan criticizing
the MLMP. This appears to be the first time Regional Board staff indicated any concerns
regarding the MLMP, despite having received it S months earlier when the Coastal Commission
was reviewing it. The December 2, 2008 letter asserts that Poseidon has failed to address staff’s
February 19, 2008 letter regarding the Minimization Plan, which letter was submitted, responded
to, and discussed, all prior to the April 9, 2008 meeting at which the Regional Board approved
the Minimization Plan.?' Mr. MacLaggan responded to staff's December 2, 2008 letter one week
later, on December 9, 2008, reiterating that staff’s concerns had been addressed and inviting staff
to meet with Poseidon to discuss any outstanding, specific questions it felt were unresolved. The
Executive Officer responded that he would have staff review the materials. Mr. Macl.aggan
received no further response from Regionat Board staff.??

9. Notice of February 11, 2009 Regional Board Public Hearing is Posted

On December 30, 2008, Regional Board staff posted a notice of pubiic hearing for the
Regional Board's February 11, 2009 meeting indicating that the Regional Board would be
considering rescission of the April Resolution.”? On January 2, 2009, the Regional Board issued
a corrected notice of public hearing stating that it would instead be considering whether the
MLMP meets the conditions of the April Resolution. No indication has been given as to why the
Regional Board may have been considering rescission of the April Resolution. 2

10. Poseidon Attempts Communication with Regional Board Staff

On January 5, 2009, Mr. MacLaggan telephoned the Executive Officer and inquired as to
whether Poseidon’s December 9, 2008 letter was responsive for the purposes of the February 11,
2009 public hearing. The Executive Officer responded that his counsel had advised him not to
speak with Mr. Maclaggan about the February 11, 2009 hearing and referred me to staf; '3 M.
MacLaggan also telephoned staffer Mike Porter and left a voicemail inquiring as to whether the
Regional Board needed anything from Poseidon. Mr. Porter responded via email on January 7,
2009, stating that he did not know whether anything was needed but that staff would be done
with their evaluation shortly and would let Mr. MacLaggan know either way.”® The Regional
Board has made no requests for additional information or specific indications of how Poseidon’s
voluminous submittals, including the materials before the Coastal Commission, fall short of
staft’s needs.

Regardless, the several-month interagency process resulted in a comprehensive
mitigation plan providing for the selection and development of a mitigation wetlands project to
mitigate for potential impacts to marine life caused by the Project when it takes in water in

21 MacLaggan Declaration § 47.

MacLaggan Declaration § 47-49.
MacLaggan Declaration § 50.

22
23

H MacLaggan Declaration ¢ 51.

25 MaclLaggan Declaration 9 52.

2 MacLaggan Declaration ¥ 53.
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excess of the cooling water needs of Encina. Thus, the MLMP before the Regional Board
directly addresses the mitigation directives set forth by the Regional Board in the April
Resolution.

I1I. FRUIT OF THE INTERAGENCY PROCESS - HOW THE MLMP WORKS

A. How the MLMP Works

In total, the MLMP provides for up to 55.4 acres of mitigation to offset any marine life
mortality associated with entrainment at the intake system that will be implemented in two
phases. Within two years of the issuance of the Project’s coastal development permit, Poseidon
must submit a complete coastal development permit application for a proposed restoration
project that provides at least 37 acres of estuarine wetland restoration.”” The coastal
development permit application must include CEQA documentation and any necessary local or
state approvals to use the site for wetlands restoration.”® Within five years of the issuance of the
coastal development permit for the first 37 acres, Poseidon must submit a complete coastal
development permit application proposing up to 18.4 acres of additional restoration. unless it can
demonstrate that additional technology measures at the intake structure obviate the need for more
mitigation or receives credit for dredging in Agua Hedionda Lagoon.

The MLMP provides that within 9 months of the effective date of the Project’s coastal
development permit, Poseidon shall submit its selection of site(s) along with a preliminary
wetland restoration plan, which will provide the technical and logistical details of exactly how
the site is to be developed and turned into functional wetlands. *° The site selection and
preliminary wetland restoration plan will then be subject to review and approval by the Coastal
Commission. and if the Regional Board similarly approves the MLMP, it will also be subject to
review and approval by the Regional Board."

Within six months of approval of the Phase I restoration plan. subject to Poseidon’s
obtaining the necessary permits for the site, Poseidon is to begin construction of the wetland
; A 31 § 5 7 3 ; : 5
restoration project.” The following chart provides the timelines in graphical form:

How soon after the
Project’s coastal
Poseidon must submit the following... development permit
issuance by Coastal
Commission?

Proposed site(s)

- ; 10 months
Preliminary restoration plan

Phase | l :lz

27 MLMP § 1.0, Appendix A, Tab 1.
= MLMP § 4.1, Appendix A. Tab 1.
- MLMP § 2.0, Appendix A, Tab 1.
- ld

ol MLMP § 4.2, Appendix A, Tab 1.
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Complete coastal development permit application
Restoration plan to restore 37 acres

(Poseidon must begin constructing the wetland within 6
months of the Coastal Commission’s approval of the
restoration plan.)

Complete coastal development permit application

Final restoration plan to either

a. Restore 18.4 more acres:
Phase 11 b. Implement technologies not currently available or
feasible that would reduce entrainment levels below
anticipated levels: or
Dredge Agua Hedionda Lagoon in a manner that
warrants mitigation credit

The following chart details the requirements of the wetlands restoration plan for the
selected site(s) prescribed by the MLMP.

Additional Elements to which Poseidon’s restoration plan must conform

[ ] a. Detailed review of existing physical. biological. and hydrological conditions: ownership,
land use and regulation;

b. Evaluation of site-specific and regional restoration goals and compatibility with the goal of
mitigating for Poseidon's marine life impacts;

c. ldentification of site opportunities and constraints;

@ d. Schematic restoration design, including:

1. Proposed cut and fill, water control structures, control measures for stormwater.
buffers and transition areas, management and maintenance requirements;

2. Planting program, including removal of exotic species, sources of plants and or seeds
(local. it possible), protection of existing salt marsh plants, methods for preserving
top soil and augmenting soils with nitrogen and other necessary soil amendments
before planting, timing of planting, plans for irrigation until established, and location
of planting and elevations on the topographic drawings:

3. Proposed habitat types (including approximate size and location):

4. Assessment of significant impacts of design (especially on existing habitat values)
and net habitat benefits;

® 5. Location, alignment and specifications for public access facilities. if feasible;

6. Evaluation of Encina for implementation e.g. permits and approvals, development
agreements, acquisition of property rights:

7. Cost estimates:

8. Topographic drawings for final restoration plan at 1" = 100 foot scale. one foot

[ ] contour interval: and

9. Drawings shall be directly translatable into final working drawings.
g. Detailed information about how monitoring and maintenance will be implemented:
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h. Detailed information about construction methods to be used;

1. Defined final success criteria for each habitat type and methods to be used to determine
success:

j. Detailed information about how Poseidon will coordinate with the Scientific Advisory Panel
including its role in independent monitoring, contingency planning review, cost recovery,
etc.

k. Detailed information about contingency measures that will be implemented if mitigation does

not meet the approved goals. objectives, performance standards, or other criteria; and,
I.  Submittal of ““as-built" plans showing final grading. planting, hydrological features. etc.
within 60 days of completing initial mitigation site construction.

B. The Site(s) Will Be Selected Using Strict Standards and Will Be Subject to
Coastal Commission and Regional Board Approval

The site(s) selected must be within the Southern California Bight. No more than two
sites will be selected, unless approved.’ 2 During the interagency process to develop the MLMP,
a specific list of sites emerged as those preferred by contributing agencies. including Tijuana
Estuary. San Dieguito River Valley. Agua Hedionda Lagoon, San Elijo Lagoon, Buena Vista
Lagoon, Huntington Beach Wetland. Anaheim Bay, Santa Ana River, Los Cerritos Wetland,
Ballona Wetland, and Ormond Beach.”® The MLMP lists these specific sites and indicates that
Poseidon may also consider other sites recommended by the California Department of Fish &
Game as high priority wetlands restoration projects.’*

The following chart indicates the slate of sites contemplated in the MLMP, subject to
agency approval of actual selection.

Identified Mitigation Sites (MLMP § 2.0)
1. Tijuana Estuary
San Dieguito River Valley
Agua Hedionda Lagoon
San Elijo Lagoon
Buena Vista Lagoon
Huntington Beach Wetland
Anaheim Bay
Santa Ana River
9. Los Cerritos Wetland
10. Ballona Wetland
Ventura County 11. Ormond Beach
e The permittee may also consider any sites that may be

recommended by the California Department of Fish & Game as

San Diego County

Orange County

N M R WR

Los Angeles County

= MLMP § 2.0, Appendix A, Tab 1.
# Id
34 ]d,
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high priority wetlands restoration projects.

e Other sites proposed by the permittee may be added to this list with
the Executive Director's approval.

The basis for selection of the site(s) is prescribed in the MLMP in detail, which sets out
an extensive list of minimum standards and objectives for the site(s) and restoration plan.

Minimum standards include the requirement that the site(s) must provide at least 37 acres
of habitat similar to the affected areas in the Agua Hedionda Lagoon, have a buffer zone to
ensure protection of the wetland, be free of any contamination problems. would not result in net
loss of existing wetlands, and could be preserved in perpetuity for wetlands purposes.”” The
site(s) must incorporate as many objectives as possible, which include, among other things,
providing substantial fish habitat compatible with other wetland values, provide rare or
endangered species habitat, and is such that restoration can be accomplished in a timely fashion.

§ 3.1 Minimum Standards § 3.2 Objectives

(Restoration plan must satisfy) (Plan must incorporate to the extent feasible)

a. Location within Southern California Bight: a. Provides maximum overall ecosystem

b. Potential for restoration as tidal wetland. with benefits, e.g. maximum upland buffer,
extensive intertidal and subtidal areas; enhancement of downstream fish values,

c. Creates or substantially restores a minimum of provides regionally scarce habitat, potential
37 acres and up to at least 55.4 acres of for local ecosystem diversity:
habitat similar to the affected habitats in Agua b. Provides substantial fish habitat compatible
Hedionda Lagoon, excluding buffer zone and with other wetland values at the site(s);
upland transition area: ¢. Provides a buffer zone of an average of at

d. Provides a buffer zone of a size adequate to least 300 feet wide, and not less than 100 feet
ensure protection of wetland values. and at wide, as measured from the upland edge of
least 100 feet wide, as measured from the the transition area;
upland edge of the transition area: d. Provides maximum upland transition areas (in

e. Any existing site contamination problems addition to buffer zones);
would be controlled or remediated and would e. Restoration involves minimum adverse
not hinder restoration: impacts on existing functioning wetlands and

f. Site preservation can be guaranteed in other sensitive habitats;
perpetuity (through appropriate public agency f.  Site selection and restoration plan reflect a
or nonprofit ownership, or other means consideration of site specific and regional
approved by the Executive Director), to protect wetland restoration goals:
against future degradation or incompatible land | g. Restoration design is that most likely to
use; produce and support wetland-dependent

g. Feasible methods are available to protect the resources:;
long-term wetland values at the site(s), in h. Provides rare or endangered species habitat;
perpetuity: i.  Provides for restoration of reproductively

h. Does not result in a net loss of existing isolated populations of native California
wetlands: and species:

| 1. Does not result in an adverse impact on j. Results in an increase in the aggregate

35

MLMP § 3.0, Appendix A, Tab 1.




endangered animal species or an adverse acreage of wetland in the Southern California
unmitigated impact on endangered plant Bight;
species. k. Requires minimum maintenance;

Restoration project can be accomplished in a
reasonably timely fashion: and,

m. Site(s) in proximity to the Carlsbad
desalination facility.

C. The MLMP Provides for Rigorous Performance Standards to Measure and
Ensure Success

Poseidon is committed to full mitigation of all marine life impacts from the Project
operations, as demonstrated by the MLLMP’s incorporation of strict, measurable performance
standards, which are an important component of satisfying the April Resolution’s stated
requirement of a ““specific proposal for mitigation of impacts by impingement and entrainment
upon marine organisms resulting from the intake of seawater from the Agua Hedionda
Lag,oon.”36

These standards include: (a) specific timelines for submittal of proposed site(s) and a
Preliminary Restoration Plan for Coastal Commission review and approval (MLMP § 2.0); (b)
identification of 11 pre-approved candidate mitigation sites (MLMP § 2.0); (¢) minimum
standards and objectives for the mitigation site selection (MLMP §§ 3.1 and 3.2); (d) detailed
restoration plan requirements (MLMP § 4.1); (e) specific monitoring, maintenance and
remediation standards to be conducted over the “full operating iife” of the Project including, but
not limited to, long-term physical standards, biological performance standards and suggested
sampling locations (MLMP § 5.0); and (f) a comprehensive administrative and procedural
structure (Condition B).

Additionally, these strict standards establish specific criteria for effectively measuring the
success of the mitigation project, e.g., within five years of the start of construction, the
constructed wetlands must match habitat values within a 95% confidence level for four
undisturbed wetlands identified in the MLMP.

The MLMP’s specific biological performance standards, which are used to determined
whether the restoration project is successful, are catalogued in the following chart:

Biological performance standards

Poseidon’s mitigation project is only deemed successful if the variation between Poseidon’s
mitigation site and baseline average is less than 5%.

1. Biological Communities. Within 4 years of construction, the total densities and number
of species of fish, macroinvertebrates and birds shall be similar to the
densities and number of species in similar habitats in the reference wetlands;

36 April Resolution, Section 11.3.
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2. Vegetation. The proportion of total vegetation cover and open space in the marsh shall
be similar to those proportions found in the reference sites. The percent cover of algae
shall be similar to the percent cover found in the reference sites;

3. Spartina Canopy Architecture. The restored wetland shall have a canopy architecture
that is similar in distribution to the reference sites, with an equivalent proportion of stems
over 3 feet tall;

4. Reproductive Success. Certain plant species, as specified in the work program, shall
have demonstrated reproduction (i.e. seed set) at least once in three years;

5. Food Chain Support. The food chain support provided to birds shall be similar to that
provided by the reference sites, as determined by feeding activity of the birds; and

6. Exotics. The important functions of the wetland shall not be impaired by exotic species.

l. The MLMP Incorporates Performance Standards of the San Onofre Nuclear
Generating Station Mitigation Plan

As required by the Regional Board in the April Resolution, the MLMP represents the
culmination of extensive state, local and federal agency coordination, including input from the
Regional Board, Coastal Commission, State Lands Commission, Department of Fish and Game,
California Department of Transportation, U.S. Fish and Wildlife Service, City of Carlsbad and
City of Vista. In addition, the MLMP was peer reviewed by the Coastal Commission’s Marine
Science Advisory Panel, which consists of eight scientists affiliated with universities across
California.

One of the many results of this comprehensive interagency collaboration was the
MLMP’s incorporation of the performance standards and conditions approved by the Regional
Board for the mitigation of marine life impacts from Southern California Edison’s (“*SCE™) San
Onofre Nuclear Generating Station (“SONGS™). In June 2008, Coastal Commission staff
provided Poseidon with the conditions the Coastal Commission required SCE to meet for
conducting its site selection, construction, monitoring, and other aspects of its restoration plan,
and offered its recommendation that Poseidon include these conditions as part of its MLMP. See
Coastal Commission Staff Report, Condition Compliance for the Project No. E-06-013, July 24,
2008 (“*Staff Report™), at 14. This recommendation culminated in the incorporation of MLMP
performance standards and conditions strikingly similar to those required of SCE at its San
Dieguito Restoration Project.’’

3 See Coastal Commission Reporter’s Transcript of Proceedings, August 6, 2008, Agenda

Item 5.a., at 313:4-9 (*Environmental Specialist Luster: Yes, staff’s recommendation in
Exhibit 2, those are the conditions that the Commission required of SONGS. Staff
modified some of those conditions to reflect some updates, and mitigation approaches,

17



The determination to adopt the SONGS performance standards as part of the MLMP has
been strongly supported by Coastal Commission staff throughout the MLMP approval process.3 ’

Therefore, the final determination of the MLLMP performance standards and conditions
lies largely with Coastal Commission staff. Accordingly, by incorporating the SONGS
performance standards and conditions into the MLMP, Poseidon was properly complying with
the Executive Officer’s remarks at the April 9, 2008 hearing in which he emphasized that the
Regional Board intended 1o be a participant in an interagency process, guided largely by the
Coastal Commission. See Regional Board Reporter’s Transcript of Proceedings, April 9, 2008,
at 11:12-19.

2. The Inclusion of the SONGS Performance Standards Ensures That the
MLMP Represents a “Very Carefully Designed” Mitigation Plan

Additionally, through the incorporation of the SONGS performance standards and
conditions, the MLMP is implementing the standards of a mitigation project that has long been
highly-regarded in the environmental community for its strict environmental protection
standards. Public commentators remarking on the San Dieguito Wetland Restoration Project
have called the plan both “a fabulous project” which has been “very carefully designed.” James
Steinberg, Forward, Marsh, San Diego Union-Tribune, March 19, 2006 (quoting Craig Adams,
executive director of the San Dieguito Valley Conservancy). Through the incorporation of the
SONGS performance standards and conditions, the MLMP will now encompass these same
rigorous success measures which have met with high praise from the environmental community.

Furthermore, with the inclusion of the SONGS performance standards and conditions, the
MLMP now encompasses performance standards which have already been proven successful in a
practical scenario. As documented by both SCE and local media, the SONGS performance
standards have resulted in the successful implementation of key milestones in the overall
completion of the 150-acre restoration project. See Southern California Edison, San Dieguito

and you know, removed references to SONGS and Edison and replaced them with
Poseidon.”), Appendix A, Tab 20.

¥ Coastal Commission Reporter’s Transcript of Proceedings, August 6, 2008, Agenda [tem

5.a., at 307:4-10 (“Environmental Specialist Luster: The conditions that the Commission
imposed on Edison for the San Dieguito site, those were issued before Edison has
selected its site, and so we feel that if Poseidon meets the same conditions that Edison
was held to, and selects a site within the Southern California bit, that would provide
adequate assurance that subsequent plans that come to you would be sufficient.”); /d, at
313-14 (*Commissioner Hueso: Why are we referencing SONGS, specifically, because
of their approval to the mitigation? What you are doing is recommending that exact same
approach? Environmental Specialist Luster: Yes|....w]e believe the conditions that
SONGS was held to would be applicable to Poseidon if they did estuarine restoration
somewhere in the Southern California bite.”) Appendix A, Tab 20.
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Lagoon Restoration (available at
http://www.sce.com/PowerandEnvironment/PowerGeneration/MarineMitigation/SanDieguitoLa
goonRestoration.htm) (stating that SCE submitted a Preliminary Restoration Plan in September
1997, certified a Final Environmental Impact Report for the project in September 2000,
submitted a Final Restoration Plan in November 2005, and began construction in Fall 2006);
Matthew Rodriguez, Tida! Basin Opens to Ocean, San Diego Union-Tribune, January 24, 2008
(stating that a 40-acre tidal basin opened to the public in January 2008).

Thus, the inclusion of the SONGS performance standards and conditions ensures that the
mitigation required by the MLMP will be as effectively and timely implemented as the well-
regarded and successfully implemented San Dieguito Wetland Restoration Project.

3. The MLMP Incorporates Continuous Monitoring Performance Standards to

Achieve Effective and Successful Implementation of the Restoration
Project

In addition to the safeguards found through the inclusion of the already-proven SONGS
performance standards, the MLMP incorporates a series of detailed and rigorous continuous
monitoring standards to ensure the successful mitigation of all the Project marine resources
impacts. Under the terms of Section 5.0 of the MLMP, these monitoring standards will be
conducted over the “full operating life” of the Project. The MLMP provides for three separate
monitoring phases: pre-restoration site monitoring (MLMP § 5.2), construction monitoring
(MLMP § 5.3). and post-restoration monitoring and remediation (MLMP § 5.4). During each of
these phases, independent scientific and administrative support staff (hired by the Executive
Director) will conduct the field work, analyze and interpret the data, and report to the Executive
Director. Charged with overseeing the mitigation and monitoring functions, the independent
scientists and staff will ensure that these MLMP provisions are implemented competently and
objectively.

Oversight by the Coastal Commission’s respected Scientific Advisory Panel (SAP) will
also ensure the quality of Poseidon’s mitigation efforts. The Commission’s Executive Director
will convene a special panel of recognized scientists in the fields of marine biology. ecology,
statistics, and physical science. The SAP will provide scientific advice on the design, ’
implementation and monitoring of the wetland restoration. The Coastal Commission has used a
similar team of scientists to provide guidance and oversight on ecological issues associated with
the San Dieguito Restoration Project.39 The inclusion of the SAP, therefore, represents vet
another instance in which Poseidon’s mitigation project wiil be modeled after the successful
SONGS mitigation work at San Dieguito Lagoon.

Through the implementation of these monitoring standards, and the availability of the
SAP to provide the Executive Director with scientific advice throughout the course of the design,
implementation and monitoring process, the wetlands restoration project required by the MLMP
will be subject to continuous and ongoing oversight by respected scientific and technical

3 Recommended Revised Condition Compliance Findings November 21, 2008, page 7, n.

6, Appendix A, Tab 22.
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personnel under the direction of the Executive Director of the Coastal Commission. MLMP,
Condition B, § 1.0

In addition, monitoring data are to be made available for public review via the Internet.
The Coastal Commission also will receive annual written project status reports and convene
periodic public hearings to assess progress and success of the project. MLMP, Condition B, §
3.0. If necessary, the Executive Director, and therefore the Executive Officer if the Regional
Board adopts the MLMP, is authorized to order remediation to correct any deficiencies in
achieving the MLMP’s extensive performance criteria. /d.

D. Because the MLMP is Modeled Afier and Nearly ldentical to Performance
Standards Upon Which the Successful SONGS Mitigation Project is Based. the
MLMP Provides a High Degree of Certainty Regarding the Final Success of
Poseidon’s Mitigation Plan

The success of the San Dieguito Restoration Project contributed to the Coastal
Commission’s recommendation that Poseidon adopt the SONGS performances standards during
the interagency coordination process that produced the MLMP. See California Coastal
Commission Staff Report, July 24, 2008, pg. 14. The Coastal Commission staff advocated for the
Poseidon’s adoption of the SONGS performance standards because of their proven success. See
California Coastal Commission Staff Report, July 24, 2008, pg. 2 (“The second recommendation
is meant to ensure that mitigation is timely and successful. It would require Poseidon to
implement its mitigation subject to the conditions similar to those the Commission required of
Southern California Edison at its San Dieguito Restoration Project. [ ] Staff recommends the two
projects be held to similar standards.™)

Once the other participating agencies—including the Regional Board—approved of the
adoption of these standards, Poseidon agreed to draft its own MLMP modeled after the SONGS
restoration plan. As a result, the provisions in the MLMP are virtually identical to those that
form the basis for the SONGS mitigation plan (e.g., both include sections pertaining to site
selection, minimum standards, objectives, plan implementation, monitoring and management,
etc.).

These precise procedural safeguards, along with the inclusion of the successful SONGS
performance standards and conditions, work to make the MLMP a mitigation plan that will fully
mitigate all marine life impacts from the Project operations.

IV.  POSEIDON’S IMPINGEMENT AND ENTRAINMENT DATA ARE
TECHNICALLY SOUND

Poseidon prepared a Minimization Plan, the purpose of which is to minimize marine life
mortality caused by the impingement and entrainment of marine organisms in the intake
structure it will share with Encina.

1. Origins of Impingement and Entrainment Data

As a fossil-fueled power generating station that draws water from the Pacific Ocean via
the Agua Hedionda Lagoon to cool its facilities, Encina was required to perform an impingement
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and entrainment study to comply with the United States Environmental Protection Agency’s
(“EPA™) CWA Section 316(b) regulations. In 2004-2005, Encina hired Tenera Consultants to
gather the necessary impingement and entrainment data that would be used 1o assess the adverse
impacts associated with Encina’s intake, known as an Impingement Mortality and Entrainment
Characterization (“IM&E™) Study.

2004-2005 happened to be an abnormally rainy year. Although Regional Board staff
suggested at one point that the heavy rainfall skewed the sampling data by reducing the salinity
in the water 1o a point that drove away marine species, Dr. Jenkins explained at the April 9, 2008
hearing that because the Agua Hedionda Lagoon is a small watershed that holds a large volume
of seawater, its salinity levels were not depressed by the rains to a point that would have changed
the mix of species in the lagoon. Therefore, the sampling conducted pursuant to Tenera’s
impingement and entrainment study did not under-represent impingeable or entrainable marine
organisms.

2. The IM&E Study Was Conducted In Conformity with a Study Plan that
Was Reviewed and Approved by the Regional Board

Per the EPA’s 316(b) regulations, Encina produced a “Study Plan™ before conducting the
IM&E Study. The Study Plan was submitted to the Regional Board for its review and approval
pursuant to the terms of Encina’s NPDES permit. Regional Board staff reviewed the plan with
the assistance of Tetra Tech, its third-party consultant. Under the direction of a Technical
Advisory Group comprised of staff from the Regional Board, state and federal resources
agencies, Encina and Tenera revised the Study Plan and submitted its final report 10 the Regional
Board in January 2008. Tenera’s IM&E study for Encina used sampling methodologies and
analysis techniques from other recent impingement and entrainment studies, including those
conducted for the AES Huntington Beach Generating Station and Duke Energy South Bay Power
Piant.

Since the Project uses Encina’s intake structure, when it was required to produce a
Minimization Plan to account for its entrainment and impingement impacts, it used the Encina
data approved by the Regional Board in order to support its Minimization Plan, so the data are
necessarily compliant with EPA regulations and consistent with Regional Board standards.

3. Pursuant to Condition 8 of Poseidon’s Coastal Development Permit,
Poseidon Submitted the Encina Data 1o the Coastal Commission. Where
It Was Again Reviewed and Endorsed Through a Peer Review Process
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In March 2008, Poseidon provided data from the IM&E study to the Coastal Commission
in order to satisfy the terms of Condition 8 in Poseidon’s coastal development permit for the
Project, which had been granted on November 15, 2007. The Coastal Commission retained Dr.
Pete Raimondi—an independent scientist described by the Coastal Commission as “California’s
leading expert on entrainment analysis”™—to review Poseidon’s impingement and entrainment
data. Dr. Raimondi, who has been a key participant and reviewer of most of the entrainment
studies done along the California coast during the past decade, including those done for the AES
Huntington Beach Generating Station, the Morro Bay Power Plant, and Moss Landing Plant,
endorsed Tenera’s IM&E study.

At the August 6, 2008 Coastal Commission hearing to review the first drafi of the
MLMP, which Poseidon had submitted July 3, 2008, the Coastal Commission heard testimony
from Dr. Raimondi about the data. Dr. Raimondi explained to the Commission that the study’s
sampling methods were consistent with other recent entrainment studies and applauded the work
performed by Tenera.*® Dr. Raimondi’s review and endorsement of the Tenera data, and the
Coastal Commission’s subsequent approval of the MLMP based thereupon, provide further
indications of the validity of the data underlying the MLMP now before the Regional Board.

4, The Regional Board Has Before It All of the Necessary Information to
Conclude that the Impingement and Entrainment Data Are Technically
Sound

In his PowerPoint to the Coastal Commission, Dr. Raimondi describes the basis of his
analysis. Poseidon has introduced into the administrative record all of the information upon
which Dr. Raimondi relied in endorsing the entrainment study, including (1) “relevant Poseidon
documents™ that the Regional Board received with the March 6, 2008 Minimization Plan and
related correspondence (2) “documents from the associated power plant’s entrainment study,”
and (3) information generated “by working with the [Tenera] consultants.”™*!

Items (1) and (3)—i.e., “relevant Poseidon documents™ and information generated “by
working with the [Tenera] consultants”—are embodied in two emails. The first email represents
a communication between two scientists with Tenera Consultants that took place on April 4,
2008. In this email, John Steinbeck memorializes a telephone conversation that he had with Dr.
Raimondi during which Mr. Steinbeck provided Dr. Raimondi with data that Dr. Raimondi
needed to input into the Entrainment Effects Model (“EEM™)—a model that 1s used by the U.S.
Fish and Wildlife Service to estimate mortality rates resulting from cooling water withdrawals by

40 Dr. Raimondi stated, “This is characteristic of Tenera International, which did the work,

and that work was done very well.” Coastal Commission transcript, August 6, 2008
hearing, p. 242:5-8, Appendix A, Tab 20.

H Mayer Declaration (submitted under separate cover).

22



power plants.42 In the second email of April 22, 2008, Mr. Steinbeck explains to Dr. Raimondi
how certain EEM variances were calculated in the Encina study.™

Iltem (2)—i.e., “documents from the associated power plant’s entrainment study”—refers
to the final version of Encina’s 316(b) entrainment study, which was not complete until January
2008.*

V. THE PROJECT’S IMPINGEMENT EFFECTS WILL BE DE MINIMIS AND
EVEN FURTHER REDUCED BY TECHNOLOGY

l. Factors Affecting Impingement Effects

The impingement effect of any intake structure is caused by its screens and is associated
with two parameters: the intake flow and the velocity of this flow through the screens. For the
purposes of this analysis, the impingement effect is assumed proportional to the intake flow at
velocities above 0.5 feet per second (“fps™).

2. Methodology for Impingement Assessment

The impingement assessment provided herein is based on the analysis of the most recent
data that Tenera Consultants collected at the Encina intake facilities during the period June 1,
2004 to May 31, 2005. Although Tenera initially collected the data for Encina, Tenera has been
able to use these data to project the impingement impacts that will be associated with the
Project’s standalone operations.

To isolate the impingement impacts associated with the Project’s stand-alone intake
operations, Tenera conducted a regression analysis that factored in Encina’s historical flow rates
and impingement effects. Figure 1 shows the average daily flow rate and impinged biomass for
each of the 50 (out of 52) weekly surveys collected during the impingement survey period.**

a2 Email from J. Steinbeck to D. Mayer, April 24, 2008, Mayer Declaration, Attachment B.

43 Email from J. Steinbeck to P. Raimondi, April 22, 2008, Mayer Declaration, Attachment
B.

“ Clean Water Act Section 316(b) Impingement Mortality and Entrainment
Charactertzation Study, Cabrillo Power | LL.C, Encina Power Station, January 2008.
Tenera Environmental, Appendix A, Tab 3.
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The two other samples were outliers and, therefore, were removed in order to get more
accurate statistical correlation of the impingement results.
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Daily Flow Rate and Impinged Biomass for 50 weekly surveys
at EPS, June 2004-June 2005 (2 outlier surveys removed)
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Whereas Encina’s average intake flow during the 2004/2005 sampling period was 632.6
MGD.* the Project’s maximum intake flow will be only 304 MGD. Because the Project’s flow
volumes will be less than Encina’s, its impingement impacts are also proportionally less than the
Project’s projected impacts.

3. Tenera’s Studv Indicates that the Project’s Impingement Effect Will Be
1.56 kg/day

Using the statistically significant relationship between the impingement effects and flows
measured under normal power plant operations that occurred during the June 2004 to June 2005
impingement survey, Tenera concluded that the Project’s stand-alone operations will result in an
average daily impingement effect of 1.56 kg (3.45 1bs).

4. As a Stand-alone Facility, the Project Will Reduce its Intake Flow Rate to
0.5 Feet Per Second or Below. Thereby Further Reducing its Impingement

Impacts

As noted above, Encina’s daily water requirements are approximately twice those
projected for the Project. To satisfvy Encina’s water demands, the power plant draws water in at
a flow rate that exceeds the Project’s projected flow rate. When the Project operates in stand-
alone mode, therefore, it will be able to operate the existing intake facilities at a reduced flow

o March 6, 2008 Minimization Plan, pp 5-3.
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rate and use fewer pumps to collect the water."” By lowering its flow rate below the 0.5 fps
level, the Project “will reduce the impingement impacts associated with the desalination plant
operations to a level that the Coastal Commission acknowledged is *a de minimis impact.”™**

The EPA has recognized that a water intake flow rate equivalent to the Project’s (0.5 ft/s)
would minimize impingement impacts to insignificant levels. Specifically, in the context of
establishing the “best technology available™ under Section 316(b) of the federal Clean Water Act
for new facilities utilizing cooling water intake structures (Phase [ Rule), the EPA determined —
based on substantial scientific evidence — that a maximum intake velocity of 0.5 ft/s or less
minimizes adverse environmental impacts associated with impingement mortality to acceptable
levels.* Similarly. for existing facilities (Phase Il Rule). the EPA promulgated a regulation that
an intake velocity of 0.5 ft/s or less minimizes impingement impacts to such an extent that no
further technological or mitigation measures are necessary to protect fish species.”” It should be
noted that the EPA’s Phase Il Rule has been suspended pending ongoing litigation, but the
litigation and subsequent regulatory suspension were not related to this issue and do not
undermine the scientific basis of the EPA’s determinations on this issue.

In developing the Phase I Rule, the EPA found that an approach velocity of 0.5 fps to
protect fish species from impingement previously was used as guidance in at least three federal
agency reports,”’ which were based in part on a study of fish swimming speeds and endurance
performed by Sonnichsen et al. (1973).>* To include an additional layer of conservatism for the
Phase I Rule, the EPA prepared an additional analysis that concluded ““thresholds should be
based on the fishes” swimming speeds (which are related to the length of the fish) and endurance

7 March 6, 2008 Minimization Plan, § 4.3 “Alternative Power Plant Intake & Screening
Technologies™
R 7}

9 See 66 Fed. Reg. 65274; see also 40 C.F.R. 125.84(b)(2), 125.84(c)(1).
2 40 C.F.R. 125.94(a)(1)(ii).

= 66 Fed. Reg. 65274 (citing Boreman, J. 1977. Impacts of power plant intake velocities on

fish. Power Plant Team, U.S. Fish and Wildlife Service: 33 Christianson, A. G.. F. H.
Rainwater, M.A. Shirazi, and B.A. Tichenor. 1973. Reviewing environmental impact
statements: power plant cooling systems, engineering aspects, U.S. Environmental
Protection Agency (EPA), Pacific Northwest Environmental Research Laboratory,
Corvallis, Oregon, Technical Series Report EPA-660/2-73-016; King, W. Instructional
Memorandum RB—44: Review of NPDES (National Pollutant Discharge Elimination
System) permit applications processed by the EPA (Environmental Protection Agency) or
by the State with EPA oversight.”” In: U.S. Fish and Wildlife Service Navigable Waters
Handbook.)

Sonnichsen, J.C., Bentley, G.F. Bailey. and R.E. Nakatani. 1973. A review of thermal
power plant intake structure designs and related environmental considerations. Hanford
Engineering Development Laboratory, Richland. Washington. HEDL-TME 73- 24, UC-
12.
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(which varies seasonally and is related to water quality).”* This analysis demonstrated that “the
species and life stages evaluated could endure a velocity of 1.0 f/s.”>* However, to “develop a
threshold that could be applied nationally and is effective at preventing impingement of most
species of fish at their different life stages, EPA applied a safety factor of two to the 1.0 fi/s
threshold to derive a threshold of 0.5 ft/s. This safety factor, in part, is meant to ensure protection
when screens become partly occluded by debris during operation and velocity increases through
portions of the screen that remain open.”55 Further, “EPA compiled the data from three studies®®
on fish swim speeds ...[which] suggest that a 0.5 ft/s velocity would protect 96 percent of the
tested fish.”

In a similar fashion, the Coastal Commission independently determined that the Project’s
intake flow rate would help reduce impingement impacts to insignificant levels under the Coastal
Act. Specifically, the Coastal Commission found that

“Water velocities at the intake...would be less than 0.5 fps, which would conform
to the U.S. EPA’s “Best Technology Available” standard for minimizing
impingement impacts...[and with] these low velocities, the already de minimis
impingement impacts that Poseidon’s project may cause are expected to be further
reduced and thus mitigated to an insignificant level and consistent with Coastal
Act Sections 30230 and 30231

Tenera’s conclusion that the Project’s stand-alone operations will result in an average
daily impingement of 1.56 kg (3.45 ibs) of fish, sharks and rays does not account for the fact that
the Project will be able to reduce the intake flow rate to 0.5 fps or that the Project will use fewer
pumps. Therefore, the Project’s impingement effects will actually be less than the already
insignificant figure of 1.56 kg/day.

5. The Project Will Install Variable Frequency Dri\;es That Will Reduce
Impingement

2 66 Fed. Reg. 65274.
> 1d.

55 1d
28 Id. (citing “University of Washington study” [Smith, L.S., L.T. Carpenter, Salmonid Fry
Swimming Stamina Data for Diversion Screen Criteria; Final Report (Fisheries Research
Institute, University of Washington, Dec. 1987], “Turnpenny” [A.W.H. Tumpenny, The
Behavioral Basis of Fish Exclusion from Coastal Power Station Cooling Water Intakes.
Central Elec. Generating Bd. Central Elec. Research Labs., 1988), and EPRI [C.C.
Countant et al., Technical Evaluaiion of the Utility of Intake Approach Velocity As an
Indicator of Potential Adverse Impact Under Clean Water Act Section 316(b) (Electric
Power Research Institute, 20011)

37 Coastal Commission’s Final Adopted Findings, August 6, 2008, p. 56, Appendix A, Tab

19.
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Poseidon previously has notified the Regional Board of its commitment to incorporate
variable frequency drives to reduce the total intake flow for the desalination facility to no more
than that needed at any given time.”® The desalination plant intake pump station will be
equipped with a variable frequency drive system to closely control the volume of the collected
seawater. As water demand decreases during certain periods of the day and the year. the variable
frequency drive system will automatically reduce the intake pump motor speed and decrease
intake pump flow to the minimum level needed for water production.5 ’ By reducing the intake
pump flow below EPA approved velocities, the Project will further minimize impingement.

VL. METHODOLOGY FOR ASSESSMENT OF THE PROJECT’S ENTRAINMENT
IMPACT

1. The Empirical Transport Model Calculates APF

The Empirical Transport Model (“ETM?™) is a widely used model to estimate mortality
rates resulting from water intake systems. The ETM calculates what is known as the Area of
Production Foregone (APF)—a value that represents the number of acres of habitat that must be
created or restored to mitigate for the small marine organisms (e.g.. fish larvae) that pass through
the intake screens and become entrained in a water intake system.

2. Model: APF = SWB x Pm

The ETM is an algebraic model that incorporates two basic variables: Source Water Body
(SWB) and Proportional Mortality (Pm).

The Source Water Body (SWB) represents the number of acres in which egg and larvae
populations are subject to entrainment. The SWB value is limited to the area in which mature
fish produce eggs and larvae. If mature fish do not spawn in a given area. that area will contain
no entrainable organisms—i.e.. no eggs or larvae to be drawn into and entrained by the intake
system.

Proportional Mortality (Pm) represents the percentage of the population of a marine
species in a given water body that will be drawn in and entrained by a water intake system. The
Pm ratio is calculated by dividing (a) the number of marine organisms that are entrained in a
water intake system by (b) the number of marine organisms in the same water body that are
subject to entrainment (i.e., entrainable).”’

5 March 6, 2008 Minimization Plan, § 4.1 “Feasibility Considerations™, p. 4-3.
59 March 6, 2008 Minimization Plan. § 4.4.1 “Installation of Variable Frequency Drives on
Desalination Plant Intake Pumps™, p. 4-26.

0 Hypothetical illustration:

Pm Quantity Entrained / Quantity Entrainable
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3. Entrainment Sampling is Conducted to Estimate Pm and APF

The example described above uses given SWB and Pm values to calculate the APF. It
assumes that we can precisely identify both the size of the source water body and the rate of
entrainment.

In the real world, however, scientists must make estimates with respect to these values—
the ultimate goal being to provide an APF estimate that closely approximates the actual APF.
For instance, in this case, Tenera Environmental (*Tenera™) collected samples throughout the
Agua Hedionda Lagoon in order to generate Encina’s Impingement & Entrainment Study Plan,
which the Regional Board approved in 2004, see Section V. 2. infra. Because of variation in the
sampling data, each sample collected by Tenera represents an estimate of the actual Pm—i.e., the
actual percentage of the population that becomes entrained through the intake system.

4. Confidence Levels for APF Estimates Are Reached Using Statistical
Theory

In addition to producing SWB and Pm value estimates, entrainment sampling produces
standard error estimates. Scientists apply these standard error estimates to the SWB and Pm
values and, using basic statistics principles, calculate confidence intervals to indicate the
reliability of the APF estimates. The following example illustrates these principles:

Assume: Pm = 0.1, SWB = 500 acres; The graph represents the cumulative probability
SE = 5%; SE/Pm=0.5 function for a set of normally distributed data with a

To illustrate the ETM’s application, assume that the sampling conducted pursuant to an
entrainment study demonstrates that a desalination plant’s intake system draws in and entrains
100 anchovy larvae from a water body that contains 1000 anchovy larvae. In this case. Pm =
10% (i.e.. 100 anchovies / 1000 anchovies). Next, assume that the intake system withdraws
water from a 500-acre water body that contains mature anchovies: SWC = 500 acres. Based on
this entrainment data, a straightforward application of the ETM calculates an APF of 50 acres
(i.e.. 500 acres x 10%).

This means that in order to mitigate for the entrainment losses caused by its intake
system, the desalination plant would need to create or restore 50 acres of habitat similar to that of
the source water body. These 50 acres of restored habitat would support the existence of the
same number of larvae entrained by the desalination plant’s operations.




mean of 50 and a given standard error.

=

The curve shows the probability (on the y-axis) that a
value less than or equal to the corresponding APF value
on the x-axis would occur from a sample of normally
distributed data with the given mean and standard error.

The distribution represents the corresponding values
that would define the upper and lower limits for a
confidence interval based on a given probability level.
For example, a 50% confidence interval (5% - 50% on
the curve) would range from ~ 10 to 50 acres.

B 8 3 8 3 3 &8 8

Likelihood of compensation%

-
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: 10 - '0 JQ L ‘Q In this example. one can say—with a 50% level
© P "P_ _‘ _é) ® © @ & & of confidence—that the ETM identifies the full extent
Mitigation Acres of the entrainment impact.

o

O Background Data Used for Preparation of Entrainment Assessment

Tenera Environmental collected entrainment data pursuant to Encina’s Regional Board-
approved IM&E study from June 2004 to May 2005. These data were provided to the Regional
Board with Poseidon’s March 2008 submittal.®’  All samples used for the entrainment
assessment were collected in front of the Encina intake with a boat-towed plankton net.*’

Based on these entrainment data. Tenera estimated the proportional entrainment mortality
(Pm) of the most commonly entrained larval fish living in Agua Hedionda Lagoon by applying
the ETM to the complete data. The potential entrainment contribution of the desalination facility
operations was computed based on a total flow of 304 MGD (104 MGD flow to the desalination
facility and 200 MGD for dilution of concentrated seawater).

In March 2008, Poseidon presented its ETM results to the Regional Board in preparation
for its upcoming April 9, 2008 meeting. The ETM results were included as part of Poseidon’s
Minimization Plan. Attached to its Minimization Plan, Poseidon also submitted documentation
contain{%gg impingement and entrainment data that Tenera had used to calculate the ETM
results.™

Using the entrainment data that it collected during 2004 and 2005, Tenera concluded that
the entrainment effect of the Project’s stand-alone operation would extend over 36.8 acres of
Agua Hedionda Lagoon (i.e., APF = 36.8 acres).

B March 6. 2008 Minimization Plan.
02 This is the standard protocol. Mayer Declaration, § 313.
63 March 6. 2008 Minimization Plan. Attachment 2-5.
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6. To Arrive at an APF of 36.8 Acres, the Revised Plan Estimated the APF

by Incorporating a Number of Very Conservative Assumptions While

Entirelv Discounting the Substantial Additional Ecological Benefits
Associated with Poseidon’s Mitigation

The ETM results presented in the Minimization Plan incorporated the following
assumptions, which contributed to the conservative estimation of the APF value supporting the
mitigation requirements set forth in the MLMP. [mportantly, the ETM resuits in the MLMP
continue to rely on the following specific, conservative assumptions:

a.

Assumes 100% mortality of all marine organisms entering the
intake. The ETM does not take into consideration any of the
design and technology features that would be incorporated in the
project to avoid impact to marine life (e.g., variable frequency
drives, reduced flow rate velocities, etc.). The actual impact to
marine life is expected to be substantially lower given these
improvements.

Assumes 100% survival of all fish larvae in their natural

environment. In fact, over 90% of the fish larvae are lost to
predators and do not ever reach adulthood.

Assumes species are evenly distributed throughout the entire depth
and volume of the water body. This assumption is very
conservative for the site-specific conditions of Agua Hedionda
Lagoon because it is well known that some impacted species (e.g.,
garibaldi) mainly inhabit the rocky area in immediate proximity to
the entrance to the power plant intake while source water is drawn
from a broader area. The assumption that the species are evenly
distributed results in a higher SWB value, which, in turn, results in
an overestimation of the APF.

Assumes the entire habitat from which the entrained fish larvae
may have originated is destroyed. This approach to identifying the
restoration requirement for the stand-alone desalination facility
assumes that the area of production foregone (APF) is an area of
lost habitat for all marine species inhabiting this area.

Moreover, the entrainment model does not account for the significant environmental
benefits that extend well beyond compensating for the entrainment impacts. For example, the
APF calculation does not take into account the tremendous ecological value of the restored
acreage that will accrue to the valuable wetland species that are completely unaffected by the
intake, such as the numerous riparian birds, reptiles, benthic organisms and mammats that will
utilize the habitat for foraging, cover and nesting. Nor does the calculation consider the myriad
phytoplankton, zooplankton and invertebrate species that are largely unaffected by the intake
operations and benefit directly from the restored wetlands.
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7 By Accounting for Ocean Species and Using an 80% Confidence Level,

the MLMP Applies Additional Conservative Assumptions to the ETM

In March 2008, Poseidon provided a copy of its entrainment study to the Coastal
Commission as required by Special Condition 8 of the Project’s coastal development permit.
Coastal Commission staff forwarded the study to Dr. Pete Raimondi for his review and
recommendations. Dr. Raimondi provided the initial results of his review and recommendations
to the Coastal Commission in April 2008.

During the course of his review of Tenera’s entrainment study, Dr. Raimondi made two
important revisions that resulted in his upward revision of the APF estimate to 55.4 acres from
Tenera’s 36.8 acres.

First, Dr. Raimondi added open ocean water species (e.g., the northern anchovy) to the
entrainment model, even though he recognized that the water intake system’s intake system’s
entrainment impact on ocean species is very small.** By adding ocean species, Dr. Raimondi’s
approach forces Poseidon to mitigate for a number of species that will be only minimally
affected by the Project’s operations. The addition of ocean species to the entrainment model
adds an extra layer of resource protection to the Project’s mitigation obligation.

Second. Dr. Raimondi applied an 80% confidence level APF as the basis for mitigation.
This approach represents a significant departure from the way that entrainment studies have been
conducted in the past and ensures that the MLMP plan will fully account for the Project’s
entrainment impacts. Whereas Tenera based its APF calculation on a 50% confidence interval—
i.c., the level of confidence that past entrainment studies have generally used”—Dr. Raimondi
used the higher 80% figure. Thus, to an 80% degree of certainty, the mitigation plan
comprehensively identifies and accounts for any entrainment impacts.

8. Lavering Conservative Assumptions Over an 80% Confidence Level
Entrainment Model the MLMP Calculates a High APF Value, Ensuring
Entrainment Impacts Will Be Fully Mitigated

As discussed above, the MLMP conservatively estimates Poseidon’s mitigation burden
by making two conservative adjustments regarding ocean species and confidence levels. When
these adjustments are combined with all of the conservative assumptions that Tenera had already
incorporated in arriving at the 36.8-acre figure, the entrainment model generates a final APF that
ensures resource protection and promotes excess mitigation.

