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EXECUTIVE SUMMARY

This Comprehensive Demonstration Study (CDS) is submitted by AES Huntington Beach (AES)
in compliance with the Huntington Beach Generating Station (HBGS) National Pollution
Discharge Elimination System (NPDES) Permit issued in October 2006. The permit provisions
imposing Best Technology Available (BTA) reflect to a large extent the Federal Phase 11 8316(b)
Rule (EPA 2004) as modified to a certain extent by the State Water Resources Control Board
(SWRCB) Draft §316(b) Policy (SWRCB 2006). Both the Federal Rule and Draft Policy
provide for five different compliance alternatives and a number of compliance options. The
permit specified that impingement mortality be reduced by 95% and that entrainment be reduced
by 90%. The permit compliance alternatives provided that restoration measures could be used to
achieve the 90% entrainment reduction if a 60% reduction were achieved through structural and
operational measures. Additionally, the permit allows AES to use “site-specific standards” by
demonstrating that compliance with the performance standard is not reasonably feasible.

Currently, HBGS has technologies in place that reduce impingement mortality by an estimated
82% through use of an offshore intake with a velocity cap. Additionally, AES has signed a
Memorandum of Understanding (MOU) committing to restore over 66 acres of coastal wetland.
This acreage was estimated by the California Energy Commission (CEC) Staff as necessary to
offset entrainment losses for HBGS Units 3&4 using the habitat production foregone method
specified in the permit (CEC 2006).

Seven potential structural and/or operational alternatives for meeting the performance standards
were identified by Alden Research Laboratory for more detailed evaluation. Three of these
alternatives were initially determined as not feasible either due to physical or generation
constraints and/or economic and performance considerations:

e Use of Reclaimed Wastewater for Once-through Cooling — This option was determined
as not feasible due to inadequate reclaimed water being available to reliably meet the
water supply needs of a single generating unit.

e Reduced Cooling Water Pump Use — This option was determined to be infeasible because
HBGS already implements procedures to minimize use of condenser cooling water
pumps. Cooling water pump operation is limited to that needed to meet generation needs
and protect station equipment. The CDS assumes flows would be required from actual
rather than design flow. Since actual flows are currently well below design flow due to
operational practices, any additional reduction in flow would be expected to directly
impact HBGS generation. Therefore, there is no incremental benefit to be derived from
further curtailing pump operation or reducing flow through use of variable frequency
drives (VFDs). Since periods of highest entrainment tend to overlap with periods of



highest dispatch requirements for HBGS (i.e. summer periods) additional flow reduction
would directly affect generation.

Extending the Intake to Cooler Water Further Offshore — The cost of this option was
determined to be on the same order-of-magnitude as retrofitting with closed-cycle
cooling. Because the costs were similar and closed-cycle cooling would automatically
comply with the permit while the benefit of the offshore relocation could not be
determined, this alternative was deemed infeasible on an economic and performance
basis.

Four technologies and operational measures were determined to be feasible and were evaluated
in additional detail. The estimated performance and costs associated with these alternatives are
summarized as follows:

Fine-mesh Traveling Screens — This option would be expected to achieve the additional
13% reduction in impingement mortality necessary to meet the impingement reduction
standard. However, due to the predominance of very small eggs and larval fish the
estimated performance ranges from a 0% reduction for gobies and blennies to a reduction
of 15.4% for queenfish and would not meet the entrainment reduction standard. This
was one of the lower cost technologies with an estimated capital cost of $6,348,000 and
an annual operation and maintenance (O&M) cost of $1,271,952.

Modular Inclined Screens — This technology would also be expected to achieve the 13%
additional reduction to meet the impingement reduction standard but is expected to
provide only a minimal reduction in entrainment. This was identified as the lowest cost
option with a capital cost of $2,502,000 and an O&M cost of $423,984/yr.

Narrow-slot Wedgewire Screens — This technology would automatically comply with the
impingement mortality reduction standard by reducing the through-screen velocity to less
than 0.5 fps. Entrainment reduction performance would be variable by species. For
many of the dominant species, the reduction was found to be within the performance
standard range (e.g., CIQ gobies 64.1% and northern anchovy 71.7%). However, for
some other dominant species it was less than 60% effective (e.g., croaker 58.8%,
combtooth blennies 21.8% and diamond turbot 11.3%). The overall performance
estimated for this technology is a 61.4% reduction in entrainment. Based on this
estimate, this technology would be the best performing alternative fish protection
technology. Prior to selection, pilot studies would be required to verify that entrainment
would be reduced to within the 60% to 90% reduction required by the Federal Phase 11
Rule and confirmation that closed-cycle cooling is not determined to be BTA.

Retrofit with Closed-cycle Cooling — This alternative would meet the performance
standards for both impingement and entrainment. However, this alternative had the
highest cost with an estimated capital cost of $152,796,000 for wet closed-cycle cooling
and almost $200,000,000 for dry cooling.

Based on this review of the alternatives and other important considerations discussed in Section
7, AES determined that on an interim BPJ basis a combination of restoration measures and site-
specific standards was the most appropriate approach for complying with the permit provisions
at this time. Specifically, AES is providing a Restoration Plan for the coastal wetland restoration
project being constructed to generate sufficient larval fish/shellfish production to offset
entrainment losses for Units 3&4. This CDS documents the applicability of site-specific
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standards using the cost-benefit test for reducing entrainment for Units 1&2 by 90% and
reducing impingement mortality for all four units by an additional 13%. Veritas Economic
Consulting conducted a benefit valuation study using the general approach employed by the
Environmental Protection Agency (EPA) in the Phase Il Rule. The benefits of achieving an
additional 13% reduction in impingement mortality and a 90% reduction in entrainment for Units
1&2 were estimated. Under the above specifications, the mean expected net present value
(NPV) is $158,600 and the upper (95%) and lower (5%) bounds on uncertainty are $254,000 and
$94,000 respectively. The annualized (NPV/20) benefits associated with impingement mortality
and entrainment reductions range from $4,719 to $12,700/yr with a mean estimate of $7,928/yr.
This distribution of expected benefits is conditional upon the presumption that reducing I&E
leads to increases in local fish populations and corresponding increases in expected commercial
and recreational catch. The equilibrium expected change in recreational catch is 543 fish per
year. The equilibrium expected change in commercial harvest is 80 pounds per year.

In the context of the technology costs associated with the alternatives, these benefit estimates
demonstrate that the cost of each of the four alternatives evaluated were significantly greater than
the environmental benefit that would be achieved. The result is that the existing cooling water
intake structure is BTA using the Best Professional Judgment (BPJ) criteria in the current permit.

AES recognizes that the Second Circuit Court Decision on the §316(b) Phase 11 Rule has rejected
the use of restoration measures and the cost-benefit test under a revised Phase Il Rule and/or
California State §316(b) Policy. However, it is important that any final decision regarding
requirements for additional fish protection technologies for HBGS be consistent with both the
California State Policy and the revised Federal Phase Il Rule. Work is currently in progress
within the EPA and the SWRCB to issue a proposed Rule/Policy in 2008. Thus, the timing of
this CDS effort necessitates an interim approach to a BTA and BPJ determination.

An interim BPJ decision for no additional structural or operational requirements until a revised
Phase Il Rule or California State 8316(b) policy is issued is supported by:

e Previous determinations in the HBGS NPDES permits that the facility is in compliance
with 8§316(b);

e Restoration measures being implemented to offset entrainment losses for Units 3&4 and
reduction in impingement mortality of 82% using existing intake technologies; and

e The lack of a BTA determination by either EPA or SWRCB for facilities such as HBGS,
particularly in light of the substantial costs and potential to result in significant
environmental and social impacts to the community.

e Results of the one year 2003/2004 entrainment studies conducted at HBGS determined
that for the geographic areas where the dominant entrained species were vulnerable to
entrainment the losses did not exceed 1.2% for any species of finfish and 1.1% for any
species of shellfish. The vast majority of these losses occurred to the earliest life stages
when natural mortality is highest. Natural mortality in many of these species would be in
excess of 99%.
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1

INTRODUCTION

This Comprehensive Demonstration Study (CDS) is being submitted for two key purposes:

1. Satisfying the requirements of Special Provisions VI.C.2(a) and VI1.C.7 of Order No.
R8-2006-0011, for the Huntington Beach Generating Station (HBGS) National
Pollution Discharge Elimination System (NPDES) Permit No. CA0001163, and

2. Providing the Santa Ana Regional Water Quality Control Board (Board) with
sufficient data and analysis for decision-making using the Best Professional Judgment
(BPJ) criteria in the current permit..

The regulatory context includes the original §316(b) Phase Il Rule for large existing power
plants (the Rule), the HBGS NPDES permit, the Second Circuit Court Decision on the Rule, the
U. S. Environmental Protection Agency’s (EPA) withdrawal of the Rule, and the California State
Water Resources Control Board’s (SWRCB) efforts to develop a State §316(b) Policy.

1.1 HBGS 316(b) NPDES Permit Requirements

Subsequent to the EPA’s issuance of the Rule, the Board included Special Provisions VI.C.2(a)
and VI.C.7 in Order No. R8-2006-0011, NPDES No. CA0001163 of the HBGS NPDES Permit.
These provisions required AES to comply with the Rule by submitting CDS documents by
January 7, 2008. As noted in Section I1.K of the permit, the 8316(b) requirements were issued
on a BPJ basis.

Special Provision VI.C.2(a) required that:

As soon as practicable, but no later than January 7, 2008, the Discharger shall submit the
Comprehensive Demonstration Study. The Study shall include the following components:

1. Source Waterbody Flow Information, as described at 40 CFR 125.95(b)(2);

2. Impingement Mortality and/or Entrainment Characterization Study, as described at 40
CFR 125.95(b)(3), to support development of a calculation baseline for evaluating
impingement mortality and entrainment and to characterize current impingement
mortality and entrainment;

3. Design and Construction Technology Plan and a Technology Installation and Operation
Plan, as described at 40 CFR 125.95(b)(4);

4. Restoration Plan, as described at 40 CFR 125.95(b)(5);

5. Information to Support Site-Specific Determination of BAT, as described at 40 CFR
125.95 (b)(6); and

6. Verification Monitoring Plan as described at 40 CFR 125.95(b)(6).

Special Provision VI.C.7. also provides:



(@). In accordance with the CWA 316(b) Phase Il regulations, as expeditiously as practicable
but no later than January 7, 2008, the Discharger shall identify in the Comprehensive
Demonstration Study the best technology available for minimizing adverse environmental
impact at the Facility site and complying with the performance standards established in
VII.C.7.b. below. This shall be accomplished by identifying any one or a combination of the
following alternatives:

1. A reduction of cooling water intake flow commensurate with a closed-cycle
recirculating system or a reduction of the design intake velocity of the cooling water
intake structure to 0.5 feet per second (ft/s) or less; or

2. A demonstration that the existing design and construction technologies, operational
measures, and/or restoration measures meet the performance standards and/or
restoration requirements; or

3. A demonstration that the facility's existing design and construction technologies,
operational measures, and/or restoration measures meet the performance standards
and/or restoration requirements. A demonstration that selected new design and
construction technologies, operational measures, and/or restoration measures, in
combination with any existing technologies, operational measures, and/or restoration
measures will meet the performance standards and/or restoration requirements; or

4. A demonstration that the facility meets a pre-approved design and construction
technology; or

5. A site-specific demonstration, based on cost considerations, of best technology
available to minimize adverse environmental impact.

(b). Implementation of any or a combination of the actions specified in VII.C.7.a. above shall
meet the following unless a site-specific demonstration (7.a.5 above) demonstrates that
compliance with the numeric limits in 1) and 2), below are not reasonably feasible:

1. Reduce impingement mortality for all life stages of fish and shellfish by at least 95%
from the calculated baseline by any combination of operational or structural controls.

2. Reduce entrainment by at least 90 % from the calculation baseline. If the Discharger
demonstrates that achieving a 90% reduction in entrainment via any combination of
structural or operational controls is infeasible, then the Discharger may use
restoration measures to achieve the required 90% reduction as follows:

a) The Discharger must reduce entrainment of all life stages of fish and shellfish
by a minimum of 60% from the calculated baseline by any combination of
operational or structural controls, and

b) Restoration measures (i.e., mitigation) must be employed to achieve the
remaining percent reduction in entrainment over the minimum achieved
above, up to 90%, of all life stages of fish and shellfish from the calculated
baseline. If restoration measures are to be used as the compliance alternative,
this Order will use the habitat production foregone methodology in assessing
entrainment losses and then apply that information to a restoration project.

These permit requirements were more stringent than the Federal Rule requirements in that they
required meeting the upper end of the performance standard range.
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The PIC was submitted to the Board in July 2005 followed by a meeting with the Board to
discuss PIC studies and address questions in August 2005.

The NPDES Permit also required that quarterly public stakeholder meetings be conducted to
keep the public informed of progress on the CDS. Quarterly meetings were held at HBGS on:
e January 18, 2007
e June 20, 2007
e September 13, 2007
e December 18, 2007

1.2 The Phase Il Rule Regulatory Provisions

EPA promulgated new regulatory provisions for existing electric power generating facilities to
comply with Section 316(b) of the Clean Water Act on July 9, 2004. These regulations became
effective on September 7, 2004 and were based on numeric performance standards'. The Rule at
125.94(a) (1-5) provided facilities with compliance flexibility by incorporating five alternatives
as follows:

1. Afacility can demonstrate it has or will reduce cooling water flow commensurate with
wet closed-cycle cooling and be determined to be in compliance with all applicable
performance standards. A facility can also demonstrate it has or will reduce the
maximum design through-screen velocity to less than 0.5 ft/s in which case it is deemed in
compliance with the impingement mortality (IM) performance standard (the entrainment
standard still applies).

2. A facility can demonstrate that it has technologies and/or operational measures and/or
restoration measures in place that will meet the applicable performance standards.

3. A facility can propose to install new technologies and/or operational measures and/or
restoration measures to meet applicable performance standards.

4. A facility can propose to install, operate and maintain an approved design and
construction technology.

5. A facility can request a site-specific determination of BTA by demonstrating that either
the cost of installing technologies and/or operational measures and/or restoration
measures are significantly greater than the cost for the facility listed in Appendix A of the
rule or that the cost is significantly greater than the benefits of complying with the
applicable performance standards.

All facilities that use compliance alternatives 2, 3 and 4 were required to demonstrate a minimum
reduction in impingement mortality (IM) of 80% (125.94(b) (1)). Facilities with a capacity
factor that is greater than 15% that are located on oceans, estuaries, or the Great Lakes, or on
rivers and have a design intake flow that exceeds more than 5% of the mean annual flow, were
also required to reduce entrainment by a minimum of 60% (125.94(b)(2)).

The Rule further provides that facilities using compliance alternatives 2, 3, and 5 prepare a CDS
as described at 125.95(b). There were seven components of a CDS and all facilities were
required to submit the following: 1) Proposal for Information Collection (PIC); 2) Source

! Performance standards are found at 125.94(b)



Waterbody Information (if facility is on a river or reservoir); 3) Impingement Mortality and
Entrainment (IM&E) Characterization Study; and 7) Verification Monitoring Plan. Facilities
using compliance alternative 1 were not required to submit a CDS and those using compliance
alternative 4 are only required to submit the Technology Installation and Operation Plan (TIOP)
and Verification Monitoring Plan. All facilities that used compliance alternatives 2, 3 and 5
were required to prepare and submit components 1, 2, 3, and 7, but depending on the compliance
alternative(s) selected would submit one or more of the following three components 4) Design
and Construction Technology Plan and Technology Installation and Operation Plan, 5)
Restoration Plan or 6) information to support a site specific BTA determination. Only one or
any combination of these components might be required depending on which one (or more) of
the three alternatives was selected for compliance.

The first CDS document required for submittal was the PIC. The Rule at 125.95(b)(1) required
that the PIC include:

1. A description of the proposed and/or implemented technologies, operational measures,
and/or restoration measures to be evaluated in the Study.

2. Alist and description of any historical studies characterizing impingement mortality and
entrainment (IM&E) and/or the physical and biological conditions in the vicinity of the
cooling water intake structures (CWIS) and their relevance to this proposed Study. If you
propose to use existing data, you must demonstrate the extent to which the data are
representative of current conditions and that the data were collected using appropriate
quality assurance/quality control procedures.

3. Asummary of any past or ongoing consultations with appropriate Federal, State, and
Tribal fish and wildlife agencies that are relevant to this Study and a copy of written
comments received as a result of each consultation.

4. A sampling plan for any new studies you plan to conduct in order to ensure that you have
sufficient data to develop a scientifically valid estimate of IM&E at your site. The
sampling plan must document all methods and quality assurance/quality control
procedures for sampling and data analysis. The sampling and data analysis methods you
propose must be appropriate for a quantitative survey and include consideration of the
methods used in other studies performed in the source waterbody. The sampling plan
must include a description of the study area (including the area of influence of the
CWIS(s)), and provide a taxonomic identification of the sampled or evaluated biological
assemblages (including all life stages of fish and shellfish).

An important feature of the Rule was use of the calculation baseline. The calculation baseline
was defined as follows:

Calculation baseline means an estimate of impingement mortality and entrainment that would
occur at your site assuming that: the cooling water system has been designed as a once-through
system; the opening of the cooling water intake structure is located at, and the face of the
standard 3/8-inch mesh traveling screen is oriented parallel to, the shoreline near the surface of
the source waterbody; and the baseline practices, procedures, and structural configuration are
those that your facility would maintain in the absence of any structural or operational controls,
including flow or velocity reductions, implemented in whole or in part for the purposes of
reducing impingement mortality and entrainment. You may also choose to use the current level
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of impingement mortality and entrainment as the calculation baseline. The calculation baseline
may be estimated using: historical impingement mortality and entrainment data from your
facility or another facility with comparable design, operational, and environmental conditions;
current biological data collected in the waterbody in the vicinity of your cooling water intake
structure; or current impingement mortality and entrainment data collected at your facility. You
may request that the calculation baseline be modified to be based on a location of the opening of
the cooling water intake structure at a depth other than at or near the surface if you can
demonstrate to the Director that the other depth would correspond to a higher baseline level of
impingement mortality and/or entrainment.

1.3 Second Circuit Court Decision

Shortly after the final Rule was issued, a number of northeastern states and stakeholders
(including environmental organizations and industry) filed lawsuits on various aspects of the new
8316(b) regulations. The Second Circuit Court of Appeals (the Court) issued its 8316(b) Phase

[ Rule decision (Decision) on January 27" 2007. The Decision remanded significant portions of
the Rule back to EPA. The Court determined that use of restoration measures and the Cost-
Benefit Test could not be used as compliance options. Two Rule provisions, the Cost-Cost Test
and the Technology Installation and Operation Plan (TIOP) were remanded back to EPA for
failure to provide adequate opportunity for public review and comment. Perhaps most
importantly, the Court remanded to EPA the determination of Best Technology Available (BTA).
Relative to BTA, the Court raised a number of issues that EPA will have to address in the
promulgation of a revised Rule that included:

e Closed-cycle Cooling as BTA — The Court said that EPA may have based its
determination that closed-cycle cooling was not BTA for existing facilities at least
in part on the cost of the technology relative to the environmental benefits. The
Court pointed out that consideration of the environmental benefits is not allowed.
The Court remanded this determination back to EPA for clarification. The Court
clarified that EPA could consider factors that included industries’ ability to bear
the cost, impacts to energy production and supply and adverse impacts associated
with retrofits in making this determination.

e Use of “Best Performing” Technology — The Court upheld EPA’s use of
performance standard ranges. However, the Court determined that facilities must
use the “best performing” technology in the performance standard range rather
than the most cost-effective technology.

e Consideration of Cost — The Court ruled that EPA could consider the cost of
technologies to a limited extent in the BTA determination. The first issue is
whether or not facilities can bear the cost of the technology. The second was
limited to the use of cost-effectiveness. On this point the Court ruled that if there
was an overlap in the expected environmental performance ranges of two best
performing technologies, the facility could select the most cost-effective option
rather than the one that had the potential for higher performance.
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1.4 EPA Withdrawal of the 8316(b) Phase Il Rule

In response to the Decision, EPA issued a memorandum to EPA’s Regional Offices dated March
20, 2007 announcing withdrawal of the 8316(b) Phase 1l Rule. This was followed by a notice in
the Federal Register on July 9, 2007. Specifically, the memorandum and Federal Register notice
stated the withdrawal of the Rule was a result of the Decision’s impact on the overall compliance
approach. EPA determined that so many of the Rule’s provisions were affected by the Decision
that the overall Phase Il approach was no longer workable for compliance. The memorandum
and Federal Register notice further directed EPA Regional Offices and delegated states to
implement 8316(b) in NPDES permits on a BPJ basis until the Decision issues are resolved.
EPA is currently considering alternatives for responding to the Decision and is engaged in
making revisions to the Rule (EPA personal communication with EPRI).

In response to the March 2007 EPA memorandum, AES met with the Board in April 2007 to
discuss the §316(b) NPDES permit requirements as a result of EPA’s withdrawal of the Rule. It
was agreed that AES would continue to prepare and submit the CDS in January 2008 as specified
in the permit, since the information contained in the PIC and CDS could be used as a basis for
the Board to make a BPJ determination.

1.5 California SWRCB 8316(b) Policy Development

After holding two public stakeholder meetings for input, the SWRCB issued a proposed
Statewide 316(b) Policy in June 2006 (Draft Policy). The Draft Policy set requirements for
316(b) in California that went beyond the requirements in the 8316(b) Phase Il Rule. There were
a number of significant deviations that included requiring facilities to meet the Rule’s maximum
performance standards for reduction of impingement mortality and entrainment rather than the
performance standard range provided for in the Rule. Other deviations from the Rule included:

¢ Including consideration of zooplankton as an entrainable life stage.

e Only allowing the use of restoration measures for achieving the maximum 90%
entrainment reduction after reducing entrainment by a minimum of 60% from the
calculation baseline by any combination of operational or structural controls.

¢ Not allowing facilities to use restoration measures for compliance with the impingement
reduction performance standard.

e Basing the “calculation baseline” on actual average flow and including reference stations
as part of the calculation baseline.

