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PACIFIC GAS & ELECTRIC COMPANY’S
: COMMENTS REGARDING
PROPOSED STATEWIDE POLICY ON CLEAN WATER ACT § 316(B)
REGULATIONS
SEPTEI\/!BER 15, 2006

This document provides Pacific Gas and Electric Company’s (PG&E) comments on the
State Water Resources Control Board Staff’s Proposed Statewide Policy on Clean Water Act
§ 316(b) Regulations (June 13, 2006) (Staff Proposal or Proposal). We look forward to working
with the State Water Resources Control Board (SWRCB) to help formulate a policy for cooling
water intake structures (CWIS) at California’s power plants that is effective and sustainable, and
that will protect and promote a healthy marine environment without destabilizing the State’s
electric supply and delivery system. Because the subjects addressed by the Proposal are so
factually and scientifically complex, and because the Proposal would impact so many significant
social, economic and environmental issues, we hope there will be future opportunities for
additional information exchanges and dialogue (i.e., SWRCB Workshops). Such opportunities
would help assure that the Section 316(b) policy ultimately selected reflects the best balance of
competing interests, and maximizes the welfare of all Californians who could be materially
impacted by the Proposal’s far-reaching implications for the availability, reliability and cost of
electricity in our State. '

I
OVERVIEW AND SUMMARY

PG&E strongly supports the protection of California’s marine resources through the
application of Section 316(b}) to coastal power plants. We support constructing new power
plants without once through cooling (OTC); we support repowering existing facilities without
OTC when feasible;' and we support the application of site-specific assessments of
environmental impacts and alternative technologies at other existing power plants that employ
OTC. _

At the same time, PG&E is also responsible for helping to assure the availability and
reliability of California’s electric system. The July 2006 heat storm and the Independent System
Operator’s (ISO) declaration of a statewide Stage 2 Emergency” are blunt reminders that
California needs to reduce peak customer demand and to add additional electric generating
capacity, not reduce it. The existing OTC plants subject to the Staff Proposal constitute 40% of
California’s generating capacity, and presently are indispensable baseload, intermediate, peaking
and reserve capacity for reliably meeting peak consumer demand and preventing blackouts. We

! PG&E is in the process of repowering its 135 MW Humbodlt Bay plant without OTC.

Emergency notices are issued by the ISO when system reliability is in danger of
instability. A Stage 2 Emergency is declared when the operating reserves are five percent
(5%) or less.
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are seriously concerned by the very real prospect that the Proposal’s inflexible standards would
force the premature closure of many existing OTC plants that support critical customer load.?

Without the Staff Proposal, existing OTC facilities would be governed by USEPA’s
316(b) Phase II Rule, which can require substantial modifications to existing OTC power plants.
The Phase II Rule rationally does so by providing for: (1) ranges of required impingement and
entrainment (I&E) reductions depending upon site-specific conditions; (2) compliance options;
and (3) variable performance standards for those facilities where compliance costs would
significantly exceed the benefits. After a multi-year, peer-reviewed rulemaking, USEPA
intentionally promulgated more flexible standards for existing facilities than for new ones
because existing plants face “technological challenges and high costs associated with
retrofitting” that new. facilities can avoid.* California’s 316(b) policy, like USEPA’s Phase II
Rule, must be structured in a manner that provides for a smooth transition away from the use of
OTC while effectively balancing all impacts — social, economic and environmental — during the
transition period.

On the other hand, a policy which effectively eliminates 40% of the State’s electric
generation resources without regard to human health and safety, electric market stability, costs o
customers and other unintended adverse environmental impacts by replacement facilities would
be irresponsible and unacceptable. In this decade, California has already experienced the worst
energy crisis in the State’s history. Indeed, the situation became so severe in 2001 that the State
itself was forced to step in and purchase electricity in order to stabilize the markets and prevent
further outages. Californians are still recovering financially from that energy crisis, and the
Executive Branch has been working steadily to continue to stabilize the market. By eliminating
up to 40% of the State’s generating capacity, the Staff Proposal would undo the progress that has
been made and virtually guarantee another energy crisis. >

? PG&E recognizes that there are times when it is important for California to go beyond
what is required or regulated by the USEPA or Congress. Such was the casc with
Assembly Bill 32 (Nunez), the California Global Warming Solutions Act of 2006, which
recently passed the California state legislature and is waiting for action by Governor
Schwarzenegger. PG&E was the only investor-owned utility to support this legislation,
and did so because AB 32 put California in an environmental leadership position by
offering important solutions to a significant problem in a measured and reasonable
fashion. '

4 69 Fed. Reg. at 41,628 (July 2004); H.R. Rep. No. 92-911 at 110. Congress specifically
' instructed EPA in the Clean Water Act to consider a broad range of factors in
establishing performance standards for existing facilities, and a much narrower range of
factors when establishing standards for new facilities. Compare CWA § 306 (new
facilities) and CWA § 301 (existing facilities).

5 The California Energy Commission’s Executive Director, for example, stated in an April
11, 2006 letter to the State Lands Commission (SLC), which was then considering a
resolution to require the termination of leases for OTC facilities on SLC-managed lands,
that “it must be recognized that a State Lands Commission resolution, if passed, could
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The problems with the Staff Proposal are that it: (1) prohibits site-specific
determinations, even though I&E impacts are known to vary dramatically from site to site; (2)
imposes maximum I&E reductions in all cases, even where I&E effects are insubstantial; (3)
greatly restricts compliance options, even though the efficacy and need for technologies vary
considerably from plant to plant; and (3) rejects site-specific performance standards based on
cost-benefit analysis, even if compliance costs greatly outweigh the benefits.® In short, the Staff
Proposal would adopt a “one-size fits all” approach to California’s existing OTC power plants
that imposes new facility standards on ex1st1ng plants where those standards may well be
technologically and legally infeasible.’

Moreover, many of the existing OTC fossil plants are quite old and expected to retire in
the next five to fifteen years. They will be replaced by non-OTC plants. Because emergency
retrofits of these aging but important facilities would be extremely costly, the Staff Proposal
would likely result in their premature retirement for economic reasons alone. The unanticipated,
early retirement of these plants would cause severe electric system reliability impacts.

Facility location is yet another important consideration in evaluating the Staff Proposal.
Many of the existing OTC plants are located in geographically desirable positions for
transmission system reliability and efficiency. There are no guarantees that replacement
facilities can be located in the same geographic region, and this could put further strain on an
already stressed transmission grid. Forcing early retirement would therefore also hamper
strategic transmission planning and undermine electric grid stability.

Since forced closures or significant generating limitations on California’s existing OTC
plants could destabilize the State’ s electric system and cause significant adverse social, economic
and environmental consequences,’ the Staff Proposal must be fully and fairly evaluated before
the SWRCB considers its adoption, including thorough assessments of the true technical, legal
and economic feasibility of meeting the proposed standards at existing plants, and of the true

eventually result in the loss of a significant amount of California’s generating capacity
‘with adverse impacts to system reliability.” Exhibit 1 p. 8.

Under the Clean Water Act, states may obtain EPA approval to implement state programs
that are compatible with the federal program, or implement measures that are more
stringent than EPA’s requirements. To our knowledge, no other state has imposed or
even considered this extraordinary combination of stringent and inflexible measures for
existing power plants.

As discussed in Section IV, A below, a requirement to install cooling towers at coastal
facilities (which the Staff Proposal in essence mandates) would require approvals from
the California Coastal Commission (or a Local Coastal Authority} and Air Pollution
Control Districts, which are likely deny the necessary authorizations.

For example, the Staff Proposal could significantly increase greenhouse gas emissions
while producing only marginal benefits to marine habitat and fish and shellfish
populations, as explained below. This issue is discussed in detail in Section below IV.D.
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costs and benefits of the Proposal’s requirements. The California Environmental Quality Act
(CIA) and the Porter Cologne Water Quality Control Act require no less.

For the reasons explained above and below, PG&E strongly recommends that:

1. The Staff Proposal’s functional equivalency document should obj ectively evaluate:

L
L
L4

the Proposal’s technical, legal and economic feasibility at existing facilities;

the Proposal’s impact on electric system availability and reliability;

the Proposal’s impact on electricity rates;

the adverse environmental impacts that could arise from closing or requiring new
technologies at existing OTC plants, including significant increases in greenhouse
gas emissions; '

the true costs and benefits of the Proposal’s regulatory requirements; and, '

 the Proposal’s impacts on the economy of the Western United States.

2. The State’s final 316(b) policy should provide for:

site-specific compliance determinations, including a compliance alternative based
on cost-benefit analysis;

expert panel oversight of I&E characterization studies;

the ability to rely on past I&E characterization studies in permit renewal

- proceedings when on-going monitoring data confirm the continued validity of a

past study;

no requirement to use the habitat production foregone methodology in permit
proceedings;9

an alternative resolution if other regulatory agencies (e.g., the California Coastal
Commission and Air Pollution Control Districts) fail to adopt or implement
regulations that are consistent with the policy requirements adopted by the State
Board. ‘

I

LEGAL STANDARDS

Clean Water Act Section 316(b) requires that CWIS’s reflect the “best technology
available for minimizing adverse environmental impact.” This requirement is implemented
through the federal National Pollution Discharge and Elimination System (NPDES) permit
program. States with delegated NPDES permitting authority may implement their programs in
lien of USEPA’s, and Section 510 of the Clean Water Act authorizes states to impose more
stringent standards. California has received delegated authority from USEPA to implement the
NPDES program, which is incorporated into State law by Water Code Section 13377. The

i The habitat production foregone methodology is a means of sizing mitigation projects, as
discussed in Section V.C below.. :
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SWRCB Staff are now proposing to impose more stringent standards than USEPA’s Phase 11
Rule for existing power plants, which are the focus of these comments.'’

The California Environmental Quality Act (CEQA), Public Resources Code (PRC)
Section 21000 et seq., applies to the promulgation of statewide policies by the SWRCB, and
requires that a policy not be adopted unless it is “feasible,” meaning “capable of being
accomplished in a successful manner within a reasonable period of time, taking into account
gconomic, environmental, social and technological factors.” PRC Section 21061.2. In this
regard, “an agency may consider specific economic, environmental, legal, social and
technological factors,” and “has an obligation to balance a variety of public objectives, including
economic, environmental and social factors. . .” 14 CCR Section 15021 (b) and (d).

CEQA’s broad objective of balanced social, economic and environmental decision-
making is also reflected in the Legislature’s specific mandates to the SWRCB regarding State
water policy. California Water Code Section 100 provides that: “because of the conditions
prevailing in this State, the general welfare requires that the water resources of the State be put to
beneficial use[''] to the fullest extent of which they are capable.” Water Code Section 13000
further provides that: .

activities and factors which may affect the quality of the waters of the state shall be
regulated to attain the highest water quality which is reasonable, considering all demands
being made and to be made on those waters and the total values involved, beneficial and
detrimental, economic and social, tangible and intangible.

In the present context, the beneficial industrial use of ocean water for cooling existing
electric power plants - which in turn provide an essential service (clectricity) for human health,
welfare and the economy - must be reasonably balanced against other competing human and
ecological beneficial uses of marine waters, such as commercial and recreational fishing, fish

- spawning and migration, and maintenance of marine habitat and Areas of Special Biological
Significance. The best balance of conipeting uses does not necessarily mean a perfect balance,
and Water Code Section 13241 expressly provides that “it may be possible for the quality of
water to be changed to some degree without unreasonably affecting beneficial uses.” (Emphasis
added.)

10 In addition to incorporating the federal 316(b) program into State law, the Porter Cologne

Water Quality Control Act requires that cach “new or expanded powerplant or other
industrial installation using seawater for cooling, heating, or industrial processing [use]
the best available site, design, technology, and mitigation measures feasible . . . to
minimize the intake and mortality of all forms of marine life.” Water Code Section
13142.5(b). By its terms, this section does not apply to existing power plants.

n The beneficial uses of marine waters include “industrial supply water; water contact and

non-contact recreation, including aesthetic enjoyment; navigation; commercial and sport
fishing; mariculture; preservation and enhancement of Areas of Special Biological
Significance (ASBS); rare and endangered species; marine habitat; fish migration; fish
spawning and shellfish harvesting.” California Ocean Plan (2005), Section LA.
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Thus, the fundamental legal question posed by the Staff Proposal is whether it — based on
evaluation of all relevant social, legal, economic and environmental factors — would
unreasonably interfere with the continued use of ocean water for the purpose of generating
electricity at existing power plants. Regulation of California’s existing OTC power plants
~ pursuant fo USEPA’s Phase II Rule would already prevent the use of ocean water for cooling
purposes from unreasonably interfering with marine habitat, fish spawning and migration, etc.
As discussed below, however, the adoption of the Staff Proposal would unreasonably interfere
with the use of ocean water at existing OTC plants since the resulting adverse social, economic
and environmental harms would greatly exceed any benefits derived from its implementation.

CIIX
BACKGROUND
In April 2006, the California Energy Commission’s (CEC) Executive Director provided

the following summary of the State’s twenty-one (21) existing large coastal power plants that
(then) utilized OTC:

Technology Number of | Annual Capacity Factor | Generation as Percent
Facilities (percent) of State Total (2004)
Steam Boilers 15 - 19.4 9.0
Combined Cycles 4 - 34.9 2.05
Nuclear 2 79.1 11.08
Totals 21 NA 22.13

Source; CEC 2006 [modified to include a “Totals” line]

Based on 2004 data, the CEC Executive Director concluded that existing coastal plants produce
22% of the electricity used in the State and constitute 40% of the State’s generating capacity.
Although many of the older steam boilers have relatively low annual capacity factors {i.e., under
15%), many of them are located in local reliability areas and have been designated by the CA
ISO as necessary to maintain system reliability. Specifically, in 2006, almost one-third (4,800 of
14,700 MW) of the older steam boiler units within the CA ISO control area have been designated
as reliability must-run units. In addition to meeting local reliability needs, these plants run.
nearly full time during peak summer demand periods, and their capacity is thus critical to system
reliability. During this summer’s 2006 CA ISO peak demand of 50,270 MW, for example, the
ISO was required to issue a Stage-2 Emergency when operating reserves were forecast to drop
below 5%. In addition, the CA ISO called for voluntary load reductions, with Stage 3
Emergency and rotating outages imminent if consumers did not step-up conservation efforts.
Collectively, the older steam units contributed 25-35% of the peak demand during this period.
These older steam boilers were thus crucial in meeting this year’s peak demand, and will remain
so until new capacity can be brought on line. It is hardly surprising then that the CEC Executive
Director observed that: -
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the above table does not adequately reflect the importance of the coastal plants to
the state’s electricity system, since their generation as a percent of state total is
significantly higher during periods of peak demand when system reliability
becomes a critical issue. Most of these coastal facilities have been operating at
their full capacity during the highest peak demand pertods of the summer.

Exhibit 1 p.3.

The existing OTC plants are also important because they supplement the State’s
hydroelectric system, which in normal years generates a significant portion of the State’s power
during the peak demand summer months. The output of the hydroelectric system, however, is
dependent on weather conditions. Low winter snow fall or rapid melting of a large snow pack,
for example, can dramatically reduce the volume of water available for hydropower, which in
turn increases the need for production from more reliable means of generation, such as the
existing fossil and nuclear OTC plants. The OTC plants are also important in providing ancillary
services, such as load following to meet daily swings in load or sudden changes on the system.

In short, the existing OTC plants are essential to the supply and reliability of electricity in
California, and especially so during peak demand periods when system reliability is critical.

Two of the reported 21 OTC facilities (Hunters Point and Long Beach) have
closed since the Executive Director’s letter, and another two (Humboldt and South San Diego
Bay) are repowering without OTC. Thus, there soon will be only seventeen (17) remaining
coastal OTC plants, the majority of which are the older, less efficient steam boilers that will
continue to be phased out over the next five to fifteen years.” On the other hand, the State’s two
nuclear plants, “which are critical to maintaining system reliability from both a generation and
transmission system perspective,” Exhibit 1 p. 7, and the four newer combined cycle OTC plants
all have substantial remhaining useful lives, and will be critical to the State’s electric system for
years to come, Therefore, the Staff Proposal will have a significant effect on important existing
. plants for the foreseeable future, even though its overall impact will lessen as the older steam
boilers continue to be replaced or repowered with different technologies.

v

COMMENTS REGARDING THE NEED
FOR ADDITIONAL ANALYSIS
OF THE STAFF PROPOSAL

This section identifies those areas which PG&E believes require additional analysis in the '
Staff Proposal’s functional equivalency document in order to determine whether its adoption
would be consistent with CEQA, the Porter Cologne Water Quality Control Act, and the State’s
best overall interest. Many of our observations and comments arise from our recent and on-
going experiences with the Section 316(b) permitting process for PG&E’s Diablo Canyon Power
Plant (DCPP), a 2300 MW baseload facility on California’s central coast. In light of the
information developed there, we are convinced that the Staff Proposal is in all probability
technically, legally and economically infeasible, that it would result in existing plant closures
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that would destabilize the electric system and increase rates, and that it would create greater
environmental problems than it would solve. We urge that these issues be thoroughly
investigated and analyzed before the Proposal is considered by the SWRCB. '

A. The Technological, Legal and Economic Feasibility of the Proposal at Existing Plants Must
Be Thoroughly Analyzed ' .

Given their location on California’s coast, bays and estuaries, the existing OTC plants
must comply with the Staff Proposal’s standards for both impingement mortality and entrainment
reduction. 40 CFR Section 125.94(b). By imposing maximum levels of reduction in both
categories and precluding the use of restoration as a compliance option {with one limited
exception), the Staff Proposal effectively eliminates all compliance options other than cooling
towers for most if not all existing OTC plants that operate at a capacity utilization greater than
15%.'% Although the Proposal appears to grant some flexibility for the entrainment standard by
allowing the use of restoration to offset up to 30% of the required 90% reduction (provided that
achieving 90% reduction through technology or operational measures is shown to be infeasible),
PG&E’s experience suggests that there is no feasible way to achieve even a 60% entrainment
reduction through any technology or operational measures other than cooling towers."” Since the
existing OTC facilities must meet both the I&E standards, and because cooling towers are the
only technology under the Staff Proposal that meets both standards, there are, in reality, few if
any other conceptually available options for existing facilities to comply with the Staff Proposal.

As explained below, however, it is likely that many existing OTC’s will be unable to
achieve 90% entrainment reduction standards. There are technical, legal and economic reasons
- why this is the case. '

1. Technical Infeasibility: The DCPP has been extensively studied in recent years,
including numerous assessments of alternative CWIS technologies by the Central Coast
RWQCB staff and PG&E. The following sections summarize the major alternatives considered,
their costs, and the RWQCB staff’s findings: '

a. Dry Cooling: Ac'cording to the RWQCB’s consultant, Tetra Tech, a
¢onceptual dry cooling system for DCPP would require eight (8) units, each occupying an area of

12 According to the Phase IT Rule and the Staff Proposal, plants operating at less than 15%
capacity utilization are exempt from entrainment reduction requirements, but not
impingement mortality reduction requirements.

13 Restricting intake flow by 60% to 90% as a means of meeting the entrainment reduction-
standard (or to 95% to meet the impingement standard) would not be done since that
effectively takes the plant out of service or would otherwise make operations
uneconomical. Reducing design intake velocity to 0.5 feet per second to achieve
compliance with the impingement standard would not be done since that would be
extremely expensive and would not address entrainment. Instead, an existing OTC would
most likely have to use cooling towers to achieve compliance with both the I&E
standards, assuming that were feasible.
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316 feet long x 197 feet wide x 119 feet high, and each containing forty (40) 150 horse power
fans. Tetra Tech concluded that dry cooling is not even remotely feasible at DCPP because,
among other things, ducts can be no longer than 200 feet, and this is physically impossible at the
site. Exhibit 3 pp. 11 - 12.

b. Natural Draft Cooling Towers: According to the RWQCB’s consultant, a
conceptual natural draft cooling system for DCPP would consist of ten (10) 450 foot high, 208
foot diameter concrete cooling towers whose capital costs alone were estimated at $1.58 billion
(i.e., does not include future O&M, revenue losses during construction tie-in of the system, etc.).
Exhibit 3 p. 19. Furthermore, natural draft cooling towers are not efficient in cool, damp
climates such as those along California’s central coast, the complex would have significant
adverse visual impacts, and probably could not be constructed because of space constraints and
seismic concerns. -

¢. Mechanical Saltwater Cooling Towers: According to the RWQCB’s
consultant, a conceptual mechanical draft saltwater cooling system would consist of 132 cells,
each of which would be 60’ x 60’ x 65’ high with a 250 horse power fan. The minimum
estimated cost for this system would be $1.3 billion, assuming the DCPP would only need to be
closed for six months to accomplish condenser replacements for the two units and cooling tower
complex tie-in. Exhibit 3 pp. 13 — 17. PG&E’s consultant concluded that mechanical draft
cooling towers would be infeasible because:

e The DCPP would have to be shut down for at least a year;
The system would cost at least $1.9 billion;

e The system would require 50 MW to run the pump station and fans, i.e., enough
electricity to power a town of 50,000 people;

e Frequent ground level vapor plumes caused by the cooling towers would create

_ significant safety and security hazards during much of the year,

¢ Drift from the towers would deposit 7 tons of salt a year in the vicinity of the
plant; :
There is mnsufficient space at the DCPP to construct the project;
The cooling towers would have a high saline content discharge of 69 million
gallons per day;

e The project would be of unprecedented scale, whether as a retrofit or new
construction, and would constitute the largest cooling tower complex in the
United States.

Exhibit 2 pp. 4-7.

d. Fine Mesh Screens: The RWQCB’s consultant concluded that fine mesh
traveling screens might reduce entrainment by 80% (which would not meet the Staff Proposal’s
90% entrainment reduction standard), and that such a system would cost § 650 million. Pilot
studies would be required to determine if the system were feasible. Exhibit 3 pp. 7 —10. EPA’s
consultant, Science Application International Corporation, had previously concluded that “the
use of fine-mesh mounted on traveling screens has not been demonstrated as an effective _
technology for reducing mortality of entrainment losses.” Exhibit 4 p. 3-4. PG&E’s consultant
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concluded that fine mesh screens were unproven and likely would not work in an open ocean
environment because of biofouling, that the costs of such a system at DCPP would likely be

$ 770 million, and that the net environmental benefit of screens was doubtful because they would
reduce entrainment by increasing impingement. Exhibit 5 p. 1. Thus, fine mesh screens are not
feasible, and in any event would not comply with either the Proposal’s entrainment or
impingement standards.

e. The RWOCB Staff Determined that there Is No Feasible Alternative CWIS for
Diablo Canyon: The RWQCB staff made explicit findings with respect to each of the foregoing
technologies and a number of others in July 2003, which are fully presented in Exhibit 6. As .
discussed in Section V.A below, the RWQCB staff found that the rate of impingement at the
DCPP was already so low that further reductions were unnecessary. The staff summarized their
overall findings regarding entrainment reduction altematives as follows:

The technologies that may reduce entrainment at DCPP are either experimental
(screens and filters) or only conceptually available at this site (saltwater cooling
towers). Therefore the Board cannot conclude that these systems are available at
DCPP under the meaning of Section 316(b) of the Clean Water Act ... There are
no demonstrated applications of these technologies at facilities similar to DCPP,
and there are many significant problems associated with their potential use at
DCPP.

Exhibit 6 pp. 2 —3. The staff also found that the costs of cooling towers and fine mesh screens
were wholly disproportionate to the benefits, which staff then estimated to be in the $10 million
range. Exhibit 6 p. 3.

2. Legal Infeasibility: As a practical matter, retrofitting with cooling towers is the only
technology that could theoretically satisfy the Proposal’s entrainment (and impingement)
standards for existing facilities. In addition to the technical problems described above, there are
several reasons why these structures may be legally infeasible:

a. ‘Air Permits; A requirement to establish cooling towers at coastal power plants
is likely to require air permits because of particulate emissions (salt), among other things. The
conceptual saltwater cooling tower design for DCPP, for example, would emit 7 tons of salt a
year, and would be difficult if not impossible to permit for that reason. The San Luis Obispo
County Air Pollution Control District recently concluded that saltwater cooling towers probably
could not be permitted at the Morro Bay Power Plant because of particulate emissions. Exhibit

7.

b. Coastal Development Permits: Since most existing OTC power plants are
located in the California Coastal Zone, permits would also have to be approved by the Coastal
Commission, a Local Coastal Authority or the Bay Conservation and Development Commission.
Given the significant adverse impacts associated with large scale cooling tower complexes —
such as those listed above regarding the conceptual cooling tower design for the DCPP - itis
highly doubtful that such projects would pass environmental review by these agencies, thus

10
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presenting yet another potentially insurmountable legal hurdle that could prevent an existing
facility’s compliance with the Staff Proposal.

3. Economic Impracticability: Congress expressly recognized that there was “a
significantly lower expense of attaining ... effluent control in a new facility as compared to the
future cost of retrofitting.” H.R. No. 92-911 at 110 (1972). The Legislative History of Section
316(b) explains that the “best technology available” should be interpreted to mean the “best
technology commercially available at an economically practicable cost,” and USEPA
intentionally structured the Phase II Rule to provide for flexible compliance standards, flexible
compliance options, and a cost-benefit exception, in order to assure that the Rule would be
economically practicable. 69 Fed. Reg. 41,628 (July 9, 2004). There is a substantial possibility
that the Staff Proposal’s rigid standards will prove economically impracticable at many existing
facilities, and therefore force their closure.

As noted in the CEC Executive Director’s letter, fifteen (15) of the existing OTC
plants are merchant generators. Merchant generators “currently need long-term contracts in
order to secure the financing necessary to pay for major facility repowers or retrofits,” Exhibit 1
p.- 8. As the CEC Executive Director explained:

Coastal generators would face regulatory and financial market uncertainty that could
jeopardize the repowering of coastal plants and state goals for meeting resource adequacy
in generation/transmission-constrained areas. Merchant generator ability to secure
financing and long-term contracts for repowering is already uncertain. Incremental cost
differences for plants with tower cooling or dry cooling could make coastal plants less
competitive than other plants.

Exhibit 1'p. 9. Thus, retrofit financing may not be available. Moreover, even if it were,
retrofitting a plant could make it non-competitive with other plants, and result in its closure for
that reason alone. Perhaps most significantly, many of the existing OTC units are more than

forty years old and approaching the end of their useful lives. Exhibit 8. The imposition of high
retrofit costs on this aging fleet would be yet another significant incentive for early closure. '

B. The Consequences of Destabilizing the Electric System Must Be Carefully Analyzed

1. Impact of Existing Plant Closures: California’s demand for electricity is increasing
because of the State’s expanding population and economy. The system is already resource-
constrained, and there is a current need to maintain the existing portfolio, implement aggressive
customer demand response programs, and to add new dispatchable and peak generating capacity.
The July 2006 heat storm and statewide Stage 2 Emergency are clear reminders of the system’s
vulnerability,

The existing OTC plants constitute 40% of California’s existing generating capacity. It is
inconceivable that the electric system would operate reliably without these or replacement plants.
For the reasons identified in Section IV. A above, however, it is likely that the Staff Proposal
would result in the closure of some or all of these facilities. At a minimum, the economic, social

11
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and environmental impacts of multiple plant closures must be fully assessed and considered
before the SWRCB makes a final determination to adopt the Proposal in its present form. -

The older steam boiler plants will continue to be phased out over the next five to fifteen
years, and this timing would provide the opportunity for an orderly transition to replacement
power. Providing for an orderly transition - as opposed to sudden and premature closures
because of the Staff Proposal’s inflexible standards — would also allow an increased opportunity
for development of cost-effective generating capacity with lower environmental impacts. The
need to build replacement plants on an emergency basis because of the unanticipated closure of
the existing OTC facilities would severely limit the opportunity to develop well-planned
alternatives. Moreover, a need to rapidly develop new replacement generating capacity could ,
also result in increased development of generating plants in different geographic regions than the
existing OTC facilities occupy. This could exacerbate the situation by greatly increasing
transmission problems in an already constrained transmission grid.

Given the foregoing consequences, we strongly recommend that the California Public
Utilities Commission, the California Energy Commission and the California Independent System
Operator be directly involved in the Proposal’s environmental assessment. These agencies have
direct responsibilities regarding the availability and reliability of the State’s electric system and
customer rate considerations, and the insights they have on the consequences of closing existing
OTC plants should be solicited and seriously considered.

2. The 15% Capacity Utilization Exemption: At the July 31, 2006 scoping hearing on
the Proposal, Staff suggested that many existing facilities might be exempt from the Proposal
pursuant to its 15% capacity utilization exemption. If true, this could impact the degree to which |
the Proposal would degrade the electric system. PG&E suspects, however, that this may not be
the case. First, the 15% capacity utilization exemption is only from the Proposal’s entrainment
requirements, not the impingement requirements. Second, the Proposal’s environmental review
should carefully examine the extent to which this exception is likely to apply to existing facilities
in light of reliability must-run contracts with the CA IS0, load service entity responsibilities,
Jong-term power contracts between merchant generators and utilities, and the cumulative effect
that other plant closures may have on the rate at which remaining plants must be dispatched.
These factors would determine how feasible it is for the OTC facilities to run at less than 15%
capacity utilization, and therefore the degree to which this exemption might work to maintain
electric system supply and reliability. For example, in 2005, 2500 MW of CA ISO reliability
must-run units had capacity factors that ranged from 17-60%, with a collective average capacity
of 31%. '

_ C. The Sta:ff Proposal’s Impact on Electricity Rates Should Be Analvzed

Assuming the Staff Proposal is technologically and legally feasible, the high compliance
costs imposed on existing facilities will have to be borne by customers. In California, the
wholesale commodity cost for electricity is passed directly to the customer of an investor owned
utility. In other words, there is no difference between the wholesale and retail price for the
customer. When the power generating facility is owned by an investor-owned utility, the
commodity is provided to the customer at a cost-based price.
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In California today, however, there are a number of factors which are placing upward
pressure on the electricity rate, including increased costs for premium contracts given to
qualifying facilities, a public goods charge that supports renewable energy development, and
long-term contracts that were entered into by the California Department of Water Resources
during the energy crisis which are still in place. In short, the Staff Proposal will force a choice
between two high cost alternatives: (1) eliminating a low-cost, base load utility-owned energy
supply and forcing replacement with a higher cost alternative; or (2) mandating conversion costs
of between $1.3 - $1.9 billion at the Diablo Canyon Power Plant alone.

The SWRCB must consider the impacts of the Staff Proposal on California’s citizens and
electricity customers. Since the energy crisis, the California Public Utilities Commission, the
California Energy Commission, the California Independent System Operator, the Department of
Water Resources and the Governor have been working toward a more stable energy market and a
more reliable and affordable energy delivery system. The Staff Proposal would significantly
undermine these objectives.

D. The Proposal’s Potential to Increase Greenhouse Gas Emissions and Cause Other Adverse
Impacts Must Be Analyzed

It should be clearly recognized that closure of the State’s two nuclear plants would have a
tremendous impact on greenhouse gas emissions. The nuclear plants have extremely low air
emissions, and they likely would have to be replaced by fossil plants if closed. PG&E estimates
that replacement of DCPP’s 2300 MW capacity by fossil fuel plants would increase CO2
emissions by 8 — 10 million tons/year.

Converting fossil OTC power plants to cooling towers would also reduce power plant
efficiency significantly, and this too would increase greenhouse gas emissions. More fuel would
have to be burned to maintain current levels of electric output. The California Council for
Economic and Environmental Balance (CCEEB) has estimated that conversion of existing plants
to wet cooling systems would increase statewide annual CO2 emissions by 311,491 metric tons,
and that conversions to dry cooling systems would increase annual CO2 emissions by nearly 2
million metric tons. Exhibit 9 p. 869.

If Governor Schwarzenegger signs Assembly Bill 32 (Nunez), the electric generating
community will embark on a large scale effort to begin greenhouse gas emission reductions, By
effectively removing thousands of existing megawatts from service and forcing replacements
with fossil fueled facilities, the Staff Proposal directly undermines the emission reduction goals
of Assembly Bill 32 (Nunez), passed by both houses of the legislature and supported by the
Governor.

As noted in Section IV.A above, the construction of new saltwater cooling towers along
the California coast would also have a number of other significant adverse environmental
impacts — including visual/aesthetic impacts, high saline discharge impacts, major construction
impacts, and huge increases in energy requirements. If potable water cooling towers were
constructed, CCEEB estimates an annual demand of over 20 billion gallons of fresh water.
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Exhibit 9 at 869. The Proposal’s environmental review must carefully evaluate all of the
foregoing since there is a substantial possibility that the Proposal’s total adverse environmental
impacts would far outweigh its benefits. ‘

E. The Staff Proposal Should Not Be Adooted Unless Justified by a New Statewide Cost-Benefit
Analysis

At the outset, it should be noted that the economic principles associated with the
valuation of natural resources are complex, and generally not part of common knowledge. In the
interest of efficiency, we have not repeated those principles in this portion of these comments,
but encourage the reader to refer to Exhibits 10 and 11 for a fuller explication of these principles,
including a discussion of “non-use” benefits. Non-use valuation is generally scen as an effort to
monetize the benefits associated with preserving the existence of a resource for present or future
enjoyment. Non-use values are in addition to a resource’s use values, which in the context of
I&E reductions generally consist of improved commercial and recreational fishing opportunities.

USEPA went to considerable lengths in the Phase IT Rulemaking to develop reliable
methodologies for valuing the benefits of reducing I&E impacts.. This issue was the subject of
extensive public notice and comments, reviews by nationally recognized resource economists,
and multiple efforts by EPA to attempt to assess non-use values through various means,
including habitat replacement cost methodologies, which it ultimately concluded could not be
used for this purpose. 69 Fed. Reg. 41,623-25. USEPA then developed regulations and guidance
for performing benefit valuation studies at individual facilities, and conducted a series of
regional valuation studies as part of its national cost-benefit analysis for the Phase I Rule. Id.

Among other things, USEPA analyzed the overall economic benefits of Phase II Rule
compliance in California. Exhibit 12. Based on information gathered from 20 coastal power
plants, this analysis quantified California’s statewide I&E impacts and conservatively estimated
the annual value of increased commercial and recreational fishing to be approximately $3
million. USEPA decided that it could not quantify non-use benefits as part of this rulemaking,
69 Fed. Reg. 41,624, but based on a qualitative assessment, found that non-use values “are likely
to be appreciable for the California region.” Exhibit 12 p. B5-2. Non-use values are a relatively
new economic concept that is controversial and difficult to quantify, 69 Fed. Reg. 41,624 and
41,647-8, but even the most ardent proponents of non-use values do not contend that they exceed
three times the total use values. Exhibit 11 p. 2.

The Staff Proposal, however, summarily concludes that USEPA’s benefits valuation for
the California Region “dramatically underestimated the overall ecological benefit of the Phase I
rule” because it valued only 2 % of the species and did not monetize non-use values. Staff
Proposal at 21. This conclusion is likely incorrect for several reasons. The species not valued in
the EPA California Regional study consisted of forage species and uncaught commercial and
recreational species. Since these species are uncaught, they do not have commercial or
recreational value, but instead only have non-use values. As explained in Exhibit 11, non-unique
resources such as common fish species do not have a high intrinsic value precisely because they
are common, whereas non-use values are usually significant only for rare and unique resources. -
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Exhibit 12 p. 7. While a different conclusion would arise if there were extensive impacts to
threatened or endangered species, or other critical aquatic organisms, such species generally are
not directly or materially affected by most of the existing OTC plants in California.” Therefore,
while the value of reducing the I&E impacts of California’s existing OTC plants may be
understated by USEPA’s California Region study, it is unlikely that it as dramatically
understated as the Staff Proposal suggests.

The USEPA benefits valuation for California is certainly not perfect. However, the
Staff’s rejection of it wrongly implies that USEPA’s valuation is wholly unacceptable. Given
the greatly contrasting views of this valuation and its importance to this policy, the State should
perform a new, peer-reviewed statewide valuation of the Proposal’s costs and benefits before it is
considered by the SWRCB in order to properly inform the decision, which clearly has significant
economic implications. At present, the best available information is that the economic impacts
of I&E in California are relatively modest. If the benefits of the Staff Proposal are low and the
compliance costs are high, as appears to be the case, the Proposal should not be adopted as
Califormia’s 316(b) policy.

F. The Assumption that California I&E Impacts Have Substantially Contributed to a Matenal
Declme in the Marine Environment Must Be Examined

There is an underlying assumption in the Staff Proposal that the remaining OTC power
plants are significant contributors to a material decline of the marine environment, and that they
have impacts which are all equally high. These assumptions are not accurate and should not be
universally applied as the State adopts its Section 316(b) policy. Instead, California’s 316(b)
policy must provide for site-specific evaluations of marine impacts. This is so because, in
California, there are coastal, bay and estuarine OTC facilities, and all of which have unique
marine environments and impacts, Assuming identical local environments and impacts
regardless of the specific area and other activities that may be causing impacts in an area will not
produce accurate results, and is not a fair baseline assumption.

Although the Staff’s Scoping Document is virtually silent on the point, its general
background and prior workshops suggest a conviction that I&E impacts are significantly
contributing to a material decline in the quality of California’s marine environment, and that the
Proposal’s stringent I&E reduction standards will significantly improve that situation. It is far
more likely, however, that declines in marine water quality (including declines in any
commercial and recreational fishing stocks) have been caused by over-fishing, loss of habitat,
pollution and invasive species, and not by I&E impacts on relatively small percentages of the

1 As explained in Exhibits 10-11 and 13-14 and Section V.C below, habitat replacement
costs and habitat production foregone analyses cannot be used to reliably estimate use or
non-use values. These systems are based on the costs of creating or restoring a resource,
and those costs do not and cannot serve as a proxy for the resource’s value. Value is
instead defined by people’s willingness to pay for the resource. For example, it might
cost $100/fish to build a hatchery and produce sea bass. The value of the fish is not $100,
however, but instead would be its $20 purchase price at the market.

15 The Contra Costa and Pittsburgh power plants are exceptions to this observation.
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enormous number of fish and shellfish larvae and eggs present in the ocean, estuaries and bays.
(Section VI below discusses in detail the reasons why I&E effects are not necessarily
ecologically significant.)

PG&E is not contending that I&E never has a significant impact. Indeed, there are cases
where the impacts are significant, and PG&E firmly believes that I&E effects must be studied
and addressed on a site-specific basis. There is, however, a substantial body of evidence which
indicates that these effects are not always significant, and it therefore would be improper to
assume that I&E in California is contributing significantly to a decline in the quality of the
matine environment. In short, the Staff Proposal’s stringent regulations will not necessarily
produce significant environmental improvements. Before a California policy is adopted, a
scientifically rigorous analysis of I&E effects should be conducted, including an assessment of
the true biological benefits that would be achieved by imposing different and more stringent
standards on existing power plants.

There are significant economic and social costs associated with the Staff Proposal. These
economic and social impacts must be carefully balanced against a factually accurate assessment
of the Proposal’s environmental benefits. In some cases, the environmental impacts of OTC
operations are extremely low, and the Proposal’s requirement to close such sources or force
customer cost increases to pay for expensive retrofits would only result in extremely modest
environmental improvements. This, for example, was found to be the case with respect to
impingement at the DCPP, where the RWQCB staff found there that “. . .[t]he impact is so minor
that no alternative technologies are necessary to address impingement at DCPP, and the cost of
any impingement reduction technology would be wholly disproportionate to the benefit to be
gained.” This is discussed in greater detail below. '

Y -

COMMENTS REGARDING SPECIFIC PROVISIONS
'OF THE STAFF PROPOSAL

" This Section provides PG&E’s recommendations concerning specific provisions of the
Staff Proposal, and other provisions that should be included in the State’s 316(b) policy.

A. The State’s 316(b) Policy for Existing Facilities Must Provide for Flexible, Site-Specific
Performance Standards and Compliance Alternatives

As discussed in Section IV, the impact of I&E can vary greatly from plant to plant
depending upon CWIS design, location, construction and capacity features, and on the nature and
extent of the biota living in the area. For example, the same technology can produce different
results in different locations because of variations in weather and the nature of biota present.
Additionally, different areas can be subject to different types and degrees of environmental

stresses, which must be evaluated and différentiated from an OTC plant’s I&E impacts. For
example, the State Water Project’s pumping facilities may have an enormous impact on fish
larvae and eggs in the Bay Delta; recreational and commercial fishing have direct impacts on
adult and larvae population levels, but vary dramatically from place to place; and, invasive
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species introduced by ships in transit and non-point source pollutlon can also have significant
impacts on fish and shellfish populatlons

These and other considerations led USEPA to conclude in the Phase II Rule that a single
compliance technology and fixed I&E reduction standards could not be imposed on existing
facilities, and that other, more flexible compliance standards and options were necessary. 69
Fed. Reg. 41,598 — 41,601. EPA reached this conclusion with regard to existing facilities even
though it had earlier decided with respect to new facilities that a single technology (cooling
towers) constituted the best technology available for reducing adverse environmental impacts at
new construction sites - where cooling towers could be installed efficiently, and where
companies can select locations that will accommodate such structures and avoid high impact to
sensitive areas. Existing power plants generally do not have this luxury, and in many if not all
cases, technological problems and the high costs of retrofitting may make cooling towers or
other technologies and operating procedures impracticable.