VII. THE MLMP COMPLIES WITH THE APRIL RESOLUTION

The April Resolution required that Poseidon’s amendment address the Regional Board
staff’s February 19, 2008 letter indicating its concerns with the second draft of the Minimization

Dr. Raimondi’s PowerPoint Presentation; Presented to Coastal Commission Staff and
Poseidon on April 25, 2008 in San Francisco. Mayer Declaration, Attachment C.

Mayer Declaration, V E..
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Plan (without clarifying how Poseidon’s March 7, 2008 submittal did not already resolve the
Regional Board’s concerns), as well as the following items:

e [dentification of impacts from impingement and entrainment:
e Adequate monitoring data to determine the impacts from impingement and entrainment;
e Coordination among participating agencies for the amendment of the Plan as required by
Section 13225 of the California Water Code;
e Adequacy of mitigation; and
Commitment to fully implement the amendment to the Plan.

A. Staff Concerns Have Been Addressed®

1. Interagency Input and Approval”7

As described in Sections II E, III supra, the MLMP was developed in a months-long
interagency process and will continue to engage the agencies in site selection, restoration plan
development, and performance monitoring.

2. Adequacy of the Underlying Data and Modc:lingé§

The underlying impingement and entrainment data and calculations are representative,
adequate, and sound for both co-located and stand-alone operations. As detailed in Sections II,
the MLMP has benefited from development in an interagency process involving independent
scientific review in which the data and modeling were fully vetted.

3. Mitigation Will Fully Offset Impacts®’

" Staff concerns have been identified in the February 19, 2008 letter, the April 4, 2008
Technical Report, and the April 17. 2008 email correspondence from Chiara Clemente to
Peter MacLaggan. Concerns not summarized here have been mooted either by the third
draft of the Minimization Plan conditionally approved at the April 9, 2008 meeting or the
MLMP. For example. in point 1 of its February 19, 2008 letter, staff expressed concern
that the second draft of the Minimization Plan did not include technology measures.
Technology was addressed in the third draft of the Minimization Plan. See also Section
V. supra, describing technology measures to reduce impingement.

o7 February 19, 2008 letter, concern 7: April 4. 2008 Technical Report, concern 1. 2.

= February 19. 2008 letter, concerns 2. 3. 8.9, 10. 13. 14; April 4, 2008 Technical Report,
concern 3: April 17, 2008 email correspondence from Chiara Clemente to Peter
MacLaggan.

a February 19, 2008 letter, concens 4, 6, 11. 12, 15. 17
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As explained in Sections V, supra, the entrainment modeling fully captures impacts for
stand-alone operations using conservative, resource-protective assumption to arrive at a
mitigation acreage amount, and is calculated to produce an anticipated loss rate rather than
converted to a fixed dollar amount of loss.

4. Site Selection’

The actual mitigation site(s), which will be selected this year, will not be locked in to San
Dieguito Lagoon or other pre-determined outcome as staff were concerned in April 2008, and
will be at location(s) acceptable to the Executive Officer of the Regional Board, and the
Executive Director of the Coastal Commission.

5. Presentation of a Single Site at this Site Was Not Anticipated. Required. or
Feasible at this Juncture’'

a. Staff Course of Conduct Indicated that Poseidon Was to Consider
Multiple Sites

Consistent with the April Resolution, Poseidon submitted eleven specific mitigation sites
determined during the interagency process and submitted a specific proposal for mitigation at
these identified sites. In its December 2, 2008 letter to Poseidon, staff indicated that “the MLMP
does not propose a specific mitigation site or a specific proposal for mitigation at an identified
site.” This letter is not clear in indicating staff’s concern with the MLMP.

In the April 4, 2008 Technical Report, staff faulted Poseidon’s mitigation planning for
seeming to “favor a pre-determined outcome (i.e., mitigation in San Dieguito Lagoon).” In that
same Technical Report, and with apparent approval, staff acknowledged that Poseidon was
considering mitigation at several possible sites, including Frazee State Beach, Loma Alta Lagoon
and Buena Vista Lagoon, in addition to Agua Hedionda Lagoon and San Dieguito Lagoon. The
April 4, 2008 Technical Report stated that the adoption of the Minimization Plan was premature
because it did not “clearly identify the method for the final selection and agency concurrence of
the preferred mitigation alternative.” In fact, both prior to the April 9, 2008 conditional
approval, and during the interagency process, Poseidon was led to believe that staff viewed a
short list of potential sites coupled with a rigorous screening, selection and implementation
process that is evaluated against a comprehensive set of objective performance criteria a strength
of an appropriate mitigation plan.

To the extent staff is concerned that Poseidon is not bringing to the Regional Board a
single site for consideration, the concern is belated to the point of prejudice to Poseidon and is in
contrast to its course of conduct.

70 February 19, 2008 letter, concern 5; April 4, 2008 Technical Report, concern 4.

m Letter from J. Robertus to Poseidon, December 2, 2008.
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As an additional matter, at the May 1, 2008 interagency meeting, the Executive Officer
indicated that the focus should not be on Agua Hedionda.”? Thus, an staff concern that
mitigation Agua Hedionda should be selected as the mitigation site is contrary to the guidance
staff has provided Poseidon, to Poseidon’s prejudice.

b. The April Resolution Did Not Require the Presentation of a Single
Site

To the extent staff feels that Poseidon should have presented a single site for the Regional
Board’s approval, this position is not supported by the April Resolution.

c. Selection of a Single Site at this Juncture Would Have Been
Infeasible, Contrary to Water Code Section 13142.5

Water Code Section 13142.5 requires that an “industrial installation using seawater
for...industrial processing [employ] the best available site, design, technology, and mitigation
measures feasible...to minimize the intake and mortality of all forms of marine life.”.

A “single-site” plan would have been infeasible in the six-month time frame allotted by
the April Resolution. In order to generate such a plan, Poseidon would have need to identify and
acquire a site (without the benefit of prior agency approval as is being sought here), conduct the
necessary engineering and environmental review (CEQA). secure multiple entitles including a
RWQCB 401 Water Quality Certification, Dewatering Permit, Army Corps Sections 10 and 404
permits, a coastal development permit, a State Lands Commission Encroachment Permit, a
Department of Fish & Game Streambed Alteration Agreement, etc., and negotiate any
contractual issues associated with the acquisition of a selected site.

The Coastal Commission recognized this infeasibility when it directed staff to design a
MLMP that will maintain, restore and enhance the marine environment without causing
significant delays to the start of construction of a critically needed water supply facility in the
midst of a water supply emergency. The San Diego County Water Authority in its April 2007
Updated 2005 Urban Water Management Plan relies upon the Project for the delivery of 56,000
acre-feet of local seawater desalination in 2011 in order to meet its overall water supply ,goals.73
An unreasonable insistence that the MLMP be presented to the Regional Board within six
months of the conditional approval of the Minimization Plan as a single-site plan (in addition to
being in contradiction to the interagency process and the April Resolution) would derail the
Project, whereas adopting the current MLMP will get the Project, including the development of
the extensive mitigation wetlands, underway.

B. Resolution’s Additional Concerns Have Been Addressed

1. Identification of Impacts from Impingement and Entrainment

MacLaggan Declaration.

7 April 2007 Updated 2005 Urban Water Management Plan , p 4-6, Section 4.3.1 Appendix
A, Tab 24.

34



See Sections [V-VI, supra, for discussion on how the impact data was gathered and
vetted.

2. Adequate Monitoring Data to Determine Impacts from Impingement and

Entrainment

See Sections IV-VI supra, for a discussion of the adequacy of the monitoring data
supporting the MLMP.

3. Coordination Among Participating Agencies as Required by Water Code
Section 13225

See Section II, supra, for a discussion of the interagency process to develop the MLMP.

4. Adequacy of Mitigation

See Section V, supra, describing the modeling resulting in the mitigation computation.

5. Commitment to Implement the MLMP

See Sections III, VIII, supra, describing the MLMP standards, agency enforcement
mechanisms, and safeguards.

VIII. SAFEGUARDS

A. The MLMP Will Be Enforced by the Coastal Commission and the Regional
Board

The MLMP includes several enforcement mechanisms. In particular, it provides for
approval of the site selection, performance, and remediation by the Executive Director of the
Coastal Commission. If approved by the Regional Board as well, it will be equally enforceable
by the Executive Officer. The Executive Director and the Executive Officer will be authorized
to order remediation to correct any deficiencies perceived in meeting the MLMP’s rigorous
performance standards.

B. Poseidon Will Be Required to Seek Renewal of the NPDES Permit from the
Regional Board

Poseidon will also be required seek renewal of its NPDES permit in order to begin
commercial operations. Poseidon’s Report of Waste Discharge is due April 1, 2011, and the
current permit wiil expire October 1, 2011, and Poseidon is unlikely to have begun operations
until months later. The Regional Board at that time will once again have the opportunity to
examine the project and make adjustments if necessary.

C. Regional Board May Reopen the Permit

As an additional safeguard, the Regional Board may choose to reapen the NPDES
Permit. Specifically, the Permit provides that, “This Order may be modified, revoked and
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reissued, or termination for cause including, but not limited to...Failure to comply with any
condition of this Order[.]"”* This reopener provision provides the Regional Board with complete
control over activities authorized or contemplated by the NPDES permat.

D. Poseidon is Obligated to Comply With Progress Reporting Requirements Under
the MLMP and the NPDES Permit

The MLMP provides that the Coastal Commission (and the Regional Board) will receive
annual written project status reports and convene periodic public hearings to assess the progress
and success of the project. Poseidon must make monitoring data available to the public on the
Internet. In addition, Poseidon must comply with monitoring requirements for the Project
established by the Regional Board in the NPDES permit.

E. Poseidon is Obligated to Comply with the MLMP Under the Terms of the Intake
Svstem Lease as Approved by the State Lands Commission

The State Lands Commission approved Poseidon’s lease for the intake system August 22,
2008, incorporating MLMP compliance as an amendment. Among other enforcement
conditions, under the terms of the lease, Poseidon must provide copies of all monitoring reports
to the State Lands Commission.”” The SLC lease also requires that Poseidon shall comply with
the MLMP as adopted by the Coastal Commission on August 6, 2008; comply with the post
restoration monitoring and remediation requirements set forth in the MLMP Section 5.4 for
ensuring the success of the wetlands restoration site(s), provided that the standards include
success criteria from four existing relatively undisturbed sites and that Poseidon achieve a 95%
confidence level of success for the restoration required. Should the Coastal Commission amend
Section 5.4 at any time, Poseidon shall request an amendment to the lease. Within ten years
from the effective date of the lease, or upon such earlier time as agreed to by the State Lands
Commission, or upon notice by the owner of Encina that it will no longer require the use of the
intake and outfall that are the subject of the lease for the purposes of generating electrical power,
the State Lands Commission will undertake an environmental review of eh ongoing impacts of
operation of the desalination facility to determine if additional requirements are required.
Finally, Poseidon shall provide the State Lands Commission a performance bond in the amount
of $3,700.000 prior to commencement of operation of the desalination facility to ensure the
implementation of compensatory mitigation, monitoring and maintenance as described in the
MLMP.

F. Poseidon’s MLMP Embodies the Recommendations Set Forth in the Regional
Board’s “[essons Learned” Memorandum. Demonstrating Poseidon’s Dedication
Implementing the MLMP

™ Order No. R9-2006-0065, VI.B.1.

» State Lands Commission, Amendment of Lease PRC 8727.1, §411-24, Appendix A, Tab
2.
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On March 12, 2008, the Regional Board staft issued a report to the Regional Board titled
“Lessons Learned From the State Route 125™ (*Report™), which provides guidance to the
Regional Board on how to ensure discharger compliance in large multi-phase construction
projects. Generally speaking, the Report recommends that, when issuing permits, the Regional
Board should include specific requirements, clear expectations, and mechanism to enforce those
requirements. The following points illustrate how the MLMP incorporates the Report’s policy
recommendation, demonstrating Poseidon’s commitment to developing and implementing a
successful mitigation plan.

1. Poseidon’s MLMP Contains Specific Language Prescribing Performance
Measures. Timelines and Requirements

In the Report, the Regional Board statf recommends that Regional Board directives
include specific language describing performance measures, timelines, and requirements to
ensure the discharger’s compliance. Poseidon’s MLMP embodies these recommendations. As
discussed previously, the MLMP contains specific language describing performance measures.
timelines and requirements. The MLMP’s embodiment of the Report’s recommendations
demonstrates Poseidon’s dedication to meeting Regional Board directives, including the
minimization of marine life mortality.

2. The Regional Board Has Enforcement Tools to Ensure

Poseidon Implements Fully Functional and Complete Mitigation Site(s)

In the Report, the Regional Board staff discusses how a discharger’s failure to comply
with Regional Board mandates can result in harmful effects to marine life. To ensure compliance
in future projects, the Report advises the Regional Board that permit requirements should be
accompanied by meaningful enforcement mechanisms.

Poseidon’s commitment to implement the MLMP will be enforced by the Regional Board
through the requirements of Poseidon’s NPDES permit and Resolution R9-2008-00398, and by
the Coastal Commission through Condition 8 of Poseidon’s coastal development permit.
Furthermore. by the time the Project begins commercial operations in late 2011 or early 2012,
Poseidon will have to seek renewal of its NPDES permit before the Regional Board.

IX. THE MLMP WAS NOT UNTIMELY SUBMITTED

Regional Board staff have indicated they believe the MLMP was untimely submitted to
the Regional Board. As described in Section II, Regional Board staff received the draft MLMP
on July 8, 2008 and again on September 17, 2008. Therefore, the Regional Board received the
MLMP long before the October 8, 2009 deadline provided by the April Resolution.

Final language for the MLMP was submitted to the Regional Board on November 14,
2008. which was timely in light of the flexibility required to accomplish the Regional Board’s
directive that Poseidon participate in an interagency process to develop the MLMP. As detailed
in Section II, Poseidon apprised the Regional Board of the delay in the Regional Board's receipt
of the final MLMP language caused by the interagency process, and staff understood that
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flexibility in the deadline was necessary. as evidenced in the Executive Officer’s comments to
that effect at the Regional Board’s November 12, 2008 meeting.

X. DENIAL OF THE MLMP WOULD BE ARBITRARY AND CAPRICIOUS

At a minimum, the Regional Board’s review of the MLMP and subsequent decision
regarding its adequacy must satisfy the arbitrary and capricious standard under California law.
Denial of the MLMP on the basis of untimeliness would be arbitrary and capricious under the
circumstances. The MLMP, received by the Regional Board on July 8, 2008, months before the
deadline was not untimely. To the extent the Regional Board would wish to base a finding of
untimeliness on the November 14, 2008 date on which it received the final language decided by
Coastal Commission staff, this, too. would be arbitrary and capricious since Poseidon’s
submission would not have been untimely but for the tension with the deadline created by the
April Resolution’s directive to engage in the interagency process to develop the MLMP, which
did not conclude until affer the deadline.

In addition. it would be arbitrary and capricious to deny the MLMP or rescind the April
Resolution on any substantive basis, as the Regional Board has participated in the interagency
process without expressing unresolved concerns.

XI. CONCLUSION

Poseidon respectfully urges the Regional Board to approve the MLMP. As
comprehensively explained above and in Poseidon’s prior submittals, the MLLMP is the result of
rigorous scientific review and extensive interagency collaboration. It sets strict performance
standards and provides for agency checks that will ensure the creation of up to 55.4 acres of
highly productive wetlands habitat that will completely offset any marine life mortality
associated with the Project’s operations, whether when operating jointly with Encina or when
operating alone. If the Regional Board approves the MLMP, and allows Poseidon to proceed to
the site selection process, Poseidon will be able to begin the process of securing entitlements for
the mitigation site(s). This will allow Poseidon to break ground on schedule with the Project
construction schedule, and provide prime estuarine wetland habitat, along with much needed
drinking water to the region.
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EXHIBITS TO COMMENTS ON CALIFORNIA REGIONAL
WATER QUALITY CONTROL BOARD’S REVIEW OF
POSEIDON RESOURCES CORPORATION’S MARINE LIFE
MITIGATION PLAN FOR COMPLIANCE WITH RESOLUTION

NO. R9-2008-0039

Comments Submitted by Latham & Watkins LLP, January 26, 2009 -
February 11, 2009 San Diego Regional Board Meeting, Item 6 -
Poseidon Resources Corporation, Proposed Carlsbad Desalination

Project (Order No. R9-2006-0065, NPDES No. CA0109223)

Volume 1

1. November 14, 2008 | Poseidon Resources Marine Life Mitigation Plan

2. n/a PowerPoint Presentation Prepared by Dr. Raimondi: Review of
Carlsbad Seawater Desalinization Project (CDP)

3. January 2008 Clean Water Act Section 316(b) Impingement Mortality and
Entrainment Characterization Study, Cabrillo Power | LLC, Encina
Power Station, January 2008. Tenera Environmental.

4. February 19, 2008 Regional Board Comment Letter on 2/12/07 Revised Plan

5 March 6, 2008 Revised Flow, Entrainment, and Impingement Minimization Plan

6. March 7, 2008 Poseidon Response to February 19, 2008 Regional Board
Comments

T March 7, 2008 Email from Eric Becker to Tom Luster; wpaznokas@dfg.ca.gov;
Sharon_Taylor@fws.gov; Peter MacLaggan;
bruce@sdcoastkeeper.org; gabe@sdcoastkeeper.org; Judy Brown;
rwilson@surfrider.org, copied to John Odermatt; Mike McCann.
Subject: Poseidon Revised Flow, Entrainment, & Impingement Plan
& Response to Regional Board Comments

8. April 2, 2008 Email from S. Townsend to various people, including E. Becker.
Subject: Marine Life Mitigation Plan Meeting for Poseidon Desla
Plant

9. April 4, 2008 RWQCB Technical Report, Review of Carlsbad Seawater
Desalination Plant Flow, Entrainment, and Impingement
Minimization Plan

10. April 9, 2008 Reporter's Transcript of Proceedings, California Regional Waater
Quality Control Board, San Diego Region, Partial Transcript of
Proceedings, Public Hearing
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Volume 2

11. April 10, 2008 Email from P. MacLaggan to J. Robertus. Subject: Re: Update on
Attendees for May 1-2 Meetings

12. April 10, 2008 Email from P. MacLaggan to J. Robertus. Subject: Subject: May 1
Desal Mitigation Meeting

13. April 17, 2008 Email from C. Clemente to P. MaclLaggan. Subject: Poseidon's
CDP Plan - questions regarding IM & E assessments

14. April 22, 2008 Email from J. Steinbeck to P. Raimondi

15. April 24, 2008 Email from J. Steinbeck to D. Mayer

16. April 30, 2008 Email from P. MacLaggan to C. Clemente, copied to Brian Kelley;

David Barker; Deborah Woodward; Mike McCann. Subject: Re:
Poseidon’s CDP Plan — questions regarding IM & E assessments

17 July 8, 2008 Email from S. Townsend to various people, including J. Robertus.
Subject: Poseidon’ Marine Life Mitigation Plan

18. August 5, 2008 Email from G. Newton to J. Brown. Subject: Fwd: RE: Coordination
re: Poseidon?

19. August 6, 2008 California Coastal Commission Final Adopted Findings (Item W4a).
Application File No. E-06-013. Permittee: Poseidon Resources
(Channelside) LLC / Cabrillo Power Il LLC

20. August 6, 2008 Reporter's Transcript of Proceedings, California Coastal
Commission Meeting, Agenda Items Nos. 4.a., 5.a., 5.b., Vol. 2 of
2, pgs 163 — 347.

21. August 22, 2008 State Lands Commission Final Lease Amendment No. PRC 8727.1

22. November 21, 2008 | California Coastal Commission Recommended Revised Condition
Compliance Findings (Item W16a). Condition Compliance for CDP
No. E-06-013 — Poseidon Resources (Channelside), LLC; Special
Condition 8: Submittal of a Marine Life Mitigation Plan

23. December 2, 2008 Letter from RWQCB to Poseidon re: Review of Proposed Poseidon
Resources Carlsbad Desalination Plant Marine Life Mitigation Plan,
Resolution No. R9-2008-0039

24 April 2007 Updated 2005 Urban Water Management Plan, San Diego County
water Authority.

25. December 18, 2001 | National Pollutant Discharge Elimination System: Regulations
Addressing Cooling Water Intake Structures for New Facilities, Final
Rule. 66 Fed. Reg. 65256
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26. July 9, 2004 National Pollutant Discharge Elimination System—Final
Regulations to Establish Requirements for Cooling Water Intake
Structures at Phase |l Existing Facilities, Final Rule. 69 Fed. Reg.
41576

27. July 9, 2007 National Pollutant Discharge Elimination System—Suspension of
Regulations Establishing Requirements for Cooling Water Intake
Structures at Phase |l Existing Facilities. 72 Fed. Reg. 37107

28. n/a 40 C.F.R. 125.84

29. n/a 40 C.F.R. 125.94
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POSEIDON RESOURCES MARINE LIFE MITIGATION PLAN

INTRODUCTION

Poseidon’s Carlsbad desalination facility will be co-located with the Encina Power Station and
will use the power plant’s once-through cooling intake and outfall structures. The desalination
facility is expected to use about 304 million gallons per day (mgd) of estuarine water drawn
through the structure. The facility will operate both when the power plant is using its once-
through cooling system and when it is not.

This Marine Life Mitigation Plan (the Plan) will result in mitigation necessary to address the
entrainment impacts caused by the facility’s use of estuarine water. The Plan includes two
phases of mitigation — Poseidon is required during Phase I to provide at least 37 acres of
estuarine wetland restoration, as described below. In Phase 1, Poseidon is required to provide an
additional 18.4 acres of estuarine wetland restoration. However, as described below, Poseidon
may choose to provide all 55.4 acres of restoration during Phase 1. Poseidon may also choose
during Phase II to apply for a CDP to reduce or eliminate the required 18.4 acres of mitigation
and instead conduct alternative mitigation by implementing new entrainment reduction
technology or obtaining mitigation credit for conducting dredging.

CONDITION A: WETLAND RESTORATION MITIGATION

The permittee shall develop, implement and fund a wetland restoration project that compensates
for marine life impacts from Poseidon’s Carlsbad desalination facility.

1.0 PHASED IMPLEMENTATION

Phase I: Poseidon is to provide at least 37 acres of estuarine wetland restoration. Within two
years of issuance of the desalination facility’s coastal development permit (CDP), Poseidon is to
submit a complete CDP application for a proposed restoration project, as described below.

Phase II: Poseidon is to provide an additional 18.4 acres of estuarine wetland restoration. Within
five years of issuance of the Phase [ CDP, Poseidon is to submit a complete CDP application
proposing up to 18.4 acres of additional restoration, subject to reduction as described below.

2.0 SITE SELECTION

In consultation with Commission staff, the permittee shall select a wetland restoration site or
sites for mitigation in accordance with the following process and terms.

Within 9 months of the effective date of this permit, the permittee shall submit the proposed
site(s) and preliminary wetland restoration plan to the Commission for its review and approval or
disapproval.

The location of the wetland restoration project(s) shall be within the Southern California Bight.
The permittee shall select from sites including, but not limited to, the following eleven sites:
Tijuana Estuary in San Diego County; San Dieguito River Valley in San Diego County; Agua
Hedionda Lagoon in San Diego County; San Elijo Lagoon in San Diego County; Buena Vista
Lagoon in San Diego County; Huntington Beach Wetland in Orange County, Anaheim Bay in
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Orange County, Santa Ana River in Orange County, Los Cerritos Wetland in Los Angeles
County, Ballona Wetland in Los Angeles County, and Ormond Beach in Ventura County. The
permittee may also consider any sites that may be recommended by the California Department of
Fish & Game as high priority wetlands restoration projects. Other sites proposed by the
permittee may be added to this list with the Executive Director’s approval.

The basis for the selection shall be an evaluation of the site(s) against the minimum standards
and objectives set forth in subsections 3.1 and 3.2 below. The permittee shall take into account
and give serious consideration to the advice and recommendations of the Scientific Advisory
Panel (SAP) established and convened by the Executive Director pursuant to Condition B.1.0.
The permittee shall select the site(s) that meets the minimum standards and best meets the
objectives.

3.0 PLAN REQUIREMENTS

In consultation with Commission staff, the permittee shall develop a wetland restoration plan for
the wetland site(s) identified through the site selection process. The wetland restoration plan
shall meet the minimum standards and incorporate as many as feasible of the objectives in
subsections 3.1 and 3.2, respectively.

3.1 Minimum Standards

The wetland restoration project site(s) and preliminary plan(s) must meet the following minimum
standards:

a. Location within Southern California Bight;
b. Potential for restoration as tidal wetland, with extensive intertidal and subtidal areas;

c. Creates or substantially restores a minimum of 37 acres and up to at least 55.4 acres of
habitat similar to the affected habitats in Agua Hedionda Lagoon, excluding buffer zone and
upland transition area;

d. Provides a buffer zone of a size adequate to ensure protection of wetland values, and at least
100 feet wide, as measured from the upland edge of the transition area.

e. Any existing site contamination problems would be controlled or remediated and would not
hinder restoration;

f. Site preservation is guaranteed in perpetuity (through appropriate public agency or nonprofit
ownership, or other means approved by the Executive Director), to protect against future
degradation or incompatible land use;

g. Feasible methods are available to protect the long-term wetland values on the site(s), in
perpetuity;

h. Does not result in a net loss of existing wetlands; and
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i. Does not result in an adverse impact on endangered animal species or an adverse unmitigated
impact on endangered plant species.

3.2 Objectives

The following objectives represent the factors that will contribute to the overall value of the

wetland. The selected site(s) shall be determined to achieve these objectives. These objectives

shall also guide preparation of the restoration plan.

a. Provides maximum overall ecosystem benefits, e.g. maximum upland buffer, enhancement of
downstream fish values, provides regionally scarce habitat, potential for local ecosystem
diversity;

b. Provides substantial fish habitat compatible with other wetland values at the site(s);

c. Provides a buffer zone of an average of at least 300 feet wide, and not less than 100 feet
wide, as measured from the upland edge of the transition area.

d. Provides maximum upland transition areas (in addition to buffer zones);

e. Restoration involves minimum adverse impacts on existing functioning wetlands and other
sensitive habitats;

f. Site selection and restoration plan reflect a consideration of site specific and regional wetland
restoration goals;

g. Restoration design is that most likely to produce and support wetland-dependent resources;

h. Provides rare or endangered species habitat;

i. Provides for restoration of reproductively isolated populations of native California species;

j. Results in an increase in the aggregate acreage of wetland in the Southern California Bight;

k. Requires minimum maintenance;

. Restoration project can be accomplished in a reasonably timely fashion; and,

m. Site(s) in proximity to the Carlsbad desalination facility.

3.3 Restrictions

a. The permittee may propose a wetland restoration project larger than the minimum necessary
size specified in subsection 3.1(c) above, if biologically appropriate for the site(s), but the

additional acreage must (1) be clearly identified, and (2) must not be the portion of the
project best satisfying the standards and objectives listed above.
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b. If the permittee jointly enters into a restoration project with another party: (1) the permitice’s
portion of the project must be clearly specified, (2) any other party involved cannot gain
mitigation credit for the permittee’s portion of the project, and (3) the permittee may not
receive mitigation credit for the other party’s portion of the project.

¢. The permittee may propose to divide the mitigation requirement between a maximum of two
wetland restoration sites, unless there is a compelling argument, approved by the Executive
Director, that the standards and objectives of subsections 3.1 and 3.2 will be better met at
more than two sites,

4.0 PLAN IMPLEMENTATION
4.1 Coastal Development Permit Applications

The permittee shall submit complete Coastal Development Permit applications for the Phase |
and Phase II restoration plan(s) that shall include CEQA documentation and local or other state
agency approvals. The CDP application for Phase I shall be submitted within 24 months
following the issuance of the Coastal Development Permit for the Carlsbad desalination facility.
The CDP application for Phase 11 shall be submitted within 5 years of issuance of the CDP for
Phase I. The Executive Director may grant an extension to these time periods at the request of
and upon a demonstration of good cause by the permittee. The restoration plans shall
substantially conform to Section 3.0 above and shall include, but not be limited to the following
elements:

a. Detailed review of existing physical, biological, and hydrological conditions; ownership,
land use and regulation;

b. Evaluation of site-specific and regional restoration goals and compatibility with the goal of
mitigating for Poseidon’s marine life impacts;

c. Identification of site opportunities and constraints;
d. Schematic restoration design, including:

1. Proposed cut and fill, water control structures, control measures for stormwater, buffers
and transition areas, management and maintenance requirements;

2. Planting program, including removal of exotic species, sources of plants and or seeds

(local, if possible), protection of existing salt marsh plants, methods for preserving top

soil and augmenting soils with nitrogen and other necessary soil amendments before

planting, timing of planting, plans for irrigation until established, and location of planting

and elevations on the topographic drawings;

Proposed habitat types (including approximate size and location);

4. Assessment of significant impacts of design (especially on existing habitat values) and

net habitat benefits;

Location, alignment and specifications for public access facilities, if feasible;

6. Evaluation of steps for implementation e.g. permits and approvals, development
agreements, acquisition of property rights;

7. Cost estimates;
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8. Topographic drawings for final restoration plan at 1”” = 100 foot scale, one foot contour
interval; and
9. Drawings shall be directly translatable into final working drawings.

Detailed information about how monitoring and maintenance will be implemented;

Detailed information about construction methods to be used;

Defined final success criteria for each habitat type and methods to be used to determine

SUCCESS,

Detailed information about how Poseidon will coordinate with the Scientific Advisory Panel
including its role in independent monitoring, contingency planning review, cost recovery,

etc.;

Detailed information about contingency measures that will be implemented if mitigation does
not meet the approved goals, objectives, performance standards, or other criteria; and,

Submittal of “as-built” plans showing final grading, planting, hydrological features, etc.
within 60 days of completing initial mitigation site construction.

4.2 Wetland Construction Phase

Within 6 months of approval of the Phase I restoration plan, subject to the permittee’s obtaining
the necessary permits, the permittee shall commence the construction phase of the wetland
restoration project. The permittee shall be responsible for ensuring that construction is carried
out in accordance with the specifications and within the timeframes specified in the approved
final restoration plan and shall be responsible for any remedial work or other intervention
necessary to comply with final plan requirements.

4.3 Timeframe for Resubmittal of Project Elements

If the Commission does not approve any element of the project (i.e. site selection, restoration
plan), the Commission will specify the time limits for compliance relative to selection of another
site or revisions to the restoration plan.

5.0 WETLAND MONITORING, MANAGEMENT AND REMEDIATION

Monitoring, management (including maintenance), and remediation shall be conducted over the
“full operating life” of Poseidon’s desalination facility, which shall be 30 years from the date
“as-built” plans are submitted pursuant to subsection 4.1(1).

The following section describes the basic tasks required for monitoring, management and
remediation. Condition B specifies the administrative structure for carrying out these tasks,
including the roles of the permittee and Commission staff.

5.1 Monitoring and Management Plan
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A monitoring and management plan will be developed in consultation with the permittee and
appropriate wildlife agencies, concurrently with the preparation of the restoration plan to provide
an overall framework to guide the monitoring work. It will include an overall

description of the studies to be conducted over the course of the monitoring program and a
description of management tasks that are anticipated, such as trash removal. Details of the
monitoring studies and management tasks will be set forth in a work program (see Condition B).

5.2 Pre-restoration site monitoring

Pre-restoration site monitoring shall be conducted to collect baseline data on the wetland
attributes to be monitored. This information will be incorporated into and may result in
modification to the overall monitoring plan.

5.3 Construction Monitoring

Monitoring shall be conducted during and immediately after each stage of construction of the
wetland restoration project to ensure that the work is conducted according to plans.

5.4 Post-Restoration Monitoring and Remediation

Upon completion of construction of the wetland(s), monitoring shall be conducted to measure the
success of the wetland(s) in achieving stated restoration goals (as specified in the restoration
plan(s)) and in achieving performance standards, specified below. The permittee shall be fully
responsible for any failure to meet these goals and standards during the facility’s full operational
years. Upon determining that the goals or standards are not achieved, the Executive Director
shall prescribe remedial measures, after consultation with the permittee, which shall be
immediately implemented by the permittee with Commission staff direction. If the permittee
does not agree that remediation is necessary, the matter may be set for hearing and disposition by
the Commission.

Successful achievement of the performance standards shail (in some cases) be measured relative
to approximately four reference sites, which shall be relatively undisturbed, natural tidal
wetlands within the Southern California Bight. The Executive Director shall select the reference
sites. The standard of comparison, i.e., the measure of similarity to be used (e.g., within the
range, or within the 95% confidence interval) shall be specified in the work program.

In measuring the performance of the wetland project, the following physical and biological
performance standards will be used:

a. Longterm Physical Standards. The following long-term standards shall be maintained over
the full operative life of the desalination facility:

1. Topography. The wetland(s) shall not undergo major topographic degradation (such as
excessive erosion or sedimentation);

2. Water Quality. Water quality variables to be specified shall be similar to reference
wetlands;

3. Tidal prism. 1f the mitigation site(s) require dredging, the tidal prism shall be maintained
and tidal flushing shall not be interrupted; and,
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4. Habitat Areas. The area of different habitats shall not vary by more than 10% from the
areas indicated in the restoration plan(s).

b. Biological Performance Standards. The following biological performance standards shall
be used to determine whether the restoration project is successful. Table 1, below, indicates
suggested sampling locations for each of the following biological attributes; actual locations

will be specified in the work program:

1. Biolegical Communities. Within 4 years of construction, the total densities and number
of species of fish, macroinvertebrates and birds (see Table 1) shall be similar to the
densities and number of species in similar habitats in the reference wetlands;

2. Vegetation. The proportion of total vegetation cover and open space in the marsh shall
be similar to those proportions found in the reference sites. The percent cover of algae
shall be similar to the percent cover found in the reference sites;

3. Spartina Canapy Architecture. The restored wetland shall have a canopy architecture
that is similar in distribution to the reference sites, with an equivalent proportion of stems
over 3 feet 1all;

4. Reproductive Success. Certain plant species, as specified by in the work program, shall
have demonstrated reproduction (i.e. seed set) at least once in three years;

5. Food Chain Support. The food chain support provided to birds shall be similar to that
provided by the reference sites, as determined by feeding activity of the birds; and

6. Exotics. The important functions of the wetland shall not be impaired by exotic species.

Table 1: Suggested Sampling Locations

Salt Marsh Open Water Tidal
Spartina | Salicornia | Upper | Lagoon | Eelgrass | Mudflat | Creeks

1) Density/spp:
- Fish X X X X
— Macrotinvert- X X X X
ebrates
- Birds X X X X X X
2) % Cover

Vegetation X X X X

algae X X X
3) Spartina X
architecture
4) Reproductive X X X
success
5) Bird feeding X X X
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6) Exotics X X X X X X X

6.0 ALTERNATIVE MITIGATION

As part of Phase I1, Poseidon may propose in its CDP application alternatives to reduce or
eliminate the required 18.4 acres of mitigation. The alternative mitigation proposed may be in the
form of implementing new entrainment reduction technology or may be mitigation credits for
conducting dredging, either of which could reduce or eliminate the 18.4 acres of mitigation.

CONDITION B: ADMINISTRATIVE STRUCTURE
1.0 ADMINISTRATION

Personnel with appropriate scientific or technical training and skills will, under the direction of
the Executive Director, oversee the mitigation and monitoring functions identified and required
by Condition A. The Executive Director will retain scientific and administrative support staff
needed to perform this function, as specified in the work program.

This technical staff will oversee the preconstruction and post-construction site assessments,
mitigation project design and implementation (conducted by permittee), and monitoring
activities (including plan preparation); the field work will be done by contractors under the
Executive Director’s direction. The contractors will be responsible for collecting the data,
analyzing and interpreting it, and reporting to the Executive Director.

The Executive Director shall convene a Scientific Advisory Panel to provide the Executive
Director with scientific advice on the design, implementation and monitoring of the wetland
restoration. The panel shall consist of recognized scientists, including a marine biologist, an
ecologist, a statistician and a physical scientist.

2.0 BUDGET AND WORK PROGRAM

The funding necessary for the Commission and the Executive Director to perform their
responsibilities pursuant to these conditions will be provided by the permittee in a form and
manner reasonably determined by the Executive Director to be consistent with requirements of
State law, and which will ensure efficiency and minimize total costs to the permittee. The
amount of funding will be determined by the Commission on a biennial basis and will be based
on a proposed budget and work program, which will be prepared by the Executive Director in
consultation with the permittee, and reviewed and approved by the Commission in conjunction
with its review of the restoration plan. If the permittee and the Executive Director cannot agree
on the budget or work program, the disagreement will be submitted to the Commission for
resolution.

The budget to be funded by the permittee will be for the purpose of reasonable and necessary
costs to retain personnel with appropriate scientific or technical training and skills needed to
assist the Commission and the Executive Director in carrying out the mitigation and lost resource
compensation conditions. In addition, reasonable funding will be included in this budget for

necessary support personnel, equipment, overhead, consultants, the retention of contractors
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needed to conduct identified studies, and to defray the costs of members of any scientific
advisory panel(s) convened by the Executive Director for the purpose of implementing these
conditions.

Costs for participation on any advisory panel shall be limited to travel, per diem, meeting time
and reasonable preparation time and shall only be paid to the extent the participant is not
otherwise entitled to reimbursement for such participation and preparation. The amount of
funding will be determined by the Commission on a biennial basis and will be based on a
proposed budget and work program, which will be prepared by the Executive Director in
consultation with the permittee, and reviewed and approved by the Commission in conjunction
with its review of the restoration plan. If the permittee and the Executive Director cannot agree
on the budget or work program, the disagreement will be submitted to the Commission for
resolution. Total costs for such advisory panel shall not exceed $100,000 per year adjusted
annually by any increase in the consumer price index applicable to California.

The work program will include:

a. A description of the studies to be conducted over the subsequent two year period, including
the number and distribution of sampling stations and samples per station, methodology and
statistical analysis (including the standard of comparison to be used in comparing the
mitigation project to the reference sites);

b. A description of the status of the mitigation projects, and a summary of the results of the
monitoring studies to that point;

¢. A description of four reference sitcs;

d. A description of the performance standards that have been met, and those that have yet to be
achieved,

€. A description of remedial measures or other necessary site interventions;
f. A description of staffing and contracting requirements; and,

g. A description of the Scientific Advisory Panel’s role and time requirements in the two year
period.

The Executive Director may amend the work program at any time, subject to appeal to the
Commission.

3.0 ANNUAL REVIEW AND PUBLIC WORKSHOP REVIEW

The permittee shall submit a written review of the status of the mitigation project to the
Executive Director no later than April 30 each year for the prior calendar year. The written
review will discuss the previous year’s activities and overall status of the mitigation project,
identify problems and make recommendations for solving them, and review the next year’s

program.
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To review the status of the mitigation project, the Executive Director will convene and conduct a
duly noticed public workshop during the first year of the project and every other year thereafter
unless the Executive Director deems it unnecessary. The meeting will be attended by the
contractors who are conducting the monitoring, appropriate members of the Scientific Advisory
Panel, the permittee, Commission staff, representatives of the resource agencies (CDFG, NMFS,
USFWS), and the public. Commission staff and the contractors will give presentations on the
previous biennial work program’s activities, overall status of the mitigation project, identify
problems and make recommendations for solving them, and review the next upcoming period’s
biennial work program.

The public review will include discussions on whether the wetland mitigation project has met the
performance standards, identified problems, and recommendations relative to corrective
measures necessary to meet the performance standards. The Executive Director will use
information presented at the public review, as well as any other relevant information, to
determine whether any or all of the performance standards have been met, whether revisions to
the standards are necessary, and whether remediation is required. Major revisions shall be
subject to the Commission’s review and approval.

The mitigation project will be successful when all performance standards have been met each
year for a three-year period. The Executive Director shal! report to the Commission upon
determining that all of the performance standards have been met for three years and that the
project is deemed successful. If the Commission determines that the performance standards have
been met and the project is successful, the monitoring program will be scaled down, as
recommended by the Executive Director and approved by the Commission. A public review
shall thereafter occur every five years, or sooner if called for by the Executive Director. The
work program shall reflect the lower level of monitoring required. If subsequent monitoring
shows that a standard is no longer being met, monitoring may be increased to previous levels, as
determined necessary by the Executive Director.

The Executive Director may make a determination on the success or failure to meet the

performance standards or necessary remediation and related monitoring at any time, not just at
the time of the workshop review.
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4.0 ADDITIONAL PROCEDURES

4.1 Dispute Resolution

In the event that the permittee and the Executive Director cannot reach agreement regarding the
terms contained in or the implementation of any part of this Plan, the matter may be set for
hearing and disposition by the Commission.

4.2 Extensions

Any of the time limits established under this Plan may be extended by the Executive Director at
the request of the permittec and upon a showing of good cause.

CONDITION C: SAP DATA MAINTENANCE

The permittee shall make available on a publicly-accessible website all scientific data collected
as part of the project. The website and the presentation of data shall be subject to Executive
Director review and approval.
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Review of Carlsbad Seawater
Desalinization Project (CDP)

» General comments on report

« Assessment of calculations of Pm
— Estuarine species
— Open water species
« Assessment of mitigation alternative using
APF calculations
— Math
— Habitats



General Comments

1) As written, the report could not be evaluated for the technical merits
of the entrainment study or estimation of APF
a) Tenera provided both a meeting to discuss the report and also provided
the material needed to assess the entrainment study and APF
calculations.

2) My assessment is based in part on calculations | did using material
from the CDP report, the 316B report from Encina Power plant and
from direct communication with Tenera

a) Such calculations include: uncertainty analysis and APF for open coast
sSpecies

3) The study design for entrainment sampling including source water
sampling is consistent with recent entrainment studies conducted
under 316B rules




General Comments

4) Calculations of Pm, SWB and APF are generally consistent with
recent studies

a) Note additional calculations shown in this presentation for uncertainty
and open water species
5) Proposed mitigation at San Dieguito is the most likely alternative
to lead to compensation for losses of estuarine larvae due to
entrainment — if habitat created more closely mimics source water
body

6) No mitigation was proposed for losses of larvae from open water
habitats
a) APF is small but non-zero
b) Mitigation options with direct nexus to impact are difficult



Review of Carlsbad Seawater
Desalinization Project (CDP)

* Assessment of calculations of Pm
— Estuarine species
— Open water species




Assessment of calculations of Pm

* Proportional mortality (Pm) estimates are calculated
using standard methodology

« Source water estimation is complicated for estuarine
species (but in my opinion — correct)

« Source water estimation is standard for open water
species

« Estimation of error rates is mathematically correct but, in
my opinion, not appropriate for use in APF calculations
— More about this later

« Uncertainty of estimates, particularly as they affect APF
calculations is not adequately discussed
— More about this later



Understanding Proportional
Mortality (Pm)

 Pm is the proportion of larvae at risk that are
estimated to die as a result of entrainment

* Larvae at risk is determined by source water
body (SWB) which differs for estuarine vs open

water species
— For estuarine species, it is generally the area of Agua
Hediondo Lagoon that could produce larvae entrained
— For open water species, it is the area from which
larvae could have traveled from and then be

entrained
+ Based on age of larvae entrained



Calculated Pm, Standard Errors (SE) and
Source water body (SWB) estimates

Species Pm
Estuarine
Blennies 0.08635
Gobies 0.21599
Garibaldi 0.06484
Open Water
White Croaker 0.00138
Northern Anchovy 0.00165
California Halibut 0.00151
Queenfish 0.00365
Spotfin Croaker 0.00634

CHEEEP

SO

P

Calcuated

SE

0.1347
0.3084
0.1397

0.0028
0.0026
0.0024
0.0049
0.0153

Ratio SE/

Pm

1.56
1.43
2.15

2.04
1.56
1.58
1.33
2.41

Source
water body *

Units

Acres
Acres
Acres

Km along shore
Km along shore
Km along shore
Km along shore
Km along shore

*The source water body for estuarine species is actually different from this value, however
it is assumed that larval production is primarily from 302 acres in Agua Hediondo Lagoon
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« Assessment of mitigation alternative using
APF calculations
— Math
— Habitats



Use of Area of Production Foregone (APF) to
estimate mitigation required to mitigate
entrainment losses

« (oal is to determine area required to provide sufficient
habitat to produce larvae lost to entrainment
— This area is the product of Pm and SWB

— For example if the source water body (SWB) = 500 acres and
Pmis 0.1 then the APF is

500 acres x 0.1 = 50 acres

— This means that 50 new acres having a similar habitat mix as
that in the SWB would produce larvae sufficient to make up for
those lost to entrainment

— This assumes no uncertainty in the estimation of Pm and SWB
« The major issue is the error rate associated with estimation of Pm
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Understanding uncertainty of compensation through
mitigation using APF (direct impacts only)

For example: assume 500 acre SWB, Pm = 0.1, Standard Error / Pm = 0.5

100

8

For average likelihood (50%) ,
Acres ~ 50. This means that
with the uncertainty associated
with sampling, there is a 50%
or greater likelihood that 50
new acres will provide full
compensation for lost larval
resources.

8

~J
(=]

Likelihood of compensation%
8 & 38 8

= This assumes:

I I A A R A 1. Mitigation acres are
Mitigation Acres similar to those in SWB
2. Restoration is
successful




Understanding uncertainty of compensation
through mitigation using APF (direct impacts only)

Uncertainty in estimating compensation value of proposed mitigation
is primarily related to error in estimation of Pm:

1)What is correct estimate of error?
a) Sampling error associated with estimation of Pm — as shown in
report
i. Source water concentrations of larvae — calculated error
rates are very high and probably not realistic for use
with respect to Pm
ii. Entrainment concentrations of larvae — error rates are low
and probably not realistic for use with respect to Pm
b) Error assuming each species’ Pm is an independent replicate
i. The most appropriate calculation of error, given the
standard logic behind the use of APF

S22 LFQI‘@@@-

Now — consider the ratio of SE/Pm — which expresses uncertainty in
terms of units of impact
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Use of error in calculations

. Use_ qf error to ca_lculate_ cumulative co_nfidence curves relies on
decision as to which estimate of error is appropriate.

» | used a normal cumulative function to generate confidence curves.

— This relies on mean value and estimate of the standard deviation of the
population of means.

— | concluded that sample standard deviation was inappropriate for use
using this function and instead used the sample standard error as an
estimate of the standard deviation of the population of means. Hence
the calculation was:

— Prob = ZCF((acres — mean acres)/calculated SE)
— Where ZCF is the normal cumulative function

— The use of SE led to more conservative (lower) estimate of (eqg) 80%

confidence limit than would have been the case if standard deviation
was used.