¢ Not allowing facilities to use the Rule’s Compliance Alternative 5 by demonstrating that
the cost of meeting the performance standards would be significantly greater than the
environmental benefit or costs considered by EPA.

e Requiring that facilities use the “habitat production foregone” method to determine the
amount of restoration for compliance.

e Requiring some facilities to conduct studies to evaluate cumulative impacts.

e Requiring detailed monitoring studies including:



- Quantification of all species and life stages
- Quantification of impacts to zooplankton in addition to fish and shellfish
- Requiring use of specific performance assessment models (FH, AEL and ETM)

SWRCB has not yet finalized the Draft Policy. However, it is AES’s understanding that they are
still contemplating a State 8316(b) Policy and that such a Policy may be forthcoming in 2008.

1.6 Supreme Court Review of Second Circuit Decision

The Utility Water Act Group (UWAG), Entergy Corporation, and Public Service Gas and
Electric Company filed a timely petition for Certiorari with the Supreme Court to review the
Decision. At this point it is not yet know if the Court will hear this case. The Court has
extended the deadline for filing responses to the three petitions filed to February 1, 2008.

1.7 Comprehensive Demonstration Study Organization

AES’s CDS approach for HBGS is submitted in conformance with the NPDES requirements laid
out in Section 1.2. Section 2 provides a description of HBGS and the overall compliance
approach is discussed in Section 3. Section 4 provides a summary of the results of the
Impingement Mortality and Entrainment Characterization Study. Section 5 provides a summary
of compliance using restoration measures for Units 3&4 entrainment mitigation, while Section 6
provides a summary of compliance for Units 1&2 entrainment and the additional 13%
impingement reduction needed for all four units. Section 7 provides an overall summary of
compliance for the CDS and BPJ requirements and considerations for compliance decision-
making.






2 FACILITY DESCRIPTION

A description of the HBGS was presented in the PIC. That information is also provided in this
section to provide readily available context for other portions of the CDS.

2.1 Location and Physical Description of Cooling Water Intake Structure
and Cooling System

HBGS is located on the shore of the Pacific Ocean in Huntington Beach, California (Figure 1).
The station consists of four units. Units 1 through 4 are each a nominal 225 MWe for a total of
approximately 900 MWe. All four of these units rely on ocean water withdrawn by a once-
through system for cooling. The capacity utilization between 2001 and 2006 averaged 31.5% for
Unit 1 and 31.0% for Unit 2. Capacity utilization for Units 3&4 between 2003 and 2006 (when
these Units returned to operation) was 14.4% and 12.7%, respectively.

In December 2000, AES Huntington Beach L.L.C filed an Application for Certification for the
HBGS Re-tool Project (Re-tool Project). The project consisted of re-powering and operating
Units 3&4 which were retired from service in 1995. The Re-tool Project was approved in May
2001. The Units 3&4 steam turbine generators were rebuilt with new natural gas burners and
emissions control technologies. Unit 3 came on-line in summer 2002 and Unit 4 in summer
2003.

The HBGS offshore intake is located approximately 1,500 ft offshore and is fitted with a velocity
cap (Figure 2). The velocity cap is submerged approximately 17.5 ft below mean sea level and is
approximately 5 ft above the intake riser. The velocity cap is 33 ft by 28 ft, and provides the
benefit of fish protection by changing the direction of cooling water flow from vertical to
horizontal. The horizontal velocity at the opening of the velocity cap is 2.8 fps. The velocity cap
and pipes are made of concrete and are fitted with barriers to prevent marine mammals, large
fish, and sea turtles from entering the offshore intake pipe. After entering the velocity cap, the
water flows down 21 ft into a 14 foot diameter intake pipe that is used to transport the water to
an onshore intake structure.
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Figure 1 — Vicinity Map of Huntington Beach Generating Station

Once the water reaches the onshore intake forebay it is directed by guiding vanes to three
wider screen bays. These three screen bays then merge into two trash rack bays. The trash
racks are made of vertical steel bars spaced 3 inches apart to prevent large debris or objects
from reaching and damaging the traveling screens. After passing through the trash racks the
intake channel expands slightly and splits into four 11 ft wide channels, each containing
traveling water screens. The approach velocities to the four traveling screens vary slightly
and are 0.80, 0.96, 1.04 and 0.98 fps for Units 1, 2, 3, and 4 respectively. The screens are
equipped with a high-pressure spraywash system that washes any debris and impinged
organisms into a screenwash trough where washwater and material removed from the screens
are discharged into a trash basket. The traveling screens are normally operated twice per shift
for a period of approximately 20 minutes.

After passing through the traveling screens, cooling water enters a box culvert 14 ft wide and
11 ft high. The culvert is 236 ft long with a slight grade leading to the circulating water
pumps. Due to the increased size in the channel, velocity decreases slightly. There are eight
cooling water pumps, two for each of the four units. The six pumps used by Units 1-3 are
each rated at 98 cfs, with the two pumps for Unit 4 rated at 103.2 cfs. The combined cooling
water flow for all four units is 794.4 cfs. After passing through the condensers the cooling
water is discharged through a 14 foot diameter concrete pipe that runs parallel to the intake
pipe. The discharge point is approximately 1,200 ft offshore, 300 ft south of the intake at a
depth of 21.3 ft. The discharged waters are directed vertically toward the surface by a riser
that is similar in design to that at the intake structure.
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Figure 2 - HBGS Cooling Water Intake System

As is the case with many other California facilities, HBGS uses a combination of sodium
hypochlorite and heat treatment to control biofouling. The sodium hypochlorite is used to control
microfouling organisms in the condenser tubes that adversely affect the efficiency of the heat
transfer. Biofouling in the forebay, cooling water conduits, and on the traveling screens is
controlled by heat treatment. In this procedure, some of the heated water that has passed through
the condensers is recirculated to the intake forebay for approximately one hour, which is
sufficient to control mussels, barnacles and other attached organisms that might clog or impede
normal operation of the cooling system.
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2.2 8122.21(r)(2),(3), and (5) Information

Attachment 1 contains the 8122.21(r)(2),(3), and (5) information required by 40 Code of
Federal Regulations (CFR). The information is required to be submitted by all Phase Il
facilities regardless of the compliance alternative selected. Specifically, information in
Attachment 1 provides additional information on the source waterbody, cooling water intake
structure, and cooling water system to assist the Board in making its BPJ determination.



3 8316(B) COMPLIANCE APPROACH FOR HBGS

As discussed in the Introduction, EPA has remanded the Rule in its entirety. The result is that
from a federal perspective the requirements to meet specific numeric performance standards,
submit a CDS, submit the 122.21(r)(2),(3), and (5) information, and meet the associated 8316(b)
compliance schedules are no longer applicable. However, until the HBGS permit is re-opened
and modified with BPJ requirements, AES is required to prepare a CDS in conformance with the
NPDES requirements and schedule. The compliance approach selected, based on the permit
requirements for the CDS, is discussed in the following sections:

3.1 Source Waterbody Information

The Source Waterbody Information CDS document is required only for facilities located on
freshwater rivers or reservoirs. Since HBGS withdraws its condenser cooling water from an
ocean this CDS document is not required.

3.2 Impingement Mortality and Entrainment Characterization Study

This document is provided and was prepared in a manner consistent with the studies described in
the PIC. Section 4 provides a summary of the impingement and entrainment study results and
the complete IM&E Characterization Study Report is provided as Attachment 2. The approach
used in the study and CDS are fully consistent with the requirements of 8125.95(b)(3) of the
Rule and the NPDES permit.

3.3 Use of Compliance Alternative 3 to Meet Entrainment Reduction
Standard for Units 3&4

AES has signed a memorandum-of-understanding (December, 2006) to implement restoration
measures to offset entrainment losses for Units 3&4. Use of restoration measures under
Compliance Alternative 3 requires that a Restoration Plan be submitted. The Restoration Plan
has been prepared in a manner that complies with the requirements of §125.95(b)(5) of the
Federal Phase Il Rule and Special Provision VI.C.2(a)(4) of the Permit. A more detailed
summary of those requirements, the restoration measures being used, verification monitoring,
and other requirements are summarized in Section 5 and fully discussed in the Restoration Plan
(Attachment 3).

3.4 Use of Site-Specific Standards to Meet the Impingement Mortality
Reduction Standard and Entrainment Reduction Standard for Units 1&2

Section 6 provides AES’s compliance analysis for HBGS for impingement mortality reduction
for Units 1-4 and entrainment reduction for Units 1&2. While the HBGS cooling water intake
structure can comply with the impingement mortality reduction standard of the Federal Rule, it
falls short of the 95% reduction standard specified in the permit. Similarly, while entrainment
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losses of Units 3&4 will be fully mitigated using habitat restoration measures, additional
compliance measures are necessary for Units 1&2. AES conducted a Comprehensive Cost
Evaluation Study to evaluate the costs of technologies and operational measures to comply with
the NPDES permit. Based on those costs, AES also conducted a Cost-Benefit Test as specified
in Sections VI1.C.2(a)5 and VI1.C.7(a)5 of the NPDES permit. The specific CDS documents
required for this approach include a Comprehensive Cost Evaluation Study, Benefit Valuation
Study, Site-specific Technology Plan, and a Verification Monitoring Plan. These CDS
documents are summarized in Section 6 and provided as Attachment 4 (Comprehensive Cost
Evaluation Study), Attachment 5 (Benefit VValuation Study) and Attachment 6 (Site-Specific
Technology Plan and Verification Monitoring Plan).

3.5 Best Professional Judgment Compliance Considerations

The EPA has withdrawn the Rule and directed EPA regions and NPDES delegated states to
implement 8316(b) in individual NPDES permits on a BPJ basis. AES provides a discussion of
key factors for consideration by the Board in developing its final BPJ determination for HBGS.
A discussion of these considerations is provided in Section 7 along with an overall compliance
summary.



4 IMPINGEMENT MORTALITY AND ENTRAINMENT
CHARACTERIZATION STUDY

AES performed an IM&E study to satisfy the California Energy Commission Conditions of
Certification for BIO-4 and BIO-6 of the AES HBGS Re-tool Project. Impingement sampling
began in late July 2003, and entrainment and source water sampling began in September 2003.
Field studies were completed in late-August 2004. This study was conducted in a manner that
satisfied all of the requirements for an Impingement Mortality and Entrainment Characterization
Study required by 8129.95(b)(3) of the Rule.

Thirty-two entrainment surveys and twelve combined entrainment/source water surveys were
done between September 2003 and August 2004. Fish larvae from 57 different taxonomic groups
were collected during the entrainment surveys. A three-species complex of gobies were the most
abundant fish larvae in the entrainment samples and made up 37% of the total estimated
entrainment. This species complex (CIQ gobies) is comprised of one or more of the following
nearshore gobies that cannot be distinguished during early larval stages: arrow goby
(Clevelandia ios), cheekspot goby (Ilypnus gilberti), and shadow goby (Quietula y-cauda).

Other abundant larval fish taxa included: northern anchovy (Engraulis mordax; 18%), spotfin
croaker (Roncador stearnsii; 14%), white croaker (Genyonemus lineatus; 7%), and queenfish
(Seriphus politus; 5%). Seventy-nine larval fish taxa were collected during the source water
surveys but only six taxa made up 80% of the total fish larvae collected from the source water
samples: CIQ gobies (37%), northern anchovy (18%), queenfish (10%), white croaker (9%),
unidentified croakers (4%), and combtooth blennies (Hypsoblennius spp.; 3%).

Of the five proposed target invertebrate taxa, only two were collected in entrainment samples:
sand crab (Emerita analoga) and rock crab (Cancer spp.). Sand crab larvae comprised nearly
99% of the entrained target invertebrates. Almost all of the sand crab larvae were in the earliest
stage of their larval development (zoea stage 1). No California spiny lobster (Panulirus
interruptus), market squid (Loligo opalescens), or ridgeback prawn (Sicyonia ingentis) larvae
were collected.

Potential impacts to CIQ gobies, northern anchovy, and combtooth blennies were analyzed
using:
e demographic modeling (Adult Equivalent Loss [AEL]), and/or Fecundity Hindcasting
[FHI). and
e Empirical Transport Model (ETM)

An additional six larval fish taxa, as well as rock crabs (Cancer spp.), were assessed using only
the ETM. Impact assessment modeling could not be performed for salema (Xenistius
californiensis) due to lack of life history parameters and the lack of sufficient larvae at both



entrainment and source water stations during surveys. For fishes, AEL estimates (assuming
maximum flow) were 304,125 individuals (northern anchovy) and 147,493 individuals (C1Q
gobies) (Table 1). FH estimates ranged from 3,233 adult females (combtooth blennies) to
101,269 adult females (CIQ gobies).

Table 1 - Summary of entrainment modeling and impingement estimates for target taxa
assuming maximum cooling water flow. The shoreline distance (km) used in the alongshore
extrapolation of Py is presented in parentheses next to the estimate.

Pn Impingement
Estimated .

Taxon Annual 2-FH AEL Alongshore Alongshore No. Weight

Entrainment + Offshore (ko)
Finfish
CIQ gobies 113,166,834 202,538 147,493 1.0% 1.0% 0 0.0
N. anchovy 54,349,017 53,490 304,125 1.2% 0.7% 2,193 14.9
spotfin croaker 69,701,589 NA NA 0.3% 0.3% 49 1.8
queenfish 17,809,864 NA NA 0.6% 05% 35847 6482
white croaker 17,625,263 NA NA 0.7% 0.4% 4,903 95.4
black croaker 7,128,127 NA NA 0.1% 0.05% 65 7.0
salema 11,696,960 NA NA NA NA 46 0.5
blennies 7,165,513 6,466 NA 0.8% 0.3% 3 0.02
diamond turbot 5,443,118 NA NA 0.6% 0.3% 0 0.0
California halibut 5,021,168 NA NA 0.3% 0.08% 21 9.9
shiner perch - - - - - 4,045 51.8
Shellfish
sand crab megalops 69,793 NA NA NA NA - -
Calif. spiny lobster 0 NA NA NA NA 32 19.6
ridgeback rock shrimp 0 NA NA NA NA 0 0.0
market squid 0 NA NA NA NA 7 0.4
rock crab 6,411,171 NA NA 1.1% 0.8% 5,820 421
D. frondosus-nudibranch - NA NA - - 65,150 15.0
two-spotted octopus - NA NA - - 61 25.4
purple-striped jelly - NA NA - - 53 21.7

NA = Not available due to insufficient life history information or low abundance in entrainment samples.
- = Not analyzed.

Two probability of mortality (Py,) estimates (assuming maximum cooling water flow at the
HBGS) were calculated for each of the target taxa: one based solely on alongshore current
movement and the other on alongshore current movement and an extrapolation of aerial density
of larvae offshore to a distance bounded by either the extrapolated densities or onshore current
movement. Larval durations of target fish taxa ranged from five days (spotfin croaker) to 38
days (northern anchovy). The P, estimates based on alongshore current displacement ranged
from 0.1% to 1.2% (Table 1). An estimate of the area of larval production lost due to
entrainment (area of production foregone, or habitat production foregone) was estimated by
multiplying the P, estimates by the alongshore source water length and the width of the source
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water area sampled (5 km). Estimates of the area of production foregone ranged from 0.12 to
4.47 km?, and averaged 1.50 km? (Table 2).

Table 2 - Summary of entrainment modeling estimates for target taxa and estimation of
area of production foregone. The shoreline distance (km) used in the alongshore
extrapolation of Py, is presented in parentheses next to the shoreline distance estimate.
Estimates assume maximum cooling water flow at the HBGS.

Estimated Shoreline Distance .
Taxon Annual P Alongshore (km) of Production Area of Productzlon
Entrainment Extrapolation Foregone Foregone (km°)
CIQ gobies 113,166,834 1.0% (60.9 km) 0.604 3.024
northern anchovy 54,349,017 1.2% (72.0 km) 0.894 4.471
spotfin croaker 69,701,589 0.3% (16.9 km) 0.050 0.248
queenfish 17,809,864 0.6% (84.9 km) 0.531 2.657
white croaker 17,625,263 0.7% (47.8 km) 0.340 1.699
black croaker 7,128,127 0.1% (19.4 km) 0.023 0.115
salema 11,696,960 NA NA NA
blennies 7,165,513 0.8% (12.8 km) 0.098 0.492
diamond turbot 5,443,118 0.6% (16.9 km) 0.098 0.488
California halibut 5,021,168 0.3% (30.9 km) 0.077 0.386
rock crab 6,411,171 1.1% (26.5 km) 0.284 1.418

A total of 52 normal operation impingement surveys were conducted from July 2003 to July
2004, and six heat treatment impingement surveys were conducted through July 2004. Results
from the weekly normal operation surveys were extrapolated based on cooling water flow and
summed with heat treatment results to estimate total annual impingement. A total of 51,082
fishes representing 57 species and weighing 1,292 kg was impinged, with most (75%) of the
losses attributable to heat treatments. Queenfish was the most abundant species impinged,
accounting for 70% of total abundance. Other abundant impinged fish species included white
croaker, shiner perch (Cymatogaster aggregata), and northern anchovy. A total of 70,638
macroinvertebrates representing 37 species and weighing 168 kg was impinged, with most (98%)
of the losses attributable to normal operations. The most abundant species were a nudibranch
(Dendronotus frondosus), yellow rock crab (Cancer anthonyi), slender rock crab (Cancer
gracilis), and brown rock crab (Cancer antennarius).

“Calculation Baseline” estimates were made for both impingement mortality and entrainment at
the HBGS assuming (1) design cooling water flow, and (2) actual cooling water flow during
2004-2005. The 2004-2005 period was considered to be a representative period of facility
operations since Units 3&4 were refurbished. The results of the calculation baseline analysis are
discussed further in Section 6 of this document and can also be found in the Impingement
Mortality and Entrainment Characterization Study (Attachment 2).
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5 USE OF RESTORATION MEASURES UNDER
COMPLIANCE ALTERNATIVE 3 FOR UNIT 3&4
ENTRAINMENT REDUCTION

Special Provision VI.C.2(a)(4) of the NPDES permit specifies that a Restoration Plan shall be
submitted as described at 40 CFR 125.95(b)(5) of the Rule. As a result of a re-tool project to
restore Units 3&4 operation, the California Energy Commission (CEC) issued the final Order for
Compliance with Condition of Certification for BIO-5 (CEC 2006). This Order required
mitigation of significant adverse impacts due to entrainment as a result of Units 3&4 condenser
cooling water flow. The Order was based on the “Huntington Beach Units 3&4 Entrainment and
Impingement Study Results, Mitigation Options, Staff and Working Group Recommendations,
and AES’s Response and Objections to the Recommendations” report issued by the CEC (CEC
2006).

The CEC staff determined that use of coastal wetland habitat restoration was the most
appropriate option for offsetting entrainment losses. CEC staff and their consultants used the
habitat production foregone model to scale the amount of coastal wetland that must be restored
to offset Units 3&4 entrainment losses. The scaling of the wetlands project was based on on the
actual forecasted operations of the units (rather than design flow). The maximum projected
operations of Units 3&4, calculated by AES for HBGS was estimated to be 25% operation
during the first quarter of each year, 50% during the second, 80% during the third, and 45%
during the fourth quarter. This estimated 50% annual operation was considered conservative by
AES for HBGS. Based on this estimate CEC staff determined that restoration of 66.8 acres of
coastal wetland would be needed to offset entrainment losses.

It was pointed out in the CEC staff analysis that in California more than 90% of the coastal
wetlands have been lost due to human activity, and there are state and federal efforts underway
to accelerate the pace of coastal wetland restoration. In addition to increasing the net production
of fish and shellfish by enhancing existing habitat or creating new habitat, restoration of coastal
wetlands would provide multiple benefits. These benefits include: improvements in water
quality by trapping pollutants before they enter coastal waters; providing foraging, resting, and
nesting habitat for seabirds and shorebirds, including sensitive species; physical improvements in
terrestrial and avian habitats; improved aesthetics; added recreational and/or viewing
opportunities (CEC 2006). Tidal wetlands provide nursery habitat for many nearshore fish
species and also export organic matter that enhances coastal food chains.

AES and its scientific experts had significant disagreements with the CEC staff on the need for
restoration and the methods used for determining the appropriate scale of the restoration project
including the need to consider the added environmental benefits of wetlands restoration. The
basis for the need for restoration was entrainment losses that were estimated to result in losses of
less than 1.2% to larval fish populations that extend along miles of coastline. At the request of
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the CEC, AES estimated that the restoration of 12.5 acres of wetlands would compensate for
entrainment losses to gobies, which primarily occur in wetland habitats and comprised the
greatest percentage of the entrained fish larvae. Instead the CEC staff scaled the wetlands
restoration using nearshore ocean fishes that occur over miles of coastline grossly exaggerating
the estimate and resulting in a negotiated project that more than compensates for any losses due
to the HBGS.

The HBGS NPDES permit at VI.C.7(b) requires that unless a site-specific demonstration
required by VI.C.7(a)(5) demonstrates that compliance with the numeric limits in VI.C.7(b)(2)
and (2) are not reasonably feasible then use of restoration measures would be limited to 30% of
the overall 90% reduction required. A site-specific demonstration of §316(b) compliance is
provided in Section 6 below and CDS Attachments 4, 5 and 6.

The Conceptual Restoration Plan for the Huntington Beach Wetlands was prepared in April 2006
(Moffatt & Nichol 2006). The Huntington Beach Wetlands occupy approximately 191 acres
(0.773 km?) of the remnants of coastal salt marsh habitat associated with the Santa Ana River in
Huntington Beach, California. The entire wetland complex was once the lower Santa Ana River
mouth wetland area and now consists of four recognized marshes that include Talbert Marsh,
Brookhurst Marsh, Magnolia Marsh, and Newland Marsh.

These marshes are hydraulically connected but now separated by roads. Talbert Marsh was
restored in 1990 by the Huntington Beach Wetland Conservancy and resulted in increased tidal
flushing and circulation, establishment of sensitive salt marsh habitat, and improved flood
control. Besides Talbert Marsh, the other marshes are non-functional salt marshes isolated from
tides by flood control levees along their northern boundaries and other infrastructure. The sites
have degraded over time and serve as seasonal wetlands during the rainy season only. The
marshes are habitat for the state-listed endangered Belding’s savannah sparrow (Passerculus
sandwichensis beldingi) and other coastal wetland species.