The Staff Proposal’s inflexible policy is likely to be infeasible at many plants, and will
certainly produce drastic results. The Diablo Canyon Power Plant (DCPP) provides a good
example. For the past 10 years, I&E impacts at DCPP have been carefully studied and analyzed
under the oversight of a Technical Working Group consisting of representatives from the
RWQCB, Department of Fish & Game (DFG), USEPA, independent scientists, enwronmental
groups and PG&E. Past studies demonstrated that only about 1600 pounds of fish a year
impinged at the Plant. That finding led the Central Coast RWQCB staff to conclude that:

Impingement of adult and juvenile fish on the traveling screens in front of a cooling
water intake structure at DCPP amounts to only a few hundred fish per year. This impact
is so minor that no alternative technologies are necessary to address impingement at
DCPP, and the cost of any impingement reduction technology would be wholly
disproportionate to the benefit to be gained.

Exhibit 6 p. 2.!7 Regardless of this unique, site-specific finding, the Staff Proposal would
mandate a 95% reduction of this impingement level ~ from 1600 to 80 pounds per year - even
though the estimated cost to achieve compliance with the Staff Proposal s impingement
reduction standard would be in the range of $1.3 - $1.9 billion.'® Tt makes no sense whatsoever

16 1600 pounds is roughly equal to the combined catch of four recreational fishing party

boats.

17 The RWQCB Staff’s findings with respect to entrainment are discussed in Section

IV.A.1.e above.

- Earlier analyses of DCPP impingement reduction technologies evaluated alternative
‘cooling water intake structures with an expanded intake area or inclined traveling
screens, each with an estimated cost of $275 million. Exhibit 15. These systems,
however, probably would not achieve the 95% reduction required by the Staff Proposal,
and therefore, the only conceptual technology available to achieve the Staff Proposal’s
impingement reduction standard is cooling towers.

18
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to spend $1.3 - $1.9 billion to reduce the DCPP’s impingement effects which have already been
found to be insignificant.

Additionally, the cost-to comply with the Staff Proposal’s requirement for impingement
reductions would cither force closure of DCPP and the permitting and construction of 2300
megawatts of new fossil fuel facilities with 8 — 10 million tons of additional greenhouse gas
emissions, or, if technologically and legally feasible, the conversion of DCPP to mechanical wet
cooling towers at a cost of $1.3 - $1.9 billion to PG&E’s customers. Constructing a new power
plant today takes approximately three years and costs approximately $939 per kilowatt in 2006
dollars. .

B. The State’s 316(b) Policy Should Retain a Cost-Benefit Compliance Alternative for Existing
Plants |

Part of the site-specific approach for regulating existing facilities must include a site-
specific cost-benefit compliance alternative in order to prevent economically impracticable
results. USEPA’s Phase II Rule includes such provisions for just that reason, and requires that
site-specific compliance standards be developed whenever the cost of complying with the
national standards is significantly greater than the benefits. In such circumstances, the
permitting agency is to impose requirements that achieve an efficacy as close as practicable to
the national standards, but only to the degree that costs do not significantly exceed benefits.

USEPA’s Phase II Rule establishes specific requirements for valuing the benefits of
compliance. Generally speaking, the regulations require an assessment-of commercial fishing,
recreational fishing and non-use values associated with I&E reductions. According to USEPA,

non-use benefits are difficult to quantify and controversial, and only need to be monetized in

| specified, unique circumstances, such as where I&E poses a significant risks to threatened and
endangered species. 69 Fed. Reg. at 41,647-8. The Staff Proposal, however, precludes any
consideration of costs or benefits in permitting decisions, and would instead require maximum
I&E reductions at existing plants regardiess of the costs or benefits. As the DCPP’s peer-
reviewed, benefits valuation study makes clear, a mandatory California policy that forces
customers to pay for I&E reductions at DCPP at any cost would be completely unreasonable and
totally unacceptable. ' '

1. Benefit Analyses for the Diablo Canyon Power Plant: Two separate approaches to
valuing I&E losses have been undertaken at the DCPP in recent years. One study was conducted
for PG&E by Triangle Economic Research under the Phase IT Rule’s requirements and
recommended procedures (TER Report). The other approach was undertaken at the request of
the RWQCB by three independent scientists, none of whom is a resource economist (IS Report).
These studies are summarized below, and are presented in full in the Exhibits 10 and 16.

a. TER Report: Phase II Benefits Valuation Study: TER’s Phase II Study was
conducted in 2005, and assessed the economic benefits of achieving the Phase IT Rule’s I&E
reductions at the DCPP using USEPA’s standards and procedures. Exhibit 10. The TER Report
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was recently peer-reviewed by two resource economists from the University of California at
Santa Barbara (UCSB). Exhibit 14 (Professor Deacon); Exhibit 17 (Professor Kolstad)."®

The TER Report monetized commercial and recreational fishing benefits using USEPA’s
valuation (or even more conservative) techniques. Since the DCPP’s I&E characterization study
analyzed 70% of the larvae entrained, TER “grossed up” its benefits valuation to account for all
fish impinged and entrained based on very conservative assumptions. Exhibit 10 p. 2. TER also
valued the benefits of increases in forage species using USEPA’s trophic transfer and production
foregone methods. Exhibit 10 p. 18. In essence, this approach values forage species based on
the amount of increased commercial and recreational fishing that might occur if additional forage
stocks were available, again based on conservative assumptions. Assuming the DCPP were to
operate until 2053,”° TER estimated the net present value of these commercial and recreational
use benefits, and the ecological value of the increase in forage species, to be approximately $1
million. :

Using USEPA’s guidance, TER also determined that all other non-use values did not
need to be monetized. Non-use values are normally associated with unique resources, and DCPP
has no significant impact to threatened or endangered species, or the like. Instead, the larval
losses it causes are mostly to small, near shore forage species. As a result, TER’s qualitative
analysis of non-use values concluded that they were likely to be low. Exhibit 10 p. 38. The
UCSB peer reviewers did not disagree with this assessment, but recommended greater detail in
support of the analysis. Exhibit 14 pp. 9-10; Exhibit 17 pp. 11-13.

b. IS Report: Habitat Production Foregone Analysis: At the Central Coast |
RWQCB’s request, several independent scientists considered mitigation projects to compensate

for DCPP’s I&E losses. See Exhibit 16. The scientists approached the issue from the
perspective of habitat replacement, and concluded that the establishment of Marine Protected
Areas (MPA) or the construction of artificial reefs could offset larval losses by creating
additional habitat for rocky reef fishes. The scientists asserted that the costs of MPA’s or
artificial reefs — which they sized using a “habitat production foregone™ analysis — best reflected
the value of the lost resources. They estimated MPA’s to cost $6 million to $8 million, and

19 The Deacon and Kolstad peer reviews were completed in July and -August 2006. Both

endorse the TER Report’s general approach to valuation, consistency with EPA
standards, and overall valuations, but make specific recommendations for improvements
to the analysis and its exposition. Neither peer reviewer believes that his
recommendations will result in material changes to the bottom line of TER’s benefits
estimation. Exhibit 14 p. 12; Exhibit 17 p. 6. TER is in the process of responding to the’
peer review comments, and also believes that its responses will not materially affect the
TER Report’s bottom line conclusions.

% Such an operating period would require renewal of the DCPP’s two NRC operating

licenses (one for each of the DCPP’s two reactors), which do not expire until 2021 and
2025. No decision has been made as to whether to seek renewals of the NRC licenses.
The assumption of license renewal was made by TER in order to provide a conservative
estimate of the economic benefits that might be achieved through compliance with the
Phase II Rule. '
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artificial reefs to cost $10.6 million to $26 million. Exhibit 16 p. 27 and 21, respectively. (As
discussed below, resource economists reject habitat replacement costs as a valid means of
valuing the lost resources.)

¢. Even if Alternatives to the Diablo Canyon’s Cooling Water System Were
Feasible, Their Costs Would Be Wholly Out of Proportion to Their Benefits

“The most economically accurate valuation [&E at DCPP is approximately $1 million.
(TER’s assessment of the net present value of commercial, recreational and forage species
through 2053). TER concluded that non-use values are likely insignificant in this case, and has
reported that even the most aggressive proponents of non-use valuations would not project such
values to be greater than two to three times the total use values. Exhibit 11p.2. That the Staff
Proposal would require an investment of $1.3 billion to $1.9 billion to produce a maximum of $4
million in benefits (assuming non-use benefits are $3 million, i.e., three times the total use value
of $1 million) demonstrates why rejecting USEPA’s Phase I Rule cost-benefit compliance
alternative would not be a prudent policy for California. Indeed, this is true even if one were to .
value DCPP’s I&E reduction benefits using the habitat production foregone methodology
advocated by the Staff Proposal. As reported above, the IS Report valued I&E losses at DCPP to
be $6 million to $26 million. Even this level of alleged bencfits makes no sense in light of the
exorbitant customer cost to produce them.?' :

C. The Habitat Production Foregone Method Should Not Be Used in Section 316(b) Analyses:

1. HPF Cannot Be Used to Place a Value on I&E Losses: The Staff Proposal would
require the use of Habitat Production Foregone (HPF) analysis in support of State 316(b) permit
decisions. As discussed above, independent scientists used the HPF approach in their assessment
of DCPP mitigation options. That analysis was reviewed by three sets of resource economists —
TER and Professors Kolstad and Deacon, the two UCSB resource economists who also reviewed
the TER Report. All three concluded that the HPF approach violates fundamental economic
principles by endeavoring to use habitat replacement costs as a proxy for the value of the lost
resources. Exhibits 11, 13. and 14 pp 13-17. “Value” is not based on the costs of producing a
good or service, but instead is based on people’s willingness to pay for it. As TER observed, for
example, the HPF approach would conclude that the “value” of lost larval resources would rise
or fall with variations in any component of the costs of constructing artificial recfs. Exhibit 11
pp. 11-12. The larvae would be more valuable if the cost of gas went up, for example, and less
valuable if the costs of artificial reef materials went down. This does not make sense.

2 Stratus Consulting Inc., a proponent of habitat replacement cost (HRC) valuations,
prepared a PIER Project Report for the California Energy Commission, advocating HPF
and HRC as appropriate means of scaling restoration projects to offset I&E losses.
(Stratus, October 2004). As explained by TER in Exhibit 11, however, neither approach
is valid for establishing the economic value on I&E losses, and the cost of the HPF or
HRC-sized restoration project must still be compared with the value of the I&E losses to
determine whether it should be performed under the Phase IT Rule. (The validity of using
restoration as a compliance option is currently being appealed in Riverkeeper v. U.S.
EPA, No. 04-6692-ag(L) (2™ Cir.).) :
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USEPA recognized in the Phase II Rule that costs cannot be used as a proxy for value,
" notwithstanding its serious effort to use habitat replacement costs as a means of valuing I&E
reductions. 69 Fed. Reg. 41,624 —25. USEPA’s Economic Guidelines for Preparing Economic
Analyses also flatly reject habitat replacement cost analyses as a proxy for value:

Alternative approaches that estimate the total value of ecosystems based on the
“cost of the entire ecosystem or its embodied energy . . . have received
considerable attention as of late. However, the results of these studies should not
be incorporated into benefit assessments. The methods adopted in these studies
are not well-grounded in economic theory, nor are they typically applicable to
policy analysis.

- EPA 2000 Guidelines p. 98. Comparing TER’s peer-reviewed benefit valuation of $1 million
with the range of HPF estimates developed by the independent scientists - $6 million to 526
million — highlights the inaccuracy of cost-based valuations, which according to the resource
economists can only serve as an absolute upper bound to the real value of benefits, but can never
themselves be a defensible estimate of value. Exhibit 13 pp. 1-2.

2. The Habitat Production Foregone Analysis Has Methodological Flaws that Preclude
Its Use for Reliably Estimating the Size of Restoration Projects: The Staff Proposal does not
elaborate on what is meant by the HPF methodology. Based on our experiences with the IS
Report, however, PG&E has some understanding of what is intended. Nevertheless, clarification
of what is meant is necessary. For present purposes, we assume that the HPF approach intended
is that which was employed in the IS Report discussed above.

As discussed in Exhibit 11 at pages 2 and 21-24, the HPF suffers from a number of
methodological flaws which preclude its use as a reliable estimator of the size of mitigation
projects necessary to compensate for I&E losses. As described there, the HPF methodology: (1)
. fails to provide a necessary linkage between I&E effects, ecological services and human
services; (2) fails to consider discounting, and thus would overestimate the size of the restoration
project (e.g., I&E effects terminate when a plant shuts down, but the benefits of restoration may
continue in perpetuity); (3) does not account for uncertainty in its analysis; and (4) fails to
consider biological compensation, especially in relationship to larval losses, and is again overly
conservative for that reason as well. In sum, the HPF is an over-simplified system that at best
produces overly conservative ballpark estimates.

For the foregoing reasons, the HPF Inethodology should not be a fundamental component
of California’s Section 316(b) policy.

D. PG&E Generally Supports the ConceDt of Expert Panels to Oversee I&E Characterization
Studies

I&E characterization studies in coastal environments are complex, time-consuming, and
extremely expensive. Accordingly, there should be no doubt-about the study design or the
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sufficiency and quality of the data gathered. Having expert, multi-party input into the design and
performance of these studies minimizes the possibility of inadequate studies and enhances the
credibility of the results. In DCPP’s case, its I&E characterization study was overseen bya
technical working group with representatives from the RWQCB, USEPA, the California
Department of Fish & Game, an environmental interest group, several independent scientists
selected by the RWQCB with expertise in marine biology, PG&E and its expert consultants.
There have been no serious questions about the thoroughness and accuracy of the DCPP’s I&E
characterization study.

PG&E is less certain about the prospect of having a single group of experts oversee all
studies in the State, and would strongly object to any program in which the permit applicant did
not have a voice. Just as permittees may be suspected of having an incentive to minimize studies
because of cost considerations, project opponents and agency personnel may be suspected of
having incentives to over study issues, maximize costs, and delay permitting decisions.
Ultimately, the permittee must have the right to proceed with whatever study it believes should
be conducted, just as the RWQCB’s should retain the right to reject an applicant’s study, subject
only to SWRCB and judicial review.

E. The State Policy Should Not Require I&E Characterizaﬁon Studies To Examine All Species

PG&E is unaware of any I&E characterization study that has ever characterized all plant
and animal species potentially subject to I&E. These studies are already expensive, and this
requirement could make them absurdly so, without corresponding environmental benefit. For
reasons explained in Section VI below, there is simply no legitimate reason to characterize
zooplankton and phytoplankton; these species are not seriously affected by I&E. There may be
other species that are not worth studying - because they are rarely present in a given
environment, because they are unlikely to be subject to entrainment (demersal eggs, for
example), or because it is a species whose larvae have drifted into an area where they cannot
survive, etc. The very purpose of having an expert panel to review 1&E characterization studies
is to ensure that the study results are representative of the probable I&E effects, and that money
is not wasted studying that which is likely not important. There is simply no need to have
requirements for both an expert pancl and the study of all species, and the study of all species is
clearly unnecessary if the study is approved by an expert panel.

F. The Frequency of I&E Characterization Studies Should Be Left to the Discretion of thé
Regional Boards '

Tn addition to the initial I&E characterization studies, the Phase II Rule requires a
verification monitoring program. If periodic monitoring demonstrates that there have been no
significant changes in the nature and extent of the organisms being impinged or entrained, there
should be no requirement for the complete repeat of an 1&E characterization study at each permit
renewal. Since I&E characterization studies must be performed for at least one year, and since
permit renewal applications must be submitted six months before expiration of the five-year
permit, a requirement for new studies at every renewal would require nearly continuous I&E
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characterization studies throughout a plant’s operating life. This is clearly unnecessary and
probably an extraordinary waste. Applicants should be given the opportunity to demonstrate that
prior studies are still valid based on verification monitoring data. RWQCB’s will still have the
right to disagree with such demonstrations, and can require new studies in appropriate
circumstances. :

G. The Proposal’s Nuclear Safety Exemption -

If operational or technological I&E reduction measures conflict with a nuclear safety |
requirement, the Staff Proposal would allow a nuclear plant to achieve full compliance with the
upper end of the performance standards through any combination of operational, technological

“and restoration measures. It is presently unclear to what extent nuclear safety concerns may be

impacted by I&E reduction measures, and in any event, the use of restoration measures as a
compliance option at existing power plants may be invalidated by the court in Riverkeeper v.
United States Environmental Protection Agency, No. 04-6692-ag(L) (Z“d. Cir.). A decisionin
that case is expected later this year.

VI

IMPINGEMENT AND ENTRAINMENT EFFECTS
ARE NOT ALWAYS ECOLOGICALLY SIGNIFICANT

As noted in Section IV above, the Staff Proposal appears to be based on the assumption
that I&E impacts in California have led to substantial declines in the quality of the marine
environment, including reductions in commercial and recreational fish stocks. This assumption
oversimplifies the relationship between I&E impacts and the health of ocean ecosystems, and
fails to recognize that the effects of I&E on marine species are likely to vary from case-to-case
and species-by-species. The Staff Proposal further neglects to acknowledge that in many if not
most instances, the effects of I&E on marine life can be insignificant. The following sections
highlight various studies and principles which demonstrate why I&E effects are insignificant in
many cases. : '

A. Cooling Water Intake Structures Are Known to Have Negligible Impacts on the Vast
Majority of Organisms Subject to Impingement and Entrainment '

As Dr. Michael Foster reported to the SWRCB staff at the September 2005 316(b)
Workshop, more than 99.7% of the organisms entrained in California consist of phytoplankton

-and zooplankton. Exhibit 18. These microscopic plants and animals exist in extraordinary

numbers, have very short life spans and regeneration times, and are widely distributed in the
ocean by currents. Numerous studies have concluded that CWIS impacts on these species are

‘negligible, that such impacts occur in the immediate vicinity of an intake structure at most, and

often are not observed at all even within the immediate area. The Marine Review Committee for
the San Onofre Generating Station, for example, reached this conclusion after extensive study
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and apalysis. Exhibit 19. Numerous other studies by the NRC and other researchers have
consistently reached the same conclusion.”? '

B. The Entrainment of Substantial Numbers of Fish and Shellfish Eggs and Larvae Can Be
Ecologically Inconsequential _

Fish and shellfish typically produce hundreds of thousands, or even millions of eggs or
larvae, the overwhelming vast majority of which will die of natural causes before maturing to
adults. EPA’s fish life history tables for the California Region provide evidence of this fact.
Exhibit 12 Appendix B1. Organisms with this type of life history have “density dependent”
population dynamics. When population growth rates are density dependent, an increased loss of
juveniles or adults is compensated for by increased survival and/or reproductive rate by the
remaining population. Density dependency is a well-established principle that underlies the
federal government’s management of many fisheries populations. The National Marine Fisheries
Service, for example, has been applying this concept for decades.

Given these biological realities, the loss of a significant number of larvae and eggs as a
result of entrainment does not necessarily result in a significant ecological impact. Likewise,
cessation of entrainment impacts may also have no significant ecological effect, since the un-
entrained larvae and eggs are likely to die of natural causes anyway. Even if larval and egg
losses were to contribute to an initial population decline, which is rarely the case, fish
populations will normally stabilize themselves through increased reproductive success, faster
growth, longer lives, and the like. I&E assessment procedures do ot account for compensation,
and therefore overstate actual impacts.

22 See, for example: Electric Power Research Institute (EPRI). 1979. Ecosystem Effects of
Phytoplankton and Zooplankton Entrainment. EPRI EA-1038; Project 876. Palo Alto,
CA; Jensen, L.D. 1981. Issues Associated with Impact Assessment. Proceedings of the
Fifth National Workshop on Entrainment and Impingement. L.D. Jensen (ed.) EA
Communications, Sparks, MD; Randall Melton, B. and G. M. Serviss. 2000. Florida
Power Corporation — Anclote Power Plant Entrainment Survival of Zooplankton. In
Power Plants and Aquatic Resources: Issues and Assessment. J. Wisniewski (ed.)
Environmental Science & Policy: Vol. 3 Supplement 15233-S248; US Nuclear
Regulatory Commission, Generic Environmental Impact Statement for License Renewal
of Nuclear Plants (NUREG-1437); 10 CFR Part 51; Hess, L.W., et al, 1982. The Middle
Missouri River — A Collection of Papers on the Biology with Special Reference to Power
Station Effects, The Missouri River Study Group, Norfolk, Nebraska; Kennish, M.J. et
al., 1984. “Anthropogenic Effects on Aquatic Communities,” pp. 318-38 in M. J.
Kennish and R.A. Lutz, eds., Ecology of Barnegat Bay, New Jersey, Springer-Verlag,
New York.; Maryland Department of Natural Resources. 1988. Power Plant Cumulative
Environmental Impact Report for Maryland, PPRP-CEIR-6, Power Plant Research
Program, Maryland Department of Natural Resources, Annapolis, MD.
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C. Numerous Site-Specific and Regional Studies Confirm that Impingement and Entramment
Impacts May Not Be Significant Impacts

I1&E effects have been reviewed by many other states and regions and these studies
should be reviewed as part of the staff’s assessment of the Proposal. For example, scientists
from the California Polytechnic State University in San Luis Obispo recently completed a study
of rock fish populations on California’s central coast, an area with relative limited anthropogenic
impacts on the ocean. This study concluded that “{i]n general, the south central coast rockfish
resources, with the exception of bocaccio[*’] (5. paucispinis), have not shown strong evidence of
a declining trend over the past 25 years.” Exhibit 20. This study’s data base began five years
before DCPP commenced operations (in 1985). Rock fish larvae are entrained at DCPP, and if
this entrainment were having a substantial effect, one would have expected to see population-
level declines in rock fish populations somewhere along the central coast. The fact that such
declines have not occurred after twenty years suggests that the DCPP’s impact on these species
is not ecologically significant.

Additionally, several long-term regional studies have demonstrated that even the
cumnulative impacts of multiple power plants on a single water body may not cause significant
adverse environmental impacts. Striped bass populations in the Hudson River, for example, have
increased by a factor of 10 in recent years, despite the operation of five power plants authorized
to withdraw up to 5 billion gallons/day of cooling water. Exhibit 21 p. S344. The recovery of
these populations may have been due to fishing bans, but the point is that the continued operation
of the Hudson River OTC plants likely did not suppress the striped bass populations in the first
place, or prevent their recovery. :

A major study of the Chesapeake Bay, where 13 power plants withdraw up to 8 billions
of cooling water a day from the nation’s largest and most productive estuary, also concluded that
“while the operation of individual power plants impact various ecosystem elements in various
ways, those impacts, taken together, have had no identifiable substantive cumulative impact on
Maryland’s aquatic resources to date.” Maryland Power Plant Research Program 1999
Cumulative Environmental Impact Report; also see Exhibit 22.

Finally, USEPA has made a number of findings at existing facilities that significant
entrainment levels are not ecologically significant. For example, the USEPA found that the
entrainment of 100 billion clam larvae by the Seabrook Power Plant would only have an
“insignificant effect on adult [clam] populations,” see In re Pub. Serv. Co. of N.H. (Seabrook
station, Units 1 and 2), 1 E.A.D. 332, 1977 EPA App. LEXIS 16, at *62 (EPA June 7, 1977),
and later explained that, although “[flish eggs and larvae may be ... subject to ... entrainment in
substantial numbers,” for most species “the impact of either intake entrainment or thermal
discharge will be insignificant.” In re Pub. Serv. Co. of N.H., 1 E.A.D. 455, 1978 EPA App.
LEXIS 17, at *43 (Aug. 4, 1978).**

2 Bocaccio have been over-fished. Exhibit 12 p. B2-2 (Table B2-1).

24 Other EPA permit decisions also concluded that I&E impacts were not significant. See In

re Pilgrim Nuclear Station Unit 2 (Boston Edison), NPDES Permit No. MA0025135,
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As the foregoing discussion demonstrates, entrainment of phytoplankton and zooplankton
rarely if ever results in a significant ecological injury, and these are the organisms entrained in
the highest numbers. As to fish and shellfish larvae and eggs, even significant levels of
entrainment can be without significant ecological effect given the typical reproductive strategies
of these species and the principle of density-dependent biological compensation. This is not to
suggest that entrainment is always insignificant. Indeed, there are cases where significant
adverse environmental effects do occur because of site-specific considerations. As a general
proposition, however, it would be incorrect to base the State’s 316(b) policy on the assumption
that I&E impacts are always significant, and that the Proposal’s requirements will produce
significant ecological benefits. In fact, reducing I&E levels at many existing OTC facilities will
probably have no significant environmental benefit whatsoever.

VII
CONCLUSION

As explained above, there are substantial reasons why the Staff Proposal may be
technologically, legally and economically infeasible at existing once through cooling plants, and
as a result, would force the premature closure of many or all of these facilities. The loss of up to
40% of the State’s electric generating capacity would destabilize the electric delivery system,
increase customer clectric rates, adversely impact the electric market, and likely produce
significant adverse social and environmental problems, including large increases in greenhouse
gas emissions. The Staff Proposal’s functional equivalency document must thoroughly evaluate
the Proposal’s true feasibility, and costs and benefits to be sure the SWRCB does not
unintentionally create drastic economic and environmental injuries through the adoption ofa
‘well-intentioned policy. The policy ultimately adopted should provide for a smooth transition
from the existing OTC plants to new energy sources while effectively balancing a complex set of
social, economic and environmental factors during the interim.

Thank you for providing this opportunity to comment on the Staff Proposal. Please
contact Lorraine Paskett of PG&E should you have questions or desire elaboration on any of the
foregoing comments. She may be reached at (916) 386-5709.

EPA Region I at 36 (Mar. 11, 1977) (“the entrainment impacts on the [representative
important species] are minimal in comparison to the species population in the area of
impact.”); see also Crystal River (Florida Power Corp.), NPDES Permit No. FLO000159,
Findings & Determinations (Dec. 2, 1986); In re Carolina Power & Light Co., NPDES
Permit No. NC 0007064, slip. Op. (Nov. 7, 1977). :
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STATE OF CALIFORNIA - THE RESOURCES AGENCY . ARNOLD SCHWARZENEGGER, Governor

CALIFORNIA ENERGY COMMISSION
1516 NiINTH STREET
y ACRAMENTO, CA 95314-5512
energy ca.gov

April 11, 2006

Paul D. Thayer, Executive Officer

California State Lands Commission
100 Howe Avenue, Suite 100-South
Sacramento, California 95825-8202

Dear Mr. Thayer:

Attached to this letter are responses to questions received from you and others
regarding the possible effects of the State Lands Commission staff draft resolution
pertaining to once-through cooling on the coastal power plant fleet. The questions are
organized into three general categories:

1. California Energy Commission (Energy Commission) authorities and permitting
issues for coastal power plants, and work by the Energy Commission on once-
through cooling;

. Current and anticipated operations of the coastal power plants and their
contributions to California’s electricity supplies; and

3. Considerations of the possible effects of the draft once-through cooling resolution
on the operation and/or replacement of coastal power plants.

Please call me at 654-4496 if you have any questions or have your staff contact Chris

Tooker at 653-1634 or Jim McKinney at 654-3999 if you require clarification, have
questions, or further discussion is necessary.

Sincerely,

signed

B. B. BLEVINS
Executive Director

Attachment




Question 1 — What is the lead time for issuing permits for new generating
capacity?

The Energy Commission has exclusive permitting authority for thermal power plants 50
megawatts (MW) or greater and serves as lead agency under the California
Environmental Quality Act (CEQA) for projects within our jurisdiction. The Warren-
Alquist Act specifies a mandatory 12-month time period to permit new power plants.
Since deregulation of the electricity industry, the Energy Commission has permitted one
retooling and three replacement power plant projects on the coast that use once-
through cooling. The time it took the Energy Commission to permit these once-through
cooling (OTC) projects ranged from 3 months for the Huntington Beach retooling project
during the energy emergency to 43 months and 46 months for the Morro Bay and El
Segundo projects, respectively. The Moss Landing project was permitted in 14 months.
The Morro Bay and E! Segundo Projects took far longer than the normal permitting time
because of disputed issues regarding OTC and the time it took the applicants to supply
requested information and address and resolve all the issues raised by the Energy
Commission. Permitting time is often proportionate to the difficulty and controversy of
the issues that need to be addressed, what issues are in dispute, and the level of
community or intervener participation and concern.

In addition to the permit review time, applicants require about six tonine months to
prepare an Application for Certification, and 18 to 24 months to construct a project. If an
Energy Commission certified project is modified after certification, including
modifications to the cooling system, the Energy Commission has jurisdiction over the
modification and must approve the modification as an amendment to the decision.
Depending on the type of modification, the amendment process normally takes two to
six months to complete.

Question 2 — What is the process for re-permitting the existing plants that would
be affected by this resolution? _

This question raises several issues about how the coastal power plant owners may
choose 10 respond to a State Lands Commission resolution on once-through cooling
over a 14-year time period. The answer to the permit question depends on how each
owner chooses to respond. Three response options are: -

Option 1 — Owners choose to “only retrofit” the cooling system from once-through
cooling to cooling towers or dry cooling, but not modify or replace (i.e. repower) the
existing electrical generating system (including the gas and steam turbine generators).

Option 2 — Owners choose to repower the electrical generating system and switch to
cooling towers or dry cooling.




Option 3 — Owners choose to replace the electrical generating system with a
~ technology that does not require cooling, such as combustion turbine peaker units.

Under Option 1, if the power plant was not originally certified by the Energy
Commission, the installation of cooling towers or a dry cooling system would either
require a revision to the original local permit, or for a municipal utility owned project, a
municipal utility permit, to ensure conformance with the California Coastal Act, any other
affected existing permit conditions, and CEQA. If the power plant was originally certified
by the Energy Commission, this option would require an amendment to the Energy
Commission’s decision and functionally equivalent CEQA documentation would be
required and performed by the Commission. While there are environmental benefits
derived from avoiding the use of once-through cooling, alternatives that require the use
of cooling towers or dry cooling systems are more costly, require more space, and can
result in visual and noise impacts. Cooling towers also require a source of reclaimed,
ground or potable water. Current Energy Commission policy seeks to encourage the
use of reclaimed or recycled water in lieu of fresh water for power plant cooling, but this
policy would not apply to projects outside of our jurisdiction. '

Under Option 2, an Energy Commission license would be required for facilities not
originally permitted by the Commission only if the project modification resulted in a net
generating capacity increase of 50 MW or more. If the Energy Commission previously
certified the project, a modification of less than 50 MW would require an amendment to
the original Energy Commission decision and a functionally equivalent CEQA process. If
a local agency of municipal utility previously permitted the project, and the modification
was less than 50 MW, the local agency or municipal utility would permit the modification
and conduct the appropriate CEQA review. For example, the Los Angeles Department
of Water and Power (LADWP) has self-permitted very large power plant replacement
projects by keeping the net change below the Energy Commission’s jurisdictional
threshold.

Under Option 3 where new combustion turbines are installed, the permit requirements
would be the same as for Option 2. Because cooling towers or dry cooling would not be
needed, these issues would not be evaluated during the CEQA review.

Question 3 — What percentage of the energy éctually used by California is
generated at OTC coastal power plants? (Not the percentage of capacity). What
is the capacity of plants to produce power versus the actual production? What is

the relative contribution of the different types of power generators and how might
that change over time?

In aggregate, the 21 large coastal power plants using once-through cooling generated
58,345 Gigawatt-hours (GWh) in 2004, which was 22 percent of total in-state electricity
sales. The relative contribution of each technology is shown in the table below.

The capacity factor of a power plant is a measure of the amount of energy it generates
in one year. A 100 percent capacity factor means that a facility generates around the




clock each day and hour of the year. The 2004 capacity factors of the coastal power
plants with once-through cooling are summarized below.

Capacity Factor | Generation as Percent
Technology (percent) of State Total (2004)
Steam Boilers 19.4 - 9.0
Combined Cycles 34.9 : 2.05
Nuclear : 79.1 11.08
Combustion Turbine 2.1 0.04

Presently, the older steam boiler power plants operate at relatively low capacity factors
on an annual average basis, but provide critical capacity reserves and energy _
production that are needed to meet peak demand during the summer months. As such,
the above table does not adequately reflect the importance of the coastal plants to the
state’s electricity system, since their generation as a percent of state total is significantly
higher during periods of peak demand when system reliability becomes a critical issue.
Most of these coastal facilities have been operating at their full capacity during the
highest peak demand periods of the summer. Over time, it is anticipated that many of
the steam boilers will be replaced with more efficient generating technologies.

Question 4 - Please provide information concerning individual power plants — are
any proposed for shutdown by 20207 What about those plants that intend to re-
power? Which of these plants seem likely candidates for conversion to non-OTC
cooling? Which plants seem obviously not to be a candidate (i.e., location and
water limitations)?

As discussed later in the response to Question 9, two piants are no longer operational
(Long Beach and Hunters Point), and two more {Humboldt and San Diego South Bay)
have announced plans to repower without once-through cooling.

Plants that have recently repowered and the nuclear facilities would encounter difficult

financial obstacles if they were to pursue a new cooling technology. Conducting a site-
by-site feasibility assessment of cooling technology altematives is a task that is beyond
the scope and time frame of this letter.

Question 5 — What approach has been taken by the CEC and what authority and
jurisdiction does the CEC have over OTC power plants? '

As discussed in our responses to Questions 1 and 2, the Energy Commission has the
legal obligation to thoroughly review potential environmental effects under CEQA for
each application on a case-by-case basis and determine whether the impacts are
significant and mitigable. The cases involving once-through cooling that have come
before the Energy Commission have presented challenging analytic issues for our
agency.




The Energy Commission and its staff have created an extensive body of knowledge on
once-through cooling issues through its siting, planning and PIER programs, and
through Commission-level policy reports and siting case decisions. In its 2005
Integrated Energy Policy Report, the Energy Commission provided the following policy
guidance on once-through cooling:

1. Work collaboratively with agencies on OTC through the Ocean Protection Council.

2. Continue research on impact assessment protocols, impact reduction and
alternatives to OTC.

3. Update Memorandums of Agreement (MOA) with SWRCB, RWBs and Coastal
Commission to develop consistent regulatory approaches, including investigating
retrofit control technologies (BARCT) :

4. Update Data Adequacy Regulations for License Applications and for California
Coastal Act consistency.

Question 6 ~ Are OTC considerations different for the two nuclear power plants?

Yes. California’s two nuclear facilities represent billions of dollars in ratepayer
investments and operate in a base load mode with very high capacity factors. They are
a critical element of California’s electricity supply system. Potential retrofits would be
expensive and present engineering feasibility challenges. Very little information on the
potential costs of retrofitting nuclear facilities to use cooling towers is available. in
addition, it is unknown whether adequate supplies of reclaimed or fresh water, for
example, are available for cooling purposes.

Due to their size and base load operation, the two nuclear facilities also use the largest -
volumes of sea water. Each plant is permitted to use more than 2,500 million gallons of
sea water per day, which is twice as much as the next largest facilities on the coast
(Alamitos and Moss Landing). Most of the other coastal facilities are permitted to use
less than 1,000 million gallons per day. Due to the low capacity factors at most of the
costal plants, actual volumes of sea water used in once-through cooling are lower than
their permitted levels.




Question 7 — At the stakeholders meeting, an attorney for Duke’s plant at Morro
Bay said there were few if any impacts — is this correct and would that be true for
the other plants?

In its June 2004 Third Revised Proposed Decision, the Commission found that
environmental impacts from once-through cooling to the Morro Bay Estuary from the
repowered Morro Bay Power Plant would be less than from the existing plant, and
therefore did not constitute a significant environmental impact as defined in CEQA. The
Commission Decision also stated that the 16.2 percent proportional mortality
entrainment impact from the new facility was an adverse effect and would have to be
mitigated in accordance with section 316(b) of the Clean Water Act. The Commission
Order directed Duke to pay $12.5 million to the Central Coast Regional Water Quality
Control Board for a habitat enhancement program.

The consensus view of federal and state agency scientists that Energy Commission
staff have worked with on power plant siting cases is that once-through cooling causes
significant, ongoing impacts to marine and estuarine environments in California’s
coastal waters.

Question 8 — What is being done to insure that new power plants will use
alternative cooling systems and not OTC?

There is a substantial amount of work being conducted at the Energy Commission and
at other agencies on the environmenta! impacts of once-through cooling and on the
feasibility and development of alternative cooling technologies.

At the Energy Commission, repowering applications that include the continued use of
once-through cooling are subject to a thorough regulatory review that includes
compliance with Clean Water Act requirements, as implemented by the Regional Water
Quality Control Boards, and an examination of feasible cooling altemnatives, inciuding
the use of recycled water for either cooling towers or once-through cooling. Energy
Commission PIER research on alternative cooling technologies is demonstrating that
dry and hybrid cooling systems are feasible and economicailly viable in California.

According to the Energy Commission’s 2005 Environmental Performance Report of
California’s Electrical Generation System, 22 percent of the new capacity that was
brought on-line between 1296 and 2004 used recycled water for cooling, while 52
percent of the capacity under construction or permitting review will use recycled water.
Two power plants in California use dry cooling, and a third is under construction.

The Energy Commission staff continues to conduct and sponsor research into the
scientific issues associated with better understanding and documenting the
environmental effects of once-through cooling.




The recent US Environmental Protection Agency Phase | Rule for section 316(b) of the
Clean Water Act effectively bans new power plants, excluding repowers, from using
once-through cooling. The Phase I Rule for existing large power plants sets aggressive
performance standards for entrainment (60 to 90 percent reduction from baseline) and
impingement (80 to 95 percent reduction from baseline). The State Water Resources
Control Board has initiated a proceeding to determine if a more stringent policy to
implement the federal rule is appropriate for California. Regional Water Quality Control
Boards are initiating new reviews of existing National Pollution Discharge Elimination
System (NPDES) permits for cooling water intake structures in accordance with the new
316(b) Phase li Rule.

Work at the Ocean Protection Council and State Lands Commission will also result in
more attention to and scrutiny and awareness of the impacts of once-through cooling.

Question 9 — What information can the Energy Commission provide on the impact
of this Resolution on our State’s critical energy needs?

The set of issues raised by this question would depend on how coastal power plant
owners choose to respond to the resolution over a 14-year time period. California
energy markets and technologies are evolving dynamically and what is true in 2006 may
be quite different in 2020. it is helpful to identify some basic facts and assumptions
about the coastal fleet and the resolution that can be useful in thinking through a
response to this question. In addition to the three response options identified earlier —
retrofit the cooling system, repower to combined cycle, repower to combustion turbine —
an owner could also choose to retire the plant and use the property for other purposes.

First, it is useful to divide the list of 22 coastal power plants with leases from the State
Lands Commission or its grantee agencies into categories. In addition to the conditions
of the lease, the type and age of the power plant, along with its location and ownership,
will influence how an owner chooses to respond and the number of response options
that are available. While the 10 facilities with leases from the State Lands Commission
seem to have a legat obligation to comply with the proposed staff resolution, it is not
clear what legal authority, if any, exists to compel compliance for the other 12 facilities.
In addition, several plants have either shut down or announced that they will repower
without once-through cooling systems. Furthermore, two of the plants with leases are
small (Gaylord and GWF) and do not meet the 50 million galion per day threshold for
large existing power plants as defined by the US Environmental Protection Agency in its
recently revised rule for section 316(b) of the Clean Water Act. The Energy Commission
maintains a list of 21 large coastal power plants using once-through cooling that does
not include these two small facilities. (The Energy Commission kist does includes the
Mandalay facility in Ventura County that is not on the State Lands Commission table of
leases.)

Accordingly, it may be that just eight ptants with leases from the State Lands 7
Commission wouid be directly affected by the resolution: Antioch, Piitsburg, Ormond, E!




Segundo, Huntington Beach and Encina, plus the nuclear facilities of Diablo Canyon .
and San Onofre.