- This was evaluated using resampling approaches where possible
(which make no assumptions about normality).
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Calculated Pm, Standard Errors (SE) and
Source water body (SWB) estimates

Species

Estuarine
Blennies
Gobies
Garibaldi

Open Water
White Croaker
Northern Anchovy
California Halibut
Queenfish
Spotfin Croaker

Pm

0.08635
0.21599
0.06484

0.00138
0.00165
0.00151
0.00365
0.00634

Calcuated

SE

0.1347
0.3084
0.1397

0.0028
0.0026
0.0024
0.0049
0.0153

Ratio SE/
Pm

1.56
1.43
2.15

2.04
1.56
1.58
1.33
2.41

These are huge

Source
water body

302
302
302

45
21
37
27
19

Units

Acres
Acres
Acres

Km along shore
Km along shore
Km along shore
Km along shore
Km along shore



Uncertainty of compensation through mitigation using APF
Estuarine Species (direct impacts only)

Case 1: using error rate calculated in report (SE dominated
by source water concentration of larvae)

For average likelihood (50%)
Acres ~ 37

For 80% confidence level
Acres ~ 87

Likelihood of compensation %

TR TR TR M R — Big difference due to
R Large SE/Pm ratio
Mitigation Acres
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Uncertainty of compensation through mitigation using APF
Estuarine Species (direct impacts only)
Case 2: using error rate calculated from entrainment
estimates only (SE very low)

100 T 1 ( T T T 1
90— — . .
> For average likelihood (50%)
o % 7 Acres ~ 37
(44}
w 0 —
o .
g 60~ - For 80% confidence level
8 B0 rmme e - Acres ~39
“6 40 —
B
o 30| -
£
g 20 | —
— 10+ ' —
ol 1 Sy o1 T Small difference due to
AN S T Ny Small SE/Pm ratio

Mitigation Acres

PSS
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Calculated Pm, Standard Errors (SE) and

Species
Estuarine
Blennies
Gobies
Garibaldi
Average
SE
Ratio SE/Pm

Open Water
White Croaker
Northern Anchovy
California Halibut
Queenfish
Spotfin Croaker
Average
SE
Ratio SE/Pm

Source water body (SWB) estimates

Pm

0.08635
0.21599
0.06484
0.12239

0.00138
0.00165
0.00151
0.00365
0.00634

Calcuated
SE

0.1347
0.3084
0.1397
0.1942

0.0028
0.0026
0.0024
0.0049
0.0153

Ratio SE/
Pm

1.56
1.43
2.15

* to a depth of 75 meters - average about 3 Km offshore

Source
water body

33365
15570
27477
20309
13739

Units

Acres
Acres
Acres
Acres
Acres

APF

46.0440
25.6912
41.4907
74.1289
87.1029
54.8916
11.2209
0.2044
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Uncertainty of compensation through mitigation using APF
Estuarine Species (direct impacts only)
Case 3: using error rate calculated from species Pm
estimates (probably most accurate)

W—T—T—T T T 1 o
/ '| For average likelihood (50%)

S
c 80 —
S Acres ~ 37
S 70+ .
S )
2 60 - 7 For 80% confidence level
R - Acres ~49,
'S wl ]
T : . .
S ol ; 4 Using resampling
% oL u——‘: | 80% confidence level
= : Acres ~ 50
10 , -
0 I N N | R B |

IR PN NP NN f\*@x Relatively small
Mitigation Acres

difference due to
appropriate SE/Pm ratio



Calculated Pm, Standard Errors (SE) and
Source water body (SWB) estimates

Calcuated  Ratio SE/ Source
Species Pm SE Pm water body Units APF
Estuarine
Blennies 0.08635 0.1347 1.56
Gobies 0.21599 0.3084 1.43
Garibaldi 0.06484 0.1397 2.15
Average 0.12239 0.1942
SE
Ratio SE/Pm
Open Water
White Croaker 0.00138 0.0028 2.04 33365 Acres 46.0440
Northern Anchovy 0.00165 0.0026 1.56 15570 Acres 25.6912
California Halibut 0.00151 0.0024 1.58 27477 Acres 41.4907
Queenfish 0.00365 0.0049 1.33 20309 Acres 74.1289
Spotfin Croaker 0.00634 0.0153 241 13739 Acres 371029
Average
SE
Ratio SE/Pm

* to a depth of 75 meters - average about 3 Km offshore
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Uncertainty of compensation through mitigation using APF
Open Coast Species (direct impacts only)
Using error rate calculated from species Pm estimates
(probably most accurate)

100

8

8 &8 8 8 &

Likelihood of compensation%

lllll/cfl

]
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I | 1 11
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'19

D P & O & P

Mitigation Acres

N
QO

For average likelihood (50%)

1 Acres ~ 55

For 80% confidence level
Acres ~ 64

Using resampling

| 80% confidence level

Acres ~ 63



APF summary

1) APF for estuarine species
1) Mean APF = 37 acres
2) 80% confidence limit = 49 acres
3) Habitat mix for mitigation should include mudflat /
tidal channel and open water habitat
2) APF for open coast species
1) Mean APF = 55 acres
2) 80% confidence limit = 64 acres
3) Habitat is primarily open water, sandy bottom
4) Relatively small area

5) No mitigation options discussed
a) Options that could lead to direct compensation are difficult
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Proposed Wetland Mitigation

1) Logic of APF as applied to wetland mitigation is
appropriate for estuarine species losses

2) In my opinion the most appropriate mitigation discussed
is offsite wetland creation at San Dieguito

a) The mix of habitats should mirror those used in calculating
APF at Agua Hediondo — currently they do not (use of salt
marsh at San Dieguito)

b) The ongoing restoration at San Dieguito, along with inlet
maintenance and required monitoring make this the area most
likely to be successfully used for compensatory mitigation

c) Mitigation at Agua Hediondo as described, is unlikely to
provide direct compensation for lost larval resources



Comments on discussion of “conservative
assumptions” for APF

1) “Assumes 100% mortality of all marine organisms
entering the intake”

a) This is true but it is the same assumption that is made in all
recent entrainment determinations. Moreover there is no study
of post-entrainment larval survival that has been conducted in
field conditions

2) “Assumes 100 % survival of all fish larvae in their
natural environment”

a) No such assumption is made. The only assumption concerning
survival is that there is no compensatory mortality that affects
Pm calculations.
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Comments on discussion of “conservative
assumptions” for APF

3) “Assumes species are evenly distributed throughout
the entire depth and volume of the water body”

a) No such assumption is made. The major assumption is that
creation of a similar mix of habitats to that found in the source
water body will lead to compensation for all species lost due to
entrainment.

4) “Assumes the entire habitat from which the entrained
fish larvae may have originated is destroyed”

a) No such assumption is made concerning the source water
body. APF calculations are based on the idea of estimating the
area that would need to be added in order to lead to the
compensatory production of larvae lost to entrainment. Other
features of the source water body are assumed not to have

been damaged.
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Executive Summary

Executive Summary

The Encina Power Station (EPS) is a tossil-fueled steam electric power generating station that
began operation in 1954, EPS s located in the City of Carlsbad. California. adjacent to Agua
Hedionda Lagoon on the Pacific Ocean and approximately 30 miles north of the City of San
Diego (Figure S-1). Cooling water is withdrawn from the Pacific Ocean via the Agua Hedionda
Lagoon and circulated through the EPS cooling water system (CWS) to condense freshwater
steam used in power production. The combined cooling and service water design flow 1s 857
million gallons per day (mgd) at full operating capacity. After passing through the plant. the
warmed seawater is discharged to the ocean through a shoreline forebay and convevance
channel.

This report presents data from in-plant and source water field surveys performed for the EPS
Impingement Mortality and Entramment (IM&E) Characterization Study. This study was
designed and performed to comply with EPA’s 2004 316(b) Phase [l regulations. Originally.
results from the study were to be used in determining impingement mortality and entrainment
from once-through cooling. evaluating potential fish protection technologies and operational
measures at the facility. scaling potential restoration projects. and/or evaluating the benefits
achieved in reducing IM&E at the facility. However. in March 2007. EPA suspended the Phase
I regulations and directed administrators to determine compliance with 316(b) on a best
professional judgment (BPJ) basis.

This report 1s being submitted to provide the San Diego Regional Water Quality Control Board
(SDRWQCB) with information that it can use in its determination in regards to 316(b) issues for
EPS. Prior to the Phase Il Rule. 316(b) decisions were based on precedents from case law and on
USEPA’s (1977) draft “Guidance for Evaluating the Adverse Impact of Cooling Water Intake
Structures on the Aquatic Environment: Section 316(b) P.L. 92-500." As Section 316(b) requires
that an intake technology employs the ‘"best technology available™ (BTA) for minimizing
"adverse environmental impacts’ (AEI) there are two steps in determining compliance:

1. Whether or not an AEI is caused by the intakes and. if so.

2. What mtake structure represents BT A to minimize that impact.

The usual approach for a 316(b) demonstration would be to consider the question of BTA only if

a determination has been made that a facility 1s causing an AEL. The purpose of this report is to
assess the potential for AEI from the operation of the EPS cooling water intake system (CWIS).
The two primary impacts of a once-~through power plant CWIS are impingement of juvenile and
adult life stages of fishes. shellfishes. and other organisms on screens at the openings to the
CWIS. and entrainment of smaller organisms. usually larval forms of fishes and shellfishes. and
other forms of plankton. through the CWIS. This report provides a characterization of the fish
and invertebrate species subject to entrainment and impingement at the EPS. information on the
levels of IM&E at the EPS. and a discussion on the level of significance of the IM&E losses.
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Figure S-1. Encina Power Station location map

A detailed IM&E sampling plan was developed for these IM&E studies and was previously
submitted to the SDRWQCB in August 2004. The sampling plan was approved by the
SDRWQCB and the sampling was conducted for one year starting in June 2004 and continuing
to June 2005. The study included the following elements:

Taxonomic identifications of all life stages of fishes, shellfishes, and any threatened or
endangered species collected in the vicinity of the CWIS and are susceptible to IM&E.

Characterization of all life stages of the target taxa in the vicinity of the CWIS and a
description of the annual, seasonal, and diel variations in IM&E.

Documentation of the current level of IM&E of all life stages of the target taxa.

The sampling methodologies and analysis techniques were derived from recent impingement and
entrainment studies conducted for the AES Huntington Beach Generating Station (MBC and
Tenera 2005), and the Duke Energy South Bay Power Plant (Tenera 2004).

@ Cabrillo Power ¢ Encina 316(b) Demonstration S-2




Executive Summary

The information in this report is being submitted to assist in the evaluation of fish protection
technologies and operational measures for EPS so that when the issues with the Phase 11 Rule are
resolved, the plant will be prepared to move forward in a timely manner to comply with the Rule.
The information is also important in evaluating the potential for adverse environmental impacts
(AEI) potentially caused by impingement and entrainment. In support of this approach to
compliance, the assessment of the IM&E study focuses on determining if impingement and
entrainment losses pose any significant risk of AEI to the species and life stages of fish and
shellfish impinged or entrained.

Detailed summaries of each component of the study are presented in the following sections. The
following are brief summaries of the major findings of the study:

o The preliminary results from the IM&E sampling were used to identify 14 taxonomic
groups or species of fishes and four taxonomic groups or species of shellfishes that were
analyzed in greater detail in this report based on their abundances in the samples or
importance to commercial or recreational fisheries. The process of identifying the group
of fishes and shellfishes was done collaboratively with staff from the San Diego Regional
Water Quality Control Board, California Department of Fish and Game, and National
Marine Fisheries Service.

¢ The biological data and the actual cooling water flows measured from June 2004 through
May 2005 from Units 1-5 were used to estimate that 3.63 billion fish larvae, and 162,000
target invertebrate larvae were entrained during the year. Two groups of fishes, gobies
and blennies, comprised over 91% of the total entrainment.

e Data from sampling in the source waters of Agua Hedionda Lagoon and the nearshore
areas around EPS were used to determine the potential effects on larval populations using
a model that estimates the additional mortality on a population caused by entrainment.
Except for the fishes that primarily inhabit the bay and harbor habitat of Agua Hedionda
Lagoon where the intake is located, the estimated effects were very low and would not
present any risk of AEI because these fishes are primarily associated with other habitats
not affected by EPS entrainment.

e Due to the high estimated entrainment mortality for fishes resident in Agua Hedionda
l.agoon, a series of special studies were done to determine the status of the adult
populations. The results of the studies, comparisons with data from other similar lagoon
habitats, and comparisons with previous entrainment data at EPS all indicated that the
levels of entrainment were not resulting in AEI to these fish populations. In general. these
fish groups are limited by available adult and not larval supply that is affected by
entrainment.

e A total of 101 species of fishes. sharks and rays was impinged, with the top five species
by numbers being topsmelt, shiner surfperch, deepbody anchovy. queenfish, and
silversides. The top five species by weight were California butterfly ray, topsmelt, shiner
surfperch, round stingray, and white seabass.
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o The survey estimates from normal operations sampling and the samples collected during
heat treatment operations were used to calculate that 4,358 kg (9,607 1b) of fishes were
impinged during the June 2004 through May 2005 period with aimost half of the biomass
(2,035 kg [4.486 1b]) collected during the six heat treatments.

e The low level of impingement at EPS would not represent an AEI to fish or shellfish
populations as the total losses are small relative to the total populations. Direct
impingement losses (fish and macroinvertebrates) from both normal operations and
tunnel heat treatments were equivalent to $4,749-$6,189 using 2005 commercial value
data.

¢ No threatened or endangered fish or shellfish were collected during this or previous
IM&E sampling at EPS.

Effects of Impingement and Entrainment

The withdrawal of water by once-through circulating water systems can affect biological
resources of the source water body through two processes: impingement and entrainment. Most
circulating water systems, including EPS, employ a primary screening device (‘bar rack’) to
block larger objects from entering the circulating water system. A secondary screening system
consists of an array of rotating screens with a mesh size of approximately 0.95 cm (% inch).
Fishes and other aquatic organisms large enough to be blocked by these screens become
impinged if the intake velocity exceeds their ability to move away, or if they become entangled
in debris that may be present in front of the CWIS. These organisms remain impinged until the
screens are rotated and backwashed to remove them into a collection basket for disposal. Small
planktonic organisms, including early life stages of larger organisms, pass through the screen
mesh and are entrained into the circulating water flow. These organisms are exposed to velocity
and pressure changes due to the circulating water pumps, increased temperatures and, in some
cases, chlorine exposure through the plant’s condenser tubes. Although most individual
organisms are killed by passage through the cooling water system (CWS), the goal of the studies
is to determine if effects are significant at the population level for the affected species. The
additional mortality rates imposed by the CWS on the high natural mortality rates of early life
stages in most species typically cannot be measured directly in the natural population due to high
natural variability in the ecosystem and must be modeled mathematically to estimate the

potential impacts.

Entrainment and source water plankton net sampling was conducted monthly from June 2004 to
June 2005 at both the intake station and at an array of source water stations. These entrainment
and source water studies were designed to measure monthly variation in the species composition
and abundance of larval fishes, cancer crabs, and spiny lobsters entrained by EPS and are used to
estimate the source water populations at risk of entrainment.

The purpose of the impingement study was to characterize the juvenile and adult fishes and
selected shellfishes (e.g., shrimps, crabs, lobsters, squid, and octopus) impinged by the power
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plant’s CWIS. The sampling program was designed to provide current estimates of the
abundance, taxonomic composition, diel periodicity, and seasonality of organisms impinged at
EPS. In particular, the study focused on the rates (i.e., number or biomass of organisms per cubic
meter of water flowing per time into the plant) at which various species of fishes and shellfishes
were impinged. Impingement rates are subject to tidal and seasonal influences that vary on
several temporal scales (e.g., hourly, daily, and monthly), while the rate of circulating water flow
varies with power plant operations and can change at any time.

The species analyzed in this report are limited to those that were sufficiently abundant to provide
reasonable assessment of impacts. For the purposes of this study, assessments were generally
limited to the most abundant fishes and shellfishes that together comprised 90% of all larvae
entrained and/or juveniles and adults impinged by the generating station. However, certain
species that were not abundant in the samples but had particular fishery value, such as California
halibut and California spiny lobster, were also reviewed.

Entrainment Results

A total of 20,601 larval fishes representing 41 taxa was collected from the EPS entrainment
station during 13 monthly surveys in the 2004-2005 sampling period. Gobies (CIQ goby
complex) and blennies comprised over 90% of all specimens collected, with anchovy larvae the
third most abundant taxon at approximately 4%. The greatest concentrations of larval fishes,
primarily gobies. occurred during the August 2004 survey and the fewest occurred in December
2004. Larvae tended to be more abundant in samples collected at might than those collected
during the day. Target shellfishes collected included only a single Cancer crab megalops and no
larvae of spiny lobster, octopus or market squid.

Total annual entrainment was estimated to be 3.63 x 10’ fish larvae from June 2004 through May
2005 using actual EPS cooling water flow for the calculations and 4.49 x 10’ fish larvae during
the 12 months using the maximum design flow for the EPS CWS. This equates to a 23.9%
difference between the estimated entrainment using actual and design power plant intake flows.
A summary of the annual numbers of the common larvae entrained by EPS, standardized by the
actual volumes of cooling water utilized, are presented in Table S-1.

The highest entrainment occurred for larvae of lagoon species. Gobies and blennies, both small
botiom-dwelling forms common in southern California lagoons, comprised the vast majority of
entrained fish larvae at EPS. Entrainment losses represented nearly forty percent of the source
water population of goby larvae and twenty percent of the blenny larvae ( Py value in Table S-1).
These two species primarily inhabit the sheltered waters inside Aqua Hedionda Lagoon. The
high losses result from the large volume of the water used by the CWIS relative to the volume of
the lagoon. Despite these high losses other sampling associated with the study showed that adults
of these species were abundant in the lagoon.

In contrast with these small. non-fishery species, that are primarily associated with the habitat
inside Agua Hedionda Lagoon, species of fishery interest that are more broadly distributed
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across several habitats such as white croaker. white seabass. queentish, and halibut had relatively
few or no larvae entrained. As a result, these fishes incurred only small fractional losses (<2%)

compared to source water populations or when projected to equivalent adults using demographic-
based models.

Table S-1. Estimated numbers of common larval and post-larval fishes entrained and impinged at EPS
based on actual cooling water flows from June 2004 through May 2005. and calculated equivalent adults
or proportions of source water populations. Taxa include those that together comprised over 90% of
individuals entrained or impinged. or were selected for fishery interest.

Entrainment AEL FH Impingement
Estimate Estimate  Estimate Impingement (Annual

(Annpual # (Annual# (Annual # (Annual # All  Biomass kg.

Taxon Common name Larvace) Adults) Adults) Py (%0 sources) All sources)
Atherinopsidae silversides 7.936.121 - — - 68.519 449.74
Atractoscion nobilis white scabass 0 - - - 2,102 408.12
‘J:f‘,’“’”J)’u’“’,’“/f""?”””‘:m C1Q goby complex  2.215.477.217 1.632.666 1.881.458 3980 0 0.00
Cyvmatogaster aggregata  shiner surfperch na - - - 37.664 393.84
Ingraulidac anchovies 120.661.087 15.546 3.089 0.335 16.262 354.74
Gemvanemus Hineatus white croaker 6.924.470 - - 0.29 36 1.28
Ihvperprosapon argenteum walleye surfperch na - - - 5.586 248.55
Fhpsoblennius spp. blennies 1.098.083.615 2.430.084 375354 19.40 807 1.69
Hipsvpops rubicundus garibaldi 20.287.640 = - 4482 5 1.90
Yaralabrax spp. sand basses 2.520.619 - - - 7.968 198.81
Paralichthvs californicus  California halibut 3.752.551 - 4 0.32 612 15.44
Roncador stearnsii spotfin croaker 9.554.139 = = 157 1351 80.76
Sardinops sagax Pacitic sardine 2.484.208 = = = 8.313 35.36
Seriphus politus queentish 6.746.448 = = 0.90 9.479 70.43

Shellfis.

Cancer spp. Cancer crabs 162,150 - - - 961 5.22
Panulirus interruptus Cal. spiny lobster 0 == - - 22 1.86
Loligo opalescens market squid 0 == - - 0 0.00
Octopus spp. octopus 0 - = = 497 69.46

Impingement Results

A total of 19.408 fishes representing 96 taxa was collected during normal operation impingement
sampling at the EPS traveling screens during 52 weekly surveys in the 2004-2005 sampling
period. These fishes had a combined weight of 351.7 kg (775 Ib) which. when projected over a
one-year period based on actual power plant flow rates. equaled losses of 2.323 kg (5.123 Ib) of
biomass for fish collected from both the traveling screens and bar racks. Coupled with a nearly
equal amount of fish biomass collected during six tunnel shock treatments over the study. the
total fish biomass from all plant mortality sources was estimated at 4.358 kg (9.608 Ib) annually.

The highest impingement rates were for open-water fish species and least for bottom-dwelling
species. The numerically most abundant fishes collected during the normal operations
impingement sampling included topsmelt. shiner surtperch. deepbody anchovy. queentfish.

\
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salema, and slough anchovy. These six species comprised about 70% of all the fishes impinged
during normal operations. Round stingray, bat ray and California butterfly ray were not abundant
compared to other impinged species, comprising approximately 1% of the individuals, but they
accounted for nearly 30% of the biomass due to their large individual size. Impingement rates for
most species were generally higher during nighttime.

The numerically most abundant fishes collected during the tunnel shock sampling included
deepbody anchovy, shiner surfperch, topsmelt, California grunion, Pacific sardine, and
jacksmelt. These six species comprised about 80% of the total number of fishes collected during
the tunnel shock surveys. The fishes with the greatest weight impinged during the tunnel shocks
were white seabass, round stingray, deepbody anchovy, shiner surfperch, walleye surfperch, and
spotted sand bass. The impingement of white seabass during heat shocks occurs due to releases
of fishes from the Hubbs Sea World Research Institute in the days or weeks prior to the
procedure. The impingement of these fishes has been significantly reduced by coordinating the
releases so they do not occur in the period (2-3 weeks) directly before a tunnel shock.

Impact Analysis

The operation of the cooling water intake system during the 2004—2005 12-month study period
resulted in an annual estimated impingement of 120,354 fish weighing 2,168 kg (4,780 Ib), and
an estimated 13.083 macroinvertebrates weighing 117 kg (258 Ib) collected from the traveling
screens during normal operations. In addition there were numerous “non-shellfish™ invertebrate
taxa such as small mollusks, hydroids, and other categories of non-edible invertebrates that were
impinged mainly as a result of detachment from the bar racks and tunnel walls. Periodic heat
treatment operations used to control the growth of fouling organisms on the tunnel walls resulted
in losses of 94,991 fish weighing 2,034 kg (4,484 1b), and 1,384 shellfish weighing 19 kg (42 Ib)
during the study period. There are no source population estimates for impinged species with
which to compare losses on a population level.

Impacts to SCB fish and invertebrate populations caused by the entrainment of planktonic larvae
through the EPS CWIS can only be assessed indirectly through modeling. These impacts are
additive with the direct impingement losses. Two taxa, CIQ goby complex and combtooth
blennies, comprised 90% of all entrained fish larvae. Of the ten most abundant fish species
entrained at EPS, only one (anchovies) has any direct commercial or recreational fishery value.
All of the abundantly entrained species with the possible exception of garibaldi, Hypsypops
rubicundus. can be considered forage species for larger predatory fishes, sea birds, or marine
mammals. Approximately 40% of the 38 different fish taxa entrained belonged to species with
some direct fishery value (e.g., anchovies, croakers, sand basses, Califorma halibut) even though
most of those were very infrequent in the samples. Because of their low abundance in the
samples, most of these taxa were not modeled for potential impacts. An exception was California
halibut, which was addressed because of its commercial and recreational fishery importance.
Even with a total estimated annual entrainment of nearly 4 million larvae the power plant
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impacts to this species were negligible, amounting 10 a mean of four to six females at an age of
2.5 years.

The ETM procedure estimates the annual probability of mortality due to entrainment (Pyy). It puts
the entrainment estimate into context by comparing it with a known source population at risk of
entrainment. The greatest Py estimate for a target taxon was for the CIQ goby complex with a
predicted fractional larval loss of 39.8%. The next greatest probabilities of mortality were for
combtooth blennies (19.4%) and garibaldi (14.4%). The distance of shoreline potentially affected
by entrainment is directly proportional to the estimate of time that the larvae are exposed to
entrainment. All three of these species had local populations primarily located in the habitats of
Agua Hedionda Lagoon, and most larvae were entrained at sizes that indicated they were
recently hatched. Other modeled species with primarily nearshore (non-lagoon) distributions,
such as white croaker and queenfish, had P,, estimates below 2%. Even in a heavily exploited
commercial species these levels of additional mortality would be considered very low, especially
when the populations of these species extend over a much larger geographic range than the
extrapolated source water bodies. No invertebrate taxa were modeled for entrainment impacts
due to the low abundance of the target taxa (e.g., spiny lobsters, Cancer crabs).

Compared to the IM&E study at EPS conducted by SDG&E in 1979-1980, goby larvae were
approximately five times more abundant in the recent entrainment samples while combtooth
blenny larvae were nearly twenty times more abundant. This may be attributed to a greater area
of shallow mudflat habitat in AHL due to watershed erosion and sedimentation, and the addition
of aquaculture float structures that provide potential habitat for combtooth blennies. Anchovy
and croaker larvae were significantly more abundant in the earlier study, probably due to a cooler
water climatic regime in the Southern California Bight (SCB) that favored increased populations
of these taxa. Surfperches, topsmelt and anchovies were the most vulnerable taxa for
impingement during both studies. Annual impingement of fish biomass (normal operations and
heat treatments) was similar in both studies—approximately 4.202 kg (9.263 Ib) in 2004-2005
compared to approximately 3,820 kg (8,421 Ib) in 1979-1980.

The conclusion that the levels of entrainment and impingement at EPS are not resulting in any
AEI to fish or shellfish populations is consistent with a recent review on population-level effects
on harvested fish stocks (Newbold and lovanna 2007). They modeled the potential effects of
entrainment and impingement on populations of fifteen fish stocks that are targeted by either
commercial or recreational fisheries using empirical data on entrainment and impingement, life
history, and stock size. Their model indicated that the effects of theoretically removing all of the
sources of power plant entrainment and impingement were very low for most species. They
attributed the absence of large effects for most species to compensatory mechanisms that are
probably acting on the populations at some level. If there is strong density dependence acting on
these populations during the life stages from the period when they are vulnerable to entrainment
as larvae through the age of maturity, then they concluded that there should be very lttle
potential for population-level effects due to entrainment and impingement. The results for gobies
from the studies conducted in AHL provide evidence of strong density dependence at
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recruitment which helps explain the apparent absence of any effects on local populations of this
group despite the high levels of entrainment mortality.
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1.0 Introduction

The Encina Power Station (EPS) is a fossil-fueled steam electric power generating station that
began operation in 1954. EPS has been owned and operated by Cabrillo Power 1 LLC (Cabrillo
Power) since May 22, 1999 and was previously owned by San Diego Gas and Electric Company
(SDG&E). EPS is located in the City of Carlsbad, California, adjacent to the Agua Hedionda
Lagoon on the Pacific Ocean and approximately 30 miles north of the City of San Diego.
Figure 1-1 depicts the location of the facility and the cooling water intake and discharge points
relative to the shoreline. Cooling water is withdrawn from the Pacific Ocean via the Agua
Hedionda Lagoon and circulated once through the EPS CWS to condense freshwater steam used
in power production. The combined cooling and service water design flow is 857 million gallons
per day (mgd) at full operating capacity. After passing through the plant, the heated seawater is
discharged to the ocean through a shoreline forebay and conveyance channel.

Cooling water intake systems are regulated under Section 316(b) of the federal Clean Water Act.
The U.S. Environmental Protection Agency (EPA) established new regulations for Section
316(b) that were published in the Federal Register on July 9, 2004 and became effective on
September 7, 2004. The new regulations were applicable to large existing power plants (Phase 11
facilities) with daily cooling water volumes in excess of 50 mgd. Due to the design, location,
operating characteristics of the EPS, and cooling water volume capacity that exceeds 50 mgd it is
subject to these new regulations. The new regulations were challenged by a coalition of
environmental groups and the case was heard by the Second U.S. Circuit Court of Appeals. The
court rendered a decision in January 2007 that remanded several key components of the
regulations back to the EPA. In March 2007 the EPA issued a memorandum suspending the rule
and directing that all permits for Phase Il facilities implement 316(b) on a case-by-case basis
using “best professional judgment™ (BPJ). The language of the memorandum was expanded and
published in the Federal Register in July 2007 (Volume 72, 130:37107-37109).

The studies presented in this report were conducted in partial fulfillment of the requirements of
the new regulations. With the suspension of the Phase II regulations, the results of the studies
will be used to determine if impingement and entrainment losses pose any significant risk of
adverse environmental impact (AEI) to the species and life stages of fish and shellfish impinged
or entrained. The absence of any significant impacts would be a technically sound basis under
BPJ for determining that the cooling water intake structure represents the best technology
available for minimizing adverse environmental impacts. This would allow any additional
requirements to further reduce impingement and/or entrainment to be deferred until issues with
the Phase Il Rule are resolved.
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1.1 Background

1.1.1 Section 316(b) of the Clean Water Act

Section 316(b) of the Clean Water Act (CWA) requires that the location, design, construction,
and capacity of cooling water intake structures (CWIS) reflect the best technology available
(BTA) to minimize adverse environmental impacts (AEI) due to the impingement (IM) of
aquatic organisms (i.e., fish, shellfish, and other forms of aquatic life) on intake structures and
the entrainment (E) of eggs and larvae through cooling water systems. On July 9. 2004, the U.S.
Environmental Protection Agency published the second phase of new regulations under §316(b)
of the Clean Water Act (CWA) for cooling water intake structures (CWIS) that apply to existing
facilities (Phase Il facilities). The Phase Il Final Rule went into effect in September 2004, and
applies to existing generating stations with CWIS that withdraw at least 50 million gallons per
day (mgd) from rivers, streams, lakes, reservoirs, oceans, estuaries, or other waters of the United
States. The regulations required all large existing power plants to reduce impingement mortality
by 80-95% and to reduce the number of smaller aquatic organisms drawn through the cooling
system by 60-90% when compared against a ‘‘calculation baseline”. The water body type on
which the facility is located, the capacity utilization rate, and the magnitude of the design intake
flow relative to the waterbody flow determine whether a facility will be required to meet the
performance standards for only impingement or both impingement and entrainment (IM&E). The
final rule allowed these performance standards to be met through using the existing intake
design, additional intake technologies, operational modifications, and restoration measures.
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Figure 1-1. Encina Power Station location map

The Phase Il regulations provided power plants with five options for meeting the performance
standards, but unless a facility could show that it could meet the standards using the existing
intake design or were installing one of the approved EPA technologies for IM&E reduction, it
was required to submit information documenting its existing levels of IM&E. Existing data that
may have previously been collected at the facility or a similar facility nearby could be used to
document the levels of IM&E. The data were required to be submitted in an IM&E
Characterization Study that was one component of the 316(b) Comprehensive Demonstration
Study (CDS) required under the Phase II regulations. The impingement mortality component of
the studies was not required if the through-screen intake velocity for a plant is less than or equal
to 0.5 feet per second (ft/s) (15 centimeters [cm] per second). The entrainment characterization
component was not required if a facility:

1. Has a capacity utilization rate of less than 15%;
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2. Withdraws cooling water from a lake or reservoir, excluding the Great Lakes: or

3. Withdraws less than 5% of the mean annual flow of a freshwater river or stream.

Based on previously collected intake velocity measurements and plant operating characteristics,
both of the IM&E components of the study were required at the EPS. Previous 316(b)
entrainment and impingement studies were done at EPS (SDGE 1980) that are described in
Section 1.2. Due to the time period since the original data were collected, a Study Plan for new
IM&E studies was developed and submitted to the San Diego Regional Water Quality Control
Board (SDRWQCB) in September 2004 (Appendix A). The sampling plan was approved by the
SDRWQCB and the sampling was done for one year starting in June 2004 and continuing to
June 2005. The study included the following elements:

¢ Taxonomic identifications of all life stages of fishes, shellfishes, and any threatened or
endangered species collected in the vicinity of the CWIS and are susceptible to IM&E.

e Characterization of all life stages of the target taxa in the vicinity of the CWIS and a
description of the annual, seasonal, and diel variations in IM&E.

¢ Documentation of the current level of IM&E of all life stages of the target taxa.

The goal of the study was to characterize the fishes and shellfishes affected by impingement and
entrainment by the EPS CWIS. The studies examined losses at the EPS resulting from
impingement of juvenile and adult fishes and shellfishes on traveling screens during normal
operations and during heat treatment operations, and entrainment of ichthyoplankton and
shellfishes into the cooling water intake system. The sampling methodologies and analysis
techniques were derived from recent impingement and entrainment studies conducted for the
AES Huntington Beach Generating Station (MBC and Tenera 2005), and the Duke Energy South
Bay Power Plant (Tenera 2004).

The study was completed prior to the publication of the Second U.S. Circuit Court of Appeals
Decision on the 316(b) Phase II regulations issued on January 25, 2006. The Court decision was
the result of a lawsuit brought against the EPA by several states, environmental groups, and
power companies challenging multiple aspects of EPA’s final Phase 1l rule. The decision
supported the petitioners contention that EPA exceeded its authority in rejecting closed-cycle
cooling, and selecting instead a range of technologies as BTA that were based on the agency’s
use of improper cost-benefit analysis. Nevertheless, the Court found that EPA may consider
costs to determine what technologies arc reasonably available. The Court also criticized the
EPA’s selection of the suite of technologies as BTA, remanding to the EPA the provision
establishing BTA and requiring more explanation on the basis for the agency’s decision or a new
determination of BTA based on appropriate considerations. The Court also remanded to EPA
certain provisions in the Phase Il rule that set performance standards to be achieved through
compliance measures, and provisions that allowed compliance through the use of restoration
measured in lieu of BTA.
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The EPA issued a memorandum to its Regional Offices dated March 20, 2007. This
memorandum announced that EPA was withdrawing the 316(b) Phase Il Rule for existing steam
electric generating stations in its entirety based on the Court decision. The memorandum further
directed EPA Regional Offices to implement 316(b) in NPDES permits on a “Best Professional
Judgment” (BPJ) basis until the issues raised by the Court decision are resolved. EPA is
currently considering several alternatives for responding to the Court decision and it may be
several years before it is resolved either through further litigation and/or Rulemaking. The
guidance in this memorandum was published in the Federal Register on July 9, 2007 (Volume
72, 130:37107-37109).

The information in this report is being submitted to assist in the evaluation of fish protection
technologies and operational measures for EPS so that when the issues with the Phase I1 Rule are
resolved, the plant will be in a position to move forward in a timely manner to comply with the
Rule. The information is also important in evaluating the potential for AEI potentially caused by
impingement and entrainment. In support of this approach to compliance, the assessment of the
IM&E study focuses on determining if impingement and entrainment losses pose any significant
risk of AEI to the species and life stages of fish and shellfish impinged or entrained. The AEI
assessment in this report is based on previous EPA guidance on 316(b) (EPA 1977) and focuses
on evaluating the following:

e Potential impacts that could pose a risk to populations of any impinged or entrained
species.

e I[mpacts to the local commercial or recreational fishery.

e Any impacts to a protected species.

For entrained and juvenile species the analysis will provide estimates of adult losses for a
representative set of commercial and recreational species. For forage species, estimates of the
reductions to commercial and recreational species will be made due to the reduction in biomass
as a result of impingement and entrainment. Demonstrating no significant risk of AEI would be a
technically sound basis to defer requirements for reducing impingement and/or entrainment until
issues with the Phase Il Rule are resolved. The rationale and approach for the impact assessment
in this report and the results and conclusions from our analysis are provided in Section 5.0.

1.2 Effects of Impingement and Entrainment: Overview

The withdrawal of water by once-through circulating water systems affects biological resources
of the source water body through two processes: impingement and entrainment. Most circulating
water systems employ some type of primary screening device (‘bar rack’) to block larger objects
from entering the circulating water system. Smaller secondary screening systems generally
consist of an array of rotating screens with a mesh size of approximately 0.95 ¢cm (3% in) to 1.6
cm (% in). Fishes and other aquatic organisms large enough to be blocked by these screens may
become impinged on the screens if the intake velocity exceeds their ability to move away, or if
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they become entangled in debris that may be present in front of the CWIS. These organisms will
remain impinged against the screens until the intake velocity is reduced so the organisms can
move away or the screen is rotated and backwashed to remove them into a collection basket for
disposal. Small planktonic organisms, including early life stages of larger organmisms, pass
through the screen mesh and are entrained into the circulating water flow. These organisms are
exposed to velocity and pressure changes due to the circulating water pumps. increased
temperatures and, in some cases, chlorine exposure through the plant’s condenser tubes.
Although most individual organisms are killed by passage through the CWIS, the ultimate goal
of the studies is to determine if effects are significant at the population level for the affected
species. The additional mortality rates imposed by the CWIS on the high natural mortality rates
of early life stages in most species typically cannot be measured directly due to the high natural
variability of the populations and the marine environment.

In 1980, San Diego Gas and Electric (SDGE) owned and operated the EPS. A 316(b)
demonstration was conducted for the facility (SDGE 1980) as required at the time by the
SDRWQCB. The study included descriptions of the facility, descriptions of the physical and
biological environment of Agua Hedionda Lagoon and surroundings, studies of entrainment,
impingement, and entrainment survival at the plant, and an environmental impact assessment that
also evaluated the feasibility of alternative intake technologies to reduce IM&E.

A list of taxa (“critical species™) that included 16 adult/juvenile fishes, 11 larval fishes, and one
invertebrate zooplankton species, were selected based on six criteria and approved by the
SDRWQCB for detailed study during the program. Some additional species that were found to
be common in the subsequent sampling were also added to the list. The report reviewed the life
histories of the critical species.

1.2.1 Entrainment

A one-year entrainment and source water characterization study was conducted beginning in
1979 as part of the 316(b) demonstration studies at the EPS. Plankton samples were collected
monthly at five offshore stations using 505 and 335 micron mesh nets attached to a 2 ft diameter
bongo net system. Collections were also made monthly in the Middle and Upper Lagoon
segments and every two weeks in the Outer Lagoon using 1.6 ft diameter nets (505 and 335
micron mesh size). Entrainment samples were also collected every two weeks using a plankton
pumping system in front of the imakes. Although most samples were collected during daylight
hours some samples were occasionally taken in the evening or early morning hours.

Anchovies (primarily deep body and northern) were the most abundant larval forms in both the
source water and entrainment samples, followed by croakers and sanddabs (Table 1-1). There
were fewer fish eggs and more goby larvae in the entrainment samples whereas kelp and sand
bass larvae were substantially more abundant in the combined source water samples from the
Lagoon and offshore. Overall the average composition between the entrainment and source water
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data sets were very similar for the ten most abundant taxa. Only English sole, Parophrys vetulus,
larvae were among the top ten entrainment taxa not represented in the top ten source water taxa.

Table 1-1. Average annual densities during 1979 of the ten most abundant larval fish taxa in
source water and entrainment collections (3351 mesh nets).

Source Water Entrainment

concentration concentration
Common Name Taxon (mean per 100 m*)  (mean per 100 m®)
anchovies Engraulidae 952.7 855.2
croakers Sciaenidae 341.7 400.6
speckled sanddab Citharichthys spp. 73.2 82.7
fish eggs unidentified fish egg 33.8 202
gobies Gobiidae 29.2 429
silversides Atherinopsidae 83 10.8
Wrasses Labridae 6.4 4.0
combtooth blennies Hypsoblennius spp. 6.1 5.7
sea basses Serranidae 5.1 0.9
rockfishes Sebastes spp. 2.8 2.5
English sole Parophrys vetulus 0 1.9

Entrainment losses were calculated for each two-week sampling interval by multiplying the
average plankton densities at the intake by the volume of cooling water drawn through the plant
during that period. Annual, monthly, and daily rates were estimated by averaging the entrainment
estimates for all sampling periods and calculating values for the indicated duration. Annual
estimates for total zooplankton entrainment were 7.4 x 10? (505 u net data) and 30.9 x 10° (335 p
net data) individuals. The copepod Acartia tonsa was the most abundant species in the
entrainment collections.

Annual estimates of the abundance of ichthyoplankton entrained through the power plant were
4.15x10° (505u net data) and 6.66x10° (335u net data) individuals per year. Fish eggs comprised
98% and 86% of the total annual ichthyoplankton entrainment using the 505u and 335 net
estimates, respectively. Through-plant entrainment mortality was assumed to be 100% for larvae
and 60% for eggs based on survival experiments that were conducted. The report presented
average annual densities of the critical species by net type and daily entrainment estimates for
selected plankton groups.

Entrainment impacts were assessed by qualitative comparisons of entrainment losses to the
estimated numbers of larvae in nearby source waters, comparisons of additional power plant
mortality to natural mortality rates, entrainment probabilities based on current studies, and
primary productivity studies. [t was concluded that the entrainment of 1.82x107 fish larvae and
eggs daily was small compared to the egg and larval concentrations measured in monthly
plankton tows in the source water body. It was estimated that average daily losses of planktonic
organisms amounted to about 0.2% of the plankton available within one day’s travel time from
the power plant by current transport. At the seaward entrance to Agua Hedionda Lagoon, a water
parcel was estimated to have a 34% probability of entering the lagoon. The isopleth representing
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10% probability of daily entrainment was calculated to lie near the northern and eastern
extremities of Agua Hedionda Lagoon, and the 70% and 90% entrainment probability isopleths
were calculated to be near the intakes and well within the southern third of the Outer Lagoon.
The modeled isopleths shifted toward the seaward entrance on a flood tide and toward the
Middle Lagoon on an ebb tide. Using the 70% entrainment probability isopleth to define intake
effects, it was shown that the maximum extent of intake effects was about 305 m (1,000 ft) into
the southern end of the Outer Lagoon segment. With natural mortality rates assumed to be 99%
for egg and larval stages of most marine fish species it was concluded that additional mortality
from the EPS was not significant. There was no modeling of entrainment impacts on larvae using
demographic or proportional loss models. It was also concluded, based on results of light-dark
bottle experiments, that entrainment effects on source water primary productivity were
negligible.

1.2.2 Impingement

Impingement of fishes and shellfishes on the traveling screens and bar rack system of the EPS
were monitored daily during normal operations for 336 consecutive days in 1979. The main
method was to obtain abundance and weights from samples accumulated over two 12-hr periods
(daylight and night) each day for all three screening systems at the plant. During this period there
were a total of 79,662 fishes from 76 taxonomic categories weighing a total of 1,395 kg (3.076
Ib) collected. The six highest-ranking fishes by numbers impinged were queenfish, deepbody
anchovy, topsmelt, California grunion, northern anchovy, and shiner surfperch. These are all
open water forms that occur in schools. These six species represented 82% of all fishes impinged
during normal operations sampling.

There were also seven heat treatments conducted during the study period. Heat treatments are
operational procedures designed to eliminate mussels, barnacles, and other fouling organisms
growing in the cooling water conduit system. During a heat treatment, heated effluent water from
the discharge is redirected to the intake conduit via cross-connecting tunnels until the water
temperature rises to approximately 40.4°C (105°F) in the screenwell area. This water
temperature is maintained for at least one hour, during which time all biofouling organisms, as
well as fishes and shellfishes living within the CWS, succumb to the heated water. During heat
treatment surveys, all material impinged onto the traveling screens is removed from the forebay.
During the 1979 studies. the total weight of fishes impinged during these operations was 2,422
kg (5,340 1b). Over 90% of the fishes collected consisted of nine species: deepbody anchovy.
topsmelt, northern anchovy, shiner surfperch, California grunion, walleye surfperch, queenfish,
round stingray, and giant kelpfish. The numbers of fishes resident in the tunnels during heat
treatments was greatest in winter and least in summer.

Shellfishes that ranked high in the total numbers impinged included yellow crab (Cancer
anthonyi) with 2,540 individuals, swimming crab (Portunus xantusii) with 884, lined shore crab
(Pachygrapsus crassipes) with 866, and market squid (Loligo opalescens) with 522. The yellow
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crab and market squid both have commercial fishery value whereas the other two species are
small and are not fished commercially. California spiny lobster, the most valuable invertebrate in
the local commercial fishery, was rare in the samples with only two individuals impinged during
the entire year-long study period.

Most of the species removed by the power plant were widely distributed along the southern
California and Baja California coasts and losses were considered small relative to these
populations. On a local scale, it was calculated that the average daily power plant removal,
including normal operations and heat treatment operations averaged throughout the year, was
about 0.02% of the estimated standing crop in the local study area that extended along a
shoreline distance of 3.6 miles out to a depth of 60 ft, comprising 1.211 acres. The removals also
represented about 0.07% of local commercial fish landings by weight (excluding tuna) from the
area between San Clemente and the Mexican border, and less than 7% of the recreational fishing
landings by numbers annually in the area between Dana Point and the Mexican border.

1.2.3 Supplemental 316(b) Assessment Report-1997

The SDRWQCB issued Order 94-58 in 1994 requiring SDG&E to conduct additional analyses of
data from the 316(b) study conducted in 19791980 (EA Science and Technology 1997). The
supplemental analyses were completed tn 1997. The purpose of the study was to further evaluate
the effects of the EPS cooling water intake on the designated beneficial uses of Agua Hedionda
Lagoon and the Southern California Bight using additional analysis methods.

Estimates of loss were calculated for 17 selected species that included the original 16 “critical
species” identified in the original 316(b) report and also tidewater goby, the only endangered
aquatic species likely to occur in the area. Estimates of adult equivalent loss were calculated for
the three representative species with the highest estimates of entrainment or impingement loss:
northern anchovy, topsmelt, and queenfish. The modeling used life stage-specific estimates of
total mortality to calculate estimates of the number of individual adult fishes which would have
resulted from the young lost to entrainment and impingement under the conservative assumption
of equal survival.

In order to put the entrainment losses in perspective and evaluate the magnitude of potential
impacts, the report considered the life history characteristics of each target species (reproductive
ability, geographic distribution, migratory capabilities) as well as estimates of current population
size or harvest by commercial or sport fishermen. Although the original report touched on these
topics, the 1997 report went into greater detail to evaluate potential impacts. Impacts were
considered at three levels: individual population, overall community, and designated beneficial
uses of the source waterbody.

The report concluded that the potential for adverse impacts from the EPS CWIS on individual
target species was small compared to the sizes of the existing populations and the effects of
fisheries. It similarly concluded that operation of the EPS cooling water intake had not. and
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would not, adversely affect the continued maintenance of balanced aquatic communities or
designated beneficial uses of AHL or the Pacific Ocean in the vicinity of the EPS. Finally, the
report stated that since the existing intake was not causing any adverse environmental impacts as
defined under the CWA 316(b) guidelines that were in effect in 1997, it should be designated as
best technology available.

1.3 Study Design

A plan for IM&E studies that directly addressed the requirement of 316(b) was submitted to the
SDRWQCB in September 2004 following the final publication of the new Rules in July 2004.
The IM&E study plan was submitted as a first step in the facility’s compliance with the new
Phase II rule. The study plan was reviewed by the Board staff and their consultants, Tetra Tech
Inc., and was approved contingent on responding to comments and questions submitted to EPS
by the Board. Comments on the study plan were resolved and the studies continued through June
2005 under the direction of a Technical Advisory Group comprised of staff from the Board, state
and federal resource agencies, EPS, and their consultants. The study design was based on a
survey and compilation of available background literature, results of previously completed
316(b) intake studics, and circulating water system studies at other power plants.

Entrainment and source water plankton net sampling was conducted monthly from June 2004 to
June 2005 at both the intake station and at an array of source water stations. These entrainment
and source water studies were designed to measure monthly variation in the species composition
and abundance of larval fishes, cancer crabs, and spiny lobsters entrained by EPS and were used
1o estimate the source water populations at risk of entrainment.

The purpose of the impingement study was to characterize the juvenile and adult fishes and
selected shellfishes (e.g., shrimps, crabs, lobsters, squid, and octopus) impinged by the power
plant’s CWIS. The sampling program was designed to provide current estimates of the
abundance, taxonomic composition, diel periodicity, and seasonality of organisms impinged at
EPS. In particular, the study focuses on the rates (i.e.. number or biomass of organisms per cubic
meter of water flowing per time into the plant) at which various species of fishes and shellfishes
are impinged. The impingement rate is subject to tidal and seasonal influences that vary on
several temporal scales (e.g., hourly, daily, and monthly), while the rate of circulating water flow
varies with power plant operations and can change at any time.

The organisms analyzed in this report are limited to those that were sufficiently abundant to
provide reasonable assessment of impacts. For the purposes of this study, assessments were
generally limited to the most abundant fish taxa that together comprised 90% of all larvae
entrained and/or juveniles and adults impinged by the generating station. However, certain
species that were not abundant in the samples but had particular fishery value, such as California
halibut and California spiny lobster. were also reviewed.
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1.4 Report Organization

Section 2 of this report describes the operational characteristics of EPS in greater detail, and
provides an overview of the physical and biological environments in the vicinity of the power
station. Methods and results of the entrainment and source water larval study are presented in
Section 3 including assessments for each of the target taxa in separate subsections. A similar
treatment of the impingement studies is presented in Section 4. Finally, a circulating water
system impact assessment is presented in Section 5 that interprets the IM&E results in the
context of resource populations. Seven appendices are also included with the report that include
details on special support studies. sampling and processing procedures, and summarized data
files.