Wetland restoration construction is scheduled to begin in September 2008 contingent upon
acquisition of necessary permits. The conceptual plan proposes an implementation timeline that
is phased to ensure that some marsh habitat is available during construction. The approach is
also designed to avoid site flooding or modification of vegetation during the avian nesting season
within the marshes (April through September).

Further details of the project are provided in the Restoration Plan (Attachment 4). This includes

details regarding scaling for entrainment mitigation, discussion of uncertainty, an adaptive
management plan, and a verification monitoring plan.
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6 USE OF SITE-SPECIFIC STANDARDS FOR
IMPINGEMENT MORTALITY AND ENTRAINMENT
REDUCTIONS FOR UNITS 1&2

Special Provision VI.C.2(a)(5) of the NPDES permit requires submittal of information to support
a Site-specific Determination of BTA, as described at 40 CFR 125.95 (b)(6) of the Rule. AES
conducted an evaluation of the feasibility, performance and cost of alternative fish protection
technologies and operational measures. Based on the results of that analysis and other
considerations discussed in Section 7 of this report use the Cost-Benefit Test for compliance with
Units 1&2 for entrainment and for Units 1, 2, 3 & 4 to make up the difference between estimated
82% reduction in impingement mortality currently in place and the 95% reduction required by
the permit were chosen for interim BPJ compliance. In addition, since Units 1&2 have
approximately the same design flow as Units 3&4, this analysis also provides the necessary site-
specific demonstration required by Section VI.C.7(b)(1) and (2) that structural and operational
controls are not feasible on an economic and/or performance basis in order to use restoration
measures for more than 30% for compliance for Units 3&4.

6.1 Technologies Selected for Evaluation and Technology Performance

Alden Research Laboratory, Inc. (Alden) conducted a comprehensive cost evaluation study of
alternative fish protection technologies and operational measures for the HBGS. The details of
the process used by Alden to identify the alternatives are provided in Attachment A of the
Comprehensive Cost Evaluation Study (Attachment 4). Additionally, Dr. John Maulbetsch
conducted an evaluation of closed-cycle cooling for HBGS. The following seven alternatives
were evaluated:

1. Fine-mesh modified traveling screens;

Modular inclined screens;

Offshore, narrow-slot cylindrical wedgewire screens;

Reduced circulating pump flow using variable frequency drives;

Use of reclaimed water for cooling water;

o g &~ w D

Relocation of the intake farther offshore to a point below the thermocline; and

7. Closed-cycle cooling.
Three of the alternatives were determined not to be feasible on the following basis:

e Reduced Use of Cooling Water Pumps -.The Federal Phase 11 Rule assumed a
proportional relationship between flow and entrainment. AES for HBGS has developed
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operational measures to reduce use of condenser cooling water pumps well below design
flow for economic reasons. The California Draft Policy required use of actual flow for
the calculation baseline and the EPA was considering issuing guidance specifying actual
flow for the calculation baseline. Therefore, for any flow reduction credit for HBGS, it is
assumed the reduction would be required from current actual flows. Because flows have
already been reduced for economic reasons further reductions would directly affect
facility revenue and/or limit the ability of HBGS to meet electric power generation
dispatch needs. Therefore this option is not considered feasible for use at HBGS.

e Use of Reclaimed Water — Use of wastewater sewage effluent from the Orange County
Sanitation District (OCSD) was evaluated as a potential source of condenser cooling
water. OCSD discharges about 240 MGD (371.3 cfs) of water to the Pacific Ocean. This
water is a 1:1 ratio of secondary and primary treated sanitary wastewater. By 2012, all
water discharged by OCSD will have received secondary treatment. Some 70 MGD of
this water has been allotted for other re-use and reclamation projects leaving
approximatly170 MGD (263 cfs) potentially available for use by HBGS. Unfortunately,
the analysis determined that available flow tends to be variable and that during warmer
months (when electric power generation is highest) the available flow could be as low as
30 MGD (53 cfs). This flow would not be adequate to supply the cooling water needed
for even one unit at HBGS. Due to lack of a consistent flow necessary to meet the needs
of a single unit, this option was considered infeasible. A discussion of the details
regarding the evaluation of this alternative can be found in the Comprehensive Cost
Evaluation Study (Attachment 4) and Attachment D of that document.

e Relocation of the Intake Farther Offshore — This option was suggested at the first public
stakeholder meeting. The suggestion was to extend the intake pipe farther offshore to a
location where much cooler water could be withdrawn resulting in improved heat rate
and a reduction in overall cooling water withdrawals. Extending the intake to 5 miles
offshore would result in an intake depth of approximately 100 ft and cooler water.
However, the cost of extending the intake to this distance and depth was estimated to be
on the same order-of-magnitude as closed-cycle cooling. Further, in the absence of data
on entrainable life stages in this area of the ocean, it is not clear to what extent, if any,
there would be a significant reduction in impingement mortality and entrainment. Due to
the high cost and lack of a clear entrainment reduction benefit this option was considered
infeasible. A more detailed discussion of this alternative is provided in the
Comprehensive Cost Evaluation Study (Attachment 4) and Attachment C of that
document.

This evaluation left four feasible options for further consideration. Summaries of these four
options and the estimated fish protection benefit of each are provided below and a more detailed
discussion is provided in the Comprehensive Cost Evaluation Study (Attachment 4) and
Attachment B of that document.
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Fine-mesh (0.5 mm) Traveling Screens

This technology is designed to reduce impingement mortality and entrainment by collecting fish
off fine-mesh screens and transporting them back to the ocean offshore in a manner that
maximizes survival. This is achieved by use of design components that include:
e Low-pressure Screen Spraywash — A low-pressure screenwash spraywash system is
installed to gently wash larvae off screens into a return trough.

e Fish Collection Buckets — Buckets are installed at the bottom of each screen panel to hold
collected fish and shellfish in water for release into the return trough.

e Continuous Screen Rotation — The screens are rotated continuously to minimize the time
that eggs and larvae are exposed to the system and increase survival.

e Fish Return — A return pipe or sluice is installed to transport collected fish and shellfish
back to the Pacific Ocean. The San Onofre Nuclear Generating Station is an example of
a facility with such a system in California.

Since almost none (i.e. occasionally Pacific electric rays are returned) of the fish currently
impinged on the HBGS traveling screens survive, such a system would be expected to provide a
survival rate sufficient to make up the additional 13% needed to meet the 95% impingement
mortality performance standard required by the permit. However, the benefit for entrainable life
stages is less clear.

In the technology assessment, Alden assumed that the screenhouse would need to be expanded to
reduce the screen approach velocity to 0.5 fps. Estimates of retention based upon the size of
organisms typically entrained at HBGS indicate that few would be prevented from being
entrained with 0.5 mm screens. In addition, the survival of the impinged ichthyoplankton that
were previously entrained, but would become impinged on 0.5 mm screens, is expected to be low
for some species. Therefore, there is expected to be no benefit associated with expanding the
intake. Fine-mesh screens (0.5 mm mesh) at HBGS would decrease the entrainment of some
larval fish through the circulating water system. The effectiveness of a fine-mesh screening
system is measured in two ways: exclusion/retention and survival. Fine-mesh screens prevent
the entrainment of some organisms; however, the number is dependent upon the size of the
organisms exposed to the system and the mesh size considered. The survival of organisms
removed from the screens is highly variable and depends on species, intake velocity, and the
return system.

With this option, fish and debris removed from the screens would have to be transported back to
the ocean. The discharge location would have to be carefully selected in order to increase the
likelihood of survival. Transporting the fish back to the ocean at HBGS would be exceptionally
difficult as the fish return line would need to be routed under the Pacific Coast Highway, across a
public beach and out beyond the surf zone.
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Although the finer mesh may result in an increased rate of biofouling of the screen mesh, this
should not be an issue if HBGS continues to use the same cleaning method currently used to
reduce biofouling of the existing screens.

Although the system is designed to minimize stress to aquatic organisms, the process of
collection and transfer will impart a stress to the organism that would not be experienced if they
were not impinged. This is especially true for the earliest lifestages (e.g. yolk-sac larvae).
Generally, survival will increase as a fish grows. For those fish that come in contact with the
screen, collecting them on a fine-mesh screen and returning them to the ocean rather than
allowing them to be entrained should result in some reduction in losses.

A detailed discussion of this option is provided in the Comprehensive Cost Evaluation Study
(Attachment 4) and Attachment B of that CDS document. The use of this technology will not
meet the entrainment reduction performance standard.

Modular Inclined Screens

Modular inclined screens are another form of fish collection and transport technology. The
advantage of this system over fine-mesh screens is that fish and shellfish eggs and larvae remain
in the water at all times which reduces a major source of stress associated with fine-mesh
traveling screens. Fish collected would be returned offshore to the Pacific Ocean using a fish-
friendly pump and a 2 ft diameter fish return pipe. However a significant disadvantage of this
system is that existing designs are all based on a minimum 2.0 mm slot width. At this point, it is
not clear if use of a narrower slot width is feasible. Further, even if a narrower slot width were
used it is not clear that any significant survival would result. Alden assumed survival of eggs
and small early life stages would be negligible. A 2.0 mm slot width would be quite effective for
impingeable-sized fish and this option would be expected to easily achieve the 13%
impingement mortality reduction needed to meet the permit standard. However, as discussed
this slot size would retain significantly fewer entrainable fish than the fine-mesh screen option.
Alden estimated an entrainment reduction of the most dominant fish species between 0% - 1.5%
(i.e. significantly less than the minimum 60% reduction required for structural modification and
operations required by the permit for entrainment). Due to an installation design upstream of the
existing screens wells, no significant environmental impacts are assumed with this option.

Additionally there are ancillary issues associated with this option that would need to be
addressed prior to deployment that include biofouling control and the location for the fish return.
This option would require pilot study testing to establish performance and ancillary design
solutions.

Narrow-slot Wedgewire Screens

This technology provides fish protection through a combination of exclusion from the cooling
system and low through-slot design velocities. EPRI has previously provided the results of
jointly funded EPA/EPRI studies that evaluated these screens. While used in freshwater and
estuarine systems, experience with these systems is very limited in marine environments; there
are no existing installations for electric generating stations in marine waters.
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Alden’s final design proposes use of twenty T-120 (10 ft diameter) screens with 0.5 mm slot
openings. Using 20 screen modules would reduce the through-slot velocity to about 0.35 fps;
which is similar to the minimum ambient current in the area. This would provide the benefit of
some small amount of sweeping velocity although flow conditions are expected to be variable.

In addition, this design would allow a screen to be out of service without increasing the through-
slot velocity above 0.5 fps (manufacturer’s design velocity for wedgewire screens). The result is
complete exclusion for impingeable-sized organisms and this option would have qualified for use
of Compliance Alternative 1 under the Federal Phase Il Rule and no CDS would be required for
impingement.

Since there are no biological efficacy data for a wedgewire screen installation for the species
entrained at HBGS, head capsule depth data developed for the fine-mesh screen option above
were used to estimate the physical exclusion that could be achieved with narrow-slot wedgewire
screens. Based on the results of this analysis, entrainment reduction performance was found to
be variable by species. For many of the dominant species, the reduction was found to be within
the performance standard range (e.g., Cl1Q gobies 64.1% and northern anchovy 71.7%).
However, for some other dominant species it was less than 60% effective (e.g., croaker 58.8%,
combtooth blennies 21.8% and diamond turbot 11.3%). The overall performance estimated for
this technology is a 61.4% entrainment reduction. Based on this estimate this technology would
be the best performing alternative fish protection technology. Prior to selection, pilot studies
would be required to verify that entrainment would be reduced to within the 60% to 90%
reduction required by the Federal Phase Il Rule and confirmation that closed-cycle cooling is not
determined to be BTA.

As with the previously discussed technologies, there are a number of ancillary issues that would
need further study prior to full-scale deployment. Key issues would be quantification of
performance and ensuring that marine biofouling can be controlled. Also, this option would
have significant environmental impacts due to the size of the structure (loss of habitat) and its
visibility (large offshore platform).

Closed-cycle Cooling
Reducing flow commensurate with closed-cycle cooling qualifies for use under Compliance
Alternative 1 for both impingement mortality and entrainment reduction and was listed as
compliance alternative 1V.C.7(a)(1) in the HBGS NPDES permit. Since a reduction in flow
achieves a proportionate reduction in entrainment, use of this alternative would meet the 90%
entrainment reduction required by the permit. This option, however, would be expected to result
in potentially significant environmental and social impacts. Such impacts could include:

e Human health impacts associated with increased emissions of fine particulates;

e Terrestrial impacts to nearby wetlands or structural impacts to materials due to salt drift;

e Potential water quality issues due to concentration of ambient source water pollutants in
blowdown;
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e Public safety issues due to fogging and nearby roads;
e Noise; and
e Aesthetics.

There are likely to be permitting issues associated with these impacts that could delay or prevent
permitting of this option.

6.2 Technology Costs

For each of the three feasible alternative fish protection technologies, Alden prepared cost
estimates based on deployment designs for HBGS. Cost estimates for a closed-cycle cooling
retrofit were prepared by Dr. John Maulbetsch as part of an EPRI retrofit study for each of
California’s once-through cooling facilities.

Table 3 provides cost estimates for each of the four alternatives. For the three fish protection
technologies (fine-mesh traveling screens, MIS, and narrow-slot wedgewire screens) the cost
estimates are based on costs for Units 1-4 rather than just for Units 1&2 for entrainment. The
rational for providing costs in this manner are:

1. The additional 13% reduction in impingement mortality is required for all units;
2. The Board requested cost estimates for the entire facility in the report; and

3. The existing design’s use of a common offshore intake, traveling water screens that are
common to all units, and the circulating water pumps being located in a common plenum
preclude consideration of technologies for only Units 1&2.

Retrofitting HBGS with closed-cycle cooling had the highest estimated cost. AES recently
participated in an EPRI study to estimate retrofit costs for all once-through cooling facilities in
California. The report titled “Issues Analysis Associated with Retrofitting Once Through
Cooling Plants with Closed-Cycle Cooling” included a site-specific cost estimate for HBGS as
Attachment B-6. The retrofit analysis for HBGS from that report is provided as Attachment F of
the enclosed Comprehensive Cost Evaluation Study (Attachment 4). Peer reviewers for this
report included the CEC and Tetra Tech who is performing a similar project for the California
Ocean Protection Council. The report estimated that the cost of retrofitting HBGS Units 1-4
would be in the range of $150 million for wet closed-cycle cooling and nearly $200 million for
dry cooling. These estimates did not include lost revenue that would result during the retrofit
outage which could also be significant. The estimated cost to retrofit Units 1&2 only for the
purpose of the Cost-Benefit analysis used in this CDS was $76,398,000. This is half the cost of a
full facility retrofit as discussed in Attachment F of Attachment 4, Table B-59.



Table 3 — Estimated costs of feasible fish protection technologies.

Technology Capital Cost(1) Capital Cost ($) with O&M Cost | Total Annualized
%) Replacement Power % Cost ($)
Needed During (Capital &
Installation (2) O&M)
Fine-mesh Traveling Screens 6,348,000 69,946,000 357,000 6,393,000
Modular Inclined Screens 5,984,000 27,183,000 133,000 2,648,000
Narrow-slot Wedgewire 36,003,000 57,202,000 676,000 7,467,000
Closed-cycle Cooling 76,398,000 0 2,291,940 13,900,000

1)

)

Note that the capital costs for fine-mesh traveling screens, modular inclined screens, and narrow-slot
wedgewire screens are for all four units. The cost for closed-cycle cooling is for a Unit 1&2 retrofit, only.
The cost of retrofitting all four units is approximately twice the cost shown.

It is entirely possible that a closed-cycle cooling retrofit could also require replacement power. At this
point it is not clear whether or not the tie-in could be accomplished during a scheduled outage or would
require an extended outage in which case the replacement power cost could be for the 6 month period
estimated for installation of fine-mesh traveling screens (i.e. ~$60,000,000).

6.3 Environmental Benefit Analysis

The HBGS NPDES permit requires that use of site-specific standards be consistent with the
requirements of 40 CFR 125.95 (b)(6) of the Federal Phase 11 Rule. Those requirements specify
that for use of the Cost-Benefit Test that a Benefit Valuation Study be provided. The complete
Benefit Valuation Study is provided as Attachment 5 and is summarized in this section.

A four-step model was used in the benefit valuation study and is generally consistent with the
methodology used by EPA in development of the Phase 1l Rule. The four steps are shown in
Figure 3 below and consisted of:

1.

Developing dynamic population models from the HBGS impingement and entrainment
data using the best available information on life stages, natural and fishing mortality
rates, and fecundity to develop population increases for the impinged and entrained
species. Note the approach used tends to be conservative in that no compensation is
assumed.

Determining catch using a methodology that entails determining forgone yield,
production, and species categorization (i.e., the percentage of impinged and entrained
organisms that would have been caught, uncaught, or are forage). The determination of
harvested versus forage species is based on the best available information, including
consultation with local fishery experts, EPA’s regional case study for California (2004),
and local catch data. The analysis calibrated natural and fishing mortality parameters to
determine the forgone yield and forgone production for each species.

Determining the value of fish produced as a result of impingement mortality and
entrainment reductions. There are three key aspects to this analysis that include:
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e Estimating Recreational Benefits — This analysis is based on a simulation of angler
behavior and changes in social welfare resulting from reductions in impingement
mortality and entrainment and the associated increases in expected catch. Important
factors accounted for include the number and quality of substitute fishing sites, the
geographic range of impacted species, the number of trips with improved catch rates,
and the number of anglers associated with those trips. This was accomplished using a
random utility analysis to value impingement mortality and entrainment reductions on
recreational fishing.

e Estimating Commercial Benefits — Estimating the commercial benefits of
impingement and entrainment reductions based on consideration of the fishery’s
relevant market conditions to determine the underlying relationship between the
reductions and changes in commercial fishing benefits for alternative market
conditions. These were based on an analysis for the species impinged and entrained
at HBGS to evaluate changes to the fishery resulting from those losses.

e Estimating Non-use Benefits — Non-use benefits associated with the loss of
threatened and endangered and protected species are discussed qualitatively since no
species of fish and shellfish in these categories were impinged or entrained.

4. Quantifying uncertainty associated with the analysis was performed using the approach
recommended by EPA. This approach uses a Monte Carlo analysis to quantify the effects
of uncertainty on benefits. The Monte Carlo analysis combines uncertainty in input
parameters with the benefits-estimation model to quantify uncertainty in 316(b)
compliance benefits. The approach takes specified distributions for each variable input,
randomly selects a value from each distribution, and then combines the estimates. The
resulting combination of the various inputs creates an estimate of compliance benefits.



Step 1 Step 2 Step 3 Step 4
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Figure 3 - Overview of Methodology for Estimating the Benefits of IM&E
Reductions

Using the dynamic fishery modeling and economic impact methodologies described in the four
step approach (Figure 3), the annual economic benefits of reducing impingement at all units by
13% and entrainment at Units 1&2 by 90% were estimated. Both economic theory and
requirements of the Phase 11 Rule indicate that the type (recreational, commercial, use) and
timing of IM&E reductions will offset the benefit estimates. Consistent with Phase 1l Rule
requirements, recreational benefits are discounted at 3% and commercial benefits (including that
generated from recaptured forgone productivity attributable to forage loss) are discounted at 7%.
Impacts are quantified assuming the impingement mortality and entrainment reductions began in
2007 and continued for 20 years.

It is also assumed that the timing of biological impacts exhibits an appropriate lag.> This feature
is common to dynamic population models and reflects the time taken to transition between life
stages. Economic benefits associated with the change in catch do not occur with a lag. Thus, the
analytical approach assumes that commercial and recreational anglers adjust their behavior in the
same year catch changes. The extent to which this assumption is incorrect and resultant
estimates are biased has not been evaluated. However, there are mitigating relationships that
could affect this source of uncertainty. Examples include:

2 In dynamic models, impacts can persist for a limited period. The 25-year cut-off is computationally tractable and
viewed as offsetting to the start specification as instantaneous.

® For a more detailed discussion and numerical example of catch timing impacts on value, see Bingham,
Desvousges, and Mohamed (2003).
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1. Relatively small behavioral changes (i.e., changes in trips) associated with relatively
small changes in catch such as those seen here mean that much of the value comes from
current trips where a behavioral response is not required.

2. Conversely, large changes in expected commercial and recreational catch in particular
areas are likely to be communicated rapidly. The public nature of 316(b) proceedings
would tend to enhance this effect.

Under the above specifications, the expected value (mean) of the NPV is $158,600 with upper
(95%) and lower (5%) bounds of $254,000 and $94,000 respectively. The annualized (NPV/20)
benefits associated with IM&E reductions range from $4,719 to $12,700 with a mean estimate of
$7,928.

Complete details of the analysis are provided in the Benefit Valuation Study CDS document
(Attachment 5).

6.4 Cost-Benefit Analysis

The Cost-Benefit analysis provides a comparison of the estimated costs of the feasible structural
and operational alternatives to the economic benefits that would be achieved if they were
implemented to determine if the costs are significantly greater than the benefits. Sub-section
6.4.1 provides a summary of the methodology used to determine “significantly greater” costs and
sub-section 6.4.2 provides the comparisons and summary of the results.

6.4.1 Approach for Determination of “Significantly Greater”

In the Rule, use of site-specific standards under the Cost-Cost and Cost-Benefit Test are based on
a determination of whether those costs are “significantly greater” than the associated economic
environmental benefits. In developing the Rule, EPA did not provide specific guidance as to the
basis of this comparison. However, the EPA evaluation of the economic benefits of the Rule was
based on measuring economic benefits based on economic theory. Further, EPA’s requirement
that a sensitivity analysis of the benefit valuation be performed in addition to use of the phrasing
“significantly greater,” indicate that the decision-making be based on statistical criteria. The
second component used in the “significantly greater” determination is decision theory.