In terms of technology, the 21 large coastal plants using once-through coohng can be
divided into the following categories:

* Nuclear-2
* Combined Cycle — 4
+ Steam Boilers — 15 (plus the old steam units at Moss Landing}

The Diablo Canyon and San Onofre nuclear plants represent billions of doilars in
ratepayer investment and provide important levels of base load electricity generation.
They are also critical to maintaining system reliability from both a generation and
transmission system perspective. Retrofitting these facilities to cooling towers (dry
coofing does not appear to be feasible from an engineering perspective) would be an
expensive engineering challenge, even if sources of fresh or reclaimed water were
available to supplant the use of ocean water for cooling.

Combined cycle technology is the current state of the art for natural gas-fired power
plants. Four plants use this technology. Moss Landing and Haynes were recently
repowered with continued use of once-through cooling, while the Harbor Units ta and
2a were built in 1994, Retrofitting to cooling towers or dry cooling would be technically
feasible, but would be costly in light of the recent investments to rebuild these
generating units.

For the 15 older steam boiler plants, owners could choose from each of the four
previously described project options. Retrofitting the cooling systems to cooling towers
or dry cooling would probably not make economic sense given the age and lower '
operating efficiencies of these units. The economic viability and technical feasibility of
changing the cooling technology at the time of repowering depends on specific site
considerations. The Morro Bay facility still requires and NPDES permit from the Central
Regional Water Quality Control Board. Two facilities — Morro Bay and El Segundo —
have licenses from the Energy Commission to repower using once-through cooling that
have not been exercised. Two plants —~ Humboidt and San Diego South Bay — have
announced that they will repower without once-through cooling. The Hunters Point
facility has been granted permission from the California Public Utilities Commission to
retire. Finally, the Long Beach plant has ceased generating electricity, but the once-
through cooling pumps are still used to control water levels at the plant.

The location of a facility is also a consideration regarding whether to retire, retrofit or
repower. Many areas in California are resource-constrained in terms of local generation
and transmission. Several coastal power plants in these areas have Reliability Must
Run (RMR) contracts from the California Independent System Operator (CAISO), which
obligates the owner to furnish power during periods of critical demand. Nine of the
coastal plants have RMR contracts for 2006 for a total of 4,058 MW.




Ownership is another consideration. Merchant generators currently need long-term
contracts in order to secure the financing necessary to pay for major facility repowers or
retrofits. Publicly-owned utilities, in contrast, have not had difficulty in financing their
projects because of their ability to sell bonds. Calpine is in bankruptcy, and Duke is
selling its California power plants to LS Power, a privately owned company. Fifteen of
the 21 coastal plants are owned by private merchant generators. Passage of the
resolution would probably make it more difficult for the merchant owners to secure
financing for repowering or upgrading their facilities.

Any generating capacity lost by coastal plant retirements would need to be replaced for
electricity supply adequacy purposes and in some cases for transmission stability
requirements. If there are transmission-related considerations, the replacement
generation might need to be placed in the same genera! area as the retired coastal
plant.

Should the State Lands Commission resolution pass, those existing power plants that
would be affected would have two choices, either shut down or modify their facility to
eliminate the use of once-through coofing.

For the coastal power plant repowering projects subject to Energy Commission
jurisdiction, developers have argued that a requirement to use an alternative cooling
technology would render the project uneconomical. While Energy Commission staff has
analyzed the costs associated with different cooling technologies and did not accept the
assertion of the developers regarding economic feasibility, the question nonetheless
remains unanswered regarding economic viability due to a number of factors described
above. Consequently, it must be recognized that a State Lands Commission resolution,
if passed, could eventually result in the loss of a significant amount of California’s
generating capacity with adverse impacts to system reliability.

There are two alternatives to once-through cooling. The first would be the continued use
of water to cool the power plant, but the source would be fresh or reclaimed water. If the
project were under the jurisdiction of the Energy Commission the use of fresh water is
unlikely to be permitted, in conformance with a policy adopted by the Commission in its
2003 Integrated Energy Policy Report. The developer would need to use reclaimed
water in lieu of fresh water, which is not always available depending on location, or use
a dry cooling system. Projects not under Energy Commission jurisdiction would be
‘permitted locally with the tead permitting agency determining what water source could
be used for power plant cooling. Currently, it is the policy of the State Water Resources
Controt Board to discourage the use of fresh water for power plant cooling.

Dry cooling is also an alternative to once-through cooling. This technology is
commercially available and has become more common in recent years, particularly in
areas where water availability is an issue. However, developers are more comfortable
and inclined to use wet cooling technologies because of their greater familiarity with this
technology; its lower capital costs; its smaller space requirements; and its greater
efficiency, particularty at higher ambient temperatures. The latter issue tends to be more




important at inland sites where summer temperatures are normally much hotter than
along the coast. If any of the existing coastal power plants have space limitations, dry
cooling may not be an option. In addition, since dry cooling systems are noisier and
larger than wet cooling systems, there can be environmental issues regarding visual
and noise impacts. ' '

In summary, because of the tremendous dynamism of California energy systems,
including varied energy technologies and evolving energy markets, energy policies and
environmental regulation, it is not possible to state with any certainty how power plant
owners would respond to the State Lands Commission resolution over a 14-year phase
in period. However, new generation would be needed to replace the loss of existing
coastal power plants. New facilities may need to be located at or near some of the
existing coastal power plants due to transmission constraints. Coastal generators would
face regulatory and financial market uncertainty that could jeopardize the repowering of
coastal plants and state goals for meeting resource adequacy in generation /
transmission-constrained areas. Merchant generator ability to secure financing and
long-term contracts for repowering is already uncertain. Incremental cost differences for
plants with tower cooling or dry cooling could make coastal plants less competitive than
other plants. Loss of nexus to coastal waters could jeapordize the coastal-dependent
status for coastal plants subject to Coastal Commission jurisdiction. Finally, regardless
of the staff proposed State Lands Commission resolution, the ongoing evolution of
technology, market conditions, CPUC procurement and environmental regulatory
changes could result in the phase-out and replacement of at least some of the coastal
fleet.

Several state and federal policies are currently in place to ensure that system reliability
goals are met. Load serving entities (LSEs) such as the private and public utllities have
an obligation to serve customers and meet electric load. The CPUC Procurement and
Resource Adequacy proceedings are intended to ensure that the LSEs have access to
sufficient generating resources to meet reserve margins and resource adequacy goals.
The CAISO RMR program is intended to assure adequate local generation to maintain
system operation as well as to guard against the exercise of market power as was done
during the Energy Crisis of 2000-2001. The Federal Energy Regulatory Commission
(FERC) Must Offer Tariff requires generators to make their resources available to L SEs.
However, should the resolution result in any wholesale retirements of coastal power
plants, it is unlikely that these programs would be sufficient to ensure system reliability.

There are other factors to consider when trying to anticipate the effects of the drait
resolution on the coastal generators over a 14-year period. The following considerations
are drawn from several recent Energy Commission reports.




Many plants using the older steam boiler technologies are nearing the end of their
design life. Their relatively higher heat rates and higher operating costs will continue
to render them less competitive over time. More than 3,800 MW of older steam
boilers have retired since 2001.

Current market and system conditions are requiring new capacity to meet peak
summer loads, which means that new combustion turbine peaker units may prove to
be commercially viable in the near term to serve joad centers in coastal areas, rather
than base loaded combined cycle facilities. The current coastal plant sites could be
appropriate for some of these newer peaker units. '

Notwithstanding current market conditions, new base load generation will be needed
to accommodate population growth within the decade, which will create additional
demand for base loaded combined cycle units. Such increased demand may incent
the owners of coastal plants to repower older facilities, but as previously indicated,
decisions will be made on a case-by-case basis.

The CAISO RMR program is a temporary solution for ensuring capacity that is
intended to be phased out.

The operations of existing coastal power plants that use once-through cooling will be
influenced by the increasing scientific knowledge of once-through cooling effects on
marine and estuarine ecosystems, the pending State Water Board policy
implementing the US EPA 316(b) rule, and concerns over endangered species
affected by once-through cooling.

10
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1. Introduction FOR COXMENTS ONLY

. This report describes the findings of an independent study of the impacts and engineering feasibility of
retrofitting cooling towers at PG&E’s nuclear, two-unit, 2,222 MW net output Diablo Canyon Power Plant
(DCPP) located near Avila Beach in San Luis Obispo County. DCPP is one of the largest two-unit nuclear
power plants in the country. It occupies a relatively small industrially zoned coastal site on a narrow shelf
sandwiched between the Pacific Ocean and the steeply sloped Las Canadas mountains in Central California.
The DCPP cooling system currently utilizes a total of about 1,725,000 gpm of saltwater, heating it
approximately 18°F in the condensers and returning it to the Pacific. Any retrofitted close-cycle cooling system
would need to provide an equal amount of cooling as this current water flow to maintain the current electrical
output of the plant.

At the outset, it should be appreciated that, much like the nuclear containment area of DCPP, the existing
circulating water system and safety related cooling systems were designed and installed 1o be permanent
features of DCPP. They were not constructed to allow future alterations in any significant way. In fact, only a
few existing plants throughout the United States have been retrofitted with closed-cycle cooling towers. These
backfitted cooling towers were for small power plants or had some accommodating physical feature that
facilitated their conversion, such as at the Palisades Nuclear Plant in Michigan. In contrast, the magnitude of a
cooling tower retrofit at DCPP would be of an unprecedented scale and complexity. In fact, the proposed
cooling tower retrofit project would constitute the largest closed-cycle saltwater mechanical draft cooling tower
installation in the United States, retrofit or otherwise.

The main focus of this report concerns the engineering, construction, performance, and environmental issues of
~ the Tetra Tech proposed cooling towers for DCPP. Tetra Tech Inc. is based in Evergreen, Colorado. It had
. assessed retrofitting cooling towers at DCPP in their November 2002 report entitled, “Evaluation of Cooling
System Altematives” [1]. The approach of this study by Burns Engineering Services, Inc. of Topsfield,
Massachusetts was to examine the application of saltwater mechanical draft cooling towers in depth in order to
parallel the emphasis of the Tetra Tech engineering study and evaluations because of their conviction that these
types of cooling towers had the most potential for installation at DCPP.

Bums Engineering Services, Inc. is a consulting firm that specializes in power plant cooling systems with a
particular focus on the condenser, the cooling towers, and the other related equipment. Burns Engineering
Services has provided consulting to architect-engineers, utilities, and manufacturers alike to design, evaluate,
install and test cooling system equipment. Its Director has been involved in the power industry and cooling
system field for the majority of his career since the late 1950’s. Bums Engineering Services’ evaluation of the
cooling tower retrofit at DCPP contained herein is based on an examination of the DCPP design information,
drawings that define the site and existing cooling & safety-related systems, and interviews of key DCPP
engineers and managers. '

Because site-specific factors are of prime importance in any serious cooling tower retrofit assessment study,
Burns Engineering Services’ site visit occurred over a full three-day period during March 11-13, 2003.
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" In this report, Burns Engineering Services Inc. discusses their independent evaluation of the impacts and
engineering feasibility of retrofitting cooling towers at PG&E’s nuclear, two-unit, 2,222 MW Diablo Canyon
Power Plant (DCPP). The plant is located on a relatively small industrially zoned coastal site between the
Pacific Ocean and the steeply sloped Las Canadas mountains. Tetra Tech, Inc. had assessed retrofitting cooling
towers at DCPP in their November 2002 report[1]. Because that retrofit plan had been developed and proposed
by Tetra Tech, the purpose of this study is to examine the technical basis and opinions presented in the Tetra
Tech report.

It should be appreciated that the main cooling systems of these power plants were designed and installed to be
permanent structures, much like the nuclear containment or nuclear safety related cooling systems. No
consideration for future alteration was included. In addition, only a handful of plants, all much smaller than
DCPP, have experienced a cooling tower retrofit. Thus, the magnitude of a cooling tower retrofit at DCPP
would be of an unprecedented scale and complexity. The proposed retrofit project at DCPP would constitute the
largest closed-cycle saltwater mechanical draft cooling tower installation in the Umted States.

Burns Engineering Services agrees with Tetra Tech that, for a variety of reasons, dry, wet/dry and natural draft
cooling towers are not feasible at DCPP. The application of saltwater mechanical draft cooling towers is
examined here in depth to parallel the emphasis of the Tetra Tech engincering study and evaluations due to their
assertion that these types of cooling towers had the most potential for installation at DCPP.

A summary of the major results of the Burns Engineering Services comparative analysis indicates the
following:

1. Tetra Tech’s proposal overestimates the amount of available space at DCPP for the proposed .
towers. Burns Engineering Services agrees with Tetra Tech that 132 large saltwater, counterflow
mechanical draft tower cells would be required at DCPP to cool its 1,723,000 gpm of salt water if
conversion to a closed-cycle system were required. That proposed ammangement is shown on page 15 of the
Tetra Tech report[1] and is reproduced in this report under Figure 4. Rather than locate a suitable area for
the cooling tower retrofit, the Tetra Tech proposal simply displaces several existing plant structures for
which there is no alternative space within the industrially zoned area of the site. The net effect is that the
Tetra Tech report does not adequately address the lack of available land for the project.

2. Tetra Tech does not address a viable relocation of the existing important, permanent large
structures. These structures include a 98,000 and a 28,000 square foot building, an engineered road that
significantly impacts the safety of the nuclear operation at DCPP and an alternative for parking up to 800
employees and contractors cars. This was likely not discussed because there are no practical alternatives.

3. The Tetra Tech report is also silent regarding the enormous construction required to prepare the
area upon which the proposed cooling towers would be built. An earthwork construction plan that
would be needed to level the area upon which they intend to locate the 132 cooling tower cells. The Tetra
Tech construction plan basically requires excavating an extensive 1600 x 600 ft long section out of one of
the Las Canadas mountains with a fill of the proposed tower site at the lower elevations. Similarly, it does
not address the installation of the up to 60 fi. deep pile foundations for the towers, motor control center and
pumphouse on that site to ensure a stable foundation.
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4. Tetra Tech does not investigate if a suitable substation was available local to their propesed cooling
_ tower cells to provide the level of power needed for the ceoling tower operation. The proposed tower
.; and pumphouse complex requires over 50 MW in auxiliary power. That is enough clectrical power to
supply the needs of a city of about 50,000 residents. The added costs of both the amount of power required
and the design and building of infrastructure to deliver that energy to the cooling tower cells would be
appreciable,

5. Integrating the cooling towers into the existing system will take a minimum of one year with both
units of DCPP offline, resulting in lost revenue of $657,000,000, The time required for this work is
double the six months that Tetra Tech estimates. This will be a more lengthy, difficult, and costly process
than envisioned in the Tetra-Tech report. Referencing Figure 6, Burns Engineering Services determined
that all the cooling system lines and many wtilities for both units of DCPP, including the nuclear safety
related accident cooling systems, are all intertwined in a very narrow buried area at the front of the
common two umit turbine building. Thus, any tie-ins to the existing concrete circulating water lines and the
installations of the new lines extending out to the tower would need to occur within that congested
underground section while maintaining positive access and the nuclear safety related functions to the two
units. As a result, the tie-in construction activities at DCPP will be very difficult, will necessarily proceed
slowly and would likely raise licensing and monitoring issues with the NRC. Further, staging the
construction tie-in separately to each unit under those conditions would be considered unrealistic. Based on
this review and estimates at other nuclear facilities, Burns Engineering Services calculates that the tie-ins
would take the entire DCPP off-line a minimum of 1 year. That conclusion causes a major increase in the
estimated lost revenue to $657,000.000. This revenue estimate uses the same revenue loss figure Tetra
Tech employed of $900,000 per unit per day. '

e 6. Plume from the cooling towers will create safety and security hazards. The proposed Tetra Tech 132-

.= cell wet mechanical draft design would produce a substantial vapor plume during the cool weather periods
that frequently occur at DCPP. Access roads, buildings and parking lots could be blanketed by those
opaque, very visible plumes. The Figure 7 photo of an actual plume illustrates that a lack of visibility
occurs even with much smaller towers. The lack of visibility for this proposed site would constitute a
safety and security hazard, particularly when considering transporting nuclear fuel for processing or
disposal. The cool, damp, conditions commeon at DCPP will make the formation of these large, opaque
plumes a frequent occurrence.

7. The cooling tower retrofit will create noise pollution. Noise pollution from the 132-cell cooling tower
complex proposed by Tetra Tech, each powered by 250 HP fans with its attendant enormous water flows,
would be high and pervasive unless attenuated. While there admittedly are no proximate private houses or
properties, the employees at DCPP and the local fauna would be impacted. The continual ouidoor noise
level at the administration building will be in the vicinity of 74 dBa, a level equivalent to loud street noise
(for reference, the OSHA hearing safety limit is 85 dBa). Reducing these effects through noise attenuation
would require a major increase in the cost of each cooling tower and an increase in fan power
consumption. This environmental aspect was not discussed by Tetra Tech and it is unlikely that the major
expense of attenuating this large noise source was included in their performance or cost estimates.

8. Salt drift from the cooling towers will be substantial, resulting in environmental and plant
equipment damage. Salt drift impacts were not addressed in the Tetra Tech report, so there is no
knowledge of whether these were considered by those investigators. Assuming a standard level of drift
elimination would be installed on the towers, an added 7 million Ibs of salt per year would be deposited by
the cooling tower complex. Due to the grand scale of the proposed cooling tower installation, this level of
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| airborne salt will be much greater than the natural airborne salt concentrations in that arca. Besides causing

a large number of electrical arcing incidences from deposits on the insulators of the 500 kva lines and

! increasing the level of plant maintenance costs, the salt drift would have an extreme environmental impa.
| ' on the local flora and fauna. ' o

|

9. The “closed system” retrofit proposed would have its own discharge and environmental impacts.
‘Though total flow will be cut down significantly, a concentrated salt stream of 69,000,000 gallons per day
will be discharged into the ocean. The local effects of such an effluent are not know, but could be
significant. The water circulated through the cooling towers will also require chemical treatment to
remove the minerals that would otherwise build up due to the evaporative process & and damage the
system. Therefore, this system would result in another potential waste issue.

10. Tetra Tech’s assumption of cooling tower efficiency is based on a theoretical value not attainable at
DCPP site. Teira Tech’s report overlooks site conditions that will cut down on cooling tower performance.
A key figure used in any estimate of cooting tower performance is the approach. It is the temperature
difference between the ambient wet bulb temperature and the temperature of the cooled water exiting the
towers. The approach signifies the éffectiveness the cooling tower will have in cooling the water. The
larger the approach, the less efficient the cooling process. Tetra Tech assumes a theoretical value for the
approach that is unachievably small for large commercial towers given the site conditions (the low wet
bulb temperature} at DCPP. In other words, Tetra Tech overestimates the cooling ability of the towers.
DCPP is a relatively cool site with a low wet bulb temperature of 61 °F. The typical cooling tower is
specified with a design approach at much higher wet bulb temperatures that near 80°F. With the higher wet
bulb temperature, a 9°F approach (the temperature difference between the wet bulb and cold water
produced by the tower) is viable. However, at a 61°F wet bulb temperature, the achievable, commercially
available, large utility cooling tower approach is much higher than the 9°F approach temperature that w
used by Tetra Tech as the base for its retrofit energy penalty impacts. Thus, the potentially achiévable,
large commercially available utility cooling tower approach is well above the 9°F between the cold water
temperature produced by the towers and the Jocal wet bulb temperature that Tetra Tech based its plant
performance and retrofit energy penalty impacts upon.

11. Because of Tetra Tech’s erroneous estimate of cooling tower efficiency and recirculation effects, they
underestimate the yearly lost revenue due to the retrofit imact on plant output. Using Cooling
Technology Institute data[2] with industry estimating methods{3], it was estimated that the approach at
DCPP would instead be about 16°F at the design point. In addition, the topography of this constricted site,
the very large numbers of closely-spaced cooling towers proposed indicates significant recirculation will
occurf4,5]. This was conservatively estimated to be a minimum of 4°F. Hence the total approach of the

~ cooling tower cold water temperature to the wet bulb would at least 20°F, or 11°F higher than that used by
Tetra Tech in its evaluations. The difference indicates the station energy penalty operating with retrofitted
cooling towers, including the effect of the modular condenser replacements, would increase annually to 56
MW for both units at the design conditions. Using Tetra Tech’s assumed 350-day operation and parasitic
loss of 25MW, with an energy cost of $34/MW hour, the total reduction resulting from implementing the
cooling tower proposal would come to a yeatly lost revenue of over $23 Million {[56 MW energy penalty
" +25 MW parasitic load] X $34/MW hour X 24 hours/day X 350 days operation/year).

12. Condenser modifications will be more costly and more difficult than listed in the Tetra Tech report. |
To make the cooling tower retrofit viable, major condenser modifications would be required. Burns
Engincering agrees with Tetra Tech that replacing the existing 22 gauge, 1 inch outer-diameter titanivm

6
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tubes with 25 gauge, ¥ inch outer-diameter titaniumn tubes will provide a condenser performance
improvement to compensate somewhat for the loss in turbine exhaust vacuum due to the warmer return
- water expected from the cooling towers. But Tetra Tech has neglected several important aspects of their

. replacement plan. Primarily, the 25 gauge titanium tubing wall thickness (0.020 inches) is too thin to allow
a rolled tube-to-tubesheet joint with sufficient mechanical integrity for this concentrated seawater, highly
pressurized application. Only by welding the tubes to the tubesheets could condenser leaks be prevented.
That kind of welding would consist of approximately 135.200 joints per unit & necessitates “clean room”
conditions that can only be duplicated in a shop. Thus, a modular replacement of the existing tube bundles
would be needed.[6] Besides being the largest modular condenser replacement project to date in the world,
the complexity of moving not just plate and tubes but the large assembled bundles back into the DCPP
condenser would be very difficult. It would require significant cutting of the turbine building wall to allow
the large modular bundles access. A significant number of obstacles would need to be cut out of the way to
allow for delivery of a modular unit. That added significant obstacle to the construction schedule is not
presented by Tetra Tech and apparently is not included in its estimated costs. Burns Engineering Services
estimates that this modular replacement of the existing condensers alone would take a minimum of 3
months on an aggressive, accelerated schedule.

Feasibility of Retrofitting Cooling Towers at Diable Canyon Power Plant, April 2003 ECR

13. Tetra Tech’s Operation and Maintenance costs are not adequately justified & too low. Tetra Tech
indicates the Operating & Maintenance (O&M) estimate is 7508/MW and did not define whether that
generic cost was applicable to freshwater or saltwater installations. The value was obtained from a
respected, large cooling tower manufacturer but not a cooling tower owner who must bear the annual costs.
That supplier would not appreciate the 24/7 costs of the extra personnel needed for frequent inspections,
upkeep, lighting, instrument, control, electrical and mechanical repairs, replacements, maintenance of the
water treating systems, chemical requirements, and blowdown and makeup systems. It could for example be
modestly expected that an extra staff of 10-15 people would be required with a range of craft skills from

chemists to engineers 1o welders, instrument technicians, electricians, painters, etc. Estimating current
.’ salaries, benefits, office & manual space requirements and the supplies they would need indicates a much
higher value at DCPP than the $750/MW cost listed by Tetra Tech. Burns Engineering Services would

expect costs to be 6 times higher than the Tetra Tech estimate.

Conclusion: Bumns Engineering Services has determined that the Tetra Tech alternative cooling system retrofit
proposal and evaluation was too generic and did not properly take into consideration the unique site and design
conditions at DCPP. Hence, the major conclusions of the Tetra Tech report are unsound and unreahistic. As a
result of our review process, it became evident that retrofitting cooling towers at DCPP would be impractical,
have significant negative effects on the plant safety and current generation, and produce adverse airborne
environmental impacts. Each of these items will add significantly to the costs of the project presented by Tetra
Tech and also make permitting difficult if not impossible.
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111. Evaluation of Cooling System Alternatives

A. Overview of Potentially Applicable Systems

The Tetra Tech report considers different types of cooling water systems as alternatives for the retrofit and
evaluates them based on land and water availability for the cooling system, regulatory constraints, and technical
compatibility with the existing plant. Burns Engineening Services and Tetra Tech are in agreement on the
incompatibility of many of the alternatives for the conditions at DCPP and that mechanical draft towers would
be least-worst alternative to consider for Diablo Canyon. In this section, we will comment upon the some of the
other cooling system alternatives and their applicability to the DCPP case, particularly the air cooled condenser,
natural draft tower, and wet/dry tower.

As an overview, a retrofitted direct dry steam condenser, also termed an air-cooled condenser (ACC), would be
too Jarge and cause too great an additional turbine exhaust steam pressure drop. These major operational and
efficiency problems would need to be addressed. In addition to those retrofit considerations, in a competitive
market, the poor efficiency and auxiliary power requirements of a dry system makes this alternative cooling
technology the Jeast favorable. This is especially true during warm periods, when the production value of

. electricity is greatest.

Based on a projection of experience from other smaller projects that have utilized direct air-cooled steam
condensers, it was estimated that the size of the towers needed by the two units of DCPP wotld be an aggregate
of about 350 cells. The plan area projection of each cell would be approximately 45ft by 45ft and these cells
would correspondingly be served by 350 large diameter fans. This size estimate is essentially in accord with

Tetra Tech. Comprised of a total of 175 cells per unit, the inherent size of each DCPP ACC arrayed in smalle

unit clusters would be about 5 times the size of the typical current commercial instaltations. A large sepaxatio'
would also be required between these tower clusters to minimize exhaust air interference and recirculation. The
physical characteristics of the ACC installation by themselves preclude their application at the comparatively
small DCPP site.

Another major technical problem for the ACC, (in this instance, memniioned by Tetra Tech) would be the length,
size and routing of the steam distribution line(s) along with its impact on generation from the large turbine
steam duct between the tower clusters and plant. An approximately 40 ft by 40 ft duct under an extreme vacuum
load would be needed to supply the steam from the three large working ends of the two existing central turbine
exhaust locations to the cooling tower clusters. In any event, our conclusion was in general agreement with
Tetra Tech that a direct air-cooled condensing system would not be feasible or viable at DCPP.

In their report, Tetra Tech appears to confuse a patented parallel wet & dry system that only one manufacturer
(GEA) markets for very small plants (typically generating 50 MW or less) with what the rest of the cooling
tower indusiry refers to as a wet/dry cooling tower. However, we agree with Tetra Tech that installing the
patented parailel wet/dry tower at DCPP is not applicable or feasible due to technical concerns associated with
the distribution of large amounts of steam, land requirements, O&M costs, lack of performance and other cost
constraints. '

We also concur with Tetra Tech that any wet cooling tower system designed to use freshwater makeup would
not be a suitable alternative at DCPP because of the lack of adequate freshwater supplies in the region. Unless a

o
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substantial source of water becomes available for industrial use at a later date, this alternative cannot be
considerad.

Like Tetra Tech, Burns Engineering Services determined that natural draft cooling towers would not be a vighle
cooling alternative at DCPP. Numerous factors suggest the non-viability of an installation of a total of 10 of
these large conerete structures, each 37 stories tall, at the DCPP site. Application of this technology to DCPP
would create the largest natural draft complex in the world. In addition to the Tetra Tech reasons for rejecting
natural draft towers as a candidate system, the estimated 9°F approach Tetra Tech used as a base for the energy
penalty is unattainable. This occurs because of the previously cited low wet bulb temperatures at DCPP, but
also because natural draft towers have inherently poor performance compared to mechanical draft towers. In
fact, Burns Engineering Scrvices estimates indicate a natural draft approach temperature could be as high as
25°F, rather than the 9°F listed by Tetra Tech. To realize any effective natural draft, the condenser would have

to be modified 10 two-pass units with a temperature rise of 36°F. No related discussion by Tetra Tech was
evident. '
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B. Mechanical Draft Retrofit Feasibility Review

1. Land & Space Considerations .

This section of the report deals with the challenges in locating and constructing the proposed cooling tower
retrofit compatible with the existing plant and conforming to the geographic and zoning conditions of the site.

X A L . ;- -’ f o B8
FIGURE 1- Overview of Diablo Canyon Geographical Site

The surroundings upon which Diablo
Canyon Power Plant (DCPP) is built are
unique. The plant sits on a marine terrace
surrounded by cliffs on one side and steep
mountains on the other. Due to a
combination of factors, including the
relatively small amount of the lot zoned for
industrial use, geologic stability of different
site areas for construction, underlying
material, steep mountain gradient, and
existing use of buildable space, there 1s very
little 1and available for building. Insertion of
any major new construction, such as the 132
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FIGURE 2- Industrially Zoned Area
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cooling towers proposed by Tetra Tech, is virtually impossible. An understanding of the geographic and

geologic characteristics of the Diablo Canyon site is critical to be able to accurately consider any building or
‘ retrofit plans for the site.

®

As shown in Figure 1, the topography upon which Diablo Canyon sits is extraordinarily challenging in terms of
lending itself to development. Construction cannot be carried out too close to the cliff edges. where erosion
would endanger the safety of any large surface structure. Beyond this perimeter, there is only a small swath of
land before the mountains rise steeply. Even this land is terraced, which limits the area available for any large
project without a gargantuan Jeveling effort.

Not only do natural barriers to construction abound- zoning restrictions severely limit the area which can be
considered for the cooling tower sites or any other buildings, parking lots, or roads that might be relocated by
the tower construction. Although PG&E owns a vast amount of area, most of it is off limits to any construction.
Only parcel P is zoned for industrial use, & is therefore the only area that can be practically considered for this
project. As can be seen from Figure 2, Parcel P represents only roughly 5% of the area owned by PG&E at this
site. '

Things get even worse from there. Most of Parcel P is occupied by steep mountains that rise rapidly from the
plateau. The summits surrounding Parcel P reach heights of between 1231 feet and 1573 feet. Most of Parcel P
is unusable due to its steep gradient (see Figure 3 below).
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FIGURE 3- Pareel P Detail
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Roughly 25% of the land in Parcel P 1s able to supﬁort construction. The gradient of the rest is simply too stee
Existing structures and parking lots already occupy nearly all of th® usable space.

Most of the Jand remaining is not available for construction due to its steep gradient, or geologic unsuitability.
Desirable underlying geology, such as exists under the reactor and turbine building, is hard rock. Other parts are
composed of a clay matrix, which requires reinforcement in order to be able to support any building.

Tetra Tech has proposed displacing a substantial area in the center of the marine terrace for construction of the
cooling towers (see below). Each of the cooling towers proposed have a 60° x 60° footprint. The total area
required would be roughly 1600” Iong and 600 wide. The construction would be a massive project. extremely
costly in terms of both money and time.
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Figure 2: Mechanical Draft Cooling System Layout
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FIGURE 4 - Tetra Tech’s Proposeﬂ Siting of the Cooling Towers|1]
(This is a duplicate of Figure 2 from Tetra Tech’s November 2002 report)
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The parking lot area is “underlain by a thick sequence of older colluvial fan deposits consisting of gravelly clay
colluvium up to about 60 feet thick.”[7] To prepare the site, pilings penetrating this level would need to be

.- installed to maintain ground stability.

FIGURE 5 - Gradient Between Parking Lot & Warehouse.

This area between the main parking lots 7&8 would need to be leveled to accommodate the proposed cooling
towers as opposed to maintaining its current terraced configuration. Towers could not be built on the two '
existing terraces because exhaust from the lower level (where the current main parking lot stands) would too
easily recirculate into the cooling towers on the upper Ievel and destroy their ability to supply any cooling.

Tetra Tech’s proposed cooling tower build site is currently occupied by the warehouse. the machine shop, main
parking lots 7 & 8, and the access road and transportation route. The warchouse is not a simple building as the
name implies. It is a permanent structure 475° X 207°[8] that stores parts required for plant operations &
maintenance and also provides a number of offices. The only area large enough to accommodate the warehouse
inside the industrial area is located across from the reservoirs on land already claimed for a used fuel storage
area.

This bank of 132 cooling towers would eliminate current means of transport and access to the plant and would
require major changes. The access road that would be desiroyed to make way for the new cooling towers is the
engineered route taken to carry the very heavy spent nuclear fuel casks to the site storage area. For safety
reasons, such a road may not have a gradient exceeding six percent. With the leveling of the area to build the
cooling towers, it is hard to conceive how the access road could be redesigned to remain serviceable. Further,
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loss of the parking lots would require the construction of a replacement facility and a new transport entry
system somewhere offsite.

Feasibility of Retrofitting Cooling Towers at Diablo Canyon Power Plant, April ZG%H

In conclusion, the following disturbances to the site caused by the building of the cooling towers would need u.
be addressed:

» The areas that currently are at different levels would need to be leveled. This will require a large amount of
backfill.

* The cooling towers will need to be supported with pllngS that pass through the layer of soft, claylike
material down to the rock.
A massive retaining wall will have to be buzit to maintain the slope behind the cooling towers.
A way would need to be found to build a new access road, sufficiently hardened, around the new site
without a gradient so steep as to make the transportation of radiological material hazardous.

¢ The massive permanent warchouse and large parking lots would need to be relocated. The space does not
exist to do so m the area zoned for industrial use.

» Construction of the towers would effectively surround the plant with construction, both for the installation
of the actual cooling towers, and for routing of the circulating water tunnels and lines. During construction,
a safe means of access into the plant would need to be devised.

2. Retrofit Construction of CW System

Implementation of the cooling tower retrofit project would require modification of the CW lines and tunnels to
handle the higher CW pressures of the closed-cycle system. New tunnels would have to be dug in order to direct
the flow of water from the condensers to the new bank of cooling towers, with connections to the inlet and
ottlet water flows established in the area in front of the turbine building.

The underground section of that area has been heavily utilized with a labyrinth of service connections laid in
below ground in layers that reach 50 feet under the surface. These include safety related systems, CW tunnels &
electrical lines. The cooling water tunnels are substantial ~12” X 12’ and are underneath a nest of conduit and
safety systems in front of the unit two turbine building Connections to these would need to be made to provide
service to the new proposed bank of cooling towers. This work would have the potential to damage safety
related systems.

A sense of the complexity of the existing lines in this area is given in Figure 6. No less than 46 discrete
electrical and plumbing systems converge here. The lines in this relatively small area in front of the turbine are
so dense that one could only be able to follow the tangle of interwoven systems with an oversized 30”x40”
drawing. Any construction here would be painstakingly difficult, to say the least. Careful]y avoiding and
selectively removing parts of the existing infrastructure is a far more diffi cult and expensive task than building
everything new.

In addition, excavating this area would significantly impede access to the turbine building, and would raise
issues of safety both in terms of plant access and operation. The operation of both units one and two would be
severely impacted by any such construction. For the aforementioned reasons, it is unhkely safe operation would
be allowed to continue during the excavation and construction efforts.
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CHECKING ON SECURITY ISSUES BEFORE PROYIDING
FIGURE 6
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FIGURE 6 - Plan View of Tie- in Underground-Construction Conditions in Front of Turbine Building

The majority of heat exchangers from the service cooling water system (SCWS), component cooling water
system (CCWS) and auxiliary saltwater system, or safety system, (ASWS) have been identified as requiring
some major modifications or replacement if the alternative closed-cycle system were implemented. These
exchangers include hydrogen coolers, and numerous closed-cycle component exchangers. This is mainly due
the substantial increase in supply temperatures well above their design basis. Either Tetra Tech’s relatively low
supply temperature of 70°F, or a more realistic temperature of ~81°F as shown in Table 1, would force many of
these heat exchangers outside of their performance and design limits. A thorough, detailed evaluation of each
heat exchanger and its effect on component/system performance would be required to identify the many
modifications or replacements necessitated by the proposed cooling tower retrofit.
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The conversion to a closed-system would also require a new facility to treat the highly concentrated and

chemically charged blowdown. The closed-system saltwater cooling towers would use a number of chemicals to

prevent build-up of biological or scale formation in the relatively warm circulating seawater. Any build-up 01'.
" scale on the fill would reduce fill performance. In an effort to keep the cycles-of-concentration ratio at 1.5 or

below, the plant would continually blowdown or discharge a large volume of circulating water ~48.,000GPM.

This discharge would need to be treated before being released back into the Pacific. Hence, there is a

requirement for a new water treatment facility. No costs or construction schedule for this new multi-million

dollar facility is included in the Tetra Tech report.

3. Condenser Modifications

Another significant condenser retrofit project that will take a minimum outage of 3 months was not directly
mentioned in the Tetra Tech report. The main project stems from the requirement of using thinner-wall 25
BWG titanium tubing to partially offset the thermal efficiency losses of conversion to a closed-cycle system.

As will be discussed later, the Teira Tech backpressure estimate at design is flawed due to, among other things,
use of an unusually optimistic low cooling water approach temperature and lack of sufficient compensation for
recirculation and interference effects. These create a misconception that the design inlet temperature to the
condenser will be in the vicinity of 70 °F, as reported by Tetra Tech. Actually, the Tetra Tech conceptual design
basis should be at an inlet circulating water temperature of ~81°F. The result of this large miscalculation by
Tetra Tech is to increase the turbine backpressure by ~.8 inHg from the data shown in the USFAR (1.71 inHgA)
[13] and by ~1.0 inHg from the actual design. The Tetra Tech CW inlet temperature with its correspondingly
lower estimate of backpressure minimizes generation losses. Also, it appears that Tetra Tech overestimated
generational losses at the 1.89 inHgA backpressure from the Westinghouse exhaust pressure correction curves

[t1].

Table 1 below shows the skewed energy penalty result one obtains by minimizing the CW inlet temperature .
data compared to an accurate site-specific representation of the performance of the closed-system. The
performance variation in total generator output between the proposed conceptual closed-system and the existing
once-through design is a reduction of 55.9 MWe. These estimates are only valid at the full load design point.

Applying the same economic factors listed in the Tetra Tech report to the 55.9 MWe, we determine an annual
performance penalty or reduction in revenue to be ~ $11,625,000 in addition to the figure of $13,000,000
presented by Tetra Tech. Therefore, a realistic annual energy penalty associated with performance losses for
conversion to the proposed wet mechanical draft systermn with retrofitted modular condenser to be $24.625,000.

However, as noted above, an important practical aspect of the proposed condenser retubing has been neglected
in the Tetra Tech estimate. Since the replacement tube-tubesheet joints would need to be welded for this
conceptual pressurized, highly concentrated seawater application, the conventional method of field retubing on-
site could not be employed. Instead, modular factory fabricated tube bundles would need to be installed.

A typical modular retubing involves removal of the existing tube bundles, tubesheets, support plates, & any
other lines or interferences inside the shell. An entire tube bundle including tubesheets, support plates &
supports is factory fabricated to be a self-supporting structure that is then shipped via truck or rail to the site.
Shipping bracing of these bundles is then cutoff as they are inserted directly into the shell, aligned & installed.
All connections must then be reattached.
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. TABLE I.— ENERGY PENALTY ESTIMATES OF PERFORMANCE -DCPPUNITS1 & 2

Parameter Conceptual DCPP Site-Specific | Difference Difference
Closed - System | Conceptual Closed- | between Burns between
Modular System Engineering Existing Once-
~ Condenser Modular Condenser | Services Versus | Through Design
(Tetra Tech*I[ {BES) Tetra Tech and Conceptual
estimates Closed-System
(BES)
Cooling Tower 9°F 16 °F 7°F Not Applicable
Approach :
Temperature
Interference & 0°F 4 °F "4°F Not Applicable
Recirculation '
Temperature
Approach plus 9 °F 20°F 11°F Not Applicable
Interference & ' _ .
Recirculation
Condenser Inlet 70 °F 81 °F 11°F 24.5 °F
Water
Temperature
Backpressure |- 1.89 inHgA 2.55 inHgA 66 inllg 1.05 inHgA
Generation 15.2 MWe 55.9 MWe 40.7 MWe > 55.9 MWe

: Losses**
. “ _ Data provided from Tetra Tech report — November 2002 save the value of 15.2 MWe. Tetra Tech provided
21 MWe based on 1.89 inHgA backpressure. BES estimates 15.2 inHgA at the same point.
*2 . Based on Westinghouse Electric LP Turbine Exhaust Pressure Correction Factorsf11] for Units 1 & 2.
~ * Based on the correct value from column 1 instead of Tetra Tech overestimate at 1.89 in hga of 21 MW.

Tetra Tech fails to mention that both Unit 1 & 2 condensers are not easily accessible. Both condensers sit on the
lower floor of the turbine building. A large hole in the turbine building will need to be “cut open™ to allow
access for the new %" outside diameter tube bundles. Based on the tubing parameters and surface area of
617,536 square feet provided by Tetra Tech, it is estimated there will be ~77, 600 tubes per unit.