A
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EPS and Source Water Description

2.0 Description of the Encina Power Station and
Characteristics of the Source Water Body

The Encina Power Station (EPS) consists of five steam turbine generating units and a small gas
turbine unit. The steam turbines units are primarily fueled by natural gas, but have the capability
to be powered by fuel oil. Net generating capacity of the individual steam turbine units ranges
from 104 megawatts (MW) 1o 315 MW (Table 2-1). The gas turbine has a net generating
capacity of 16 MW. Units 1-3 began operating in the 1950s, the gas turbine was added in 1968,
and Units 4 and 5 went on line in 1973 and 1978, respectively.

2.1 Description of the Encina Power Station Cooling Water
System

Cooling water for each of the five steam electric generating units is supplied by two circulating
water pumps (CWP) that range in capacity from 24,000 to 104,000 gallons per minute (gpm)
(90.85-393.68 m’/min) depending on the unit’s generating potential and the associated cooling
requirements. This water is primarily used to cool the plant’s steam condensers, where steam is
condensed back to water as part of the power production cycle. Each unit is also equipped with a
number of smaller saltwater service pumps (SWSP) that supply water for a variety of purposes
(cooling of small capacity heat exchangers, lubrication of rotating equipment, etc.). The quantity
of cooling water circulated through the plant is dependent upon the number of units in operation.
With all units in full operation, the cooling water flow through the plant is 2,253 m*/min
(595,200 gallons per minutes [gpm]) or 3,244,140 m*/day (857 mgd) based on the manufacturer
ratings for the circulating water and saltwater service pumps (Table 2-1).

Table 2-1. Encina Power Station generation capacity and cooling water flow volume.

Net Generating Circulating Service Water

Unit Capacity \f}/al.er Flow Flow m*/min mgs:: (l:r:l‘)g‘;)'
(MWe) m*/min (gpm) (gpm)
] 107 182 (48,000) 11 (3,000) 278,000 (73)
2 104 182 (48.000) 11(3,000) 278.000 (73)
3 110 182 (48,000) 23 (6,000) 294,320 (78)
4 287 757 (200,000) 49 (13,000} 1,160.940 (307)
5 315 787 (208.000) 69 (18,200) 1,232,880 (326)
Gas Turbine’ 16 - - -
Total 939 2,090 (552,000) 163 (43,200) 3,244,140 (857)

! Toal flow including circulating water and saltwater service pumps.
5 . . g .
= Gas turbine units do not utilize once-through cooling water sources.
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2.1.1 Intake System

Cooling water for all five steam-generating units is supplied through a common intake structure
located at the southern end of the outer segment of Agua Hedionda Lagoon, approximately
915 m (3,000 ft) from the opening of the lagoon to the ocean (Figure 2-1). Seawater entering the
cooling water system passes through metal trash racks on the intake structure, with vertical bars
that are spaced about 8.9 cm (3% in) apart (Figure 2-2). The bars prevent large debris that could
potentially clog or damage plant equipment from entering the system. The trash racks are
cleaned periodically to remove impinged debris. Water velocity approaching the trash racks
varies with the number of pumps that are in operation, water depth (tide level), and the quantity
of debris impinged on the racks (percent occlusion). Approach velocity is measured annually as
required by the power station’s National Pollutant Discharge Elimination System (NPDES)
Permit CAQ001350. Most recently the approach velocity was measured on November 16, 2005.
Average approach velocity at that time was 43 cm/sec (1.4 fi/sec). Tide level was 2.2 meters (7.1
feet) above MLLW at the time the measurements were made and eight of the ten CWP were in
operation (Unit 4 was in the midst of an outage and its two pumps were shutdown). The
cleanliness of the trash racks (percentage of the openings between bars occluded by debris) at
that time is not known. Using the measured velocity and adjusting the flow volume to simulate
maximum flow (all CWP and SWSP in operation) yields a calculated maximum approach
velocity of 67.1 ecm/sec (2.2 fi/sec) at the same tide height. Adjusting the tide height to mean sea
level (MSL) provides a calculated approach velocity of 88.4 cm/sec (2.9 ft/sec) at maximum
flow volume.

Behind the trash racks the intake tapers into two 3.7 m (12 fi) wide tunnels that further split into
four 1.8 m (6 fi) wide inlet tunnels (Figure 2-3). Inlet tunnels 1 and 2 provide cooling water for
Units 1, 2 and 3, while inlet tunnels 3 and 4 supply cooling water to Units 4 and 5, respectively.
Vertical traveling water screens {TWS) are positioned immediately upstream of the CWP and
SWSP to prevent fish and debris from entering the CWS and potentially clogging the
condensers. There are two traveling screens for Units 1, 2 and 3, two screens for Unit 4, and
three screens for Unit 5.

Each TWS consists of a continuous vertical belt of wire mesh panels through which the cooling
walter flows (Figure 2-4). The mesh size of the screens for Units 1-4 is 0.95 cm (3% in), while the
mesh size for Unit 5 is 1.6 cm (% in). Debris larger than the mesh is sieved from the flow stream
and held on the screen panels until the TWS is placed in motion. The screens can be operated
manually or activated automatically when a specified pressure differential is detected across the
screens due to the accumulation of debris. When the specified pressure is detected, the screens
rotate upward and the material on the screen is lifted out of the cooling water flow stream. A
screen wash system (70-100 pst), located at the head of the screen, washes the debris from each
screen panel into a trough, which empties into collection baskets where it is accumulated prior to
disposal.
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The velocity of the water as it approaches the traveling screens has a large effect on impingement
and entrainment and varies depending on the number of pumps operating, tidal level, and
cleanliness of the screen faces. Maximum approach velocities were calculated at high and low
tide, with all pumps operating and clean screens, during the previous 316(b) study conducted in
1979 and 1980, and are presented in Table 2-2.

Table 2-2. Calculated maximum approach velocities in front of the Encina Power
Station traveling screens with all CWP and SWSP in operation and 100 percent
clean screens.

Calculated Maximum Approach Velocity (cm/sec) |ft/sec]

Unit Screen High Tide Low Tide
1 21.3[0.7] 36.6 [1.2]
2 21.3[0.7] 36.6 [1.2]
3 21.3[0.7] 36.6 [1.2]
4 30.5[1.0] 48.8 [1.6]
5 21.3[0.7] 335111

2.1.2 Discharge System

After passing through the traveling screens, the cooling water is pumped through the condensers
of the individual generation units. At the condensers, heat is transferred from the steam exiting
the plant’s turbines (passing over the outside of the condenser tubes) to the seawater (passing
through the inside of the condenser tubes). condensing the steam back to water (condensate).
Units 1-3 have dual-pass condensers (U-shaped tubes that pass through the condenser twice)
made up of numerous aluminum-brass condenser tubes, each with an inside diameter (ID) of
about 2.2 cm (7 in). Units 4 and 5 have singlke-pass condensers with 2.5 cm (1 in) ID tubes made
of copper-nickel alloy.

When operating at full power, Units 1-5 transfer approximately 4,805 x 10° Btuw/hr into the
cooling water with a resultant temperature increase (delta-T) of about 10°C (18°F). Delta-T can
vary, however, depending upon the individual units that are in operation (heat transfer
characteristics differ between units), ambient seawater temperature, fluctuations in cooling water
flow (due to tidal influences and debris clogging). and the cleanliness of each unit’s condenser.
A maximum delta-T of 11°C (20°F) can be experienced under certain conditions.

Heated seawater exiting the condensers flows into a common discharge conduit that empties into
an open discharge pond located to the west of the intake structure (Figure 2-3). Water from the
discharge pond flows through a culvert under Carlsbad Blvd. and a discharge canal that leads
across the beach and out into the ocean. The temperature of the cooling water discharged from
Encina Power Station is regulated under the specifications of NPDES permit. The permit places
limits on the chemical constituents and thermal characteristics of the plant’s discharge plume.
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The terms of the permit specify that the temperature of the combined discharge shall not average
more than 11.1°C (20°F) above that of the incoming water during any 24-hour period, and the
combined discharge shall not, at any time, exceed 13.9°C (25°F) above that of the incoming
lagoon water. A special provision to these discharge limitations is made to accommodate the
higher discharge temperatures that result during heat treatment of the cooling water intake
conduits (Section 2.1.3-Biafouling Control). The permit specifies that during heat treatment,
heat added to the cooling water shall not cause the temperature of the combined discharge to the
ocean to exceed 48.9°C (120°F), and that this maximum temperature shall not be maintained for
more than two hours.

2.1.3 Biofouling Control

Cooling water entering the power plant contains a myriad of planktonic organisms that are too
small to be filtered from the water flow by either the trash racks or the traveling screens. Some of
these organisms can cause problems that, at a minimum, reduce the operating efficiency of the
power plant and, at their worst, can require that the power plant be taken off line and shut down
for maintenance. These organisms can be divided into two major groups, microfouling
organisms, such as bacteria, fungi, and algae, and larger macrofouling organisms including
barnacles, mussels (and other bivalves), and hydroids.

The primary problem caused by the microfouling organisms is the formation of a slime layer on
the inner surface of the condenser tubes. This insulating microfouling layer interferes with heat
transfer between the condenser tube and the cooling water flow. This decreases the efficiency of
the condenser and degrades the power production capabilities of the plant. EPS uses periodic
injections of the oxidizing biocide sodium hypochlorite (chlorine bleach) to control slime in the
condenser tubes. Sodium hypochlorite is produced electrolytically at the plant from sodium
chloride in the seawater. Seawater from the intake is pumped through each of two
hypochlorinators, which are comprised of electrolytic cell modules arranged in series. The
hypochlorite produced is fed into a holding tank where it is diluted with intake water. When
needed, the sodium hypochlorite solution is injected to the cooling water conduit immediately
upstream of the cooling water and saltwater service pump suctions for each unit. Each injection
point is individually controlled, which allows each generating unit to be treated separately while
the other units provide diluting water flow to the chlorinated discharge. Chlorination is
conducted each day on a timed cycle for about five minutes per hour per unit. This method of
chlorination results in a minimal chlorine residual in the cooling water being discharged to the
ocean. In addition to the chlorine treatment, sodium bromide may be used as a chlorine enhancer.

Larger macrofouling organisms usually enter the CWS as larvae. Included within this group are a
number of encrusting species. including barnacles and mussels that can attach themselves to the
walls of the cooling water conduits. Once attached, they transform into a sessile stage and begin
to feed and grow. These are hard-shelled animals that filter their food from the water that is
passing by. The cooling water flow provides a continuous supply of food and the growth rates of
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these organisms within the CWS often far exceed the growth of the same species in the natural
environment. If left unchecked, the biofouling layer formed by the aggregation of these
organisms on the conduit walls and other submerged plant equipment can impede water flow
within the system and interfere with the operation of pumps, valves, and other plant apparatus. In
addition, as these macrofouling organisms increase in size, the force of the cooling water {low on
their shelis can detach them from the walls and carry them downstream to the condenser. Mussel
and barnacle shells that exceed the 2.22-2.54 cm (%—1 inch) diameter of the condenser tubes can
become lodged at the inlet ends of the tubes thereby blocking water flow through the tubes. As
the number of clogged tubes increases, condenser performance decreases and, as a result,
condenser operating temperatures and the temperatures of the discharged cooling water also
increase. If the influx of tube-clogging debris continues, the condenser must be removed from
service and cleaned.

Chlorination used at the concentration and duration applied by EPS to control microfouling is
ineffective in the control of macrofouling organisms. Macrofouling organisms tend to be much
more tolerant of chlorine than microfouling orgamsms. Mussels also have the ability to tightly
close their shells if they detect harmful substances in the water and can remain closed for hours,
or days. Chlorination at higher doses and/or applied continuously can effectively eliminate
macrofouling but presents serious regulatory and environmental problems if the chlorine is not
subsequently removed or deactivated prior to its discharge into the ocean.

As an alternative to chemical treatment, EPS uses heat treatments to control macrofouling. Heat
treatment is performed by restricting the inlet cooling water flow and recirculating the condenser
discharge water through the conveyance tunnels and condensers until the inlet water temperature
has increased to the targeted treatment temperature. Recirculation of the cooling water is
accomplished through a cross-over tunnel located approximately 36.6 m (120 ft) from the
discharge. adjacent to the intake channel. The temperature is raised to 40.5°C (105°F) in the
intake tunnels and then maintained for approximately two hours. This has proven to be adequate
in killing the encrusting macrofouling organisms. Each time the cooling water passes through the
condensers it picks up additional heat rejected from the steam cycle. Because the cooling water
continues to circulate and the generating units continue to operate, the temperature in the
discharge channel can reach 48.9°C (120°F). To maintain the treatment temperature at 40.5°C
during the treatment, and to prevent the continued build-up of heat in the system, additional
lagoon water is blended into the recirculating flow as a corresponding volume of heated water is
discharged to the Pacific Ocean. The targeted heat treatment duration is two hours while
maintaining a treatment temperature of 48.9°C in the intake conduits. This does not include the
time required to reach the target temperature or the time necessary to return to a normal
operating configuration. The total time required for the heat treatment procedure, including
temperature buildup and cool-down, is approximately seven to nine hours. Because the input of
cooling water is reduced during heat treatment due to recirculation, the plant's discharge flow
rate is likewise reduced to approximately 7-45% of the maximum volume discharged during
normal operation.
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EPS and Source Water Description

Following heat treatment some shells of the dead encrusting organisms begin to detach from the
walls of the conduits and are carried downstream. Most mussels will lose their attachment over a
period of days following treatment but barnacle shells are firmly attached and can take weeks or
months to deteriorate and break away from the conduit walls. Shells smaller than the condenser
tube diameter will pass through the system and be discharged into the ocean. Larger shells may
be retained and removed by the traveling screens or, as in the case of fouling that occurs between
the TWS and the condensers, may end up in the condensers where they are subsequently
removed by cleaning. To reduce the need for condenser cleaning, heat treatments are optimally
performed every five to eight weeks. This short growth period prevents most macrofouling
organisms from attaining a size that will not allow them to pass through the condensers.
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Figure 2-1. Location of Encina Power Station CWS in relation to Agua Hedionda Lagoon source water.
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Figure 2-2. Longitudinal cross-section of Encina Power Station intake structure.

Note: No metric conversions provided for figure.
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Figure 2-3. Schematic of Encina Power Station cooling water intake system.
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Figure 2-4. Diagram of traveling water screen similar to those in use at the Encina Power
Station. Illustration from EPRI.

2.2 Environmental Setting

The aquatic environment surrounding EPS consists of Agua Hedionda Lagoon and its seasonal
tributaries, and the open coastal waters of the Pacific Ocean. In the following description of the
environmental setting, the physical environment will be characterized in terms of water body
currents and tidal volumes relevant to the analysis of entrainment impacts, and the biological

characteristics will be generally described with reference to previous environmental studies done
at EPS.

¢= Cabrillo Power ¢ Encina 316(b) Demonstration 2-10




EPS and Source Water Description

2.2.1 Physical Description

Agua Hedionda Lagoon (AHL) is a coastal lagoon system consisting of three interconnected
segments situated at the seaward end of the Agua Hedionda Creek drainage. It is located within
the city limits of Carlsbad, California. It is one of several lagoons that are located along the
southern California bight of the Pacific Ocean. Historically, AHL was a natural, seasonal estuary
characterized by frequent closings of the lagoon mouth, especially in summer months. Wet and
dry time periods play an important role in opening and closing southern California coastal
lagoons (Elwany et al. 1999). Under normal conditions, floods control the opening of these
lagoons. After large floods, lagoons stay open from one to three vears. In the absence of floods,
lagoons will remain closed unless their inlets are excavated. According to Bradshaw et al. (1976)
AHL was first dredged from 1952 to 1954 in order to increase the lagoon volume to provide a
cooling water source for EPS, thereby establishing a permanent opening and tidal connection
with the nearshore coastal waters. In 1954, two rip-rap lined channels were completed that
provided permanent connection with the ocean: a northernmost entrance channel over 91 m (300
ft) long with depth of 1.5 m (5 fi) below mean lower low water (MLLW), and a southern channel
used to discharge water from the EPS.

The present lagoon system consists of three segments, the Outer, Middle, and Inner Lagoons
(Figure 2-5). The Outer Lagoon is connected to the Pacific Ocean through an inlet channel
formed by two jetties. The jetties are located west of the Coast Highway bridge and have lengths
of about 107 m (350 ft) and 112 m (368 f1), north and south respectively. The distance between
the centerline of the two jetties is about 74 m (243 ft). The lengths of the north and south
discharge channel jetties are about 100 m (327 ft) and 115 m (376 ft), respectively. The absolute
distance that the intake and discharge jetties extend from the shoreline varies somewhat with the
changing location of the shoreline due to seasonal erosion and accretion of sand.

The coastal region of AHL is part of the Southern California Bight (SCB) whose nearshore is
punctuated by headlands and submarine canyons. The SCB extends from Point Conception south
to Cabo Colonet in Baja California about 120 miles south of the U.S.-Mexico border. The shelf
in the vicinity of San Diego to AHL is relatively narrow, but widens somewhat off San Onofre,
north of AHL. The headlands of Dana Point lie 31 mi northward, while Point Loma and the
entrance to San Diego Bay is about 21 mi to the south, forming the continental landward
extremes of the Gulf of Catalina part of the SCB. Further offshore, roughly 60 mi, Santa Catalina
and San Clemente Islands delineate the westward boundary of the Gulf of Santa Catalina. Two
submarine canyons are found nearby, the Carlsbad Canyon about one mi south and the La Jolla
Canyon 16 mi south.

Ocean currents over the nearshore continental shelf are influenced by the poleward flow of the
Southern California Countercurrent, a branch of the equatorward flowing California Current
(Hickey 1993). The countercurrent is strongest in summer and winter, but either weak or absent
in spring when flows of the California Current enter the SCB but turn equatorward rather than
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poleward. A detailed discussion of current patterns in the vicinity of AHL and EPS are presented
in Section 2.2.1.3—Coastal Source Water.

2.2.1.1 Summary of Previous AH Studies

Several studies have previously been conducted to determine the effect of the operation of the
cooling system of Encina Power Station on lagoon sedimentation (Ellis 1954, Bhogal and Costa
1989, EA Engineering Science and Technology 1997, Jenkins and Wasyl 2001). Studies to
determine the impact on marine environments have been presented by Jenkins and Skelly (1998)
and Jenkins et al. (1989). Elwany et al. (1999) described the oceanographic conditions (waves
and tides) at Agua Hedionda Lagoon in detail. A bibliography of pertinent research on existing
conditions and monitoring studies in the vicinity of Agua Hedionda Lagoon is given in Coastal
Environments (1998).

The tidal prisms of the lagoon segments and volumes of water flowing through the AHL inlet
were estimated by SDG&E (1980). The estimated flood volume was 2.0x10° m’ (1,600 acre-ft)
comprised of the tidal prism of 1.25x10° m® (1,000 acre-ft) and 0.75 x10° m® (600 acre-ft) of
cooling water. The resulting ebb volume was calculated as 0.50x10° m® (400 acre-ft).

As part of this 316(b) study, Dr. H. Elwany and other researchers at Coastal Environments
determined the hydrodynamics of AHL., including estimates of inflow and outflow volumes, tidal
prism, and residence time (Appendix B). Their estimates of inflow and outflow, corresponding
to maximum power plant cooling volume, are similar to those measured by SDG&E (1980).
They describe the dynamics of the flow in AHL during a period of over a month, June and early
July 2005. Their measurements are used to estimate the inflows and outflows during the period
of the present 316(b) study and the data are used in modeling potential impacts to fish and
invertebrate populations.

2.2.1.2 Agua Hedionda Lagoon

The inlet to Agua Hedionda Lagoon serves as the source of coastal oceanic water for cooling the
EPS. In general, this water flows through the Outer Lagoon to the power plant and to the Middle
and Inner Lagoons of AHL during flood tide, while AHL itself is the source of cooling water
during slack and ebb tidal conditions. Despite the relatively short residence time of “old water”
in AHL, large populations of resident fishes are present.

SDG&E (1980) described the flood circulation into the lagoon at the entrance and measured
velocities as high as 90 cm/s. As water enters the Outer Lagoon it flows clockwise along the
northern bank and divides into three components: 1) a semi-permanent eddy responsible for
sediment build-up, 2) a flow south towards the power plant intake and 3) a current that turns
toward the Middle Lagoon. On ebb tide. currents coming out of the Inner Lagoon bifurcate at the
entrance and flow toward the northern and southern ends. Ebb flows out of AHL were reported
to be slower than inflows at 10 cm/s.
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Elwany et al. (2005) measured changes in water level, velocity, salinity, and temperature in AHL
between June 1, 2005 and July 7, 2005. The main purposes for this study were to determine the
volumes of the three lagoon segments at mean sea level and to determine the volume of water
that entered and left the lagoon daily, on average. In addition, the study described the general
hydrodynamics of AHL, the volumes of the three lagoon segments at various elevations, the tidal
prism, and the residence time of water in the three lagoon segments. The tidal prism was defined
in this study as the volume of water in the lagoon between maximum and minimum water level

per tidal cycle.

Bathymetric surveys of the Outer, Middle, and Inner Lagoons were conducted by the EPS in
March 2005, November 2004, and May 2005, respectively. Figure 2-5 shows the resulting
bathymetric map of the lagoon. Additional figures in Appendix B (Appendix Figures B-1
through B-4) show the bathymetry of the Outer, Middle and Inner Lagoons. Lagoon depths
ranged from about —12.8 m (—42 ft) NGVD 29)', in the deepest portion of the Outer and Middle
Lagoons, to about +3.0 m (+10 fi) NGVD along the shoreline of the Inner Lagoon. The channel
leading from the Outer Lagoon to the Inner Lagoon was the deepest area of the lagoon.

The bathymetry of AHL in each lagoon segment was used to calculate the surface area. water
volume and potential tidal prism at various elevations using ESRI ArcGIS® (Table 2-3). The
surface area of the lagoon at +1.83 m (+6 ft) NGVD is about 144 ha (356 ac). The surface area of
the lagoon is reduced to about 107 ha (264 ac) at mean low lower water (MLLW). At MLLW,
the volume of water in the lagoon is about 2.16 million m’ (1,750 acre-ft). The majority of the
area and volume come from the large Inner Lagoon (Figure 2-5 and Appendix B). The volume
of AHL at mean sea level was estimated as 3.145 x 10° m’ (2.550 acre-ft) for the three lagoon
segments. The Outer, Middle and Inner Lagoon volumes were 1.247x10° m® (1,011 acre-fi),
0.350 x10% m* (284 acre-ft) and 1.547 x10® m? (1,255 acre-ft), respectively.

The potential tidal prism of the lagoon is defined as the volume of water in the lagoon between
the maximum and minimum water levels, assuming the minimum water level to be =0.30 m
(-1 1) NGVD. The potential tidal prism definition assumes that the water level in the entire
lagoon is the same, with no friction losses (i.e., no tidal muting). The potential tidal prism at
mean sea level was estimated as approximately 370,000 nt (300 acre-ft), while at +1.83 m
(+6 ft) NGVD it was nearly 2.59 million m" (2,100 acre-ft) (Appendix B). The tidal prism of the
Inner Lagoon constituted the largest portion of the lagoon tidal prism.

In order to estimate the inflow, outflow and tidal prism (per tidalcycle and daily) of AHL, four
temporary data collection stations were established for a period of approximately one month
from June 1, 2005 to July 7, 2005. Station SO was located at the inlet to the Outer Lagoon,
Station S2A was located in the northern portion of the Inner Lagoon, Station S2B was located at

! NGVD 29 (National Geodetic Vertical Datum 1929) measurements are +2.5 ft (0.7 m) MLLW in the vicinity of
AHL.

llg Cabrillo Power » Encina 316(b) Demonstration @ﬁ\f?}%ij‘ S g



EPS and Source Water Description

the inlet to the Inner Lagoon, and Station S3 was located in the southeastern portion of the Inner
Lagoon. Water level measurements were acquired at all four locations at five-minute intervals.
Water velocities, temperature and conductivity were measured at Stations SO and S2B
(Appendix B).

The water level measurements showed only small variations between water level elevations at
the four stations during neap tide; however there was a time lag between water level at the inlet
and water level at the Inner Lagoon (<1 hour). During spring and mean tides, there is a short time
lag and a varation in water elevation (~.08 m [0.25 fi]) between the inlet to the lagoon (Station
S0) and the interior stations.

The highest water velocity measurements at Station SO were +1.52 m/s (5 fi/sec) and =0.91 m/s
(-3 fifsec) during spring tide. Conductivity and temperature measurements showed little
difference between Stations SO and salinity fluctuated between about 31.5 and 34.0 PSU. During
the first two weeks of June 2005 the temperature was about 20-22°C (68.0-71.6°F). In late June
to early July. the temperature decreased and fluctuated significantly, ranging between 14 and
20°C (57.2-68.0°F). During the study, the cumulative tidal prism for the lagoon ranged from
215,860 m’ (175 acre-fi) to 2.56 million m’ (2.075 acre-ft). Water in the Middle and Outer
Lagoons had fewer fluctuations and a much smaller tidal prism (about 61,000 to 370,000 m’ {50
to 300 acre-fi]) than water in the large Inner Lagoon as it contains the majority of water in the
lagoon. The tidal prism of the lagoon during the time period of the measurements varied from
approximately 1.23 million m’ {1,000 acre-fi during neap tide, 2.62 million m (2,125 acre-ft)
during spring tide, and 2.10 million m® (1,700 acre-fi) during mean tide.

A mathematical model was designed to compute the residence time of ‘old” water in the lagoon
during a tidal cycle. In the lagoon (total) after 5.0 tidal cycles or 2.6 days, the ‘old® water is
essentially flushed out of the lagoon. In the Inner Lagoon, 6.27 tidal cycles, or 3.2 days, are
required to flush out the ‘old’ water. Due to water intake by the cooling system of the EPS, the
outgoing flow through the inlet is less than the incoming flow through the inlet. Appendix B
(Appendix Figures D-3 and D-4) show the lagoon inflow and outflow during the study period of
June 1 through July 7, 2005. The mean reduction of the outflow water from the lagoon with
respect to incoming water was about 51% per tidal cycle and 48% per day during the time period
of the measurements.

As part of the description of the flow of water through the AHL, Elwany et al. (2005) estimated
the incoming and outgoing water volumes at the major inlet of AHL for the period June 1, 2004
to May 31, 2005. Water level measurements conducted in the lagoon between June | and July 7,
2005 were used to establish the relationships of maximum and minimum water levels per tidal
cycle, measured in feet, between the ocean at Scripps Pier, La Jolla, CA and the lagoon using
linear regression analysis.

The relationships between lagoon and ocean water levels, shown in Figure 2-6, were as follows:

Wlinax = 0.97 Womax + 0.0076 (1
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Wlpin = 0.69 Wo i, — 0.37 (2)

where Wl,,,. and W1, are the maximum and minimum water levels in the lagoon, respectively,
and Womax and Womin are the maximum and minimum water levels in the ocean per tidal cycle,
respectively.

The measured ocean tides at Scripps Pier in La Jolla, CA, between June 1, 2004 and May 31.
& 2005 were used to estimate the maximum and minimum water levels in the lagoon using
Equations 1 and 2, respectively. Using Equations 3 and 4 presented in Appendix B and the
reported EPS cooling system hourly intake flows during the same time period (Figure 2-7),
estimates were made regarding the incoming (inflow) and outgoing (outflow) flow rates per tidal
cycle from the lagoon’s major inlet (Figure 2-8). The length of a tidal cycle was variable
depending on the tide phase.

The average daily estimated inflow and outflow through the lagoon’s inlet between June 1, 2004
and May 31, 2005 was 4.11x10°m’ (1.09 x10” gal) and 1.80 x 10°m’® (0.48 x 10” gal)
corresponding to an average daily power plant intake flow of 2.31 x 10° m’. A maximum daily
inflow and outflow can be estimated, using these averages and the maximum power plant intake
flow of 3.24x10°m’ (1.09 x 10° gal) as 4.58x10°m’ (1.09 x 10° gal) and 1.33x 10° n?’
(1.09 x 10? gal).

2.2.1.3 Coastal Source Water

SDG&E (1980) reported an analysis of data from two current meters stationed offshore from the
inlet to AHL in June, August and November 1979 that recorded currents at a depth of 3 m (10 ft)
every 30 min. The two current meters were positioned 0.426 km (0.26 mi) and 1.036 km
(0.64 mi) offshore. Median current speed at the offshore station was 10 cm/sec. Closer to shore,

¢ speeds were slower. Current directions at both stations showed reversals at tidal frequencies but
a greater downcoast current was observed further offshore. Drifter studies showed a dominant
trajectory of water directed towards the AHL inlet from the northwest (at an angle between 30
and 60 degrees toward the coastline).

® During the present 316(b) study. a Sontek 1 MHz acoustic Doppler current meter (Figure 2-9)
was deployed 0.8 km (0.5 mi) offshore from the entrance to AHL (33°08.5012°N,
117°21.1734°W) at a bottom depth of =15.8 m (-52 ft) MLLW, over the time period July 7, 2004
to July 12, 2005. The instrument was mounted in an anchored triangular frame with the
instrument’s reference point (piezoelectric ceramics) located about 0.5 m (1.6 ft) above the

® bottom and pointing upward. Data were collected for two minutes every half-hour in 20-1 m (0.3
ft) depth bins starting 0.7 m (2.3 ft) above the instrument. Water column average velocities were
calculated every half-hour over the first 13 bins and represented average velocities from —0.610
m (-2 ft) MLLW to —-14.1 m (—46.2 ft) MLLW.

*®

Over the study period the average water column speed was 5.7 cm/sec (0.19 fi/sec). Cumulative
water velocities were examined from July 2004 to June 2005 in units of km per month for 20

o
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compass directions (Figure 2-10). The dominant current directions over the time period were
parallel to the coastline that runs approximately 328° to 148° T near EPS. Average water column
velocities were rotated so that components orthogonal to the coastline could be estimated. These
cumulative velocity components show a general downcoast and onshore displacement
(Figure 2-11). The largest displacement occurred during November and the smallest during June
(Figure 2-12).

The presentation of water current velocities as displacements per time period (e.g., per month) is
relevant in the context of this 316(b) study of the entrainment of aquatic organisms. Larval
transport to the power plant at AHL is estimated over the time period that the larvae of a
particular species are floating in the plankton which is assumed to move at the same rate as the
water mass.

The results of the present study showed predominately downcoast (equatorward) flow over the
159 m (52 ft) bottom depth. However, net upcoast flow occurred in April, June, July and
December. Larger downcoast flows occurred during the fall 2004 and spring 2005 (March).
These results are consistent with previous studies. Hickey (1993) reported a generally downcoast
flow from a number of studies performed in the vicimty. Winant and Bratkovich (1981)
measured equatorward flow in all seasons on the shelf (15 m [49.2 ft] to 60 m [197 ft] bottom
depths) seaward of nearby Del Mar. Strongest downcoast flow occurred off Del Mar in winter
(over 60 m bottom depth) or spring (15 m and 30 m bottom depths).
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Figure 2-5. Bathymetry of Agua Hedionda Lagoon from a study by Elwany et al. (2005).

Note: Metric conversions not provided for figure.
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Figure 2-6. Relationship between maximum water level in the ocean and lagoon per
tidal cycle (upper) and between minimum water level in the ocean at Scripps Pier, La

Note: Metric conversions not provided for figure.

Jolla, California and Agua Hedionda Lagoon (lower). Data from June 1 to July 7, 2005.
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Agua Hedionda Lagoon
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Figure 2-7. Hourly Encina Power Station intake flow (million gallons per hour) for the time period
between June 1, 2004 and July 1, 2005.

Note: Metric conversions not provided for figure.
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Figure 2-8. Estimated inflow and outflow through the Agua Hedionda Lagoon north jetty. June 1.
2004 through May 31, 2005.
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e ——

Figure 2-9. Acoustic Doppler current meter and battery in deployment frame (above) was positioned
on the seafloor at —15.8 m (=52 ft) MLLW 0.8 km (0.5 mi) offshore the inlet to Agua Hedionda
Lagoon, July 7, 2004 to July 12, 2005. The lower figure depicts an example of current velocities
measured by the instrument over one month.
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Figure 2-10. Cumulative excursions of water measured from July 2004 to June 2005 in km per month

and by 20 compass directions. In each current rose, true north is upward; the coastline runs approximately
328°10 148° T near the Encina Power Station.
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Figure 2-11. Cumulative current displacement measured by an uplooking acoustic Doppler current

meter 0.5 mi (800 m) offshore the Encina Power Station, 33°08.5012°N 117°21.1734°W, -15.2 m (=50
ft) MLLW depth, 7 July 2004 (1000 hr) to 12 July 2005 (1000 hr).
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Figure 2-12. Cumulative monthly water column currents in June (2005) (left) and November 2004
(right) and 0.8 km offshore the inlet to Agua Hedionda Lagoon. Upper view is onshore and
alongshore displacement orthogonal to the coastline. Below are corresponding compass roses, each
divided into 20 bin directions.
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Table 2-3. Surface area and volumes at contour lines, Agua Hedionda Lagoon. Reference elevation
datum is NGVD29. Mean sea level (+0.06 m NGVD) areas and volumes are shaded.

Elevation Surface Area (hectares) Volume (m® x 10°)

(m) Total Outer Mid Inner Total Outer Mid Inner
1.83 144,417 22.646 10.771 1$1.000 5.323 1.636 0.531 3.156
1.68 141.139 22.503 10.677 107.959 5.105 1.602 0.514 2.989
1.52 138.632 22377 10.583 105.672 4.892 1.568 0.498 2.826
1.37 135.692 22.262 10.487 102.943 4.683 1.534 0.482 2.667
1.22 130.224 22.156 10.390 97.678 4.480 1.500 0.466 2514
1.07 122.552 22.054 10.291 90.207 4.288 1.466 0.450 2.371
091 118.547 21.952 10.190 86.405 4,104 1.433 0.435 2.236
0.76 116.144 21.851 10.084 84.209 3.925 1.399 0419 2.106
0.61 112.623 21.749 9.973 80.901 3.751 1.366 0.404 1.981
0.46 110.520 21.646 9.855 79.020 3.581 1.333 0.389 1.859
0.30 109.559 21.538 9.736 78.285 3.413 1.300 0.374 1.739
0.15 108.545 21.425 9.615 77.506 3.247 1.267 0.359 1.620
0.06 107.748 21.350 9.539 76.859 3.145 1.247 0.350 1.547
0.00 107.260 21.304 9.493 76.463 3.082 1.235 0.345 1.503

0.15 104.923 21.173 9.354 74.396 2921 1.202 0.330 1.388
-0.30 102.915 21.027 9.223 72.665 2.762 1.170 0.316 1.276
-0.46 100.832 20.869 9.099 70.864 2.607 1.138 0.302 1.167
-0.61 98.456 20.699 8.976 68.782 2.455 1.107 0.289 1.060
-0.76 96.011 20.522 8.853 66.635 2.307 1.075 0.275 0.957
-0.91 93.748 20.342 8.733 64.674 2.162 1.044 0.262 0.857
-1.07 91.459 20.156 8.611 62.691 2.021 1.013 0.248 0.760
-1.22 89.753 19.962 8.493 61.297 1.883 0.983 0.235 0.665
-1.37 88.057 19.746 8.376 59.935 1.748 0.952 0.222 0.573
-1.52 86.292 19.507 8.257 58.527 1.615 0.922 0.210 0.483
-1.68 84.283 19.272 8.137 56.874 1.485 0.893 0.197 0.395
-1.83 80.937 19.025 8.015 53.897 1.359 0.864 0.185 0.310
-1.98 71.619 18.774 7.890 44 955 1.243 0.835 0.173 0.235
-2.13 65.128 18.534 7.761 38.834 1.139 0.806 0.161 0.171
-2.29 56.589 18.084 7.626 30.879 1.046 0.779 0.149 0.118
-2.44 42.916 17.675 7.482 17.759 0.970 0.751 0.138 0.081
-2.59 35.645 17.326 7.351 10.969 0.910 0.725 0.126 0.059
-2.74 31.208 16.972 7.208 7.028 0.859 0.699 0.115 0.045
-2.90 27.864 16.609 6.972 4.283 03814 0.673 0.105 0.037
-3.05 26.349 16.295 6.548 3.506 0773 0.648 0.094 0.031
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2.3 Biological Description

The primary source water body for extracting cooling water for EPS is the Quter Lagoon in Agua
Hedionda Lagoon. However, because of the large tidal exchange rate between the Outer Lagoon
and the nearshore coastal waters off the Carlsbad area, and also the contiguous tidal connections
with the Middle and Inner Lagoons, these waters must also be considered as part of the greater
source water body for EPS. One of the most recent comprehensive studies on the biological
characteristics of AHL was done by MEC Analytical (1995) in preparation for potential dredging
within the lagoons. An earlier comprehensive study of lagoon and nearshore biological resources
was done by SDG&E (1980) for the initial EPS 316(b) demonstration. A summary of the lagoon
description and results of these studies are summarized in the following section. Tenera
Environmental conducted additional sampling in 2005 in habitats of the lagoon that had not been
adequately sampled for fishes in the previous studies, including the rock revetment around the
margin of the Outer Lagoon and the intertidal mudflat habitats in the Middle and Inner Lagoons.
The results of these studies are summarized in Section 2.3.1.2 and presented in full in
Appendix C.

2.3.1.1 Summary of Previous AHL Biological Studies

Agua Hedionda Lagoon contains several specialized habitats, which are ideal for early stages of
fish and invertebrate development. Habitats include open water, sand and mud substrates,
eelgrass, rock revetment, pilings, and aquaculture grow-out floats. The lagoon environment
offers calmer waters and higher productivity than adjacent coastal areas. Utilization of the lagoon
is variable among species. There are permanent residents that utilize particular habitats in the
lagoon for resting, feeding and spawning throughout their lifetime. There are also transient
species whose adults use the lagoon for spawning seasonally and whose young subsequently
utilize the area as a nursery ground. Habitat maps have been prepared for the lagoon environment
(MEC 1993) and a reconnaissance survey in 1994 (MEC 1995) indicated that the previous maps
were still generally valid.

Although this review concentrates mainly on finfishes due to their relevance to entrainment and
impingement issues, other groups of organisms have been examined in previous studies. For
example, Bradshaw et al. (1976) studied plankton populations in AHL and found zooplankton
composition to be fairly uniform throughout the three sections of the lagoon. Density and
distribution of zooplankton may be more closely influenced by tidal cycles than any other factors
in this type of water system.

Saltmarsh vegetation and seasonal bird populations around AHL were also documented in earlier
studies (MEC 1995). Salt marsh and tidal flats occur along the shores of the Middle and Inner
Lagoons. The Middle Lagoon has narrow tidal flats along each shore; the widest flats occur
along the north shore and at the eastern end of the south shore. The north shore has narrow tidal
flats, and pickleweed occurred above mean high water in the northwest and northeast corners,
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and in scattered, small patches in between. The east shore has a narrow bank, and scattered small
patches of pickleweed were scattered along this shore.

Mudflats were best developed at the east end of the Inner Lagoon, and have expanded in recent
years due to extreme sedimentation. Sandy flats occur at the Bayshore Drive public access, and
there are two beach areas along the southern shore of the Inner Lagoon that have expanded in
size since the 1970s. The most extensive salt marsh occurred east of the Bayshore Drive public
access and extended to the eastern end of the lagoon. This area is dominated by pickleweed,
mudflat, tidal creeks. and non-tidal flats.

Eelgrass (Zostera marina) distribution was mapped by MEC (1995) and in the Outer Lagoon
occurred primarily along the shoreline. Its distribution in the Outer Lagoon is largely controlled
by the agency-approved limits of maintenance dredging in that section of the lagoon. Little
eelgrass occurs near the inlet to the ocean, but it does occur, first in patches and then in larger
beds, along the west and northeast shores. Eelgrass was well developed along the southeast
shore. Eelgrass occurred to depths of —=5.5 m (—18.0 fi) MSL in the Outer Lagoon. Eelgrass was
found throughout most of the Middle Lagoon with the exception of the top of the sandbar, and in
most of the channel between the Outer and Inner Lagoons. Substantial eelgrass occurred on the
sandbars of the west Inner Lagoon, and in narrow bands along the shoreline. Similar to the
Middle Lagoon, maximum depths in the west Inner Lagoon were about -2.4 to 2.7 m (-8 to -9
ft) MSL. However, the lower limit of eelgrass in the west Inner Lagoon only extended to about
-1.2t0 =1.5 m (-4 to -5 ft) MSL. Continuing further east, eelgrass thinned to non-continuous,
patchy beds and no eelgrass was observed at the far eastern end of the lagoon.

Bradshaw et al. (1976) indicated that the distribution of eelgrass in Agua Hedionda Lagoon
appears to be controlled by depth, substrate stability, and light availability. Light levels were
considered the primary factor controlling the density of eelgrass relative to depth in the Middle
Lagoon by Backman and Barilotti (1976). Because of the changes that have occurred in the
lagoon due to sediment infilling over the last twenty years, it is reasonable that depth, substrate
stability, and light all have contributed to the present distribution of eelgrass.

The eelgrass beds provide a valuable habitat for benthic organisms that are fed upon by birds and
fishes. Although eelgrass beds were less well developed in areas of the Inner Lagoon, it was
found to provide a wider range of habitats, including mud flats, salt marsh, and seasonal ponds
than elsewhere in AHL. As a result, bird and fish diversity was highest in the Inner Lagoon.

The number of fish species in AHL was similar to that of other embayments examined by Horn
and Allen (1978) with 55 fish species within a 120 hectare subtidal area. In the SDG&E (1980)
impingement study, additional collections at the adjacent CWIS within EPS and lagoon
collections by otter trawl yielded a total of 79 fish species. Other bays examined by Horn and
Allen (1978) were: Anaheim Bay with 59 species in 53.0 ha (131.0 ac), Alamitos Bay with 43
species in 67.2 ha (166.1 ac). Elkhorn Slough with 69 species in 87.4 ha (216.0 ac), Bolinas
Lagoon with 41 species in 109.3 ha (270.1 ac). and Newport Bay with 78 species in 175.2 ha
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(432.9 ac). A positive linear logarithmic relationship of surface area to fish species diversity was
indicated for all 13 embayments.

Lagoons provide important habitat for coastal marine and resident fishes. An important aspect of
bays and estuaries is that they serve as nursery habitat for commercially and recreationally
important coastal spectes such as California halibut (Paralichthys californicus) and diamond
turbot (Hypsopserta guntulata) (Allen 1982, 1988). AHL is primarily a marine lagoon but can be
influenced by scasonal freshwater inflows from December through April. The southern end of
the Inner Lagoon is influenced by runoff from Agua Hedionda Creek. Euryhaline species such as
the California killifish (Fundulus parvipinnis), western mosquitofish (Gambusia affinis), and
striped mullet (Mugil cephalus) occur in the Inner Lagoon. These waters may provide a
necessary gradation from fresh to brackish water for some winter spawning fishes such as
topsmelt that require variable salinities for normal egg and larval development.

The fish surveys during the MEC (1995) study were conducted during spring and summer.
Temperatures ranged from 14.8 to 16.9°C (58.6—62.4°F) during the spring and 20.8 to 24.8°C
(69.4-76.6°F) in the summer. Summer temperatures were up to 4°C (7.2°F) warmer in the Inner
Lagoon than in the Outer Lagoon. Surface salinities ranged from 23 to 32.7 ppt, with the lower
values in spring due to seasonal rainfall. Visibility ranged from approximately 2 to 4 ft (0.75 10
1.25 m) during the spring but was generally higher in the summer. Occasional phytoplankton
blooms in nearshore and lagoon waters can severely decrease water clarity and deplete dissolved
oxygen concentrations. Such conditions were particularly severe in AHL throughout much of
summer 2005 (S. LePage, M-REP Consuitants, pers. comm.).

Several types of fish sampling gear were used during the MEC (1995) study including otter
trawl, beam trawl, and beach seine. A total of 35 species of fishes was found during the 1994 and
1995 sampling. The Middle and Inner LLagoons had more species and higher abundances than the
Outer Lagoon. During the 1995 survey, only four species were collected in the Outer Lagoon,
compared to 14 and 18 species in the Middle and Inner Lagoons. The sampling did not include
any surveys of the rocky revetment lining the Outer Lagoon that would have increased the
abundance and number of species collected (see following section). Silversides (Atherinopsidae)
and gobies (Gobiidae) were the most abundant fishes collected. Silversides, including jacksmelt
and topsmelt, that occur in large schools in shallow waters where water temperatures are
warmest were most abundant in the shallower Middle and Inner Lagoons. Gobies were most
abundant in the Inner Lagoon. which has large shallow mudflat areas that are their preferred
habitat. The species composition generally reflected the open tidal exchange conditions with
nearshore coastal waters, especially in the Outer Lagoon, with some of the more abundant
marine species including the spotted sand bass (Paralabrax maculatofasciatus), barred sand bass
(P. nebulifer), queenfish (Seriphus politus), shiner surfperch (Cymatogaster aggregata), giant
kelpfish (Heterostichus rostratus), California halibut (Paralichthys californicus), and diamond
turbot (Hypsopsetta guttulata).
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No tidewater gobies (Eucyclogobius newberryi) were found during the study. This is a federally
endangered species that was once recorded as occurring in the lagoon prior to lagoon
modifications in the early 1950s. The present marine-influenced environment in the lagoon
would not tend to support tidewater gobies because they prefer brackish water habitats. No other
listed fish species were collected in the study.

The outer coast has a diversity of marine habitats and includes zones of intertidal sandy beach,
subtidal sandy bottom, rocky shore, subtidal cobblestone, subtidal mudstone and water column.
Organisms typical of sandy beaches include polychaetes, sand crabs, isopods, amphipods, and
clams. California grunion utilize the beaches around EPS during spawning season from March
through August. Numerous infaunal species occur in subtidal sandy bottoms with mollusks,
polychaetes, arthropods, and echinoderms comprising the dominant invertebrate fauna. Sand
dollars can reach densities of 1,200/m’. Typical fishes in the sandy subtidal include queenfish,
white croaker, several surfperch species, speckled sanddab, and California halibut. Also.
California spiny lobster (Panulirus interruptus) and Cancer spp. crabs forage over the sand.
Many of the typically outer coast species can occasionally occur within AHL, carrted by
incoming tidal currents.

The rocky habitat at the discharge canal and on offshore reefs supports various kelps and
invertebrates including barnacles, snails, sea stars, limpets, sea urchins, sea anemones, mussels,
crabs and spiny lobsters. Giant kelp (Macrocystis) forests are an important habitat-forming
community in the area offshore from AHL and provide habitat for a wide variety of invertebrates
and fishes. The kelp forests in coastal southern California support many fish species, including
northern anchovy, jack smelt, queenfish, white croaker, garibaldi, rockfishes, surfperches, and
halibut (North 1968). A 2004 study of the kelp forest habitat 2 km (1.2 mi) south of AHL
quantified the abundances of 14 species of fishes and 13 species of macroinvertebrates (T.
Anderson, SDSU, pers. comm.). Common fish species included jack mackerel (Trachurus
symmelricus), seforita (Oxyjulis californica), shiner perch (Cvmatogaster aggregata), and black
surfperch (Embiotoca jacksoni). Common macroinvertebrate species included gorgonian
(Muricea californica), purple sea urchin (Strongylocentrotus purpuratus), California spiny
lobster, white sea urchin (Lytechinus anamesus).

Marine-associated wildlife that occur in the Pacific waters off Agua Hedionda Lagoon are
numerous and include brown pelican, surf scoter, cormorants, western grebe, gulls, terns and
loons. Marine mammals, including coastal bottlenose dolphin, harbor seals, California sea lions,
and gray whales, also frequent the adjacent coastal area.