Using statistical significance allows a determination based on the probability that the estimated
quantity (i.e. economic value of fish protection) is significantly greater than zero. Such an
outcome indicates that the likelihood that the estimated quantity is below zero is less than 5%,
giving the analyst a great deal of confidence that the actual (not estimated) quantity is indeed
larger than zero. Using a statistical approach also provides a methodology for appropriately
capturing the uncertainty in cost and benefit estimates.

The second key component of the approach to determine if costs are significantly greater than
benefits is decision theory. Decision theory is used to provide a framework for the evaluation.
For example decision theory provides additional analytical capabilities such as helping to
minimize the probability that a meaningful impact is not mitigated or conversely to minimizing
the probability that funds may be spent over-mitigating minor impacts.
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In assessing the determination of “significantly greater” the assumption is that protection of the
environment is preferred in the Cost-Benefit comparison. The determination will be based on a
calculation of net benefits (benefits of compliance minus lowest costs of compliance) with
simultaneous consideration of costs, benefits, and uncertainty in a Monte Carlo simulation. This
approach will provide a distribution of net benefits, and a determination of “significantly greater”
based on the estimated range of net benefits.

6.4.2 Comparing Technology Costs with Environmental Benefits

The benefits in each of these evaluations reflect the effectiveness associated with the technology.
Table 4 below contains the detailed comparisons of benefits to costs.

To make the significantly greater determination, expected costs were compared to the expected
benefits. The benefit estimates included uncertainty, as instructed by the EPA in the Federal
Phase Il Rule. Specifically, a Monte Carlo analysis was conducted that makes one draw from the
distribution of benefits and subtracts from it the point estimate of costs to develop a single
estimate of net benefits. The analysis repeated this Monte Carlo process one thousand times to
develop a distribution of net benefits (benefits minus costs).

In all cases, the benefit-cost comparisons reveal that the costs of achieving compliance are
significantly greater than the benefits, indicating that a site-specific determination of BTA
(Alternative 5) is appropriate for Units 1&2 of the HBGS. Not only were differences determined
to be significantly different they were in fact different by well over an order of magnitude in all
cases. In addition, closed-cycle cooling, which was the only technology that would reduce
entrainment to the 90% reduction level required by the permit, also has additional environmental
and social disamenities. While these environmental disamenities were not quantified in this
analysis they are being quantified in an EPRI research project currently in progress to inform the
Phase 11 Rule revision.
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Table 4 - Estimates of Net Benefits and Significantly Greater Determination with

Benefit-Cost Comparisons

Range of

Total Range of Annualized Net Costs
Technology Alternative Annualized | Annualized X Significantly
Costs ($) Benefits (%) Benefits Greater
($1,000,000)
Fine-mesh modified traveling screens 6,393,000 | 1,200 - 42,750 -3.243 - 3.287 Yes
Narrow-slot cylindrical wedgewire 7,467,000 | 1,500 - 53,720 -2.231 - 2.284 Yes
Modular inclined screens 2,648,000 | 1,000 - 39,550 -2.608 - 2.647 Yes
Closed-cycle cooling (wet cooling) 13,900,000 | 1,700 - 64,190 -7.912 - 7.975 Yes

The details of the cost-benefit analysis are found in the Comprehensive Cost Evaluation Study (Attachment 4) of the

CDS.

6.5 Site-specific Technology Plan and Verification Monitoring

Based on the results of the cost-benefit analysis, the existing cooling water intake structure is
determined to be BTA. Therefore the site-specific technology plan is based on this outcome.
Similarly, the verification monitoring plan is based on the existing cooling water intake structure
as BTA. Since the efficacy of the existing velocity cap is estimated and entrainment would not
be expected to change from that established in the calculation baseline, monitoring of the
existing design and operation is proposed rather than biological verification monitoring.
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7 BPJ COMPLIANCE SUMMARY AND
CONSIDERATIONS FOR COMPLIANCE DECISION
MAKING

AES has prepared this CDS in conformance with the NPDES permit and the Federal Phase Il
Rule. To meet the 95% reduction in impingement required by the permit, AES has provided
documentation for the 82% reduction achieved by the velocity cap and used a Site-Specific
Standard Cost-Benefit analysis to demonstrate that the costs of achieving an additional 13%
reduction to meet the NPDES permit limit are significantly greater than the environmental
benefit. AES is using restoration measures to offset entrainment losses for Units 3&4. These
restoration measures are in the form of restoration of over 66 acres of coastal wetlands, an
amount determined based on habitat production foregone calculations to produce sufficient
habitat to offset Unit 3&4 entrainment losses. It is important to note that AES and its scientific
experts had significant disagreements with the CEC staff on the need for restoration and the
methods used for determining the appropriate scale of the restoration project including the need
to consider the added environmental benefits of wetlands restoration. The basis for the need for
restoration was entrainment losses that were estimated to result in losses of less than 1.5% to
larval fish populations that extend along miles of coastline. At the request of the CEC, AES
estimated that the restoration of 12.5 acres of wetlands would compensate for entrainment losses
to gobies, which primarily occur in wetland habitats and comprised the greatest percentage of the
entrained fish larvae. Instead the CEC staff scaled the wetlands restoration using nearshore
ocean fishes that occur over miles of coastline grossly exaggerating the estimate and resulting in
a negotiated project that more than compensates for any losses due to the HBGS.

For Units 1&2 entrainment losses, AES conducted an evaluation of structural and operational
controls to achieve the 90% reduction required by the permit. The estimated costs were
determined to be well over an order-of-magnitude greater than the estimated environmental
benefit.

AES acknowledges that the Second Circuit ruled that two of the compliance alternatives (i.e.
restoration measures and Cost-Benefit analysis) used should not be allowed in the remand of the
Federal Phase Il Rule back to EPA. AES further recognizes that additional fish protection
technologies and operational measures are likely to be required, but point out a number of
important considerations for the Board in making the final BPJ compliance determination for
HBGS.

1. HBGS provides reliable generation of electricity in an urban setting. The four generating
units produce enough electricity to light nearly one million homes. To help support
California’s growing energy needs, HBGS recently invested in refurbishing Units 3&4 so
that they could be returned to service. Thus, HBGS is a critical component of the
southern California power generation strategy and plays an important role in stabilizing
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the electrical system within Orange County. Moreover, AES’s generating assets in
California produce 10% of the state’s peak electricity demand.

HBGS produces clean power generation through the use of selective catalytic reduction
(SCR) technology, which is designed to reduce atmospheric emissions. This technology
reduced emission of NOy by more than 90%. AES is also one of the only generators in
the state with carbon monoxide reduction catalyst technology in use.

HBGS contributes to the local economy and the quality of life in Orange County. It
provides employment for 50 people and a source of revenue for the City of Huntington
Beach.

. AES has paid over $5.5 million dollars for the construction and maintenance for

restoration of coastal wetlands to offset Units 3 &4 entrainment losses. These wetlands
will continue to provide benefits to entrainable lifestages after compliance with the
revised Federal Phase 11 Rule and/or California State 8316(b) Policy goes into effect.
Aside from increasing the production of fish and shellfish, there are also multiple
environmental benefits from implementation of the restoration project. Additionally,
while a 95% impingement mortality reduction is not yet achieved, impingement mortality
has been reduced by 82%.

Results of the one year 2003/2004 entrainment studies conducted at HBGS determined
that for the geographic areas where the dominant entrained species were vulnerable to
entrainment the losses did not exceed 1.2% for any species of finfish and 1.1% for any
species of shellfish. The vast majority of these losses occurred to the earliest life stages
when natural mortality is highest. Natural mortality in many of these species would be in
excess of 99%.

. A petition for a re-hearing of the Second Circuit Court of Appeals has been filed to the

Supreme Court that could alter the Decision. In addition, the Second Circuit Decision
does not overrule and is inconsistent with the prior 8316(b) Decision by the First Circuit
Court in Seacoast Anti-pollution League vs. Costle. In that Decision the First Circuit
ruled that cost and benefits could be considered using the wholly disproportionate
standard. It is therefore up to the Board to determine whether or not this interpretation is
appropriate unless and until authoritative action is taken by EPA or the SWRCB.

EPA has initiated work to revise the Federal Phase Il Rule in a manner that addresses
issues raised by the Second Circuit Court. EPA is scheduled to issue a proposed Rule by
the end of 2008 and a final Rule in 2009. At this point, it is anticipated that the Rule will
be limited to use of technologies and operational measures and if performance standard
ranges are used, the use of the best performing technology in the performance standard
range will be required.

It is not clear whether or not closed-cycle cooling will be identified as BTA. The Second
Circuit Court determined that EPA could consider three factors as a basis for not
identifying closed-cycle cooling as BTA. These three factors included:



a. The industry cannot reasonably bear the cost of retrofits;
b. Impacts to energy production and supply; and

c. Adverse impacts associated with retrofits.

AES Southland is one of 25 companies funding a large scale EPRI research project to
provide technology information relative to retrofits. The scope of the project will provide
quantitative estimates of:

i.  the national cost of retrofits;

ii.  the reduction in generation as a result of generation unit retirements and energy
penalties associated with retrofits;

iii.  environmental and social impacts resulting from retrofits; and

iv.  impacts to electric system reliability.

6. The EPRI research project is national in scope and will provide information for
California’s facilities including HBGS. EPRI has met with EPA Staff working on the
Rule to discuss the schedule, scope, and approach for the research program and EPA has
expressed a strong interest in making use of this information in developing the proposed
Rule.

7. The SWRCB continues to consider development of a State §316(b) Policy.

8. Due to points 3, 4, 5 and 6 it is important to consider that the final determination of BTA
for HBGS be consistent with both the revised Federal Phase Il Rule and the final
California State 8316(b) Policy.

9. The previous HBGS NPDES permit waste discharge requirements issued in July 2000
stated the following:

"Pursuant to regulations established by Section 316(b) of the Clean Water Act, the
discharger was required to submit a proposal to the Board for the conduct of a study to
determine whether the location, design, construction, and capacity of the existing cooling
water intake structures reflect the best technology available for minimizing adverse
environmental impacts."

"The 316(b) study was duly executed and a final report was submitted to the Executive
Officer. The report adequately addressed the important ecological and engineering
factors specified in the 316(b) guidelines, demonstrated that the ecological impacts of the
intake system are of an environmentally acceptable order, and provided sufficient
evidence that no modification of the location, design, construction, or capacity of the
existing systems is required."”

For these reasons AES believes that a final BTA determination that requires additional
technologies be deferred until after the final revised Phase Il Federal Rule or final State 8316(b)
Policy are issued.
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1.0 Introduction

This report is submitted in response to the requirements of 40 CFR 8122.21(r) (2), (3), and (5)
(USEPA 2004) by providing the Source Water Physical data, the Cooling Water Intake Structure
(CWIS) data, and the Cooling Water System (CWS) data, respectively.

2.0 Source Water Physical Data (40 CFR 122.21(r) (2))

The following source water physical data are being provided to characterize the waterbody in the
vicinity of Huntington Beach Generating Station (HBGS) cooling water intake structure (CWIS).
This information is used, in part, to evaluate the various measures being considered for reducing
impingement mortality and entrainment at HBGS. The following sections describe the
waterbody’s key physical and chemical characteristics in the vicinity of HBGS and provide
figures and maps for reference.

2.1 Narrative Description of Source Waterbody

HBGS is located on the shore of the coastline of the Pacific Ocean in the City of Huntington
Beach, California (Figure 1). The HBGS CWIS is located within the nearshore zone (defined as
the zone between the shoreline and 1,000 ft from shore or the 30-foot depth contour, whichever
is farther). Tides in the region are semi-diurnal, with two high and two low tides of unequal
heights during each 25-hour tidal period. Flood tides flow up-coast while ebb tides flow down-
coast. The extreme low water level is El. -4.0 ft; while the mean tidal range is approximately 3.7
feet (all elevations refer to Mean Sea Level, El. 0.0 ft).

2.2 Aerial Dimensions

For reference, an aerial view of HBGS is shown in Figure 2. The approximate location of the
velocity cap is included in this figure.

2.3 Depths

The water depth at the HBGS intake, which is located approximately 1,500 ft offshore, is about
23 ft. Depths in the vicinity of the e intake vary from less than 30 ft along inshore areas to over
650 ft, 3.5miles from the shoreline. The depths for the area surrounding the HBGS intake are
shown in Figure 3.

2.4 Flow

A detailed analysis of the currents in the area surrounding the HBGS intake was conducted for
the Huntington Beach Shoreline Contamination Investigation-Phase 11 (USGS 2004). The
purpose of the USGS investigation was to determine the coastal circulation and transport patterns
surrounding the Orange County Sanitation District’s (OCSD) wastewater outfall. This study was
initiated because it was believed that the OCSD outfall plume resulted in reduced water quality
on the Huntington Beach shoreline.



The USGS study looked at a myriad of temporal and spatial data, including currents, wind, tides,
waves, and upwelling to evaluate the transport processes in the region. Multiple fixed-moorings
were used to measure the currents, waves, temperature, and conductivity. The locations of these
moorings are provided on Figure 3 and Figure 4.

The report indicated the along-shore currents (parallel to the shoreline) are the dominant currents
in the nearshore region near the HBGS intake. This current is typically down-coast but
occasionally switches direction. In general, these currents are not wind-driven; but, over short
periods of time the wind can result in fluctuations in the nearshore flow. Typically, the
magnitude of these currents range from about 0.3 ft/sec to 0.7 ft/sec (5 cm/sec to 20 cm/sec). A
plot of the along-shore currents is provided on Figure 5.

Based on the depth and location of the velocity cap, Alden selected data collected from location
AES3 to represent conditions that can be expected at the HBGS intake. Cross-shelf currents,
perpendicular to the shore, are also present near the HBGS intake but they are about an order-of-
magnitude less than the along-shore currents. Velocity and directions of both the along-shore
and cross-shore currents offshore are shown on Figure 6.

2.5 Salinity

Salinity in the southern California region of the Pacific Ocean where HBGS is located ranges
from 32.1 ppt to 35.3 ppt with a mean of 33.8 ppt (Operational Oceanography Group 2006).

2.6 Temperature

Water temperatures in the vicinity of HBGS are coolest during the winter months and warmest in
the summer. Air temperatures range from approximately 53° F in winter to 88° F in summer.
During the summer there is a diurnal temperature change of about 2° F to 4° F (AES 2000).

2.7 Geomorphological Features

HBGS is located on the coastline of the Southern California Bight in Huntington Beach,
California (Figure 1). This region experiences a Mediterranean climate regime that is
characterized by short, mild winters and warm, dry summers. Annual precipitation near the
coast averages about 11 inches (AES 2000).

The general orientation of the coastline tends to be from northwest to southeast. The Bight has
slowly emerged over a long geological period, resulting in a coastline with numerous cliffs that
are broken by coastal planes. The region has many small streams that normally flow only during
rain events. These streams produce a considerable amount of sediment that enters the nearshore
environment. The net transport of this sediment along the coast is towards the south.

3.0 122.21 (r) (3) Cooling Water Intake Structure Data

HBGS uses a once-through cooling water system. The cooling water intake structure (CWIS) at
HBGS serves Units 1-4. The CWIS includes a single, offshore intake pipe with velocity cap, as



shown on Figure 7, and a single screenwell structure with trash racks and four traveling water
screens that are used to keep fish and debris out of the circulating water system. Circulating
water pumps, located downstream of the screens, supply ocean water to the steam turbine
condensers and the closed-loop cooling system that serves the auxiliary equipment. A summary
of pertinent plant data is presented in Table 1.

The intake structure, a velocity cap, is located approximately 1,500 ft offshore of Huntington
Beach at a bottom elevation of -23.3 ft. The velocity cap is 33 ft by 28 ft with the top located at
El. -17.5 ft; approximately 5 ft above the intake riser pipe. The velocity cap (Figure 8) redirects
the intake flow from a vertical direction to a horizontal direction, which is believed to be easier
for fish to sense and avoid. Water flows down a 21 ft vertical riser pipe into a 14 ft diameter
intake pipe that conveys the water to the onshore screen structure. Both the pipes and the
velocity cap are made out of concrete. Mammal bar rack barriers are mounted around the cap to
help prevent aguatic mammals, large fish, and turtles from entering the intake. The barrier
consists of bars spaced approximately 18 in. on center.

Water enters the onshore screenwell structure at a rectangular forebay (13 ft x 50 ft) and is
redirected by guide vanes to three wider screenbays (Figure 9). The three channels then merge
into two trash rack bays, each of which are 20 ft wide by 18 ft deep. The trash racks are vertical
steel bars with 3 inch slot openings.

Downstream from the trash racks, the intake channel expands slightly and splits into four, 11 ft
wide screenbays, each containing a traveling water screen. The traveling screens are located
19.5 ft downstream of the trash racks. A plan and section of the screenwells appear on Figure 9
and Figure 10, respectively. Debris is deposited into a screenwash trough that leads to a trash
basket located on the east side of the screenwell structure. The traveling screens are removed
and cleaned twice a year.

Immediately downstream of the traveling screens, the cooling water flow combines before
entering a box culvert that is 14 ft wide and 11 ft high. The culvert is 236 ft long and slopes
down slightly toward the intake pump structure. The increased size of the pump structure
decreases the velocity of the water before it enters the suction of the eight circulating pumps.
Stoplog slots in each pump bay allow the pump bays to be dewatered. Units 1-4 each require
two circulating water pumps. The six pumps for Units 1-3 are each rated at 98 cfs, while the
two pumps for Unit 4 are each rated at 103.2 cfs. The total system flow for HBGS is 794.5 cfs.
Condenser flow accounts for 756.2 cfs, while the remaining water (38.3 cfs) is used for the
auxiliary flow. The City of Huntington Beach supplies additional water that is used as potable
and make-up water for the boilers. Section and plan views of the pumphouse structure are
provided on Figure 11 and Figure 12, respectively. A water balance diagram for HBGS is
provided on Figure 13.

The average horizontal velocity in the velocity cap opening is approximately 1.3 ft/sec.
Velocities in both the intake and discharge pipes are estimated to be 5.2 ft/sec. Velocities
immediately upstream from the traveling screens at HBGS were calculated in a study performed
in 1978. The mean screen approach velocities ranged from 0.80 to 1.04 ft/sec at an assumed
design flow of 795 cfs. The average velocity in the screenbays, as calculated by Alden, at this



design flow and mean low water level (El. 0.0 ft) is 1.0 ft/sec in each bay, which is consistent
with the 1978 study.

4.0 122.21(r) (5) Cooling Water System

As described above, the cooling water system for the station is combined to a single CWIS. That
is, all cooling water is withdrawn through the common offshore intake, the trash racks, traveling
water screens, and a common plenum for circulating water pump withdrawal to the individual
units.

HBGS operates eight (8) circulating, ocean-water pumps. The circulating pumps provide boiler
cycle cooling, as well as bearing and machinery cooling. Running equipment within proper
temperature ranges is necessary to protect and extend the life of equipment. Running the
circulating pumps entails a large electrical energy cost and the pumps are run as little as
necessary.

One (1) circulating pump must be run at all times, even when no generator units are operating.
This pump maintains the operating temperatures of equipment that must stay operative, such as
air compressors, and keeps the unit ready for operation when called. For any of the units, when
they initiate startup, a minimum of two circulating pumps are needed. Therefore, the first unit
called up will require a second circulating pump to start. If an additional unit is required, two (2)
more circulating pumps must start. When a unit has been running and then is shutdown, both
associated circulating pumps must run for approximately 4 additional hours to keep temperatures
from overheating. After the first pump is shutdown, assuming the unit does not restart, its 2"
circulating pump can be shut off (typically 24 hours after the unit comes offline). The 2™
circulating pump stays operating during this period to get the equipment/housings cooled in
order to reduce any hazard for maintenance and to allow preparations for restart.

Cooling water is discharged through a 14 ft diameter concrete pipe that is located parallel to the
intake pipe. The discharge location is about 1,200 ft offshore, slightly to the south of the intake
and at a depth of 21.3 ft. The transit time between intake and discharge is 21.5 minutes. The
NPDES permit for HBGS allows a maximum delta T of 30" F.

Bacterial growth is controlled by the application of a sodium hypochlorite solution through the
suction of each circulating pump. Chlorination is performed at 12-hour intervals for
approximately 30 minutes. A heat treatment process also controls excessive marine growth, with
mussels as a primary target. Heat treatment is performed every 6 weeks by partially recycling
the circulating water flow, which increases the circulating water discharge temperature to about
105° F.



Table 1 Pertinent Project Data — HBGS

Location

21730 Newland Street Huntington Beach, California
Latitude: N 33° 38’

Longitude: W117°58’

Waterbody: Pacific Ocean

Waterbody: ocean (nearshore zone)

NPDES permit expiration date: June 1, 2005

Estimated project intake flow
Plant design: 794.5 cfs (356,600 gpm)
Intake velocities
Horizontal current at cap: 1.3 ft/sec (Calculated by Alden)
Intake pipe: 5.2 ft/sec (Calculated by Alden)
Mean velocities in the screenbays
Calculated by Alden: 1.04 ft/sec
Screen Approach velocity: 1.17 ft/sec (Calculated by Alden)

Water Level

Elevations
Extreme low: EI. -4.0 ft
Mean low water: EI. 0.0 ft
Mean tidal range: El. 3.7 ft
Water depths: (around offshore intake)
Maximum: approx 37 ft
Minimum: approx 29 ft
Normal: approx 33 ft
Other info: all elevations refer to mean sea level

Project Structures

Offshore intake structure

Type: capped offshore intake

Location: 1,500 ft offshore (nearshore zone)

Top of cap: El. -17.5

Cap height above intake: 5 ft

Cap size: 28 ft x 33 ft (approx.)