Each condenser would mest likely be comprised of a quantity of 8 modular bundles, each bundle having

~ 9,700 tubes. Special hoist & rigging would be necessary to convey the large tube bundles through the opening
in the turbine building walls. The most probable access route would be to first bring a modular bundle to the
turbine mezzanine. For both Unit 1 & 2, all interferences would be required to be cut out down to the basement
floor and also a path cleared to access the front of the discharge waterboxes. The welded inlet waterboxes
would be cut off from the shell and stored out of the way. Similarly, the area in between the NE & SE bundles
and the NW & SW bundles for each unit would need to be cleared of all interferences.

For each unit, the inside bundles (gty. 8) would then be lowered one-by-one and pushed on rails through the
outer bundles and inserted into the inside bundles. The outside bundles (gty. 8) would then be lowered from the
turbine mezzanine and inserted into the discharge end of the waterboxes. The condenser waterboxes, circulating

17




" Tech used in its evaluations. That additional 7 °F approach temperature with recirculation and interference

Feasibility of Retrofitting Cooling Towers at Diable Canyon Power Plant, April 2003 Qm e@
FOR CCaimiEs:

project of the retrofit which was overlooked would require modification of the existing waterboxes to support
- the higher CW pressures of the closed-cycle system.

Burns Engineering Services believes that the construction and retrofit activity for replacing the existing
condensers would pose a safety hazard and therefore not allow operation of either unit while another was being
worked on. None of these items drew mention in the Tetra Tech report. The modular rebundling by itself for
both condensers would take a minimum of 3 months on an aggressive, fast track schedule. This retrofit activity
will add substantially to the costs & scheduling requirements of the proposed alternative. :

4. Cooling Tower Performance

Wet cooling towers function because of the evaporative effect that occurs between the warm water of the
condenser when it comes into direct contact with the cooler air flowing through the tower. The physics of the
process is governed by the inherent ability of the air to absorb moisture and that is determined by the local wet
bulb temperature. The higher the wet bulb temperature, the closer the temperature of the cooled water can
“approach” that wet bulb and the lower the wet bulb temperature, the larger the “approach” of the cooled water
to the wet bulb temperature. Hence, wet cooling towers can perform without freezing in below zero climates
because their approach is perhaps 50 °F to the low associated wet bulb. Conversely, at high wet bulb
temperatures where cooling towers are traditionally specified by architect-engineers for large cooling projects,
an approach of about 8°F is considered practical. '

At DCPP the highest wet bulb temperature is ~61°F and so a potentially achievable commercial approach for a
large utility cooling tower is well above the 9°F suggested. Based on Cooling Technology Institute data [2], it '
was estimated that the approach at DCPP would be about 16°F at the design point and not the 9°F that Tetra

{discussed below) effects directly increases the turbine exhaust pressure(s) by ~1.0 inHgA and corresponding )
reduces the station generation to a much farger 55.9 MW. This is almost 3 times the value Tetra Tech estimated.

Recirculation occurs when the warm exhaust air gets drawn back into the tower inlets effectively raising the
inlet wet bulb temperature of the air above the ambient condition and negatively impacting tower performance.
Undoubtedly, the recirculation and interference effects would be substantial at this densely packed site of 132
cells. The back-back tower arrangement, spacing, tower orientation relative to wind, tower length and wind
speed would make this tower susceptible to a large amount of recirculation. An educated estimate of the tower
recirculation on the proposed Tetra Tech design would likely be at a minimum of 4-5 degrees. Burns
Engineering used a conservative estimate of a total of 4 °F for the recirculation and interference effects. Again,
Tetra Tech failed to include or compensate for the enormity of this critical effect on increases to the cooling
water approach temperature or even mention its occurrence in their report. The effect of this 4 °F recirculation is
an energy penalty of 17.5 MW._ Using Tetra Tech’s assumptions of 350 day operation and power at a cost of
$34/MW hour, recirculation will cost DCPP $5 million in lost revenue per year.

Finally, another important design aspect that Tetra Tech did not mention was the large amount of noise emitted
from a cooling tower complex of its 132 cells, each with a 250 hp fan. The noise emitted from those fans would
be appreciable and would be required to be substantially attenuated. A typical 10 cell utility cooling tower

would produce 66 dBa at a distance of 400 ft. from the tower. Propagating the noise from this simple model
for132 similar cells at DCPP 1o the greater distances of the site Training Building or the Administration

building, suggests that the continual, outdoor noise level will be in the vicinity of 74 dBa, a level that would be
unacceptably high. The use of low noise fans and other attenuation air-side features on this site would likely i
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a requirement. An attenuation device would also probably be required to reduce the noise frem the huge
volume of cascading tower water, 1,725,000 gallons per minute. To provide the requisite noise reduction, it
could also be necessary to increase the tower size or fan power to compensate for the greater resultant air
pressure drops. No mention of these important noise design issues were brought forward in the Tetra Tech
report. '

5. Operating & Maintenance

Tetra Tech indicates their Operating & Maintenance (O&M) estimate is 750$/MW and whether applicable to
freshwater or saltwater installations was not defined. The value they obtained was from a respected, large
cooling tower manufacturer but not a cooling tower owner who must actually bear the annual costs. That
supplier would not appreciate the 24/7 costs of the extra personne] needed for frequent inspections, upkeep,
lighting, instrument, control, electrical and mechanical repairs, replacements, maintenance of the water treating
systems, chemical requirements, blowdown, and makeup systems. It could for example be modestly expected
that an extra staff of 10-15 people would be required with a range of craft skills from chemists to engineers to
welders, instrument technicians, electricians, painters, etc. Estimating current salaries, benefits, office & manual
space requirements and the supplies they would need indicates a much higher value at DCPP than the $750/MW
cost listed by Tetra Tech.

Because the makeup consisting of 35,000 PPM TDS (total dissolved solids) salt water is concentrated by the
cooling tower evaporation effect to be about 1.5 times that value, the water treatment is more demanding than a
freshwater cooling system. In addition, the discharge water chemistry and temperature, including intermittent
chlorine, would be required to be within EPA and State mandated guidelines Water treatment would require a
separate, dedicated facility. The concentrated salt drift would mandate a major increase in outdoor maintenance at
the plant. All vehicles parked on-site, including those of the plant and employees alike, will be blanketed with salt
 and subject to its corrosive effects. They will deteriorate faster and require more extensive washing and
maintenance. Air moving equipment will require continual maintenance. Because of the immense size and added
complexity of the closed-cycle cooling system at DCPP, the cost of supplies, testing, sampling and replacement
equipment alone could be significant.

Other cost indicators of the maintenance, based for exampte on using 1% of the capital cost of the cooling system
annually, snggest the Tetra Tech maintenance cost estimate is low by a factor of 6 times the $1,700, 000 estimate
proposed by Tetra Tech for both units.

6. Energy Penalty

The energy penalty is the loss in electrical generating capacity incurred because the retrofitted cooling system is
unable to perform at its previous once-through levels. It is manifested by a comparative increase in the turbine
backpressure. The seasonal temperatures of the water of the Pacific Ocean would control the performance of the
existing once-through system. However, the performance of the proposed retrofitted mechanical draft cooling
system is linked to the local wet bulb temperature, the tower approach, the recirculation and interference effects
and the improved performance of the condenser. In aggregate, that results in a higher turbine backpressure and a
loss in generation. Though in the power industry parlance, the auxiliary power to run the retrofitted cooling
tower fans and pumps is considered an operating cost, to stay aligned with the Tetra Tech report method, it will
be assumed as a component of the energy penalty. Furthermore, like Tetra Tech it will be assumed the retrofit
CW pump power is similar to that of the existing CW pumps.
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The estimated energy loss for both units at the design conditions of the retrofitted cooling towers is listed on
Table 1. Calculation methods for determining the loss in turbine backpressure have been outlined in the
Condenser Modification Section 3. That estimate resulted in a relative turbine backpressure increase above tl’
existing once-through system performance of 1.0 inHg at retrofit design conditions and represents about a 33%
increase more than the Tetra Tech estimate. The corresponding loss in generation for both units at DCPP would
be about 56 MW, almost three times the Tetra Tech loss estimate. In any event, adding the 25MW auxiliary
power required by the 132, 250 BHP fans results in a total generation loss at the design condltlons of 81 MW
for both units. :

Since 81 MW would therefore be unavailable
by the installation of the proposed retrofitied.
cooling system, these losses would need to be
compensated by either an increased annual
operation at another station or at the cost of
replacement power.

7. Plume Incidence

The proposed Tetra Tech ~132 cell wet
mechanical draft design as shown in Figure 2
of their report would produce a substantial
plume during certain periods. A plume looks
like a massive cloud of smoke that would rise
from the tower stacks and would be more than
just an aesthetic nuisance. A plume is formed
when the relatively warmer saturated exhaust Figure 7- Plume of a Modest Wet Mechanical Dmft (.ng
air mixes with cooler ambient air after leaving Tower

the stack. The frequency and intensity of a

plume are related to heat load and atmospheric conditions. The measure of visible intensity or opacity of a

plume is exacerbated when the ambient air temperature becomes cooler as colder air cannot hold as much

moisture.

All access roads, buildings and parking lots would be blanketed by a plume during certain atmospheric
conditions with the proposed Tetra Tech design — a condition aptly termed ground fogging. The lack of
visibility along the access roads to the turbine building would constitute a grave danger. This condition could
not be allowed by the NRC or PG&E for obvious safety and security reasons.

The potentiai in the Tetra Tech proposed design for the plume to envelop DCPP restricting site access and
disrupting operations is immense. Low visibility on the access road to DCPP would hinder safe transport of
people and materials to and from the site. Poorly designed or situated cooling towers in other places have
enveloped nearby facilities, resulting in the shutdown of the plume-generating plant. The Tetra Tech report did
not mention the hazardous impact of this proposed cooling tower design on plant safety and security.

Beyond the serious risks plumes could pose to safety and security, aesthetics of the plume formation could
create permitting obstacles. Plume visibility is often unacceptable to communitics surrounding the plants.
During cold, clear days with light winds, the plume created from the monstrous bank of mechanical draft towers
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away. Plume visibility is a highly sensitive environmental and aesthetic issue that must be dealt with during the
. permitting process.

A wet/dry tower would help to eliminate a visible plume. However, a wet/dry tower is not as efficient as the
proposed wet tower. Hence, the wet/dry tower would require a larger footprint, and use more auxiliary power.
All things equal, the wet/dry tower typically has a cost of approximately 2 times that of the more efficient wet
tower. As the area needed for such an installation is so great as to be ruled out for this case, no further estimate
of the wet/dry tower was made.

8. Salt Drift

Heat removal in a cooling tower is accomplished through the process of evaporation. In addition to the large
amount of water absorbed into the air and expelled through this process, a corresponding amount of minerals in
solution will also be carried by the fans with the exhaust and setile in areas over which the plume travels.

The exhaust plume will carry with it the salt & disperse it in the form of droplets like rain in the vicinity of the
tower with a composition representative of the circulating water. In the case of the proposed seawater-cooled
tower, huge amounts of salt drift will be sent into the atmosphere and deposited in a pattern corresponding to
that of the exhaust travel. Thus, the phenomenon is known as sait drift.

The circulating water will be concentrated seawater at no more than 1.5 cycles-of-concentration. Any structures
surrounding the tower will likely be permanently coated with salt and other mineral deposits. Salt deposits will

rapidly corrode any unprotected structures. The amount of sait drift will depend upon the selected tower design
and the amount of evaporation that occurs.

_ The magnitude of the salt to be deposited by the new cooling towers proposed would be enormous.

. Commercially available drift eliminator design guarantees were used to estimate the drift from this proposed
design. Although only ~0.002% of the concentrated salt water CW flow would become an entrained drift in the
exhaust, the vast scale of this proposed retrofit project means that appreciable salt will be dispersed into the
atmosphere and deposited. Assuming the plant operates on average at 90% capacity factor, the new cooling
towers would spread over 6.8 million pounds of salt over the area per year.

Tera Corp. [14] has modeled likely patterns of drift for mechanical draft cooling towers sited in the general area
proposed by Tetra Tech for the cooling towers. See Figure 6 on the following page. Salt will blanket an area
extending beyond the plant boundary to the north and south. The center of highest salt deposition will occur
approx. 1/3 mile south of the cooling towers within the plant boundary at the southeast section of parcel P.
However, a substantial amount will settle over the agricultural zone as well.

As a figure for comparison, salt deposition along the ocean shoreline is only about 86 Ib/acre per year [12].

~ Even the lowest concentration boundary of the Tera study shows a salt concentration of more than five times the
natural salt deposition from the sea. Salt will disperse beyond this outer boundary in concentrations lower than

that figure, but, given the massive volume of salt, it will impact the local terrestrial ecosystem in the areas

surrounding the plant even bevond Parcel P.

Another overlooked engineering discussion in the Tetra Tech report is the close proximity of the 500 kva -
transmission lines that run from the back of the turbine building for both units up the hill to the switchyard. The
probability of arcing due to salt drift depositing itself on and coating insulators of these nearby 500 kva
transmission lines is very real. A recent rash of arcing has occurred at brackish and saltwater plants throughout
the country. In all cases, the cause of the arcing was attributed to drift from a nearby cooling tower whose drift
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deposited salt on the insulator. Salt will inevitably settle upon the closely situated insulators of the 500 kva

power lines resulting in forced shutdown of the facility and higher maintenance costs.
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Diable Canyon Power Plant, Evaluation of Cooling System Alternatives, November 2002

. Introduction -

Tetra Tech Inc. has been requested by the Central Coast Regional Water Quality Control Board
{Board) to provide cost estimates for cooling system alternatives that will minimize
environmental impacts associated with the once through cooling system of the Pacific Gas &
Electric Company's (PG&E) Diablo Canyon Power Plant (DCPP), located in Avila Beach, San
Luis Obisbo County, California. In response to this request, the following report provides an
independent analysis and approximate cost estimates for conceptual cooling system alternatives
for the DCPP, to enable the Board to consider feasibility and determine if additional analysis of
alternatives is warranted. Although an independent report, it has been prepared with input from
PG&E plant personnel, who have provided meaningful site-specific information and insight.
Tetra Tech, Inc. has also visited the plant site on October 18, 2002 in order to provide a-
meaningful analysis.

In 1982, TERA Corporation prepared the Diablo Canvon Power Plant Assessment of
Aliernatives to the Existing Cooling Water System for PG&E. The primary objective of that
comprehensive assessment included the reduction of heat in the facility’s cooling water
discharge, whereas the primary objective of this assessment is to examine alternatives that will
reduce impingement of aquatic organisms on components of the plant’s cooling water system
and reduce entraimment of aquatic organisms within the system. With reduction of impingerment
and entrainment a primary objective, feasible cooling system altematives must significantly
reduce the power plant’s cooling water flow requirement and/or limit the number of aquatic
organisms that come into contact with or pass through the power plant’s cooling water intake
structure.

Although Tetra Tech, Inc. has considered a wide range of cooling system alternatives for the
Diablo Canyon Power Plant, only two get considerable attention within this report — the use of
fine mesh traveling screens with fish handling and return systems at the cooling water intake

. structure and the use of mechanical draft, wet cooling towers using scawater makeup. Other

methods of cooling, such as natural drafl wet cooling towers, dry cooling towers, and hybrid
(wet/dry) cooling towers have been given consideration but are not discussed m great detail, due
to their technical limitations or the practical difficulties that would be encountered during their
construction and use at the Diablo Canyon facility. Other intake technologies, such as cylindncal
wedgewire screens, fish net barriers, and louver systems have also been given consideration;
however, most such technologies have never been used on a scale that would be required at the
Diablo Canyon Power Plant and/or would have significant technical limitations in the unique
physical setting of this facility. Many cooling system allernatives considered in the TERA
Corporation’s 1982 report have simply not been considered here, because they were viewed as a
means to reduce thermal discharges and would not meet the objective of this assessment 10
evaluate technologies for reducing impingement and entrainment of aquatic organisms.

For this analysts, Tetra Tech Inc. has used, to some degree, EPA’s cost projections for cooling
water intake technologies and for alternative cooling systems, presented in the Agency’s
Technical Development Document (TDD) and in its Economic and Benefits Analysis for the
Proposed Section 316(b) Phase Il Existing Facilities Rule (EPA 821-R-02-003 and EPA 821-R-
02-001, both April 2002). Tetra Tech Inc. has also worked with the engineering firm of Hatch &
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Associates Ltd (Hatch) to develop capital cost projections for closed eycle cooling alternatives

based on approximate cooling requirements and ambient meteorological conditions of the DCPP. .
And, Tetra Tech, Inc. has received site-specific information from PG&E that has been
considered in developing costs estimates.
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I. Background'

The DCPP is a two-unit nuclear power plant sited on 585 acres owned by PG&E, approximately
12 miles west southwest of San Luis Obisbo. Units 1 and 2, which began commercial operation
in May 1985 and March 1986, respectively, arc operated as base loaded units and have gross
rated capacities of 1,133 and 1,165 MW and net outputs of 1,103 and 1,119 MW, respectively.
Ocean water for cooling is pumped through an intake structure in Intake Cove and then through
two steam condensers per unit, with the total cooling water flow rate for Unit 1 ranging from
778,000 to 854,000 gallons per minute (gpmy) and for Unit 2 from 811,000 to 895,000 gpm.
During 1977 — 1986, daily mean seawater temperature ranged from approximately 10.5°C in
May to approximately 15°C in September. The maximum seawater temperature during 1972 —
1982 was 18°C (64°F).

With the plant at full Joad, the temperature of once through cooling water is raised approximately

11°C (20°F) as it passes through the power plant. Each unit has two, single speed, cooling water
pumps, each driven by a 13,000 horsepower, 238 rpm motor. Auxiliary cooling systems account
for approximately one percent of the facility’s total cooling water volume. After exiting the
condensers, approximately 2.5 billion gallons of cooling water per day flow by gravity to a
discharge structure on the shoreline of Diablo Cove, which is north of Intake Cove.

The shoreline intake structure for the DCPP comntains inclined bar racks and travelling screens
along with auxiliary and main cooling water pumps. At the face of the intake structure, a
concrete curtain extends 7.75 feet downward, below mean sea level, to keep out floating debris.
After entering the structure, water flows through inclined bar racks, consisting of flat bars, 3
inches x 3/8 inches on 3 3/8 inch centers, which create 3 inch openings in the racks, designed to
exclude large debris. From the bar racks, ocean water flows through a series of pump bays,
which house vertical travelling screens of 3/8 inch stainless steel mesh. Six travelling screens per
unit, each at 10 feet (width) x 30 feet (depth), filter seawater ahead of the two main circulating
water pumps per unit; and a smaller travelling screen, with 150 square feet of filter surface,
precedes the auxiliary pumps. Screens can be set to rotate at 10 or 20 feet/minute and can be
washed manually or automatically, with high-pressure spray. Material 1s washed from the
screens into sloping sluiceways that empty into a refuse sump before being discharged to the
ocean.

Two single speed, main circulating pumps per unit, each capable of supplying 433,500 gpm,
move water through two 11.75 feet square conduits to the top of a coastal bluff at an elevation of
25 to 105 feet, where it is vented and routed through the plant’s condensers. Approximate
cooling water velocities are:

' Background information has been assembled from the Staff Report for Regular Meeting of July 13, 2600, Diable
Canyon Nuclear Power Plant, Resolution of Thermal Discharge and Entrainment/Impingement Impacis, California
Regional Water Quality Control Board, Ceniral Coast Region {June 6, 2000); Section 2.G, Liablo Canyen Power
Planr 316(b} Study, Drafi Evaluation of Alternative Intake Techrologies, Enpineering Services, Pacific Gas and
Electric Company (Bec. 10, 1999); Chapier 2, Diablo Canyon Power Plant, Cooling Water Intake Structure 316(b}
Demonstration, Tenera Environmental Services (April 28, 1588); and Diablo Canyon Power Plant, Revised 316(b)
Study Plan, Tera Corporation (June 13, 1983); Comments of September 2002 provided to Tetra Tech, Inc. by PG&E
DCPP plant personnel in response to a Preliminary Draft Evaluation of Cooling System Alternatives for the Diablo
Canyon Power Plant. .
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Through bar rack 1.1 feet per second (fps)
Approaching travelling screens 1.0 fps

Through 3/8 in. travelling screens 1.95 fps

From intake structure to condenser 7.0 fps

Through condenser 7.0 fps

Through discharge conduits 7.0 fps

Discharge structure exit channel 8.5 fps

Based on comprehensive entrainment studies performed at the DCPP between October 1996 and
June 1999, there is potentially a high loss of larvae of near shore species attributable to the once
through cooling system at the DCPP. Offshore species, which include more sport and
commercial species, were not entrained in significant amounts during these studies. And,
impingement studies, performed in 1985 and 1986, showed that very few adult fish were actually
impinged on the travelling screens at the DCPP cooling water intake structure.

Several features of the DCPP’s physicél location are important to the consideration of cooling
system alternatives.

O

The DCPP is located on a coastal terrace above a rocky shoreline. Normal wave activity
is in the 5 to 10 feet range, with storms generating waves between 20 and 30 feet. Duning
the storm season between September 1997 and August 1998, peak swells exceeded 10
feet on 64 days. :

The DCPP cooling water intake is located in an area of significant production of marine
algae, including surface kelp and understory algae. Kelp growth can reach two feet per
day during the growing season between June and October.

The DCPP is located in a “wel marine” weather environment where ocean winds are
commonly 10 to 25 miles per hour and can reach 40 to 50 miles per hour. Rainfall
averages 20 inches per year; and the normal daily weather pattern is characterized by

* wet/foggy conditions in the moming and mild to strong winds in the afternoon.

Bathymetry in the vicinity of the DCPP is characterized by a sloping bedrock bottom
with steep relief, rocky pinnacles, and prominent rocky ridges. '

The area of the DCPP, in general, exhibits steep topographic relief. The plant itself lies
on gently sloping, narrow, coastal terrace at an elevation of 85 feet (MSL) above a

‘rugged coastline, with the Irish Hills rising steeply behind the facility, to the east. Figure

] shows the plant site, including topography surrounding principal structures.
A protected archeological site, north and adjacent to Diablo Creek, exists on the plant
site.
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1li. Summary of Cost Estimates

Table 1, below, provides a summary of cost estimates for the two cooling system alternatives
considered viable for further consideration at the Diablo Canyon Power Plant. Sections IV and V
provide discussion of each alternative, including how costs were dstermined.

ernatives at the DCPP - $MM

- £l et

Capital Cost

Anmnuval O&M

Total Annual Energy Penalty
During Construction

alue

NA = not applicable

* Assumes a 20 year project life
% Assumes capital costs amortized over 20 years

e ' :
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IV. Evaluation of Cooling System Alternatives — Modification and/or Additions to
. ' the Once Through System

At the DCPP, studies of both impingement and entrainment activity appear to show that
modifications to the cooling water intake system must focus on reducing entrainment, as
impingement effects were insignificant in studies performed by PG&E in 1985 and 1986. Intake
technologies, with the potential to reduce entrainment, include finc mesh screens with fish
handling and return systems and aquatic microfiltration barriers (both addressed in this section),
as well as cooling systems that would significantly reduce the cooling water requirement — wet,
dry, and hybrid (dry/wet) closed cycle cooling designs (addressed in Section V).

A. Fine Mesh Travelling Screens with Fish Handling and Return Systems

Fine mesh screens of 5 mm or less can be mounted on conventional, continuously operated,
traveling screens to exclude eggs, larvae, and juvenile fish from intake structures. A low-pressure
screen wash is typically used to gently release impinged eggs, larvae, and juvenile fish to a
bypass/return system; and a high-pressure spray wash then removes debris.

0.5 mm fine mesh screens have been used on Units 3 and 4 of the Big Bend Station of Flonda
Power and Light (FP&L) since the mid 1980s. After evaluation of intake velocities and screen
rotational speeds, and recognizing that frequent manual cleaning was necessary to avoid
biofouling, the FP&L system has generally demonstrated long-term success at reducing
entrainment. Fish eggs are screened at greater than 95 percent efficiency, with latent survival for
l. - predominant species between 80 and 93 percent. Larvac are screenexd at 86 percent efficiency,

‘ with latent survival at approximately 65 percent.

Fine mesh, 0.5 mm, screens have also been successfully used in a marine environment at the
Barmey Davis Station in Corpus Christi, where impingement mortality has been reduced
significantly, although entrainment performance data is unavailable. In periods of limited use or
study, fine mesh on two of four screens at the Brunswick Power Plant in North Carolina showed
84 percent reduction in entrainment as compared to conventional screens, while similar results
were seen in pilot studies at the Chalk Point Generating Station in Maryland and at the Kintigh
Generating Station in New Jersey. In pilot studies in the 1970s, the Tennessee Valley Authority
showed reductions in striped bass entrainment up to 99 percent using 0.5 mm mesh screen and
reductions of 75 and 70 percent using 0.97 mm and 1.3 mm screen size, respectively.

Of the plants mentioned above that have actual experience or have conducted pilot studies using
fine mesh screens, the Barney Davis, Big Bend, Brunswick, and Chalk Point Stations each utilize
salt water or brackish water for cooling. Data for the Big Bend Station of the Tampa Electric
Power Company is cited from two impingement and entrainment (I&E) studies performed
between 1976 and 1980. Those studies, like the 316(b) Demonstration Study for the Diablo
Canyon Power Plant, were conducted in accordance with EPA guidelines, which propose }
identification and focus on targct or “representative important species” (RIS). Such species are
targeted for study because, in general, they are commercially valuable, recreationally important,
and/or locally abundant. Fifteen taxa were targeted in the Big Bend I&E studies, and sixteen
taxa were listed as RIS in the Diablo Canyon Demonstration Study.

) | ;
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Attachment | of this report contains two tables, which present detailed life cycle information for
the RIS targeted in the Big Bend and Diablo Canyon studies. The RIS taxa can be summarized
as: o

Big Bend Diablo Canyon
1 swimming crab species 2 Cancer crab species
1 stone crab species 1 herring species
1 Penaid shrimp species 1 anchovy species
6 drum species 1 scorpionfish/rockfish species
1 herring species 1 scorpionfish/rockfish complex
1 grunt species 1 combfish species
2 porgie species 3 sculpin species
1 pufferfish 1 drum species
1 prickleback species
1 kelpfish

1 goby species
1 Paralichthyid flounder species
1 lefteyed flounder species

Based on the near absence of overlap of Big Bend and Diablo Canyon RIS at the family and
species levels, there would appear to be very little opportunity to predict success for fine mesh
screens at Diablo Canyon based on results at Big Bend. The only taxa common to both locations
are drums and herrings. Closer examination of life cycle histories of both sets of RIS, however,
shows that most of the RIS at both facilities are nearshore spawners and/or utilize the nearshore
as nursery habitat. Another possible level of comparison {not performed for this assessment)
would be to look at egg sizes and/or size ranges of Jarvae to see whether the primary species in
both locations are similar in size. :

When considering the comparability of Big Bend experience with potential effectiveness of fine
mesh screens at Diablo Canyon, the strongest statement, from a biological perspective, is that
both facilities are dealing primarily with species that spawn in nearshore areas, have buoyant
eggs, and/or planktonic (detached/floating) larvae. Diablo Canyon may have a few more species
‘known to have demersal (sinking) eggs, but those species also have planktonic larvae, more
subject to the currents and vulnerable to entrainment.

Although the limited experiences described above suggest that 80 percent reduction in
entrainment could potentiaily be achieved at the DCPP, through the use of fine mesh screens,
any further consideration of such technology would require pilot studies to take into account site
specific variables, including local species of concern and the potential for screen fouling with
kelp and algae.

Use of fine mesh traveling screens at any facility would need o be optimized. The potential for
fouling by kelp and algae at the DCPP would be significant, and intensive maintenance should be
anticipated to avoid biofouling. Applications of this technology also suggest that intermittent,
rather than continuous use of fine mesh, during periods of larvac and egg abundance, may be

| ®
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appropriate at some facilities. The example facilities, discussed above, do not have cooling water
flow requirements near that of the DCPP. Tetra Tech Inc. acknowledges that these examples

* demonstrate limited full-scale use of the technology and have resulted in limited performance
data.

At the DCPP, there are currently 6 travelling screens per unit, each 10 feet (width) x 30 feet
(depth). With an average cooling water flow of 835,000 gpm per unit, through screen velocity is
calculated at 1.0 fps, or approximately 2 fps, when a 50 percent sereen efficiency 1s assumed. For
the purpose of cost estimaies, below, the screen surface area at the plant is doubled to allow a
through screen velocity closer to 1 fps at a 50 percent sereen efficiency. Such a reduction (50
percent) in through screen velocity would also reduce, rather than raise, concerns regarding
possible impingement effects caused by alternative screen technology.

In its TDD for the Proposed Section 316(b) Phase IT Existing Facilities Rule (EPA 821-R-02-
003, April 2002), EPA estimates capital and operation and maintenance (O&M) costs for
travelling screens with fish handling features at various well depths and screen widths. The
Agency arrives at cost estimates for rétrofitting an existing facility with such technology by
determining costs for a new plant and then applying a retrofit factor (1.3), a construction factor
for nuclear facilities (1.65), and a regional cost factor (1.081). The retrofit factor accounts for
needed changes to cxisting cooling water and intake structure systems; and the construction
factor takes into account differences in construction costs between nuclear and non-nuclear
facilities and differences in installation costs between the various cooling water intake
technologies.

Although EPA is conservative in developing its cost figures, it does not address cooling water
intake facilities with the very large intake flows required of the DCPP and acknowledges that
flows greater than what the Agency considered could require a custom design. Nevertheless, to
arrive at an approXimate cost estimate, Tetra Tech Inc. has extrapolated EPA’s cost figures
presented in Table 2-11 of the TDD to arrive at a figure of $870,000 per screen for the DCPP.
After applying the regional, retrofit, and construction cost factors, total capital costs are
estimated at $1.8 MM per screen or $21.4 MM to retrofit the DCPP intake structure with fine
mesh travelling screens having an effective through screen velocity of 1 fps.

O&M costs for travelling screens will vary by type, size, and mode of screen operation. In the
TDD for existing facilities, EPA projects O&M costs for travelling screens to range from 5
percent of their total capital cost (before cost factors are applied) for the largest travelling screens
1o 8 percent for the smallest travelling screens, since O&M costs would not increase
proportionately with screen size. Using EPA’s costing methodology and the worst-case scenario
of 8 percent, costs to operate and maintain fine mesh travelling screens on the main circulating
water system at the DCPP would be approximately $835,000 per year. PG&E has indicated,
however, that O&M costs for its existing screen technology are already close to $1 MM per year;
and it is reasonable to assume that O&M costs at the Diablo Canyon Power Plant for fine mesh
screens would be unusually high due to high algae and kelp production in the vicinity of the
facility’s cooling water intake structure. This would be especially true during the first years of
operation (like at Big Bend) during system optimization. Based on best professional judgment,
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Tetra tech, Inc. has assumed that EPA’s O&M estimate of $870,000 per year would be in
addition to the $1 MM currently spent by PG&E. '

Tetra Tech, Inc. and Hatch estimate that both units would be off line and not generating,
simultaneously-for approximately thirteen months during construction and retrofitting activity.
Although a staged construction, where only one unit at one time would be off line, would be
possible, total downtime has not been projected for such a construction scenario. Over a thirteca
month period, in which both units wenld have been off line for scheduled outages of 1 month,
PG&E would lose revenue of approximately $660 MM. This figure was determined with a
revenue estimate provided by PG&E for the DCPP of $900,000 per unit per day; and it is in line
with Tetra Tech, Inc.’s independent estimate based on a net plant output of 2,222 MW over 364
days and a wholesale price of electricity of $34 per MW. Before modifying the main cooling
water intake structure, a smaller intake for auxiliary salt water (ASW) pumps will also be
~ required, as the ASW system is a safety related system that cannot be shut down, when the
facility is off line. Costs for implementing a new ASW intake would be approximately $1.6 MM
(resulting in a total capital cost figure of $23 MM). These costs would include new ASW
pumps, trash rack, traveling screens, pit, enclosed structure, and electrical components. 24 inch
hyprescon piping would be installed underground to connect the ASW pumps with the existing
ASW supply piping. The structure would be snitable for saltwater application and would be
seismically qualified per UBC 1997 Code Zone 4.

The net present value (NPV) of this alternative, assuming a twenty year project life that takes
into account capital and additional Q&M costs is $65¢ MM. Net present value (NPV) is often
referred to as the “value” of an asset. In this case, Tetra Tech, Inc. is using it to reflect the long-
term cost of each alternative in terms of current dollars. Annual costs, assuming amortization of
capital costs over twenty years and additional O&M costs inflated by three percent each year,
would be $663 MM in the first year and $3.2 to 3.9 MM thereafter. A twenty year project life is
used based on a twenty year duration for the facihty’s operating license, as reported by PG&E.

For comparison, in the Diablo Canyon Power Plant 316(b} Demonstration Report (March 2000),
TENERA Environmental Services estimates capital costs of $51,000,000 just to reduce intake
flow velocities by increasing the area of the intake structure. TENERA provided a separate cost
estimate to modify travelling screens and add a fish handling system {$12 MM) and a separate
estimate to employ fine mesh screens ($7 MM). TENERA also contends that both units would be
out of production for about one year, while modification to the intake structure was taking place,
thus adding a significant figure for lost revenue 1o total project costs.

B. Aquatic Microfiltration Barriers

Aquatic microfiltration barrier systerns rely ona filter fabric that allows water to pass into a
cooling water intake structure (CWIS) while excluding aquatic organisms. These systems are
designed to be placed at a considerable distance from the CWIS and have very large filter surface
areas, and as such, velocities through the filter remain very low. Gunderboom, Inc. produces a
full-water depth, 20 micron mesh filter curtain that is suspended by flotation billets at the surface
and anchored to the substrate below. Gunderboom’s system uses periodic bursts of air to
maintain the filter fabric. ' :

@f _ ' 10
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Although the use of microfiltration barriers near cooling water intake structures has been limited
and is considered experimental in nature, the technology does show significant promise as a
method for reducing entrainment of aquatic organisms within cooling water systems. The only
power plant where the Gunderboom system has been used at a full-scale level is the Lovett
Generating Station along the Hudson River in New York. At this facility, entrainment reductions
up to 82 percent have been maintained for extended periods between 1999 and 2001, while
several operational difficulties, such as teanng, overtoppmg, and clogging, have been overcome
through design modifications.

Gunderboom Inc. estimates that with 20 micron mesh, at intake flows of 100,000 and 200,000
gpm, its microfiltration barrier would need to be 500 and 1,000 feet long, respectively, assuming
a depth of 20 feet. Based on these estimates, intake flows at the DCPP (1.6 million gpm) would
require a filter arca of approximately 160,000 square feet or a filter length of 8,000 feet ata
depth of 20 feet. In addition, as discussed in Section II, normal wave activity in Intake Cove is 5
to 10 feet, and storms can generate 20 to 30 foot waves. The potential for overtopping at the
DCPP would be much greater than at the Lovett Station, where its location on the Hudson River
protects the intake area from significant wave activity. With such a large filter area, the steep and
irregular bathymetry of the near shore sea bottom, significant wave activity, and potentially
extreme maintenance requirernents, such a system cannot be viewed, at this time, as a proven and
realistic means, for further consideration, of reducing entrainment at the DCPP. In the Diablo
Canyon Power Plant 316(b) Demonstration Report (March 2000), a microfiliration barrier was
not evaluated as an alternative technology for minimizing entrainment at the DCPP.

V. Evaluation of Cooling System Alternatives - Alternative Methods of Cooling

Tetra Tech, Inc. has considered several alternative methods of cooling for the DCPP that would
significantly reduce the volume of seawater needed for cooling. These alternatives include the
use of dry cooling towers, which rely on air cooled condensers to dissipate heat; wet cooling
towers, which rely on evaporation of cooling water to dissipate heat; and hybrid (wet/dry)
cooling systems. Both fresh water and seawater makeup sources have been considered, as well as
mechanical and natural draft, wet cooling towers. Most of these alternatives have received
limited attention, however, due to technical limitations and/or the unique physical setting of the
power plant, which would present serious obstacles to their successful construction and
Implementahon at the DCPP.

Dry cooling systems have not been cvaluated as a viable alternative for the DCPP. Preliminary
analysis determined that eight air-cooled condensing systems would be required, cach occupying
an area of 316 feet by 197 feet with an overall height of 119 feet. Each condenser would use
forty, 150 hp fans; and the resulting turbine backpressure would be in the range of 3.5 to 4 mnches
HgA, considerably higher than the facility’s design value of 1.5 inches HgA. Based on
discussions with GEA Energy Technology Division, a leading designer of dry cooling systems,
“the length of duct for an air-cooled condenser should be limited to a distance less than or equal
to 200 feet.”” Because of limited available land area at the DCPP, however, cooling system
configuration to keep duct lengths less than 200 feet would not be possible. A dry system located

* Memo of Nov. 4, 2002 from Jamic Clark of GEA Energy Technology Division to Bernard Brurnan of Hatch.
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in the area suggested for a wet cooling tower system, described below, would have duct lengths
of approximately 500 to 1,000 feet. These duct lengths would result in significantly larger
pressure drops, a need for even larger air-cooled condensers, and difficulties arising from
thermal expansion. GEA has not designed or constructed dry cooling systems with comparable
duct lengths. Based on these considerations, dry cooling systems did not receive further attention
as an alternative for the DCPP.

At the DCPP, which has limited space available for additional facilities, hybrid (wet/dry) cooling
systems were also not evaluated as a viable, alternative means of cooling. Design of a hybrid
cooling system at the DCPP would encounter the same difficulties related to duct lengths, as
described for dry cooling systems.

Cooling systems using freshwater makeup were also not evaluated as viable alternatives for the
DCPP. Although wet cooling tower systems using fresh water makeup would use far less water
than cooling tower systems using scawater makeup, there is no adequate source of fresh water
within 25 miles of the facility. The costs and logistical difficulties of piping such 2 quantity of
freshwater, or even treated wastewater, to the plant preclude serious consideration of such
alternatives. -

The possibility of producing freshwater from seawater at the power plant site, for use as makeup
to a wet cooling tower system, was also not given serious consideration as an altemnative to the
existing once through cooling system. Freshwater makeup to wet cooling towers would reduce
the power plant’s cooling water requirement to below 50,000 gpm, which would represent a
reduction of greater than 95 percent, and a proportionate reduction in impingement and
entrainment. These reductions in cooling water requirement and impingement and entrainment,
would come, bowever, at a disproportionately high cost. Not only would the power plant need to
be retrofitted with a wet cooling tower system, but an appropriate desalinization facility would
also need to be constructed. Such a facility would have high initial and operation and
maintenance costs; there is limited land available to locate a desalinization facility; and
concentrated brine wastes resulting from the production of freshwater would present disposal
COncerms.

The following analysis of alternative cooling systems for the DCPP focuses on the use of
mechanical and natural draft cooling towers using seawater makeup. The use of wet cooling
towers allows some recirculation of cooling water, thus cooling water makeup requirement is
reduced, as compared to a once through system. Impingement and entrainment losses are
reduced proportionately to the reduction in makeup water requirement.

Wet cooling towers rely on evaporation of water to dissipate heat; and as pure water 1s lost to
evaporation, dissolved and suspended solids present in cooling water are left behind and increase
in concentration. A wet cooling tower using seawater makeup will operate in the range of 1.1 to
1.5 eycles of concentration, meaning that solids will be allowed to build up to concentrations
approximately 1.1 to 1.5 times greater than their levels in makeup water. This type of cooling
tower operation, at 1.1 to 1.5 cyeles of concentration, at the DCPP would result in a cooling
water makeup requirement of approximately 100,000 to 340,000 gpm, total (both units). Thus,
wet cooling towers using seawater makeup at the DCPP would reduce cooling water

o — 5




Diable Canyon Power Piant, Evaluation of Cooling System Alternafives

requirements by approximately 80 to 94 percent; and a corresponding reduction in impingement
and entrainment losses could be expected.

This section presents cost estimates. for both natural and mechanical draft, wet cooling tower
systems. Much greater detail is provided for mechanical draft systems, as this type of cooling
tower appears to be much more appropriate at the DCPP, given the potential seismic activity in
the area, the limited land area available near the power plant, and the probable visual impacts of
natural draft towers, :

Costs considered for each alternative inclnde capital, O&M, and energy penalty costs, as well as
estimates of lost revenue that would occur during the downtime needed for retrofitting the power
plant.

A. Wet Cooling System — Mechanical Draft Cooling Towers

Capital Costs

Estimates of capital costs for a mechanical draft cooling tower system at the DCPP are presented
in Table 2. The design basis for these estimates includes the followmg.