2.3.1.2 Summary of Special Studies

The following studies were conducted by Tenera Environmental to provide additional
interpretive data for the 2004-2005 larval fish entrainment studies at EPS. This section
summarizes these studies—a complete data presentation can be found in Appendix C. The
supplemental studies on fish in AHL were short-term in nature and the information was used to
improve knowledge of adult/juvenile fish abundance, distribution and size composition that can

ﬁg Cabrillo Power » Encina 316(b) Demonstration @@é‘,.ﬁﬁaﬁﬁ SN



EPS and Source Water Description

be related to the source of entrained larvae. The studies were designed to sample specific habitats
in the lagoon that were not sampled during earlier comprehensive fish studies by MEC

Analytical (1993).

Gobies and blennies produce large numbers of larvae in AHL, yet the survey methods used in
earlier studies likely underestimated their local adult population densities because the sampling
equipment targeted larger fishes over soft substrates and seagrass habitats. Accurate density
information on small cryptic fishes requires the use of enclosure sampling and/or the use of
anesthetic solutions to ensure that all individuals are collected within a sampled area. Also, the
earlier methods did not sample artificial habitats such as the breakwater areas along the western
edge of the Outer LLagoon or aquaculture mussel floats below the tank farm.

In the present study, four methods were used to sample fishes in specific habitats (Figure 2-13).
In the first method, divers counted fishes along 30 m x 2 m (98.4 fi x 6.6 i) replicate transects at
four rocky reef (rock shoreline armoring) sites around the perimeter of the Quter Lagoon. In
order to conduct surveys during periods of best underwater visibility. counts were done within 2
hours of the maximum high tide for that day, or as long as current speed and visibility would
allow data to be collected. A second survey method was used to sample cryptic fishes at the same
sites. Using the measuring tape deployed for the visual counts, five 1.0 m* (10.8 fi’) quadrats
were randomly positioned along a transect. Quinaldine solution contained in 500 ml squirt
bottles was injected into crevices and beneath cobbles to anesthetize any fishes within the
quadrat area. Specimens were collected with hand nets and preserved for later identification and
measurement in the laboratory.

Using a third method, cryptic fishes that reside within the aquaculture mussel floats in the Outer
Lagoon were censused. A diver carrying a cylindrical net (6.4 mm [% inch] mesh) with a closed
end encapsulated thirteen 2.4 m (8 fi) long mussel strands along with the associated float
apparatus prior to harvest. Once the nets were in position, a harvesting barge lifted the mussel
grow-out line out of the water and the netted strands were removed. The netted strands and float
apparatus were checked for the presence of cryptic fish. All fish found were identified to species,
counted, measured and returned.

Finally, a fourth sampling method targeted gobies and other small fishes that typically reside on
the substrate or in burrows on intertidal mud and sandflat habitats. At each of nine sites around
the Middle and Inner Lagoons, a circular enclosure (0.43 m [4.6 ﬁz]) constructed of plastic
sheeting was used to sample the fishes during low tide periods. An average of five replicates was
sampled parallel to shore at each site. A hinged sweep net with the hinge positioned in the center
of the enclosure was unfolded through the enclosure to capture any fish using multiple passes.
All fish captured were preserved for later identification and measurement in the laboratory.

The results of these studies were as follows: Along the rocky shoreline around the margin of the
Outer Lagoon 17 species of fish were observed in the visual transects. The most abundant
species observed, in order of decreasing density, were silversides (topsmelt), salema, barred sand
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bass, kelp bass, blacksmith, opaleye, northern anchovy, garibaldi, and black surfperch. The
highest density of fishes (133 per transect) and the greatest number of species (12) occurred
along the east channel separating the Outer and Middle Lagoons (Station F3). This station also
had the deepest transect at 7.0 m (23 fi). The lowest density and fewest number of species
occurred at the North Jetty. Barred sand bass were present at all stations and were equally
abundant at the North Jetty and East Channel stations.

Five species of cryptic fishes were collected with mussel blennies (Hypsoblennius jenkinsi) being
the most abundant species. The highest density of cryptic fishes (3.2/m") was found along the
North Jetty breakwater (Station F1) and none was found near the power plant intakes on the east
side of the lagoon (Station F4). This lack of cryptic, sedentary fishes in the southern end of the
Quter Lagoon may have been due to the persistent phytoplankton blooms that occurred in AHL
during summer 2005 that severely depleted dissolved oxygen. Examination of the aquaculture
float lines revealed no cryptic fishes, although some blennies were present on collector lines
brought ashore for processing. Although the aquafarm floats appear to be an excellent habitat for
mussel blennies in particular, the prolonged low-oxygen conditions in summer months prior to
sampling may have reduced blenny abundance.

Denstties of gobies in the mudflat areas of the Middle and Inner Lagoons were higher in spring
than in fall due to a greater abundance of newly settled individuals less than 25 mm (1 in) total
length. Arrow goby (Clevelandia ios) was the most abundant species with densities of over 7/m’
in the eastern end of the Inner Lagoon (Station E9) in spring. Juvenile diamond turbot and
Califorma halibut were also captured during the intertidal study demonstrating the importance of
the lagoon mudflats as nursery habitat.
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Encina Power
Station

Figure 2-13. Locations of visual fish transects and fish quadrat collections (F 1-F4), aquaculture
float sampling (A1), and intertidal enclosures (E1-E9). Epibenthic/surface larval fish tows (L3,

L4) were conducted to measure potential differences in larval density as a function of water depth.
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3.0 Entrainment and Source Water Larval
Study Results

3.1 Introduction

The purpose of the EPS entrainment and source water studies was to evaluate the potential
impacts of the circulating water intake system to the beneficial uses of the marine environment
as required under 316(b) of the CWA (USEPA 1977, 2004). The data from the study will also be
used in calculating baseline levels of entrainment that will be used to measure compliance with
performance standards established in the Phase 1] regulations that became effective in September
2004. The SDRWQCB discussed the need for the additional information with a group of agency
representatives and consultants who provided input on the design and implementation of the
316(b) studies at SBPP. It was agreed that the entrainment portion of the study should focus on
the larval life stages of fishes, Cancer crabs, and California spiny lobster (Panulirus interruptus)
that could pass through the 9 mm (% in) mesh traveling screens of the EPS cooling water intakes
and be entrained by the power plant’s CWIS.

The entrainment study was designed to specifically address the following questions:

e What are the species composition and abundance of the larval fishes, Cancer crabs, and
spiny lobster (“target species™) entrained by EPS?
* What are the local species composition and abundance of the entrainable target species in

the cooling water sources of Agua Hedionda Lagoon and the nearshore area adjacent to
EPS?

e What are the potential environmental impacts of entrainment losses of target species
populations due to operation of the CWIS?

Plankton samples collected in the intake channel near the EPS intake structures provided an
estimate of the total number and types of the target organisms passing through the power plant's
CWIS. Data collected from source water surveys were used to estimate the abundance of the
larval populations at risk of entrainment. The estimates were used to provide an estimate of the
fractional loss due to entrainment that can be translated into potential impacts on local fisheries
or fish populations. The data used to calculate the volume of the source water in Agua Hedionda

Lagoon is presented in Appendix B.

Many marine organisms have planktonic stages that can be entrained in circulating water intake
systems. Particular taxa were selected in this study for further analyses based on their sampled
abundance or economic or recreational value. Several approaches, where possible, were used in
assessing the CWIS impacts on each taxon to vield more robust and comparable estimates of
effects. The three assessment modeling techniques used were Adult Equivalent Loss (4EL),
Fecundity Hindcasting (FH). and Empirical Transport Modeling (£7Af), which are described in
Section 3.2.3 below. For the purposes of modeling and calculations, through-plant mortality was
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assumed to be 100%. Although many marine organisms have planktonic eggs that are also
entrained by the power plant’s CWIS these were not counted in our samples. Egg mortality was
considered in the FH assessment model for fishes with planktonic eggs. It was also factored into
the ETM calculations by adding the duration of the egg stage to the duration of entrainment
exposure calculated from the lengths of entrained larvae (see Section 3.2.3-Data Analysis).

Typically, local population estimates for small, non-use (fishes without commercial or
recreational fishery value) fishes are not available. The assessments in this study benefited from
a study on the fishes of Agua Hedionda Lagoon completed by MEC Analytical Systems (1995)
and supplemental fish studies done by Tenera Environmental in conjunction with the present
study (Appendix C). The information was used to assess effects on local populations and
compare the results among models. For species with fishery value, commercial and recreational
fishery data from the San Diego region was also used to evaluate potential entrainment and
impingement effects.

3.1.1 Review of Previous Entrainment Study

In 1979, San Diego Gas and Electric (SDGE) owned and operated EPS. A 316(b) demonstration
was conducted for the facility (SDGE 1980) as required at the time by the SDRWQCB. The
study, done by Woodward-Clyde Consultants, included descriptions of the facility, descriptions
of the physical and biological environment of Agua Hedionda Lagoon and surroundings, studies
of entrainment, impingement, and entrainment survival at the plant, and an environmental impact
assessment that also evaluated the feasibility of alternative intake technologies to reduce IM&E.

A list of selected taxa (‘critical species’) included 16 fish, 11 ichthyoplankton, and one
zooplankton (Table 3-1) that were based on six criteria and approved by the SDRWQCB for
detailed study during the program. Some additional species that were found to be common in the
subsequent sampling were also added to the list. The report reviewed the life histories of the

critical species.

3.1.1.1 Entrainment Study Procedures

A one-year entrainment and source water characterization study was conducted in 1979 as part of
the 316(b) demonstration studies at EPS. Plankton samples were collected monthly at five
offshore stations using 505 and 335 micron nets attached to a 61 cm (23.62 in) bongo net system.
Collections were also made monthly in the Middle and Inner Lagoon and every two weeks in the
Outer Lagoon using 0.5 meter (1.64 ft) diameter nets (505 um and 335 pm). The procedures
specified the use of a depressor weight connected to the towing apparatus but there was no
indication at what depths the plankton samples were typically taken. Tows were targeted at 10
minutes at a speed of 2.8-3.7 km/h (1.5-2.0 kts). Entrammment samples were collected
concurrently every two weeks using a plankton pumping system in front of the intakes. Although
most samples were collected during daylight hours some were occasionally taken in the evening
or early morning hours.
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Table 3-1. ‘Critical species’ studied in 1979—-1980 Encina 316(b) study.

‘Critical Species’ Common Name

Adult fish
Engraulis mordax northern anchovy
Atherinops affinis topsmelt
Paralabrax clathratus kelp bass
Paralabrax maculatofasciatus spotted sand bass
Paralabrax nebulifer barred sand bass
Cynoscion nobilis white seabass
Menticirrhus undulatus California corbina
Seriphus politus queenfish
Amphistichus argenteus barred surfperch

Hyperprosopon argenteum
Semicossyphus pulcher
Mugil cephalus
Citharichthys sordidus
Paralichthys californicus
Pleuronichthys verticalis
Heterostichus rostratus
Ichthyoplankton

walleye surfperch
California sheephead
striped mullet
Pacific sanddab
California halibut
hornyhead turbot
giant kelpfish

Anchoa compressa deepbody anchovy
Engraulis mordax northern anchovy
Cottidae sculpins
Serranidae sea basses
Sciaenidae croakers
Rhinogobiops nicholsii blackeye goby
Gobiidae gobies
Citharichthys stigmaeus spotted sanddab
Paralichthys californicus California halibut
Pleuronectidae righteye flounders
Hypsopsetta guttulata diamond turbot
Atherinopsidae topsmelts
Zooplankton
Acartia tonsa copepod

3.1.1.2 Entrainment Study Results

Anchovies (primarily deepbody and northern) were the most abundant larval forms in both the
source water and entrainment samples, followed by croakers and sanddabs (Table 3-2). There
were fewer fish eggs and more goby larvae in the entrainment samples as compared to source
water samples whereas kelp and sand bass larvae were substantially more abundant in the source
water samples. Only English sole, Parophrys vetulus, was among the top ten entrainment taxa
not represented in the top ten source water taxa. Overall the average composition between the
two data sets was very similar when comparing the ten most abundant taxa.
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Table 3-2. Average annual densities of the ten most abundant ichthyoplankton
taxa per 100 m' (3,531 ft3) in source water (lagoon and offshore stations

combined) and entrainment (pump sampling) collections for 335 pum mesh
nets during the 1979 316(b) study.

Taxon Common Name Source Water  Entrainment
Engraulidae anchovies 952.7 855.2
Sciaenidae croakers 341.7 400.6
Citharichthys spp. speckled sanddab 3.2 82.7
unid. fish eggs fish eggs 33.8 20.2
Gobiidae gobies 29.2 429
Atherinopsidae silversides 83 10.8
Labridae wrasses 6.4 4.0
Hypsoblennius spp. combtooth blennies 6.1 5.7
Serranidae sea basses 5.1 0.9
Sebastes spp. rockfishes 28 25
Parophrys vetulus English sole - 1.9

Entrainment losses were calculated for each two-week sampling interval by multiplying the
average plankton densities at the intake by the volume of cooling water drawn through the plant
during that period. Annual, monthly, and daily rates were estimated by averaging the entrainment
estimates for all sampling periods and calculating value for the indicated duration. Annual
estimates for total zooplankton entrainment were 7.4x10” (505 um net data) and 30.9x10° (335
pm net data) individuals. The copepod Acartia tonsa was the most abundant species in the
entrainment collections (Table 3-3).

Annual estimates of the abundance of ichthyoplankton entrained through the power plant were
4.15x10° (505 um net data) and 6.66x10° (335 pm net data) individuals per year. Fish eggs
comprised 98% and 86% of the total annual ichthyoplankton entrainment using the 505 pum and
335 pum net estimates, respectively. Through-plant entrainment mortality was assumed to be
100% for larvae and 60% for eggs based on survival experiments that were conducted. The
report presented average annual densities of the critical species by net type and daily entrainment
estimates for selected plankton groups. The daily entrainment estimates by net type are listed in
the Table 3-3.

Entrainment impacts were assessed by qualitative comparisons of entrainment losses to the
estimated numbers of larvae in nearby source waters, comparisons of additional power plant
mortality to natural mortality rates, entrainment probabilities based on current studies, and
primary productivity studies. It was concluded that the entrainment of 1.82x10’ fish larvae and
eggs daily was small compared to the egg and larval concentrations measured in monthly
plankton tows in the source water body. It was estimated that average daily losses of planktonic
organisms amounted to about 0.2% of the plankton available within one day’s travel time from
the power plant by current transport. Water at the seaward entrance to Agua Hedionda Lagoon
was estimated to have a 34% probability of entering the lagoon. The 10% probability of
entrainment isopleth was calculated to lie near the northern and eastern extremities of Agua
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Hedionda Lagoon, and the 70% and 90% entrainment probability isopleths were calculated to be
near the intakes and well within the southern third of the Outer Lagoon. The modeled isopleths
shifted toward the seaward entrance on a flood tide and toward the Middle Lagoon on an ebb
tide. Using the 70% entrainment probability isopleth to define intake effects, it was shown that
the maximum extent of intake effects was about 304 m (1,000 ft) into the southern end of the
Outer Lagoon segment. With natural mortality rates assumed to be 99% for egg and larval stages
of most marine fish species it was concluded that additional mortality from EPS was not
significant. There was no modeling of entrainment impacts on larvae using demographic models
(Adult Equivalent Loss [4EL] and Fecundity Hindcasting [FH]), or proportional loss modeling
(Entrainment Transport Modeling [ETM)]). It was also concluded, based on light-dark bottle
experiments, that entrainment effects on source water primary productivity were negligible.

Table 3-3. EPS daily entrainment estimates for two net sizes, 1979. Calculated
using a daily plant cooling water capacity of 795 mgd.

Daily Entrainment Mean Percent

Plankton Group 335 pm 505 pm of Total
Acartia tonsa (copepod) 4.77x10’ 7.63x10° 41.2%
Fish eggs 1.57x107 1.11x107 19.9%
Decapoda 1.32x107 4.44x10° 13.1%
Other Copepoda 8.47x10° 2.16x10° 7.9%
Other Crustacea 6.95x10° 2.70x10° 7.2%
Other Zooplankton 5.68x10° 4.55x10° 4.6%
Chaetognatha 1.83x10° 1.56x10° 2.5%
Fish larvae 2.52x10° 2.46x10° 2.1%
Mysidacea 6.70x10° 1.34x10° 1.5%

100.0%

3.2 Methods and Station Locations

Data collection and analysis consisted of bi-weekly or monthly zooplankton sampling. the
laboratory sorting and identification of collected specimens, and data analysis methods to
compare larval densities among sites. calculate numbers of target organisms entrained through
the EPS CWIS, and calculate effects on source water populations. The following sections
describe the methods employed for each of these tasks.

3.2.1 Field Sampling

Entrainment and source water sampling was conducted monthly from June 2004 through
May 2005 except that two surveys were done in June 2004 separated by a two-week interval.
The thirteen surveys provided a complete year of seasonal data for 2004-2005. The entire set of
entrainment and source water stations (Figure 3-1; Table 3-4) was sampled during each study
period.
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3.2.1.1 Entrainment Sampling

Sample collection methods and equipment were similar to those developed and used by the
California Cooperative Oceanic and Fisheries Investigation (CalCOFI) in their offshore larval
fish studies (Smith and Richardson 1977). Entrainment samples were collected from a single
station (E1; Figure 3-1) located in front of the EPS intakes. They were collected using a bongo
frame with paired 0.71 m (2.33 ft) diameter openings each equipped with 335 pym (0.013 in)
mesh plankton nets and codends. The sampling platform was a 24-ft research vessel (R/V M-
REP) with a side-mounted davit positioned for towing the nets. The start of each tow began
approximately 30 m (98 fi) in front of the intake structure and proceeded in a northwesterly
direction against the prevailing intake current, ending approximately 150 m (492 ft) from the
intake structure. Because of the narrow constriction of the lagoon near the intakes there was a
constant current flow toward the intake structure when pumps were operational and it was
assumed that all of the water sampled at the entrainment station would have been drawn through
the EPS CWS. Samples were collected over a 24-hour period divided into four 6-hour cycles.
Two replicate tows were collected consecutively at the entrainment station during each cycle.
Concurrent surface water temperatures and salinities were measured with a digntal probe (YSI
Model 30).

Sampling began by lowering the bongo nets as close to the bottom as practical without
contacting the substrate. Once the nets were near the bottom, the boat was moved forward,
generally into any water currents, and the nets retrieved at an oblique angle (winch cable at
approximately a 45° angle) to sample the widest strata of water depths possible at the station.
The winch retrieval speed was maintained at approximately 0.3 m/sec (1 fi/sec). Total time of
each tow was approximately two minutes at a speed of approximately 0.5 m/s (1 knot) during
which a combined volume of approximately 60 m (15.851 gal)} of water was filtered through
both nets.

The water volume filtered was measured by calibrated flowmeters (General Oceanics Model
2030R) mounted in the openings of the nets. Flowmeters were maintained before and after each
survey, and checked periodically during a survey to ensure that the impeller assembly was
spinning freely. Flowmeters were calibrated quarterly by averaging the readings from ten
replicate trials over a measured distance of 10 m (33 ft) and applying conversion factors supplied
by the manufacturer. Accuracy of individual instruments differed by less than 5% between
calibrations.

Once the nets were retrieved from the water, all of the collected material was rinsed into the
codend. The contents of both nets were combined into one sample immediately after collection.
Samples from the paired nets were not kept separate because they were not statistically
independent samples and could not be used as replicates for analysis. The use of a bongo frame
design minimizes disturbance from the tow bridle compared to a three-point attachment design
and allows each net to collect an unobstructed sample. The combined sample was placed into a
labeled jar and preserved in 10% formalin. Each sample was given a unique serial number based
on the location, date, time, and depth of collection, and all information was recorded on a
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sequentially numbered data sheet. The serial number was used to track the sample through the
laboratory processing, data analysis, and reporting phases.

1 kilometer

© Entrainment Station
® Lagoon Source Water
@ Nearshore Source Water

Figure 3-1. Location of Encina Power Station entrainment (E1) and source water (L1-L4;
N1-N5) plankton stations.

3.2.1.2 Source Water Sampling

Plankton samples were collected monthly at four source water stations in Agua Hedionda
Lagoon and five nearshore stations adjacent to the EPS (Figure 3-1). The source water stations
ranged in depth from approximately —1.8 m (5.9 ft) MLLW at L3 and L4 in the Inner Lagoon to
-34.1 m (-111.9 ft) MLLW at N5. The stations were stratified to include stations in the Inner,
Middle and Outer Lagoon, and at varying distances upcoast, downcoast, and offshore from the
lagoon mouth lagoon. This station array was chosen to include a range of depths and adjacent
habitats that would characterize the larval fish composition in the source waters.
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Table 3-4. Locations and depths of entrainment and source water plankton stations.

Depth below
MLLW in
Station Location Latitude (N)  Longitude (W) meters (ft)
El EPS Intake — Quter AHL 33° 08.328 117° 20.283 3.4 (11.2)
L1 Outer AHL 33° 08.639 117° 20.422 3.0(9.8)
L2 Middle AHL 33° 08.658 117° 20.105 6.1(20.0)
L3 Inner AHL 33° 08.581 117° 19.725 1.8(5.9)
L4 Inner AHL 33° 08.441 117° 19.391 1.8(5.9)
NI Nearshore 33° 09.376 117° 21.501 6.0(19.7)
N2 Nearshore 33° 08.594 117° 20.994 8.8 (28.9)
N3 Nearshore 33°07.430 117° 20.150 7.2(23.6)
N4 Nearshore 33° 08.443 117° 21.269 17.6 (57.7)
NS5 Nearshore 33° 08.245 117° 21.723 34.1 (111.9)

Source water sampling was conducted using the same methods and during the same time period
described above for entrainment sampling, except that the stations sampled in the Middle and
Inner Lagoons were sampled with a single 0.71 m (2.32 ft) diameter push net rather that the
standard bongo net apparatus. The push net apparatus was used because of the shallow depths of
the Middle and Inner Lagoons where a larger towed net was not practical. In both procedures,
however, the target volumes for the oblique tows were 60 m’ (2,119 fi3) (2 minute tow at
approximately 0.5 m/s (1kt) for bongo and 4 minute tow for push net). A single tow was
completed at each of the source water stations during each of the four 6-hr cycles. Entrainment
samples at Station E1 were collected from the same vessel during sampling of the Outer Lagoon.
Concurrent surface water temperatures and salinities were measured with a digital probe (YSI

Model 30).

3.2.2 Laboratory Analysis

Laboratory processing consisted of sorting (removing), identifying, and enumerating all larval
fishes, megalopal stages of Cancer spp. crabs, and spiny lobster larvae (puerulus and phyllosome
stages) from the samples. Juvenile specimens (not susceptible to entrainment) that were collected
incidentally in the plankton sampling were separated in the laboratory from the samples but not
included in the analysis. (A total of ten juvenile specimens of six species were collected from
seven source water samples and none from any entrainment samples).

Sorting and identification accuracy was verified and maintained by Tenera Environmental's
quality control (QC) program, which specitied a minimum accuracy level of 90% for sorting and
95% for identification (Appendix D). A total of eight sorters and three taxonomists were
involved in the processing of ficld samples. Mr. W. Watson of the Southwest Fisheries Science
Center checked identifications of problematic specimens. The primary reference for
identifications was Moser et al. (1996). All field and laboratory data were entered into a
computer database which was verified for accuracy against the original data sheets.
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Myomere counts and pigmentation patterns were used to identify larval fishes to the lowest
taxonomic classification possible, which was usually the species level, but sometimes the genus
or family level for certain groups. For example, many species of the family Gobiidae share
morphologic and meristic characters during early life stages (Moser et al. 1996) making accurate
identifications to the species level questionable. These include early larvae of the arrow goby
(Clevelandia ios), cheekspot goby (llypnus gilberti), and shadow goby (Quietula y-cauda). These
three species were combined into an unidentified goby category referred to as the ‘CIQ goby
complex’. Larval combtooth blennies (Hypsoblennius spp.) can be easily distinguished from
other larval fishes (Moser et al. 1996). However, the larvae of the three sympatric species that
could occur in AHL cannot be distinguished from each other on the basis of morphometrics or
meristics for some of the smaller sizes common in the samples. These combtooth blennies were
grouped into an “unidentified combtooth blennies™ category (i.e., Hypsoblennius spp.). Larvae
from the three members of the silversides (family Atherinopsidae) that can occur in AHL
(California grunion Leuresthes tenuis, jacksmelt Atherinopsis californiensis, and topsmelt
Atherinops affinis) also cannot be easily distinguished at the smallest larval sizes and were
therefore treated as a single group. Similarly, larvae for the deepbody anchovy Anchoa
compressa) and slough anchovy (dnchoa delicatissima) are also very difficult to distinguish and
were therefore combined into one group Anchoa spp. Also combined into this Anchoa spp. group
were all small (2-3 mm [0.08-0.12 in]) Engraulidae (anchovy) individuals, as there were very
few other species of this fish family identified from these samples.

Larvae were measured (notochord/standard lengths) to determine their length ranges in the
entrainment samples. These estimates were used to calculate the time that the larvae were subject
to entrainment. Up to 50 larvae from each survey of the most abundant taxa, or species with
recreational or commercial fishery importance, were measured using a video capture system and
Optimus™ image analysis software from each survey. Descriptive statistics on a random sample
of 200 larvae were calculated from taxa with over 200 measurcments and for all of the
measurements from less abundant taxa. The statistics from these data were used to estimate the
minimum, average, and maximum lengths of entrained larvae.

3.2.3 Data Analysis

Estimates of daily larval entrainment for the sampling from June 2004 through May 2005 at EPS
were calculated from data collected at the entrainment station. Assessment of entrainment effects
were hmited to the most abundant fish taxa (target taxa) that together comprised 90% of all
larvae entrained. Estimates of entrainment loss, in conjunction with demographic data collected
from the fisheries literature, were used in modeling entrainment effects on target taxa using adult
equivalent loss (4EL) and fecundity hindcasting (FH). Data for the same target taxa from
sampling of the entrained larvae and potential source populations of larvae was used to calculate
estimates of proportional entrainment (PE) that were used to estimate the probability of mortality
(P3y) due to entrainment using the Empirical Transport Model (ETM). In the EPS entrainment
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study each approach (e.g.. AEL, FH, and ETM), as appropriate for each target taxon, was used to
assess effects of power plant losses.

3.2.3.1 Demographic Approaches

Adult equivalent loss models evolved from impact assessments that compared power plant losses
to commercial fisheries harvests and/or estimates of the abundance of adults. In the case of adult
fishes impinged by intake screens, the comparison was relatively straightforward. To compare
the numbers of impinged sub-adults and juveniles and entrained larval fishes to adults, it was
necessary to convert all these losses to adult equivalents. Horst (1975) and Goodyear (1978)
provided early examples of the equivalent adult model (E4AM) to convert numbers of entrained
carly life stages of fishes to their hypothetical adult equivalency.

Demographic approaches, exemplified by the FAM, produce an absolute measure of loss
beginning with simple numerical inventories of entrained or impinged individuals and increasing
in complexity when the inventory results are extrapolated to estimate numbers of adult fishes or
biomass. We used two different but related demographic approaches in assessing entrainment
effects at EPS: AEL, which expresses effects as absolute losses of numbers of adults, and FH,
which estimates the number of adult females at the age of maturity whose reproductive output
has been eliminated by entrainment of larvae. Both approaches require an estimate of the age at
entrainment. These estimates were obtained by measuring a representative number of larvae of
each of the target taxa from the entrainment samples and using published larval growth rates to
estimate the age at entrainment. The age at entrainment was calculated by dividing the difference
between the size at haiching and the average size of the larvae from entrainment by a larval
growth rate obtained from the literature. The size at hatching was estimated using the length at
the 25" percentile. This value was used because of the large vanation in size among larvae
smaller than the average length. The large vaniation in hatch size justified using the length at the
25" percentile rather than the minimum length.

Age-specific survival and fecundity rates are required for AEL and FH. Adult-equivalent loss
estimates require survivorship estimates from the age at entrainment to adult recruitment; FH
requires egg and larval survivorship up to the age of entrainment plus estimates of fecundity.
Furthermore, to make estimation practical, the affected population is assumed to be stable and
stationary, and age-specific survival and fecundity rates are assumed to be constant over time.
Each of these approaches provides estimates of adult fish losses. which ideally need to be
compared to standing stock estimates of adult fishes.

Species-specific survivorship information (e.g.. age-specific mortality} from egg or larvae to
adulthood is limited for many of the taxa considered in this assessment. These rates, when
available, were inferred from the literature along with estimates of uncertainty. Uncertainty
surrounding published demographic parameters is seldom known and rarely reported, but the
likelihood that it is very large needs to be considered when interpreting results from the
demographic approaches for estimating entrainment effects. For some welkstudied species (e.g.,
northern anchovy), portions of early mortality schedules and fecundity have been reported.
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Because the accuracy of the estimated entrainment effects from AEL and FH will depend on the
accuracy of age-specific mortality and fecundity estimates, lack of demographic information may
limit the utility of these approaches.

The precursor to the AEL and FH calculations is an estimate of total annual larval entrainment.
Estimates of larval entrainment at EPS were based on monthly sampling where E7 is the estimate
of total entrainment for the study period and E; is the monthly entrainment estimate. Estimates of
entrainment for the study period were based on two-stage sampling designs, with days within
periods, and cycles (four six-hour collection periods per day) within days. The within-day
sampling was based on a stratified random sampling scheme with four temporal cycles and two
replicates per cycle. Estimates of variation for each survey were computed from the four
temporal cycles.

There were usually no estimates of variation available for the life history information used in the
models. The ratio of the mean to standard deviation (coefficient of variation) was assumed to be

50% for all life history parameters used in the models.

Adult Equivalent Loss (AEL)

The AEL approach uses estimates of the abundance of the entrained or impinged organisms to
project the loss of equivalent numbers of adults based on mortality schedules and age-at-
recruitment. The primary advantage of this approach is that it translates power plant-induced
early life-stage mortality into numbers of adult fishes that are familiar units to resource
managers. Adult equivalent loss does not require source water estimates of larval abundance in
assessing effects. This latter advantage may be offset by the need to gather age-specific monality
rates to predict adult losses and the need for information on the adult population of interest for
estimating population-level effects (i.e., fractional losses).

Starting with the number of age class j larvae entrained £, it is conceptually easy to convert
these numbers to an equivalent number of adults lost AEL at some specified age class from the
formula:

AEL=iE,S, (N

=
where

n = number of age classes from the average age at entrainment to adult recruitment;
E; = estimated number of larvae lost in age classj; and
S; = survival probability for the j th class to adulthood (Goodyear 1978).

Age-spectfic survival rates from the average age at entramment to recruitment into the fishery
must be included in this assessment method. We used a modified form of Equation 1 where the
total entrainment was used having an average age «a:

,/= Cabrillo Power « Encina 316(b) Demonstration 31 o

N i s ®



Entrainment and Source Water Larval Study

AELzEl-nS, (2)

J=a
where

E7= annual estimate of larvae lost in all age classes.

The average age at entrainment was estimated from lengths of a representative sample of larvae
measured from the entrainment samples. Literature-based hatch length and growth rate were
used to estimate age from average length. For some commercial species, natural survival rates
are known after the fish recruit into the commercial fishery. For the earlier years of development,
this information is not well known for commercial species and may not exist for some non
commercial species.

Fecundity Hindcasting (FH)

The FH approach compares larval entrainment losses with adult fecundity to estimate the amount
of adult female reproductive output eliminated by entrainment, hindcasting the numbers of adult
females at the age of maturity effectively removed from the reproductively active population.
The accuracy of these estimates of effects, as with those of the AEL above, is dependent upon
accurate estimates of age-specific mortality from the egg and early larval stages to entrainment
and accurate estimates of the total lifetime female fecundity. If it can be assumed that the adult
population has been stable at some current level of exploitation and that the male:female ratio is
constant and 50:50, then fecundity and mortality are integrated into an estimate of the loss of
adults at the age of maturity by converting entrained larvae back into females (e.g., hindcasting)
and multiplying by two.

A potential advantage of FH is that survivorship need only be estimated for a relatively short
period of the larval stage (e.g., egg to larval entrainment). The method requires age-specific
mortality rates and fecundities to estimate entrainment effects and some knowledge of the
abundance of adults to assess the fractional losses these effects represent. This method assumes
that the loss of the reproductive potential of a single female at the age of maturity is equivalent to
the loss of two adult fish at the age of maturity, assuming a 50:50 male:female ratio.

In the FH approach, the total larval entrainment for a species, E7, was projected backward from
the average age at entrainment to estimate the number of females at the age of maturity that
would produce over their lifetime the numbers of larvae seen in the entrainment samples. The
estimated number of breeding females at the age of maturity. FH, whose fecundity is equal to the
total loss of entrained larvae was calculated as follows:
FH = —ELn_ (3)
TLF[] S,

1=l

where
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E; = total entrainment estimate;
& S, = survival rate from eggs to entrained larvae of the /" stage ;

TLF = average total lifetime fecundity for females. equivalent to the average number of
eggs spawned per female over their reproductive years.

The two key input parameters in Equation 3 are total lifetime fecundity 7LF and survival rates S,
*® from spawning to the average age at entrainment. The average age at entrainment was estimated

from lengths of a representative sample of larvae measured from the entrainment samples.

Descriptions of these parameters may be limited for many species and are a possible limitation of

the method. 7LF was estimated in these studies using survivorship and fecundity tables that

account for changes in fecundity with age. The data used in calculating 7LF is described below
& for each taxon.

3.2.3.2 Empirical Transport Model (ETM)

The ETM calculations provide an estimate of the probability of mortality due to power plant
entrainment. The calculations require not only the abundance of larvae entrained but also the

® abundance of the larval populations at risk of entrainment. Sampling at the cooling water intake
is used to estimate the total number of larvae entrained for a given time period, while sampling in
the lagoon and coastal waters around the EPS intake is used to estimate the source population for
the same period.

o On any one sampling day, the conditional entrainment mortality can be expressed as
-~ 4
N,
* where

E, = total numbers of larvae entrained during the i th survey; and
N, = numbers of larvae at risk of entrainment, i.e.. abundance of larvae in source water.

- The values used in calculating PE are population estimates based on the respective larval
concentrations and volumes of both the CWS flow and source water areas. The abundance of
larvae at risk in various regions of the source water, R, summed over k stations during the i"
survey can be directly expressed as follows:

o 2 —
A\“R: = ZL.SR’( .pRnk (5)
k=1
where V is the static volume of the source water in region R at station &, and p,, denotes an
- estimate of the average larval concentration in the source water in region R for station k during

survey i,
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Three source water components were identified for EPS: 1) AHL where the EPS intake is
located, 2) nearshore coastal water that is transported into the lagoon on incoming tides, and 3)
AHL water that is transported out of the lagoon into nearshore coastal waters on outgoing tides.
Each of these source water components operates on the time scale that larvae are subject to
entrainment. Because the spatial scales of the components vary, the conditional mortality due to
entrainment, PE, could not be expressed simply as in Equation 3. The calculation of PE is
incorporated into the ETM calculation for estimating the total annual proportional mortality due
to entrainment, Py as follows:

N ]V[__
Po=1-2 f|1- =~ ' (6)
=1

+N YN o *9)

where

f, = estimated fraction of total source water larval population present during the i ™

survey:
g = number of days the larvae are exposed to entrainment:

N, = the estimated number of larvae entrained during the i™ survey:

N,s = the estimated number of larvae in the nearshore sampled during the i" survey:

P. = the ratio of the length of the sampled nearshore area sampled during the i . survey

S

to the total alongshore current displacement over the period of ¢ days that the larvae
could be exposed to entrainment;

r
A NSOur,

concentration from the nearshore sampling during the i™ survey and the outflow volume;

= an adjustment for the outflow from AHL calculated using the average

N 4, = the estimated number of larvae in AHL during the i ™ survey: and

N o = an adjustment for the outflow from AHL calculated using the average

concentration from AHL sampling during the i" survey and the outflow volume.

The sizes of Nys, Ny, and Ny were calculated as the product of larval concentration and volume
as in Equation 5. The estimate Nys for the nearshore sampling area for each i" survey used in the
ETM calculations included nine areas (Figure 3-2) with component densities and volumes. The
densities in areas N1-N5 were sampled and the densities in areas SW1-SW4 were interpolated
using the sampled larval densities weighted by the inverse of distance squared as measured from
the center of an unsampled area to the centers of the sampled areas. This was done to create a
rectangular-shaped source water area with constant length that could be extrapolated using
alongshore current displacement, otherwise the layout of the sampling locations would have
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required separate source water estimates for the offshore (N4 and N35) and alongshore station
areas (N1, N2 and N3).

The sampled nearshore area, Nns, for each i" survey represents a proportion of the total
nearshore source water potentially affected by entrainment over the number of days, g, that the
larvae are exposed to entrainment. The proportion of the sampled nearshore area to the total
source water, Ps, was estimated for each " survey using alongshore current displacement
measured using a current meter deployed offshore from AHL (Section 2.2.1.3; Figures 2-9
through 2-12). The incorporation of Ps into the ETM model is typically defined by the ratio of
the area or volume of the study grid to a larger area or volume containing the population of
inference (Parker and DeMartini 1989). However, if an estimate of the larval (or adult)
population in the larger area is available, then Ps can also be computed using an estimate of the
proportion of the larval or adult population in the study area. If the distribution in the larger area
is assumed to be uniform or the same as the nearshore sampling area, then the value of Py for the
proportion of the population will be the same as the proportion computed using area or volume.
The current displacement measured over g days was used to estimate the distance alongshore that
larvae could have been transported into the nearshore areas around AHL where they would be
subject to entrainment. The ratio of the alongshore distance of the nearshore sampling area to the
alongshore current displacement, Ps, was used to adjust the nearshore population estimate, Nys,
for the size of the total source water population.

The estimate of Ps, the proportion of the sampled source water population to the total source
population did not include onshore current displacement that could result in the transport of
larvae from offshore into the nearshore sampling area. Although this process does occur, as
evidenced by the current data, a separate estimate of Ps that would account for onshore transport
was not calculated because the water depths offshore from EPS drop off much more rapidly than
other nearshore areas in southern California. Typically, a depth of 75 m has been used in
extrapolating source water offshore (Parker and DeMartini 1989, MBC and Tenera
Environmental 2005). This depth was based on Lavenberg et al. (1986) showing that
ichthyoplankton transects in southern California shoreward of the 75 m (246 ft) depth were
representative of the coastal zone.
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Figure 3-2. Bathymetry and boundaries of nearshore areas used in calculating average source water
larval concentrations for the ETM analyses.

Larvae produced and resident in AHL that were potentially subject to entrainment, N, were
estimated for each /" survey by combining the estimates from four stations located in the three
lagoon segments into a total estimate for AHL that also included the concentrations measured at
the entrainment station. In addition to the larvae present in the lagoon on the day that
entrainment, Nz, was measured, larvae are continually being produced in the lagoon and
transported into the nearshore due to tidal outflow. The outflow volume was multiplied by the
concentration measured in the source water (Nyso.) to account for water transported out into the
nearshore on the day that the sampling occurred. Nyso, was adjusted by Pg to account for this
amount over a larval duration and subtracted from the nearshore source water population
estimate. The average concentration from the nearshore sampling was used and this number was
replaced by outflow estimated using the concentrations measured from AHL. This outflow
volume is multiplied by the average concentration from AHL to estimate outflow of larvae into
the nearshore (Nyo.) over the period of larval exposure, including the day that sampling
occurred.
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Therefore, using Equation 6 to represent all three components of the source water PE was
calculated as follows:

N,

(7)

/ 7
+N AH, +(N AHOut, ® q)

To establish independent survey estimates, it was assumed that during each survey a new and
distinct cohort of larvae is subject to entrainment. The number of days a taxon was exposed to
entrainment was estimated by dividing a larval growth rate into the difference between the 25"
and 95" percentile values of length measurements from the entrainment samples. Each of the
monthly surveys was weighted by £, and estimated as the proportion of the total population at risk
during the i" survey period. The weights are calculated as follows:

A v (8)

Total

where N, is the estimated fraction of the source population spawned during the i survey period.
and N7, is the total source population for the entire study period.

3.2.3.3 Dynamics of AHL Pertaining to Model

The numbers of fish larvae in the lagoon were estimated using the volume of the AHL at mean
sea level. This volume was estimated from Elwany et al. (2005) and calculated in Appendix B as
3.148 x 10° m’ (2,552 acre-ft) for the three lagoon segments. The Outer, Middle and Inner
Lagoon volumes were 1.247 x 10° n’ (1,011 acre-ft), 0.350 x 10° m* (284 acre-ft), and 1.547 x
10° m* (1,255 acre-ft) respectively.

As part of the description of the flow of water through AHL, Elwany et al. (2005) estimated the
volume of the incoming and outgoing water at the AHL inlet for the period June 1, 2004 to May
31, 2005. Water level measurements conducted in the lagoon between June 1 and July 7, 2005
were used to establish the relationships of maximum and minimum water levels per tidal cycle.
measured in feet, between the ocean at Scripps Pier, La Jolla, CA and the lagoon using linear
regression analysis.

The relationships between lagoon and ocean water levels, shown in Figure 2-6, were as follows:
Wilmax = 0.97 Womax + 0.0076 (9a)

W]mm = 069 WOmm = 037 (gb)

N et Nt & -
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where Wl and Wl;, are the maximum and minimum water levels in the lagoon respectively,
and Wo,,, and Wo,;, are the maximum and minimum water levels in the ocean per tidal cycle
respectively.

The measured ocean tides at Scripps Pier, La Jolla, CA, between June 1, 2004 and May 31, 2005
were used to estimate the maximum and minimum water levels in the lagoon using equations 9a
and 9b, respectively. Using Equations 3 and 4 presented in Appendix B and the reported EPS
cooling system hourly intake flow (Figure 2-7) during the same time period, estimates were
made regarding the incoming (inflow) and outgoing (outflow) water from the lagoon’s major
inlet (Figure 2-8).

The average daily estimated inflow and outflow thru the lagoon’s inlet between June 1, 2004 and
May 31, 2005 was 4.11x10° m® (3,333 acre-f) and 1.80x10° m’ (1,459 acre-ft) corresponding to
an average daily power plant intake flow of 2.31x10° m* (1,874 acre-ft). Maximum daily inflow
and outflow corresponding to a maximum power plant intake flow of 3.24x10% m® (2,627 acre-ft)
is estimated as 4.58x10° m’ (3,713 acre-ft) and 1.33x10° m’ (1,078 acre-fi).
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3.3 Entrainment and Source Water Results

3.3.1 Community Overview

3.3.1.1 Entrainment Results

A total of 20,601 larval fishes representing 41 taxa was collected from the EPS entrainment
station (E!) during 13 monthly surveys in the 2004-2005 sampling period (Table 3-5 and
Appendix E). Gobies (CIQ goby complex) and blennies comprised over 90% of all specimens
collected, with anchovy larvae the third most abundant taxon at approximately 4%. The greatest
concentrations of larval fishes, primarily gobies, occurred during the August 2004 survey and the
fewest occurred in December 2004 (Figure 3-3). Larvae tended to be more abundant in samples
collected at night than those collected during the day (Figure 3-4). Fish fragments and damaged
fishes that could not be identified to species comprised a small fraction of the total catch. Of the
target shellfishes sampled, only one Cancer crab megalopa and no spiny lobster larvae were
collected at the entrainment station.

Total annual entrainment was estimated to be 4.49 x 10° fish larvae during the 12 months from
June 20604 through May 2005 using the EPS CWIS maximum design flows as the basis for
calculations, and 3.63 x 10° fish larvae during the 12-month period calculated using the actual
EPS flow rates recorded during the study period (Table 3-6). This equates to a 23.9% difference
between the estimated entrainment using maximum and actual power plant intake flows.

The following eight taxa were selected for detailed evaluation of entrainment effects based on
their abundance in entrainment samples and/or importance as fishery species:

o CIQ goby complex (unidentified Gobiidae)

e combtooth blennies (Hypsoblennius spp.)

¢ anchovies (primarily Engraulis mordax)

s garibaldi (Hypsypops rubicundus)

o white croaker (Genyonemus linealus)

o queenfish (Seriphus politus)

e spotfin croaker (Roncador stearnsii)

e California halibut (Paralichthys californicus)
The four most abundant taxa comprised over 95% of all entrained larvae (Table 3-5). Although
the other four taxa were collected in relatively low numbers they represented species with
recreational or commercial fishery value. In general, most of the larvae collected from the

entrainment samples did not have any recreational or commercial fishery value, and those with
fishery value were in low abundance. None of the target invertebrate taxa was evaluated for
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entrainment effects because only a single Cancer crab megalops was identified from the
entrainment samples.

Table 3-5. Average concentration of larval fishes and target shellfishes in entrainment samples
collected in Agua Hedionda Lagoon (Station E1), June 2004—-May 2005.

Average
Concentration Percentage of  Cumulative
Taxon Common Name (per 1,000 m?) Total Count Total Percentage
Gobndae (C1Q complex) Gobies 222293 12.763 61.95 6195
Hypsoblennius spp blennies 1.107.67 5838 2834 90.29
Engraulidae Anchovies 13429 819 398 9427
Hypsypops rubicundus ganbaldi 40.99 188 091 95.18
Tyvphlogobius californiensis blind goby 24.65 148 0.72 95.90
Gibbonsia spp clmd kelpfishes 2245 125 061 96.51
Labnsormidae labrisorud kelpfishes 17.65 039 96.90
Syngnathidae pipefishes 16.06 83 0.40 97.30
Acanthogobius flavimanus yellowfin goby 1441 87 042 97.72
larvae, unid. fish fragment umdentified larval fishes 9.65 56 0.27 98.00
Atherinopsidae silverside 918 54 026 98.26
larvae, umid. yolksac unidentified yolksac larvae 836 39 0.19 9845
Roncador stearnsu spotfin croaker 833 42 020 98.65
Rimicola spp kelp clingfishes 7.92 43 021 98 86
Genyonemus lineatus white croaker 7.04 44 021 99.07
Seriphus politus queenfish 5.50 29 0.14 99.21
Paraclinus mtegripinnis reef finspot 495 31 0.15 9936
Paralichthys californicus Califormia halibut 373 21 0.10 99 47
Sardmops sagax Pacific sardine 266 16 0.08 99 54
Cutharichthys spp sanddabs 224 14 0.07 9961
Gillichthys mirabilis longjaw mudsucker 214 13 0.06 99.67
Sciaenidae croakers 1.86 11 0.05 9973
Paralabrax spp. sand basses 1.86 11 0.05 9978
Hypsopsetia guttulata diamond turbot 178 10 0.05 99 83
larvae, umd. post-yolksac larval fishes 161 10 0.05 99 88
Pleuronectiformes flatfishes 0.63 4 0.02 9990
Heterostichus rostratus giant kelpfish 0.54 3 0.01 9991
Clinocottus analis wooly sculpin 051 3 0.01 99.93
Stenobrachius leucopsarus northern lampfish 0.37 2 0.01 99.94
Cheilotrema saturnum black croaker 0.35 2 0.01 9995
Scomber japonicus Pacific mackerel 035 | <0.01 99.95
Ophidiidae cusk-eels 021 | <0.01 99.96
Gobiesocidae clingfishes 0.20 1 <0.01 99.96
Diaphus theta California headlight fish 019 1 <0.01 99.96
Semucossyphus pulcher California sheephead 019 1 <001 9997
Menticirrhus undularus Califorma corbina 0.18 I <0.01 9997
Haemulidae grunts 018 1 <0.01 9998
Labridae WTasses 017 1 <0.01 99.98
Myctophidae lanternfishes 016 1 <0.01 99 99
Symbolophorus califormiensts  California lanternfish 016 1 <001 9999
Oxyyulis californica seforita 0.14 1 <0.01 100.00
20.601
Cancer spp. (megalops) cancer crabs 017 1
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Table 3-6. Calculated annual entrainment of larval fishes and target shellfishes based on EPS maximum
design flows and actual recorded flows, June 2004-May 2005.