Intake invert: El. -23.3 ft

Intake pipe material: concrete

Intake pipe diameter: 14 ft (inside diameter)

Pipe invert: El. -47.5 ft inlet

Recirculation: gates located in intake pipe

Mammal exclusion barrier: bars approx 18 in. on center within velocity cap
Onshore screenhouse

Length: 112 ft

Guide vanes: 2 vanes split flow three ways prior to entering forebay

Forebay: 13 ft x 50 ft

Invert: EIl. -17.0 ft inlet



Table 1 (Continued)

Trash racks
Location: end of forebay
Sections: 2 (20 ft wide 18 ft deep)
Invert: EIl. -17.0 ft
Top: EI. 1.0 ft
Material: steel
Bar spacing: 3 in. openings
Traveling water screens
Location: 19.5 ft downstream of trash racks
Number: 4
Bay width: 11 ft
Invert: EI. -17.0 ft
Top: EI 17.0 ft
Rotation speeds: 1.2 rpm
Width: 10 ft (approx from bay width)
Mesh size and geometry: 3/8 in? openings
Spray nozzle configuration: inside spray nozzles spray front and back (6
nozzles/screen)
Volume: 1,000 gpm
Operation: twice per shift for 20 minutes
Fish return (trough/ pipes): debris trough discharges into trash basket
Trough configuration: single trough leading to Units 1 & 2 discharge pipe
Culvert
Culvert: 14 ft x 11 ft box culvert
Length: 236 ft
Invert entrance: El. -14.5 ft
Invert exit: EI -15.0 ft
Circulating water pump structure
Location: end of culvert downstream of traveling water screens
Length: 112.0 ft
Guide vanes: two vanes split flow three ways prior to entering pump structure
Invert entrance: EI. -15.0 ft
Invert pumps: El. -12.3 ft
Pump bays: 8
Bay width: 9.2 ft
Design: 2 symmetrical halves (4 bays per half)
Bay offset: 10.6 ft back 7.2 ft over
Circulating water pumps
Number of pumps: 8
Type of pumps:
Units 1 & 2: vertical, mixed-flow
Unit 3 & 4: vertical wet-pit
Inlet elevation: -12 ft



Table 1 (Continued)

Flow per pump:
Units 1-3: 98.0 cfs (44,000 gpm)
Unit 4: 103.2 cfs (46,300 gpm)
Total flow
Condensers: 756.2 cfs (339,400 gpm)
Auxiliary: 38.3 cfs (17,200 gpm)
Total: 794.5 cfs (356,600 gpm)
Other water: City of Huntington Beach
Cooling water discharge
Location: 1,200 ft offshore south of intake
Depth: 21.3 ft
Discharge pipe: 14 ft (inside diameter)
Type: open pipe
Transit time: 21.5 minutes (intake to discharge)
A T: 30°F

Power Generation

Fuel Type:
Units 1-4: gas/oil
Plant output: (net)
Units 1 & 2: 215 MW
Units 3 & 4: 225 MW
Total: 880 MW (Units 1-4)
Plant design total: 1,020 MW
Nominal generation: 900 MW
Operating mode: base-load
Plant capacity factor:
Unit 1: 31.5% (2001-2006)
Unit2: 31.0% (2001-2006)
Unit 3: 14.4% (2003-2006)
Unit 4: 12.7% (2003-2006)
Average annual energy: 2,058,950 MWh (approximate)
Other data: Units 3 & 4 were shut down in 1995. Both were repowered: Unit 3 came online on
July 31, 2002, and Unit 4 on August 7, 2003.
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1.0 EXECUTIVE SUMMARY

This report presents data from in-plant and offshore field surveys performed for the AES Huntington
Beach Generating Station (HBGS) Entrainment and Impingement Study. This study was performed to
satisfy California Energy Commission Conditions of Certification BIO-4 and BIO-6 of the AES HBGS
Retool Project. Impingement sampling began in late July 2003, and entrainment and source water
sampling began in September 2003. Field studies were completed in late-August 2004. This report
presents all entrainment, source water, and impingement data collected as part of the study.

Thirty-two entrainment surveys and twelve combined entrainment/source water surveys were
performed from September 2003 through August 2004. Fish larvae from 57 different taxonomic groups
were collected during the entrainment surveys. Unidentifiable CIQ gobies were the most abundant
fishes in the entrainment samples, contributing 37% to the total. This group is comprised of one or more
of the following nearshore gobies that cannot be distinguished during early larval stages: arrow goby
(Clevelandia ios), cheekspot goby (llypnus gilberti), and shadow goby (Quietula y-cauda). Other
abundant larval fish taxa included: northern anchovy (Engraulis mordax; 18%), spotfin croaker
(Roncador stearnsii; 14%), white croaker (Genyonemus lineatus; 7%), and queenfish (Seriphus politus;
5%). Seventy-nine larval fish taxa were collected during the source water surveys. Six taxa comprised
80% of the total fishes collected from the source water samples: CIQ gobies (37%), northern anchovy
(18%), queenfish (10%), white croaker (9%), unidentified croakers (4%), and combtooth blennies
(Hypsoblennius spp.; 3%).

Of the five proposed target invertebrate taxa, only two were collected in entrainment samples: sand crab
(Emerita analoga) and rock crab (Cancer spp.). Sand crab larvae comprised nearly 99% of the
entrained target invertebrate concentration. Almost all of the sand crab larvae were in the earliest stage
of their larval development (zoea stage 1). No California spiny lobster (Panulirus interruptus), market
squid (Loligo opalescens), or ridgeback prawn (Sicyonia ingentis) larvae were collected from
entrainment samples.

CIQ gobies, northern anchovy, and combtooth blennies were assessed using demographic modeling
(Adult Equivalent Loss [AEL] and/or Fecundity Hindcasting [FH]) and the Empirical Transport Model
(ETM). An additional six larval fish taxa, as well as rock crabs (Cancer spp.), were assessed using only
the ETM. Impact assessment modeling could not be performed for salema (Xenistius californiensis) due
to lack of life history parameters and the lack of sufficient larvae at both entrainment and source water
stations during surveys. For fishes, AEL estimates (assuming maximum flow) were 304,125 individuals
(northern anchovy) and 147,493 individuals (CIQ gobies) (Table ES-1). FH estimates ranged from
3,233 adult females (combtooth blennies) to 101,269 adult females (CIQ gobies).
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Table ES-1. Summary of entrainment modeling and impingement estimates for target taxa
assuming maximum cooling water flow. The shoreline distance (km) used in the alongshore
extrapolation of Py is presented in parentheses next to the estimate.

Pm Impingement
Estimated Alongshore + .
Taxon Annual 2:-FH AEL éi?g%sc:}g{?on Offshore No. \Aéi'g)ht
Entrainment Extrapolation

CIQ gobies 113,166,834 202,538 147,493  1.0% (60.9 km) 1.0% 0 0.0
northern anchovy 54,349,017 53,490 304,125 1.2% (72.0 km) 0.7% 2,193 14.9
spotfin croaker 69,701,589 NA NA 0.3% (16.9 km) 0.3% 49 1.8
queenfish 17,809,864 NA NA 0.6% (84.9 km) 0.5% 35,84 648.2
white croaker 17,625,263 NA NA 0.7% (47.8 km) 0.4% 4,903 95.4
black croaker 7,128,127 NA NA 0.1% (19.4 km) 0.05% 65 7.0
salema 11,696,960 NA NA NA NA 46 0.5
blennies 7,165,513 6,466 NA 0.8% (12.8 km) 0.3% 3 0.02
diamond turbot 5,443,118 NA NA 0.6% (16.9 km) 0.3% 0 0.0
California halibut 5,021,168 NA NA 0.3% (30.9 km) 0.08% 21 9.9
shiner perch - - - - - 4,045 51.8
sand crab megalops 69,793 NA NA NA NA - -
Calif. spiny lobster 0 NA NA NA NA 32 19.6
ridgeback rock shrimp 0 NA NA NA NA 0 0.0
market squid 0 NA NA NA NA 7 0.4
rock crab 6,411,171 NA NA 1.1% (26.5 km) 0.8% 5,820 42.1
D. frondosus - NA NA - - 65,15 15.0
two-spotted octopus - NA NA - - 61 254
purple-striped jelly - NA NA - - 53 21.7

NA = Not available due to insufficient life history information or low abundance in entrainment samples.
- = Not analyzed.

Two probability of mortality (P,,) estimates (assuming maximum cooling water flow at the HBGS)
were calculated for each of the target taxa: one based solely on alongshore current movement, and the
other on alongshore current movement and an extrapolation of areal density of larvae offshore to a
distance bounded by either the extrapolated densities or onshore current movement. Larval durations of
target fish taxa ranged from 5 days (spotfin croaker) to 38 days (northern anchovy). The P,, estimates
based on alongshore current displacement ranged from 0.1% to 1.2% (Table ES-1). The length of
coastline (km) used in extrapolating the estimates of P,ranged from 12.8 to 84.9 km (Table ES-1). An
estimate of the area of larval production lost due to entrainment (area of production foregone) can be
estimated by multiplying the Py, estimates by the alongshore source water length and the width of the
source water area sampled (5 km). Estimates of the area of production foregone ranged from 0.11 to
4.47 km?, and averaged 1.50 km? (Table ES-2).
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Table ES-2. Summary of entrainment modeling estimates for target taxa and estimation of area
of production foregone. The shoreline distance (km) used in the alongshore extrapolation of Py,
is presented in parentheses next to the shoreline distance estimate. Estimates assume
maximum cooling water flow at the HBGS.

Estimated P,, Alongshore Shoreline Dlstar_\ce Area of Production
Taxon Annual . (km) of Production 2
. Extrapolation Foregone (km*)
Entrainment Foregone
CIQ gobies 113,166,834 1.0% (60.9 km) 0.604 3.024
n. anchovy 54,349,017 1.2% (72.0 km) 0.894 4471
spotfin croaker 69,701,589 0.3% (16.9 km) 0.050 0.248
queenfish 17,809,864 0.6% (84.9 km) 0.531 2.657
white croaker 17,625,263 0.7% (47.8 km) 0.340 1.699
black croaker 7,128,127 0.1% (19.4 km) 0.023 0.115
salema 11,696,960 NA NA NA
blennies 7,165,513 0.8% (12.8 km) 0.098 0.492
diamond turbot 5,443,118 0.6% (16.9 km) 0.098 0.488
California halibut 5,021,168 0.3% (30.9 km) 0.077 0.386
rock crab 6,411,171 1.1% (26.5 km) 0.284 1.418

A total of 52 normal operation impingement surveys was conducted from July 2003 to July 2004, and
six heat treatment impingement surveys were conducted through July 2004. Results from the weekly
normal operation surveys were extrapolated based on cooling water flow, and summed with heat
treatment results to estimate total annual impingement. A total of 51,082 fishes representing 57 species
and weighing 1,292 kg (2,849 Ibs) was impinged, with most (75%) of the losses attributable to heat
treatments. Queenfish was the most abundant species impinged, accounting for 70% of total abundance.
Other abundant fish species included white croaker, shiner perch (Cymatogaster aggregata), and
northern anchovy. A total of 70,638 macroinvertebrates representing 37 species and weighing 168 kg
(370 Ibs) was impinged, with most (98%) of the losses attributable to normal operations. The most
abundant species were the nudibranch Dendronotus frondosus, yellow rock crab (Cancer anthonyi),
slender rock crab (Cancer gracilis), and brown rock crab (Cancer antennarius).

Estimates of entrainment and impingement of fishes and macroinvertebrates at the HBGS were
compared with local recreational and commercial fishery landings. Four of the larval fish and
invertebrate species assessed have some commercial value: California halibut (Paralichthys
californicus), white croaker, northern anchovy, and rock crabs. Estimated entrainment losses, based on
ETM values, on these commercial fisheries (in 2003 and 2002 dollars) totaled $204 and $224,
respectively. Estimated impingement losses on local commercial fisheries (in 2003 and 2002 dollars)
totaled $1,072 and $823, respectively. If impinged queenfish were included with white croaker in
landing totals, the estimated total losses for 2002 and 2003 would be $2,887 and $2,367, respectively.

Estimated entrainment losses, based on ETM values, on southern California recreational fisheries were
calculated for queenfish, white croaker, California halibut, and spotfin croaker. Entrainment losses
based on alongshore Py, values totaled 7,583 individuals, while losses based on alongshore and offshore
P values totaled 5,757 individuals. In both cases, queenfish comprised the majority (77% or more) of
these losses. Estimated impingement losses on southern California recreational fisheries were
determined using two databases. Impingement losses were equivalent to 1% of southern California
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recreational landings using the RecFIN database, and about 10% of local landings from Huntington
Beach, Newport Beach, and Long Beach, California, as reported in the NOAA Fisheries Los Angeles
Times database. However, there was a large disparity between the most abundant species impinged and
the most abundant species reported in landings.

Calculation Baseline estimates were made for both impingement mortality and entrainment at the
HBGS assuming (1) design (maximum) cooling water flow, and (2) actual cooling water flow during
2004-5. The 2004-5 period was considered to be representative period of facility operations since Units
3&4 were refurbished. No other adjustments to entrainment data were made; however, impingement
mortality estimates were adjusted to take into account the estimated performance of the velocity cap
(82% reduction). The Calculation Baseline estimates for entrainment were 275 million larval fish
entrained using actual flows and 355 million larval fish using design flows. Calculation Baseline
estimates for impingement mortality using actual cooling water flows were 256,000 fish weighing
6,573 kg (14,493 Ibs) and 7,971 shellfish weighing 136 kg (301 Ibs). Using design flows, Calculation
Baseline estimates increased to 373,000 fish weighing 9,546 kg (21,050 Ibs) and 10,886 shellfish
weighing 185 kg (408 Ibs).
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2.0 INTRODUCTION

2.1  BACKGROUND AND OVERVIEW

On July 9, 2004, the U.S. Environmental Protection Agency published the second phase of new
regulations under 8316(b) of the Clean Water Act (CWA) for cooling water intake structures (CWIS)
that applied to existing facilities (Phase Il facilities). The Phase Il Final Rule went into effect in
September 2004, and applied to 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 cooling water system for the existing AES Huntington Beach Generating Station (HBGS) in
Huntington Beach, California (Figure 2-1) withdraws a maximum of 507 mgd for cooling purposes. All
units withdraw cooling water from a single intake that extends approximately 457 m (1,500 ft) offshore
from the HBGS.
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Figure 2-1. Location of the Huntington Beach Generating Station.
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The HBGS was classified as a Phase Il existing facility, and was subject to the 316(b) Phase Il final
regulations. The Phase Il regulations (40 CFR 9, 122-125) established national performance standards
that required reducing impingement mortality by 80 to 95% and entrainment by 60 to 90%. With the
implementation of the final regulations, EPA intended to minimize the adverse environmental impact of
cooling water intake structures by reducing the number of aquatic organisms lost as result of water
withdrawals associated with those intake structures. The Phase Il regulations became effective on
September 7, 2004, and provided facilities with five compliance alternatives:

1. Demonstrate the facility has reduced flow commensurate with a closed-cycle recirculating
system (only applies to the entrainment performance standard) or has reduced design intake
velocity to less than 0.5 feet per second (only applies to the impingement mortality
performance standard);

2. Demonstrate that existing design and construction technologies, operational measures, and/or
restoration measures meet the performance standards;

3. Demonstrate that the facility has selected design and construction technologies, operational
measures, and/or restoration measures that will, in combination with any existing technologies,
operational measures, and/or restoration measures, meet the performance standards;

4. Demonstrate that the facility has installed and properly operates and maintains an approved
technology;

5. Demonstrate that a site-specific determination of BTA is appropriate.

Pursuant to the Phase Il Final Rule, AES submitted the HBGS Proposal for Information Collection
(PIC) to the Santa Ana Regional Water Quality Control Board (SARWQCB) in July 2005. EPA
remanded the Phase Il Final Rule in April 2007; however, AES Huntington Beach is obligated to
complete 316(b) Phase Il compliance measures as required by the NPDES Permit (CA0001163) issued
to the plant.

2.1.1 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 due to the impingement mortality (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. The new 316(b) Phase Il regulations established performance
standards for CWISs of existing power plants that withdraw more than 50 mgd of surface waters and
use more than 25% of the withdrawn water for cooling purposes. The regulations required all large
existing power plants to reduce impingement mortality by 80-95% and to reduce entrainment 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 determined whether a
facility is required to meet the performance standards for only impingement or both impingement and
entrainment.
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The new regulations provided power plants with five options for meeting the performance standards,
but unless a facility could show that it met the standards using the existing intake design or was
installing one of the approved EPA technologies for IM&E reduction, it was required to submit
information documenting its existing levels of IM&E. These data could come from existing data that
may have previously been collected at the facility or a similar facility nearby. The data were then
required to be submitted in an Impingement Mortality and Entrainment (IM&E) Characterization Study
that is one component of the §316(b) Comprehensive Demonstration Study required under the Phase Il
regulations. The impingement mortality component of the studies was not required if the through-screen
intake velocity was less than or equal to 0.5 feet per second (15 centimeters [cm] per second). The
entrainment characterization component was not required if a facility:

(a) Has a capacity utilization rate of less than 15%;
(b) Withdraws cooling water from a lake or reservoir, excluding the Great Lakes; or

(c) 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
the IM&E components of the study were required at the HBGS. Previous 8316(b) Demonstration
studies were done at HBS from October 1978 through September 1980. The entrainment sampling was
conducted at Ormond Beach and San Onofre on a monthly basis, while impingement samples were
collected at the HBGS on approximately a weekly to biweekly basis. A more recent study consisting of
weekly to biweekly entrainment sampling and weekly impingement sampling was conducted from July
2003 to September 2004. A detailed summary of the historical 1M studies is provided in Section 5. As
described in the PIC that AES submitted to the SARWQCB in July 2005, AES proposed to use the
2003-4 entrainment and impingement data for the IM&E Characterization Study.

2.1.2  HBGS NPDES Permit

The current NPDES permit for the HBGS was adopted in August 2006 and required compliance with
316(b) requirements that would be implemented by the Regional Board staff using ‘best professional
judgment’. The requirements in the NPDES permit differed slightly from the Phase Il regulations; they
required a 95% reduction in impingement mortality and a 90% reduction in entrainment. Although the
316(b) Phase Il regulations were remanded by EPA in 2007, the HBGS NPDES permit still required
submittal of Phase Il documents, including a Comprehensive Demonstration Study (CDS). This IM&E
Characterization Study is a requisite section of the HBGS CDS.

2.1.3 Development of the Study Plan

The new 8316(b) regulations required that the plan for the IM&E Characterization Study include
sufficient data to develop a scientifically valid estimate of IM&E including all methods and quality
assurance/quality control procedures for sampling and data analysis. The sampling and data analysis
methods must be appropriate for a quantitative survey and include consideration of the methods used in
other studies performed in the source waterbody. The sampling plan must also include a description of
the study area (including the area of influence of the CWIS), and provide for taxonomic identifications
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of the sampled or evaluated biological assemblages (including all life stages of fish and shellfish) that
are known to be relevant to the development of the plan.

The regulations required that the PIC include summaries of any historical studies characterizing
impingement mortality and entrainment (IM&E), and/or the physical and biological conditions in the
vicinity of the cooling water intake structures and their relevance to the proposed studies. These were
required to assist the SARWQCB in reviewing and commenting on the IM&E study plan. If the data
from previous studies were to be used in characterizing the existing levels of IM&E then the PIC must
demonstrate that the data were representative of current conditions and were collected using appropriate
quality assurance/quality control procedures.

As part of a repowering certification process, AES Huntington Beach was required to perform a
yearlong IM&E study. In accordance with California Energy Commission (CEC) Conditions of
Certification BIO-4 and BIO-6, MBC Applied Environmental Sciences (MBC) and Tenera
Environmental (Tenera) submitted a draft entrainment and impingement study plan to the CEC in
October 2001. After reviewing the study plan, CEC staff and consultants met on 5 October 2001 to
discuss specifics of the study plan. In July 2002, MBC submitted a revised draft study plan to the CEC
and the Biological Resources Research Team (BRRT), which consists of interested parties representing
regulatory agencies, consultants, and the applicant (AES Huntington Beach L.L.C.). Comments and
recommendations to the study plan were submitted by the BRRT and discussed at a meeting on 9
October 2002. The final study plan, which incorporated further comments and recommendations, was
published in July 2003.

2.1.4  Overview of the Study Plan

The entrainment and impingement study was designed to estimate losses of fishes and shellfish due to
operation of the cooling water system of the HBGS. The sampling methodologies and analysis
techniques were derived from recent entrainment and impingement studies conducted for the Diablo
Canyon Power Plant, Morro Bay Power Plant, and Moss Landing Power Plant (Tenera 2000a, 2000b,
2001). Similar projects were performed nation-wide in the last 25 years to comply with Section 316(b)
of the Federal Clean Water Act, including the 1996-1999 study at the Diablo Canyon Power Plant. The
1999-2000 studies at Morro Bay and Moss Landing were performed as part of the California Energy
Commission CEQA process for permitting power plant modernization projects.

For the Huntington Beach entrainment study, the numbers of fishes and target invertebrates entrained
by the generating station were estimated from plankton samples collected just offshore of the intake
structure. Samples collected at the entrainment station and at six other stations extending 4 km upcoast,
downcoast, and offshore the intake structure, were used to estimate the source water populations at risk
of entrainment. For the impingement study, impingement samples were collected from the screening
facility within the generating station.
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2.1.5 Study Plan Objectives

Under the remanded Phase 11 8316(b) regulations, the IM&E Characterization Study must include the
following (for all applicable components):

1. Taxonomic identifications of all life stages of fish, shellfish, and any species protected under
federal, state, or tribal law (including threatened or endangered species) that are in the vicinity
of the CWIS and are susceptible to impingement and entrainment;

2. A characterization of all life stages of fish, shellfish, and any species protected under federal,
state, or tribal law (including threatened or endangered species) identified in the taxonomic
identification noted previously, including a description of the abundance and temporal and
spatial characteristics in the vicinity of the CWIS, based on sufficient data to characterize the
annual, seasonal, and diel variations in the IM&E; and

3. Documentation of current IM&E of all life stages of fish, shellfish, and any protected species

identified previously and an estimate of IM&E to be used as the calculation baseline.
The remanded Phase Il §316(b) regulations provided the SARWQCB with considerable latitude in
determining the level of detail necessary in meeting these objectives and states that “while the
taxonomic identification in item 1 will need to be fairly comprehensive, the quantitative data required in
items 2 and 3 may be more focused on species of concern, and/or species for which data are available.”
If the CDS was based on a given technology, restoration or site-specific standards, the level of detail in
terms of the quantification of the baseline can be tailored to the compliance alternative selected and did
not have to address all species and life stages. Logically it could be based on dominant species and/or
commercially or recreationally important species. Therefore, there was agreement with the working
group (including the SARWQCB) that the impingement sampling would identify, count, weigh, and
measure all collected fishes, crabs, lobsters, shrimp, squid and octopus. This approach was taken to
include all of the impingeable ‘shellfish’ that are recreationally or commercially important and a large
number of species that are not fishery species. It was also agreed that the entrainment sampling would
identify and count all fish larvae, megalops stage larvae for cancrid crabs, megalopae for mole crabs
(sand crabs), ridgeback rock shrimp phyllosoma larvae, California spiny lobster phyllosoma larvae, and
market squid hatchlings.