2 umit, nuclear facility

7599.6 MM BTU/h thermal load condenser

61°F design wet bulb; exceeded less than 1 percent of the time

9°F approach to design wet bulb temperature for cooling tower sizing

1,725,380 gpm, total cooling water flow rate

Cooling water supply temperature at 70°F; cooling water return temperature at 87.6°F
Blowdown and makeup rates based on 1.5 cycles of concentration

Seismic design per Zone 4 of the 1997 Uniform Building Code

Table 2 - Capital Costs, Mechanical Draft Cooling Towers

e Capital Cost (SMM)

Mechanical Draft Cooling Towers 140
Recirculating Water Pumps and Piping ' 32
Makeup Water Pumps and Piping 10
Startup water Holdup Tank, Pumps and Piping 3
Condenser Replacement Bundles 20
Cooling Tower Supply Piping/Risers 18
Civil Works 248
Elecirical 17
Process Control and Instrumentation 39

Total Direct Cosis 527
Project Indirects (30% of Direct Costs) 158
Contingency (20% of Direct and Indirect Costs) 137
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Total Capital Costs | m22 |

Mechanical draft, cooling tower costs are based on a cooling system with 132 cells, each using
one 250 hp fan. The cooling system layout, considered by this analysis, is presented in Figure 2.
Other potential locations at the site were considered less optimal due to topography and other
physical constraints, including the location of an archeological site, north of Diablo Creek.
Cooling towers would be concrete, with a counter flow design, utilizing materials suitable for
saltwater application. Individual tower cells would use film fill, rather than splash fill, to take full
advantage of available space (film fill provides a greater cooling surface area than splash fill)
and would be 60 feet by 60 feet, with a {concrete) basin depth of 4 feet, and an overall tower
height of 65 feet. Cells would be 1aid out in a back-to-back arrangement; and cooling water risers
would be equipped with one isolating valve per riser.

Capital costs reflect a cooling water pumphouse constructed of concrete, suitable for saltwater
application. There would be 4 recirculating cooling water pumps of the prefab, concrete volute
design, total - 2 for each generating unit. The pumphouse would be equipped with a 75 ton
overhead crane. These costs also include a 120 feet diameter by 40 feet high startup water holdup
tank and two supply pumps. All cooling tower supply lines and risers, as well as pump discharge
piping is included. Capital costs reflect costs of three, vertical, turbine type makeup water pumps
(two running, one standby), which would be located in the existing purnphouse, after three
existing, circulating pumps are removed to make room for the new pumps.

Estimates for electrical components include costs for a mam substation, an additional
transformer, switchgear, and cabling and services for the new pumphouse.
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Civil work contemplated in developing the capital cost estimates include:

Clearing, grubbing, roadwork, and general landscaping and dewatering.

e Cooling tower concrete basins
Cooling water supply and return conduits, including tie-ins to the existing condenser
supply and return conduits.

e Demolition of the existing warehouse, southeast of the generating building and
installation of a new warehouse, roadways and parking -

« Demolition of the existing hazardous materials warchouse and construction of a new
warehouse and associated roadways and parking

e Excavation, including rock work, on the hillside where the cooling tower system would
be located, and installation of a retaining wall approximately 1,800 feet long by 100 feet
high

s A new, cooling water pumphouse
Concrete duct banks

o Miscellaneous structures, including a substation and a powerhouse building.

Costs for condenser replacement bundles inclode costs of tube sheets, tubes (3/4 inch diameter,
25 BWG B338/2 tubes with a total condensing surface of 617,536 square feet), support plates
and structural stiffeners. No other material is included to support the bundles within the existing
condenser shells. Costs for solid titanium, B265/2 tube sheets are included.

The condenser design for which these costs estimates were developed, were proposed by Alstom,
formerty Ingersoll Rand, and were based on a7 0°F cooling water supply temperature, which
would yield a condensate temperature of approximately 100°F and a condenser backpressure of
1.89 inches HgA. Condenser performance could possibly be optimized to achieve a backpressure
closer to the current design of 1.5 inches HgA; however, a very formal analysis of condenser and
turbine performance would be required, and a backpressure of 1.5 inches HgA may still not be
attainable. Based on condenser performance curves specific to the DCPP, as it currently operates,
an increase in condenser backpressure to 1.89 inches HgA, would cause a loss in efficiency of 21
MW, over both generating units. '

Capital cost figures in Table 2 include $158 MM for indirect costs, calculated as 30 percent of
the direct costs. This very conservative indirect cost figure is meant to cover such items as design
and engineering, construction management, owner’s cost, vender’s assistance, startup and
training. The total capital cost figure from Table 2 also includes $137 MM (20 percent of direct
and indirect costs) for contingencies, or unanticipated, unexpected costs.

Some items not considered in this capital cost estimate include the impact of increased
condensate temperature on the performance of hydrogen coolers and the possibility of hazardous
waste removal or soil decontamination, if necessary, preceding construction activity.

As shown by Figure 1, the DCPP is located within the Coastal Zone; and any project, such as the
cooling alternative considered here, would require approval by the California Coastal
Commission. Tetra Tech, Inc. recognizes that such a land use approval process can be timely and
expensive. '
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Operation and Maintenanee (O&M) Costs

O&M costs for a wet cooling system at the DCPP utilizing mechanical draft cooling towers, as
described above, are estimated to be approximately $1.7 MM per year. This figure is based on
$750 per MW and a gross generating capacity of 2,298 MW, and is an approximation derived
from information provided by Marley Cooling Technologies (a leading supplier of wet cooling
towers) and from previous cost estimates developed by Tetra Tech, Inc, for the evaluation of
alternative cooling systems at other power plants. These O&M costs are meant to take into
account the costs of chemical treatment, routine operation and maintenance, and long-term
equipment replacement, as appropriate.

Energy Penalty

Energy Penalty costs occur, because altemnative methods of cooling, when compared to the
existing once through system, will reduce plant efficiency. In a steam drven turbine, power is
extracted from steam as it passes from high temperature and pressure conditions at the turbine
inlet to low temperature and pressure conditions at the outlet. When steam exits the turbine, it is
condensed to water by the steam condenser. The process of condensing steam to water assists to
draw steam through the turbine and is very important to overall plant efficiency. The temperature
of the steam condensing surface is dependent on the design and operation of the condensing
system but 1s especially dependent on the temperature of the cooling water or air that removes
heat from the condenser. And thus, the use of different cooling systems will affect the
temperature maintained at the condensing surface and will affect plant efficiency. Any resultant
loss in cfficiency, when using altemative cooling systems in place of a very efficient once
through cooling design, is referred to as the energy penalty associated with turbine efficiency.

As stated earlier, the mechanical draft cooling tower system for which cost estimates have been
developed would result in 2 backpressure of 1.89 HgA, indicating some loss in efficiency, when
compared to the plant’s design backpressure of 1.5 HgA. Based on performance curves for the
DCPP’s operation, such a loss in efficiency would correspond to an energy penalty of 21 MW.

Use of alternative cooling systems will also result in a second energy penalty — that associated
with increased m-plant power requirements needed to operate equipment such as fans and pumps
‘required by the alternative cooling system. This energy penalty is also called the parasitic load.

Differences in the parasitic load seen in alternative cooling Systems are due primarily to the
different uses of fans and pumps. Once through and wet cooling tower systems have nearly
offsetting energy requirements for cooling water pumps; however, a mechanieal draft cooling
tower system will have significant power requirement for the fans, which create the “mechanical
‘draft.” The mechanical draft cooling tower system presented in this report would use 132 fans at ~
250 horsepower each. Based on an energy requirement of 0.746 KW per horsepower, the total
parasitic load at the DCPP would be approximately 25 MW, following implementation of such a
cooling system. This figure 1s gencrally in line with EPA’s calculations of penalties attributable
to cooling system energy requirements, as presented in the 7DD for the Final Regulations
Addressing Cooling Water Intake Structures for New Facilities, November 2001 (EPA-821-R-
01-036). Table 3-20 in the TDD includes a factor of 0.92 percent as the parasitic load associated
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with a mechanical draft, wet cooling system when compared to a once through cooling system at
nuclear facilities. With EPA’s factor of 0.92 and a gross generating capacity of 2,298 MW at the

DCPP, the parasitic load would be 21 MW. For these cost estimates, Tetra Tech, Inc. has used
the more conservative parasitic load determination of 25 MW.

The total energy penalty associated with implementation of a mechanical draft, wet cooling
tower system at the DCPP is estimated as the sum of the penalties attributed to decreased turbine
efficiency and the parasitic load, or 46 MW.

Tn this evaluation of alternatives, the total energy penalty, in MW, is converted to a figure
representing annual lost revenue (S) attributable to the energy penalty. The conversion uses a
wholesale electricity price of $34/MWh — a figure forecast by the U.S. DOE in 1999 using
POEMS (the Policy Office Electricity Modeling System) and then adjusted to 2001 doliars using
the Electric Power Producer Price Index. '

Based on operation 350 days per year, the annual revenue loss attributable to the energy penalty
for this alternative, using a wholesale electricity price of $34/MWh, is estimated at $13 MM per
year.

Lost Revenue Due to Shutdown During Retrofit

If a cooling alternative such as the on¢ discussed here were implemented at the DCPP, the
facility would experience a temporary and one time loss in generation {and revenue), when the
plant was brought off tine for construction and retrofitting activity. During and after the site visit
on October 18, 2002, Tetra Tech, Inc. and Hatch reviewed detailed site diagrams for the existing
cooling water system, related units, and other facilities which would be impacted by retrofitting.
It is important to recognize that the cooling water piping (intake and discharge) is located in
areas with significant other operational equipment, utilities, etc. Moreover, extra care is required
when working in a nuclear facility. Therefore Tetra Tech, Inc. and Hatch estimated that the
power plant would be off line for 6 months in these circumstances. For this period, Tetra Tech,
Inc. further estimates that PG&E would lose revenue of approximately $330 MM. This figure
was determined with a revenue estimate provided by PG&E for the DCPP of $900,000 per unit
per day. It is in line with Tetra Tech, Inc.’s independent estimate based on a net plant output of
2,222 MW over 182 days and a wholesale price of electricity of $34 per MW. It is possible that
construction and retrofitting activity could be staged to allow one unit to remain operational for
much of the time that the other unit was being modified.

Total Costs

The net present value (NPV) of the mechanical draft, cooling tower alternative presented here,
with a twenty year project life, that takes into account capital, O&M, plus energy penalty costs,
as well as lost revenue that would be incurred during construction and retrofitting is $1.32
billion. Annual costs, assuming amortization of capital costs over twenty ycars and O&M costs
inflated by 3 percent each year, would be $422.5 MM for the first year and would range from
$92.6 to $94.2 MM for the following nineteen years. First year costs are higher because of the
one time loss of revenue due to shutdown for retrofitting.
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. In the Diablo Canyon Power Plant 316(b) Demonstration Report (March 2000), TENERA
Environmental Services acknowledged that natural and mechanical draft cooling towers, using
saltwater makeup, have been demonstrated on a scale required for a closed loop system at the
DCPP, and that such a system could reduce cooling water makeup requirement by 80 percent.
That report provides a capital cost estimate of $658 MM for a hyperbolic, natural draft system
but did not specifically evaluate a mechanical draft cooling system.

B. Wet Cooling System — Natural Draft Cooling Towers
Capital Costs

Estimates of capital costs for a natural draft cooling tower system at the DCPP are presented in
Table 3. The design basis for these estimates includes the following.

2 unit, nuclear facility
7599.6 MM BTU/h thermal load condenser
61°F design wet bulb; exceeded less than 1 percent of the time
9°F approach to design wet bulb temperature for cooling tower sizing
68% relative humidity; 10% of the time relative humidity will be less than or equal to
68% when the wet bulb lemperature is approximately 61°F '
e 1,725,380 gpm, total cooling water flow rate
_ ¢ Cooling water supply temperature at 70°F; cooling water return temperature at 87.6°F
l. o » Blowdown and makeup rates based on 1.5 cycles of concentration
Seismic design per Zone 4 of the 1997 Uniform Building Code

Table 3 - Capital Costs, Natural Draft Cooling Towers

: Capital Cost ($MM)
Natural Draft Cooling Towers 500
Recirculating Water Puinps and Piping 32
Makeup Water Pumps and Piping - 10
Startup water Holdup Tark, Pumps and Piping 3
Condenser Replacement Bundles 20
Cooling Tower Supply Piping/Risers 9
Civil Works _ 396
| Electrical 11
Process Control and Instrumentation 30
Total Direct Costs 1,011
Project Indirects (30% of Direct Costs) - 304
Contingency (20% of Direct and Indirect Costs) ‘ 263
Total Capital Costs 1,578

The cooling system for which these capital costs estimates were developed would include five
cooling towers per unit, each with a shell diameter of 208 feet and a shell height of 450 feet.
These capital costs estimates were developed in a2 manner similar to those for a mechanical draft
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cooling system. The condenser retrofit for this system would result.in a condenser backpressure
of 1.89 inches HgA. Q&M costs, energy penalty costs, and lost revenue incurred during
construction and retrofitting activity would be similar to those figures developed for a
mechanical draft cooling tower system. :

Further analysis of a natural draft, wet cooling system for the DCPP is not presented in this
report, as such an alternative does not appear tc be viable. As highlighted by Tables 2 and 3,
capital costs for a natural draft system will be approximately two times the estimated capital
costs projected for-a mechanical draft cooling tower system. Further, the performance ofa
natural draft, cooling tower is dependent on relative humidity. In the vicinity of the DCPP, the
relative humidity falls below 68 percent about 10 percent of the time (when the wet bulb
temperature is 61°F). When this occurs, fower performance will be reduced and plant efficiency
will be further impacted. The visual impacts of 450 foot high towers would also be significant.
Finally, Marley Cooling Technologies strongly recommended not using very large, hyperbolic, |
natural draft cooling towers in an area of potentially significant seismic activity, like the area of
the DCPP. .

As stated previously, TENERA Environmental Services in the Diablo Canyon Power Plant -
316(b) Demonstration Report (March 2000), provided a capital cost estimate of $658 MM for a
hyperbolic, natural draft system but did not specifically evaluate a mechanical draft cooling
system.
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Table A-1: Major Aquatic Species Vulnerable to I&E at Big Bend

schools. Mainly
noctumal and non-

Species | Scientific name ADULT Juvenile EGG Spawning
Adantic Callinectes sapidus | Portunidae Most abundant rear | Usually found at base | Approx Eggs carvied
blue crab bays and river mouths, | of estuaries and C16.025mm | externally by
but are found in seagrass beds. female. Hatch
brackish or fresh near high iide,
water.Found in larvae carried to
shallower water in sea by current.
summer, deeper water
in summer. Reach
maturity at 130-
I3%mm
Black drum | Pogonias cromis | Sciaenidae Schooling species. Larvac inhabit bottom } Buovant, | Spawning in
Adults found in waters during the day |0.8 - Tampa Bay
offshore waters and” | and rise to upper 1.0mm takes place in
cnter estuarine habiats | areas of the water diameter. | the fower Bay or
only to spawn. Maturc | column at night. 1.8 - nearshore waters
at approx 650mm. 7.3mm during the
evening.
Spawning peaks
in April or
March.
Florida Menippe Xanthadae Approx 140mm CW. | Juveniles often found Females carry
stone crab | mercenaria Nocturnal. Found in on oyster clumps. egg masses.
coastal marine to Larvae are free
estuarine swimming and
environments. Require | planktonic. Larvae
| substrate suitable for | pass through five
refuge. May also dig | zocal stages.
burrows as deep as
Im.
Gulf Brevoortia Clupeidae Peak Guif-ward Larvae spend 3- 5 Eggs float | Spawning
menhaden pairomes migration occurs weeks in offshore near occurs October
between October and | walers before moving | surface through March,
Jannary. into estuaries at 9- in Gulf of
25mm SL2, Mexico waters
from21i0 168 m
deep but
concentrated in
waters of less
than 18m deep.
MNorthern Menticirrhus Sciaenidae Prefers hard sandy Larvae are Pelagic Spawning
kingfish saxatilis bottom and forms transported inshore to |feggs oceurs in the
targe schools that estuanne nursery spring and
pceur in coastal areas by currents and summer: April
waters, occasionally | winds. and May off
entering cstuaries. North Carolina,
Reach maxinum and from June
length of 17 inches through August
' of the coast of
Maine.
Pigfish Orthopristis Haemulidae demersal; buoyant
chrysoprera oceanodromous; {pelagic)
brackish; marine ;
depth range - 10 m.
Inhabits coastal
waters, over sand and
mud bettoms. Forms
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Species Scientific name ADULT Juvenile EGG Spawning
burrowing. .
Pinfish Lagodon Sparidae Prefer deeper water Prefers bays and Adults spawn
rhomboides {40 feel- 180 feet) in | estuaries arcund offshore in
bays, passes, and on structure, vegetation, schools in early
offshore reefs, and reefs spring,
abandening the
eggs to the
current. As
young hatch,
they swim into
bays and
estruarics where
they grow and
mature. Mature
fish (over 8”)
head to deep
water reefs.
i Pink shrimp | Penaeus duorarwm | Penaidae Found in highest 0.34 - 0.61mm. 0.23- Spawn in deeper
duararum densitics at depths of | Found in seagrass 0.33mm. |offshore watcrs,
11 to 35m, but substrates. Not at depthsof 3.5
abundant to 65 m. Can [ noctumal. to 50m.
be found as deep as
310m. prefer firmor
hard sandy or mixed
substrate bottoms.
Primarily nocturnal.
Mature approx 65mm
TL.
Puffer spp. | Sphoeroides spp. | Tctreodontidae Most often in clear, Grass flats with bare | Maculatus | Maculatus spp.-
: shallow, tropical sandy patches. spp.- Qccurs in shoal
waters, over sand, sea demersal | waters near
grass, and around share.
smal] appatch reefs;
: most abundant inshore.
Sand Cynoscion Sciaenidac predominantly found | Occur inshore in prolonged
seatrout arenarius inshore residing in shallow bays. Sand inshore
bays and inlets bui seatrout have been Spawning season
may move offshore repotted to use extends through
during winter moniths; | cstuarine areas and spring and
nearshore gulf waters summer
as nursery grounds
Sheepshead | Archosargus Sparidae Bottomn-loving, Larvae are Buoyant; |Reporied to
probatocephalus frequenting oystcr pelagic, smalfest diameter | spawn in Florida
beds and muddy (6mm} taken at about on sandy
| shallow waters, surface near sandy 0.8mm, beaches, but
particularly about shore; later stage transparen | IMOre Tecent
inlets, also frequents | taken in shallow areas | t; evidence
piers, breakwaters, and | over grass beds. incubation | indicates
wrecks; oflen runs far | Juveniles periad is | spawning
up rivers; does not inhabit grass beds; 40 hours | probably occurs
typically school, but | eventually leave grass |at 24-25 - offshore during
forms feeding beds to establish degrees C. | the spring.
aggregations. Oceurs | themnsetves in adult
inshore from spring to | habitat.
fall in North Caroling;
probably present
throughout the year in
the Tampa Bay arca.
@7 24
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Species Scientific name ADULT Juvenile EGG Spmwring
Silver perch | Bairdiella Sciaenidac Mature at approx. F.5-1.9%m. Remain | Buoyant, | Spawn in deeper
chrysoura 95mm. Found in planktonic for several [ 0.59- areas of bay and
shallow coastal areas | weeks then sink to the | 0.82mm. | estuary,
outside Tarmpa Bay. bottoen, Prefer although eggs
During colder months, | structural habitats have been found
move to deepet bay or | such as seagrass beds, in offshore
offshore waters, tocks, piers, jetties, waters,
and seawalls. During
colder months, move
to deeper bay or
offshore waters.
Southern Menticirrhus Setacnidae Found in abundance in | Juveniles occur Spawning
kingfish americanus the surf arca along the | usually in water of oceurs largely or
beach. demersal; . lower salinity in entirely offshore
hrackish; marine ; shallgw water in 9-36 m May-
depth range - 40 m. habitats. Juveniles are June in Tampa
50.0 cm TL. primarily bottom- Bay arca. Some
dwelling over soft mdication of
mud and decaying second fall
vegetation. Spend spawning
first summer in season; year-
shallow water habitat. round in
Open surf on sandy Everglades.
beaches; inshore in
estuaries; apparently
gradually move
towards ocean as they
TATe.
Spotted Cynoscion Sciaenidac Mature by 200mm TL. | 1.3mm. Found in 0.9mm
scatrout nebulosus Found in nearshore deeper central areas
vegetated seagrass of Tampa Bay
areas
Drumveroak | Family Sciaenidae | Sciaenidae Inhabit decp offshore | Juvenile croaker tend
er spp. waters during the to prefer low salinity

winter months and
move into bays and
estuaries during the
spring, sumsner and
fall

to freshwater habirats
and open-water rather
than submerged
aquatic vegetation
areas.
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3. INTAKE TECHNOLOGY REVIEW

A total of 25 intake technologies were identified in the literature as being appropriate
to install at cooling water intake structures to minimize environmental impacts. Each technology
was researched and reviewed to evaluate its application at cooling water intake structures and
to assess its potential and efficacy to minimize adverse environmental impacts. The 235 intake
technologies were classified as falling under one of three system categorics. The technologies
were identified as being: (1) an intake screen system, (2) a passive intake system, or (3) a fish
diversion or avoidance system.

Table 3-1 presents technologies classified under each of the three categories. The general
purpose of these technologies, in addition to the frequency of their use and performance, is
summarized in the text below. Fact sheets supplying additional detail regarding each technology
are provided in Appendix A. The fact sheets fumish information in the following areas: general
technology ~description, testing facilities and/or faciliies using the technology,
research/operational findings, design considerations, advantages and limitations of using the
technology, and supporting references. Additional references are also provided for some of the
technologies. These additional references were not reviewed during this research effort because
of time and budget constraints; however, these references should be considered for review at a
later date so that the efficiency of the technologies is thoroughly evaluated.

3.1 Intake Screen Systems

The technologies classified as intake screen systems in Table 3-1 are mainly those devices
that screen debris mechanically as compared to the passive intake systems where little or no
mechanical activity is required. The intake screen systems category includes technologies
currently in use at steam electric generating units. The system category also includes alternative
screen technologies, which are not currently in use at U.S. steam electric facilities. Although
the intake screen system technologies were not designed with fish protection in mind, they may
provide a certain level of protection. They are, therefore, presented so that their use may be
considered under subsequent Section 316(b) regulatory activities.

3.1.1 Summary of Findings: Intake Screen Systems

Single-Entry, Single-Exit Vertical Traveling Screens: These conventional traveling
screens are the most widely used screening device for removal of debris. They are usad by 60
percent of all the steam electric generating units in the United States (EEI, 1993). Their use
is based on the collection and removal concept, high screenwell velocities, entrapment areas in
the screenwell, and the handling of impinged fish as debris. These screens are most commonly
associated with devices that cause entrainment and impingement impacts (Fritz, 1980). Some
major United States steam electric power plants have experienced problems in debris handling
when these screens have been used (Richards, 1988).

Maodified Traveling Screens (Ristroph Screens): These are conventional traveling screens
modified so that fish impinged on the screens can be removed with minimal stress and mortality.
An essential feature of such screens is continuous operation during periods where fish are being
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Table 3-1. Cooling Water Intake Technologies by System Category
(with corresponding fact sheet number)

1 H Single-Entry, Single-Exit Vertical Traveling Screens (Conventional)

i Modified Vertical Traveling Screens (Ristroph Screens) |

Inclined Single-Entry, Single-Exit Traveling Screens

Single-Entry, Double-Exit Traveling Screens

Horizontal Treveling Screens

Fine Mesh Screens Mounted on Traveling Screens

2
3
4 .
5 Double-Eatry, Single-Exit Traveling Screens (Dusl Flow)
]
|

8 l Horizontal Drum Screens

9

Vertical Drum Screens
10 Roumng Disk Screens
Fixed Screens

12 Wedge-Wire Screens
13 Perforated Pipes

1 I Redial Wells (Ranney Collectors)

15 Porous Dikes

16 Antificial Filter Beds

17 Louver Bartiers

18 | Velocity Cap

19 Fish Barrier Nets

20 l Air Bubble Barriers

21 | Edectrical Barriers

22 | Light Barriers
23 Smmstm'ers

24 Cablcdehaianniets

25 | Water Jet Curtains

e ——— e —
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impinged compared to conventional traveling screens, which operate on an intermittent basis.
Most of the impingement performance studies conducted for these screens at a number of steam
electric power plants indicate a high initial survival rate for impinged fish (EPRI, 1989, Fritz,
1980). However, limited information was obtained during this research effort regarding the
long-term survival of impinged fish on these screens. Since modified screens have been shown
to lower fish impingement and mortality over conventional screens, the modified screens have
been installed at several facilitics as best available intake technology (EPRI, 1989). Eight
currently operating, once-through steam electric generating units use this technology at their
cooling water intakes (EEI, 1993).

Single-Entry, Single-Exit Inclined Traveling Screens: This technology uses conventional
traveling screens but places them at an angle to the incoming flow. The angle placement
improves the overall effectiveness of the screen since fish tend to avoid the screen’s face. A fish
bypass facility with independently induced flow must be provided with this technology to direct
fish away from the intake device. Limitations include higher costs than the conventional
traveling screen and a need for stable water elevation at the intake structure (ASCE, 1982).

Single Entry, Double-Exit Vertical Traveling Screens: In this screen (also known as the
Passavant screen), water enters the center of the screen and passes from the inside to the outside
of the screening surface. The screen surface is theoretically double the size of a conventional,
vertical traveling screen. This type of screen, which was developed in Europe almost 30 years
ago, is currently in operation at only a few major U.S. steam electric plants. The velocity of
flow entering between the screen faces is usually high, which leads to increased impingement
and entrainment (Richards, 1988). Such screens can contribute to higher impingement because
the required screen well can act as an entrapment device, From a fish protection standpoint, this
screen does not offer any advantage over the single-entry, single-exit vertical traveling screen.

Double-Entry, Single-Exit Vertical Traveling Screens (Dual Flow Screens): In the double-
entry, single-exit (dual flow) vertical traveling screens, water enters from both the ascending and
descending sides of the screens and discharges from the downstream end between the faces while
the upstream end is blocked off. The unit is turned so that the approach flow is parallel to the
faces of the screen. Several utilities have recently completed installation, or are planning to
install, dual flow screens because of their debris handling capabilities (EPRI, 1989). The
performance evaluation of dual flow screens available from several in-plant studies does not
indicate any real increase in impingement survival over conventional vertical traveling screens,
especially when incorporated at an intake designed with low approach velocity (EPRI, 1989).
Pata from the EEI Power Statistics Database indicate that nine once-through steam electric
generating units currently use this technology. :

Horizontal Traveling Screens: Horizontal traveling screens are continuously moving
screens that span the intake area in water source being screened. The screens rotate horizontally
in the waterway with the vpstream face placed at an angle to the flaw. This placement guides
fish in a manner similar to louvers and angled screen systems. Horizontal traveling screens form
a complete physical barrier and have a high fish diversion efficiency in that they also release
impinged fish into 2 bypass without passing the air-water interface, However, the requirement
of continuous operation, at much higher speeds than the conventional vertical traveling screens,
has created mechanical problems that have not yet been resolved (ASCE, 1982). Because of this
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operational limitation, the screens are not currently manufactured. Application of this type of .
screen to a large industrial intake would require extensive and costly research (EPA, 1976).

Fine Mesh Screens Mounted on Traveling Screens: Fine mesh screens mounted on

traveling screens are used to exclude eggs, larvae, and juvenile forms of fish from intakes.
These screens rely on gentle impingement of organisms on the screen surface or retention of
larvae within the screens. The success of an installation using fine mesh screens is contingent
on the application of satisfactory handling and recovery facilities to allow the safe return of
impinged organisms to the aquatic environment (Pagano et al., 1977; Sharma, 1978). In situ
studies on the use of fine mesh on conventional traveling screens and modified traveling screens
have indicated that these mesh screens reduce entrainment. However, these screens have not
been demonstrated to be effective for reducing mortality or entrainment losses (EPRI, 1989).

Horizoptal Drum Screens: Horizontal drum screens, which are widely used outside the
United States, are screens placed on large revolving wheels. The screens are placed with their
longitudinal axes horizontal across the intake channel. They are considered more efficient in
debris removal and more reliable than conventional traveling screens. The main advantages of
drum screens are their simplicity, fewer moving parts than in conventional traveling screens,
their ease of maintenance, and the elimination of any possibility of debris carryover. The main
disadvantage of horizontal drum screens is their capital cost. The screens themselves are usually
less costly than the conventional traveling screens, but the cost of the screen structures is much
larger. The fotal differential costs are $821,000 (1982 dollars) in favor of the conventional
traveling screens (Richards, 1988). Drum screens are not currently used at U.S, steam electric
plants. There is little evidence to indicate that these screens offer any fish protection advantage
over the conventional traveling screens (ASCE, 1982).

Yertical Drum Screens: The vertical revolving drum screen technology consists of a
screen placed on a vertical revolving drum, which is located across an intake opening in front
of the pumps. This arrangement operates well under conditions of fluctuating water levels.
Vertical drum screens are not used at U.S. power plants. They have been used for fish
diversion in irrigation canals and in British steam electric stations for protection of salmonids
with variable success (Eicher, 1974). Since larger types have not been developed, their
reliability is unknown (ASCE, 1982).

Rotating Disk Screen: The face of the rotating disk is covered by mesh at right angles
to the water channel. The disk rotates around a horizontal axis, bringing the dirty screen face
above water where high pressure sprays wash the debris into a trough. This screen is only
suitable for relatively small flows and small water level variations. The rotating disk screen is
not currently used at U.S. steam electric plants. This device has a minimum number of moving
parts and, thus, is inexpensive to buy and maintain, However, the high probability of fish
impingement, the need of high pressure sprays to remove fish and debris, and the need of very
large screen structures to limit screen approach velocities make it unattractive for use at cooling
watet intakes. Such a screen has no advantage over other common screens from a fish
protection point of view (EPA, 1976; ASCE, 1982). - - )

Fixed Screens: Hemostoommontypeoffuedscrwnistheverﬁwﬂyinstalleddevice
placed in front of the intake pumps. The screens, generally mounted in a frame, are installed
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in vertical tracks on the intake channel walls and are usually lifted out of the water for cleaning.
Their use is limited to intake locations where suspended debris is negligible. Most of the fixed
screens are installed at small steam electric plants. The major limitations of these screens arc
that operators must be available at all times to maintain the screens. Long impingement times
between cleaning periods may result in total mortality of fish. Data from the EEI Power
Statistics Database indicate that 13 once-through steam electric units and 31 closed-cycle steam
electric units currently in operation in the United States use this technology. :

3.1.2 Conclusions: Intake Screen Systems

The main finding with regard to intake screen systems is that they are limited in their
abilities to minimize adverse aquatic impact. In fact, conventional traveling screens (the most
widely used screening device at U.S. steam electric plants) and most of the other types of
traveling screens have been installed mainly for their debris handling capabilities. In addition,
the conventional traveling screens have not even been proved to be reliable for the removal of
debris at U.S. steam electric plant intakes. In fact, many major U.S. steam electric plants
experience problems as pointed out by Richards (1988): “... and many of our major power
plants have been in serious trouble because of cooling water conditions which our U.8. screening
system cannot cope. This is becoming more apparens today when special efforts are being made
1o improve plant performance, rather than build new planss.” In other words, the need of any
alternative technology to replace the conventional vertical traveling screen will be dictated by
economic reasons and not by a necessity for aquatic life protection. The Electric Power
Research Institute (EPRI) recently stated that very little work is being conducted or sponsored
by utilities to mitigate entrainment and/or impingement at cooling water intake structures. This
ceflects the condition that most generating stations are in compliance with biological conditions
contained in their operating permits (EPRI, 1989).

The steam electric industry has examined mitigation measures 1O minimize the
environmental impact at cooling water structures and has mainly concentrated on the
modification of conventional through-flow traveling screens so that fish that are impinged on the
screens can be removed with minimal stress and mortality. These modified traveling screens
have been shown to be effective at lowering fish impingement and mortality over conventional
screens at several locations and have been installed as the best available technology at several
locations. There has also been an interest in the use of fine mesh mounted on traveling screens
for the minimization of entrainment. However, the use of fine mesh mounted on conventional
traveling screens has not been demonstrated as an effective technology for reducing mortality
or entrainment losses (EPRI, 1989).

Finally, even though site-specific studies have reported impact mitigation using alternative
screen technologies, a review of these technologies, in general, indicates that, from an aquatic
protection standpoint, the technologies are not any more efficient than the conventional, through-
flow traveling screens. In addition, the amount of reduction attributable to any of these devices
has been found to be site- and species-specific (Richards, 1988; EPRI, 1989; Uziel, 1980).
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3.2 Passive Intake Systems (Physical Exclusion Devices)

Passive intake systems are those devices that screen-out debris and biota with little or no
mechanical activity required. Most of these systems are based on achieving very low withdrawal
velocities at the screening media so that organisms will avoid the intake, Highlights of the
important elements for each passive intake device are summarized below.

3.2.1 Summary of Findings: Passive Intake Systems

Wedge-Wire Screens: Wedge-wire screens are mainly designed to reduce entrainment of
fish eggs and larvae by physical exclusion and by exploiting hydrodynamics. Physical exclusion
occurs when the mesh size of the screen is smaller than the organisms susceptible to
entrainment. Hydrodynamic exclusion results from maintenance of a fow, through-slot velocity
which, because of the screen’s cylindrical configuration, is quickly dissipated, thereby allowing
organisms to escape the flow field. In situ and laboratory studies have shown that impingement
is virtually eliminated and that entrainment is considerably reduced when wedge-wire screens
are used (Hanson, 1978; Weisberg et al., 1984; Heuer and Tomljanovitch, 1978; Lifton, 1979;
Delmarva Power and Light, 1982; and Weisberg et al., 1983). This device also offers some
advantage in debris removal (Richards, 1988). However, it is presently limited to relatively
small flow withdrawals such as make-up water for closed-cycle cooling systems. Data from the
EEI Power Statistics Database indicate that a total of five closed-cycle steam electric generating
units use wedge-wire screens at their intake structure (EEI, 1993).

Perforated Pipes: Perforated pipes draw water through slots in a cylindrical section placed
in the waterway. The term “perforated” is applied to round perforations and elongated slots,
Clogging, frazil ice formation, biofouling and remeval of debris Limits this technology to smali
flow withdrawals. These devices have been used at locations requiring small amounts of water
such as make-up water. However, experience at steam electric plants is very limited (Sharma,
1978). :

Radial Wells: Radial wells are developed in the same manner as conventional wells. This
intake consists of a vertical pump caisson, which is sunk below the water table near the surface
water body (e.g., river). Several perforated collector screen pipes (radial wells) are then jacked
out through wall ports into the surrounding porous aquifer. Radial well intakes, long
represented by the Ranney Collector, have a long history of successful performance and offer
maximum protection to aquatic organisms of all sizes. (EPA, 1976; ASCE, 1982). One main
limitation is that radial wells are only suitable where there is a porous aquifer. This
consideration, and the associated costs of pumps and a large piping network, currently limit the
radial wells for once-through application (Mussalli et al. 1980). Data from the EEI Power
Statistics Database indicate that two closed-cycle steam electric generating units in the United
States currently use radial wells (EEI, 1993). :
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ice build-up and frazil ice, and fouling by colonization of fish and plant life. The porous dike
technology is still being developed, and its use is actually limited to small flow intakes. Data
from the EEI Power Statistics Database indicate that two once-through steam electric generating
units in the United States currently use this technology (EEI, 1993).

ifici . Artificial filter beds utilize a prepared granular filter material to
prevent entrance of debris and aquatic fife into a water withdrawal facility. Artificial filter beds
can only be sited on water bodies that have low concentrations of suspended particles and where
potential for clogging and biofouling is Jow. Although this technology or concept has high
screening potential, operational difficulties and limited intake capacity characteristics have
discouraged any further research and development for use at steam electric power plant intakes
(Richards, 1978; ASCE, 1982).

Nearshore Marine Filter Beds: A modified sea water intake filtration system has been
patented by Elarbash Systems of Libya and M&S Systems International of Malta. This system
has been used, thus far, to provide uncontarninated water to large-scale desalinization facilities
in the Middle East. General performance data provided by the manufacturer indicate that the
system does not entrain or impinge aquatic organisms. The system uses physically and
chemically stable non-biodegradable materials for its filtering system. The system is buried 5
to 10 meters from the shoreline and is covered with 10 10 90 centimeters of site sand. The
system reportedly uses wave motion to prevent clogging and does not require backwash or
routine maintenance. The system is constructed in modular form and can be constructed to meet
widely varying flow demands (Elarbash, 1991b). Many details regarding construction and

ormance were unavailable because of proprietary constraints. Because of the limited

" information available, a fact sheet was not developed for this technology.

3.2.2 Conclusions: Passive Intake Systems

The main findings for passive intake systems are that available technologies that
effectively reduce fish eggs and larvae entrainment are extremely limited. In fact, from all of
the passive intake system technologies reviewed, only the radial wells (Ranney Collectors) offer
an effective protection 1o aquatic organisms of all sizes and provide a degree of screening that
far exceeds the requirements for cooling water supplies. However, their major limitation is that
the radial wells are only suitable where there is a porous aquifer. The other limitation is that
for larger cooling water intakes, the cost of radial wells is considerably greater than that required
for a conventional intake.

The other alternative that appears to offer a potentially effective means of reducing fish
losses is the wedge-wire screen. Testing of wedge-wire screens has demonstrated that fish
impingement is virtually eliminated and that entrainment of fish eggs and larvae is reduced.
However, limitations due the physical size of the screening device restrict the application of
wedge-wire screens to closed-cycle make-up or other small flows.

Testing of porous dikes has revealed that this technology is effective in excluding juvenile

adult fish. The major problems associated with porous dikes are clogging by debris and silt,

1ce build-up and frazil ice, and fouling by colonization of fish and plant life. The technology
of the porus dikes is still being developed, and its use is actually limited to small flow intakes.
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Light Bamriers: Light barriers consist of controlled application of strobe lights or mercury

vapor lights to lure fish away from cooling water intakes or to deflect their natural migration

pattemns. This technology is based on research that has showr: that some fish avoid light.
However, because it is known that some species are attracted by light, it is generally accepted
that the effectiveness of light barriers is species-dependent, Although this is an inexpensive
technology to install, the species distribution and fish response at 2 particular location must be
evaluated in a pilot demonstration to select the optimum design. Apparently, no light barriers
are currently in use as fish deterrents at cooling water intakes. Several facilifies have tested the
technology and, although the results are inconsistent, the general consensus is that light barriers
are ineffective in deterring fish from entering cooling water intakes.

Sound Barriers: Sound barriers are non-contact barriers that rely on mechanical or
electronic equipment to generate various sound patterns to deter fish from entering industrial
water intakes and power plant turbines. Although sound barriers as fish deterrents have been
extensively researched, this technology is not currently in use at existing U.S. cooling water
intakes. Several types of sound barriers have been developed and tested, including the
pneumatic air gun or "popper”, which is a modified seismic device that produces high amplitude,
low frequency sounds to exclude fish. Closely related devices include “fishdrones* and
“fishpulsers” (also called "hammers®). The fishdrone produces a wider range of sound
frequencies and amplitudes than the popper. The fishpulser produces a repetitive sharp
hammering sound of low frequency and high amplitude. In general, however, studies have
shown that these instruments have limited effectiveness in the field.

A recent development, the “Fishstartle System,” is an acoustical fish barrier developed
by Scnalysts, Inc. This device depends on sophisticated sound patterns generated on a site-
specific basis for target fish species. Several research projects indicate that the Fishstartle
System may be a viable technology to reduce entrainment and impingement of fish at cooling
water intakes,

Cable and Chain Barriers: This technology consists of barriers of cables or chains that

are suspended vertically across the front of a cooling water intake. These systems are designed
to take advantage of fish behavior, that is, of fish tendency to avoid objects moving through
water (Ray et al., 1976). Conclusions of most of the testing conducted to date indicate that
cable and chain barriers show little promise as a technology for diverting fish at cooling water
intakes. No facilities in the EEI Power Statistics Database reported using cable and chain

barriers.