Annual Annual
Entrainment Std. Error Entrainment Std. Error
Taxon Common Name (Maximum Flow) (Max Flow) (Actual Flow) (Actual Flow)
Gobnidae (CIQ complex) gobies 2.767,198,570 101.030.008 2215477217 86,364 408
Hypsoblennius spp combtooth blennies 1.312,458.555 72,049,342 1.098.083.615 62.379,799
Engraulidae anchovies 157.019.892 8,097 477 120,661,087 6,551,786
Hypsypops rubicundus garibaldi 36.328.962 2.872,086 29,287,646 2.349.174
Gibbonsia spp clinid kelpfishes 29,620.060 1.875,599 18,192,742 1,162,809
Typhlogobius californiensts blind goby 28,988,077 2437683 20,324,124 1,700,727
Acanthogobius flavimanus yellowfin goby 21.043.508 1,707,240 12,590,127 1.057.808
Syngnathidae pipefishes 19.379.619 1.610.753 16,530,546 1,390,890
Labnisomidae labrisomid kelpfishes 16,399,803 1,094,580 13.937,144 931.864
Atherinopsidae silverside 12,654,500 664,630 7.936.121 419 868
larvae, umd. fish fragment unidentified larval fishes 11,024,170 430.622 8.055,502 336.468
Roncador stearnsit spotfin croaker 10,677.429 733.087 9.554.139 656,724
Rimicola spp. kelp clingfishes 9913916 620.625 7,953,162 504 858
Genyonemus lineatus white croaker 9,466,865 398,516 6,924.470 320.508
Paraclinus integripinnis reef finspot 8.356.639 772412 7.201.333 670.242
larvae, umd. yolksac unid. yolksac larvae 8.000.516 445 456 6.578,080 370,110
Seriphus politus queenfish 7.534.586 544 949 6,746,448 501.851
Paralichthys californicus California halibut 4.879.725 263,926 3,752,551 223,985
Sardinops sagax Pacific sardine 3.394,52 218.259 2,484,208 175.300
Gillichthys mira bilis longjaw mudsucker 2813002 161.236 1.814,507 105,121
Paralabrax spp sand basses 2,775,286 105,724 2.520.619 94 986
Cutharichthys spp sanddabs 2,650,151 220,150 1,855.512 155.988
Hypsopsetta guttulata diamond turbot 2471214 150,706 1.770.451 100.989
larvae, unid. post-yolksac larval fishes 2,302,748 179.221 1.760.888 135.949
Sciaenidae croakers 2,164,020 166,322 1.695.162 141,027
Pleuronectiformes flatfishes 744,368 106,852 519.811 72.825
Clinocottus analis wooly sculpin 703,175 71,055 455.902 48 468
Heterostichus rostratus giant kelpfish 596,406 67,172 393,522 45.546
Stenobrachius leucopsarus northern lampfish 547.395 53578 310274 32.852
Chetlotrema saturnum black croaker 464,305 57,915 392.460 49,352
Haemulidae grunts 252,404 43287 233,493 40,198
Ophidiidae cusk -eels 246,537 46,591 149,892 28,997
Labridae Wrasses 241,401 41.400 223314 38.446
Scamber japonicus Pacific mackerel 234,086 58.521 193,720 48.676
Diaphus theta California headlight fish 226,160 42.740 192,654 36.466
Sem icossyphus pulcher Califormia sheephead 226,160 42,740 192,654 36.466
Myctophidae lantern fishes 194,178 36.696 165410 31.309
Symbolophorus californiensis Califorma lantern fish 194,178 36.696 165410 31,309
Menticirrhus undulatus Califorma corbina 193489 38,698 159.429 32335
Oxyyulis californica sefiorita 156,339 30,087 116,071 22,407
Gobiesocidae clingfishes 112,198 31,118 90,331 25219
4,494.849.115 3,627.641.744
Cancer spp. (megalops) cancer crabs 200,698 37,928 162,150 31311
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Figure 3-3. Mean concentration (# / 1,000 m' [264,172 gal]) and standard error of all larval fishes
collected at EPS entrainment Station El during the 2004-2005 period.
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Figure 3-4. Mean concentration (#/1.0 m' [264 gal]) of all larvae at
entrainment Station E1 during night (Cycle 3) and day (Cycle 1) sampling.

3.3.1.2 Source Water Results

A total of 55,635 larval fishes representing 89 taxa was collected from the source water stations
in Agua Hedionda Lagoon and the nearshore area adjacent to EPS during 13 monthly surveys
(Table 3-7 and Appendix E). Approximately 70% of the source water larvae collected in the
study came from the four stations in the Inner, Middle and Outer Lagoon with gobies (CIQ goby
complex) comprising the bulk of those larvae. There were 47 taxa collected in the lagoon of
which four were unique to the lagoon stations. The remaining 30% of the larvae were sampled at
the five nearshore stations where anchovies (mainly Engraulis mordax) were the most abundant
species. There were 85 taxa collected at the nearshore stations of which 42 were unique to the set
of nearshore stations. Of the target shellfishes sampled. Cancer crab megalops and spiny lobster
larvae were much more abundant at the nearshore stations than at the lagoon stations. Larval
concentrations were highest in summer months and lowest in winter months, and generally
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followed a gradient from highest concentrations in the Inner Lagoon (mostly shallow mud
substrate) to lowest concentrations at the group of nearshore stations (kelp forest and sand
substrate) (Figure 3-5).

>
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Table 3-7. Average concentration of larval fishes and target shellfishes in source water samples
collected at in Agua Hedionda Lagoon and nearshore stations, June 2004—May 2005.

Average Average
Taxon Common Name Conceatration Total Concentration To1al
{(per 1,000 m* Count (per 1,000 m*) Coupt

Eishes

Engraulidae anchovies 525.48 7.631 103.41 1.210
Hypsoblennius spp. blennies 137.56 1.966 467.32 4.725
Gobiidae (C1Q complex) gobies 69.12 921 2.718.58 30,270
Genvonemus lineatus white croaker 64,66 921 4.25 54
larvae, unidentified yolksac unid. yolksac larvae 45.82 678 32 32
Paralichthys californicus California halibut 4291 601 1.93 22
Paralabrax spp. sand hasses 24,88 372 0.68 8
Seriphus politus queenfish 2379 365 2.40 26
Sciaenidae croaker 22.55 306 6.56 73
Citharichthys spp. sanddabs 2170 334 1.14 15
Roncador stearnsii spotfin croaker 20.17 286 0.82 74
Gibbonsia spp. clinid kelpfishes 19.29 277 16.74 182
l.abrisomidae labrisomid kelpfishes 16.36 219 35.30 366
Sardinops sugax Pacific sardine 13.21 202 0.74 9
larval fish fragment unid. larval fishes 10.50 145 15.02 174
Haemulidae grunis 8.80 116 0.17 2
Scomber japonicus Pacific mackerel 707 110 - -
Hypsypops rubicundus garibaldi 7.03 110 3512 352
lanval/post-larval fish unid. larval fishes 6.81 93 1.36 16
Oxyjulis californica senorita 5.55 79 075 8
Paralabrax nebulifer barred sand bass 5.08 82 - -
Sphyraena argentea California barracuda 374 59 0.17 2
NXenistins californiensis salema 361 55 0.30 3
Lepidogobius lepidus bay goby 3.59 56 0.09 1
Stenobrachius leucopsarus northern lampfish 3.26 51 - -
Atherinopsidae silversides 3.09 39 29.73 348
Pleuronichthys verticalis homyhead turbot 2.79 43 - -
Umbrina roncador veltow(in croaker 2.62 39 0.09 1
Ophidiidac cusk cels 2.6l 37 0.09 1
Pleuronichthys ritteri spotted turbot 2.51 34 0.17 2
Pleuronectidae unid. {lounders 228 35 0.08 1
Xystrenrys liolepis faniail sole 1.97 27 0.21 2
Hypsopsena gutulaia diamond turbot 1.97 30 0.5% 7
Rimicola spp. kelp clingfishes 179 22 3.28 34
Peprilus simillintus Pacific butterfish 1.78 28 - -
Cheilotrema saturnum black croaker 1.71 24 0.36 4
Semicossyphus pulcher California sheephead 1.49 21 - -
Diaphus theta California headligh fish 1.46 24 - -
Aeanthogobius flavimanns yellowfin goby 1.46 22 38.98 499
Pleuronectiformes flatfishes 1.25 21 0.07 1
Menticirrhus undulatus California corbina 1.21 16 047 s
Atractoscion nobilis white scabass .18 18 0.08 1
Sebastes spp. rock fishes 1.09 18 - -
Girella nigricans opaleye 1.06 16 - -
Syngnathidae pipefishes 1.02 13 5.31 53
Typhlogobius californiensis blind goby 0.99 15 9.63 118
Trachurus symmetricus Jjuck mackerel 0.96 17 - -
Halichoeres semicincius rock wrasse 0.95 15 - -
Labridae WIasses 0.83 11 - -
Paraclinus integripinnis reef finspot 0.81 14 2.88 3t
Symphurus atricandus California tonguefish 0.77 11 - -
Triphoturus mexicanus Mexican lampfish 0.73 12 0.16 2
Nannobrachium spp, lanternfishes 0.57 9 - -

{table continued)
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Table 3-7 (continued). Average concentration of larval fishes and target shelifishes in source
water samples collected at in Agua Hedionda Lagoon and nearshore stations, June 2004-May

2005.
Nearshore Lagoon
Average Average
Taxon Common Name Concentration Total  Concentration Total
{per 1,000 m") Count (per 1,000 m’) Count

Medialuna californiensis halfmoon 0.53 7 - -
Giflichthyvs mirabilis longjaw mudsucker 0.51 8 5.17 62
Chilara wvlori spotied cusk el 0.50 7 -
Heterostichus rosiratus giant ketpfish 0.50 7 - -
Paralichthyidac lefieve flounders & sunddabs 0.44 7 - -
Parophrys vetulus English sole 030 5 - -
Myctophidae lanternfishes 0.30 4 - -
Hippoglossina stomata bigmouth sole 0.29 5 - -
Zaniolepis frenata shortspine combfish 0.25 5 - -
Ruscarius creaseri roughcheek sculpin 0.22 3 - -
Clupeiformes herrings and anchovies 0.21 3 -
Gobiesocidae clingfishes 0.18 3 0.64
Clupeidae herrings 0.18 3 - -
Lvopsetta exilis slender sole 0.16 3 - -
Pomacentridae damsclfishes 0.14 2 - -
Rhinogobiops nicholsii blackeve goby 0.14 2 - -
Nannobrachivm ritteri broadfin lampfish 0.13 2 - -
Cyclothone spp. bristiemouths 0.13 2 - -
Chromis punctipinnis blacksmith 013 2 - -
fcelinns spp. sculpins 0.13 3 - -
Anisotremus davidsonii sargo 0.12 2 - -
Sebastes jordani shortbelly rock fish 0.10 2 - -
Blennioidei blennies 0.08 1 0.36 4
Clinidae ctintd kelpfishes 0.08 1 - -
Chaenaopsidae wbe blennies 0.07 ! - -
Leptocottus armatus Pacific staghorn sculpin 0.07 1 0.51 &
Cynoglossidae tongue soles 0.07 1 - -
Kyphosidae sea chubs 0.07 1 - -
Cyclothone acclinidens benttooth bristiemouth 0.07 | - -
Hexagrammidae greenlings 0.06 1 - -
Betivlagus ochotensis popeye blacksmelt 0.06 1 - -
Hypsoblennius gentilis hay blenny 0.05 1 - -
Rimicola eigenmannt slender clingfish - - 413 53
Clinocottus analis wooly sculpin - - 0.31 4
Clinacottus spp. sculpins - - 0.07 |
Semicossyphus pulcher California sheephead - - 0.06 1

16.763 J8.872
Shellfishes
Cancer spp. (megalops) cancer crabs 9.29 158 0.17 2
Panufirus interrupius (phyllosome)  California spiny lobster 7.04 98 021 2
Cancer gracilis {megalops) slender crab 1.93 48

A
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Figure 3-5. Mean concentration (# / 1,000 m’ [264.172 gal]) and standard error of all larval
fishes collected at source water stations in AHL and nearshore stations during the 2004-2005
period.
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3.3.2 ClQ Goby complex (Clevelandia ios, llypnus gilberti, Quietula
y-cauda)

Range: Vancouver Island, British Columbia to Gulf of
California
Life History:

e  Size up to 57 mm (2.1 in) (arrow goby); 64 mm
(2.5 in) (cheekspot goby); 70 mm (2.75 in) (shadow
goby)

Age at maturity from 0.7-1.5 yr
Life span ranges from <3 yr (arrow goby) to 5 yr
(shadow goby)

*  Spawns year-round in bays and estuaries; demersal,
adhesive eggs with fecundity from 225-1.400 eggs
per female with multiple spawning 2-5 per yr

e  Juveniles from 14.0-29.0 mm (0.55-1.14 in) are
less than 1 yr old

Habitar: Mud and sand substrates of bays and estuaries;
commensally in burrows of shrimps and other invertebrates.

Fishery: None

Gobies are small, demersal fishes that are found worldwide in shallow tropical and subtropical
environments. The family Gobiidae contains approximately 1,875 species in 212 genera (Nelson
1994, Moser 1996). Twenty-one goby species from 16 genera occur from the northern California
border to south of Baja California (Moser 1996). In addition to the three species comprising the
CIQ complex, there are at least five other common species in AHL and the adjacent nearshore
waters: blackeye goby (Rhinogobiops nicholsii), yellowfin goby (Acanthogobius flavimanus),
longjaw mudsucker (Gillichthys mirabilis), blind goby (Typhlogobius californiensis), and bay
goby (Lepidogobius lepidus). The three species in the CIQ complex have been combined for
analysis in the present study because it is not possible to distinguish between them at the small
sizes typically collected in the plankton tows. The following section presents an overview of the
family and life history characteristics of each of the three species.

3.3.2.1 Life History and Ecology

Members of the goby family share a variety of distinguishing characteristics. Their body shape is
elongate and can be either somewhat compressed or depressed (Moser 1996). Most members of
the family lack both a lateral line and swim bladder (Moyle and Cech 1988). Gobies generally
have two dorsal fins, the first consisting of 2-8 flexible spines and the second containing a spine
and several segmented rays. Their caudal fin is rounded and their pelvic fins are typically joined
to form a cup-like disc (Moser 1996). The eyes of most gobies are relatively large and are a
dominant feature of their blunt heads. Goby species are extremely variable in coloration. They
range from the drab, cryptically colored species that inhabit mudflats to the striking, brightly
colored species of tropical and subtropical reefs (Moser 1996).

One of the most important characteristics of the goby family is their small size. Due to their size
and evolved tolerances for a variety of environmental conditions, gobies have been able to
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colonize habitats that are inaccessible to most other fishes. These include cracks and crevices in
coral reefs, invertebrate burrows, mudflats, mangrove swamps, freshwater streams on oceanic

islands, and inland seas and estuaries (Moyk and Cech 1988).

Gobies generally occur in shallow marine habitats, however many members of the family are
euryhaline and are able 10 tolerate very low salinities and even freshwater. A number of goby
species also have the ability to survive out of the water by “breathing” air. The longjaw
mudsucker can survive for days out of water if kept moist, and the mudskipper Periopthalmus
spp. regularly leaves the water to forage for terrestrial insects among mangrove roots and
exposed rocks (Moyle and Cech 1988). Gobies eat a variety of larval, juvenile, and adult
crustaceans, mollusks, and insects. Many will also eat small fishes, fish eggs, and fish larvae.

Arrow goby Clevelandia ios occupy the most northerly range of the three species, occurring
from Vancouver Island, British Columbia to Baja California (Eschmever et al. 1983). The
reported northern range limits of both shadow goby Quicrula y-cauda and cheekspot goby
Hlypnus gilberti are in central California with southerm ranges that extend well into the sub-
tropical Gulf of California (Robertson and Allen 2002). Their physiological tolerances reflect
their geographic distributions with arrow goby being less able to withstand warmer temperatures
compared to cheekspot goby. When exposed to temperatures of 32.1°C (89.9°F) for three days in
a laboratory experiment, no arrow goby survived, but 95% of cheekspot goby survived (Brothers
1975). Gobies exposed to warm temperatures on mudflats can seek refuge in their burrows where
temperatures can be several degrees cooler than surface temperatures.

All three species have overlapping ranges in the San Diego region and occupy similar habitats.
Arrow goby is the most abundant of the three species in bays and estuaries from Tomales Bay to
San Diego Bay, including Elkhorn Slough (Cailliet et al. 1977), Anaheim Bay (MacDonald
1975) and Newport Bay (Allen 1982). It is also the most abundant of the three species in AHL.
The life history of the arrow goby was reviewed by Emmett et al. (1991) and the comparative
ecology and behavior of all three species were studied by Brothers (1975) in Mission Bay,
approximately 43 km (26.7 mi) south of AHL. The species inhabits burrows of ghost shrimps
Neotrypnea spp. and other burrowing invertebrates. In a 5-year study of fishes in San Diego Bay,
approximately 75% of the estimated 4.5 million (standing stock) gobies were juveniles (Allen et
al. 2002).

Myomere counts, gut proportions, and pigmentation characteristics can be used to identify most
fish larvae to the species level. However, the arrow. cheekspot, and shadow gobies cannot be
differentiated with complete confidence at most larval stages (Moser 1996). Therefore, larval
gobies collected during entrainment sampling that could not be identified to the species level
were grouped into the ‘CIQ" goby complex (for Clevelandia, llypnus and Quietula). or the
family level ‘Gobiidae’ if specimens were damaged but could still be recognized as gobiids.
Some larger larval specimens with well-preserved pigmentation patterns could be identified 10
the species level (W. Watson, Southwest Fisheries Science Center, pers. comm.) but those that
were speciated in this study were subsequently combined into the CIQ complex for analysis.
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The reproductive biology of the three species in the CIQ complex is similar. Arrow goby
typically mature sooner than the other two species, attaining 50% maturity in the population after
approximately 8 mo as compared to 16-18 mo for cheekspot and shadow gobies. Mature females
for all three of these species are oviparous and produce demersal eggs that are elliptical in shape,
typically adhesive, and attached to a nest substratum at one end (Matarese et al. 1989, Moser
1996). Hatched larvae are planktonic and the duration of the planktonic stage was estimated at 60
days for populations in Mission Bay located south of EPS in San Diego County (Brothers 1973).
Arrow gobies mature more quickly and spawn a greater number of eggs at a younger age than
either the cheekspot or shadow gobies. As with most fishes, fecundity is dependent on age and
size of the female. Fecundity of gobies in Mission Bay ranged from 225-750 eggs per batch for
arrow gobies, 225-1,030 eggs for cheekspot, and 340-1.400 for shadow, for a mean value of 615
per batch for the CIQ complex. Mature females for the C1Q complex deposit 2-5 batches of eggs
per year.

CIQ complex larvae haich at a size of 2-3 mm (0.08-0.12 in) (Moser 1996). Data from Mission
Bay from Brothers (1975) were used to estimate an average growth rate of 0.16 mnvd (0.006
in/d) for the approximately 60 days from hatching to settlement. Brothers (1975) estimated a 60-
day larval mortality of 98.3% for arrow goby larvae, 98.6% for cheekspot. and 99.2% for
shadow. These values were used to estimate average daily survival at 0.93 for the three species.
Once the larvae transform at a size of approximately 10-15 mm SL (0.39-0.59 in). depending on
the species (Moser 1996), the juveniles settle into the benthic environment. For the Mission Bay
populations mortality following settlement was 99% per year for arrow goby, 66-74% for
cheekspot goby, and 62-69% for shadow goby. Few arrow gobies in the Mission Bay study
exceeded 3 yr of age based on otolith records, whereas checkspot and shadow gobies commonly
lived for 4 yr (Brothers 1975).

There is no fishery for CIQ gobies and therefore no records on adult population trends based on
landings data.

3.3.2.2 Sampling Results

ClQ complex goby larvae was the most abundant taxon collected at the entrainment station
(Table 3-5). It was also the most abundant taxon at the lagoon source water stations and the third
most abundant taxon at the combined nearshore source water stations (Table 3-6). Entrainment
estimates for each survey are presented in Appendix F. CIQ goby larvae were most abundant at
the entrainment station during August and least abundant from December through January
(Figure 3-6). Peak abundances at source water stations generally occurred in summer months
with CIQ goby larvae having highest concentrations in the Inner Lagoon stations, followed by
Middle Lagoon, Outer Lagoon, and nearshore stations (Figure 3-7). Variation in abundance not
only reflected differences in the habitats sampled but also the spawning periods for the three
species comprising the CIQ complex. Brothers (1975) indicated that the peak spawning period
for arrow goby occurs from November through April, while spawning in cheekspot and shadow
goby is more variable and can occur throughout the year.
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There was no consistent relationship between daytime and nighttime larval abundances at the
entrainment station, although overall concentrations tended to be higher at night (Figure 3-8).
During July the larval concentrations were greater during daytime (Cycle 1, noon), but in the
August survey they were greater at night (Cycle 3, midnight). The lengtirfrequency distribution
for a representative sample of CIQ goby larvae showed that the majority of the sampled larvae
were recently hatched based on the reported hatch size of 2-3 mm (0.08-0.12 in} (Moser et al.
1996). A random sample of 200 CIQ goby larvae from all the surveys ranged in size from 1.9 to
6.4 mm (0.075 to 0.25 in) with a mean size 0f 2.8 mm (0.11 in) (Figure 3-9).

3.3.2.3 Modeling Results

The following sections present the results for demographic and empirical transport modeling of
CWS effects on goby populations. A comprehensive comparative study of the three goby species
in the CIQ complex by Brothers (1975) provided the necessary life history information for both
the FH and 4EL demographic models. Total annual entrainment of CIQ goby larvae at EPS was
estimated to be 2.21 billion using measured cooling water flow and 2.77 billion larvae using
maximum cooling water flow for the June 2004 through May 2005 period (Table 3-6).

Fecundity Hindcasting (FH)

Annual entrainment estimates for CIQ gobies were used to estimate the number of females at the
age of maturity needed to produce the number of larvae entrained during their lifetime. No
estimates of egg survival for gobies were available, but because gobies deposit demersal egg
masses (Wang 1986) and exhibit parental care, usually provided by the adult male, egg survival
is generally high and was conservatively assumed to be 100%. Estimates of larval survival for
the three species from Brothers (1975) were used to compute an average daily survival of 0.93. A
larval growth rate of 0.16 mm/d (0.006 in/d) was estimated from transformation lengths reported
by Brothers (1975) for the three species and an estimated transformation age of 60 d. The mean
length and the length of the 25™ percentile (2.4 mm [0.09 in]) of entrained larvae were used with
the calculated growth rate to estimate that the mean age at entrainment was 2.4 d. Survival to the
average age al entrainment was then estimated as 0.93°%=0.84. A survivorship table was
constructed using data from Brothers (1975) and was used to estimate a total lifetime fecundity
of 1,400 eggs (Table 3-8). Ages of at least 50% maturity averaged 1.67 years.

The estimated numbers of female gobies at the age of maturity whose lifetime reproductive
output was entrained through the EPS CWS for the 2004-2005 period ranged from a mean of
1,881.458 using the actual pump flow rates 1o 2,349,998 using a calculation based on maximum
flows during the study period (Table 3-9).
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Table 3-8. Total lifetime fecundity estimates for three goby species based on a life table in
Brothers (1975).

% No. Eggs per
Species Age N  Mature Fecundity Spawns Eggs Spawner  TLF
Clevelundia ios 0 500
1 100 81 450 1.5 54.675 547
2 4 100 700 2.0 5.600 56 603
Hypnus gilberti 0 500
1 80 10 260 0 0
2 51 71 480 1.5 26,071 511
3 4 99 720 3.0 29,938 587
4 2 100 900 3.0 5,400 106 1,204
Quietula y-cauda 0 500
] 74 23 410 0 0
2 50 37 620 1.5 4,0455 809
3 26 99 840 25 54,054 1081
4 7 100 1,200 3.0 25.200 504 2,394
Mean 1,400

Table 3-9. Results of FH modeling for CIQ goby complex larvae based on a) actual flows
and b) maximum flows. The upper and lower estimates are based on a 90% confidence
interval of the mean. FH estimates were also calculated using the upper and lower confidence
estimates from the entrainment estimates.

FH FH
Lower Upper FH
Parameter Mean Std. Error  Estimate  Estimate Range

a) Actual Flows

FH Estimate 1,881,458 1,631.040 452,030 7.831.086 7,379,057

Total Entrainment 2,215.477.217 86,364,408 1,760.808 2.002.108 241.300
b) Maximum Flows

FH Estimate 2,349,998 2,036,966 564,699 9,779,533 9,214,834

Total Entrainment 2.767.198,570 101,030,008 2.208.860 2.491.,136 282,276

Adult Equivalent Loss (AEL)

The parameters required for formulation of AEL estimates include larval survival from
entramment to settlement and survival from settlement to the average age of reproduction for a
mature female. Larval survival from entrainment through settlement was estimated as
0.93%2* = 0.02 using the same daily survival rate used in formulating FH. Brothers (1975)
estimated that mortality in the first year following settlement was 99% for arrow, 66-74% for
cheekspot, and 62-69% for shadow goby. These estimates were used to calculate a daily survival

¢= Cabrilto Power « Encina 316(b) Demonstration 3-32




Entrainment and Source Water Larval Study

of 0.995 that was used to estimate a finite survival of 0.21 for the first year following settlement.
Daily survival through the average female age of 2.21 years from life table data for the three
species was estimated as 0.994 and was used to calculate a finite survival of 0.21.

The estimated number of adult CIQ gobies equivalent to the number of larvae entrained through
the EPS CWS for the sampling period was 1,632,666 based on actual flows and 2,039,250 based
on maximum flows (Table 3-10).

Table 3-10. Results of AEL modeling for CIQ goby complex larvae based on a) actual flows and
b) maximum flows. The upper and lower estimates are based on a 90% confidence interval of the
mean. AEL estimates were also calculated using the upper and lower confidence estimates from
the entrainment estimates.

AEL AEL
Lower Upper AEL
Parameter Mean Std. Error Estimate Estimate Range
a) Actual Flows
AEL Estimate 1,632,666 1.834.554 257124 10,366,994 10,109,870
Total Entrainment 2,215,477,217 86,364,408 1,527,970 1,737,363 209,392
b) Maximum Flows
AEL Estimate 2,039,250 2,291,244 321,199 12,946,922 12,625,723
Total Entrainment 2.767,198,570 101,030,008 1,916,775 2,161,725 244,949

Empirical Transport Model (ETM)

The larval duration used to calculate the ETM estimates for CIQ gobies was based on the lengths
of entrained larvae. The difference between the lengths of the 25" and 95" percentiles was used
with a growth rate of 0.16 mnv/d (0.006 in/d) to estimate that CIQ goby larvae were vulnerable to
entrainment for a period of 11.5 days.

CIQ gobies larvae were present in the entrainment and source water samples throughout the year.
The monthly estimates of proportional entrainment (PE) for the June 2004 — May 2005 period
ranged from 0.00891to 0.10983 using the actual flows and from 0.01518 to 0.12744 using the
maximum flows (Table 3-11). The largest estimates occurred during the August surveys with the
largest proportion of the source population also occurring during that survey (f;= 0.186 or
18.6%). The values in the table were used to calculate a P, estimate of 0.3980 with a standard
error of 0.2692 using the actual flows and an estimate of 0.4700 with a standard error of 0.3169
using the maximum flows.

>~

,‘/- Cabrillo Power ¢ Encina 316(b) Demonstration 33 o o

-y B Ry A
O e D T AR

s

2



Entrainment and Source Water Larval Study

Table 3-11. £TM data for CIQ goby larvae based on actual and maximum daily cooling
water flows. The PE estimates incorporate all three components of the source water
shown in Equation 7.

Actual Flows

Maximum Flows

Survey PE PE PE PE
Date Estimate Std. Err, Estimate Std. Err. i
10-Jun-04 0.01884 0.07027 0.02277 0.08475 0.11600
24-Jun-04 0.028%0 0.11076 0.03590 0.13735 0.03160
6-Jul-04 0.06809 0.27212 0.08262 0.32838 0.07955
13-Aug-04 0.10983 0.47389 0.12744 0.54871 0.18395
23-Sep-04 0.07170 0.24957 0.07750 0.26921 0.06335
21-Oct-04 0.03223 (.05658 0.05301 0.09253 0.04577
18-Now-04 0.01958 0.05349 0.03101 0.08434 0.02347
16-Dec-04 0.01226 0.0383 0.01518 0.04709 0.02729
13-Jan-05 0.00891 0.01371 0.01571 0.02342 0.03878
24-Feb-05 0.00940 0.01556 0.01556 0.02564 0.14489
23-Mar-05 0.03661 0.08619 0.05419 6.1273 0.11674
21-Apr-05 0.08833 0.4196 0.10369 0.49206 0.03690
19-May-035 0.05236 0.19698 0.07051 0.26494 0.08971
Py 0.3980 0.4700
Std. Error 0.2692 0.3169
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Figure 3-6. Comparison among surveys of mean concentration (#/1,000 m’ [264,172
gal]) of CIQ goby complex larvae at entrainment Station E1.
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Figure 3-7. Mean concentration (#/1,000 m® [264,172 gal]) and standard error
of CIQ goby complex larvae at Agua Hedionda Lagoon (inner. middle. and
outer) and nearshore source water stations during the 2004 and 2005 sampling
periods. Note logarithmic abundance scale.
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Figure 3-8. Mean concentration (#/1.0 m’ [264 gal]) of CIQ goby
complex larvae at entrainment Station E1 during night (Cycle 3) and day
(Cycle 1) sampling.
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Figure 3-9. Length frequency of CIQ goby complex larvae at entrainment
Station E1. Data from sub-samples of all surveys in 2004-2005.
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3.3.3 Combtooth blennies (Hypsoblennius spp.)

Range:
* Bay blenny—Monterey Bay to Gulf of California
e  Mussel blenny—Morro Bay to Magdalena Bay
Baja California and the northern Gulf of California
Rockpool blenny—Morro Bay to Magdalena Bay
Life History:
o  Size: bay blenny to 14.7 cm TL (5.8 in), mussel
blenny to 13 c¢m (5.1 in), rockpool blenny to 17 ¢cm
(6.8 in)
e  Age at maturity: all species =0.5 yr
e Life span: bay blenny =7 yr, mussel blenny <6 yr,
rockpool blenny >8 yr
e  Fecundity: bay blenny 500-1,500 eggs. mussel
blenny 200-2,000 eggs, rockpool blenny 700-1,700
cges
Habitat:
e  Bay blenny—soft bottom in bays and estuaries,
associated with submerged aquatic vegetation and
mussels on mooring buoys: to 24 m (80 fi)

Gerald Allen

e  Mussel blenny—empty worm tubes and barnacle
tests on pilings, mussel beds, crevices in shallow
rock reefs: to 21 m (70 ft)

*  Rockpool blenny—under rocks, in crevices on
shallow rock reefs; to 18 m (60 ft)

Fishery: None

Combtooth blennies comprise a large group of subtropical and tropical fishes that inhabit inshore
rocky habitats throughout much of the world. The family Blenniidae, the combtooth blennies,
contains about 345 species in 53 genera (Nelson 1994, Moser 1996). They derive their common
name from the arrangement of closely spaced teeth in their jaws. Three species of the genus
Hypsoblennius occur in the vicinity of EPS: bay blenny (H. gentilis), rockpool blenny (H.
gilberti), and mussel blenny (H. jenkinsi). These species co-occur throughout much of their range
although they occupy different habitats. The bay blenny is found along both coasts of Baja
California and up the California coast to as far north as Monterey Bay, (Miller and Lea 1972,
Robertson and Allen 2002). The rockpool blenny occurs from Magdalena Bay, Baja California to
Point Conception, California (Miller and Lea 1972, Stephens et al. 1970). The range of the
mussel blenny extends from Morro Bay to Magdalena Bay, Baja California and in the northern
Gulf of California (Love et al. 2005).

3.3.3.1 Life History and Ecology

Combtooth blennies are all relatively small fishes that typically grow to a total length of less than
200 mm (7.9 in) (Moser 1996). Their bodies are generally elongate and without scales. Dorsal
fins are often continuous and contain more soft rays than spines (Moyle and Cech 1988).
Coloration in the group is quite variable, even among individuals of the same species (Stephens
et al. 1970).
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The three species of Hypsoblennius found in California waters are morphologically similar as
carly larvae (Moser 1996, Ninos 1984). For this reason most Hypsoblennius identified in the EPS
316(b) plankton collections were identified as Hypsoblennius spp. Certain morphological
features (e.g.. preopercular spines) develop at larger sizes and allow taxonomists to identify some
older larvae to the species level. The mussel blenny is common in AHL and lfe history
information for this species was used to model entrainment impacts on this group.

Blennies inhabit a variety of hard substrates in the intertidal and shallow subtidal zones of
tropical and subtropical marine habitats throughout the world. They may occur to depths of 24 m
(80 ft) but are more frequently found in water depths of less than 5 m (15 ft) (Love 1996).
Combtooth blennies are common in rocky tidepools, reefs, breakwaters, and on pier pilings.
They are also frequently observed on encrusted buoys and boat hulls.

The California blennies have different habitat preferences. The mussel blenny is only found
subtidally and inhabits mussel beds, the empty drill cavities of boring clams, barnacle tests, or in
crevices among the vermiform snail tubes Serpulorbis spp. (Stephens 1969, Stephens et al.
1970). They generally remain within one meter of their chosen refuge (Stephens et al. 1970). The
bay blenny is usually found subtidally but appears to have general habitat requirements and may
inhabit a variety of intertidal and subtidal areas (Stephens et al. 1970). They are commonly found
in mussel beds and on encrusted floats, buoys, docks, and even fouled boat hulls (Stephens 1969,
Stephens et al. 1970). Bay blennies are also typically found in bays as the common name implies
and are tolerant of estuarine conditions (Stephens et al. 1970). They are among the first resident
fish species to colonize new or disturbed marine habitats such as new breakwaters or mooring
floats afier the substrate is first colonized by attached invertebrates (Stephens et al. 1970, Moyle
and Cech 1988). Rockpool blennies are mainly found along shallow rocky shorelines, along
breakwaters, and in shallow kelp forests along the outer coast.

Female blennies mature quickly and reproduce within the first year reaching peak reproductive
potential in the third year (Stephens 1969). The spawning season typically begins in the spring
and may extend into September (Stephens et al. 1970). Blennies are oviparous and lay demersal
eggs that are attached to the nest substrate by adhesive pads or filaments (Moser 1996). Males
tend the nest and developing eggs. Females spawn 3-4 times over a period of several weeks
(Stephens et al. 1970). Males guard the nest aggressively and will often chase the female away,
however, several females may occasionally spawn with a single male. The number of eggs a
female produces varies proportionately with size (Stephens et al. 1970). The mussel blenny
spawns approximately 500 eggs in the first reproductive vear and up to 1,500 eggs by the third
year (Stephens et al. 1970).

Larvae are pelagic and average approximately 2.7 mm (0.11 in) in length two days afier hatching
(Stephens et al. 1970). The planktonic phase for Hypsoblennius spp. larvae may last for 3 months
(Stephens et al. 1970, Love 1996). Captured larvae released by divers have been observed 10 use
surface water movement and near-surface currents to aid swimming (Ninos 1984). Afier release
the swimming larvae orient to floating algae, bubbles on the surface, or the bottoms of boats or

¢= Cabrillo Power » Encina 316(b) Demonstration gn@:_.g_?_::m_:



Entrainment and Source Water Larval Study

buoys. The size at settlement ranges from 12-14 mm (0.5-0.6 in). After the first year mussel and
bay blenny averaged 40 and 45 mm (1.6 and 1.8 in) total length, respectively (Stephens et al.
1670). Bay blenny grow to a slightly larger size and live longer than mussel blenny, reaching a
size of 15 c¢cm (5.9 in) and living for 67 years (Stephens 1969, Stephens et al. 1970, Miller and
Lea 1972). Mussel blennies grow to 13 cm (5.1 in) and have a life span of 3—6 vears (Stephens et
al. 1970, Miller and Lea 1972). Male and female growth rates are similar.

Juvenile and adult combtooth blennies are omnivores and eat both algae and a variety of
invertebrates, including hmpets, urchins, and bryozoa (Stephens 1969, Love 1996). They are
preyed on by spotted sand bass, kelp bass, giant kelpfish, and cabezon (Stephens et al. 1970).

There is no fishery for combtooth blennies and therefore no records on adult population trends
based on landings data.

3.3.3.2 Sampling Results

Combtooth blenny larvae were the second most abundant taxon collected in the entrainment
samples and source water samples (Tables 3-5 and 3-7). They were most abundant from May
through September and least abundant from October through April (Figure 3-10) with maximum
concentrations at the entrainment station in August 2004 (3,900 per 1,000 m’). Concentrations of
larval blennies in the source water were generally greatest in the Outer and Middle Lagoon and
least at the nearshore stations (Figure 3-11), and substantially greater in night samples than those
collected during the day (Figure 3-12). The number of larval combtooth blennies collected
during each entrainment and source water survey is presented in Appendix E.

The length frequency distribution for a random sample of 200 combtooth blenny larvae from all
surveys ranged in size from 1.8 to 3.3 mm (0.07 to C.13 in) with a mean size of 2.3 mm (0.09 in)
(Figure 3-13). The size range for the entrainment samples indicate that the majority of the larvae
were recently hatched based on a reported hatching size of 2.1 mm (0.08 in) (Moser 1996).

3.3.3.3 Modeling Results

The following sections present the results for demographic and empirical transport modeling of
CWS effects on combtooth blennies. There was very little species-specific life history
information available for combtooth blennies. Larval survival was estimated using data from
Stephens (1969) and Stevens and Moser (1982), and there was enough other information on
reproduction to calculate an F/{ estimate, but not to calculate an AEL estimate. Larval growth
was estimated from information from Stevens and Moser (1982). Total annual entrainment of
combtooth blenny larvae at EPS was estimated at 1.10 billion using measured cooling water flow
and at 1.31 billion larvae using maximum cooling water flow for the June 2004 through May
2005 period (Table 3-6).

Fecundity Hindcasting (FH)

The annual entrainment estimates for combtooth blenny larvae were used to estimate the number
of females at the age of maturity needed to produce this number of larvae over their lifetimes. No
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estimates of egg survival for combtooth blenny were available, but because egg masses are
attached to the substrate and guarded by the male (Stephens et al. 1970), egg survival is probably
high and was conservatively assumed 1o be 100%. The mean length for tarval combtooth blenny
larvae in entrainment samples was 2.3 mm (0.09 in). A larval growth rate of 0.20 mm/day (0.008
in/d) was derived from growth rates using data in Stevens and Moser (1982). The mean length
and the length at the 25" percentile (2.1 mm [0.08 in]) were used with the growth rate to estimate
that the mean age at entrainment was 0.7 days. A daily survival rate of 0.89 computed from data
in Stephens (1969) was used to calculate survival to the average age at entrainment as
0.89"7=0.91. A quadratic equation was used to estimated adult survival § at age in days x using
Figure 17 in Stephens (1969):

§=8.528x10"° x> —3.918x 107" x +0.4602 (10)

An adult survivorship table (Table 3-12) was constructed using the survival equation based on
Stephens (1969) and information about eggs from Stephens (1969; Table 3) on [ gentilis, H.
gilberti and H. jenkinsi to estimate a lifetime fecundity of 2,094 eggs.

Table 3-12. Survivorship table for adult combtooth blenny
from data in Stephens (1969) showing spawners (L.)
surviving to the age interval and numbers of eggs spawned
annually (My). The total lifetime fecundity was calculated as
the sum of LM, divided by 1,000.

Age (yr) L, M, LM,
0.5 1,000 367 366.667
1.5 693 633 438.624
2.5 443 1.067 472,794
35 252 1,533 386,465
4.5 119 2,000 237915
5.5 44 2,500 109.973
6.5 27 3,000 81,415

TLF = 2,094

The estimated numbers of female combtooth blennies at the age of maturity (0.5 years) whose
lifetime reproductive output was entrained through the EPS CWS for the June 2004 through May
2005 period was 573,354 based on actual flows and 685,288 based on maximum flows (Table 3-
13). The range of estimates based on the 90% confidence intervals shows that the variation in the
estimate of entrainment abundance had much less of an effect on the variation of the FH
estimate, by an order of magnitude, than the life history parameters used in the model.
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Table 3-13. Results of FH modeling for combtooth blenny tarvae based on a) actual flows,
and b) maximum flows. The upper and lower estimates are based on a 90% confidence

interval of the mean. FH estimates were also calculated using the upper and lower confidence
estimates from the entrainment estimates.

FH FH
Lower Upper FH
Parameter Mean Std. Error  Estimate  Estimate Range

a) Actual Flows

FH Estimate 573,354 497,606 137.528 2,390,306 2,252,778

Total Entrainment 1,098,083,615 62,379,799 519,775 626,933 107,159
b) Maximum Flows

FH Estimate 685,288 594,668 164,411 2.856,379 2,691.968

Total Entrainment 1,312,458,555 72,049,342 623.403 747,172 123,769

Adult Equivalent Loss (AEL)

The parameters required for formulation of AEL include larval survival from entrainment to
settlement and survival from settlement to the average age of reproduction for a mature female.
Larval survival from entrainment through settlement at 50 days was estimated as
0.89%%7= (0 003 using the same daily survival rate used in formulating F/. Juvenile and adult
survival was calculated from observed age group abundances in Stephens (1969). Daily survival
through the average female age of 2.7 years for the three species was estimated as 0.99 and was
used to calculate a finite survival o 0.79.

The estimated number of adult combtooth blennies equivalent to the number of larvae entrained
through the EPS CWS for the sampling period was 2.450.084 based on actual flows and
2,928,405 based on design maximum flows (Table 3-14).
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Table 3-14. Results of AEL modeling for combtooth blenny larvae based on a) actual flows and
b) maximum flows. The upper and lower estimates are based on a 90% confidence interval of the
mean. AEL estimates were also calculated using the upper and lower confidence estimates from
the entrainment estimates.

AEL AEL
Lower Upper AEL
Parameter Mean Std. Error Estimate Estimate Range
a) Actual Flows
AEL Estimate 2,450,084 3,003,954 326,035  18.411,836  18.085.800
Total Entrainment 1.098,083.615 62,379,799 2,221,126 2,679,042 457,916
b) Maximum Flows
AEL Estimate 2,928,405 3,590,150 389742 22,003,161  21.613.419
Total Entrainment 1,312,458,555 72,049,342 2,663,956 3,192,854 528,897

Empirical Transport Model (ETM)

The larval duration used to calculate the £TA/ estimates for combtooth blenny was based on the
lengths of entrained larvae. The difference between the lengths of the 25™ and 95" percentiles
was used with a growth rate of 0.20 mm/day (0.008 in/d) to estimate that combtooth blenny
larvae were vulnerable to entrainment for a period of about 2.7 days.

The monthly estimates of proportional entrainment (PE) for combtooth blennies for the June
2004 - May 2005 period varied among surveys and ranged from 0 to 0.42268 using the actual
flows and from 0 to 0.74564 using the maximum flows during the period (Table 3-15). The
largest estimate was calculated for the January survey, but the largest proportion of the source
population was present during the early June survey (f; = 0.299 or 29.9%). The values in the table
were used to calculate a Py, estimate of 0.1940 with a standard error of 0.14135 using the actual

flows and an estimate of 0.2279 with a standard error of 0.1656 using the maximum flows.
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Table 3-15. ETM data for combtooth blenny larvae based on actual and maximum daily
cooling water flows. The PE estimates incorporate all three components of the source

water shown in Equation 7.

Actual Flows

Maximum Flows

Survey PE PE PE PE
Date Estimate Std. Err. Estimate Std. Err. L
10-Jun-04 0.05923 0.02255 0.07156 0.02716 0.29923
24-Jun-04 0.03048 0.01432 0.03786 0.01773 0.12245
6-Jul-04 0.03815 0.05152 0.04630 0.06220 0.13375
13-Aug-04 0.12766 0.i2137 0.14813 0.14012 0.26395
23-Sep-04 0.15965 0.29549 0.17257 0.31857 0.05771
21-Oct-04 0.15218 0.37091 0.25027 0.60328 0.00319
18-Nov-04 0.09596 0.25147 0.15199 0.39395 0.00523
16-Dec-04 0.25382 0.32000 0.31413 0.39380 0.00035
13-Jan-05 0.42268 0.98886 0.74564 1.6557¢ 0.00004
24-Feb-05 0 0 0 0 0.00001
23-Mar-05 0.08658 0.09164 0.12817 0.13460 0.00327
21-Apr-05 0.06001 0.09815 0.07043 0.11515 0.00885
19-May-05 0.06105 0.07780 0.08222 0.10456 0.10197
Py 0.1940 0.2279
Std. Error 0.1415 0.1656
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Figure 3-10. Comparison among surveys of mean concentration (#/1,000 m’ [264,172 gal]) of
combtooth blenny larvae at entrainment Station E1.

Note: Downward pointing triangle indicates survey with no larvae collected.
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Figure 3-11. Mean concentration (#/1,000 m* [264,172 gal]) and standard error
of combtooth blenny larvae at Agua Hedionda lLagoon (inner, middle, and
outer) and nearshore source water stations during the 2004 and 2005 sampling
periods.

Note logarithmic scale for mean concentration.
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Figure 3-12. Mean concentration (#/1.0 m” [264 gal]) of
combtooth blenny larvae at entrainment Station E1 during
night (Cycle 3) and day (Cycle 1) sampling.
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Figure 3-13. Length frequency of combtooth blenny larvae

at entrainment and all source water stations combined. Data
from sub-samples of all surveys in 2004-2005.
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3.3.4 Anchovies (Engraulidae)

Range: British Columbia to southern Baja California

Life History:
*  Size:t0o248 mm (9.7 in.)
e  Age at maturity: 1-2 yr
e  Fecundity: multiple spawning at 6-10 day intervals
peaking in late winter and spring, releasing from
2,700 to 16,000 eggs per batch;
e  Life span: 4-5 yr (up to 7 yr)

Habitar: Pelagic from surface to depths of 310 m (1.017 fi)

Fishery: Commercial fishery for fish meal reduction, human
consumption, and bait (live and frozen)

Three species of anchovy (Family Engraulidae) are known to inhabit AHL and EPS nearshore
areas: northern anchovy (Engraulis mordax), deepbody anchovy (Anchoa compressa) and slough
anchovy (Anchoa delicatissima). This analysis of entramment effects on anchovies will
concentrate on life history aspects of the northern anchovy because all of the Engraulid larvae
collected that were large enough to be positively identified were northern anchovies. Almost half
of the specimens could be identified only to the family level (Engraulidae) including very small
specimens still in their recently-hatched yolk-sac stage and some specimens that were damaged
to an extent that did not allow positive identification to the species level. No Anchoa larvae of
any size were positively identified in the entrainment samples although adult deepbody anchovy
were common in the EPS impingement samples.

Northern anchovy range from Cape San Lucas, Baja California to Queen Charlotte Island,
British Columbia, and offshore to 480 km (298 miles) (Hart 1973). They are most common from
Magdalena Bay, Baja California to San Francisco Bay and within 157 km (98 miles) of shore
(Hart 1973; MBC 1987). Northern anchovy is one of four species of anchovies (Family
Engraulidae) that occurs off California (Miller and Lea 1972). Deepbody anchovy and slough
anchovy are found in the vicinity of EPS, while the anchoveta (Cetengraulis mysticetus) has
been recorded from southern California but is considered rare north of Magdalena Bay, Baja
California.

Three genetically distinct subpopulations are recognized for northern anchovy; (1) Northern
subpopulation, from northern California to British Columbia; (2) Central subpopulation, off

southern California and northern Baja California; and (3) Southern subpopulation, off southern
Baja California (Emmett et al. 1991).