These data were to be used in developing a characterization of baseline levels of IM&E for the HBGS.
An important feature of the Phase Il regulations was use of the calculation baseline. The calculation
baseline is defined in the regulations as follows:

“Calculation baseline means an estimate of impingement mortality and entrainment that would
occur at your site assuming that: the cooling water system has been designed as a once-
through system; the opening of the cooling water intake structure is located at, and the face of
the standard 3/8-inch mesh traveling screen is oriented parallel to, the shoreline near the
surface of the source waterbody; and the baseline practices, procedures, and structural
configuration are those that your facility would maintain in the absence of any structural or
operational controls, including flow or velocity reductions, implemented in whole or in part for
the purposes of reducing impingement mortality and entrainment. You may also choose to use
the current level of impingement mortality and entrainment as the calculation baseline. The
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calculation baseline may be estimated using: historical impingement mortality and entrainment
data from your facility or another facility with comparable design, operational, and
environmental conditions; current biological data collected in the waterbody in the vicinity of
your cooling water intake structure; or current impingement mortality and entrainment data
collected at your facility. You may request that the calculation baseline be modified to be based
on a location of the opening of the cooling water intake structure at a depth other than at or
near the surface if you can demonstrate to the Director that the other depth would correspond
to a higher baseline level of impingement mortality and/or entrainment.”

As presented in the PIC, the HBGS CWIS does not conform to the calculation baseline. Significant
deviations from the calculation baseline are:

+ The intake is submerged rather than at, or near, the surface;

+ The traveling screens are located more than 1,000 ft from the shoreline rather than at the
shoreline; and

¢ The intake design includes a velocity cap.

The Phase 11 regulations allowed facilities to take credit for deviations from the calculation baseline if it
could demonstrate that these deviations provided reduced levels of IM&E. The approach taken for
calculating baseline levels of IM&E is present in Section 7.0.

Another objective of the study is to provide data that can be used in meeting different alternatives for
compliance that might be used by AES. One approach previously allowed under the Phase I
regulations that was the subject of the court challenge was the use of restoration that could be used, in
whole or in part, to meet the performance standards for IM&E reduction. To this end, source water data
were collected to estimate the sizes of the populations potentially subject to entrainment. The analysis
of IM&E data could be used in determining the amount of restoration necessary to provide a minimum
benefit equivalent to reductions of 95% in impingement mortality and 90% in entrainment. Another
compliance approach allowed the use of cost-cost and cost-benefit tests that ensure that Phase I
facilities not incur costs that would be considered significantly greater than either the costs estimated by
USEPA for these facilities or the economic value of the site-specific environmental benefits that will be
achieved. The study provides data that could be used to estimate the economic value of the
environmental benefit of meeting the performance standards will be evaluated. This analysis would
include evaluation of the costs of meeting the entrainment performance standard after taking any credits
as a result of baseline deviations that can be demonstrated to provide the benefit of fish protection.

2.1.6 Study Plan Approach

The IM&E studies at HBGS were designed to examine losses resulting from both impingement of
juvenile and adult fish and shellfishes on traveling screens at the intake during normal operations and
from entrainment of larval fishes and shellfishes into the cooling water intake system. The sampling
methodologies and analysis techniques were designed to collect the data necessary for compliance with
the Phase 11 §316(b) regulations. The study plan was subject to review by state and federal resource
agency staff and independent scientists.
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Impingement sampling has been conducted at the HBGS since the 1970s. The recent NPDES permits
for the HBGS required impingement sampling monthly during normal operations and during all heat
treatments. The impingement sampling methods used in the IM&E study were similar to the NPDES
monitoring program, but the sampling frequency was increased to weekly.
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30 DESCRIPTION OF THE GENERATING STATION AND
CHARACTERISTICS OF THE SOURCE WATER BODY

The following section describes the HBGS and the surrounding aquatic environment. A description of
the generating station and its cooling water intake system (CWIS) is presented in Sections 3.1 and 3.2.
A description of the physical and biological environments in the vicinity of the HBGS is presented in
Section 3.3.

3.1  DESCRIPTION OF THE GENERATING STATION

The HBGS is located on the Orange County coast in the city of Huntington Beach (Figure 2-1). The
generating station consists of four steam-powered electric generating units. Steam is supplied to each
turbine generator from oil- and gas-fired boilers. Units 1 and 2 are each rated at 215 megawatts (MW)
and Units 3 and 4 are each rated at 225 MW. Units 3 and 4 were operated very sparingly after 1989 and
were retired from service from 1995 until completion of the retool project in 2003. Unit 5, a multiple-
jet-turbine peaker unit (133 MW), was retired from service in 2002. The current total station rating is
880 MW. From October 2005 through December 2006 the HBGS operated at 15% capacity.

3.2  DESCRIPTION OF THE COOLING WATER INTAKE SYSTEM

Ocean water for cooling purposes is supplied to the generating station via a single cooling water
system. Seawater for Units 1-4 is withdrawn from an intake structure located 457 m (1,500 ft) offshore
(Figure 3-1). The intake structure is located in approximately 10 m (33 ft) of water, and rises
approximately 4 m (13 ft) off the bottom. The vertical riser section is 6.4-m inside-diameter (ID), and
the horizontal conduit to the generating station is 4.3-m (21 ft) ID. The vertical riser is fitted with a
velocity cap, and the vertical opening between the riser and the velocity cap is about 1.5 m (5 ft)
(Figure 3-2). Entrance velocities at the point of withdrawal have been measured at 0.6 and 1.2 m/sec
(2 and 4 fps) (FES et al. 1980; McGroddy et al. 1981).

Seawater is drawn into the plant by up to eight circulating water pumps, each capable of delivering
44,000 gallons per minute, or about 63.4 million gallons per day (mgd), for a station maximum of about
507 mgd (1,919,000 m®). The flow is directed to a 4-m x 15.2-m open rectangular forebay and
screening facility within the plant. The screen system is composed of vertical bar racks spaced 76.2 mm
(3”) on center and vertical traveling screens with 9.5-mm (3/8”) mesh designed to remove trash, algae,
marine life, and other incidental debris incoming with the cooling water. After flowing through the
screen system, the cooling water is pumped to two steam condensers, one per turbine generator. At full
load, the temperature increase through the condensers (AT) is approximately 10°C (18°F). After passing
through the condensers the water is directed to a single 4.3-m (14 ft) concrete discharge conduit, which
extends approximately 366 m (1,200 ft) offshore. The discharge structure resembles the intake
structure, except there is no velocity cap. Discharged waters are directed vertically to the surface to
allow for dilution and atmospheric cooling.
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Units 1-4 have closed cooling water systems to cool auxiliary equipment. Demineralized water is
cooled by part of the main cooling stream, which is diverted to a heat exchanger and returned to the
main stream. Each unit diverts about 9,750 gpm (14 mgd), and this water is subsequently elevated
4.6°C (8.3°F) (AES and URS 2000). No modifications to the cooling water system were made as part of
the Repowering Project.

To control the growth of bacteria and other micro-fouling organisms within the cooling water system,
the cooling water is treated with sodium hypochlorite in accordance with the station’s National
Pollutant Discharge Elimination System (NPDES) permit. Biofouling within the cooling water conduits
and forebay is controlled by heat treatment. During heat treatments, a portion of the heated discharge
water is diverted into the forebay and intake conduits until the water temperature rises to approximately
40.5°C (105°F) (Figure 3-3). Temperature of discharge waters during this procedure is about 44° to
50°C (112° to 122°F). This temperature is maintained for about one hour, during which time all
mussels, barnacles, fishes, and other invertebrates within the cooling water system succumb to the high
water temperature. This procedure has been used for decades at most of southern California’s coastal
generating stations (Graham et al. 1977), and is done in compliance with NPDES permit limitations.
Divers also periodically remove accumulated debris, such as mussel and barnacle shells and sand, from
the forebay and in-plant conduits.
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Figure 3-1. Schematic of the HBGS cooling water intake system.
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Daily cooling water flow volumes at the HBGS from July 2003 through December 2005 are depicted in
Figure 3-4. There is almost always at least one cooling water pump in operation at the HBGS. Highest
flows generally occur in summer and fall, with decreased flows in winter and spring. Cooling flow
averaged 366.0 mgd from July through December 2003, 362.8 mgd in 2004 and 322.9 mgd in 2005.
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Figure 3-4. Daily cooling water flow volumes at the HBGS, 2004-5. (Blue line indicates 2003-4
study period (Maximum flow = 507 mgd).

3.3  ENVIRONMENTAL SETTING

The following section describes the physical and biological environments in the vicinity of the HBGS.

3.3.1 Physical Description

The physical and biological characteristics of the subtidal environment off Huntington Beach have been
studied extensively by the Huntington Beach Generating Station operators (SCE and AES Huntington
Beach L.L.C.) and by the Orange County Sanitation District (OCSD), which discharges primary- and
secondary-treated wastewater from a diffuser outfall about four nautical miles offshore the generating
station in about 60 m (197 ft) of water. Studies performed for the generating station have examined the
physical and biological characteristics of the nearshore zone (depths to about 10 m [33 ft]), while
studies performed by OCSD have been focused in deeper waters around the wastewater outfall.

The coastline of Huntington Beach runs, in general, from west-northwest to east-southeast. The
continental shelf offshore the generating station is gently sloping; the 30-m (98 ft) isobath is nearly 6.4
km (4 mile) from shore. Subtidal sediments are predominantly sand, with lesser amounts of silt and clay
(OCSD 2000, 2003a). Off Huntington Beach, grain size generally decreases with depth, grain size
generally increases upcoast from the OCSD wastewater outfall, and the Newport and San Gabriel
Submarine Canyons (downcoast and upcoast of the generating station, respectively) are depositional
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areas. The nearest stand of giant kelp (Macrocystis pyrifera) is located inside the Newport Harbor
entrance jetty 11.0 km (6.8 mile) downcoast.

3311 Huntington State Beach

The Huntington Beach Generating Station is located just across Pacific Coast Highway (inland) from
the Huntington State Beach, and the intake and discharge structures for the generating station are just
offshore the state beach. The state beach is a little over two miles in length, extending north from the
Santa Ana River mouth past the generating station to Beach Boulevard. At Beach Boulevard, the state
beach borders the Huntington City Beach. Over 11 million people visit the beaches of Huntington
Beach annually.

3312 Santa Ana River and Talbert Marsh

The mouth of the Santa Ana River is approximately 2.4 km (1.5 mile) downcoast from the generating
station. The Santa Ana River is the largest river system in southern California, with a watershed of
about 634,550 hectare (2,450 mi%). Flow volume in the river is intermittent, and is partially dependent
on the amount of precipitation in the watershed. Diversion and storage of water behind dams during
winter and subsequent slow release during summer result in continual flow in some stretches of the
river that would be dry otherwise (MBC 2000). In addition, there is year-round input from dischargers,
including wastewater treatment facilities. Talbert Marsh is a recently restored salt marsh located just
west of the Santa Ana River mouth. The marsh, which was previously isolated from tidal exchange, was
restored in the late 1980s, and is connected to the ocean through a 30-m (98 ft) wide entrance channel
adjacent to the river mouth. Both the Santa Ana River and Talbert Marsh are sources of fecal indicator
bacteria (fecal coliform and enterococcus) during ebb tides, and these bacteria are transported parallel
to shoreline resulting in frequent beach postings in the vicinity of the generating station (Kim et al.
2004).

3.3.2 Biological Resources

The following section describes the aquatic biological communities in the vicinity of the HBGS,
including both invertebrate and fish communities.

3321 |Invertebrate Communities

Infaunal organisms off Huntington Beach were studied annually from 1975 through 1993 (MBC 1993).
In the 19 years of sampling, an average of 43 individuals representing 17 species was collected per liter
of sediment. Dominant species included the polychaetes Apoprionospio pygmaea and Goniada littorea,
the amphipod Rhepoxynius menziesi, the cumacean Diastylopsis tenuis, and the gastropod Olivella
baetica. These species are common in the sandy nearshore environments of southern California (Morris
et al. 1980).

Diver surveys at four to six locations offshore the generating station were conducted annually from
1975 through 2001 (MBC 2001). On average, divers observed 34 benthic macrofaunal species per year
during the surveys, though interannual variation was high, ranging from 22 species in 1975 to 55
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species in 1984. Average density of organisms recorded by divers was 61 individuals per m? with
values ranging from 12 individuals per m* (1976 and 1977) to 161 individuals per m? (1989). In 2001,
biologist-divers recorded 25 species at an average density of 51 individuals per m?. Polychaete worms
were numerically dominant in 2001, comprising 79% of the total abundance, followed by arthropods
with 13%. A single species, the onuphid polychaete Diopatra splendidissima, accounted for 75% of the
abundance. This species provides stability to the sediments and enhances the diversity of the bottom
community by providing habitat for macrofaunal inhabitants of the shallow sandy subtidal. The density
of many other macrofaunal species is intimately tied to that of Diopatra as it effectively acts as a
biological artificial reef on an otherwise featureless sandy bottom. Diopatra tubes are colonized by
larval organisms that require stable substrate for attachment, such as slippersnails, kelp scallops,
barnacles, hydroids, bryozoans, and tube-building amphipods. Small, unidentified spider crabs
(Majidae) comprised 9% of the abundance in 2001, followed by the slippersnail Crepidula adunca
(4%), Maldanid worms (3%), barnacles in the genus Balanus (3%), and brittlestars (Ophiuroidea; 2%).

A total of 10 epibenthic macroinvertebrate species was collected during the 2001 trawl surveys offshore
the generating station (MBC 2001). The most abundant species was the spiny sand star Astropecten
armatus, comprising 34% of trawl-caught abundance. Other abundant trawl-caught invertebrates
included the penicillate jellyfish (Polyorchis penicillatus; 24%), tuberculate pear crab (Pyromaia
tuberculata; 18%), blackspotted bay shrimp (Crangon nigromaculata; 14%), and Pacific sand dollar
(Dendraster excentricus; 5%).

A total of 30 macroinvertebrate species was collected in the 2002 fish impingement surveys at the
generating station (MBC 2003a). The dominant species were the opalescent nudibranch (Hermissenda
crassicornis), yellow rock crab (Cancer anthonyi), frond-aeolis (Dendronotus frondosus), tuberculate
pear crab, and Pacific rock crab (Cancer antennarius). From 1994 through 2002, other abundant species
impinged at the generating station were giant frond-aeolis (Dendronotus iris), penicillate jellyfish, red
rock shrimp (Lysmata californica), common salp (Thetys vagina), California aglaja (Navanax inermis),
and graceful rock crab (Cancer gracilis).

The intertidal community adjacent to the generating station was studied quarterly in 1971 and 1972
(EQA/MBC 1973). The major components of the intertidal community were the polychaetes
Hemipodus borealis, Nephtys californiensis, and Nerinides acuta, the sand crab Emerita analoga, the
Pismo clam Tivela stultorum, and the bean clam Donax gouldii. Species richness and densities of these
species were lower than those recorded at similar sites in southern California. It was concluded that
several factors, potentially including wave action and disturbance from beach-goers, limited the
population.

3322 Fish Communities

Demersal fish surveys were conducted off the HBGS annually since 1976 (MBC 2001). Six to twelve
trawls were performed at stations directly offshore the generating station, and 1.6 km (1 mile) upcoast
and downcoast from the generating station. At least 64 species of fishes have been collected in the trawl
surveys. The catch was numerically dominated by northern anchovy (Engraulis mordax; 50%), white
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croaker (Genyonemus lineatus; 27%), and queenfish (Seriphus politus; 18%). Combined, these three
species accounted for more than 95% of the trawl-caught fish abundance.

Other historically abundant species include surfperches, such as white seaperch (Phanerodon furcatus),
walleye surfperch (Hyperprosopon argenteum), barred surfperch (Amphistichus argenteus), and shiner
perch (Cymatogaster aggregata), and flatfishes such as California halibut (Paralichthys californicus)
and speckled sanddab (Citharichthys stigmaeus). Numbers of several surfperches collected by trawl and
in fish impingement surveys declined by more than 90% between 1979 and 1984, and abundances have
remained relatively low since then. This coincided with a warming of ocean waters in southern
California (Beck and Herbinson 2003), as well as a decrease in upwelling (Allen et al. 2003). Numbers
of California halibut collected by trawl declined in 1994 when sampling effort was halved.

In-plant fish impingement sampling has been conducted since the 1970s. From 1979 through 2002,
gueenfish was the dominant species in impingement samples, comprising 82 percent of the total
abundance (MBC 2003a). Similar to trawl catches off the generating station, white croaker and northern
anchovy were also abundant in impingement samples, accounting for 6% and 3% of the total
abundance, respectively. Other abundant species were walleye surfperch, white seaperch, Pacific
pompano (Peprilus simillimus), California grunion (Leuresthes tenuis), jacksmelt (Atherinopsis
californiensis), shiner perch, and deepbody anchovy (Anchoa compressa). Similar to long-term trends
observed in the trawl data, numbers of walleye surfperch, white seaperch, and Pacific pompano
declined dramatically from 1979 through 1984. In 2002, the most abundant fish species impinged were
gueenfish (83%), white croaker (4%), shiner perch (2%), jacksmelt (2%), and deepbody anchovy (1%).

Two of California Department of Fish and Game’s Catch Blocks are located directly offshore the
HBGS: Blocks 738 and 739. Though ports of origin for most landings are reported from San Pedro,
Terminal Island, and Newport Beach, some are reported from as far away as San Diego and San
Francisco. From 1999 through 2001, three-year top commercial landings in Block 738 included Pacific
sardine (Sardinops sagax; 10,841 metric tons), market squid (Loligo opalescens; 953 metric tons),
Pacific mackerel (Scomber japonicus; 544 metric tons), northern anchovy (408 metric tons), California
spiny lobster (Panulirus interruptus; 36 metric tons), and jack mackerel (Trachurus symmetricus; 27
metric tons) (CDFG 2002). The pelagic species (Pacific sardine, market squid, Pacific mackerel,
northern anchovy, and jack mackerel) were generally caught by purse seine, drum seine, and long-line,
while California spiny lobster were collected by crab/lobster trap. Landings of Pacific sardine ranked
first economically ($13.3 million from 1999-2001), followed by Pacific mackerel ($1.0 million), market
squid ($0.5 million), and northern anchovy ($0.39 million). From 1975 to 1981, the annual commercial
catch in Catch Block 738 was fairly stable, ranging from 590 to 1,179 metric tons, and then increased to
over 3,175 metric tons in 1982 due to a large increase in northern anchovy landings. From 1983 to
1986, landings in Block 738 declined to 32 to 82 metric tons. From 1999 through 2001, landings in
Block 738 ranged from 372 to 6,895 metric tons per year.

From 1999 through 2001, top commercial landings in Block 739 included Pacific sardine (19,187
metric tons), Pacific mackerel (2,585 metric tons), market squid (1,315 metric tons), northern anchovy
(544 metric tons), jack mackerel (136 metric tons), and California halibut (68 metric tons). Jack
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mackerel were caught primarily by purse seine; Pacific sardine, market squid, and northern anchovy by
purse seine and drum seine; Pacific mackerel by purse seine, set gillnet and set longline; and California
halibut by gillnet and trawl. Economically important landings included Pacific sardine ($1.8 million),
California halibut ($0.49 million), Pacific mackerel ($0.33 million), and market squid ($0.26 million).

A setline dory fishery off Newport Beach has existed since 1891, and is one of the few traditional dory
fisheries remaining on the west coast. Fisherman use dories launched from the shores of Newport Beach
to fish on the continental shelf and slope with setlines at depths of about 100 to 600 m (328 to 1,969 ft).
In a yearlong study of the fishery in 1983 and 1984, most of the fishing was concentrated at slope
depths of 380 to 580 m (1,247 to 1,903 ft) (Cross 1984). Some of the fishing areas frequented in that
study were located about 10 km (6.2 mile) directly offshore the HBGS. Principal species landed in this
localized fishery include sablefish (Anoplopoma fimbria), thornyhead (Sebastolobus spp.), and
rockfishes (Sebastes spp.). While dory landings of these species pale in comparison to overall
commercial landings, they represent a fishery that has changed little in over 110 years.

In 1987, seven species of fishes were collected by a variety of methods from the tidally influenced
lower Santa Ana River, which is concrete-lined (Marsh 1992). Only two species were native: California
killifish (Fundulus parvipinnis) and striped mullet (Mugil cephalus). The other five species were
introduced, and included common carp (Cyprinus carpio), fathead minnow (Pimephales promelas),
mosquitofish (Gambusia affinis), green sunfish (Lepomis cyamellus), and Mozambique tilapia (Tilapia
mossambica). Of these seven species, only three were impinged at the HBGS from 1979 through 2002.
Mozambique tilapia occurred in 11 of the last 24 years, but not after 1998 (MBC 2003a). The highest
annual impingement for this species was 105 individuals in 1983. Eleven California killifish were
impinged in 1995, and three striped mullet were impinged in 1979.