Water Jet Curtains: Water jet curtains typically consist of a row of vertical pipes, fitted
with evenly spaced jet nozzles, that are then placed in front of a cooling water intake. The jets
produce a curtain of high pressure water, which is intended to deter fish from entering the intake
area. Water jet curtainshavenotbemusedinnmyacmlappﬁmﬁonstodate. Testing has
not revealed the efficiency of the technology to be appropriate for use alone to divert fish from
cooling water intakes. However, the technology may be used in conjunction with other
technologies to provide an efficient fish diversion system. No facilities in the EEI Power
Statistics Database reported using water jet curtains.
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- i . A modified intake structure has been developed by

: Systems of Libya and M&S Systems International of Malta; this systems is reportedly
“virtually invisible to suspended matter, fish and seafloor sand.” This system utilizes a 360
degree radial intake structure that provides equipotential intake velocity increases as water
approaches the structure. The intake structure also incorporates a louver system within the
intake Kead to guide fish to a return flow conduit (Flarbash, 1991a). Because of the proprietary
nature of the system, detailed construction and performance data were not available; thus a fact

sheet was not developed.

3.32 Conclusions: Fish Diversion and/or Avoidance Systems

The main finding relative to fish diversion and/or avoidance systems is that none of the
corresponding technologies protect organisms and/or fish that are non-motile or in early life
stages. In addition, because fish diversion and avoidance devices rely on the behavioral
characteristics of fish, the effectiveness and performance of the devices is species-specific.
Therefore, site-specific testing is required in most cases where these devices are to be used. As
a result, modification of the technology to be used may be required,

Many of the fish diversion and avoidance devices are appropriate for seasonal
entrainment problems in that they provide flexibility to be used during certain times of the year.
For example, barrier nets may be put in place during certain times of the year when fish are
migrating past the intake structure.

: . Louvers and velocity caps have been proved effective in diverting fish away from intakes
_"at numerous facilities. Velocity caps are used almost exclusively for offshore intake facilities.
Louvers are often used in conjunction with other intake technologies such as screens and fish
handling devices. Water jet curtains and cable and chain barriers have not been as successful

as the other technologies.

Barrier nets and electrical barriers are effective with certain applications. Electrical
barriers are effective for upstream migrating fish. If such fish are stunned by the electric shock,
they are carried away from the intake. Electrical barriers, however, are not appropriate for
downstream migrating fish, If such fish are stunned, they are carried with the flow into the
intake. Barrier nets are effective if the fish to be diverted are of similar size.

Air bubble barriers, light barriers, and conventional sound barrier technologies have
limitations as effective fish diversion and avoidance devices. Field applications of air bubble
barriers have generally been unsuccessful and inconsistent. Light barriers have proved to be
ineffective in some cases because these devices actually attract certain species of fish; some
sound barrier technologies have demonstrated limited success in the field because some species
acclimate to the sound patterns.

3-11




Submitted To:
Pacific Gas and Electric Company

Final Report
Comments on
Revised Tetra Tech Evaluatlon

Prepared By:
Peter Hindley

Submitted By:

24 Nevanr

MAY 2003




Comments on Revised Tetra Tech Evaluation

1 Conclusions

‘The Tetra Tech Evaluation leaves significant unresolved issues for both the Fine Mesh Screens
and Mechanical Draft Wet Cooling Towers alternatives:

Issues Affecting Borth Alternatives

» Neither technology has been demonstrated as a retrofit on a p}ant similar to DCPP in'size -
and site conditions.

= The Tetra Tech Evaluation does not demonstrate the feasibility of either alternative.

» Both projects would involve major construction efforts that would require multiple levels
.of additional environmental review and approval by a number of federal, state, and local
agencies. This process would take years to complete, the necessary approvals might not
be given, and years of litigation could follow any decisions that are reached as a result of
the CEQA process.

“®  The costs to PG&E’s customers of both alternatives are uncertain but clearly are very
. high. For each alternative we present cost estimates for two cases: the Tetra Tech
Evaluation costs, and costs using revised data that we believe is more realistic.

- For the Fine Mesh Screens alternative, the Tetra Tech Evaluation estimated the
discounted total cost to be $650 million, equivalent to (our estimates based on Tetra
Tech Evaluation data) $730 million undiscounted and level annual costs of $66°
million. We believe that the actual costs will be higher. The discounted total cost is

- likely to be more in the range of $770 million ($848 million undiscounted),
equivalent to level annual costs of $100 million.

"~ For the Mechanical Draft Wet Cooling Towers aliernative, the Tetra Tech Evaluation
estimated the discounted total cost to be $1,320. million, equivalent to (our estimates
based on Tetra Tech Evaluation data} $2,188 million undiscounted and leve! annual
costs of $125 million. We believe that the actual costs will be higher. The
discounted total cost is likely to be more in the range of $1,819 million ($2,483
million undiscounted), equivalent to level annual costs of $269 million. -

Fine Mesh Screens Only

= |t is highly uncertain whether fine mesh traveling screens would produce a net biological
benefit at DCPP. First, it is unclear what level of entrainment reduction could be
achieved through installation of fine mesh screens. Further, organisms not entrained will
be impinged; and each step in the process of trapping organisms on the screens, lifting
them out of the water for a limited period of time, washing them from the screens into a
sluiceway, and returning them to the ocean beyond the intake cove could cause

substantial mortality.

* Fine mesh screens have not been used before in an exposed coastal location such as
exists as DCPP
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®* There are significant operation and maintenance issues with fine mesh screens because of
the potential for fouling, invertebrate colonization, increased resistance to flow, screen
wear and tear and damage due to storm surge, and the marine environment generally.

Mechanical Draft Wet Cooling Towers Only

* The Tetra Tech Evaluation siates that this alternative will reduce entrainment by 80 —
94%. However, there will be many other negative environmental impacts that partly or
entirely offset this improvement, including:

- The construction impacts of a massive project.

- The high salinity blowdown water discharge.

- Land use issues with such a large project.

- Air quality and terrestrial impact issues due to salt drift.

- Ground fog at times, a water vapor plume rising thousands of feet in the air and
visible for miles at other times.

- Noise due to cooling tower fans and falling water.
- Visual impacts of the towers themselves and the plume.

* The magnitude of a cooling tower retrofit at DCPP would be of an unprecedented scale
and complexity.

* Itis highly uncertain whether available land is adequate to build the cooling towers and
related systems at the DCPP site.

2 Introduction

The Central Coast Regional Water Quality Control Board (Board) requested Tetra Tech Inc. to
provide cost estimates for cooling system alternatives that potentially could reduce some of the
environmental impacts associated with the once through cooling system at PG&E’s Diablo
Canyon Power Plant (DCPP). On September 24, 2002 PG&E provided comments on a
preliminary draft report. Tetra Tech delivered a Revised Draft “Evaluation of Cooling System
Alternatives, Diablo Canyon Power Plant” (the Tetra Tech Evaluation) in November 2002 that
incorporated some of PG&E’s comments. The Tetra Tech Evaluation’s analysis concluded that
two alternatives to the current once through cooling system warranted further consideration:

* Fine Mesh Traveling Screens with Fish Handling and Return Systems, which we refer to

as the Fine Mesh Screens alternative.

*  Wet Cooling System — Mechanical Draft Cooling Towers, which we refer to as the
Mechanical Draft Wet Cooling Towers alternative.

The Board’s staff requested PG&E to provide the Board with additional comments on the Tetra
Tech Evaluation or other information that might assist the Board in evaluating the cooling
system alternatives. PG&E contracted with Nexant to prepare comments on the revised Tetra
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Tech Evaluation. This report (Comments on Revised Tetra Tech Evaluation}, prepared by
Nexant, responds to the Board’s request.

The focus of this report is on the feasibility, costs, and biological impacts of the two Tetra Tech
Evaluation alternatives, especially as compared to the existing system. The general approach to
the work was to review the Tetra Tech Evaluation and supporting documents, review other
related information, and develop comments on the key issues.

For an alternative to the existing cooling water system to be feasible, it must be able to perform
its intended functions adequately. Thus it must meet the following requirements:

* [t must meet the necessary cooling requirements for DCPP.
= ltmustbea commercially available, demonstrated technology.
= It must deliver net environmental benefits.
» [t must be able to be built on the existing site.
- Obtain the necessary permits.
- Be completed in a timely manner.

= [fit delivers net environmental benefits, its costs must not be wholly disproportionate to
the benefits.

The inability to do any one of these items would render an alternative infeasible. As important
questions or uncertainties arise in several areas at once, their collective impact also could cause
infeasibility. '

Fine mesh traveling screens and mechanical draft wet cooling towers using salt water have been
used elsewhere. However, they have not been demonstrated as retrofits on plants as large as
DCPP in an exposed coastal location. Thus the question of their technical feasibility is primarily
one of the uncertainties in their performance and impact on the existing plant.

As noted above and discussed later in this report, the ability of the Fine Mesh Screens alternative
to deliver net environmental benefits is uncertain. The Mechanical Draft Wet Cooling Towers
alternative will reduce entrainment by 80 — 94%. However, there will be many other negative
environmental impacts that partly or entirely offset this improvement. -

Implementing either alternative will require time for permitting and design, and procurement and
construction. Furthermore, for an alternative to be feasible the necessary permits must be
obtained — otherwise it cannot be built. There is considerable uncertainty as to whether the
necessary permits for either project could be obtained given the massive construction effort that
would be required, the numerous federal, state, and local permitting agencies that would be
involved, and the likelihood of protracted judicial reviews of any permitting decisions that are
made.

An aiternative also cannot be built if the plant site cannot accommodate it. It is highly uncertain
whether available land is adequate to build the cooling towers and related systems at the DCPP
site. ‘

Additionally, the overall costs of either alternative will be at least hundreds of millions of
dollars. The costs are estimates based on conceptual designs and are uncertain. The amounts are
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so high that the level of costs is perhaps the key issue. This report does not attempt to compare
the costs to a quantification of the benefits in doilar terms, but we do comment on the cost
estimates presented. For a detailed economic analysis of the potential environmental benefits of
cooling towers, please see ASA Analysis and Communication, “Estimation of Potential
Economic Benefits of Cooling Tower Installation at the Diablo Canyon Power Plant™, April
2003 (final draft). :

The balance of this report is organized as follows:
* Section 3 provides background on DCPP and its current cooling water system.

* Section 4 summarizes the Tetra Tech Evaluation, concentrating on the areas where this
report provides comments.

* Sections 5 and 6 discuss the Fine Mesh Screens alternative and the Mechanical Draft Wet
Cooling Towers alternative. The emphasis is on describing the Tetra Tech Evaluation’s
assumptions or results and providing comments on them.

* Appendix A provides a report written by TENERA, one of PG&E’s consultants, on
Potential Use of Fine Mesh Screens for the Cooling Water Intake Structure at Diablo
Canyon Power Pant.

* Appendix B provides a report written by ASA Consulting, one of PG&E’s consultants,
that provides Notes on Fine Mesh Screens.

* Appendix C provides supporting information for the cost and financial results;

* Appendix D provides a list of references.

3 Background - Current Diablo Canyon Cooling Water System

3.1 Reference System

The existing DCPP cooling water system is the reference for the remaining discussion in this
report. The two alternative systems are compared to its performance, environmental impacts,
costs, and other relevant factors.

Performance

Table | summarizes information on the DCPP in general and the cooling water system in
particular.

The alternative systems reduce net output and annual energy production in three ways: reduced
efficiency due to warmer cooling water delivered to the units’ condensers, increased auxiliary
power demands for uses such as pumps and fans, and lengthy shutdowns during construction.
These reductions impose costs on PG&E and its customers because the lost output must be
obtained and paid for from elsewhere. Therefore, costs based on the differences in output and
annual energy production will apply.

Environmental Impact
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Costs

in the calculations.

Table 1 — Diablo Canyon Power Plant Data

The existing intake structure and traveling screens were designed with an objective of creating as
little impingement as possible. Virtually no impingement occurs. However, all organisms that
cannot move away from the traveling screens pass through them and are entrained.

The existing system’s' capital costs are sunk costs. The capital costs of each alternative system
would be in addition to these sunk costs. The O&M costs of each alternative system replace
those of the existing system, and the increment above the existing system’s O&M costs is used

Unit 1 Unit 2
Unit net rated capacity, MWE 1,103 1,19
Lifetime to date average capacity factor, % 83% 85%
Refueling outage (typical), days 30 30
Mode of operation Base lcad Base load
Year Nuclear Regulatory Commission license expires 2021 2025
Number of circulating water pumps ' 2 2
Number of traveling screens 6 6
Main cooling water flow (typical), GPM 835,000 835,000
- Condenser temperature rise (typical), degrees Fahrenheit 20 20
Auxiliary cooling water flow, GPM (1% of main flow) 8,350 8,350

3.2  Description of Current Diablo Canyon Cooling Water System

The once through cooling system at DCPP cools the two units’ main condensers and other plant
components. Each unit has a separate system, relying to some extent on common components at
the intake and discharge ends. Water enters the intake structure serving both units by passing
beneath a concrete curtain that extends 7.75 feet below mean sea level (MSL), intended to keep
out floating debris. Water then flows through inclined bar racks with three-inch openings

- designed to exclude large debris. It then flows into pump bays and through traveling screens that
filter the ocean water before it passes through the main circulating water pumps.

The pumps increase the water’s pressure and velocity so that it can flow through two 11.75-foot
square conduits to the top of the coastal bluff where the main plant buildings are located. The
water flows into condenser inlet water boxes at elevations 85 to 105 feet and through one-inch
titanium tubes in the condensers in the turbine building, where the condenser heats it typically
about 20° Fahrenheit (F). From the discharge of the condenser water boxes at about elevation 60
feet the water flows through discharge conduit to the discharge structure that serves both units,
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where it cascades in stair-step fashion through a series of concrete boxes to Diablo Cove. Total
transit time from the intake structure to the discharge structure is approximately five minutes.

Each existing traveling screen consists of 57 two foot by ten foot panels of 3/8-inch stainless
steel mesh. They extend vertically from 30 feet below mean sea level to 25 feet above. The
panels are linked to form a continuous screen that rotates around sprocket wheel assemblies at

~ the top and bottom that power and support the screen. They normally rotate intermittently at ten
or twenty feet per minute, lifting any impinged debris to a water wash area. During high-debris
loading storm conditions they operate continuously. Relatively high-pressure jets using ocean
water wash debris from the screens. The debris and wash water flow into refuse troughs and
through debns grinders into a refuse sump, from which they are pumped through discharge
piping to a discharge point north of the base of the west breakwater.

Water velocities entering the intake structure up to the traveling screens vary from 0.8 feet per
second (fps) to 1.1 fps as the cross sectional area of the intake structure changes. As the water
approaches the screens the velocity is 1.0 fps. However, the wires forming the mesh in the
screens effectively reduce the cross sectional area available for water flow, increasing the
through-screen velocity to 1.95 fps. In the Tetra Tech Evaluation’s terminology, this amounts to
a “screen efficiency” of 1.0/ 1.95, or about 50%, '

Organisms that pass through the bar racks can be impinged (trapped) on the traveling screens or
be entrained in the water that passes through those screens. However, studies have indicated that
nearly all of the organisms that are so large they cannot pass through the 3/8-inch mesh on the
existing traveling screens are able to move away from it and are not impinged on it.

Any organisms that pass through the traveling screens are entrained and flow with it through the
circulating water pumps and the rest of the system.

4 Tetra Tech Evaluation

The Tetra Tech Evaluation summarizes the results of the work done at the Board’s request.

The Tetra Tech Evaluation includes a description of DCPP and its existing cooling water system,
summaries focusing on cost estimates of the Fine Mesh Screens and Mechanical Draft Wet
Cooling Towers alternatives, and a list of references. It does not include a comprehensive
gvaluation of the impact of the alternatives in reducing entrainment, but does provide some
information relating to that subject.

The Tetra Tech Evaluation provides information on two alternatives, but does not demonstrate
the feasibility of either alternative, because its objective was to provide cost estimates, not to
evaluate feasibility. The Tetra Tech Evaluation acknowledges this through statements such as
characterizing its cost estimates as “... approXimate cost estimates for conceptual cooling system
aiternatives for the DCPP, to enable the Board to consider feasibility and determine if additional
analysis of alternatives is warranted.”

The Tetra Tech Evaluation notes that modifications to the existing cooling water intake system
must focus on reducing entrainment, as impingement effects are insignificant based on studies

performed by PG&E in 1985 and 1986. The organisms that pass through the existing traveling
screens are entrained in the cooling water system. The Tetra Tech Evaluation does not specify
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the survival rate of these organisms, but does note that there is potentially a high loss of larvae of .
near shore species attributable to the once through cooling system at the DCPP.

The Fine Mesh Screens alternative reduces entrainment by capturing on a modified traveling
screen many of the organisms that otherwise would pass through the coolmg water system, then
washing them off and returning them to the ocean.

The Tetra Tech Evaluation devotes most of its discussion of this alternative to experience with
fine mesh screens at other power plants, a listing of “representative important species™ at DCPP
and Big Bend Station, biclogical issues associated with fine mesh screens, and costs. It contains
very little discussion of the design of the system. For example, it does not directly state what
mesh size is used. Most of the systems at other plants it refers to use 0.5 millimeter {mm) mesh,
so presumably this is what is contemplated.

The existing 3/8-inch mesh corresponds to about nine mm. This alternative involves replacing
the existing traveling screens with new screens with (presumably) 0.5 mm mesh. The Tetra Tech
Evaluation does state that the screen area would be doubled, producing through screen velocities
of one foot per second. However, this assumes 50% screen efficiency, the same as for the
existing 3/8-inch mesh screens. It seems highly unlikely that the same screen efficiency would
be achieved with the fine mesh screens as with the existing screens. As mesh size decreases the
fraction of overall screen area blocked by the strands of mesh increases, and the finer mesh also
increases the amount of debris captured and is more subject to colonization by invertebrates; all
these effects decrease screen efficiency. It also estimates that construction would require that the
plant be shut down for thirteen months. The units otherwise would have to be off line for
refueling for one month each, so the net added downtime is twelve months. .

The circulating water in the existing once through system transfers DCPP’s heat to the ocean.
The Mechanical Draft Wet Cooling Towers alternative provides cooling by transferring heat to
the atmosphere primarily through evaporative cooling as circulating water falls through a cooling
tower. Fans pull air through the tower. This alternative reduces entrainment by reducing the
flow through the intake structure. The makeup water needed for the cooling towers is much less
than the full circulating water flow used in the existing system.

The Tetra Tech Evaluation provides much more design information on this alternative than on
the Fine Mesh Screens alternative. The Tetra Tech Evaluation refers to makeup water
requirements for both units combined of 100,000 to 340,000 GPM, or 6% to 20% of typical
existing system flow rates. Thus entrainment would be 6% to 20% of current levels. The
conceptual design presented appears to be based on makeup water requirements of 100,000 GPM
for both units combined, plus about 16,700 GPM for the auxiliary cooling systems. Thus the
‘amount of water entering the main cooling system would be 100,000 GPM instead of about
1,670,000 GPM. Water discharges (blowdown) from the main system would be about 67,000
GPM and would be 1.5 times as saline as ocean water.

There would be 132 cells, each about 65 feet high and with a footprint of about 60 feet by 60
~feet. As laid out by the Tetra Tech Evaluation, the cooling towers and supporting systems would
cover most of a land area about 1,600 feet by 700 feet starting fairly close to the turbine building
and extending nearly to Patton Cove. Several existing structures, parking areas, and roads wouid
have to be relocated. A retaining wall approximately 1,800 feet long by 100 feet high would be
required. Because the cooling water would be warmer than the existing system and thus reduce
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system etficiency, turbine output would decrease by about 21 MW (both units combined). The
system would require about 25 MW more power for operation than the existing system,
primarily for fans to pull air through the towers.

The plant could continue operation during much of construction, but power generation would
have to cease while the new system is tied into the existing system. The Tetra Tech Evaluation
estimates that this would require that the plant be shut down for six months.

Several other alternatives were considered, but the Tetra Tech Evaluation concluded that the
Fine Mesh Screens and Mechanical Draft Wet Cooling Towers alternatives were the only two
that warranted further consideration. Other options considered include:

* The Tetra Tech Evaluation’s assessment was that Aquatic Microfiltration Barriers cannot

-be viewed, at this time, as a proven and realistic means of reducing entrainment at the
DCPP.

* The Tetra Tech Evaluation did not evaluate dry or hybrid wet/dry cooling systems as a
viable alternative because of the limited land area at the DCPP site and the resuiting
* excessive duct Iengths needed to connect the steam turbine exhaust to the air-cooled
condenser.

*  The Tetra Tech Evaluation did not evaluate cooling systems using fresh makeup water
because there is no adequate source of fresh water within 25 miles of the facility and
because of the costs and logistical difficulties of piping such a quantity of freshwater, or
even treated wastewater, to the plant.

* The possibility of producing fresh water from sea water to use as makeup water was not
given serious consideration because of issues of high cost, limited land availability, and
disposal concerns for the concentrated brine wastes.

* The Tetra Tech Evaluation did develop a capital cost estimate for a natural draft wet
cooling system. However, no further analysis was presented because this alternative did
not appear to be viable due to estimated capital costs that were about twice the costs of
the mechanical draft system, among other reasons.

The Tetra Tech Evaluation estimated costs for the Fine Mesh Screens and Mechanical Draft Wet
Coohng Towers alternatives in four categories.

1) The capital cost of the new equipment required.

2) The additional operations and maintenance (O&M) costs associated with the new
equipment and systems.

3) The “energy penalty” due to reduced output during future operation of the alternative
systems. :

4) The “lost revenue due to shutdown during retrofit”, essentially the same as an energy
penalty for the lost output of the entire plant during some parts of the construction
period of the alternative systems.

The Tetra Tech Evaluation characterizes its cost results as “approximate cost estimates for

~ conceptual cooling system alternatives for the DCPP, to enable the Board to consider feasibility

and determine if additional analysis of alternatives is warranted.”
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The Tetra Tech Evaluation uses a 20 year project life for both alternatives, with the capital cost
apparently occurring before operation and being amortized over 20 years, the cost of the
construction-related outage occurring during the first year, and the O&M costs occurring the first
year and each of the remaining 19 years.

For the Fine Mesh Screens alternative, the Tetra Tech Evaluation’s “revenue loss” is due to an
estimated |3 month construction outage that results in a net 364 days of lost output from the
entire plant. This actually would be a cost rather than a revenue loss, because PG&E would have
to purchase electricity from somewhere else rather than lose revenue from payments for DCPP’s
generation, but this detail does not affect the point. For the Mechanical Draft Wet Cooling
Towers alternative the loss is due to a six month construction outage. In either case the lost
output is valued at $34 per MWH. :

'For the Mechanical Draft Wet Cooling Towers alternative the estimated energy penalty is based
on lost output of 46 MW. 1t is assumed to apply 350 days per year. The lost output is valued at
$34 per MWH. The Tetra Tech Evaluation estimates that the energy penalty is zero for the F ine
Mesh Screens alternative.

The Tetra Tech Evaluation calculated the present worth of the annual costs in each of these
categories over an assumed twenty year life. The Tetra Tech Evaluation summarized its cost
resuits in its Table 2, recreated below. The results also appear in Table 3 further below, where
we compare them to revised values based on our analysis. In Table 3 the Tetra Tech Evaluation
Fine Mesh Screens alternative is Case 1A and the Mechanical Draft Wet Cooling Towers
alternative is Case 1B.

Table 2 - Summary of (Tetra Tech Evaluation) Cost Estimates . :
for Cooling System Alternatives at the DCPP - SMM (Millions)
Fine Mesh Screens Mechanical Draft, Wet
With Fish Handling Cooling System Using
_ and Return Systems Seawater Makeup
Capital Cost 23 822
Annual O&M 1 1.7
Total Annuval Energy Penalty Not Applicable 13
Lost Revenue During Construction 660 330
Net Present Value — Assumes a 20 -650 : -1,320
Year Project Life
Annualized Cost — Assumes Capital 663 (first year) 422.5 (first year)
Costs Amortized Over 20 Years 3.2 — 3.9 (thereafier) 92.6 — 94.2 (thereafter)

Page 9




Comments on Revised_ Tetra Tech Evaluation

5

5.1

5.2

Fine Mesh Screens Alternative

Conclusions

It is highly uncertain whether fine mesh traveling screens would produce a net biological
benefit at DCPP. First, it is unclear what level of entrainment reduction could be
achieved through installation of fine mesh screens. Further, organisms not entrained will
be impinged, and each step in the process of trapping organisms on the screens, lifting
them out of the water for a limited period of time, washing them from the screens into a
slutceway, and returning them to the ocean beyond the intake cove could cause
substantial mortality.

The technology has not been demonstrated as a retrofit on a plant similar to DCPP in size
and site conditions. Fine mesh screens have not been used before in an exposed coastal
location such as exists at DCPP.

The Tetra Tech Evaluation does not demonstrate the feasibility of the Fine Mesh Screens
alternative.

There are significant operation and maintenance issues with fine mesh screens because of
the potential for fouling, invertebrate colonization, increased resistance to flow, screen
wear and tear and damage due to storm surge, and the marine environment generally.

Multiple levels of environmental reviews and approvals by a number of federal, state, and
local agencies would be required for this project. This process would take years to
complete, the necessary approvals might not be given, and years of litigation could

follow any decisions that are reached as a result of the CEQA process.

The costs to PG&E’s customers of this alternative are uncertain but clearly are very high.
The Tetra Tech Evaluation estimated the discounted total cost to be $650 million,
equivalent to (our estimates based on Tetra Tech Evaluation data) $730 million
undiscounted and level annual costs of $66 million. We believe that the actual costs will
be higher. The discounted total cost is likely to be more in the range of $770 million
($848 million undiscounted), equivalent to level annual costs of $100 million.

Biological and Environmental Issues

With the existing once-through cooling system, virtually all organisms not large enough to move
away from the 3/8- inch mesh screens pass through them and are entrained. Fine mesh screens
reduce this entrainment by capturing (impinging) on a finer mesh screen many of the organisms
that the existing system entrains, then washing them off and returning them to the ocean.

Those that are impinged would potentially be harmed by the process of being trapped against the
screens, kept out of water for a limited period of time, washed from the screen and into a gravity
sluiceway, and transferred through the sluiceways to the ocean.

The net benefit of the Fine Mesh Screens alternative depends on the factors affecting this overall
process. If the Fine Mesh Screens alternative does not increase the overall survivability of the
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organisms that now come in contact with the cooling system, then it does not create any net l .
environmental benefit and is not a feasible alternative.

Reduced Entrainment

The effectiveness of the screens in capturing (impinging) organisms that otherwise would be
entrained is fundamental — entrainment 1s reduced only to the extent that this happens.

The Tetra Tech Evaluation refers to examples of other power plants with fine mesh screens and
states, *Although the limited experiences described above suggest that 80% reduction in
entrainment could potentially be achieved at the DCPP, through the use of fine mesh screens,
any further consideration of such technology would require pilot studies to take into account site
specific variables, including local species of concern and the potential for screen fouling with
kelp and algae.”

However, it must be noted that during sampling for PG&E’s 316(b) study, Tenera originally
used 0.5 mm mesh plankton nets, but changed to 0.3 mm mesh following observation of
extrusion of larval cabezon through the 0.5 mm mesh. Appendix A concludes that ** ... even
traveling screens with a small mesh size of 0.5 mm would result in entrainment of the early life
stages of many of the fishes collected in entrainment samples at DCPP.” (See Appendix A.)

Thus it is unclear that 80% reductlon in entrainment could be achieved with 0.5 mm mesh
traveling screens.

Mortality of Impinged Organisms

To whatever degree entrainment is reduced, any benefiis of the Fine Mesh Screens altemative
are reduced or eliminated by the mortality associated with impingement. The Tetra Tech
Evaluation offers very limited data to support any estimate of the survival rate of impinged
species. It does not provide estimates of mortality but does provide statistics on the-survival
rates of impinged fish eggs and larvae ranging from 63% to 93%.

Appendices A and B provide much more information on this issue. Append:x A concludes that
“These results indicate the high level-of uncertainty associated with any potentlal biological
benefits from installing fine mesh traveling screens at DCPP. Finer mesh screening would
convert entrainment to impingement for animals larger than the mesh size, but it is not clear
whether impingement mortality of eggs and larvae would be more or less than the mortality
currently attributed to entrainment. ... the actual effectiveness of the screens at reducing
mortality due to impingement or entrainment would require site-specific studies.”

The Diablo Canyon Power Plant Final 316(b) Demonstration Report (TENERA Environmental
Services, March 1, 2000) provides additional information on the extremely wide range of
impingement survivability. As an example, under laboratory conditions, survival has ranged
from | percent for striped bass to 96% for smallmouth bass and bhiegill. Studies performed at
other power plants such as Brayion Point and Big Bend also show species-dependent survival
ranging from 0 - 90%.

Appendix B provides a report written by ASA Consultants that also discusses survival rates.
associated with fine mesh screens. It states that fine mesh screens at DCPP * ... would offer
relatively little fish protection benefit, while introducing an uncertain, and potentially high, level
of impact on the operational reliability of the DCPP cooling water system.”
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In December 1999 the Electric Power Research Institute produced report number TR-114013,
entitled "Fish Protection at Cooling Water Intakes”. On pages 3 and 4 of this report’s Section 3
the document states the following: '

“With fine-mesh collection screens, the survival of each species/life stage to be protected must
be weighed against the survival that would result if that organism were allowed to pass through
coarse mesh screens and the circulating water system. For some species/life stages,
impingement on fine-mesh screens can result in higher mortality than if the organism were
allowed to be entrained through the circulating water system. Therefore, for these species/life

stages, impacts will actually increase if fine-mesh screens are used to replace, or used instead of,
coarse-mesh screens.”

Thus it is not at all clear that fine mesh screens would improve survivability of the species that
otherwise would be entrained.

5.3  Engineering Issues

Technology is Not Demonstrated at Relevant Conditions

The Tetra Tech Evaluation provides examples of the use of fine mesh traveling screens at other
power plants. However, none of the examples were of applications as retrofits on plants as large
as DCPP in an exposed coastal location, and Nexant is not aware of any such installations.
There is no indication that the technology has been demonstrated as a retrofit on a plant similar
to DCPP in size and site conditions.

Plant Design is Undefined

The Tetra Tech Evaluation does not provide a description of the design of the fine mesh screens
system to be used at DCPP. It provides some information on fine mesh screens at other power
plants, but does not describe the design proposed for DCPP; other than noting that the screen
surface area at the plant would be doubled. It is not clear if the design contemplates a major
expansion of the existing intake structure, or if it is technically feasible without such an

expansion. There is no description of the following items, among others, that would affect the
feasibility of the alternative.

» The design in general.

* The possibly major expansion of the existing intake structure to accommodate the
doubled screen surface area, if the design contemplates such an expansion, or information
demonstrating that it is technically feasible without such an expansion, if none is
proposed.

*  The pump wells.
»  The screens themselves-and their location and orientation.

»  Whether there are fish buckets on the screens, what they would look like, and how they
-would operate.

* The systems necessary to wash or otherwise remove the impinged organisms from the
screens.
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* The systems necessary to wash or otherwise remove other debris from the screens.
* The systems used to collect the washed-off organisms and return them to the ocean.
® The operation of any of these systems.

= The maintenance of any of these systems.

» The impact of the new systems on the water flow through the cooling system.

* The impact of the new systems on auxiliary power demands.

Nexant believes that doubling the screen area will require expanding the intake structure itself,
not just adding screens within the existing structure. This means it will be necessary to install a
cofferdam in the intake cove, dewater the existing structure, expand the structure, and then
install the screens. The Tetra Tech Evaluation states that the plant will have to be shut down for
13 months in the process of installing the new system, which seems consistent with the major
activities mentioned above. However, it is not clear that the Tetra Tech Evaluation’s cost
estimate is adequate.

It is impossible to judge the feasibility of the alternative without addressing these issues. For
example, the undefined systems to wash the impinged organisms off the screens or the systems
to return the organisms to the ocean could destroy the organisms that survived the impingement
itself, resulting in no net environmental benefit. It will be necessary to deliver the organisms to
the ocean beyond the breakwaters to limit the chance of their returning to the intake structure.

Limited Experience with Fine Mesh Screens

Fine mesh screens have not been installed on a plant as large as DCPP, or in a location similar to
its exposed coastal location. The power plants with fine mesh screens identified in the Tetra
Tech Evaluation are located in estuarine environments and have vastly different types of debris
loading concerns, as well as limited (if any) exposure to significant wave action. The Tetra Tech
Evaluation states “The potential for fouling by kelp and algae at the DCPP would be significant,
and intensive maintenance should be anticipated to avoid biofouling. ... The example facilities,
discussed above, do not have cooling water requirements near that of the DCPP. Tetra Tech Inc.
acknowledges that these examples demonstrate limited full-scale use of the technology and have
resulted in limited performance data.”

System Maintenance

With mesh much finer than the existing traveimg screens, debris that now is entrained and passes
through the circulating water system would be impinged. “The fine mesh would entrap added
amounts of fine scale matter including algae, shells, sediments, and degraded gelatinous
organisms (e.g., marine snow) would likely become built up, wedged in, and difficult to extract
from the fine mesh.” (Draft Evaluation of Alternative Intake Technologxes PG&E, December
10, 1999)

Fouling would affect the fine mesh screens much more often than the existing screens. Debris
loading will have a greater impact on the fine mesh screens than the existing screens during
normal operation and especially during storm swell conditions.
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The head differential across the fine mesh screens would be higher than the existing screens.
The fine mesh will not be as sturdy as the existing mesh and will be more subject to tearing.

Appendix B provides information on Big Bend’s fine mesh screen instaliation. Although Big
Bend has light debris loading, Appendix B notes “A rigorous maintenance regime was put in
place at Big Bend to keep screens operating reliably, and screens operate at up to 28 ft/min to
keep head differential down (Brueggemeyer et al 1987). Also, coarse-mesh dual flow screens
were installed behind the fine mesh screens to protect the pumps from any debris that enters in
the event that emergency slide gates open (they open if fine-mesh screens clog and head
differential rises).” :

Heavy debris loading during storm conditions can outpace the handling capacity of the existing
heavy-duty traveling screens. This (and storm swell) can create conditions that damage the
screens and circulating water pumps. To address this problem PG&E has implemented an
operational policy designed to eliminate unit trips due to problems with the screens. When wave
energy measurements indicate significant storm activity, operators ramp the units down to 20%
power. It is reasonable to expect that the units would need to be ramped down to 20% load
much more often with the greater debris capture capability of the fine mesh screens.

Another maintenance consideration is the likelihood that barnacles, mussels, hydroid, and
bryozoan communities would take up residence on the screens. These types of sessile
invertebrate communities are limited in the fresh and brackish water environments where fine
mesh screens have been installed and thus have not become a problem in these locations.
However, these organisms are common at Diablo Canyon and would be expected to colonize the
screens and reduce water flow. This poses a threat to the reliable operation of the cooling system
and the removal of these types of communities would likely provide another significant

operational challenge. (Draft Evaluation of Alternative Intake Technologies, PG&E, December
10, 1999)

With twice as many screens, presumably operating nearly continuously, there would be
additional auxiliary power demands. The added head differential through the fine mesh screens
would also slightly reduce circulating water pump flow.

As applied to DCPP, the increased auxiliary power demand and added shutdowns and other
reduced power events would reduce annual energy production. Thus they and the high levei of
maintenance are cost items that would increase annual costs.

5.4  Schedule and Cost Issues

Schedule

With regard to the Mechanical Draft Wet Cooling Towers alternative, the Tetra Tech Evaluation
acknowledges that “... the DCPP is located within the Coastal Zone, and any project, such as
(this) cooling alternative would require approval by the California Coastal Commission. Tetra
Tech, Inc. recognizes that such a land use approval process can be timely (sic) and expensive.”

Nexant believes that a major activity such as doubling the size of the intake structure for the Fine
Mesh Screens alternative would also require obtaining Coastal Development and other permits
or licenses that will take years in addition to the construction itself. Apart from the above-noted
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comment about Coastal Commission approval for the Mechanical Draft Wet Cooling Towers .
alternative, the Tetra Tech Evaluation does not address the issue of the time required for these
activities. Nevertheless, the time required for permitting, licensing, and environmental reviews
would be significant. Judicial challenges to permitting decisions would also be a distinct
‘possibility.

The term of the existing NRC license for Unit 1 ends in the year 2021 and the term of Unit 2°s
license ends in 2025. For the discussion below we average these values and use 2023 as the last
year of plant life. It is now 2003. Given the scope of the work required to accomplish either
project, Nexant believes that the permitting process would take a minimum of five years for
either alternative. For the Fine Mesh Screens alternative the Tetra Tech Evaluation states that a
13 month total plant shutdown would be required for construction. Allowing another 11 months
for pre- and post-construction activities produces a two year period from the time when the last
permit is obtained and when operation of the new system begins. Thus construction could be
complete by the end of the year 2009 if the project were started now. The new system could
operate for 14 years, from and including the years 2010 through 2023.

" Capital and 0&M Cost Estimates

The Tetra Tech Evaluation’s estimated capital costs were $21.4 million for the screens and $1.6
million for the auxiliary salt water system, for a total of $23 million. This appears to be low,
given the length of the construction outage and the magnitude of the work. TENERA’s Final
316(b) Demonstration, March 1, 2000 (the TENERA Demonstration) provided cost estimates for
three separate components of a fine mesh screen system totaling $70 million: -

» The estimate for a larger intake structure designed to halve through-screen velocities by
doubling screen area was $51 million.

» The estimate for a gravity sluiceway fish return and a low-pressure spraywash system
was $12 mtilion.

»  The estimate for fine mesh screens and associated equipment was $7 million.

The Tetra Tech Evaluation’s estimated O&M costs also appear to be low. There will be a much
larger structure, twice as many screens and motors, more screen wash pumps operating, and
more chance of screen tears. Extra pumps and motors would create additional auxiliary
(parasitic) loads. The Tetra Tech Evaluation estimated that the added O&M costs, over and
above the current level, due to replacing the exiting screens with fine mesh screens would be
$870,000 per year, plus 3% per year inflation. We assume that the added O&M costs are
proportional to the capital cost. Increasing the Tetra Tech Evaluation’s added annual O&M
costs according to the increase in capital cost gives an annual added O&M value of (70 /23) *
$870,000 = $2.65 million per year, to which we add the same 3% per year escalation used in the
Tetra Tech Evaluation. ' .

Financial Parameters and Approach

The Tetra Tech Evaluation amortizes the capital costs over 20 years at an unspecified discount
rate that appears to be about 7% to 8%. However, this approach does not correspond to the way
PG&E would incur capital-related costs associated with the investment. DCPP is now subject to
cost of service-based ratemaking. A capital investment is funded by common stock, debt, and
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preferred stock. PG&E’s weighted average cost of capital is 9.12%. The return on the common
stock is subject to income tax, and the investment at DCPP would be subject to property tax as
well. The capital-related costs decrease each year, as depreciation reduces the net capital
investment.

Cost of service-based ratemaking at one time was almost universal in the electric utility industry
and is still common. The basic principle is that PG&E'’s profits are controlled and it must
operate its business prudently, but in exchange its customers must pay all costs reasonably
incurred by PG&E, including a reasonable level of profit. Thus all costs of a cooling system
alternative, including capital-related costs such as all those noted above, would be charged to
customers if it were built. 1f PG&E were required to build an expensive new cooling system, the
burden of the costs ultimately would fall on its customers.

For each of the alternatives, we calculated a yearly cost stream that resuits from incorporating
the factors above that affect costs:

* The appropriate data on PG&E’s cost of capital, income taxes, property taxes, and project
life.

*  The revised capital and/or O&M costs described above.

Appendix C shows the annual values and calculations of discounted and undiscounted totals, and
level annual costs. Table 3 compares these results to those of the Tetra Tech Evaluation. Table
3 includes results for the Mechanical Draft Wet Coolmg Towers alternative, which the next
section of this report discusses.

The net present value is the sum of the yearly cost figures, discounted to the start of year one of
20 for the Tetra Tech Evaluation cases (Cases 1A and 1B) and to the start of the first year of
operation for the revised cases. The Tetra Tech Evaluation does not state the discount rate they
used, but Nexant estimated it from the data that the Tetra Tech Evaluation did provide.

The undiscounted sum of costs is simply the sum of the annual costs, with no discounting. The
Tetra Tech Evaluation does not provide this parameter, but Nexant estimated it from the data that
the Tetra Tech Evaluation did provide.

The level annual cost is the equal annual cost in each year that has the same net present value as
the net present value of the varying yearly costs. The Tetra Tech Evaluation does not provide
this parameter, but Nexant estimated it from the data that the Tetra Tech Evaluation did provide.