3.3.4.1 Life History and Ecology

The reported depth range of northern anchovy is from the surface to depths of 310 m (1,017 ft)
(Davies and Bradley 1972). Juveniles are generally more common inshore and in estuaries. Eggs
are elliptical and occur from the surface to about 50 m (164 ft), while larvae are found from the
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surface to about 75 m (246 ft) in epipelagic and nearshore waters (Garrison and Miller 1982).
Northern anchovy larvae feed on small planktonic organisms such as dinoflagellates, rotifers,
and copepods (MBC 1987). Juveniles and adults feed mainly at night on zooplankton, including
planktonic crustaceans and fish larvae (Fitch and Lavenberg 1971, Hart 1973, Allen and
DeMartini 1983).

Northern anchovy spawn throughout the year off southern California, with peak spawning
between February and May (Brewer 1978). Most spawning takes place within 100 km (62 miles)
of shore (MBC 1987). On average, female anchovies oft southern California spawn every 7-10
days during peak spawning periods, approximately 20 times per year (Hunter and Macewicz
1980. MBC 1987). Most spawning occurs at night and is completed by dawn (Hunter and
Macewicz 1980). Anchovies are all sexually mature by age two, and the fraction of the
population that is sexually mature at one year of age can range from 47 to 100% depending on
the water temperature during development (Bergen and Jacobsen 2001). Love (1996) reported
that they release 2,700-16,000 eggs per batch, with an annual fecundity of up to 130.000 eggs
per year in southern California. Parrish et al. (1986) and Butler et al. (1993) stated that the total
annual fecundity for one-year old females was 20,000-30,000 eggs, while a five-year old could
release up to 320,000 eggs per year.

The northern anchovy egg hatches in two to four days, has a larval phase lasting approximately
70 days, and undergoes transformation into a juvenile at about 35-40 mm (Hart 1973. MBC
1987, Moser 1996). Larvae begin schooling at 11 10 12 mm SL (0.43 to 0.47 in) (Hunter and
Coyne 1982). Northern anchovy reach 102 mm (4 in) in their first year, and 119 mm (4.7 in) in
their second (Sakagawa and Kimura 1976). Larval survival is strongly influenced by the
availability and density of appropriate phytoplankton species (Emmett et al. 1991). Storms and
strong upwelling reduce larval food availability, and strong upweiling may transport larvae out
of the Southern California Bight (Power 1986). However, strong upwelling may benefit juveniles
and adults. Growth in length is most rapid during the first four months, and growth in weight is
most rapid during the first year (Hunter and Macewicz 1980; PFMC 1983). They mature at 78 to
140 mm (3.1 to 5.5 in) in length, in their first or second year (Frey 1971, Hunter and Macewicz
1980). Maximum size is about 230 mm (9 in) and 60 g (2.1 ounces) (Fitch and Lavenberg 1971,
Eschmeyer et al. 1983). Maximum age is about seven years (Hart 1973), though most live less
than four years (Fitch and Lavenberg 1971).

Northern anchovy are random planktonic feeders, filtering plankton as they swim (Fitch and
Lavenberg 1971). They feed mostly on larval crustaceans, but also on fish eggs and larvae (Fitch
and Lavenberg 1971). Numerous fish and marine mammal species feed on northern anchovy.
Elegant tern and California brown pelican reproduction is strongly correlated with the annual
abundance of this species (Emmett et al. 1991). Temperatures above 25°C (77° Fare avoided by
juveniles and adults (Brewer 1974).
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Entrainment and Source Water Larval Study

3.3.4.2 Population Trends and Fishery

Northern anchovy are fished commercially for reduction (e.g., fish meal, oil, and paste) and live
or frozen bait. This species is the most important bait fish in southern California. and is also used
in Oregon and Washington as bait for sturgeon (Acipenser spp.), salmonids (Oncorhynchus spp.),
and other species (Emmett et al. 1991). Northern anchovy populations increased dramatically
following the collapse of the Pacific sardine (Sardinops sagax) fishery, suggesting competition
between these two species (Smith 1972).

Estimates of the central subpopulation averaged about 325,679 metric tons (359,000 tons) from
1963 through 1972, then increased to over 1.54 metric tons (1.7 million tons) in 1974, then
declined to 325.679 metric tons (359,000 tons) in 1978 (Bergen and Jacobsen 2001). Anchovy
biomass in 1994 was estimated at 391,904 metric tons (432,000 tons). The stock is thought to be
stable, and the size of the anchovy resource is largely dependent on natural influences such as
ocean temperature. There have not been any landings of northern anchovy in San Diego County
recorded in the PacFIN database since 1996 when 144,242 kg (318,000 Ib) were landed. In 2004
there were 147,417 kg (325,000 Ib) landed in the Los Angeles area, 2,753 metric tons (3,035
tons) in the Santa Barbara area, and 3,892 metric tons (4,290 tons) in the Monterey area for a
total value of $750,000.

The anchovy tive bait fishery is menitored by CDFG through the submission of Live Bait Logs.
Live bait logs have been at different times either mandated by state law, or submitted to the
CDFG on a voluntary basis. In the early 1990s sardine became more prevalent in the bait fishery,
and quotas were imposed on their annual take pursuant to management efforts to recover the
sardine population oft Califorma. in 1995, CDFG lifted quotas restricting the quantity of
sardines that the live bait industry could harvest (PFMC 2005). The sardine population along the
California Coast was increasing toward a “recovered” level, as anchovy showed a decline, and
sardines became the preferred live bait over anchovy. With the sardine quota lifted, the level of
scrutiny on the harvest of the live bait industry lessened. Accurate levels of harvest for northern
anchovy alone are difficult 10 ascertain due to the multi-species nature of the live bait fishery.

The ratio of anchovy to sardine in the southern California live bait harvests shifts significantly as
the populations of these two fish expand and contract over periods of years or decades (PFMC
2005). Much of the early reported harvest consisted of anchovy, following the collapse of the
sardine fishery in the 1940s. Through the vears 1994 to 2004 the proportion of anchovy in the
total reported harvest ranged from a high of 58% in 1994 to a new low in 2004 of 5%. The
proportion of sardine ranged from a low 0f 42% in 1994, to a new high of 95% in 2004.

3.3.4.3 Sampling Results

Engraulid larvae (predominantly northern anchovy) were the third most abundant taxon at the
entrainment station with a mean concentration of 134 per 1,000 m’ (264,172 gal) over all the
surveys (Table 3-5). Although 61% of the engraulid larvae collected were positively identitied
as northern anchovy, the remaining specimens were newly hatched. or in some cases damaged to
the extent that they could not be positively identified past the family level. Therefore, all
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specimens were combined into the Engraulidae category for analysis. Their abundance was
highly seasonal with over 90% of the larvae in the entrainment samples occurring from March
through May (Figure 3-14). There was a broader temporal distribution of the larvae in the
monthly source water samples than in the entrainment samples although peak abundances still
tended to occur in March-May and lowest abundances in December (Figure 3-15). The
nearshore station group generally had the highest concentrations of anchovy larvae compared to
the lagoon stations. The number of larval anchovies collected during each entrainment and
source water survey is presented in Appendix E.

The larvae tended to be more abundant in the day entrainment samples as compared to the night
samples when comparing the concentrations in Cycle 1 (noon) to Cycle 3 (midnight) (Figure
3-16). The length frequency distribution of measured northern anchovy larvae show a
distribution strongly skewed toward recently hatched larvae (Figure 3-17) based on the reported
hatch length of 2-3 mm (0.08-0.12 in) (Moser 1996). There was a small proportion of larger
larvae in the samples ranging from 5 to18 mm (0.19 to 0.7 in). A random sample of 200 anchovy
larvae from the entrainment samples from all of the surveys ranged in size from 1.2 to 18.0 mm
(0.05 to 0.7 in) with a mean size of approximately 2.9 mm (0.11 in).

3.3.4.4 Modeling Results

The following sections present the results for demographic and empirical transport modeling of
CWS effects on Engraulidae (northern anchovy) larvae. Total annual entrainment at EPS was
estimated at 120.7 million using measured cooling water flow and at 157.0 million larvae using
maximum cooling water flow for the June 2004 through May 2005 period (Table 3-6).

Fecundity Hindcasting (FH)

The entrainment estimate for northern anchovy for the June 2004 through May 2005 sampling
period was used to estimate the number of breeding females at the age of maturity needed to
produce the estimated number of larvae entrained. Butler et al. (1993) modeled annual fecundity
and egg and larval survivorship for northern anchovy. Their “best” estimate can be derived by
fitting the range of mortality estimates from field collections to the assumption of a stable and
stationary population age structure. Instantaneous daily mortality estimates from Butler et al.
(1993) were converted, over their average stage durations, to finite survivorship rates for each
developmental stage (Table 3-16). Fish at the mean age of entrainment include yolk sac, early
and late stage larvae. Therefore, survival estimates for all three stages were combined to obtain a
finite survival value of 0.47 up to the mean age at entrainment (2.1 days). which was calculated
by dividing the difference between the mean length (2.9 mm [0.11 in]) and the value of the 25™
percentile (2.1 mm [0.08 in]) using a larval growth rate of 0.41 mm d'(0.02 in dh.
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Table 3-16. Stage-specific life history parameters for northern anchovy
(Engraulis mordax) modified from Butler et al. (1993). Z = instantaneous
daily mortality; S = finite survival rate.

Stage
duration

Stage Zpes (d) Age (d) Stest CVieu
Egg 0.231 2.9 0.512 0.142
Yolk-sac larva  0.366 36 6.5 0.093 0.240
Early larva 0.286 12 18.5 0.032 0.071
Late larva 0.0719 45 63.5 0.039 0.427
Early juvenile  0.0141 62 125.5 0.417 0.239
Late Juvenile  0.0044 80 205.5 0.703 0.033
Pre-recruit 0.0031 287 4925 0411 0.088

Clark and Phillips {(1952) report age at sexual maturity as 1-2 years. Similarly, Leet et al. (2001)
report that 47 to 100% of one-year olds may be mature in a given year while all are mature by
two years. For modeling purposes we used a mid-value of 1.5 years. For longevity, Hart (1973)
reports a value of seven years, but Leet et al. (2001) states that northern anchovy in the fished
population rarely exceed four years of age. The survivorship table in Table 3-17 was used to
estimate an average annual fecundity of 163,090 over the seven-vear period using the data
presented in Butler et al. (1993).

Table 3-17. Survivorship table for adult northern anchovy
(Engraulis mordax) from Butler et al. (1993) showing
spawners (L,) surviving at the start of age interval and
numbers of eggs spawned annually (M,). The total lifetime
fecundity (TLF) was calculated as the sum of LM divided

by 1,000.
Age (yr) L« M, L.M,

1 1,000 22,500 22,500,000
2 468 93,500 43,800,000
3 216 195,000 42,000.000
4 102 280,000 28,600,000
5 48 328,000 15,700,000
6 22 328,000 7,210,000
7 10 328,000 3,280,000

TLF = 163,090
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The estimated numbers of 1.5 year old adult female northern anchovies whose lifetime
reproductive output was entrained through the EPS CWS for the June 2004 through May 2005
period was 3,089 based on actual flows and 4,019 based on design maximum flows (Table 3-
18). The range of estimates based on the 90% confidence intervals show that the variation in our
estimate of entrainment had much less of an effect on the variation of the FH estimate than the
life history parameters used in the model.

Table 3-18. Results of FH modeling for anchovy larvae based on a) actual flows and b)
maximum flows. The upper and lower estimates are based on a 90% confidence interval of
the mean. FH estimates were also calculated using the upper and lower confidence estimates
from the entrainment estimates.

FH FH
Lower Upper FH
Parameter Mean Std. Error  Estimate  Estimate Range

a) Actual Flows

FH Estimate 3,089 2,680 741 12,873 12,132

Total Entrainment 120,661,087 6,551,786 2.813 3.365 552
b) Maximum Flows

FH Estimate 4,019 3,487 965 16,748 15,783

Total Entrainment 157,019,892 8.097.477 3,678 4,360 682

Adult Equivalent Loss (AEL)

The parameters required for formulation of AFL estimates include larval survival from
entrainment to settlement and survival from settlement to the average age of reproduction for a
mature female. Instantaneous daily mortality estimates from Butler et al. (1993) were converted,
over their average stage durations, to finite survivorship rates for each developmental stage
(Table 3-16). The early larval stage survival was adjusted to the mean age at entrainment (2.1
days) and used to calculate a finite survival through age 12 d of 0.019 using the daily survival
rates for yolk sac and early stage larvae. The other finite survival rates from Butler et al. (1993)
were used to estimate the number of adults of age 3.03 vears, the average age of a mature female
in the population. The estimated number of adult northern anchovies equivalent to the number of
larvae entrained through the EPS CWS for the sampling period was 15,456 based on actual flows
and 20,113 based on design maximum flows (Table 3-19).
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Table 3-19. Results of AEL modeling for anchovy larvae based on a) actual flows and b)
maximum flows. The upper and lower estimates are based on a 90% confidence interval of the
mean, AEL estimates were also calculated using the upper and lower confidence estimates from
the entrainment estimates.

AEL AEL
Lower Upper AEL
Parameter Mean Std. Error Estimate Estimate Range
a) Actual Flows
AEL Estimate 15,456 17,897 2,300 103,840 101,540
Total Entrainment 120,661,087 6.551,786 14,075 16,836 2,761
b) Maximum Flows
AEL Estimate 20,113 23,288 2.994 135.102 132,108
Total Entrainment 157,019,892 8.097.477 18,407 21,819 3412

Empirical Transport Model (ETM)

A larval growth rate of 0.41 mm/day (0.02 mm/day) for northern anchovies was estimated from
Methot and Kramer (1979) and used with the difference in the lengths of the 25" and 95"
percentiles of the measurements to estimate that the larvae were exposed to entrainment for a
period of approximately 4.8 days. The duration of the plankionic egg stage, 2.9 d. was added to
the period for the larvae to estimate a 1otal period of exposure of 7.7 d.

The monthly estimates of proportional entrainment (PE} for anchovies for the June 2004 — May
2005 period ranged from 0 to 0.04037 using the actual flows and from 0 to 0.05437 using the
maximum flow volumes (Table 3-20). The largest estimate was calculated for the May survey,
but the largest proportion of the source population was present during the April survey (f; = 0.429
or 42.9%). The values in the table were used to calculate a Py, estimate of 0.0035 with a standard
error of 0.0025 using the actual flows and an estimate of 0.0045 with a standard error of 0.0032
using the maximum flows.
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Table 3-20. £TA{ data for northern anchovy larvae based on actual and maximum daily cooling
water flows. The PE estimates incorporate all three components of the source water shown in
Equation 7.

Actual Flows Maximum Flows
Survey PE PE PE PE
Date Estimate Std. Err. Estimate Std. Err. S
10-Jun-04 0.00044 0.00054 0.00054 0.00065 0.02259
24-Jun-04 0.00048 0.00163 0.00059 0.00202 0.00187
6-Jul-04 0.00108 0.00206 0.00131 0.00248 0.02319
13-Aug-04 0.00070 0.00189 0.00081 0.00219 0.01464
23-Sep-04 0.00005 0.00017 0.00005 0.00018 0.03618
21-Oct-04 0.00008 0.00023 0.00014 0.00037 0.01157
18-Nov-04 0.00074 0.00305 0.00117 0.00477 0.01404
16-Dec-04 0 0 0 0 0.00011
13-Jan-05 0.00005 0.00032 0.00009 0.00053 0.00834
24-Feb-05 0.00070 0.00297 0.00117 0.00481 0.01230
23-Mar-05 0.00024 0.00050 0.00035 0.00072 0.42247
21-Apr-05 0.00042 0.00119 0.00049 0.00139 0.42965
19-May-05 0.04037 0.09825 0.05437 0.13220 0.00305
Py 0.0035 0.0045
Sid. Error 0.0025 0.0032
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Figure 3-14. Comparison among surveys of mean concentration (#/1,000 m* [264,172

gal]) of anchovy larvae at entrainment Station E1.

Note: Dowmward pointing triangle indicates survey with no larvae collected.
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Figure 3-15. Mean concentration (#/1,000 m’ [264,172 gal]) and standard error of
anchovy larvae at Agua Hedionda Lagoon (inner, middle, and outer) and
nearshore source water stations during the 2004 and 2005 sampling periods.

Note logarithmic abundance scale.
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Figure 3-16. Mean concentration (#/1.0 m’ [264 gal]) of anchovy larvae
at entrainment Station E1 during night (Cycle 3) and day (Cycle 1)
sampling.
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Figure 3-17. Length frequency of anchovy larvae at entrainment Station
El. Data from sub-samples of all surveys in 2004-2005.
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3.3.5 Garibaldi (Hypsypops rubicundus)

Range: Monterey Bay, California, to southern Baja
California and Guadalupe Island, Mexico.

Life History:

e Sizeupto38.1 cm TL (15 in)

¢  Age at first maturity 3-6 yr in males and 6 yr in
females
Life span to 17 yr (29 yr in captivity)
Spawns in spring and summer primarily in bays
and shallow rocky areas; demersal, adhesive cggs
with fecundity of 15,000-88,000 eggs per female

Habitat: Occurs over rocky bottoms in clear water, often near
crevices, small caves, and in kelp; to 29 m (95 ft).

Fishery: None; protected by California state law.
Jay Carroll

Garibaldi (Hypsypops rubicundus) ranges from Monterey Bay, California to southern Baja
California and Guadalupe Island (off northern central Baja California) in Mexico, but is not
abundant north of Santa Barbara (Fitch and Lavenberg 1975). They are one of two common
species of damselfishes (Family Pomacentridae) found off southern California, the other being
the blacksmith (Chromis punctipinnis). Garibaldi is the California state marine fish and is fully
protected by the State.

3.3.5.1 Life History and Ecology

Garibaldi occurs over rocky bottoms in clear water, often near crevices and small caves, from the
intertidal zone (as juveniles) to depths of 29 m (95 ft). They occur on the outer coast, around
islands, and in protected bays and harbors (Fitch and Lavenberg 1975), typically as individuals
(adults defend a territory all year) but occasionally in loose aggregations. They attain a
maximum length up to 38.1 cm TL (15 in) although few are larger than 30.5 ¢cm (12 in). Males
are larger than females at a given age (Limbaugh 1964). Males begin to mature at about 3 yr but
females may not reproduce until age 5-6 yr.

Garibaldi spawn from March through October (Love 1996), and the female deposits demersal
adhesive eggs in a nest that the male has prepared by clearing off all growth except calcareous
tubes and filamentous red algae. Males defend algal nests within permanent territories (1015 nv’
[107-161 ﬁ:]) on which females deposit eggs (Clarke 1970). Males that guard nesting areas with
sparse algal cover tend to be less likely to court passing females (Sikkel 1995). DeMartini et al.
(1994) measured mean batch fecundity at 12,546 eggs with an average of 35 eggs per gram of
body weight. Some nests may contain up to 190,000 eggs deposited by several females (Fitch
and Lavenberg 1975). Female garibaldi in southern California were estimated to spawn about 24
times during their 144-day spawning season (DeMartini et al. 1994). Females preferentially
approach nests with eggs in the early stages of development prior to or in the absence of male
courtship and are more likely to spawn in such nests than in empty nests or nests with only eggs

‘; Cabrillo Power « Encina 316(b) Demonstration ;,g_&ig B

e’ S .




Entrainment and Source Water Larval Study

in the advanced stages of development (Sikkel 1989). Eggs in the early stages of development
are bright yellow and turn gray as development proceeds. Eggs hatch in 12-23 days (Sikkel
1989) depending on temperature. Larvae are primarily neustonic, initially ca. 2.2 mm (0.09 in) in
length and attain flexion at ca 3.5 mm (0.14 in) (Moser 1996). Transformation occurs at a length
of ca 5-10 mm (0.19-0.39 in) and settlement has been noted to occur at approximately 20 mm
SL (0.79 in). Larval duration ranges from 18-22 days (mean of 20 days) based on daily
incremental marks on otoliths in recently settled individuals (Wellington and Victor 1989).

As juveniles garibaldi feed on planktonic crustaceans such as copepods, amphipods, and isopods
(Clarke 1970). As adults they are typically carnivorous feeding a variety of invertebrates
including sponges, sea anemones, bryozoans, worms, crustaceans, clams and mussels, snail eggs,
and their own eggs. Field observations and experiments during the mating phase show that
brood-guarding males usually cannibalize older clutches if the older eggs are exposed to empty
nest space (Sikkel 1994a). Males nearly always cannibalize the entire brood when they receive
only a single clutch, and the probability of cannibalism of last clutches increases with brood age
(Sikkel 1994b). Garibaldi are only active during the day and shelter in holes in the reef at night
(Clarke 1970). Juvenile garibaldi are preyed upon by larger fishes such as kelp bass, and adult
garibaldi are preyed upon by sharks, giant sea bass, moray eels, and sea lions.

3.3.5.2 Sampling Resulits

Garibaldi larvae ranked as the fourth most abundant species of larvae entrained with an average
concentration across all surveys of 41 per 1,000 m®* (264.172 gal), but comprised less that 1% of
all entrained larvae (Table 3-5). Garibaldi larvae were very seasonal in abundance at all stations
and were present only from April through August (Figure 3-18). The greatest abundance at the
entrainment station occurred during early June with mean concentrations of 275 larvae per
1,000 m® (264,172 gal). Source water larvae were typically most abundant at the Middle and
Outer Lagoon sampling stations, but also occurred in the Inner Lagoon and at the nearshore
stations (Figure 3-19). Larvae were significantly more abundant in the nighttime samples than in
the daytime samples (Figure 3-20). A sample of 198 garibaldi larvae from all surveys ranged in
size from 1.9 to 3.3 mm (0.075 to 0.13 in} with a mean size of approximately 2.6 mm (0.1 in)
(Figure 3-21).

3.3.5.3 Modeling Results

The following section present the results for empirical transport modeling of CWS effects on
garibaldi larvae. Total annual entrainment at EPS was estimated at 29 million using measured
cooling water flows and at 36 million larvae using maximum cooling water flows for the June
2004 through May 2005 period (Table 3-6). Life history information on garibaldi was
insufficient to parameterize the A£L or FH models.

Empirical Transport Model (ETM)

A larval growth rate of 0.29 mm/day (0.01 in/day) for garibaldi was estimated from Wellington
and Victor (1989) and used with the difference in the lengths of the 25" (2.4 mm) and 95"

,/= Cabrillo Power « Encina 316(b) Demaonstration 3-60



Entrainment and Source Water Larval Study

percentiles (3.1 mm [0.12 in]) of the measurements to estimate that the larvae were exposed to
entrainment for a period of approximately 2.2 days.

Garibaldi larvae were absent from entrainment samples from September through March. The
monthly estimates of proportional entrainment (PE) for garibaldi for the June 2004 — May 2005
period ranged from 0 to 0.14528 using the actual flows and from 0 to 0.19366 using maximum
flows (Table 3-21). The largest estimate was calculated for the April survey using actual flows
and for the May survey using the maximum flows, but the largest proportion of the source
population was present during the first survey in June 2004 (fi = 0.625 or 62.5%). Garibaldi
larvae were present in six of the 12 surveys. The values in the table were used to calculate a P,
estimate of 0.1442 with a standard error of 0.3115 using actual flows and an estimate of 0.1753
with a standard error of 0.3777 using the maximum flows.

Table 3-21. ETA{ data for garibaldi larvae based on actual and maximum daily cooling water
flows. The PE estimates incorporate all three components of the source water shown in
Equation 7.

Actual Flows Maximum Flows
Survey PE PE PE PE
Date Estimate Std. Err. Estimate Std. Err. fi
10-Jun-04 0.06453 0.03775 0.07797 0.0455 0.62469
24-Jun-04 0.05705 0.02888 0.07085 0.03577 0.05168
6-Jul-04 0.03231 0.04608 0.03922 0.05558 0.17163
13-Aug-04 0.11489 0.12829 0.13331 0.14847 0.04004
23-Sep-04 0 0 0 0 0
21-Oct-04 0 0 0 0 0
18-Novw-04 0 0 0 0 0
16-Dec-04 0 0 0 0 0
13-Jan-035 0 0 0 0 0
24-Feb-05 0 0 0 0 0
23-Mar-05 0 0 0 0 0
21-Apr-05 0.14528 0.3425 0.17053 0.40196 0.01825
19-May-05 0.14379 0.17011 0.19366 0.22888 0.09371
Py 0.1442 0.1753
Std. Error 0.1455 0.1764
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Figure 3-18. Comparison among surveys of mean concentration (#/1,000 m*) of garibaldi
larvae at entrainment Station E1.

Note: Downward pointing triangle indicates survey with no larvae collected.
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Figure 3-19. Mean concentration (#/1,000 m']) and standard error of garibaldi
larvae at Agua Hedionda Lagoon (inner, middle, and outer) and nearshore source
water stations during the 2004 and 2005 sampling periods.

Note logarithmic abundance scale.
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Figure 3-20. Mean concentration (#/1.0 m”[264 gal]) of garibaldi larvae
at entrainment Station E1 during night (Cycle 3) and day (Cycle 1)
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Figure 3-21. Length frequency of garibaldi larvae at entrainment Station
El. Data from sub-samples of all surveys in 2004-2005.
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3.3.6 White croaker (Genyonemus lineatus)

Range: British Columbia to southern Baja California

Life Histony

e Sizeuptod]l cm SL(16.25in)

o Age at maturity 1-4 vr

¢ Lilcspanto 13 »r

e Spawns throughout the vear with a peak season in
January—March; multiple broadcast spawners with
external fentilization: batch fecundity of 15-80
thousand eggs per female

Habitar: Sand and mud bottoms over the open coast from the
Hiusiration from NOAA surf zone to depths of 238 m (781 fi).

Fishery: Sport and commercial fishery.

White croaker (Genyonemus lineatus) range from Magdalena Bay, Baja California, north to
Vancouver Island, British Columbia (Miller and Lea 1972). They are one of eight species of
croakers (Family Sciaenidae) found oft California. The other croakers include: white seabass
(Atractoscion nobilis), black croaker (Cheilotrema saturnum), queenfish (Seriphus politus),
California corbina (Menticirrhus undulatus), spotfin croaker (Roncador stearnsii), yellowfin
croaker (Umbrina roncador), and shortfin corvina (Cynoscion parvipinnis). All but shortfin
corvina are known to occur in AHL.

3.3.6.1 Life History and Ecology

The reported depth range of white croaker is from near the surface to depths of 238 m (781 fi)
(Love et al. 2005); however, in southern California, Allen {(1982) found Genyonemus over soft
bottoms between 10 and 130 m (33 and 427 ft), and it was collected most frequently at 10 m (33
ft). 1t is nocturnally active, and is considered a benthic searcher that feeds on a wide variety of
benthic invertebrate prey. Adults feed on polychaetes and crustaceans, while juveniles feed
during the day in midwater on zooplankton (Allen 1982).

White croakers are oviparous broadcast spawners. They mature between about 130 and 190 mm
TL (5.1 and 7.5 in), between therr first to fourth year; approximately 50% spawn at age one year
(Love 1996). About one-half of males mature by 140 mm TL (5.5 in), and one-half of females by
150 mm TL (5.9 in), and all fish are mature by 190 mm TL (7.5 in) in their third to fourth year
(Love et al. 1984). Off Long Beach, white croaker spawn primarily from November through
August, with peak spawning from January through March (Love et al. 1984). However, some
spawning can occur year-round. Batch fecundities ranged from about 800 eggs na 155 mum (6.1
in) female to about 37,200 eggs in a 260 mm (10.2 in) female, with spawning taking place as
often as every five days (Love et al. 1984). In their first and second vears, females spawn for
three months for a total of about 18 times per season. Older fish spawn for about four months
and about 24 times per season (Love et al. 1984). Some older fish may spawn for seven months.
The nearshore waters from Redondo Beach to Laguna Beach are considered an important
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spawning center for this species (Love et al. 1984). A smaller spawning center occurs off
Ventura.

Newly hatched white croaker larvae are 1-2 mm SL (0.04-0.08 in) and not well developed
(Watson 1982). Larvae are principally located within 4 km (2.5 miles) from shore, and as they
develop tend to move shoreward and into the epibenthos (Schlotterbeck and Connally 1982).
Murdoch et al. (1989b) estimated a daily larval growth rate of 0.20 mm/day (0.008 in/day).
Maximum reported size is 414 mm (16.3 in) (Miller and Lea 1972), with a life span of 12-15
years (Frey 1971, Love et al. 1984). White croakers grow at a fairly constant rate throughout
their lives, though females increase in size more rapidly than males from age 1 (Moore 2001).
No mortality estimates are available for any of the life stages of this species.

White croaker are primarily nocturnal benthic feeders, though juveniles may feed in the water
column during the day (Allen 1982). Important prey items include polychaetes, amphipods,
shrimps, and chaetognaths (Allen 1982). In Outer Los Angeles Harbor, Ware (1979) found that
important prey items included polychaetes, benthic crustaceans, free-living nematodes. and
zooplankton. Younger individuals feed on holoplankonic crustaceans and polychaete larvae.
White croaker may move offshore into deeper water during winter months (Allen and DeMartini
1983); however, this pattern is apparent only south of Redondo Beach (Herbinson et al. 2001).

3.3.6.2 Population Trends and Fishery

Annual relative abundance of white croaker in impingement samples at southern California
power plants showed decreases during the strong El Nifio events of 1982-83, 1986-87. and
1997-98 as compared with non-El Nifio years (Herbinson et al. 2001).

White croaker is an important constituent of the commercial and sport fisheries of California.
Prior to 1980, most of the croaker catch was in southern California. However, since 1980, the
majority of the commercial catch occurred in central California, and has been attributed to the
entrance of Southeast Asian refugees into the fishery (Moore and Wild 2001). Most of the
recrcational catch is still in southern California from piers, breakwaters, and private boats.

Before 1980, statewide white croaker landings averaged 685,000 b annually, exceeding
1.000.000 1b in several years (Moore and Wild 2001). High landings in 1952 corresponded with
the collapse of the Pacific sardine fishery. Since 1991, landings averaged 461.000 Ib and steadily
declined to an all-time low of 142,500 Ib in 1998. State-wide landings by recreational fishermen
aboard commercial passenger fishing vessels (CPFVs) averaged about 12,000 fish per vear from
1990 to 1998, with most of the catch in southern California. Most white croaker are caught by
gillnet and hook-and-line (Moore and Wild 2001). In 2005 there was a reported 0.33 MT landed
in San Diego County for a value of $1,022 (PacFIN database).

3.3.6.3 Sampling Results

White croaker was the fifteenth most abundant taxon in the entrainment samples with a mean
concentration of 7.0 larvae per 1,000 n?* (264,172 gal), and comprised only about 0.2% of all of
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the larvae collected at the entrainment station (Table 3-35). They were most abundant at the
nearshore stations ranking fourth overall with a mean concentration of 64.7 larvae per 1,000 ot
(264,172 gal) (Table 3-7). Peaks in abundance occurred during February and they were absent in
the June and July surveys at the entrainment station (Figure 3-22). There was no consistent
difference between daytime and nighttime abundance in the entrainment samples. Monthly
concentrations in the source water were typically greatest at the nearshore stations with a
gradient of declining abundance toward the Inner Lagoon (Figure 3-23). The number of larval
white croaker collected during each entrainment and source water survey is presented in
Appendix E.

The length frequency distribution of the 44 white croaker larvae collected from the entrainment
samples (Figure 3-24) was skewed toward recently-haiched larvae based on the reported hatch
length of 1-2 mm (0.04-0.08 in) (Watson 1982). The mean, maximum, and minimum sizes for
the measurements were 2.0, 4.1, and 1.2 mm (0.08, 0.16, and 0.05 in), respectively.

3.3.6.4 Modeling Resuilts

The following section presents the results for empirical transport modeling of CWS effects on
white croaker larvae. No age-specific estimates of survival for later stages of development were
available from the literature for white croaker, therefore no estimates of FH or AEL were
calculated. Total annual entrainment at EPS was estimated at 6.92 million using measured
cooling water flow and at 9.47 million larvae using maximum cooling water flow for the June
2004 through May 2005 period (Table 3-6).

Empirical Transport Model (ETM)

Only 44 white croaker larvae were collected and measured from the entrainment samples. In
order 10 obtain a larger sample size 1o describe the sizes of entrained larvae, length frequency
data on white croaker from entrainment samples collected for the Huntington Beach Generating
Station between September 2003 and August 2004 (MBC and Tenera Environmental 2004) were
used in estimating the period that the larvae are exposed to entrainment. The 25" (2.1 mm [0.08
in]) and 95™ (7.0 mm [0.28 in]) percentile values from the measurements were used with a larval
growth rate of 0.20 mm/day (0.008 in/day) from Murdoch et al. (1989b) to estimate that the
larvae were exposed to entrainment for a period of approximately 24.3 days. The duration of the
planktonic egg stage, 2.2 d, was added to the period for the larvae to estimate a total period of
exposure of 26.5 d.

The monthly estimates of proportional entrainment (PE) for white croaker for the June 2004 —
May 2005 period ranged from 0 to 0.00072 using the actual flows and from 0 to 0.00084 using
the maximum flows (Table 3-22). The largest estimate was calculated for the April survey, but
the largest proportion of the source population was present during the September survey (f; =
0.354 or 35.4%). The results show that while white croaker larvae were present in the source
water during all of the surveys they only were collected during eight of the entrainment surveys.
The values in the table were used to calculate a Py, estimate of 0.0029 with a standard error of
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0.0025 and an estimate of 0.0039 with a standard error of 0.0034 using the maximum flow
volumes.

Table 3-22. ETM data for white croaker larvae based on actual and maximum daily cooling water
flows. The PE estimates incorporate all three components of the source water shown in

Equation 7.

Actual Flows Maximum Flows
Survey PE PE PE PE
Date Estimate Std. Err. Estimate Std. Err. ¥
10- Jun-04 0 0 0 0 0.00001
24-Jun-04 0 0 0 0 0.00187
6-Jul-04 0 0 0 0 0.00989
13- Aug-04 0.00028 0.00172 0.00033 0.00199 0.02103
23-Sep-04 0.00006 0.00055 0.00007 0.00059 0.33414
21-Oct-04 0 0 0 0 0.03043
18-Nov-04 0.00007 0.00087 0.00012 0.00137 0.07183
16-Dec-04 0.00032 0.00519 0.00040 0.00636 0.00574
13-Jan-05 0.00016 0.00082 0.00029 0.00138 0.04775
24-Feb-05 0.00017 0.00068 0.00028 0.00111 0.13805
23-Mar-05 0.00004 0.00022 0.00005 0.00032 0.26954
21-Apr-035 0.00072 0.00271 0.00084 0.00318 0.04449
19-May-05 0 0 0 0 0.00523
Py 0.0029 0.0039
Std. Error 0.0025 0.0034
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Figure 3-22. Comparison among surveys of mean concentration (#/1.000 m’ [264,172 gal])
of white croaker larvae at entrainment Station E1.

Note: Downward peinting triangle indicates survey with no larvae collected.
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Figure 3-23. Mean concentration (#/1,000 m' [264,172 gal]) and standard error of
white croaker larvae at Agua Hedionda Lagoon (inner, middle, and outer) and
nearshore source water stations during the 2004 and 2005 sampling periods.

Note logarithmic abundance scale.
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Figure 3-24. Length frequency of white croaker larvae at entrainment
Station E 1. Data from sub-samples of all surveys in 2004-2005.
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3.3.7 Queenfish (Seriphus politus)

Range: British Columbia to southern Gulf of California

Life History:

e Sizeupto30.5cm TL (12 in)

s  Age at maturity from 1-2 yrs

¢  Spawns multiple times March through October;
oot pelagic eggs with annual fecundity ranging from
2 60,000 to 2.3 million eggs.

Habitat: Over sand and mud bottoms in bays and outer coast
from the surf zone to depths of 181 m (594 ft).

Milton Love  Fighery: Recreational and commercial fisheries; recreational
fishery landings averaged 311,000 per year 2000-2004.

Queenfish (Seriphus politus) range from Vancouver Island, British Columbia to southern Gulf of
California (Love et al. 2005). Queenfish are common in southern California, but rare north of
Monterey. They are one of eight species of croaker or ‘drums’ (Family Sciaenidae) found off
California. The other croakers include: white seabass (Atractoscion nobilis), black croaker
(Cheilotrema saturnum), white croaker ( Genyonemus lineatus), California corbina (Menticirrhus
undulatus), spotfin croaker (Roncador stearnsii), yellowfin croaker (Umbrina roncador), and
shortfin corvina (Cynoscion parvipinnis). All but shortfin corvina are known to occur in AHL.

3.3.7.1 Life History and Ecology

The reported depth range of queenfish is from the surface to depths of about 181 m (594 ft)
(Love et al. 2005). In southern California, Allen (1982) found queenfish mainly over soft
bottoms at 10-70 m (33-230 ft), with highest abundance occurring at the 10 m stratum.
Queenfish form dense, somewhat inactive, schools close to shore during the day, but disperse to
feed in midwater after sunset (Hobson and Chess 1976). In a study of queenfish off northern San
Diego County, DeMartini et al. (1985) found that adults of both sexes made onshore and
offshore migrations, but immature fish generally remained within 2.5 km (1.5 miles) of shore at
night. Queenfish are active throughout the night, feeding several meters off the seafloor either in
small schools or individually.

Queenfish mature at 10.5-12.7 cm TL (4.1-5.0 in) (DeMartini and Fountain 1981, Love 1996),
during their first spring or second summer. Maximum reported size is 30.5 cm TL (12 in) (Miller
and Lea 1972). Immature individuals grow at a rate of about 2.5 mm/day, while early adults
grow about 1.8 mm/day (0.07 in/day) (Murdoch et al. 1989a). Mortality rate estimates are
unavailable for this species.

Queenfish is a summer spawner. Goldberg (1976) found queenfish to enter spawning condition
in April and spawn into August, while DeMartini and Fountain (1981) recorded spawning as
early as March. Spawning is asynchronous among females, but there are monthly peaks in
intensity during the waxing (first quarter) of the moon (DeMartini and Fountain 1981). They also
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stated that mature queenfish spawn every 7.4 days, on average, regardless of size. Duration of
the spawning season is a function of female body size, ranging from three months (April-June)
in recruit spawners to six months (March-August) in repeat spawners (>13.5 cm SL [5.3 in]).
Based on the spawning frequency and number of months of spawning, these two groups of
spawners can produce about 12 and 24 batches of eggs during their respective spawning seasons
(DeMartini and Fountain 1981). Demartini (1991) noted the relationship between declines in
fecundity, gonadal and somatic condition of queenfish in southern California, and the crash in

planktonic production during the 1982-84 El Nifio event.

Goldberg (1976) found no sexually mature females less than 14.8 cm SL (5.8 in) in Santa
Monica Bay. This differs from the findings of DeMartini and Fountain (1981) who found
sexually mature females at 10.0-10.5 cm SL (3.9-4.1 in) off San Onofre at slightly greater than
age-1. Batch fecundities in queenfish off San Onofre ranged from 5,000 eggs in a 10.5 cm (4.1
in) female to about 90,000 eggs in a 25 ¢cm (9.8 in) fish. The average-sized female (14 cm [5.5
in], 42 g [1.5 ounces]) had a potential batch fecundity of 12.000-13,000 eggs. Parker and
DeMartini (1989) estimated the average batch fecundity to be 12,700 for queenfish collected
over a five-year period. Based on a female spawning frequency of 7.4 days, a 10.5-cm (4.1 in)
female that spawns for three months (Aprik-June) can produce about 60,000 eggs per year, while
a 25cm (9.8 in) female that spawns for six months (March through August) can produce nearly
2.3 million eggs per year (DeMartini and Fountain 1981).

Queenfish feed mainly on crustaceans, including amphipods, copepods. and mysids, along with
polychaetles and fishes (Quast 1968, Hobson and Chess 1976, Hobson et al. 1981, Feder et al.
1974). They are a forage species that is probably consumed by a wide variety of larger
piscivorous fishes such as halibut, kelp bass, Pacific bonito, Pacific mackerel, and sharks as well
as sea lions and cormorants.

3.3.7.2 Population Trends and Fishery

Queenfish was the most abundant sciaenid impinged at five southern California generating
stations from 1977 to 1998, and accounted for over 60% of the total fishes impinged (Herbinson
et al. 2001). Annual abundance fluctuated from year to year, with notable declines during the
strong El Nifio events of 1982-83, 1986-87, and 1997-98. However, abundance remained
relatively high throughout the over 20-year study period. Queenfish was also one of the three
most abundant species of sofi-bottom associated fishes in southern California along with white
croaker and northern anchovy during a 1982-1984 trawl study (Love et al. 1986).

There are both recreational and commercial fisheries for queenfish. Recreational fishers landed
an average of 311,000 queenfish per year from 2000 through 2004, with the greatest estimated
landings of 942.000 (40 metric tons) occurring in 1992 (RecFIN database). No specific landings
for queenfish are reported in the commercial landings statistics for San Diego County during the
1995-2005 time period (PacFIN database), although they may be included in other landings
groups such as unspecified croakers.
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3.3.7.3 Sampling Resulits

Queenfish larvae were the sixteenth most abundant taxon collected from the entrainment station
with an average annual density of 5.5 larvae per 1,000 m* (264,172 gal) (Table 3-5). They
comprised 0.14% of the larvae collected at the entrainment station, 0.07% from the lagoon
source water, and 2.18% from the nearshore source water. This species was found in the
entrainment samples collected in June, August, September and Qctober with a peak abundance
of over 50 larvae per 1,000 m® (264,172 gal) during September 2004 (Figure 3-25). Queenfish
larvae were found at the source water stations during the same period of the year mainly at the
nearshore and outer lagoon stations (Figure 3-26). The number and density of larval queenfish
collected during each entrainment and source water survey is presented in Appendix E.

The 29 queenfish larvae in the entrainment samples from all surveys ranged in length from 1.6 to
7.2 mm (0.06 to (.28 in) with a mean length of 4.0 mm (0.16 in) (Figure 3-27). Hatch length of
queenfish is approximately 2.9 mm (0.11 in) (Moser 1996).

3.3.7.4 Modeling Results

The following sections present the results for empirical transport modeling of entrainment effects
on queenfish larvae. Demographic model estimates of entrainment eftects (FH and AFL) were
not calculated because of the absence of information on life history parameters necessary for
model calculations. Total annual entrainment at EPS was estimated at 6.7 million using

measured cooling water flow and at 7.5 million larvae using maximum cooling water flow for
the June 2004 through May 2005 period (Table 3-6).

Empirical Transport Model (ETM)

Only 29 queenfish larvae were collected and measured from the entrainment samples. As a
result, length frequency data on queenfish from entrainment samples collected for the
Huntington Beach Generating Station between September 2003 and August 2004 (MBC and
Tenera Environmental 2004) were used in estimating the period that the larvae are exposed to
entrainment. The 25" (3.8 mm [0.15 in]) and 95" (7.7 mm [0.3 in]) percentile values from the
measurements were used with a larval growth rate for white croaker of 0.20 mm/day (0.008
in/day) from Murdoch et al. (1989b) to estimate that the larvae were exposed to entrainment for a
period of approximately 19.4 days. The duration of the planktonic egg stage, 2.2 d, was added to
the period for the larvae to estimate a total period of exposure of 21.6 d.

The monthly estimates of proportional entrainment (PE) for queenfish for the June 2004 - May
2005 period ranged from 0 to 0.00370 using the actual flows, and from 0 to 0.00608 using the
maximum flows during the period (Table 3-23). The largest estimate was calculated for the
October survey, and the largest proportion of the source population was present during the
September survey (f; = 0.441 or 44.1%). Queenfish larvae were collected from entrainment
samples from four of the entrainment surveys and from seven surveys from the source water
samples. The values in the table were used to calculate a Py estimate of 0.009 with a standard
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error of 0.0055 using the actual flows during the sampling period and an estimate of 0.0102 with
a standard error of 0.0062 using the maximum flows.

Table 3-23. ETM data for queenfish larvae based on actual and maximum daily cooling water
flows. The PE estimates incorporate all three components of the source water shown in

Equation 7.

Actual Flows Maximum Flows
Survey PE PE PE PE
Date Estimate Std. Err. Estimate Std. Err. i
10-Jun-04 0.00029 0.00099 0.00035 0.00119 0.15001
24-Jun-04 0 0 0 0 0.23205
6-Jul-04 0 0 0 0 0.12955
13-Aug-04 0.00190 0.01025 0.00220 0.01185 0.0399¢6
23-Sep-04 0.00064 0.00438 0.00070 0.00472 0.44080
21-Oct-04 0.00370 0.02183 0.00608 0.03561 0.00522
18-Nov-04 0 0 0 0 0
16-Dec-04 0 0 0 0 0
13-Jan-05 0 0 0 0 0
24-Feb-05 0 0 0 0 0
23-Mar-05 0 0 0 0 0
21-Apr-05 0 0 0 0 0.00242
19-May-05 0 0 0 0 0
Py 0.0090 0.0102
Std. Error 0.0035 0.0062
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Figure 3-25. Comparison among surveys of mean concentration (#/1.000 m’ [264,172 gal}) of
queenfish larvae at entrainment Station E1.

Note: Downward pointing riangle indicates survey with no larvae collected.
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Figure 3-26. Mean concentration (#/1,0600 m’[264,172 gal]) and standard error of
queenfish larvae at Agua Hedionda Lagoon (inner, middle, and outer) and
nearshore source water stations during the 2004 and 2005 sampling periods.

Note logarithmic abundance scale.
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Figure 3-27. Length frequency of queenfish larvae at entrainment Station
El. Data from all surveys in 2004-2005.
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3.3.8 Spotfin croaker (Roncador stearnsii)

Range: Point Conception, California to Mazatlan, Mexico
including the Gulf of California

Life History:
e Size upto 68.6 cm (27 in)
e  Size at maturity 23 cm (9 in) at 2 yrs of age for
males, and 32 cm (12.6 in) at 3 yrs for females
e Life span to at least 10 years
¢  Broadcast spawner inshore with peak larval
abundances June through September; pelagic eggs

Habitat: Sand bottoms from surf zone to 22 m (73 fi).

Fishery: Sport fishery only in southern California; variable
annual catches average approx. 12,000 fish per year.

Spotfin croaker (Roncador stearnsii) (Family Sciaenidae) ranges from Mazatlan, Mexico to
Point Conception, California, including the Gulf of California and occurs in depths ranging from
the surf zone to 17 m (Miller and Lea 1972). Seven species of croaker, in addition to spotfin
croaker, are common to the Southern California Bight (SCB). These include white croaker
(Genyonemus lineatus), queenfish (Seriphus politus), yellowfin croaker (Umbrina roncador),
white seabass (Arractoscion nobilis), California corbina (Menticirrhus undulatus), black croaker
(Cheilotrema saturnum), and shortfin corvina (Cynoscion parvipinnis) (Miller and Lea 1972).
Two other croakers [orangemouth corvina (Cynoscion xanthulus) and bairdiella (Bairdiella
icistia)] are believed to be restricted in California to the Salton Sea.

indicated by an absence in samples from the California Channel Islands. Allen (1985) indicated

spotfin croaker to be a common member of the open-coast sandy-beach ichthyofauna, with

seasonal occurrences in bays and harbors within the SCB. Love et al. (1984) observed

distributions of spotfin croaker in the 6.1 m (20 ft) isobath over soft-substrate, with diminishing

abundances with increasing depth. Limbaugh (1955) observed sporadic occurrences of spotfin

croaker in the rocky bottom/kelp bed biotope. Valle and Oliphant (2001) noted spotfin croaker |

prefer depressions in the sandy bottom in water depths greater than 3 m (9.8 ft).
|

|
|
Pondella and Allen (2000) noted a predominantly coastal distribution throughout the SCB,

3.3.8.1 Life History and Ecology

Spotfin croaker is an oviparous broadcast spawner with pelagic eggs and larvae (Moser 1996).
Gonosomatic index (GSI [gonad weight expressed as percent of whole body weight]) peaked for
both sexes in June (Miller et al. in prep b), while peak larval abundances were observed from
June to September (Moser 1996). Although usually found in small groups (< 5 individuals),
observations have been made of large aggregations (> 50 individuals; Feder et al. 1974). Initially
thought to migrate offshore to spawn (Valle and Oliphant 2001), recent observations within the
SCB indicate an inshore spawning ground based on seasonal fluctuations in catch per unit effort
and GSI (Miller et al. in prep b). Within spawning aggregations, gender ratios were significantly

rr
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skewed towards males with nearly a 10:1 male to female ratio (Miller et al. in prep b). In groups
not exhibiting reproductive activity (lgh GSI), the gender ratio is nearly 1:1 (Miller et al. in prep
b). Valle and Oliphant (2001) estimated males to mature at two years old and 228.5 mm SL (8.9
in), while females mature, on average, in their third year and 317.4 mm SL (12.5 in).