From 1989 through 1990 eleven species of fishes were collected by beach seine from Talbert Marsh
(Gorman et al. 1990). California killifish, topsmelt (Atherinops affinis), Pacific staghorn sculpin
(Leptocottus armatus), and arrow goby (Clevelandia ios) were the most abundant species. Fishes
collected in small numbers (10 individuals or less) included shiner perch, white croaker, longjaw
mudsucker (Gillichthys mirabilis), walleye surfperch, bay goby (Lepidogobius lepidus), California
halibut, and bay pipefish (Syngnathus leptorhynchus).
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40 COOLING WATER INTAKE STRUCTURE ENTRAINMENT AND
SOURCE WATER STUDY

4.1 INTRODUCTION

The purpose of the entrainment study is to determine the extent of potential impacts from the operation
of the cooling water system of the HBGS on larval fishes and selected invertebrate larvae (target
species). Entrainment refers to the incorporation of aquatic organisms into the cooling water intake
structure of the generating station. The entrainment study focuses on larval life stages, while the
impingement study focuses on juvenile and adult forms. The entrainment sampling plan was designed
to characterize the composition and abundance of those organisms both 1) entrained by the generating
station, and 2) present in the source waters and potentially at risk of entrainment.

41.1 Species to be Analyzed

Several types of organisms are susceptible to entrainment by the generating station. The intent of this
study is to estimate entrainment effects on two types of organisms: fish larvae and larvae of the
following invertebrate species: rock crabs (Cancer spp.), market squid (Loligo opalescens), California
spiny lobster (Panulirus interruptus), ridgeback rock shrimp (Sicyonia ingentis), and sand crab
(Emerita analoga). Assessment of entrainment effects were 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.

42 METHODS

The sampling plan and analysis techniques of the Entrainment and Impingement Study were developed
by the Biological Resources Research Team (BRRT), which was formed by the California Energy
Commission (CEC). The BRRT consisted of representatives of AES Huntington Beach L.L.C., MBC
Applied Environmental Sciences, Tenera Environmental, California Energy Commission staff and
consultants, Santa Ana Regional Water Quality Control Board, U.S. Fish and Wildlife Service, National
Marine Fisheries Service, California Department of Fish and Game, and the California Coastal
Commission. Members of the BRRT reviewed and commented on two drafts of the study plan, the first
quarterly data report, and the Six-Month and Nine-Month Reports.

4.2.1 Field Sampling

4211 Entrainment

To determine composition and abundance of ichthyoplankton entrained by the generating station,
sampling in the immediate proximity of the cooling water intake was conducted twice monthly in
September and October 2003, weekly from November 2003 through July 2004, and twice during
August 2004. During each sampling event, two replicate tows at the entrainment station were collected
four times per 24-hr period—once every six hours. Sampling cycles were initiated at approximately
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Entrainment and Source Water Study

1200 hr, 1800 hr, 2400 hr, and 0600 hr. The second and fourth cycles were initiated to correspond with

sunset and sunrise, respectively.

Sampling was conducted offshore (within 100 m [328 ft]) of the submerged intake structure (Figure 4-
1) using an oblique tow that sampled the water column from approximately 13 cm (5.12 in) off the
bottom and then back to the surface. Two replicate tows were taken with a minimum target sample
volume of 30 to 40 m® (1,059 to 1,413 ft°) for each net on the bongo frame. The net was redeployed if

the target volume was not collected during the initial tow.

3

2

Kilometers
(Depths in fathoms)

Huntington Beach

Santa Ana River

Newport Beach

Figure 4-1. Location of entrainment (E) and source water sampling stations (U4, U2, D2, D4, O2,
and 0O4), where U, D, and O designate stations upcoast, downcoast, and offshore of the intake,

respectively. Also shown are the 6-fathom (11-m), 10-fathom (18-m), and 20-fathom (36-m)

isobaths.
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The wheeled bongo frame was fitted with 60-cm (23.6 in) diameter net rings with plankton nets
constructed of 333-um Nitex® nylon mesh, similar to the nets used by the California Cooperative
Oceanic Fisheries Investigations (CalCOFI). Each net was fitted with a Dacron sleeve and a cod-end
container to retain the organisms. Each net was equipped with a calibrated General Oceanics®
flowmeter, allowing the calculation of the amount of water filtered. At the end of each tow, nets were
retrieved and the contents of the net gently rinsed into the cod-end with seawater. Contents were
washed down from the outside of the net to avoid the introduction of plankton from the wash-down
water. Samples were then carefully transferred to prelabeled jars with preprinted internal labels.
Samples from one of the two nets were preserved in 4% buffered formalin-seawater, while contents of
the other net were preserved in 70 to 80% ethanol. The larvae preserved in the ethanol would be
available for genetic and/or otolith analysis, if required. Genetic analyses have been performed in recent
studies in attempts to validate the identity of certain species.

4212 Source Water Sampling

To determine composition and abundance of ichthyoplankton in the HBGS source water, sampling was
conducted monthly in September and October 2003, twice per month from November 2003 through
July 2004 (during the peak spawning period for fishes in late winter and spring), and once in August
2004.

Besides the entrainment station, source water sampling occurred at six additional source water stations
located upcoast, downcoast, and offshore from the intake structure (Figure 4-1). Two source water
stations were located 2 km (1.2 mile) and 4 km (2.5 mile) upcoast (U2 and U4) and downcoast (D2 and
D4) from the intake on the intake isobath, and two stations were located approximately 1.5 km (0.9
mile) and 3 km (1.9 mile) offshore (O2 and O4) from the intake structure. Water depth at the upcoast
and downcoast stations is similar to the depth at the intake (9.5 m [31.2 ft]) while the depth at the two
offshore stations is approximately 14 m (45.9 ft) and 22 m (72.2 ft). Tows were performed in the same
manner as the entrainment tows (obliquely). The sampling grid is similar in design to that used during
the study of cooling water system effects at the San Onofre Nuclear Generating Station (Barnett et al.
1983).

All stations were sampled with a wheeled bongo using the same oblique tow technique described for the
entrainment sampling. During each source water survey, the additional six source water stations (plus
the entrainment station) were sampled four times per 24-hr period—once every six hours. Two
replicates were collected at each station during each of the four sampling periods. During sampling at
the seven stations (six source water plus one entrainment), the entrainment station was always
bracketed by the source water station sampling.

Conductivity, temperature, and depth (CTD) profiles were collected at both entrainment and source
water stations during most surveys, beginning with the second survey in September 2003 and ending
August 2004. The purpose of these profiles was to determine if any oceanographic features, such as
influxes of brackish or fresh water from nearby marshes, were related to the distribution of larval fishes
in the study area.
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4.2.2 Laboratory Analysis

Ichthyoplankton samples were returned to the laboratory, and after approximately 72 hours the samples
preserved in 4% buffered formalin-seawater were transferred to 70-80% ethanol before processing.
One net from each replicate was processed from the entrainment surveys. Only the samples initially
preserved in formalin from the first of the two bimonthly source water surveys (November through
July) were processed. Samples were examined under dissecting microscopes and fish larvae and
targeted invertebrate larvae were separated from debris and other zooplankton. Larvae were identified
to the lowest practical taxonomic level (species for most larvae) and enumerated. Fish eggs were not
sorted or identified, as their taxonomy remains difficult and time-consuming.

Myomere counts and pigmentation patterns were used to identify the larval fishes; however this was
problematic for some species. Some larval fishes could not be identified to the species level using
microscopic techniques and were recorded at the lowest taxonomic classification possible (e.g., genus
or family level). For example, many species of the family Gobiidae share morphologic and meristic
characters during early life stages (Moser 1996) making identifications to the species level difficult.
Larvae of the arrow goby (Clevelandia ios), cheekspot goby (llypnus gilberti), and shadow goby
(Quietula y-cauda) are difficult to identify to species when they are newly hatched. Therefore, 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 three sympatric species that could occur in the area cannot be
distinguished from each other on the basis of morphometrics or meristics at the smaller sizes common
in the samples. Therefore, the combtooth blennies were grouped into an “unidentified combtooth
blennies” category (e.g., Hypsoblennius spp.).

A number of larvae from the Family Sciaenidae (croakers) were collected during the study. The larvae
in this family are recognized by their relatively large, somewhat bulbous head, compact coiled gut and
relatively slender, tapering tail. Pigmentation ranges from light (e.g., white croaker) to heavy (e.g.,
white seabass Atractoscion nobilis) (Moser 1996). A great majority of yolk-sac stage larvae collected
during the summer surveys belonged to the family Sciaenidae. Identification to the species level for
these early developmental stages is very difficult because some of the species (e.g., queenfish and
spotfin croaker Roncador stearnsii) have similar initial pigmentation patterns along the dorsal margin,
migrating down as the larvae develop. White seabass, black croaker Cheilotrema saturnum, California
corbina Menticirrhus undulatus, and yellowfin croaker Umbrina roncador have moderate to heavy
pigmentation for this developmental stage allowing them to be separated from other species of
sciaenids. The white croaker has a distinct pigmentation pattern that allows it to be separated from other
sciaenids. Despite these difficulties in identifying the yolk-sac stages of this family, unidentified yolk-
sac sciaenid larvae accounted for only 12% of the total sciaenid larvae collected from the entrainment
station. Therefore, the individual species were not combined into a single group for analysis because of
the difficulty in interpreting the results for a taxonomic grouping that includes both commercial and
non-commercial species with varying life histories. In addition, the primary method of assessment, the
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Empirical Transport Model, uses an estimate of plant-induced mortality that would not be affected by
small changes in the estimates from the entrainment and source water sampling as long as the
proportion between the two estimates didn’t change.

The lengths (notochord/standard lengths) of larvae collected from the entrainment station were
measured to estimate the age of the entrained larvae. A representative number of individual larvae of
each of the most abundant taxa, or species with recreational or commercial fishery importance,
collected during each survey, were measured using a video capture system and Optimus™ image
analysis software. The average length calculated from these measurements was used to estimate the
average age of the larvae by dividing the difference between the average and minimum lengths by a
larval growth rate (mm/d) obtained from the scientific literature for the species or a closely related
species. The 1st percentile value was used as the minimum length to account for outliers in the
measurements. The difference between the 1st and 95th percentile values was used to estimate the
maximum period of time that the larvae would be exposed to entrainment.

4.2.3 Data Analysis

The following sections describe how the collected data were processed and analyzed.

4231 Entrainment Estimates

Entrainment estimates were derived using larval concentrations from field samples and maximum
cooling water flow volume at the HBGS. The precursor to the AEL and FH calculations is an estimate
of total annual larval entrainment. Estimates of larval entrainment at HBGS were based on weekly
sampling where Er is the estimate of total entrainment for the study period and E; is the weekly
entrainment estimate. Estimates of entrainment for the study period are 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 is based on a stratified random sampling scheme with four temporal cycles and
two replicates per cycle.

4232 Entrainment Impact Assessment

Estimates of daily larval entrainment for the sampling period from September 2003 through August
2004 at HBGS were calculated from data collected at the entrainment station. Assessment of
entrainment effects were limited to the most abundant fish taxa (target taxa) that together comprised
90% of all larvae entrained and/or juveniles and adults impinged by the generating station. 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 (AEL) 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) and used
to estimate the probability of mortality (P,,) due to entrainment using the Empirical Transport Model
(ETM). In the HBGS entrainment and impingement studies each approach (e.g., AEL, FH, and ETM), as
appropriate for each target taxon, was used to assess effects of power plant losses.
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4.2.3.2.1 Demographic Models

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) provided an early example of the equivalent adult model
(EAM) to convert numbers of entrained early life stages of fishes to their hypothetical adult
equivalency. Goodyear (1978) extended the method to include the extrapolation of impinged juvenile
losses to equivalent adults.

Demographic approaches, exemplified by the EAM, 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 the HBGS: AEL,
which expresses effects as absolute losses of numbers of adults, and FH, which estimates the number of
adult females 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 hatching and the average size of the larvae from
entrainment by the growth rate obtained from the literature.

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 are 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 well-studied species (e.g., northern anchovy), portions of early mortality schedules
and fecundity have been reported. 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.
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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.

4.2.3.2.1.1 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 mortality 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 Ej, 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=Y"E;S, 0

=

where
N = number of age classes from the average age at entrainment to adult recruitment;
E; = estimated number of larvae lost in age class j; and

S;j = survival probability for the J th class to adulthood (Goodyear 1978).

Age-specific survival rates from the average age at entrainment to recruitment into the fishery must be
included in this assessment method. The average age at entrainment was estimated from lengths of a
representative sample of larvae measured from the entrainment samples (Section 4.2.2). 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.

An alternative expression of adult-equivalent loss would be to standardize AEL by the size of the adult
population of interest to estimate the relative magnitude of the equivalent adult loss such that,

—

@:E, @)

5
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where P = estimated size of the adult population of interest. Information on adult source populations
will be limited for many species and thereby limit the utility of Equation (2), although the same
approach will be used to place the estimated losses into context for taxa with published commercial or
recreational fishery catch data.

4.2.3.2.1.2 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
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 adult loss 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 a single female’s
reproductive potential is equivalent to the loss of two adult fish, assuming a 50:50 male:female ratio.

In the FH approach, the total larval entrainment for a species, Er, was projected backward from the
average age at entrainment to estimate the number of breeding females required to provide the numbers
of larvae seen in the entrainment samples. The estimated number of breeding females FH whose
fecundity is equal to the total loss of entrained larvae was calculated as follows:

—~

— E.
FH=—"7— &)
TLF H S,
j=1
where
Et = total entrainment estimate;
Sj = survival rate from eggs to entrained larvae of the | th 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 TLF and survival rates S; from
spawning to the average age at entrainment. The average age at entrainment was estimated from lengths
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of a representative sample of larvae measured from the entrainment samples (Section 4.2.2).
Descriptions of these parameters may be limited for many species and are a possible limitation of the
method. TLF is approximated using the “average” age for the females using the following formula:

TLF = Average eggs/yearxAverage number of years of reproductive life

= Average eggs/year - E Longevity - Age at maturation j .

2

An alternative interpretation of FH is possible by expressing the estimate in terms of the relative size of
the adult fish stock in the source populations where

REH =M @
P

T

where P = estimated size of the adult population of interest. Information on adult source populations
will be limited for many species and thereby limit the utility of Equation (4), although the same
approach can be used to place the estimated losses into context for taxa with published commercial or
recreational fishery catch data where RFH is the proportion of the breeding females whose fecundity
was lost due to entrainment by the HBGS.

4.2.3.2.2 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 coastal waters
around the HBGS intake is used to estimate the source population for the same period.

On any one sampling day, the conditional entrainment mortality can be expressed as

—~

PE, _5 )
N.

where
E; = total numbers of larvae entrained during the i th survey; and
Ni = 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 the cooling water system flow and source water areas. The abundance of larvae at risk
in the source water during the i'" survey can be directly expressed as
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Ni = zvsk .ﬁik (6)

where V denotes the static volume of the source water at station k, and Eik denotes an estimate of the

average larval concentration in the source water for station k during survey i. The number of source
water stations include seven sampled stations (E, D1, D2, U1, U2, O1, and O2) and two areas (I1 and
12) where the concentrations were interpolated using an inverse distance weighted average of the
concentrations at the other stations (Figure 3-2). This was done to allow for a rectangular shaped source
water area that could be extrapolated using alongshore current displacement, otherwise the layout of the
sampling locations would have required separate source water estimates for the offshore (O1 and 02)
and alongshore station areas (E, D1, D2, U1, and U2).

Regardless of whether the species has a single spawning period per year or multiple overlapping
spawnings the estimate of total larval entrainment mortality can be expressed by

Py =1-) 1 (1-PE-R ) G

i=1
where
g = number of days the larvae are exposed to entrainment,
Ps = the proportion of the sampled source water population to the total source water population
vulnerable to entrainment, and

f; = estimated fraction of total larval population present during the i th survey.
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Figure 4-2. Bathymetry and areas used in calculating sampling volumes for each station used in
calculating source water for ETM calculations. Station E is located near the intake where the
entrainment samples were collected. Source water stations U4, U2, D2, D4, 02, and O4
designate stations upcoast (U), downcoast (D), and offshore (O) of the intake, respectively.
Concentrations in areas |11 and 12 were interpolated using an inverse distance-weighted average
from the concentrations collected at the other stations.

To establish independent survey estimates, it is 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 1st and 95th percentile values
of length measurements from the entrainment samples (Section 4.2.2). Each of the monthly surveys is
weighted by f; and estimated as the proportion of the total population at risk during the i"" survey period.
In the original study plan we proposed to use the proportion of the larvae entrained during each i"
survey period as the weights for the ETM model. The weights were proposed to be calculated as

follows:
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fi=——, (8)

where E; is the estimated entrainment during the it survey period, and Erotar is the estimated
entrainment for the entire study period. Equation 8 conflicts with Equation 5 for PE that uses the
population in the source water during the i" survey period to define the population at risk. The weights
calculated using Equation 8 redefine the population at risk as the population entrained and represent a
logical inconsistency in the model as presented in the study plan. If the weights are meant to represent
the proportion of the population at risk during each survey then the weights should be calculated as
follows:

fi=——, ©)

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

As shown in Equations 5 and 6 the estimates of PE are based on larval population estimates within
specific volumes of water. While a reasonably accurate estimate of the volume of the cooling water
intake flow can be obtained, estimating the volume of the source water is more difficult and will vary
depending upon oceanographic conditions and taxa group. Estimates of Py, were calculated using two
estimates for Ps, the proportion of the sampled source water population to the total source population.
One estimate was based on alongshore and onshore current displacement while the other used only
alongshore current displacement. The current displacement was calculated over the period of time that
the larvae were estimated to be exposed to entrainment. This period of time was estimated using length
data from a representative number of larvae (100-200) from the entrainment samples for each target
taxon. The maximum age was calculated as the upper 95™ percentile value of the lengths measured
from the samples. The maximum age at entrainment was calculated by dividing the difference between
the upper 95™ percentile values of the lengths and the lower 1% percentile value of the lengths by an
estimated larval growth rate.

The incorporation of Ps into the ETM model is typically defined as 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). If an estimate of the larval (or adult) population in the larger area is available, it can also be
computed using the estimate of the larval or adult population in the study grid, defined by Ricker (1975)
as the proportion of the parental stock. If the distribution in the larger area is assumed to be uniform,
then the value of Ps for the proportion of the population will be the same as the proportion computed
using area or volume. For target taxa whose larval distribution extends to the offshore edge of the study
grid, Ps will be calculated as the ratio:
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P, =Ng/N, (10)

where Ng is the number of larvae in the study grid, and Np is the number of larvae in the population of
inference. The numerator Ng is the same as estimate, S; (Equation 5), used in the calculation of PE, i.e.

9 j—
Ng. :Z'Abk -Dy *Pik s (11)

where
Ask = area of source water sampling area station k,
D, = average depth of the k th station, and

Py = concentration (per m?) of larvae in kth station during survey i.

Np was estimated by offshore and alongshore extrapolation of the study grid concentrations, using water
current measurements. First, a conceptual model was formulated to extrapolate larval concentrations
(per m®) offshore of the grid:

= (12)

where

LGk = alongshore length of source water sampling area station k,

W, = average width of the k th station,

D, = average depth of the k th station,

—~

P, = estimated average concentration (per m?) of larvae in k th station,

Kmax = index of offshore extent, based on current data
and

L, =alongshore length of the population based on current data,
k

The denominator in Equation 12 includes an extrapolation offshore that is a discrete version of a
conceptually continuous function. Therefore, to ease implementation, an essentially equivalent
formulation that incorporates the use of the sampling station concentrations for stations E, 02, and 04
during the i" survey and integrates a linear extrapolation of density (per m?) calculated by multiplying
the density by the station depth as a function of offshore distance:
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~ N Ng,
PS'ZNAlva-NA K ' (13)
A Zqu LP. . p(W)dW
k=1 LGik A
where

L, = alongshore length of the population (P) in the i th study period based on current data,

p(w) = density of larvae (per m?) as a linear function of w, distance offshore, and

Whax, Wo = limits of integration for extrapolation outside study grid.

The limits of the integration are from the offshore margin of Station O4 to a point estimated by the
onshore movement of currents, where the extrapolated density is zero, or to the edge of the shelf at a
depth of 75 m (246 ft) (distance of 8,500 m [27,887 ft]). Note that the population number, Np, is
composed of two components that represent the alongshore extrapolation of the sampled source
population and the offshore extrapolation of the sampled source population.

Parameter values needed in performing the extrapolation were obtained through a regression analysis
using the data from all of the surveys. This resulted in the calculation of a common slope and intercept
for all of the surveys for each of the target taxa. The differences in onshore currents changed the limit of
the extrapolation used for each survey.

For a Ps using only alongshore current, displacement was calculated without using the offshore
extrapolation based on onshore or offshore current movement to predict a coastwise fraction of the
population of inference. The total alongshore displacement in the i survey, includes both upcoast and
downcoast movement calculated during a period equal to the larval duration before each survey. The Ps
using only alongshore current was calculated as:

i i LPi 'NGik | (14)
k=1 LGik

The current data for both estimates were from data collected for the Orange County Sanitation District
from June 1999 to June 2000 at station Q (33° 37.874’N, 117° 59.804’W with 14.8 m [48.5 ft] depth)
directly offshore from the HBGS. The historical data was collected near the HBGS intake from June 17,
1999 to June 24, 2000. Measurements were taken at 30-min intervals, 3-hr low pass filtered, and then
resampled at 1-hr intervals. North and east currents were rotated to 307°T, the orientation of the
shoreline. The instrument was positioned 5 m (16.4 ft) below the surface over a bottom depth of 14.8 m
(48.5 ft) MLLW at 33.63129° N latitude and 117.99673° W longitude (re: NAD83). This location lies
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1.47 km (0.9 mile) at 236° from the HBGS intake. The magnetic vectors were corrected to true north
using a 13.35° east variation. These true vectors were then rotated to align with the coastline. Hourly
excursion distances were calculated in the alongshore (positive upcoast) and cross shelf (positive
onshore) directions using sums of the excursions based on the 1-hr resampled currents.

Data from the current meter deployed for this study were not used because of a failure of the internal
compass during the last deployment. The failure of the system also raised concerns about the data from
other deployments that were generally not characteristic of currents described from the area by Noble et
al. (2003) that described, for summer 2001, a downcoast average current over the shelf with a
maximum near the surface on the outer shelf, decreasing in magnitude and depth and toward shore.