The annual and total costs to PG&E and consequently to its customers are substantially higher
when the revised data for financial parameters, project life, and basic cost assumptions are
incorporated (Case 1A from the Tetra Tech Evaluation vs. Case 2A using revised data). This
reflects the higher cost of capital, shorter life, income taxes, property taxes, and higher basic cost
assumptions. The discounted totals increase from $650 million in the Tetra Tech Evaluation to
$770 million using the revised values we think are more appropriate, with undiscounted totals
rising from $730 million to $848 million. The level annual costs increase by 50%, from $66
million for Case 1A to $100 million for Case 2A.
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Table 3 — Cost Results

Mechanical Draft Wet
Fine Mesh Screens Cooling Towers
Alternative Alternative
Case 1A | Case 2A Case 1B | Case 2B
Tetra Tech| Revised Tetra Tech| Revised
Basis for cost data Evaluation Data Evaluation Data
7% - 8% 7% -8% _
Discount rate, % {Note 1) 9.12% {Note 1) 9.12%
Project life, years _ 20 14 20 11
Capital cost, $ million 23 70 B22 822
Annual added O&M, $ million 0.87 265 . 1.70 9.20
Total annual energy penalty, $
million N/A N/A 13 23
Lost revenue during ’
construction, $ million 660 660 330 607
Annual costs, $ million
First year (Note 2) 663 660 422 607
220.6 -
Later years| 3.2-3.9 | 17.3109.6 926-942}- 1205
‘ 650 1,320
Net present value, $ million {Note 3) 770 {Note 3} 1,819
Undiscounted sum of costs, $ . 730 2,188
million {Note 1) 848 {Note 1) 2,483
657 124 .6 '
Level annual cost, § million {Note 1) 100 {Note 1) 269
Note 1: Estimated by PG&E
Note 2: The Tetra Tech Evaluation apparently includes the lost revenue during
construction in the first year costs, and calculates the present worth referred to the start of
the first year. The revised cases tréat that cost as occuring at the end of construction, the
year before operation starts. The revised cases calculate the present value referred to the
}start of the first year of operation.
INote 3: Expressed as -650 or -1,320 in Tetra Tech Evaluation

6 Mechanical Draft Wet Cooling Towers

Many of the points made in this section are from the report “Feasablhty of Retrofitting Cooling
Towers at Diablo Canyon Power Plant Units 1 & 27, Burns Engineering Services Inc., April 11,
2003 (the Burns Report).
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6.1

Conclusions

The Tetra Tech Evaluation states that this alternative will reduce entrainment by 80 —
94%. However, there will be many other negative environmental impacts that partly or
entirely offset this improvement, including:

- The construction impacts of a massive project.
- The high salinity blowdown water discharge.

- Land use issues with such a large project.

" - Air quality and terrestrial impact issues due to salt drift.

- Ground fog at times, a water vapor plume rising thousands of feet in the air and

6.2

visible for miles at other times.
- Noise due to cooling tower fans and falling water.
- Visual impacts of the towers themselves and the plume,

The technology has not been demonstrated as a retrofit on a plant similar to DCPP in size
and site conditions. The magnitude of a cooling tower retrofit at DCPP would be of an
unprecedented scale and complexity.

The Tetra Tech Evaluation does not demonstrate the feasibility of the Mechanical Draft
Wet Cooling Towers alternative.

It is highly uncertain whether available land is adequate to build the cooling towers and
related systems at the DCPP site.

Muitiple levels of environmental reviews and approvals by a number of federal, state, and
local agencies would be required for this project. This process would take years to
complete, the necessary approvals might not be given, and years of litigation could

follow any decisions that are reached as a result of the CEQA process.

The costs to PG&E’s customers of this alternative are uncertain but clearly are very high.
The Tetra Tech Evaluation estimated the discounted total cost to be $1,320 miilion,
equivalent to (our estimates based on Tetra Tech Evaluation data) $2,188 million
undiscounted and level annual costs of $125 million. We believe that the actual costs
will be higher. The discounted total cost is likely to be more in the range of $1,819
million ($2,483 million undiscounted), equivalent to level annual costs of $269 million.

Biological and Environmental Issues

Entrainment would be reduced in proportion to the reduction in flow, from 1,670,000 GPM to
100,000 GPM. It is likely that mortality of entrained organisms will approach 100% because the
cooling tower water is hotter and saltier than in the existing system, and the organisms will pass
through the cooling towers several times.

However, the Mechanical Draft Wet Cooling Towers alternative has other environmental
impacts, none of which the Tetra Tech Evaluation addresses. If any of these issues prevent the
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approvals necessary before construction can begin, this alternative will be infeasible. The .
impacts include:

*  Construction impacts: The impacts will result from the construction activities associated
with an $822 million project. This will include building 132 structures each roughly
equivalent to a five-story building, massive earth moving to level the site for the cooling
towers, constructing a retaining wall 1,800 feet long by 100 feet high, driving piles to
provide foundations for the towers, and relocating (if possible) roads, buildings, and
parking areas.

*  Water quality: The blowdown discharge will be 1.5 times as salty as ocean water, and
warmer. The closed cycle system will use chemicals to prevent buildup of biological or
scale formation in the towers, probably requiring a waste treatment facility and leaving
residual chemicals in the water. Although the flow rate will be far lower than the
existing system, the high salinity and possible presence of chemicals present entirety new
environmental and permitting issues.

» Land use: The towers and supporting systems cover an area many times larger than the
existing turbine building, containment structures, and auxiliary building combined. The
road, parking areas, DCPP septic system, and many other facilities displaced by the
towers would have to be relocated. The Tetra Tech Evaluation’s proposed scenario
would require significant modification to the existing road to the raw water reservoir,
‘substation, and future dry cask storage area. Whether the various facilities and roads can
be relocated on the site is very doubtful. If they could be relocated, the access of
employees to the site would be impaired.

*  Air quality: The towers would produce seven million pounds per year of sait drift (the
salt remaining from the evaporated salty water that provides the cooling, which is
transported by the air flowing through the towers). This level of airborne salt is much
greater than the natural airborne salt concentrations in that area that result in an estimated
86 pounds per acre-year of salt deposition. Hundreds of acres will be blanketed with salt
at five or more times natural deposition rates, and hundreds more at lesser rates still well
above 86 pounds per acre-year. Structures near the towers likely will be permanently
coated with salt and other mineral deposits. This will have a negative impact on the local
terrestrial ecosystems at the plant site itself and the neighboring agricultural and other
areas to the south, east, and north. The salt drift will also negatively affect the operation
and maintenance of the plant. (Burns Report) '

» Noise: Each of the 132 tower cells would have a 250 horsepower fan and water flows of
about 13,000 gallons per minute falling through the tower. Although there are no nearby
houses or other non-plant facilities, the continuat outdoor noise level at the
administration building will be in the vicinity of 74 dBa, equivalent to loud sireet noise.
This will affect plant personnel and local fauna. (Burns Report)

»  Plume: The massive tower instatlation would produce a substantial water vapor plume
during cool, damp weather periods. With the proposed Tetra Tech Evaluation design, all
access roads, buildings, and parking lots could be blanketed with a ground level plume
(“ground level fogging”) during atmospheric conditions that occur frequently. This
would be a hazard to plant safety and security. In addition, during cold, clear days with
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fight winds the plume would rise many thousands of feet into the air and be visible for
tens of miles. {Burns Report)

* Visual impact: The towers cover an area many times larger than the existing turbine
butlding, containment structures, and auxiliary building combined. The towers will
produce visible plumes that could rise thousands of feet into the air.

6.3 Engineering Issues

Technology is Not Demonstrated at Relevant Conditions

Only a few existing plants throughout the United States have been retrofitted with closed cycle
cooling towers. The retrofits were for small power plants or sites that had some accommodating
physical features, such as the Palisades Nuclear Plant in Michigan. The magnitude of a cooling
tower retrofit at DCPP would be of an unprecedented scale and complexity. The proposed
DCPP cooling tower project would be the largest closed cycle saltwater mechanical draft cooling
tower installation in the United States, retrofit or not. (Burns Report)

Plant Design is Not Completely Defined

Although the Tetra Tech Evaluation provfdes much more detail on the design of this alternative
than on the Fine Mesh Screens alternative, the design is not complete..

The proposed cooling tower location will require relocation of several buildings, parking areas,
an engineered road, and the plant septic system. Other facilities are located underground in the
proposed area. Rather than locate a snitabie area for the cooling tower retrofit, the Tetra Tech
Evaluation simply displaces facilities for which there is no apparent alternative location within
the plant boundary. The net effect is that the Tetra Tech Evaluation does not adequately address
the lack of available land for the project.

For example, the 98,000 square foot warehouse proposed to be relocated is currently within the
secure or protected area. The building has many requirements (seismic, air quality, etc.) due to
the safety function of some of the components it stores. There is no land available within the
industrially zoned area to relocate this building. Additionally, if it is relocated outside the
protected area, significant security-related modifications would be required at the entrance to the
protected area to accommodate inspection of the materials delivered from the warehouse.

Retrofit Construction of Cooling Water System Will Require Longer Plant Shutdown

To provide cooling water to and from the cooling towers, it will be necessary to dig new tunnels
and tie into the existing cooling water tunnels. The area in front of the turbine building where
these connections likely would be made has been heavily utilized with a labyrinth of service
connections laid in underground layers that reach 50 feet below the surface. Forty-six discrete
electrical and plumbing systems converge in that area, including safety-related systems.
Construction will be painstakingly difficult.

The Burns Report estimates that plant shutdown to complete construction of the tie in to the
existing system will require a plant shutdown of 12 months, not the six months estimated by the
Tetra Tech Evaluation.

Cooling Tower Performance
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The Tetra Tech Evaluation uses a cooling tower approach temperature of 9° F and does not
consider re-circulation {warm air from the exhaust of a cooling tower being drawn back into
tower inlets). Re-circulation increases the inlet wet bulb temperature above the ambient
condition and impairs tower performance. The Bumns Report estimates that the cooling tower
approach would be 16" F and there would be 4° F of re-circulation, in effect prov1d1ng an
approach of 20° F. This reduces turbine effi iciency and generator output. At the 61°F design
point the electrical output would be 55.9 MW less than the existing once-through system,
compared to 21 MW less estimated by the Tetra Tech Evaluation.

Combined with the 25 MW of additional auxiliary power requirements, The Burns Report
estimates total energy loss for both units of 81 MW vs. 46 MW in the Tetra Tech Evaluation.

Blowdown Water Temperature

With the ex1stmg once-through cooling system, at full load the temperature of a unit’s discharge
water is about 20° F above the temperature of the intake water. Thus the discharge is normally
20° F above the temperature of the ocean water into which it flows. With a cooling tower, the
temperature of the discharge water depends on the wet bulb temperature, which is not directly
related to the temperature of the ocean water.

Thus, for example, using the design wet buib temperature of 61° F and the Burns Report’s 20°F
approach, the water in the cooling tower basin would be 81° F regardless of ocean water
temperature. TERA Corporation’s 1982 report “Diablo Canyon Power Plant Assessment of
Alternatives to the Existing Cooling Water System” noted an ocean water temperature range at
DCPP of 48° F 10 63° F. If the cooling tower basin water were used as the source for blowdown,
it would be from 18° F to 33° F above the temperature of the ocean water, depending on the
ocean water temperature at the time when the wet bulb temperature was 6 1°F. At lower wet
bulb temperatures the increase above ocean water temperature would be less.

Operation and Maintenance

The salt drift will corrode unprotected structures and lead to electrical arcing incidents in the
substation and in the 500 kV transmission lines running through the site.

Construction of the cooling towers would effectively surround the plant with construction, both
for the instatlation of the towers and for routing of the circulating water tunnels and lines. A safe
and controllable means of access will have to be devised.

The movement of people and equipment during the construction period would affect the normal
operations of DCPP. After construction is completed, the relocation of the parkmg areas will
continue to impede access of DCPP’s 1,300 workers to their work areas.

Nuclear Safety, Security, and Licensing Issues

The Tetra Tech Evaluation’s proposed design is not adequately detailed to perform a thorough
nuclear safety and security review. However, this is a critical step in determining feasibihty.
The proposed 316(b) rule for existing power plants includes a provision that allows existing
technology to be “best technology available” if alternative technologies would affect nuclear-
related safety systems. The proposed design may have detrimental impacts on such safety
related systems. Further, issues such as relocation of the warehouse could affect security
concemns as well. Ground fog events would be a hazard to plant safety and security. In any case,
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license amendments, if permutted, would be necessary to account for many of the proposed
changes. This potentially affects schedule, cost, and feasibility.

6.4 Schedule and Cost Issues

Many of the schedule and cost issues are similar or identical for both alternatives. Where they
are, the discussion given in Section 5 will not be repeated here.

Schedule

Section 5 discusses schedule issues and concludes that the permitting process would take a
minimum of five years for the Mechanical Draft Wet Cooling Towers alternative as well as the
Fine Mesh Screens alternative.

The Tetra Tech Evaluation estimates a capital cost of $822 million for the Mechanical Draft Wet
Cooling Towers alternative, signifying a huge project. The TERA Corporation’s 1982 report
“Diablo Canyon Power Plant Assessment of Alternatives to the Existing Cooling Water System™
estimated a construction period of 61 months. This seems reasonable and our analysis below
allows five years for procurement and construction, for a total of ten years for permitting and
construction. The construction could be complete by the end of 2012 if it started now. The new
systern could operate from 2013 through and including 2023, a total of 11 years.

The Tetra Tech Evaluation’s estimated O&M costs appear to be low. There will over a hundred
fans and motors, corrosive drift, and in general maintenance of a much more complicated and
expensive system than the existing system including frequent inspections, instruments and
control, electrical and mechanical repairs, replacements, maintenance of the water treatment
facilities, chemicals, and blowdown and makeup system upkeep. The EPRI document Cooling
System Retrofit Analysis concludes that additional maintenance costs in the range 1% to 3% of
system capital costs annually result from cooling system retrofits. Allowing 2% of the initial
capital cost for O&M produces an annual cost of $16.44 million per year. Subtracting the $1
million per year of O&M for the existing system gives a net added O&M of $15.44 million. The
Burns Report estimates an annual cost of six ttmes the Tetra Tech Evaluation’s estimate of $1.7
million per year, or $10.2 million per year. In our calculations below we will use the Burns
Report value of $10.2 million less the $1 million for the existing system, or $9.2 million per
year.

For this altermative the “revenue loss” from the Tetra Tech Evaluation is due to a six month
construction outage that results in a net 182 days of lost output from the entire plant. The lost
output is valued at $34 per MWH, for a total of $330 million. In our calculations below we will
use a 12-month outage based on the estimate in the Burns Report. We assume that a one-month
refueling outage would have occurred during this period, reducing the period of lost output from
12 to 11 months. This is similar to what was assumed for the Fine Mesh Screens alternative,
where the refueling outage reduced the amount of lost output from 13 to 12 months. The total
revenue loss is thus 365 * (11/12) * 24 * 2222 * 34 = $607 million.

The Tetra Tech Evaluation bases its calculation of the energy penalty on lost output of 46 MW.
The Burns Report estimates the lost output to be 81 MW, which we use in our analysis. The -
penalty applies 350 days per year and is valued at $34 per MWH. Thus the penalty amounts to
81 * 350 * 24 * 34 = 523 million per year.
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Similar comments regarding financing costs and plant life that were made for the Fine Mesh
Screens Alternative apply to this alternative as well.

Appendix C shows the annual values and calculations of discounted and undiscounted totals, and
level annual costs. Table 3 summarizes results from incorporating these factors and compares
them to the Tetra Tech Evaluation’s resulits.

‘The annual and total costs to PG&E and consequently to its customers are substantially higher
when the revised data for financial parameters, project life, and basic cost assumptions are
incorporated (Case 1B from the Tetra Tech Evaluation vs. Case 2B using revised data). This
reflects the higher cost of capital, shorter life, income taxes, property taxes, and higher basic cost
assumptions. The discounted totals increase from $1,320 million in the Tetra Tech Evaluation to
$1,819 million using the revised values we think are more appropriate, with undiscounted totals -
rising from $2,188 million to $2,483 million. The level annual costs more than double, from
$125 million for Case 1B to $269 million for Case 2B. '
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Potential Use of Fine Mesh Screens for the Cooling Water
Intake Structure at Diablo Canyon Power Plant

Prepared by
TENERA Environmental
225 Prado Rd., Suite D

San Luis Obispo, CA 93401

Introduction

Tetra Tech (Tetra Tech 2002) recently completed an evaluation of cooling water system
alternatives for the Diablo Canyon Power Plant (DCPP).- One of the alternatives
evaluated in the study was the installation of fine mesh screens of 5 mm or less on the
existing traveling screen frames. Based on performance at other facilities the study
indicated that an 80 percent reduction in entrainment could be achieved at DCPP through
the use of fine mesh screens. The study did indicate that the example facilities did not
have the cooling water flow requirements of DCPP and that there was the potential for
fouling by kelp and algae. A review of screen system alternatives to manage debris
loading at the DCPP intake was also completed by PG&E (PG&E 1996). This study
determined that while fine mesh screens would enhance screening capabilities for debris
removal, there were significant cost and engineering problems with them. Retrofitting
the existing DCPP through-flow screens with fine mesh would increase the flow
resistance and raise the potential for screen failure under high debris loading. |
Additionally, the traveling screens frames and intake would have to be redesigned or
retrofitted to allow for fish buckets, gravity sluiceways, or other mechanical features
designed to return impinged animals unharmed to the source water, The finer mesh
screens would result in increased impingement of fish and invertebrate eggs and larvae,
and there is no available information on impingement mortality for the suite of larval
fishes entrained at DCPP. Most of the studies on fine mesh screens have been conducted

on the east coast.

Fine-mesh screening has been investigated in laboratory and field studies to determine its

potential to minimize entrainment at several east and gulf coast power plants (Magliente




Fine Mesh Screens at DCPP

etal. 1978; Tomljanovich et al. 1978; Taft et al. 1981; LMS 1987; Brueggemeyer et al.
1988; Davis et al. 1988). Tomljanovich et al. (1978) show that traveling screens
equipped with 1.0 mm (0.04 in) screen mesh substantially reduce entrainment of fish
eggs and larvae, and that entrainment of larval fish and macroinvertebrates could be
virtually eliminated by use of 0.5 mm (0.02 in) intake screen mesh. However, Cada et al.
(1979) report that traveling screens with fine mesh do not offer any major biological
advantages over conventional or modified vertical traveling screens, especially when
considering that any decrease in entrainment mortality is replaced by increased

impingement.

Site-specific studies at DCPP would be necessary to evaluate the survival of previously
entrained fish eggs and larvae that would be impinged on fine-mesh screens. Two types
of mortality can be éxpected when animals are impinged in cooling water systems:
‘initial’ mortality that occurs immediately upon contact with the screens, collection
baskets, or screen wash system and ‘latent’ mortality that occurs at some interval beyond
the initial impingemeﬁt. Furthermore, mortality of the fish eggs and tarvaé that would be
impinged, instead of entrained, is species and life-stage specific (Taft et al. 1981;
Brueggemeyer et al. 1988) and can depend on secondary design features of the traveling
screens such as collection baskets (PG&E 1996; Tenera 2000). Fine mesh traveling |
screens were not recommended at DCPP given the uncertain biological benefits of
instéliing this type of screening combined with the potential for extensive maintenance
requirements due to frequent, heavy kelp and algal loading and the cost of retrofitting the
intake structure (Tenera 2000).

Examples of Biologicél Data on Fine Mesh Screens

Several power plants have installed or considered installing fine mesh screens in the
attempt to reduce entrainment mortality. The Tampa Electric Company (TECO) Big
Bend Station on Tampa Bay, Florida and the Brayton Point Station in Somerset,
Massachusetts have both installed fine mesh screens and studied their effects on
entrainment and impingement mortality. Fine mesh screens were also evaluated for the

Contra Costa and Pittsburg Power Plants in San Francisco Bay to reduce striped bass
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losses in their cooling water systemns. While these sites and the examples presented in the
Tetra Tech report (Tetra Tech 2002) have installed or tested fine mesh s;:reens, the

- cooling water system flows, intake designs, and species potentially atfected are all
different from DCPP.

Fine mesh (0.5 mm) no-well screens were installed at the TECO Big Bend Station on
‘Tampa Bay, Florida (Taft et al. 1981; Brueggemeyer et al. 1988); studies of their
biological effectiveness were conducted in 1985. Invertebrates had mortality rates
ranging from 10-35 percent. Engraulididae (primarily bay anchovy) had initial mortality
rates ranging from 42-84 percent and latent mortality rates ranging from 32-35 percent.
Bay anchovy, Atlantic tomcod, and Atlantic silverside eggs showed a total mortality of
72.4 percent. Yolk-sac larvae 6f mummichog, Atlantic silverside, Atlantic tomcod, white
perch, and winter flounder mortality ranged from 62100 percent with the exception of
winter flounder, which had a projected mortality range of 11-62 percent. Mortality for
post-yolk-sac larvae was assumed to be slightly less but still ranged from 36-100 percent
for all species in this life stage. The effectiveness of the fine mesh screens to reduce .
impingement mortality was very species specific with no examples for the species that

would be entrained at DCPP.

At Brayton Point Station Unit 4, biological evaluations were conducted to determine the
number, species, and initial and latent survival of fish impinged on the modified intake
screens (LMS 1987; Davis et al. 198R). These fine-mesh, angfed screehs were installed
at a new Unit 4 intake to divert larger, motile life stages and gently collect and recover
early life stages. The lowest survival was calculated for bay anchovy and the highest was
for tautog. Initial and extended survival varied by species. A group of numericaily
dominant taxa was classified by the authors as “fragile” (primarily, bay anchovy and
Atlantic silverside) and had estimated survivorship below 25 percent while a “hardy”
group, dominated by winter flounder and northern pipefish, had survival values greater
than 65 percent.  These studies also show that impingement survival with fine mesh

screens was species specific.

The organism most often used to examine entrainment and impingement mortality is the

striped bass Morone saxatilis (¢.g., Polgar 1977, Schubel et al. 1977; King et al. 1978;
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Tera Corporation 1982; Cowan et al. 1993). The Electric Power Research Institute
(EPRI) conducted a review of entrainment studies from 1970-2000 and found that
average entrainment survival of striped bass larvae was 60 percent (EPRI 2000). By
comparison, impingement survival for striped bass at Conira Costa and Pittsburg Power
Plants was on the order of 55 percent 96 hours after initial impingement when employing
3/8” square mesh traveling screens and continuous wash down rotation; this represents
the best case scenario from these studies (Tera Corporation 1982). The traveling screens
and mesh size at Contra Costa and Pittsburg Power Plants are similar to the system used
at DCPP. It is important to note that the animals impinged in the above sfudy would be
substantially larger than those impinged against fine mesh screens. When fine mesh
screens were tested under laboratory conditions, long term impingement survivorship
dropped dramatically to less than 10 pércent for striped bass larvae impinged for
durations greater than eight minutes (TOmijahovich et al. 1978). In these latter two
studies, impingement mortality was directly proportional to duration of impingement
with dramatic increases after eight minute durations; mortality remained species and life-
stage dependent (see also Taft et al. 1981; LMS 1987; Brueggemeyer et al. 1988; Davis
et al. 1988). Whife other studies have shown that the effectiveness of the fine mesh
screens to reduce impingement mortality was species specific, these studies show that

their effectiveness is also life-stage and age specific.

The most abundant fishes in entrainment samples at DCPP were small nearshore species
and rockfishes that have not been studied at other power plants and in most cases do not
even occur on the east coast were many of these studies of impingement and entrainment
. survival have been conducted. Larval survivorship can be reduced in a variety of ways
by mechanical stressors (e.g. wave action, entrainment, 'impingement). However, little is
know about how mechanical stress affects mortality of the fishes entrained at DCPP.
Therefore, it is difficult to categorize the larvae of specific groups of these fishes as
“fragilé” or “hardy,” although studies on northern anchovy larvae have shown increased
natural mortality following storm events at sea {Lasker 1975, Lasker 1981, Peterman and
Bradford 1987, Smith et al. 1981). Fishes such as northern anchovy, Pacific sardine and
white croaker that produce pelagic eggs and small, undeveloped larvae have high larvae

mortality during these early larval stages (Lasker 1981, Lo 1986, Butler 1991, Love et al.
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1984, Murdoch et al. 1989). These fishes could be contrasted with the rockfishes that

release well-developed larvae that may be less vulnerable to mechanical disturbance.
Fishes such as sculpins (cabezon, smoothhead and snubnose sculpins), pricklebacks
(monkeyface prickleback), gobies and painted greenlings lay demersal egg masses that
hatch in shallow nearshore areas that experience extreme waves and surge; their larvae
may be better adapted to mechanical disturbance. This is consistent with results presented
by EPRI {2000) that showed that gobies as a group had the highest entrainment survival

in the data they reviewed.

Relationship of Larval Size to Mesh Opening Size.

Field studies conducted at DCPP for the 316(b) Demonstration (Tenera 2000) showed -
that plankton nets with a mesh size of 0.5 mm were not sufficient to eliminate extrusion
and potential loss of some larvae through the nets. Entrainmént samples for the 316(b)
study at DCPP were initially collected using 0.5 mm (505 ;.im) mesh plankton nets.
However, during an early survey larval cabezon (Scorpaenichthys marmoratus) were

observed partially extruded through the net mesh. Their body depth (BD) ranges from ca.

1 mm for yolk sac larvae up to ca. 4 mm for transformation stage specimens (derived
from Matarese et al. 1989). Larval northemn anchovy_, clinid kelpfishes, white croaker,
and sevefal other species would have smaller cross-sectional diaineters than cabezon
larvae at similar sizes (yolk-sac to transformation BD of 0.2—4 mm and 0.7-3 mm,
respectively [derived from Moser 1996]) and an even greater likelihood of extrusion at
smaller sizes. Consequently, plankton nets of 0.3 mm (335 um) mesh were used for the
remainder of the surveys to reduce the chance of extrusion through the mesh openings.
These observations indicate that even traveling screens with a small mesh size of 0.5 mm
would result in entrainment of the early life stages. of many of the fishes collected in-
entrainment samples at DCPP. Entrainment through the traveling screens may even
occur for larvae with larger cross-sectional areas because the cooling water flow may pull
these larvae through the screens. The actual levels of entrainment and impingement

_ mortality would be species, and life-stage specific.
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. 1 Conclusions

These results indicate the high level of uncertainty associated with any potential
biological benefits from installing fine mesh traveling screens at DCPP. Finer mesh
screening would convert entrainment to impingement for animats larger than the mesh
size, but it is not clear whether impingement mortality of eggs and larvae would be more
or less than the mortality currently attributed to entrainment. Entrainment and '
impingement mortality are dependent on a variety of factors. Entrainment mortality is
species and life-stage dependent, bﬁt is also directly proportional to increases in
temperature and through plant mechanical stressors experienced by a larva. Impingement
mortality is also species and life-stage dependent while being directly proportional to the
approach velocity and duration of impingement. Secondary to these initial impingement
stressors, methods of retention (e.g., watertight fish boxes at the bottom of each screen
panel) and return to the source water (e.g., gravity sluiceways) can significantly modify
impingement mortality rates. The studies reviewed above indicate that impingement
B survival can be relatively low when employing fine mesh screens; lower in some cases

. than entrainment mortality, but these studies were conducted on striped bass that does not

“occur at DCPP and is known to be a fairly hardy animal at all life stages. While fine
mesh screen studies have been conducted at other facilities, none have taken place under
the unfque environment and conditions present at the DCPP intake structure. QOur
entrainment studies indicate that many of the larval fishes will still be entrained at some
age and size classes, and while some of the larvae may surviv.e impingement on the
screens the actual effectiveness of the screens at réducing mortality due to impingement
or entrainment would require site-specific studies. In all likelihood, high retrofit costs
combined with intensive maintenance demands placed on fine mesh screehs subject to
frequent, heavy algal loading common to DCPP would be disproportionate to the

uncertain biological and ecological benefits.
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Fine Mesh Screens as a Fish Protection Alternative

Factors Influencing the Effectiveness and Reliability of Fine Mesh Screens as a Technology
' Alternative for DCPP

The process of selecting viable fish protection alternatives for cooling water intake systems
requires an evaluation of the engineering feasibility, operational reliability, potential biological
benefits, and costs associated with implementing each alternative at the specific site in question.
An initial screening-level review of the use of fine mesh panels on the existing traveling screens
at DCPP suggests that implementation of this aiternative would offer relatively little fish
protection benefit, while introducing an uncertain, and potentially high, level of impact on the
operational reliability of the DCPP cooling water system.

Mesh openings substantially smaller than the standard (i.e. 3/8 inch) mesh are considered to be
“fine mesh”. Fine mesh screens present a barrier to the passage of young fish that would _
normally be entrained through the standard mesh, thereby trading entrainment for impingement
of those organisms. Therefore, the potential fish protection benefit of fine mesh traveling
screens depends on screening efficiency for the species/life stages present at the intake and the
impingement survival obtained. Unless the impingement survival of the focal species is
substantially greater than survival of fish entrained through the cooling water system, there is
little or no protection benefit from the installation of fine mesh screens. Survival of early stages
of fish impinged on traveling screens 1s related to species and size of the organisms and through-
screen water velocity (ARL/SWEC 1981, EA 1979)

Because the open area of the traveling screen panels decreases as the screen mesh becomes finer,
fine mesh screens considered smalil enough to provide an effective entrainment barrier at most
sites are more susceptible to fouling by biological growth and debris than are standard mesh
screens. This may limit fine mesh screen reliability under high biofouling or debris-load
conditions, as well as increase the impingement rate and mortality of impinged fish. Fouling of
the screens can result in nonuniform screen flows and high through screen velocities in
unclogged regions of the screen and buildup of head differential that can compromise screen
integrity. '

The use of fine-mesh screens as a fish protection alternative at DCPP is complicated by the fact
that the larvae entrained at DCPP are generally very small—the median length of entrained
larvae of most species is between about 2 to 5 mm (DCPP. 316(b) Report). Very fine mesh
would likely be required to effectively screen substantial portions the larvae currently being
entrained at DCPP. Susceptibility to entrainment through a given size mesh is generally though
1o be related to the degree of streamlining, or ratio of length to body depth or width exhibited by
the species. Therefore, the mesh size required to effectively screen life stages currently entrained
at DCPP would be expected to vary among the species. However, available information
suggests that a screen mesh of 0.5 mm or less would probably be required to effectively screen
fish larvae entrained at DCPP. For example, Turnpenny (1981) quantified the relationship
between body morphometry and square mesh size required to prevent entrainment using tests on
24 marine and freshwater species from Europe (Gowan et al 1999). Based on this relationship,
and assuming a range of body length/depth ratios of 3 to 10 (which typically encompasses the
streamlining of most larval fish species most species) DCPP would likely need a mesh size of
between 0.4 and 1.1 mm to exclude larvae longer than 5 mm long, or a mesh size between 0.25
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and 0.7 mm to exclude larvae more than 3 mm long. It should be noted that Turnpenny’s studies
were limited to larger mesh sizes (>4 mm) and fish lengths (>24mm), requiring extrapolation to
the DCPP case. However, these estimates seem quite reasonable in light of the sampling gear
mesh size (0.333 mm) used to assure reasonable collection efficiency of entrained life stages in
the DCPP monitoring studies.

The operational reliability of a cooling water system as large as DCPP using 0.5 or smaller fine
mesh screens has not been demonstrated, and is highly uncertain given the large flows, energetic
environment, high kelp loadings and high potential for biofouling. Possibly owing to the
reliability issues and questionable fish protection benefits of smaller-size fine mesh traveling

. screens, only three full scale installations of less than 1.0 mm mesh size exist-—at the Big Bend
Units 3 and 4, Bamey Davis, and Prairie Island Stations (EPRI 1999). Two of these stations are
located in saltwater environments. Big Bend has light debris loading, while Barney Davis has
seasonally heavy loading of seagrasses. However, cooling water flow screened with fine mesh at
these stations is considerably lower than for DCPP Units 1 and 2, ranging from about 1/5 to 1/3

of the DCPP flow. A rigorous maintenance regime was put in place at Big Bend to keep screens '

operating reliably, and screens operate at up to 28 f/min to keep head differential down
(Brueggemeyer et al 1987). Also, coarse-mesh dual flow screens were installed behind the fine
mesh screens to protect the pumps from any debris that enters in the event that emergency slide
gates open (they open If fine-mesh screens clog and head differential rises).

Even if DCPP could be reliably operated with mesh of sufficiently small size to exclude the
larvae entrained at DCPP, site-specific factors make the potential for surviving impingement
low. The few studies conducted to date on survival of early fish life stages impinged on fine
mesh screens at other power plants indicate that survival of larvae is relatively low compared to
that observed for juvenile and older fish. Studies conducted at the Big Bend station on a
prototype 0.5 mm fine mesh screen in 1979-80 and on permanently installed fine-mesh screens
in 1985 measured extended survivals (48 hr) of 0.3 to 10 percent for impinged larvae of bay

anchovy, 0.5 percent for herrings, and 2 to 40 percent for seatrouts/weakfishes (Taft et. al. 1982,

Brueggermeyer et. al. 1988). Initial survival was relatively high and it is unclear how much of
the high mortality following impingement is due to impingement versus high natural mortality
and holding effects on the larval stages. Impingement survival studies conducted on the 0.5mm
mesh screens at the Prairie Island station from 1984-1987 indicated that survival of larval stages
was substantially lower than that of juvenile stages for most species (Kuht and Mueller 1988).
Extended survival of the larval stages of most taxa, including gizzard shad, mooneye, carp,
minnows, white bass, sunfish, sauger, crappie, perch, and freshwater drum ranged from about 0.1
to 23.7 percent. Extended survival of larvae was moderate (36 to 59 percent) only for two
extremely hardy taxa, channel catfish and suckers. :

No information on size of larvae was presented in the above reports. However, studies
conducted at the Indian Point station on a through-flow screen retrofitted with 2.5-mm woven
nylon mesh, fish buckets, capability for higher screen speeds (2.5 to 20 fv/min), and a low
pressure wash system, indicate that larval size is an important determinant of impingement
survival (EA 1979). Survival studies conducted in 1977 and 1978 indicated that the most
sensitive early developmental stages (through early post yolk-sac larvae) were not able to survive
_ collection on the screen system. No larvae of several species; including striped bass, white perch,
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river herring, bay anchovy and rainbow smelt. survived impingement on the screen when total
tarval length was less than about 15 mm. Impingement survival of striped bass on the fine mesh
screen at Indian Point increased from 0 percent for early larvae to an estimated 60 percent for
late post-yolk-sac larvae and to 77-100 percent for Juveniles. Survival of white perch increased
from O percent for larvae to 71 percent for juveniles. These same studies indicated that the
length for selective retention (the point at which the number impinged exceeds the number
entrained) of striped bass larvae on the 2.5 mm fine mesh screen was about 15 mm total length.

Given the early developmental stage and very small size of the majority of larvae entrained at
DCPP, substantial impingement survival is unlikely. In addition, the high loadings of kelp at
DCPP intake are likeiy to further reduce the potential for survival, For example, studies of
impingement survival on the 0.5 mm screens at the Barney Davis station found that survival was
tower during seasons when eel grass loadings on the screen were high (Murray and Jinnette
1978). Finally, the location of the DCPP intake within a protected cove would hamper the return
of any surviving larvae to the waterbody, since return to the intake cove itself would result in
reimpingement of the larvae. Returning impinged larvae to locations beyond the cove would
require transit along a very long fish return sluice with the potential for additional ‘mortality.
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Appendix C — Supporting Information on Cost and Financial Resuits

Table C-1. Basic Data, Case 2A
Fine Mesh Screens, Revised Data

Basic data: :

Plant rating, MW 2222
Construction outage, months (net of refueling outage

that otherwise would have occurred) 12
Net days of construction outage 364
Net energy loss during construction outage, MWH 119,411,392
Cost of lost output, $/MWH 34
Cost of lost output during constrution outage, millions 660
Energy loss during operation, MW 0
Days/year of energy loss 350
Annual MWH ilost . 0
Cost of lost output, $/MWH 34
Escalation on cost of lost output, %/yr 0.0%
Cost of iost output, millions/year : 0
Capital investment, millions 70
Annual added Q&M, millions (in proportion to capital) 2.65
O&M escalation rate, %/yr : 3.0%
Life after construction, years 14
Discount rate = PG&E's cost of capital - 9.12%
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Appendix C - Supporting Information on Cost and Financial Results

Table C-3. Basic Data, Case 2B

Mechanical Draft Wet Cooling Towers

Revised Data

_|Basic data:
Plant rating, MW _ 2222
Construction outage, months (net of refueling outage
that otherwise would have occurred) 11
Net days of construction outage 334.6
Net energy loss during construction outage, MWH 17,842,660

" |Cost of lost output, $/MWH 34
Cost of lost output during constrution outage, millions 607
Energy loss during operation, MW 81
Days/year of energy loss 350
Annual MWH lost 680,400
Cost of lost output, $/MWH 34
Escalation on cost of lost output, %/yr  0.0%
Cost of lost output, millions/year 23.1336
Capital investment, millions 822
Annual added O&M, millions 9.2
Q&M escalation rate, %/yr 3.0%
Life after construction, years 11

9.12%

Discount rate = PG&E's cost of capital

Page C-3
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Attachment 4
Cooling Water System
Findings Regarding Clean Water Act Section 316(b)

Diable Canyen Power Plant
NPDES Permit Order RB3-2003-0009

APPLICABLE LAW
Section 316(b) states:

“Any standard established pursuant to section 1311 of this title or section 1316 of this title
and applicable to a point source shall require that the location, design, construction, and
capacity of cooling water intake structures reflect the best technology available for
minimizing adverse environmental impact.”

There are no state or federal regulations interpreting section 316(b) that apply to DCPP. The United
States Environmental Protection Agency (EPA) adopted regulations interpreting section 316(b) in
1976 but, they were invalidated on procedural grounds. EPA did not attempt to adopt regulations
again until the 1990’s. In December 2001, EPA issued final 316(b) regulations that apply only to new
facilities (66 Fed. Reg. 65256, 40 C.¥.R. Part 123, Subpart 1.) These regulations do not apply to
DCPP. In April 2002, EPA issued proposed regulations that would apply to existing facilities,
including DCPP but EPA does not plan to issue final regulations until February 2004. {67 Fed. Reg.
17122.) Alithough the final and draft regulations do not apply to this proceeding, they represent EPA’s
most recent analysis of section 316(b). The Federal Register preambles to the final and draft
regulations are also useful for the same reason.

EPA has directed:

“Until the Agency promulgates final regulations based on“today’s proposal, Directors should
continue to make section 316(b} deternminations with respect to existing facilities, which may
be more or less stringent than today’s proposal on a case-by-case basis applying best
professional judgment.” {67 Fed. Reg. 17124 col. 3.)

EPA advised that an EPA 1977 draft guidance on section 316(b) still applies to existing facilities
pending adoption of final regulations. (67 Fed. Reg. 17125, col. 1.) The draft guidance is entitled,
Guidance for Evaluating the Adverse Impact of Cooling Water Intake Structures on the Aquatic
Environment; Section 316(b} (May 1, 1977) (1977 Draft Guidance).

The legal standards applied here are based on assembling a mosaic of EPA administrative decisions,
opinions, the 1977 draft guidance, federal court opinions and reference to the final 316(b) regulations
for new facilities, the draft regulations for existing facilities and their preambles in the Federal
Register.

There are four basic steps in a2 Best Technology Available (BTA) analysis:

1) whether the facility's cooling water intake structure may result in adverse
environmental impact;

2) if so, what alternative technologies involving location, design, construction and
capacity of the cooling water intake structure can minimize adverse environmental
impact;
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3) whether aliernate technologies are available to minimize the adverse environmental .
impacts; and

4) whether the costs of available technologies are wholly disproportionate to the
environmental benefits conferred by such measures,

The following legal principles were applied in the Board’s 316(b) analysis:

* Adverse environmental impacts occur whenever there will be entrainment or impingement
damage as a result of the operation of a specific cooling water intake structure. .

e Minimize does not mean to completely eliminate adverse impacts. New regulations defing
minimize to mean to reduce to the smallest amount, extent, or degree reasonably possible.
EPA also views increases in fish and sheilfish as an acceptable alternative to reduction in
entrainment.

e Alternatives that must be considered are location, design, construction and capacity of a
cooling water intake structures that minimize adverse environmental impacts.

s  Although closed-cycle cooling systems are not cooling water intake structures they can be
required indirectly by limiting the capacity of the intake by restricting the volume of water
flow.

e A determination on whether a technology is “available” could be made on any mumber of
grounds based on site-specific conditions. The 1977 Draft Guidance states,

“It is accepted that closed cycle cooling is not necessarily the best technology available,
despite the dramatic reduction in rates of water used. The appropriate technology is best
determined after careful evaluation of the specific aspects at each site.” { 1977 Draft
Guidance p. 12.)

o The standards for determining whether the costs of a technology are wholly disproportionate
to the environmental benefited conferred by such measures are set forth in findings below.