At hatching, spotfin croaker volk sac larvae are less than 1.9 mm (0.07 in) long, flexion occurs at
5-6 mm (0.19-0.24 in), and transformation at about 13 mm (0.5 in) long (Moser 1996). Miller
and Lea (1972) indicate the maximum length for spotfin croaker at 68.6 cm SL (2.7 in). Joseph
(1962) estimated the maximum age for spotfin croaker at ten years using scale aging. Spotfin
croaker exhibit the greatest growth rate between the first and second years, with a mean increase
of 100 mm SL (3.9 in), quickly tapering off to under 30 mm SL (1.2 in) per year after age five
(Joseph 1962). No information on variation in growth by gender or mortality estimations is
available for spotfin croaker.

Spotfin croaker feeds primarily on benthic invertebrates commonly found in sandy
environments, such as clams and polychaetes, but also mysids (Joseph 1962). This species of
croaker migrates seascnally as indicated by individuals tagged near Los Angeles, California and
subsequently recaptured near Oceanside, California (Valle and Oliphant 2001). California
corbina (Menticirrhus undulatus), another member of the croaker family, is frequently
encountered with spotfin croaker due to the strong similarities in habitat preferences between the
two species (Miller et al. in prep b). Within southern California, spotfin croaker populations are
historically known to exhibit “runs” (Valle and Oliphant 2001) when they form large
aggregations, principally during spawning season (Miller et al. in prep b). Notably absent during
the majority of the year near Seal Beach, California. spotfin croaker abundance rises
dramatically between April and August, with peaks in abundance typically occurring in June
(Miller et al. in prep b).

3.3.8.2 Population Trends and Fishery

Spotfin croaker is the least frequently impinged croaker at coastal generating stations within the
SCB (Herbinson et al. 2001). Since 1977, four of the five generating stations built by Southern
California Edison within the SCB have reported spotfin croaker in impingement samples
(Herbinson et al. 2001). Based on these impingement samples, spotfin croaker populations in
southern California have been low since 1983, although their abundance was less than all other
croakers, except white seabass (Herbinson et al. 2001). Nearshore gillnet sampling within the
SCB has indicated a general rise in abundance, corresponding to a general rise in sea surface
temperatures (Miller et al. in prep b).

Spotfin croaker has been reserved for recreational angling within California State waters since
1915, with a ban on the use of nets imposed in 1909 and a ban on commercial sale in 1915 (Valle
and Oliphant 2001). Incidental caiches were possible in the nearshore gillnet fishery for white
seabass, which was closed in 1992 by legislative action. Recreational angling, specifically surf
fishing, continues, as anglers enjoy greater success during periods of dense aggregations, such as
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spawning periods. There was an average of approximately 12,000 fish caught annually in
southern California from 2000 through 2005 based on information from the RecFIN database.

3.3.8.3 Sampling Results

Spotfin croaker larvae had the thirteenth highest mean density of all taxa collected in the
entrainment samples for the period of June 2004 through May 2005 with a mean density of 8.3
larvae per 1,000 m’ (264,172 gal) (Table 3-5). It was more abundant in the combined source
water samples with a concentration of 20.2 larvae per 1,000 n (Table 3-7). Spotfin croaker
larvae occurred almost exclusively in summer and early fall surveys and were mostly absent
during other times of the year (Figure 3-28). They were most abundant in the source water
samples at the outer AHL and nearshore stations (Figure 3-29). The numbers of larval spotfin
croaker collected during each entrainment and source water survey are presented in Appendix E.

Most of the spotfin croaker larvae sampled were slightly larger than 2 mm (0.08 in), indicating
that they were recently hatched. Moser (1996) reported the hatch fength at 2.1 mm (0.G8 in). The
length frequency distribution of 45 spotfin croaker larvae ranged from a minimum of 1.3 mm
(0.05 in) to a maximum of 4.5 mm (0.18 in) with a mean size of 2.2 mm (0.09 in).

3.3.8.4 Modeling Results

The following sections present the results for empirical transport modeling of entrainment effects
on spotfin croaker larvae. Demographic model estimates of entrainment effects (Fff and AEL)
were not calculated because of the absence of information on life history parameters necessary
for model calculations. Total annual entrainment at EPS was estimated to be 9.5 million using
measured cooling water flow and 10.7 million larvae using maximum cooling water flow for the
June 2004 through May 2005 period (Table 3-6).

Empirical Transport Model (ETM)

Only 45 spotfin croaker larvae were collected and measured from the entrainment samples. As a
result, length frequency data on queenfish from entrainment samples collected for the
Huntington Beach Generating Station between September 2003 and August 2004 (MBC and
Tenera Environmental 2004) were used in estimating the peniod that the larvae are exposed to
entrainment. The 25™ (1.9 mm [0.075 in]) and 95* (3.8 mm [0.15 in]) percentile values from the
measurements were used with a larval growth rate for white croaker of 0.20 mmv/day (0.008
in/day) from Murdoch et al. (1989b) to estimate that the larvae were exposed to entrainment for a
period of approximately 9.2 days. The duration of the planktonic egg stage, 2.2 d, was added to
the period for the larvae to estimate a total period of exposure of [1.4 d.

Spotfin croaker larvae were only present from June through September in the entrainment
samples. The monthly estimates of proportional entrainment (P£) for the June 2004 — May 2003
period ranged from 0 to 0.00269 using the actual flows and from 0 to 0.00300 using the
maximum flows (Table 3-24). Spotfin croaker larvae were collected from samples from five of
the entrainment surveys and from six surveys from the source water samples. The largest
estimates occurred during both the July and September surveys, and the largest proportion of the
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source population was present during the September survey (f; = 0.332 or 33.2%). The values in
the table were used to calculate a P, estimate of 0.0157 with a standard error of 0.0163 using the
actual flows and an estimate of 0.0177 with a standard error of 0.0183 using the maximum flow
volumes.

Table 3-24. ETM data for spotfin croaker larvae based on actual and maximum daily cooling
water flows. The PE estimates incorporate all three components of the source water shown in
Equation 7.

Actual Flows Maximum Flows
Survey PE PE PE PE
Date Estimate Std. Err. Estimate Std. Err. i
10-Jun-04 0.00011 0.00028 0.00013 0.00033 027272
24-Jun-04 0.00012 0.00047 0.00014 0.00058 0.15573
6-Jul-04 0.00247 0.00761 0.00300 ¢.00915 0.17050
13-Aug-04 0.00064 0.00298 0.00074 0.00344 0.06863
23-Sep-04 0.00269 0.0077 0.00290 0.0083! 0.33239
21-Oct-04 0 0 0 0 ¢
18-Nov-04 0 0 0 0 0
16-Dec-04 0 0 0 0 0
13-Jan-05 0 0 0 0 0
24-Feb-05 0 0 0 0 0
23-Mar-05 0 0 0 0 0
21-Apr-05 0 0 0 0 0.00003
19-Mayv-05 0 0 0 0 0
Py 0.0157 0.0177
Std. Error 0.0163 0.0183
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Figure 3-28. Comparison among surveys of mean concentration (#/1,000 m’ [264,172
gal]) of spotfin croaker larvae at entrainment Station E1.

Note: downward pointing triangle indicates survey with no larvae collected
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Figure 3-29. Mean concentration (#/1,000 m’ [264,172 gal]) and standard error of
spotfin croaker larvae at Agua Hedionda Lagoon (inner, mddle, and outer) and
nearshore source water stations during the 2004 and 2005 sampling periods.

Note logarithmic abundance scale.
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Figure 3-30. Length frequency of spotfin croaker larvae at entrainment Station
El. Data from all surveys in 2004-2005.
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3.3.9 California halibut (Paralichthys californicus)

Range: northern Washington to southern Baja California

Life History:
e Sizeupto 152 cm (5 ft)
e  Age at first maturity ~2 yr (20 cm TL [7.9 in]) in
males and ~3 yr (43 em TL [16.9 in]) in females
e  Life span up to 30 yrs

e  Spawns generally February-August in bays and
estuaries; pelagic eggs; female spawns multiple
times per season and may release from 5-50
million eggs/season

Habitar: Sand bottoms from the surf zone to 281 m (922 fi).

Fishery: Sport and commercial fishery in southern and
central California; minimum legal size is 56 cm TL (22 in).

California halibut (Paralichthys californicus) is an important part of California’s commercial and
recreational fisheries (Leet et al. 2001; Starr et al. 1998). It ranges from northern Washington to
southern Baja California and is found from very shallow nearshore waters in bay nursery
grounds to depths of at least 281 m (922 ft) (Love et al. 2005; Haaker 1975).

3.3.9.1 Life History and Ecology

Juveniles and adults typically occur on sandy sediments at depths less than 30 m (98 ft) but
sometimes concentrate near rocks, algae, or Pacific sand dollar (Dendraster excentricus) beds
(Feder et al. 1974). As with other flatfishes, they frequently lie buried or partially buried in the
sediment. Newly settled and juvenile halibut often occur in unvegetated shallow embayments
and occasionally on the outer coast, suggesting that bays are an important nursery habitat for this
species (Leet et al. 2001).

California halibut is a broadcast spawner with eggs being fertilized externally. The spawning
season is generally thought to extend from February to August with most spawning occurring in
May (Frey 1971) although some fall spawning may also occur. The average number of eggs per
spawn is 313,000-589,000 with an average reproductive output of approximately 5.5 million
eggs per spawning season (Caddell et al. 1990). During spawning season females may release
eggs every 7 days and the largest individuals may produce in excess of 50 million eggs per year
(Caddell et al. 1990). Captive specimens were observed to spawn at least 13 times per season.
Halibut eggs are 0.7-0.8 mm (0.027-0.03 in) in diameter (Ahlstrom et al. 1984) and are most
abundant in the water column in less than 75 m (246 ft) depths and within 6.5 km (47 miles)
from shore (Leet et al. 2001).

Upon hatching, the larvae (1.6-2.1 mm NL [0.06-0.08 in] [Moser 1996]) are pelagic (Frey
1971), and most abundant between Santa Barbara, California, and Punta Eugenia, Baja
California Sur (Ahlstrom and Moser 1975) from January through April and June through August
(Moser 1996). California halibut have a pelagic larval stage of 20-29 days (Gadomski et al.
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1990). Larval transformation occurs at a length of ca. 7.5-9.4 mm SL (0.29-0.37 in)} (Moser
1996) at which time the young fish settle to the bottom, generally in bays but also occasionally in
shallow substrates along the open coast (Haugen 1990). Kramer (1991) found that 6-10 mm
(0.24-0.39 in) California halibut larvae grew <0.3 mm/day (0.11 in/day), while larger 70-120
mm (2.75-4.7 in) halibut grew about 1.0 mm/day (0.04 in/day). In a laboratory study, California
halibut held at 16°C (60.8°F) grew to a length of 11.1 mm + 2.6]1 (SD) (0.44 in £ 0.1) in 2 mo
from an initial hatch length of 1.9 mm (0.075 in) (Gadomski et al. 1990). Afier settling in the
bays, the juveniles may remain there for about 2 years until they emigrate to the outer coast.
Males mature at 2-3 years and 20-23 c¢cm SL (7.87-9.05 in); females mature at 4-5 years and 38-
43 cm SL (14.96-16.93 in) (Fitch and Lavenberg 1971; Haaker 1975). Males emigrate out of the
bays when they mature (i.e. at 20 ¢cm [7.87 in]) but females migrate out as subadults at a length
of about 25 ¢m (9.8 in) (Haugen 1990). Subadults remain nearshore at depths of 6-20 m (19.7-
65.6 ft) (Clark 1930; Haaker 1975). California halibut may reach 152 cm (58.9 in) and 33 kg (73
Ib) (Eschmeyer et al. 1983). Individuals may live as long as 30 years (Frey 1971).

California halibut feed during both day and night. but show a preference for daytime feeding
(Haaker 1975). The species is an ambush feeder, typically lying partially buried in the sand until
prey approaches. They prey on Pacific sardine, anchovies, squid, and other nektonic nearshore
fish species (Leet et al. 2001). Small halibut in bays eat small crustaceans and become
increasingly piscivorous with size. Other similar species of flatfishes such as sand sole and
bigmouth sole may compete with California halibut within their range (Haugen 1990). Because
of an extensive overlap in diet, habitat, geographic and bathymetric distributions, and probable
foraging behavior, the California lizardfish may be the most important potential competitor of
mediunr sized California halibut (Allen 1982).

3.3.9.2 Population Trends and Fishery

It appears that the size of the California halibut population may be limited by the availability of
shallow-water nursery habitat, and a long-term decline in landings corresponds to a decline in
these habitats in southern California associated with dredging and filling of bays and wetlands
(Leet et al. 2001). A fishery-independent trawl survey for halibut conducted in the early 1990s
estimated that the southern California biomass was 3.130 metric tons (3.450 tons) (3.9 million
adult fish) and the central California biomass was 1.043 metric tons (1,150 tons) (0.7 mullion
fish).

California halibut have a high commercial and recreational fishery value. The fishery for
California halibut was reviewed by Leet et al. (2001) and recent catch statistics are available
through the PSMFC PacFIN (commercial) and RecFIN (recreational) databases. Historically,
halibut have been commercally harvested by three principal gear types: otter trawl, set gill and
trammel net, and hook and line. Presently there are numerous gear, area. and seasonal restrictions
that have been imposed on the commercial halibut fishery for management purposes. Since 1980
the commercial catch has averaged approximately one million pounds per year statewide. In
southern California (San Diego, Orange and Los Angeles counties) the average annual
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commercial catch and ex-vessel revenue from California halibut for the years 2000-2004 was
approximately 56,000 lb and $202,000 respectively. During this time the greatest catches were in
2000 (82,225 1b) and the least were in 2003 (38,113 Ib). PacFIN records indicate that 14.3 MT of
halibut worth $106,554 was landed in San Diego County in 2005.

3.3.9.3 Sampling Results

California halibut was the eighteenth most abundant taxon collected from the entrainment station
(average concentration of 3.7 larvae per 1,000 m’ [264,172 gal]; Table 3-5) and sixth most
abundant at the nearshore source water stations (average concentration of 42.9 larvae per 1,000
nr; Table 3-7). The larvae occurred in low numbers at the entrainment station in all but the late
June and early July 2004 surveys (Figure 3-31). They were more abundant at the nearshore
stations than at the lagoon stations and were mostly absent at the Inner and Middle Lagoon
stations (Figure 3-32). The numbers of larval California halibut collected during each
entrainment and source water survey are presented in Appendix E.

The length frequency distribution of nineteen California halibut larvac from the entrainment
samples showed a range of small sizes (Figure 3-33) dominated by recently hatched larvae,
based on the reported hatch length of 1.6-2.1 mm (0.06-0.08 in) (Moser 1996). The mean,
maximum, and minimum sizes for the measurements were 2.6, 4.8, and 1.7 mm (0.1, 0.19, and
0.07 in), respectively.

3.3.9.4 Modeling Results

The following sections present the results for demographic and empirical transport modeling of
entrainment effects on California halibut larvae. The available information on late larval and
post-larval survival rates was insufficient to forecast adult equivalent losses, but enough
information was available from the literature to estimate equivalent adult reproductive output
using the fecundity hindcasting approach. Total annual entrainment at EPS was estimated at 3.8
million using measured cooling water flows and at 4.9 million larvae using maximum cooling
water flows for the June 2004 through May 2005 period (Table 3-6).

Fecundity Hindcasting (FH)

The annual entrainment estimate for California halibut larvae was used to estimate the number of
breeding females needed to produce this number of larvae. Egg survival for California halibut
was (.50 based on laboratory studies on fertilization success (Gadomski et al. 1990). The mean
length for larval California halibut in entrainment samples was 2.1 mm (0.08 in). A larval growth
rate of 0.186 mm/d (0.007 in/day) was derived from laboratory growth rates from first feeding
larvae to the flexion stage over a period of 21 days (Gadomski and Peterson 1988). Since only 19
larvae were collected in the entrainment samples, length frequency data on California halibut
from entrainment samples collected for the Huntington Beach Generating Station between
September 2003 and August 2004 (MBC and Tenera Environmental 2004) were used in
estimating the age at entrainment. The mean length (2.1 mm [0.08 in]) and the length at the 25"
percentile (1.4 mm [0.06 in]) from these data were used with the growthrate (0.186 mm/d [0.007
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in/day]) to estimate the mean age at entrainment of 3.5 d. A daily survival rate of 0.96 from
Kramer (1991) was used to calculate survival to the average age at entrainment (0.86). A
survivorship table was constructed using data from Caddell et al. (1990), MacNair et al. (2001),
Hobbs et al. (1990) and Love and Brookes (1990) to estimate a total lifetime fecundity of 2.00
million eggs. Love and Brooks (1990) expressed the proportion of mature females at age x years
as

| — (11)

-} 52 5
W

Hobbs et al. (1990) used the following relationship for female length in millimeters and weight
in grams at age x,

Length, = 1440[1-@*’“*"“"“"”} W, =1811x10° ', (12)

Female weight at age was estimated using Equation 12. An annual number of eggs spawned per
age x female was estimated by multiplying the average of two natural condition spawns in
Caddell et al. (1990), i.e. 5,460,000 and 7,657,000, normalized by the weight at age to that of age
6 females. The estimated total lifetime fecundity was the sum of the product of the relative
number of females at age, beginning at age 2, estimated using exponential mortality rate of
7=0.68 per year (MacNair et al. 2001), times proportion mature times eggs (Table 3-25).

Love and Brookes (1990) report that the age of female maturity is 4.3 years. However, the
survivorship table analysis corresponded to age 2.5, the mid-interval of the 2 year olds. The
number of California halibut at the age of maturity of 2.5 years whose lifetime reproductive
output was entrained through the EPS CWS for the June 2004 through May 2005 period was
estimated to be that of four to six females (Table 3-26).
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Table 3-25. Fecundity and survivorship table for adult female California halibut from data in
Caddell et al. (1990), MacNair et al. (2001), Hobbs et al. (1990) and Love and Brookes
(1990) showing spawners (L) surviving to the beginning of the age interval and numbers of
eggs spawned annually (M,). The total lifetime fecundity was calculated as the sum of LM,
divided by 5,000.

Age (yr) P, Length, W, (g) L, M, LM,
(mm)

2 0.029 396 644 5,000 23.031 115,156,083
3 0.119 512 1,413 2,533 209,415 530,466,656
4 0.382 615 2,475 1,283 1,176,078 1,509.265,847
5 0.739 707 3.782 650 3.473,609 2.258,344,248
6 0.928 789 5,275 329 6,087,878 2.005,187.394
7 0.983 861 6.897 167 8.432,714 1,407,136,170
8 0.996 923 8.594 83 10,645,763 899,964,365
9 0.999 983 10,320 43 12,820,398 549,072,613
10 1.000 1,034 12,037 22 14,962 658 324 651,024
11 1.000 1,079 13,716 1 17,051,287 187.432.517
12 1.000 1,119 15,333 6 19.062,907 106,158,961
13 1.000 1,155 16,874 3 20,978.956 59,.187.658
14 1.000 1,187 18.328 ] 22,786,689 32,569,288
15 1.000 1.215 19,689 1 24,478,549 17,725.254
TLF= 2,000,464

Table 3-26. Results of FH modeling for California halibut larvae based on a) actual flows
and b) maximum flows, The upper and lower estimates are based on a 90% confidence
interval of the mean. FH estimates were also calculated using the upper and lower confidence
estimates from the entrainment estimates.

FH FH
Lower Upper FH
Parameter Mean Std. Error  Estimate  Estimate Range

a) Actual Flows

FH Estimate 4 4 | 18 17

Total Entrainment 3,752,551 223,985 4 5 1
b) Maximum Flows

FH Estimate 6 5 1 24 23

Total Entrainment 4,879,725 263,926 5 6 ]
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Empirical Transport Model (ETM)

Only 19 California halibut larvae were collected and measured from the entrainment samples. As
a result, length frequency data on halibut from entrainment samples collected for the Huntington
Beach Generating Station between September 2003 and August 2004 (MBC and Tenera
Environmental 2004) were used in estimating the period that the larvae are exposed to
entrainment. The 25" (1.4 mm {0.06 in]} and 95" (6.8 mm [0.27 in])} percentile values from the
measurements were used with a larval growth rate of 0.186 mm/day (0.007 in) from Gadomski
and Peterson (1988) to estimate that the larvae were exposed to entrainment for a period of
approximately 28.9 days. The planktonic egg stage of 2.2 d was added to this value for a total
period of exposure to entrainment of 31.1 d.

Although California halibut larvae were present in the source water during all of the surveys they
were not collected at the entrainment station during two of the surveys. The monthly estimates of
proportional entrainment (PE) for the June 2004 — May 2005 period ranged from 0 to 0.0107
using the actual flows and from 0 to 0.00188 using the maximum flows (Table 3-27). The largest
estimate occurred during the January survey, and the largest proportion of the source population
was present during the September survey (f = 0.362 or 36.2%). The values in the table were used
to calculate a P, estimate of 0.0032 with a standard error of 0.0023 using the actual flows during
the sampling period and an estimate of 0.0042 with a standard error of 0.003 based on the
maximum flows.
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Table 3-27. ETM data for California halibut larvae based on actual and maximum daily
cooling water volumes. The PE estimates incorporate all three components of the source

water shown in Equation 7.

Actual Flows

Maximum Flows

Survey PE PE PE PE
Date Estimate Std. Err. Estimate Std. Err. fi
10-Jun-04 0.00013 0.00065 0.00016 0.00079 0.03876
24-Jun-04 0 0 0 0 0.03912
6-Jul-04 0 0 0 0 0.25640
13-Aug-04 0.00009 0.00069 0.00010 0.00080 0.08947
23-Sep-04 0.00008 0.00069 0.00009 0.00075 0.36188
21-0ct-04 0.00020 0.00146 0.00033 0.00236 0.04843
18-Nov-04 0.00015 0.00170 0.00024 0.00265 0.01426
16-Dec-04 0.00062 0.01013 0.00077 0.01241 0.00498
13-Jan-05 0.00107 0.00608 0.00188 0.01038 0.00915
24-Feb-03 0.00020 0.00156 0.00033 0.00256 0.04461
23-Mar-05 0.00005 0.00046 0.00008 0.00067 0.06386
21-Apr-05 0.00100 0.00550 0.00117 0.00645 0.01923
19-May-05 0.06054 0.00421 0.00072 0.00567 0.00985
Py 0.0032 0.0042
Sid. Error 0.0023 0.0030

VAN
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Figure 3-31. Comparison among surveys of mean concentration (#/1,000 m’ [264,172 gal]) of
California halibut larvac at entrainment Station E1.

Note: Downward pointing triangle indicates survey with no larvae collected,
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Figure 3.32. Mean concentration (#/1,000 m* [264,172 gal]) and standard error of
California halibut larvae at Agua Hedionda Lagoon (inner, middle, and outer) and
nearshore source water stations during the 2004 and 2005 sampling pertods.

Note logarithmic abundance scale.
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Figure 3-33. Length frequency of California halibut larvae at entrainment
Station E1. Data from sub-samples of all surveys in 2004-2005.
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Impingement Results

4.0 Impingement Study Results

4.1 Introduction

The purpose of the EPS impingement study was to evaluate the potential impacts of the
operation of the cooling water intake structure as required under Section 316(b) of the CWA
(USEPA 1977). The SDRWQCB reviewed the need for and design of the studies with
representatives of Cabrillo Power, Tenera Environmental, U.S. Fish and Wildlife Service
(USFWS), California Department of Fish and Game (CDFG), and other agencies. The group
reviewed and approved the final 316(b) Cooling Water Intake Effects Entrainment and
Impingement Sampling Plan (Appendix A).

The impingement study was designed to specifically address the following questions:

e What are the species composition and abundance of the juvenile and adult fishes and
shellfishes impinged by EPS?

e What are the potential impacts of impingement losses on populations of fishes and
shellfishes due to operation of the CWIS?

An earlier study of impingement of fishes and invertebrates was conducted from February 4,
1979 to January 4, 1980 (SDG&E 1980). Each 24-hour period was divided into two 12-hour
periods, roughly separated into a daylight and nighttime sample. All material impinged during
the two 12-hour periods was rinsed from the traveling screens and collected in % inch mesh
liners that had been placed in the metal collection baskets. The fishes and invertebrates were
removed from the impinged debris and then identified, counted, and measured. All the data from
each 12-hour period was recorded separately. Organisms impinged on the bar racks were
processed in the same manner at the end of the entire 24-hour period. During this study a total of
76 taxa of fishes and 45 taxa of macro-invertebrates totaling 85,943 individuals and weighing
1.548 kg (3,414 Ib) was impinged during the surveys conducted during normal operations. Of
this material, about 90% of the weight was from fishes and 10% from invertebrates. The
numerically most abundant fishes impinged during normal operations surveys were queenfish,
deepbody anchovies, topsmelt, California grunion, northern anchovy, and shiner surfperch
(Table 4-1). These six species comprised about 82% of all the individuals collected. but only
about 47% of the overall weight of the collected fishes. The most abundant shellfishes were rock
crabs, swimming crabs, striped shore crabs, and squid.

Sampling was also conducted during the seven heat treatment events that occurred during this
same approximate 12-month period. During the heat treatments the heated discharge water is
diverted back through the CWS to kill all organisms that are growing on the conduits. All fishes
and invertebrates that are living in the water within this area are killed and end up as impinged
organisms. A record was also made of the identity, number, and measurement of all fishes and
shellfishes impinged during these heat treatments using the sample procedures used during the
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normal operation surveys. A total of 108,102 fishes weighing 2,422 kg (5,341 Ib) was collected
during these seven heat treatments. The most abundant fishes collected during heat treatment
surveys were deepbody anchovy, topsmelt, northern anchovy, shiner surfperch, California
grunion, and walleye surfperch. These six species comprised about 88% of all the fishes
collected during the heat treatments. The most abundant shellfishes found were unidentified
crabs, striped shore crabs, and rock crabs.

Table 4-1. Number and weight (grams) of the ‘critical fish species’ collected during normal

operations and seven heat treatment surveys at EPS, February 1979 — January 1980 (from
SDG&E 1980).

Normal Operations Heat Treatments

Weight Weight

# impinged # impinged

Species Common Name Impinged (2) Impinged (2)

Seriphus politus queenfish 18,681 91,314 3,485 96,320
Anchoa compressa deepbody anchovy 13,299 64,323 23,142 182,179
Atherinops affinis topsmelt 10,915 112,340 21,788 166,058
Leuresthes tenuis California grunion 8,583 33,770 9.671 81,708
Engraulis mordax northern anchovy 7.434 14,573 19.567 93,981
Cymatogaster aggregata shiner surfperch 6.545 53,258 12,326 275,549
Hyperprosopon argenteum walleye surfperch 1,877 50.405 8,305 522,797
Anchoa delicatissima slough anchovy 1,758 4.106 464 1,405
Phanerodon furcatus white surfperch 1,751 16,991 604 8,609
Urolophus halleri round stingray 1.626 185.896 1.685 404,237
Paralichthys californicus California halibut 1,215 57,128 329 52,995
Heterostichus rostratus giant kelpfish 1.046 14,912 1,421 36.212
Xenistius californiensis salema 538 2,244 161 1.389
Paralabrax nebulifer barred sand bass 189 15,309 518 26,724
Menticirrhus undulatus California corbina 117 9.263 29 4,634
Amphistichus argenteus barred surfperch 83 1,853 166 15,946
Mugil cephalus striped mullet 73 44,730 10 5,593
Paralabrax maculatofasciatus  spotted sand bass 73 10,857 616 87,360
Paralabrax clathratus kelp bass 34 502 568 38.505
Cynoscion nobilis white seabass 25 226 13 833
Citharichthys sordidus Pacific sanddab - - - -
Semicossyphus pulchra California sheephead - - - -
Pleuronichthys verticalis hornyhead turbot - - - -
Total Above Fishes 75,862 784,000 104,868 2,103,034

Total Other Fishes 3.800 611.200 3.610 322,517

Total Invertebrates 6,281 153,200 1,682 49 .884*

* - only includes weights of counted invertebrates from Table 7-12.1

The total abundance and weight of the 22 ‘critical fish species’ impinged during the seven heat
treatment surveys was higher than the total during the normal operation surveys (Table 4-1).
These 22 species comprised the majority of the numbers of fishes collected during both normal
operations and heat treatments. The weight of the “critical fish species’ collected during normal
operations was only slightly higher than the overall weight of the other fish species during those

@ Cabrillo Power ¢ Encina 316(b) Demonstration 4-2




Impingement Results

surveys. The majority of the weight of impinged fishes during heat treatments was due to the
‘critical fish species’ group. The total number and weight of the shellfishes was generally much
less than that of the fishes during both normal operations and heat treatments.

4.2 Methods

The following sections provide information on impingement sample collection and field
processing done from June 2004 through June 20035, and also on methods used to assess
impingement impacts. The impingement sampling program was designed to provide current
estimates of the abundance, taxonomic composition, diel periodicity, and seasonality of
organisms impinged at EPS. This was accomplished by calculating the rates (i.e., number or
biomass of organisms per cubic meter of water flowing per time into the plant) at which various
species of fishes and selected shellfishes (crab, shrimp, lobster, squid, octopus, etc.) were
impinged. Impingement rates are subject to tidal and seasonal influences that vary on several
temporal scales (e.g., hourly, daily, and monthly) while the rate of circulating water tflow varies
with power plant operations.

4.2.1 Sampling

The EPS has one intake structure that withdraws water from the Agua Hedionda Lagoon.
Seawater entering the CWS passes through metal trash racks (bar racks) on the intake structure.
Behind the trash racks, the intake tapers into two and then four tunnels (Figure 2-3), which
provide cooling water for five steamrgenerating units (Units 1-5). The seawater then goes
through vertical traveling screens. Units 1-4 each have two traveling screens with a mesh size of
0.95 cm (3% in), and Unit 5 has three screens with a mesh size of 1.6 cm (% in).

All material that passed through the bar racks but was larger than the traveling screen mesh was
impinged and was subsequently rinsed from the screens when the screens were rotated for
cleaning. A high-pressure wash system (70-100 psi) located at the head of the screens was used
to wash the matertal into a sluiceway that emptied into metal collection baskets, where the
material accumulated until disposal. The traveling screens were operated either manually or
automatically when a specified pressure differential was detected across the screens due to the
accumulation of debris.

Impingement sampling at EPS was conducted during a 24-hr period one day each week from
June 24, 2004 through June 15, 2005. Each sampling period was divided into six approximately
4-hr cycles. Before each weekly sampling effort, all of the screens were rotated and rinsed clean
of any impinged material. Nets (0.5 cm (% in) mesh size) were placed into each metal basket
during impingement sampling for ease of collection of impinged material.

During each cycle the traveling screens remained stationary for a period of approximately 3.5 hr.
Screens for Units 1-4 were rotated and rinsed for 35 minutes and screens for Unit 5 were rotated
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and rinsed for 30 min (approximate time for one complete revolution of the screens). This rinse
period allowed the entire traveling screen to be rinsed of all material that had been impinged
since the last screen wash cycle. In a few instances during impingement collections, the screen
wash system started automatically due to a high differential pressure prior 1o the end of the cycle.
The material that was rinsed from the screens during the automatic screen washes was combined
with the material collected at the end of that cycle. All debris and organisms rinsed from each set
of traveling screens were kept separate.

All fishes and selected shellfishes collected at the end of each 4-hr cycle were removed from the
debris and then identified and counted. Individual weights and lengths of bony fishes, sharks and
rays were recorded (standard length [SL] for the bony fishes, total length [TL] for the sharks, and
disc width [DW] for the rays). Any mutilated fishes were identified if possible, and the total
weight recorded by taxa. No length measurements were recorded for mutilated fishes. Carapace
width was measured for crabs, total length was measured for shrimps and mantle length was
measured for cephalopod mollusks. Weight was also recorded for these shellfishes. Other
macroinvertebrates, including hydroids, anemones, sea jellies, barnacles, worms, brittlestars,
bryozoans, tunicates, gastropods, and bivalves, were not enumerated or weighed but were only
recorded as present when found in the impinged material.

During periods when many fishes or shellfishes were impinged during a single cycle, a
maximum of 50 individuals of any one taxa from each traveling screen set were measured and
weighed. All lengths were recorded to the nearest 0.1 mm and all weights to the nearest 0.1 g.
The condition (alive, dead, or mutilated) of the organisms and the amount and type of impinged
debris was also recorded. In addition, the operating status of the circulating water pumps and
traveling screens was also recorded. All data were recorded on sequentially numbered data
sheets, verified, and subsequently entered into a computer database (MS Access™).

Impingement sampling was also conducted during heat treatment operations. Procedures for heat
treatment involved clearing and rinsing the traveling screens prior to the start of the heat
treatment procedure. At the end of the heat treatment procedure, normal pump operation was
resumed and the traveling screens were rinsed until no more fish were collected on the screens or
live fish were found amongst the debris collected. Processing of the samples followed the same
procedures used for normal impingement sampling. Six heat treatments were performed and
sampled during the one-year study.

A quality control (QC) program was implemented to ensure the correct identification;
enumeration, length, and weight measurements of the organisms were recorded on the data sheet.
QC surveys were conducted on regular impingement sampling quarterly and one heat treatment
was selected for a QC survey. Two cycles were randomly chosen for QC re-sorts to verify that
all the collected organisms were removed from the impinged material and processed correctly.

A log containing hourly observations of the operating status (on or off) of the ten circulating
water pumps for the entire study period was obtained from the power plant’s operation staff. This
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provided a record of the volume of circulating water pumped through the plant, which was used
to calculate impingement rates.

4.2.2 Data Analysis

To estimate taxa-specific impingement rates, the cooling water flow during each of the six cycles
of the 24-hr survey was first calculated. The total time for each cycle (generally 4 hr) was
multiplied by the manufacturer’s rated flow of each of the pumps that had operated during the
cycle. Each unit has two circulating water pumps with the following flow rates: Units 1, 2, and 3
pumps-90.9 m3/min/pump (24,000 gpm), Unit 4 pumps—378.5 m3/m'1n/pump (100,000 gpm) and
Unit 5 pumps-393.7 m3/min/pump (104,000 gpm). In addition each unit has one service water
pump except for Unit 3, which has two service pumps. The service pumps have the following
flow rates: Units 1, 2, and 3 pumps-11.4 m3/min/pump (3.000 gpm), Unit 4 pump—49.2
m/min/pump (13,000 gpm) and Unit 5 pump—68.9 m*/min/pump (18,200 gpm). During periods
when the units were undergoing maintenance and not operational during sampling. water flows
for those pumps were not added into the total for that cycle as impinged organisms were not
collected from those units. The cooling water flow rate for each cycle (obtained from the plant’s
operator pump logs showing which pumps were operating and manufacturer’s rated flow for
each operating pump) was then used to calculate an average daily impingement rate and
associated standard error per volume of cooling water for each taxa for the three sets of traveling
screens (Units 1-5). Figure 2-7 presents the pump flow volume during the study period.
Although many of the impinged fishes were juveniles, for analysis purposes it was assumed that
they were all adults and that none of the impinged organisms survived.

An adjustment was made to the total weight of each taxa to compensate for any muiilated fishes
that were collected and not weighed. The average weight of non-mutilated individuals of a given
taxa collected in each cycle was assigned to any mutilated individuals in that cycle. This adjusted
weight was then used in all biomass calculations.

The estimated daily impingement rate was used to calculate estimated weekly, monthly, and
annual impingement. The days between the impingement collections were assigned to a weekly
survey period by setting the collection day as the median day within the period and assigning the
days on either side of the collection date to the closest adjacent sampling day to create a weekly
survey period. In most cases, the weekly survey periods were 7 d, but in a few instances the
survey pertod varied from 5-9 d in length. The total calculated flow for each weekly survey
period was multiplied by the taxon-specific impingement rate calculated from the daily sampling
to obtain estimates of the weekly impingement rates of both counts and biomass for each taxon.
Finally. the estimated abundance and biomass impingement rate for each survey period was
summed to determine monthly and annual estimates of impingement for each taxon for the
yearlong study period. In addition, the maximum flow rate, assuming all pumps were operating
continuously, was used to calculate the maximum possible, or “worst-case scenario”™
impingement rates.
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Organisms collected on the bar racks were added to the total number and biomass of organisms
impinged for each survey, but were not included in the impingement rate calculations. Data
collected during heat treatment operations was summed for each heat treatment survey. This data
was kept independent of the normal impingement data and is presented separately.

Data for all impinged taxa are presented in this report, but a subset of the taxa was selected for
more detailed analysis. This included fishes that comprised the top 90% of the total abundance
and biomass impinged during normal impingement sampling plus any taxon that was
commercially or recreationally important and in the top 95% of the total abundance or biomass.
The impinged commercially or recreationally important shellfishes that were in the top 90% of
the total abundance or biomass are also discussed in more detail in the following sections.

4.3 Fish Impingement Results

4.3.1 Fish Community Overview

A total of 19.408 fishes representing 96 taxa was collected during normal operation impingement
sampling at the EPS traveling screens during the 52 weekly surveys from June 24, 2004 through
June 15, 2005 (Table 4-2 and Appendix G). These fishes had a combined weight of 351.7 kg
(775.3 Ib). The greatest fish impingement rate (both in numbers and biomass) was seen during
the January and February 2005 surveys (Figure 4-1). Impingement of all fishes was generally
higher during nighttime cycles (Cycles 4-5, 8pm — 4am) than the daytime cycles (Cycles 1-2,
0800~ 1600 hrs) (Figures 4-2 and 4-3). There was also a total of 34 fishes weighing 22.2 kg
(48.4 1b) collected from the bar racks during the 52 surveys. During the six heat treatments
completed from June 2004 through June 2005, a total of 94,991 fishes (71 taxa) weighing 2,035
kg (4,486 1Ib) was collected. The July 2004 and June 2005 heat treatments had the greatest
number of fishes but the largest weight of fishes was seen during the February and June 2005
heat treatments (Figures 4-4).

The numerically most abundant fishes collected during the normal operations impingement
sampling included topsmelt, shiner surfperch, deepbody anchovy, queenfish, salema, and slough
anchovy (Table 4-2). These six species comprised about 70% of all the fishes impinged during
normal operations. The fish taxa with the greatest weight impinged during normal operations
were California butterfly ray, topsmelt, shiner surfperch, speckled midshipmen, walleye
surfperch, and round stingray. The numerically most abundant fishes collected during the heat
treatment sampling included deepbody anchovy. shiner surfperch, topsmelt, California grunicn,
Pacific sardine, and jacksmelt. These six species comprised about 80% of the total number of
fishes collected during the heat treatment surveys. The fishes with the greatest weight impinged
during the heat treatments were white seabass, round stingray, deepbody anchovy, shiner
surfperch, walleye surfperch, and spotted sand bass (Table 4-2).
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Impingement Results

The survey information was combined with the circulating water pump (CWP) data to generate
annual impingement estimates. Table 4-3 presents the estimated abundance and weight of the
fishes and shellfishes annually impinged during normal operations at the traveling screens and
bar racks based on maximum flow and reported flow recorded at EPS during the impingement
survey days. As the plant did not operate all the CWPs every hour during the year, the estimated
number of organisms impinged during maximum flows was greater than during reporied {flows.

The annual estimated number and weight of impinged fishes and shellfishes collected during
normal operations (traveling screens and bar racks) and heat treatments were combined and are
presented in Table 4-4. The top eight most abundant fish taxa based on the overall estimated
numbers impinged at maximum CWS flow were topsmelt, shiner surfperch, deepbody anchovy,
queenfish, unidentified silversides, slough anchovy, salema, and California grunion. These taxa
comprised about 75% of the estimated number that would be impinged if ail the pumps were run
every hour of every day for a year. The fishes with the highest weight estimated to be impinged
with full CWS flow for an entire year were California butterfly ray, topsmelt, shiner surfperch,
round stingray, white seabass, walleye surfperch, deepbody anchovy, and speckled midshipman.
They comprised about 64% of the total weight estimated to have been impinged if the plant had
sustained maximum flow of all pumps for an entire year.

The fishes that were ranked in the top 90" percentile by abundance and biomass were identified.
The fishes that were ranked in high abundance in both abundance and biomass, and the taxa that
were commercially or recreationally important were selected for detailed evaluation of
impingement effects. This resulted in the selection of the nine following taxa:

¢ anchovies (primarily two Anchoa species)

o silversides (Atherinopsidae)

o shiner surfperch (Cymatogasier aggregata)

o queenfish (Seriphus politus)

o walleye surfperch (Hyperprosopon argenteum)

o sand basses (Paralabrax maculatofasciatus and P. nebulifer)
e Pacific sardine (Sardinops sagax)

¢ spotfin croaker (Roncador stearnsii)

e white seabass (dtractoscion nobilis)

A
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Entrainment and Source Water Larval Study

Table 4-2. Number and weight of fishes, sharks. and rays impinged during normal operation and heat
treatment surveys at EPS from June 2004 to June 2005.

Normal Operations Sample Totals

Heat Treatment

Bar

Sample Bar Rack Sample
Sample Weight Rack  Weight Sample Weight

Taxon Common Name Count (2) Count (2) Count (g)
| Atherinops affinis topsmelt 5242 42.299 10 262 15,696 67.497
2 Cymatogaster aggregata shiner surfperch 2,827 28374 - - 18.361  196.568
3 Anchoa compressa deepbody anchovy 2,079 11.606 2 21 23356  254.266
4 Seriphus politus queenfish 1,304 7.499 2 17 929 21,390
S Xenistius californiensis salema 1.061 2.390 - - 1.577 6,154
6  Anchoa delicatissima slough anchovy 1.056  3.144 - - 7 10
7  Atherinopsidae silverside 999 4,454 - - 2,105 8.661
8  Hvperprosopon argenteum  walleye surfperch 605 23,962 1 21 2.547 125434
9  Engraulis mordax northern anchovy 537 786 - - 92 374
10 Lewresthes tenuis California grunion 489  2.280 - - 7.067  40.849
11 Heterostichus rostratus giant kelpfish 344 2,612 - 908 9.088
12 Paralabrax maculatofasciatus spotted sand bass 303 4.604 - - 1.536  107.563
13 Sardinops sagax Pacific sardine 268 1.480 - - 6.578 26.266
14 Roncador stearnsii spotfin croaker 182  8.354 2 3.000 106 17.160
15 Paralabrax nebulifer barred sand bass 151 1.541 - - 1.993 32,759
16 Gymnura marmorata Calif. butterfly ray 146 60,629 1 390 70 36.821
17 Phanerodon furcatus white surfperch 144 4,686 - 53 823
18 Strongvlura exilis California needlefish 135 6.025 - - 158 11.899
19 Paralabrax clathratus kelp bass 111 680 - - 976 13.279
20 Porichthys myriaster specklefin midshipman 103 28.189 - - 218 66.860
21 unidentified chub unidentified chub 96 877 - - 74 “
22 Paralichthys californicus California halibut 95 1.729 - - 21 4.769
23 Anisotremus davidsoni sargo 94 1.662 - E 963 68.528
24 Urolophus halleri round stingray 79 20.589 - - 1.090 300,793
25  Atractoscion nobilis white seabass 70 11.295 872 1.618 332,056
26 Fhpsopsetta guttulata diamond turbot 66 10.679 1 85 112 24384
27 Micrometrus minimus dwarf surfperch 57 562 - - -
28  Svngnathus spp pipefishes 55 161 - - 56 90
29  Atherinopsis californiensis  jacksmelt 54 1,152 - - 4468 45,152
30 Myliobatis californica bat ray 50 19.899 4 5.965 132 68.572
31 Menticirrhus undulatus California corbina 43 1.906 - - 16 4,925
32 Amphistichus argenteus barred surfperch 43 1.306 - - 34 2,528
33 Fundulus parvipinnis California killifish 43 299 - - 16 41
34 unidentified fish, damaged  unid. damaged fish 36 1.060 1 70 8 262
35 Ictaluridae catfish unid. 35 4279 - - - -
36 Leptocottus armatus Pacific staghorn sculpin 32 280 - - 5 26
37 Sphyraena argentea California barracuda 29 397 - - 46 1.667
38 Lepomis cyanellus green sunfish 29 1.170 - - - -
39  Umbrina roncador yellowfin croaker 28 573 - - 127 22,399
40  Lepomis macrochirus bluegill 20 670 - - - -
41 Ophichthus zophochir vellow snake eel 18 5349 - - 51 17.303
42 Citharichthys stigmaeus speckled sanddab 17 62 - - 1 30
43 Brachyistius frenatus kelp surfperch 16 182 - - 17 598
44 Cheilotrema saturnum black croaker 15 103 - - 288 9.029
45 Embiotoca jacksoni black surfperch 14 1.240 - - 69 5.367
46 Genyvonemus lineatus white croaker 12 171 - - 9 79

(table continued)
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Impingement Results

Table 4-2 (continued). Number and weight of fishes. sharks, and rays impinged during normal operation
and heat treatment surveys at EPS from June 2004 to June 2005.

Normal Operations Sample Totals

Heat Treatment

Bar
Sample Bar Rack Sample
Sample Weight Rack  Weight Sample Weight
Taxon Common Name Count (2) Count (g) Count (g)

47  Platvrhinoidis triseriata thornback 11 4.731 | 1.500 - -
48  Chromis punctipinnis blacksmith 10 396 - - 151 4.431
49 unidentified fish unidentified fish 10 811 - - - -
S0 Porichthys notatus plainfin midshipman 9 1,792 - - - -
51 Hermosilla azurea zebra perch 9 1.097 - - 62 3518
52 Micropterus salmoides large mouth bass 9 27 - - - -
53 Trachurus symmetricus jack mackerel 7 7 - - 15 702
54 Hypsoblennius gentilis bay blenny 7 37 - - 440 2.814
S5 Heterostichus spp. kelpfish 7 48 - - - -
56 Engraulidae anchovies 6 3 - - - -
57 Anchoa spp. anchovy 6 27 - - - -
58 Peprilus simillimus Pacific butterfish 3 91 - - 1 33
59 Rhacochilus vacca pile surfperch 4 915 - - - -
60 Sebastes atrovirens kelp rockfish 4 40 - - . -
61  Pleuronichrhys verticalis hornyhead turbot 4 190 . - 2 251
62 Pvlodictis olivaris flathead catfish 4 480 - - -
63 Pleuronectiformes unid. flatfishes 4 62 - - - -
64  Svngnathus leptorhynchus bay pipefish 3 9 - - - -
65  Hypsoblennius gilberti rockpool blenny 3 16 - - 8 77
66  Mustelus californicus gray smoothhound 3 1.850 - - 22 19.876
67 Cheilopogon pinnatibarbatus smallhead flyingfish 3 604 - - - -
68 Ameiurus natalis vellow bullhead 3 220 - - - -
69  Lepomis spp. sunfishes 3 196 - - - -
70  Girella nigricans opaleye 2 346 - - 355 30.824
71 Rhinobatos productus shovelno