The source water volumes for the sampling areas were calculated from bathymetric data for the coastal
areas around Huntington Beach (Figure 4-2, Table 4-1). These volumes were used in calculating the
total number of larvae for target taxa in the sampled source water, and used with the total volume of the
HBGS cooling water system (1,919,204 m® per day, 507 mgd) in calculating PE estimates used in the
ETM calculations. The areas of the extrapolated stations are approximately four times the area of the
sampled stations, while the volume for station 12 is also approximately four times the volume of the
sampled stations, the volume of station 11 is substantially larger because the area includes deeper depths
associated with the drop-off into Newport Canyon (Figure 4-2).
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Table 4-1. Area, volume, and average depth of HBGS source water sampling locations, including
the values for the two extrapolated source water area, 11 and 12.

Station Area (m?) Volume (m®) Average Depth (m)
D2 3,349,340 28,487,976 8.5
D4 4,164,939 34,138,031 8.1
E 3,613,797 28,360,943 7.7
02 2,765,512 43,697,047 15.8
04 4,234,490 99,644,641 23.7
u2 3,211,727 21,159,762 6.2
u4 3,651,953 21,696,873 5.6
11 13,804,831 398,613,394 28.3
12 12,692,946 232,359,192 18.2

4.3  DATA SUMMARY

The U.S. EPA defines entrainment as “the incorporation of all life stages of fish and shellfish with
intake water flow entering and passing through a cooling water intake structure and into a cooling water
system” (USEPA 2002a). At the HBGS, organisms are entrained when they are drawn into the offshore
intake structure and conveyed with the cooling water flow to the generating station. Larval fishes and
invertebrates are comparatively weak swimmers, and enter the cooling water flow passively. Section
4.5 presents entrainment and source water results for larval fishes collected in 45 surveys from
September 2003 through August 2004. Survey HBS026 (26-27 March 2004) was aborted due to high
winds.

4.4 HISTORICAL DATA

The previous operator of the HBGS performed an entrainment study as part of the 316(b) demonstration
study (SCE 1983). Entrainment samples were collected monthly from the Ormond Beach Generating
Station and San Onofre Nuclear Generating Station Unit 1. Samples were collected by pump from the
intake structures during six cycles each 24-hr survey period, and filtered through 333-um mesh
plankton nets. AES Huntington Beach is not proposing to utilize this data as part of the 316(b) Phase 1I
compliance process.

4.5 RESULTS

The following section presents results of the AES Huntington Beach Entrainment and Impingement
Study, including data on entrainment and source water larval concentrations collected from September
2003 through August 2004. Estimates of entrainment were derived from samples collected just offshore
of the intake structure. Source water estimates were derived from samples collected up to four
kilometers upcoast, downcoast, and offshore of the intake structure.
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45.1 Physical Oceanographic Results

Sea surface temperatures recorded at the entrainment station displayed seasonal variation (Figure 4-3).
Maximum temperatures were recorded in fall and summer, and lowest temperatures were recorded in
winter. Analysis of profiles indicates that during the onset of sampling in September 2003, summer
conditions prevailed and the water column was fairly stratified with a discernable thermocline (MBC
and Tenera 2005). Beginning in the second week of October 2003, the transition to winter conditions
began, and the thermocline dissipated. Winter conditions (cool water and no thermocline) were
recorded from late November 2003 through early March 2004, with coolest temperatures recorded in
February 2004. Warming of the water column began in March 2004 and the transition to summer
conditions (warm water and establishment of a thermocline) continued through May 2004. In many
cases, warmest waters were recorded during daytime cycles initiated at 1200 hr and 1800 hr.
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Figure 4-3. Surface temperatures at Station E during each cycle of each entrainment and source
water survey.
Brackish or fresh water was detected in the study area during a few surveys. During Entrainment
Survey HBS005 (first week of November 2003), light rain fell during the first cycle of sampling, and a
lens of brackish water (19 to 30 practical salinity units [psu]) was present in the upper two meters of the
water column. Surface salinity was also low throughout the study area during Source Water Survey
HBS023 (8-9 March 2004). During that survey, lowest near-surface salinities were recorded at the
offshore stations (10 psu), followed by upcoast stations (16 psu) and entrainment and downcoast
stations (22 psu). Approximately two inches of rain fell in the week prior to the 8-9 March survey. Even
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though rain occurred during some other surveys salinity in the nearshore waters was generally >33 psu,
which is considered normal for southern California nearshore waters.

Currents generally moved onshore and downcoast from June 1999 to June 2000 (Figure 4-4). Overall,
during the period, there was 499 km (310 mile) of onshore movement and 659 km (409.5 mile) of
downcoast excursion. From June through September currents moved nearly 226 km (140.4 mile)
downcoast and 128 km (79.5 mile) onshore. During October through December there was onshore
movement of 180 km (111.8 mile) and 145 km (90.1 mile) downcoast movement. From January
through March there was similar onshore and downcoast movement of 192 km (119.3 mile) and 131 km
(81.4 mile). From April through June 24, there was no onshore movement and a 155 km (96.3 mile)
downcoast excursion. Other researchers have reported similar current patterns in the area near HBGS.
Noble and Xu (2003) described the currents near the HBGS and found that larger-scale coastal
processes influenced local current patterns more than tides and localized wind conditions. They found
that, in summer 2001, currents moved predominantly in a downcoast direction over the continental shelf
with maximum velocities occurring near the surface on the outer portion of the shelf. Currents tended to
decrease as a function of proximity to the shore.
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Figure 4-4. Cumulative onshore and upcoast (alongshore) current vectors from 17 June 1999
through 24 June 2000. Squares show cumulative monthly positions.
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45.2 Cooling Water Intake Structure Entrainment Summary

A total of 6,950 fish larvae in 57 different taxonomic groups was collected during the 45 entrainment
surveys completed during the September 2003 through August 2004 period (Table 4-2), including 227
unidentified or damaged specimens. Ten taxa comprised 90% of the total larvae collected: unidentified
gobies (mainly of the genera Clevlandia, llypnus, and Quietula [CIQ complex]), spotfin croaker,
unidentified anchovies (>95% northern anchovy), queenfish, white croaker, salema, unidentified
croakers (newly hatched larvae of several species), combtooth blennies, black croaker, and diamond
turbot. The life histories and potential impacts from entrainment on the local populations of these taxa
and California halibut, which is an important recreational and commercial species and ranked 11" in
abundance overall, are analyzed in greater detail in this report (See Section 6.5.3—Results by Species).
The target taxa are not presented in the order of abundance so that the results for the four species of
Sciaenidae could be presented together. Of the five target invertebrate taxa included in the study
(Cancer crab megalops, market squid hatchlings, mole crab (sand crab), California spiny lobster, and
ridgeback rock shrimp) only mole crab and Cancer crabs were found in the entrainment samples (Table
4-3). Mole crab zoeae comprised almost 99% of the entrained target invertebrates. Almost all of the
mole crab larvae collected were in the earliest stages of their larval development (Zoea Stage |); only
two megalopal stage larvae were collected from entrainment samples and none were collected from
source water samples. Sampling results are presented for Cancer and mole crabs, but no assessments of
potential entrainment impacts were conducted for mole crab because of the low numbers collected and
absence of megalops in the source water samples.

The measured larval concentrations during each survey were multiplied by a total daily maximum
intake flow of 1,919,204 m® (507 mgd) that equates to an estimated annual cooling water volume of
702,428,664 m® (185 billion gallons). Approximately 350 million fish larvae were calculated to have
been entrained during the study (Table 4-2). The number of individual taxa increased during the study
with greatest numbers of taxa occurring in summer 2004, from an average of approximately 8 taxa per
survey from September through February to 18 taxa per survey in summer 2004, including a survey in
late July when over 30 taxa were collected (Figure 4-5). The greatest overall abundances occurred in
late summer 2004 when concentrations were approximately five times greater than earlier months
(Figure 4-6). Although gobies and anchovies were abundant throughout the sampling period, high
concentrations of spotfin croaker, salema, and queenfish contributed to peak abundances in August
2004. Low concentrations of larvae were measured during some surveys in early February and early
March, although abundances generally increased through spring when many fishes start reproducing.

Entrainment samples were characterized by large numbers of gobies, blennies, and several other fishes
common in bay environments whose larvae were probably exported into the open ocean by tidal
currents from estuarine spawning areas upcoast and downcoast of the HBGS. Some commercially and
recreationally important taxa such as California halibut, white seabass, and rockfishes comprised a
smaller percentage of the total number of taxa entrained, but others, including northern anchovy and
several croaker species, comprised nearly 50% of the total fish larvae collected (Table 4-2).
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Table 4-2. Larval fishes collected during 45 entrainment surveys from September 2003 through
August 2004. A flow volume of 702,428,664 m® was used to estimate total entrainment for the
sampling period.

Mean Total
Sample Percent of Cumulative Density Estimated Entrainment
Taxon Common Name Count Total Percent (#/1000m3) Entrainment Std. Error
1 Gobiidae (CIQ complex) gobies 2,484 36.95 36.95 151.56 113,166,834 6,568,091
2 Roncador stearnsi spotfin croaker 912 13.57 50.51 53.07 69,701,589 8,636,383
3 Engraulidae anchovies 1,209 17.98 68.50 74.46 54,349,017 4,355,775
4 Seriphus politus queenfish 306 4.55 73.05 18.17 17,809,864 2,415,487
5 Genyonemus lineatus white croaker 446 6.63 79.68 28.14 17,625,263 1,491,336
6 Xenistius califoriensis salema 153 2.28 81.96 7.70 11,696,960 5,186,479
7 Sciaenidae croaker 244 3.63 85.59 14.73 10,534,802 1,004,033
8 Hypsoblennius spp. blennies 166 2.47 88.06 10.28 7,165,513 580,175
9 Cheilotrema saturnum black croaker 96 1.43 89.48 541 7,128,127 1,481,158
10 Hypsopsetta guttulata diamond turbot 87 1.29 90.78 5.28 5,443,118 476,544
11 Paralichthys californicus California halibut 98 1.46 92.24 6.40 5,021,168 447,516
12 Atherinopsidae silverside 97 1.44 93.68 5.98 3,654,229 577,117
13 Menticirrhus undulatus California corbina 43 0.64 94.32 2.33 2,809,417 807,329
14 Paralabrax spp. sand bass 48 0.71 95.03 2.93 2,793,730 518,724
15 Citharichthys spp. sanddabs 31 0.46 95.49 2.15 1,913,607 314,973
16 Hypsypops rubicundus garibaldi 43 0.64 96.13 2.44 1,622,966 776,711
17 Oxyjulis californica senorita 27 0.40 96.53 1.66 1,190,449 311,376
18 Sphyraena argentea California barracuda 14 0.21 96.74 0.79 1,133,103 258,040
19 Pleuronectidae flounders 17 0.25 97.00 1.02 982,419 131,877
20 Umbrina roncador yellowfin croaker 24 0.36 97.35 1.63 962,905 266,187
21 Gillichthys mirabilis longjaw mudsucker 20 0.30 97.65 1.29 834,682 155,798
22 Lepidogobius lepidus bay goby 18 0.27 97.92 1.16 683,887 161,835
23 Syngnathidae pipefishes 17 0.25 98.17 0.91 591,496 353,236
24 Leptocottus armatus Pacific staghorn sculpin 16 0.24 98.41 0.97 584,664 115,109
25 Pleuronichthys ritteri spotted turbot 12 0.18 98.59 0.75 561,958 87,434
26 Triphoturus mexicanus Mexican lampfish 8 0.12 98.71 0.51 536,324 95,606
27 Acanthogobius flavimanus yellowfin goby 15 0.22 98.93 0.88 522,589 176,940
28 Diaphus theta California headlight fish 11 0.16 99.09 0.63 486,274 110,942
29 Myctophidae lanternfishes 6 0.09 99.18 0.39 423,578 94,314
30 Haemulidae grunts 5 0.07 99.26 0.28 368,219 121,028
31 Atractoscion nobilis white seabass 5 0.07 99.33 0.29 347,306 114,685
32 Gibbonsia spp. clinid kelpfishes 10 0.15 99.48 0.55 341,921 87,691
33 Pleuronichthys verticalis hornyhead turbot 3 0.04 99.52 0.17 198,470 52,984
34 Sardinops sagax Pacific sardine 4 0.06 99.58 0.25 166,724 117,891
35 Peprilus simillimus Pacific butterfish 2 0.03 99.61 0.14 138,138 56,479
36 Semicossyphus pulcher California sheephead 2 0.03 99.64 0.13 129,222 52,033
37 Stenobrachius leucopsarus northern lampfish 3 0.04 99.69 0.21 111,109 46,395
38 Labrisomidae labrisomid kelpfishes 3 0.04 99.73 0.18 108,964 58,784
39 Halichoeres semicinctus rock wrasse 1 0.01 99.75 0.06 97,344 45,888
40 Paralichthyidae lefteye flounders & sanddabs 2 0.03 99.78 0.12 95,195 45,031
41 Medialuna californiensis halfmoon 2 0.03 99.81 0.13 77,804 58,815
42 Scomber japonicus Pacific mackerel 2 0.03 99.84 0.10 61,004 32,608
43 Scorpaenidae scorpionfishes 1 0.01 99.85 0.09 50,467 38,150
44 Symphurus atricauda California tonguefish 1 0.01 99.87 0.07 42,344 32,009
45 Strongylura exilis California needlefish 1 0.01 99.88 0.07 40,637 30,719
46 Oxylebius pictus painted greenling 1 0.01 99.90 0.07 40,289 30,456
47 Typhlogobius californiensis blind goby 1 0.01 99.91 0.06 36,976 27,951
48 Merluccius productus Pacific hake 1 0.01 99.93 0.06 33,954 25,667
49 Coryphopterus nicholsi blackeye goby 1 0.01 99.94 0.06 33,202 25,099
50 Agonidae poachers 1 0.01 99.96 0.05 30,817 23,295
51 Ruscarius creaseri rouchcheek sculpin 1 0.01 99.97 0.05 30,813 23,293
52 Pleuronectiformes flatfishes 1 0.01 99.99 0.05 30,192 22,823
53 Cottidae sculpins 1 0.01 100.00 0.05 28,990 21,914

6,723 406.91 344,570,635
larvae, unidentified yolksac unidentified yolksac larvae 136 9.23 6,100,663 1,148,559
larval fish fragment unidentified larval fishes 51 3.08 2,508,742 386,659
larval/post-larval fish unid. larval fishes 39 2.37 1,655,508 246,622
larval fish - damaged unidentified larval fishes 1 0.06 41,681 29,473

227 14.74 10,306,594
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Table 4-2. Invertebrate larvae (select taxa) collected during 45 entrainment surveys from
September 2003 through August 2004. A flow volume of 702,428,664 m® was used to estimate
total entrainment for the sampling period.

Mean Total
Sample Percentof Cumulative Density Estimated Entrainment
Taxon Common Name Count Total Percent (#/1000m3) Entrainment Std. Error
Emerita analoga (zoea) mole crabs - larva 10,399 98.73 98.73 658.95 465,806,877 91,912,298
Cancer anthonyi (megalops) yellow crab 77 0.73 99.46 4.68 5,207,996 1,320,180
Cancer gracilis (megalops) slender crab 31 0.29 99.75 1.97 1,304,771 311,450
Cancer antennarius (megalops) brown rock crab 18 0.17 99.92 1.15 973,538 202,088
Cancer productus (megalops)  red rock crab 3 0.03 99.95 0.18 164,478 53,672
Emerita analoga ( megalops) mole crabs - larva 2 0.02 99.97 0.17 69,793 54,061
Cancer spp. (megalops) cancer crabs 2 0.02 99.99 0.11 65,159 34,834
Cancer spp. cancer crabs 1 0.01 100.00 0.06 35,885 27,126
10,533 667 473,628,497
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Figure 4-5. Total number of taxa collected per survey at HBGS entrainment Station E from
September 2003 through August 2004.
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Figure 4-6. Mean concentration (No. per 1,000 m3) and standard error for all larval fishes
collected at HBGS entrainment Station E from September 2003 through August 2004.

Larval fish concentrations at the entrainment station were relatively similar from the onset of the study
in September 2003 through April 2004 (Figure 4-6). Concentrations increased in spring and summer
(May through July 2004), corresponding to higher concentrations of CIQ gobies, white croaker,
combtooth blennies, and several other taxa. Highest concentrations at the entrainment station were
measured in late August 2004, and corresponded to high concentrations (greater than 1,800 larvae per
1,000 m®) of spotfin croaker. Larval fish concentrations measured at the entrainment station were
almost always higher at nighttime than during daytime (Figure 4-7).

4-22



AES Huntington Beach Generating Station
IM&E Characterization Study Entrainment and Source Water Study

Date

09/18/03
09/29/0:

]
L B By L N LA L e B I B B B e
-6.00 -5.00 -4.00 -3.00 -2.00 -1.00 0.00 1.00 2.00 3.00 4.00 5.00 6.00

Nighttime . . Daytime
Mean Concentration/cubic meter

08/31/04

Figure 4-7. Mean concentration (No. per m®) of all larval fishes collected at HBGS entrainment
Station E at nighttime (black) and daytime (white).

453 Source Water Summary

A total of 14,627 fish larvae in 79 different taxonomic groups was collected during the 12 source water
surveys completed during the September 2003 — September 2004 period (Table 4-3), including 299
unidentified or damaged specimens. Eleven taxa comprised nearly 90% of the total larvae collected:
unidentified gobies (36.8%; mainly of the genera Clevelandia, llypnus, and Quietula [CIQ complex]),
unidentified anchovies, queenfish, white croaker, unidentified croakers (newly hatched larvae of several
species), combtooth blennies, unidentified sea bass, California halibut, spotfin croaker, silversides, and
Pacific sardine (Table 4-3). During the 12 source water surveys there were 23 additional taxa collected
at stations other than the single entrainment Station E during 45 entrainment surveys (Table 4-4).
Similar to the entrainment station concentrations, the lowest larval concentrations in the source water
were measured in winter and the highest concentrations in summer (Figure 4-8).

The composition of the target invertebrates collected at the source water stations was similar to the
entrainment samples with mole crab larvae comprising nearly 95% of the target invertebrates (Table 4-
5). Almost all of the mole crab larvae collected were in the earliest stage of larval development (Zoea
Stage 1); only two megalopal stage larvae were collected at the entrainment station during one of the
paired entrainment-source water surveys. In addition to Cancer crab larvae, one California spiny lobster
puerulus stage larva was collected (Table 4-5).
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Concentrations of the CIQ goby complex, northern anchovy, and white croaker, three of the most
abundant fish taxa, varied spatially among the seven sampling stations and temporally among months
(Figures 4-9 through 4-14). The CIQ goby complex was generally more abundant at the inshore stations
in all months and also tended to be more abundant at the intake (entrainment) and downcoast stations.
Northern anchovy did not show a strong distributional trend among stations whereas white croaker was
more abundant offshore in summer (Figure 4-11).
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Table 4-3. Larval fishes collected during 12 source water surveys from September 2003
through August 2004. Sample totals and mean concentrations were calculated from all

seven stations, which includes entrainment Station E.

Mean

Sample Percent of Cumulative Density Density

Taxon Common Name Count Total Percent  (#/1000m3) Std. Error

1 Gobiidae (CIQ complex) gobies 5,275 36.82 36.82 169.83 46.30
2 Engraulidae anchovies 2,525 17.62 54.44 81.41 17.20
3 Seriphus politus queenfish 1,418 9.90 64.34 45.85 21.80
4 Genyonemus lineatus white croaker 1,239 8.65 72.98 39.46 9.32
5 Sciaenidae croakers 541 3.78 76.76 17.92 5.90
6 Hypsoblennius spp. blennies 439 3.06 79.82 13.82 3.93
7 Paralabrax spp. sand bass 408 2.85 82.67 13.61 24.05
8 Paralichthys californicus California halibut 399 2.78 85.46 12.70 3.60
9 Atherinopsidae silversides 333 2.32 87.78 10.55 4.41
10 Sardinops sagax Pacific sardine 147 1.03 88.81 491 20.01
11 Sphyraena argentea California barracuda 145 1.01 89.82 4.73 6.35
12 Chromis punctipinnis blacksmith 166 1.16 90.98 4.59 20.83
13 Citharichthys spp. sanddabs 141 0.98 91.96 4.53 2.21
14 Hypsopsetta guttulata diamond turbot 122 0.85 92.81 3.96 1.40
15 Ophidiidae cusk-eels 99 0.69 93.50 3.26 12.49
16 Lepidogobius lepidus bay goby 86 0.60 94.10 2.73 1.65
17 Pleuronichthys ritteri spotted turbot 68 0.47 94.58 2.10 0.89
18 Pleuronichthys verticalis hornyhead turbot 65 0.45 95.03 2.07 1.34
19 Cheilotrema saturnum black croaker 61 0.43 95.46 1.90 1.67
20 Xenistius califoriensis salema 50 0.35 95.81 1.75 7.07
21 Typhlogobius californiensis blind goby 56 0.39 96.20 1.73 6.28
22 Oxyjulis californica senorita 51 0.36 96.55 1.64 1.48
23 Roncador stearnsi spotfin croaker 53 0.37 96.92 1.62 2.62
24 Gillichthys mirabilis longjaw mudsucker 40 0.28 97.20 1.28 0.71
25 Pleuronectidae flounders 41 0.29 97.49 1.25 0.77
26 Leptocottus armatus Pacific staghorn sculpin 28 0.20 97.68 0.91 1.04
27 Acanthogobius flavimanus yellowfin goby 23 0.16 97.84 0.78 1.36
28 Icelinus spp. sculpins 25 0.17 98.02 0.75 1.70
29 Gibbonsia spp. clinid kelpfishes 21 0.15 98.16 0.64 0.67
30 Xystreurys liolepis fantail sole 20 0.14 98.30 0.62 1.53
31 Triphoturus mexicanus Mexican lampfish 19 0.13 98.44 0.62 0.54
32 Hypsypops rubicundus garibaldi 20 0.14 98.58 0.60 1.09
33 Syngnathus spp. pipefishes 20 0.14 98.72 0.58 1.95
34 Menticirrhus undulatus California corbina 14 0.10 98.81 0