" SUMMARY OF CONCLUSIONS

e Because of sketchy legal authority interpreting Clean Water Act Section 316(b), which
addresses entrainment and impingement impacts, th¢ Board must exercise its best
professional judgment to reach a reasonable conclusion based on site-specific conditions.

e Impingement of adult and juvenile fish on the traveling screens in front of a cooling water
intake structure at DCPP amounts to only a few hundred fish per year. This impact is so
minor that no alternative technologies are necessary to address impingement at DCPP, and the
cost of any impingement reduction technology would be wholly disproportionate to the
benefit to be gained.

» FEntrainment of smaller organisms (like fish larvae) occurs in once-through cooling water
systems. Entrainment losses at DCPP are significant for certain species, and represent an
adverse impact. However, the technologics that may reduce entrainment at DCPP are either
experimental (screens and filters) or are only conceptually available at this site (saltwater
cooling towers). Therefore the Board cannot conclude that these systems are availabie at
DCPP under the meaning of Section 316(b) of the Clean Water Act, which requires best
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technology “available.” There are no demonstrated applications of these technologies at
facilities similar to DCPP, and there are many significant problems associated with their
potential use at DCPP.

* The costs associated with the potential technologies ranges from $650 million for fine mesh
screens to $1.3 billion for saltwater cooling towers, based on independent estimates. Because
of the experimental nature and/or uncertainty associated with the technologles the costs may
be significantly higher than these estimates,

e This Net Present Value of entrainment losses as estimated by PG&E’s consultant is $15,786
to $1,905,757. However, the Regional Board’s independent scientists agree that this estimate
is probably significantly underestimated because it does not include the majority of entrained
organisms. The Regional Board’s independent scientists believe that the actual value is likely
to be in the ten million dollar range. This “value” range can be compared to the cost of
saltwater cooling towers. Tetra Tech 2002 estimated the Net Present Value of saltwater
cooling towers at $1.3 bilhon. Using these values, the cost of cooling towers is wholly
disproportionate to benefit to be gained (regardless of whether the entrainment losses are
valued in the million dollar or ten million dollar range). The same comparison can be made
for fine mesh screens {$650 million), although fine mesh screens have not been demonstrated
to be effective to minimize entrainment at DCPP. Assuming for the purpose of analysis that
fine mesh screens are effective, the cost of fine mesh screens is also whelly disproportionate
to the assumed benefit to be gained.

s The Regional Board’s 316b analysis evaluates intake structure technologies (screens, filters)
and closed cooling systems (cooling towers, dry cooling) and concludes that the potential

technologies are either infeasible, experimental, or the costs are wholly disproportionate to

the benefit to be gained for this facility. This conclusion is supported by independent
evaluations (Tetra Tech, 2003; EPRI, 1999; SAIC, 1994, and other references discussed
below).. The existing cooling water intake structure is best technology available under Clean
Water Act section 316(b) and no changes to the cooling water intake structure location,
construction, design or capacity are required by-this Order.

DETAILED ANALYSIS

Under the monitoring and reporting program amendments approved in February of 1995, the Regional

Board required the Discharger to perform a comprehensive section 316(b) study. At the direction of-

the Regional Board, a technical workgroup was formed to oversee the 1995-1999 study. Workgroup
members incliuded the Regional Board’s staft and independent scientists, the Discharger’s staff and
consuitants, California Department of Fish and Game, USEPA, and the League for Coastal Protection
(an environmental group). Currently, the Regional Board’s independent scientists on this project are
Dr. Greg Cailliet, Moss Landing Marine Laboratories, and Dr. Pete Raimondi, UC Santa Cruz. Note
that during the technical workgroup process, Dr. Raimondi represented the League for Coastal
Protection. Dr. Raimondi is now an independent consultant to the Regional Board. These scientists
are independent from, and have never worked for, the Discharger. Dr, Cailliet and Dr. Raimondi have
extensive experience as independent scientists on several power plant projects in Califorma.

Dr. Cailliet is a professor of ichthyelogy, marine ecology, population biclogy, and fisheries biology,
with main interests in cominunity and population ecology, biological oceanography, marine plankton
and nekton, and estuarine ecology.

Dr. Raimondi is a professor of ecology and evolutionary biology whose research emphasizes
nearshore marine communities. He also has substantial experience on the design, evaluation and
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analysis of marine monitoring programs, with particular expertise on the evaluation of marine
discharges. Dr. Raimondi is currently directing the largest intertidal monitoring program in the world
(through the Partnership for Interdisciplinary Studies of Coastal Oceans, or PISCO).

The Regional Board also hired Dr. Alan Stewart-Oaten and Dr. Roger Nisbet from UC Santa Barbara
as independent scientists on the technical workgroup. Dr. Stewart-Oaten and Dr. Nisbet are leading
scientists in ecological modeling and statistical analysis. The workgroup reviewed and approved each
phase of the study, as well as the final report. Phases of the study inchided review and assessment of
target organisms, sampling locations, sampling methods, gear testing, data analysis and presentation.
The technical workgroup reviewed all aspects of the study, including sampling equipment, sampling
periods, target species selection, larval identification, and analyses of the results via a process that
continued for almost five years.

Entrainment and Impingement

The Discharger submitted its Diablo Canyon Power Plant 316(b) Demonstration Report, in March
2000 (hereafter 316b Demonstration). The 316b Demonstration inchides an overview of the report
process, a description of the results, and an evaluation of alternative technologies to minimize
entrainment and impingement. The entrainment and impingement study results are also discussed in
Regional Board staff’s testimony for this Order.

The purpose of the 316(b) Demonstration study at DCPP was to 1) estimate the number of larvae lost
due to the power plant, 2) convert the larval loss to adult fish, and 3) estimate the proportion of larvae
iost relative to the amount of larvae available in species-specific source water bodies, and 4) estimate
impingement losses.

Entrainment

Entrainment Studies at Diablo Canyon began in October 1996, and continued through June 1999
(about 2 %: years of sampling in front of the intake structure). In addition to entrainment sampling in
front of the intake structure, the study included an offshore sampling program. The offshore sampling
area consisted of a grid approximately 17.4 kilometers long and 3 kilometers miles wide, centered on
the power plant. The offshore grid sampling began in June 1997, and continued through June 1999
(approximately two years of sampling).

The study used three methods to analyze the data: 1) Empirical Transport Model, or ETM; 2)
Feeundity hindcasting, or FH; and 3} Adult Equivalent Loss, or AEL. Each of these methods has
advantages and disadvantages as described in the 316(b) Demonstration report.

The ETM approach estimates the proportion of larvae lost relative to the amount of larvae available in
a given source water body. Source water bodies are different for each species. The size of the source
water body for a given species is based on the age of entrained larvae and current speed. For
nearshore species, the size of the source water body is expressed as length of coastline. For example
if the average age of an entrained larval species is 5 days, and the net current speed of coastal waters is
10 kilometers per day, then the size of the source water body from which the larvae may have come is
5 days x 10 kilometers/day = 50. kilometers of coastline. The size of the source water bodies for
nearshore species ranges from tens to hundreds of kilometers.

For offshore species, the source water body is expressed as ocean area, using the same parameters
(larval age when entrained and ocean cuirent speed). For offshore species, the sizes of the source
water bodies typically range from hundreds to thousands of square kilometers, with larger areas for
- SOIME SPeCies.




NPDES Order RB3-2003-0009 July 10, 2003 Attachment 4

The FH and AEL approaches convert larvae to adults using life history information for each species.
The major limiting factor with each of these approaches, and most fishery impact assessments, is our
lack of knowledge about species life histories (such as larval stage duration, longevity, fecundity,
mortality at various larval stages, etc.). The lack of available life history information for most species
requires us to make assumptions to fill in the gaps. The results from the FH and AEL approaches
have very large statistical errors, so there is a great deal of uncertainty associated with these methods.
The assumptions used for the FH, AEL, and ETM approaches were based on the best professional
Judgement of the technical workgroup members. The consensus of the technical workgroup members
was that the ETM approach was the most rigorous, robust, and defensible of the three methods.

The entrainment sampling program identified and enumerated all species collected. The target species
{(fish and crabs) were selected by the technical workgroup after reviewing the entrainment data.
Species were selected based on a list of criteria, such as abundance in samples, threatened or
endangered status, etc., as described in the 316(b) Demonstration final report (page 4-1).

The results of the analyses (amounts entrained and equivalent adults lost) are shown in Table 1. The
last columm lists the size of the source water bodies for each sampling period and species for the ETM
method. The ETM method calculates the percentage of larvae taken from these source water bodies
for each of the two sampling periods (labeled S1 for year one and S2 for year tiwo). Larval losses are
shown for two scenarios, mean larval age and maximum larval age of the species entrained. The age
of entrained larvae is critical to the analysis because it determines the duration of exposure and the
size of the source water body. Larvae with longer larval duration are at greater risk of entraimment
because they are exposed to entrainment for a longer period of time. Longer larval duration also
increases the time that larvae are traveling with the ocean current, and thus the size of their source
water body. There is debate over whether the mean or maximum larval age should be used in the
ETM approach. Both values were used m this evaluation, and results based on mean and maximum
larval duration are presented.

The results show that proportional larval losses for offshore (deeper water) species, including sport
and commercial species, are relatively low (with the exception of halibui, which had relatively high
proportional losses in S1 (year one) and very low proportional losses during S2 (year two). Halibut
were included in the analysis because they are an important commercial species, even though the totai
number of larvae collected was very low relative to other species (378 total larvae collected).
Although the ETM approach indicates potentially high proportional entrainment for halibut, the
number of larvae entrained only represents 9 and 18 adult fish for the two sampling periods. The FH
estimates for halibut were a rough approximation because there is no larval survival data for this
species. Nevertheless, since so few larvae were entrained, the FH, AEL, and ETM results for halibut
have little no meaning. The other offshore species include sand dabs, rockfish, white croaker, Pacific
sardine, and northern anchovy. The relatively low entrainment numbers for offshore taxa make sense
because the intake structure is located at the shoreline.

Larvae from near-shore (relatively shallow water) species are entrained in significantly higher
numbers. The nearshore species include smoothhead sculpin, monkeyface prickleback, clinid
kelpfishes, snubnose sculpin, and blackeye goby. Again, this makes sense because of the location of
the intake structure.

The proportional larval loss values (ETM values) in Table 1 cannot be interpreted without the context
provided by the source water body size. For example, the loss of 5% of the larval fish in a source
water body that is 1000 km of coastline in size is likely to be a greater loss (in abundance) than a
proportional larval loss of 20% from a source water body of that is 50 km of coastline is size. The
proportional larval loss estimates below must therefore be considered with the corresponding source
water body sizes. In the Tabie, each value of proportional loss corresponds directly to a specific
source water body size. For painted greenling, the proportional larval loss in sampling period one, or
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S1, is listed as 0.9% for mean larval duration and 1% for maximum larval duration. These are percent
larval losses from source water bodies of 360 and 830 kilometers (length of coastline), respectively.
The largest proportional larval losses occur with clinid kelpfish, up to 41% from a source water body

of 127 kilometers (length of coastline).

Table 1: Estimated losses due to entrainment at Diablo Canyon.
PG&E’s 316(b) Demonstration Report, Pages 7-23 and 7-24, 2000.

FH Method

AEL Method ETM' (proportion of larva | Source Water Body size
{adults lost) {adults lost) entrained from source expressed as length of
: water body) coastline for Coastal Taxa
S1= 1% sampling year
$2= 2" sampling year
NEARSHORE ETM ETM Length Length
TAXA Based on Based on Based on Based on
Mean Maximum Mean Maximum
Larval Larval Larval Larval
Duration Duration | Duration Duration
Painted No calculation” | No calculation 51: 0.5% S1:1% S1:360 km S$1: 830 km
greenling $52:1% 52: 0.4% 52: 180 km $2:1112 km
Smoothhead ~ | No calculation | No calculation Si: 10% $1: 15% §1: 49 km S1: 127km
sculpin 52: 15% $52:20% S2: 52 km $2: 143 kin
1 Snubnose No calculation | No calculation 51: 4% §1:2% St: 122 km S1: 684 km
sculpin : : $2:12% S2: 2% 82: 45 km 52: 971 km
Cabezon No calculation - | No calculation :0.7% St: 0.6% S1: 158 kan S1: 379 km
- 0.8% S2:0.9% §2: 42 km 52: 77 km
Monkeyface No calculation | No calculation 1 16% S2:23% 51: 52 km S1: 120 km
prickleback :11% 52: 11% §2:42 km §2:139km
Clinid No calculation | No calculation :32% S51: 41% S1: 54 km S1: 127 km
Kelpfishes 1 29% S2:39% 82:47 km §2: 108 km
Blackeye goby | No calculation | No calculation : 19% S1:23% S1: 35 km S1: 150 km
17% §2:22% §2:23 km $3:43 km
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Table 1 Continued...

FH Method
(adults lost)

AEL Method
(adults lost)

July 10, 2003

ETM! (proportion of larva
entrained from source
water body)

S1=1* sampling year
§2=2" sampling year

Attachment 4

Source Water Body Size
Expressed as Area of Marine
Habitat for Offshore Taxa

ETM ETM Arca Area
OFFSHORE Based on Based on Based on Based on
TAXA Mean Maximum Mean Maximuum
Larval Larval Larval Larval
Duration Duration Duration Duration
Pactific sardine 3,170~ 2,600-7,000/yr S1: 0.03% $1: 0.007% | S1:2,469km” SI1: 56,272 ki’
8.460/yr $2: No calculation’ $2: no calculation
Northern 16,000-- 43,000~ S1:0.06%  S1:0.008% | S1:861km’  S1:35,652 km’
anchovy 45,000/yr 120,000/yr S$2:0.2% S2:0.02% S2: 397 km’ S2: 23,700 km®
Blue Rockfish | 20 —43/yr 164 — 353/t S1: 0.09% S1:004% | SL.485km’  S1:2,198 knt®
§2: 2% $2: 0.3% S2:240km”®  $2:3,132 km®
KGB 497/yr— 617/yr | 905 — 51:1.5% - S1: 1% S1:376 ke’ S1: 1,540 km”
Rockfishes 1,120/yr S2: 2% $2: 0.5% $2:230km®  $2:2.813 km®
Sand dabs 92 — 426/yr 511 — 81:0.5% S1:0.4% S1: 610 km" S1: 1,170 km”
1,450/yr S1: 5% S2: 1% $2:141km®  $2: 966 km®
CA Halibut No calculatton | No calculation 81: 0.08% S1: 0.08% S1: 465 km* St: 1.874 km*
$2: 12% 82: 5% $2:182km®  82:51,712km’
CRABS ETM’ (proportion of larva | Source Water Body Size
entrained from source Expressed as Area of Marine
water bedy) Habitat for Crabs Taxa
$1=1* sampling year
$2=2"1 sampling year
Larval duration base on
literature for crabs
Brown rock 91,000 182,000~ S1:0.00186% S1: 135200 k"
crab 117,000/yr 234,000/yr §2:0.0146% $2: 21,767 kn*
Slender crab 8,950 17,900~ 54,600/yr Si: 1% S1:12.366 km®
27,300/vr $2: 0.08% S2: 5,950 ki’
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'"Percent ranges are based on mean larval age and maximum larval age, which determines the .
duration of exposure to entrainment and source water body size. The older the larvae, the

longer their exposure to entrainment, the greater the risk of being entrained, and the larger the

source water body.

2 ETM Calculations not possible due to large variation in sampling abundance.

*FH and AEL calculations not possible for species with little or no life history information.

The conversion of larvae to equivalent adult fish could not be calculated (using the Fecundity
Hindcasting and Adult Equivalent Loss methods) for several species due to the lack of life history
information (as noted above, results using the FH and AEL methods have large statistical etrors).
These results show that the number of equivalent adults lost due to entrainment of fish larvae for
offshore species is relatively small. Northern anchovies were the highest (up to 120,000 adults lost
per year). However, this tepresents a small fraction of the commercial landing for this species. The
number of equivalent anchovy adults lost equates to about two metric tons, with a value of
approximately $576/yr. The value of Pacific sardines lost to the commercial fishery is about $700/yr
The commercial loss to the rockfish fishery (blue and KGB rockfish complexes combined) is
approximately $21,000/year. The dollar values of the other harvested species in terms of commercial
landings are generally small. The doliar values given above do not represent ecological value and are
provided for reference only. From an ecological perspective, the workgroup considered these losses
to be of minor importance, even considering the large statistical errors associated with the AEL and
FH methods.

However, the results also show that the amount of larvae lost for nearshore species is relatively high.
The larval losses for nearshore taxa cannot be converted into equivalent adults because very little is
known about these species. Also, these non-harvested near shore species have no direct dollar value
in terms of commercial fisheries, but do have ecological value. For several nearshore species
(sculpins, kelpfish, blackeye goby, monkeyface prickleback), the amount of larvae taken by the power
plant is large relative to the amount of larvae available in the source water body (large proportional
Iosses).

As shown in Table 1 above, the source water bodies (measured as length of shoreline) were specific to
each species. Data to determine the source water bodies were collected as part of each larval sampling
survey. For each sample survey period, larval duration periods were determined for each species.

Then, using cwrent data collected prior to the sampling survey period, the range of up coast and down
coast movement was calculated. This was done by taking the maximum up coast and down coast
current vectors measured during each survey period and adding them together to obtain an estimate of
the total along shore movement.

As shown in Table 1 above, the average proportional larval loss for nearshore taxa is 12 to 14%.
There are no additional data that can be used to determine if this larval loss affects nearshore fish
populations or communities. Local population trend data for some species are discussed in the 316(b)
Demonstration report, however, there are no data from before the power plant came on-line, and no
data from control stations. Therefore, there is no way to determine if any trend is natural or caused by
some other factor.

PG&E conducted plankton tows in front of the intake structure from 1990 to 1998 (separately from
the required entrainment study work). These data show a potential decline in the amount of snubnose
sculpin and clinid kelpfish larvae near the intake structure for the sampling period. The potential trend
in larval density could also be due to natural variation. No data are available from before the power
plant came on-line, and no control station sampling was done, so the data are inconclusive.

Data from the south control station for the thermal effects monitoring program also indicate a possible
decline in clinid kelpfish. The mumber of adult clinid kelpfish counted at the south control station
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during fish surveys declined between 1976 and the late 1990°s. This sampling method does not
provide good estimates of small, cryptic fishes, such as clinid kelpfishes. The data for these species
are highly variable and their abundance is commonly recorded as zero even though they are most
likely always present. However, there are no controls for this data and therefore no way of knowing if
the potential decline is natural, These data are inconclusive.

In conclusion, the available data cannot be used to indicate any population declines due to
entrainment. However, the relatively large proportional larval osses for nearshore taxa represent an
adverse impact because the larval loss itseif, regardless of any resuliing population or community
level affect, 1s a loss of resources,

PG&E disagrees with the Regional Board’s position. PG&E concludes that given the low entrainment
estimates for offshore species, the conservative nature of the higher nearshore estimates, and the
limited nature of the population trend data, the entrainment data do not indicate any adverse
environmental impact.

There are uncertainties in this entrainment study (and all other entrainment studies} because several
assurmptions are made in the data analysis, and the sampling results are highly variable. The major
assumptions include: :

1. That adequate sampling was done to estimate larval densities in the field.

2. That simple ocean current measurements can be used to estimate the size of source water
bodies.

3. That 100% of the entrained larvae are killed.

Although there are uncertainties, and the entrainment results should be considered within the context
of the uncertainties, the results are the best estimates of the technical workgroup, and are accepted by
this Regional Board.

Impingement

In addition to entrainment of larvac by the intake system, adult and juvenile fish are impinged on
travelling screens in front of the intake structure. The travelling screens are designed to remove debris
before it enters the cooling water system. Adult fish can become frapped, or impinged, in the debris.
PG&E conducted an impingement study during 1985 and 1986. The results of that study show that
very few adult fish are actually impinged on the travelling screens. This is due to the low velocity of
the water as it passes through the traveling screens. The water velocity is stow enough (1 fi/sec) so
that fish inhabit the intake structure and swim onto and off of the travelling screens. The study
showed that the DCPP intake structure impinged a total of about 400 fish (about 60 pounds) and 1,300
crabs dwring the sampling period (April 1985 through March 1986).

For comparison, the Huntington Beach Power Plant, with flow volumes about one fourth the flow
volumes of DCPP, and with an offshore intake structure, impinges up to 21 tons of fish per year. The
El Segundo Power Plant, also with flow values about one fourth DCPP flows and using an offshore
intake, impinges about 15 tons of fish per year. Both of the offshore intakes noted above are about
2000 feet offshore in about 35 feet of water. The amount of fish impinged at DCPP (about 60 pounds
during the sampling period) is a tiny fraction of the amount impinged at these other power plants. The
minor impingement losses at DCPP are so insignificant that they do not justify implementation of
alternatives to the cooling water intake structure to further reduce the losses (the losses are already
munimized).

Alternative Technologies
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Since impingement losses are insignificant at DCPP, only technologies that may reduce -entrainment
arc relevant to this analysis. There are two potential ways of addressing entrainment losses:

1. Intake Structure Technologies
a. Screening or filtering systems
b. Changing the mtake location
2. Reduced Cooling Water Volume Withdrawal
a. Variable speed pumps
b. Seasonal flow limitations
c. Closed cooling systems (cooling towers, dry cooling)

The Administrative Record includes several references for this evaluation. of alternative technologies,
including:

a. PG&E’s Assessment of Alternatives to the Existing Cooling Water System, 1982, by Tera
Corporation. _

b. PG&E’s 316(b) Demonstration Repori, March 2000 (hereafter 316(b) Demonstration).

c. Tetra Tech’s independent report to the Regional Board, Evakuation of Cooling System
Alternatives, Diablo Canyon Power Plant, November 2002 (hereafter Tetra Tech 2002).

d. PG&E ‘s comments on Tetra Tech 2002, dated September 2002.

e. USEPA information for the new and proposed 316(b) regulations, including USEPA’s Phase
II Technical Development Document and supporting references.

f. Preliminary Regulatory Development, Section 316(b) of the Clean Water Act, Background
Paper Number 3: Cooling Water Intake Technologies, 1994 (hereafter Background Paper No.
3).

g. Fish Protection at Cooling Water System Intakes: Status Report, EPRI, 1999 (hereafter EPRI
1999). _

h.  Feasibility of Retrofitting Cooling Towers at Diablo Canvon Power Plant Units 1 and 2,
Burns Engineering, April 2003 (hereafter Bums 2003). '

i. PG&E’s Estimation Qf Potential Economic Benefits Of Cooling Tower Installation At The
Diablo Canyon Power Plant, April 2003, ASA Analysis & Communication, Inc (hereafter
ASA 2003).

J- Review of the ASA 2003 report by Stratus Consulting, an independent Consultant to the
Regional Board (hereafter Stratus 2003).

k. Review of the ASA 2003 report by Dr. Raimondi (hereafter Raimondi 2003).

1 Other power plant case studies and reports in the record.

Intake Structure Technologies (Screens, Filters).

Intake structure technologies are evaluated in detail in Background Paper No. 3. This report was
prepared by Science Applications International Corporation (SAIC), an independent consultant to the
EPA. The EPA suggests that agencies use Background Paper No. 3 when implementing section
316(b) of the Clean Water Act. Background Paper No. 3 describes all potential intake structure
- technologies, including ten types of intake screens and five types of passive intake systems.

Background Paper No. 3 includes a description of each technology and corresponding Fact Sheets that

describe where the technology is being used (if it is being used), advantages and disadvantages,

research findings, and design considerations. The conclusions of Background Paper No. 3 are
- summarized below.

Regarding intake screen systems Background Paper No. 3 states: “The main finding with regard to
intake screen systems is that they are limited in their ability to minimize adverse aquatic impacts.”
The report also states that “there has also been an interest in the use of fine-mesh mounted on
traveling screens for the minimization of entrainment. However, the use of fine-mesh mounted on
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traveling screens has not been demonstrated as an effective technology for reducing mortality of
entrainment losses.”  This is an important issue. Both once-through cooling and screening
technologies cause mortality of organisms. The net benefit of a screening technology must be
measured as a reduction in overall mortality. If the screening technology prevents entrainment of
larvae and eggs, but simply replaces entrainment mortality with screening induced mortality, there is
no benefit. The screening technologies are currently experimental. Site-specific and species specific
research must be done to determine their potential effectiveness at a particular power plant.

With respect to passive screens, Background Paper No. 3 concludes: “The main findings for passive
intake systems are that available technologies that effectively reduce fish eggs and larvae entrainment

are extremely limited.” Radial wells and wedgewire screens are the only alternatives considered to’

have potential for reducing entrainment mortality, but they are not used on large scale systems such as
- DCPP. Radial wells are literally ground water wells, and are used on small-scale applications, not on
facilities like DCPP Units 1 and 2, which require a total cooling capacity of 2,500 million gallons per
day (mgd). Wedgewire screens are also limited in their application, as discussed later in this report.

A comprehensive review of intake technologies is also provided in EPRI 1999. EPRI is the Eleciric
Power Research Institute, Inc., of Palo Alto, California. Utility companies fund EPRI, which in turn
sponsors tesearch on utility industry issues. The conclusions of EPRI 1999 are similar to the
conclusions of Background paper No. 3, that is, more research is needed on the various intake
structure technologies before their applicability can be determined.

Tetra Tech 2002 illustrates that fine mesh screens have been used at other facilities with varymng
degrees of success (see also 316(b) Demonstration, EPRI 1999, and Background Paper No. 3).
However, fine mesh screens have not been used at a facility similar to DCPP.

The Board concurs with the conclusions of Background Paper No. 3. The data collected on intake
technologies to date are limited, highly vanable, site-specific, and species-specific. -The only
technologies that may apply to DCPP for the purpose of reducing entrainment mortality are certain
screening technologies, such as fine mesh screens, but they are considered experimental. A major
problem with fine mesh screens is biofouling and mortality of larvae that are impmged on the screen.
It is also difficult to determine the survivability of larvae that are impinged and then washed of the
screens. Tetra Tech reports that survival rates for impinged larvae varies greatly based on studies at
other facilittes. The 316(b) demonstration report also provides highly variable survivability (or
mortality) results from studies done at other facilities. The only way to determine the effectiveness of
a screenmg technology at DCPP is to conduct site-specific research, with independent sciemtific
experts overseeing all aspects of the work. Such research would likely take years to complete, and the
total costs are unknown. Therefore, fine mesh screens are not a demonstrated “available™ technology
for DCPP. Tetra Tech estimates the total cost of installing fine mesh screens at Diablo Canyon at
$650 million. The major component of this cost is the Power Plant downtime necessary to install the
screens. -

Filter Technology: Tetra Tech 2002 concludes that an aguatic filter-barrier is not feasible at Diablo
Canyon due to the massive size of the filter that would be needed, the ocean conditions at the site, and
the experimental nature of the technology. A filter area of approximately 160,000 square feet would
be needed, which would be 8,000 long by 20 feet deep. Such a system could not be installed in a
highly dynamic ocean environment, and has never been used in a setting hke that at DCPP or for a
facility of this size. The aquatic filter barricr is therefore not available for Diablo Canyon.

Screening and filtering technologies are experimental at this time, and there are no known applications
of these technologies at facility sumlar to DCPP.

Intake Structure Location
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Changing the vertical location of the intake structure in the water column is not possible at Diablo .
Canyon. The intake structure is located in Intake Cove, a relatively shallow (about 35 feet) cove

constructed to protect the intake structure from wave and debris. The size of the intake opening takes

up most of the vertical depth of the cove.
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The potential benefit of moving the location of the intake structure offshore would be to decrease the
| larval losses for nearshore species. The disadvantage would be greater impingement and entrainment
i of offshore species, including groundfish species, whose populations are in decline along the west

coast. The DCPP intake structure currently impinges an insignificant mumber of fish per year (a few

hundred fish per a year). For comparison, as noted above, the Huntington Beach Power Plant, with
flow volumes about one fourth the flow volumes of DCPP, and with an offshore intake structure,
impinges up to 21 tons of fish per year. The El Segundo Power Plant, also with flow volumes about
one fourth DCPP flows and using an offshore intake, impinges about 15 tons of fish per year. Both of
the offshore intakes noted above are about 2000 feet offshore in about 35 feet of water. This
information is from Documents filed with the Energy Commission by the utility companies. It should
be noted that fish return systems are available, such as the system used at the San Onofre Nuclear

Generating Station (SONGS). The overall efficiency of the SONGS fish return system is about 68%,

making that offshore intake structure more favorabie.

However, entrainment of larvae camnnot be reduced in an offshore intake system.  Some of the
offshore taxa that would be impinged and entrained in an offshore intake at Diablo Canyon are
currently heavily impacted to the peint of near collapse. The National Marine Fisheries Service and
California Department of Fish and Game recently implemented emergency “no-take” measures for
certain species of groundfish, which may apply to an offshore intake structure. Therefore, an offshore
intake would simply move the impacts offshore. In addition, the physical construction of an offshore
intake system would cause major impacts on a significant amount of marine habitat, including an area
of one-hundred feet wide by thousands of feet in length, through intertidal zone and subtidal kelp beds
{Tetra Tech 2002).

Tetra Tech, the Regional Board’s independent consultant regarding alternatives ai DCPP, estimates
the cost of an offshore intake system at $300 to $455 million, which does not include preparing the
ocean floor for construction or other contingencies that could only be determined by a comprehensive
assessment of this alternative (Tetra Tech, 2002). Further, an offshore intake structure may not be
possible at DCPP due to the steep offshore slope and rocky subtidal habitat. The Board has no
information indicating there are any offshore intake structures in an environment such as that found at
DCPP, although Board staff searched for such information. Offshore intakes (or discharges) are
typically found where there is a gentle offshore stope in a sandy bottom environment.

In conclision, an offshore intake structure would not provide an environmental benefit, is not a -
demonstrated available alternative for a facility like DCPP, and would cost a minimum of $300 to
$455 million. Therefore, this alternative cannot be considered available, feasible, or beneficiai at
DCPP.

Reduced Cooling Water Volume Withdrawal

Variable Speed Pumps: In theory, variable speed pumps may reduce entrainment rates in some cases
by decreasing cooling water flows relative to fixed speed pumps. DCPP is a nuclear power plant and
is designed to operate as a base load facility with minimal changes in power output over long periods
of time (316(b) Demonstration). Accordingly, variable speed pumps are not applicable to DCPP, and
independent cost estimates are not available. PG&E’s 316(b) Demonstration estimates that the
maximum possible benefit of variable speed pumps would be to reduce cooling water flows by 2 to
10%, and estimates the cost of installing variable speed pumps at $6.7 million. However, this cost
estimate does not include the cost of power plant shut down time, which would be in the hundreds of
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millions of dollars. The existing pumps are embedded in the concrete of the intake structure, so
replacement of the pumps would be a major construction project (as with fine mesh screen
installation). This alternative would offer kittle or no benefit, and the costs due to power plant down
time are very high. Therefore this alternative is not reasonable at DCPP.

Seasonal Flow Limitations: Seasonal flow limitations are applicable in cases where one or more
particularly important species (such as endangered or threatened species) are being entrained during
specific tunes of the year. This is not the case at DCPP, where no threatened or endangered species
were identified in the entrainment sampling program (316(b) Demonstration). At DCPP, larvae are
available and entrained throughout different seasons, and seasonal flow limits would require choosing
some species over others for protection. This alternative is not recommended at DCPP as there is no
practical way to choose certain taxa as being more important than others unless there are threatened or
endangered species present. The cost (lost revenue) of seasonal flow restrichions depends on the
duration and magnitude of the seasonal limitation and energy prices. The costs could range into the
hundreds of millions per year depending on these factors. '

Tetra Tech 2002 included total revenue estimates for DCPP. Based on an estimated revenve of
$900,000 per Unit per day, annual revenue is estimated at $657 million at DCPP. Therefore, any
significant reduction in cooling water flows (such as 20% amnual reduction} will result in a cost in the
hundred million-dollar per year range. As noted above, there is no biological argument for seasonal
flow limitations based on the species entrained. Therefore, this alternative is not reasonable at DCPP.

Closed Cooling Systems

Closed cooling systems are of two main types: wet and dry. Wet cooling systemns recirculate fresh or
saltwater through towers. Make-up water 1s needed to replace losses due to evaporation. Dry cooling
systems recirculate fiesh water in a truly closed system (like the radiator in an automobile); no
evaporation occurs and therefore no makeup water is needed. These systems follow the general
hierarchy below:

Closed Cooling Systems

1. Wet Cooling (saltwater or freshwater)
a. Mechanical Draft Cooling Towers
b. Natural Draft Cooling Towers

II. Dry Cooling
a. Air Condensers

HI. Hybrid Cooling (saltwater or freshwater)
a. Mechanical Draft Towers and Air Condensers Combined

Availability of Wet Cooling Systems

In a mechanical draft system, heated water from the power plant is pumped to the top of cooling
towers where it is then sprayed downward inside the tower. Air is forced upward through the tower
by large fans {this makes them “mechanical draft”). The forced air transmits heat from the water to
the atmosphere. The cooled water collects at the bottom of the tower where it is recirculated back to
the power plant. Some water is lost to evaporation, and “make-up” water is needed to keep the
volume constant. Mechanical draft cooling towers can be designed to handle all or part of the cooling
load. Mechanical draft towers using freshwater are the most commnon cooling systems, and are being
installed on the majority of new nom-nuclear power plants in California {Califernia Energy
Commissicn 2002). All of the newly constructed and planned power plants in California use natural
gas to generate electricity. No nuclear power plants are planned.

Mechanical draft towers using freshwater could theoretically reduce cooling water withdrawal from
the Pacific Ocean to zero. However, fresh water cooling towers at Diablo Canyon would require
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approximately 50,000 gallons per minute, or 72 million gallons per day of fresh water to replace the
water evaporated in the cooling towers {make-up water). This quantity of fresh water is not available
at Diablo Canyon or anywhere in the vicinity. Coneeptually, a desalination system could be
constructed to provide the necessary fresh water supply. However, sufficient Ocean water or brackish
greund water would have to be withdrawn in a volume sufficient to provide 72 million gallons per day
of fresh water after desalinization. Additionally, the cost of cooling towers alone, without a massive
desalination system, 1s in the billion dellar range (see estimate below for saltwater cooling towers).
Finally, it 1s unhkely that there is enough space available at DCPP to build both a very large
desalination facility and the very large mechanical draft cooling system (Tetra Tech 2002). The
surrounding land is in the Coastal Zone and is zoned for agricultural use. Bums 2003 maintains that
there 1s not enough available space around DCPP, to build the mechanical draft cooling towers alone,
without the desalination facility.,

Mechanical draft towers that use saltwater could reduce cooling water withdrawals by up to about
95%. Tetra Tech estimates 132 towers would be required @ 60 ft wide x 60 ft long x 65 ft high.
Tetra Tech estimates the total net present value of costs for this system to be $1.3 billion. This cost
inchudes revenue losses for a shut down period of six months (which could be significantly tonger).
Burns 2003 states that the minimum downtime for DCPP would be one year, which would result in
significantly higher costs than estimated by Tetra Tech 2002. There are significant issucs associated
with retrofitting DCPP with cooling towers, including available space, relocation of existing structures
and utilittes to another location (which may not be possible), rezoning, and permitting by other
agencies. The cooling towers would have to be located where the parking lot, service road, and large
warchouse (475 f1 x 207 fi) are currenily located. There does not appear to be adequate space within
the industrial zoned area to relocate these facilities, thus requiring rezoning of nearby land and
. approval by various permitting agencies. In addition, no facility of this size has ever been retrofitted
with a closed cooling system. The cost estimate of $1.3 billion should be considered within the
coniext of the project, which is conceptual, unprecedented, and highly complex. The costs could
therefore be significantly higher than the estimate presented by Tetra Tech, and the retrofit may not be
physically possible. Accordingly, retrofitting DCPP with salt water cooling towers 1s a conceptual
option only, with unknown actual costs.

Tetra Tech also considered natural draft cooling towers. This system would require 10 towers, 200
feet in diameter by 450 feet in height. The total cost would be over 32 billion when lost revenue due
to down time is considered. Further, the performance of a natural-draft cooling tower is dependent on
relative humidity. In the vicinity of the DCPP, the relative humidity falls below 68 percent about 10
percent of the time (when the wet bulb temperature is 61°F). When this occurs, tower performance
will be reduced and plant efficiency will be further impacted. The visual impacts of ten 450-foot high
towers would also be significant. Further, the seismic zoning at DCPP precludes the construction of
such tall structures (Tetra Tech, 2002). Accordingly, natural draft cooling towers are not available at
DCPP.

Availability of Dry Cooling Systems

Dry cooling technology is similar to the cooling system in an antomobile. Heated water is pumped
from the power plant to a large external “‘radiator” or condenser. Large fans force air over the
condensers and heat is thereby transferred from the condenser to the atmosphere. Dry cooling systems
can be totally closed, requiring no make-up water. USEPA has found that dry cooling is not “best
technology available” for new power plants on a national basis but might be feasible in limited cases
based on site-specific circumstances {66 Fed. Reg. p. 65305, col. 3; UJSEPA has tentatively made the
same determination for existing power plants 67 Fed. Reg. p. 17168). In California and elsewhere,
dry cooling is used where fresh water supplies are very limited. No nuclear power plants have been
retrofitted with dry cooling systems.
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Tetra Tech conchuded that dry cooling is not an available alternative at Diablo Canyon. Tetra Tech
determined that eight air-cooled condensing systerns would be required, each occupying an area of
316 feet by 197 feet with an overall height of 119 feet. Each condenser would use forty, 150 hp fans;
and the resulting turbine back pressure would be m the range of 3.5 to 4 mches HgA, considerably
higher than the Power Plant’s design value of 1.5 inches HgA. GEA Energy Technology Division, a
leading designer of dry cooling systerns, maintains that the length of duct from a power plant fo an air-
cooled condenser should be limited to a distance less than or equal to 200 feet. It 1s not physically
possible to place eight very large dry cooling units within 200 feet of the Power Plant. At Diablo
Canyon, duct lengths of 500 to 1000 feet would be required. Since these specifications for dry cooling
cannot be met at Diablo Canyon, Tetra Tech did not provide costs estimates for this system.
However, the USEPA cstimates that dry cooling systems cost approximately three times more than
wet cooling systems, which would result in a cost of several billion dollars at Diablo Canyon. Dry
cooling is not an available alternative at Diablo Canyon.

Availability of Hybrid Systems

Hybrid systems are simply a combination of dry and wet cooling technologies. The proportion of
cooling assigned to each technology depends on site-specific conditions, such as the amount of make-
up water available. A hybrid system that uses both dry coeling and fresh water mechanical draft
towers would reduce cooling water withdrawals to zero. A hybrid system that uses dry cooling and
saltwater mechanical draft towers could reduce cooling water flows by 95% or greater. However,
hybrid systems use the same technologies discussed above (wet and dry systems), and therefore are
not currently available at DCPP for the reasons noted above. - The same issues apply to a hybrid
system: lack of available space, unproven applicability at a site like Diablo Canyon, lack of fresh
water, and extreme costs.

Other Cooling Technology

Cooling Ponds: There are two types of cooling ponds: “passive” and “spray.” These systems are not

available at Diablo Canyon because of the massive size needed. The ponds would have to be

thousands of acres in size to provide the cooling capacity needed at DCPP (PG&E’s 316(b)
Demonstration Report, 2000).

Wholly Dispropertionate Cost Test

Legal Background

EPA interpretations of section 316(b) have consistently implemented a “wholly disproportionate” cost
test as established in a 1977 Decision of the Administrator. (Public Service Company of New
Hampshire, et al. Seabrook Station, Units I and 2, (June 10, 1977 Decision of the Administrator) Case
No. 76-7, 1977 WL 22370 (E.P.A.) “Seabrook I} In Seabrook I, the EPA Administrator ruled that
EPA was not required to perform a cost/benefit analyses when applying section 316(b) on a case-by-
case basis. However, the Administrator reasoned that cost must be considered otherwise “the effect
would be to require cooling towers at every plant that could afford to install them, regardless of
whether or not any significant degree of enirainment or entrapment was anticipated.” (/d. pp. 6-7.)
The Administrator ruled I do not believe it is reasonable to interpret Section 316(b) as requiring use
of technology whose cost is wholly disproportionate to the environmental benefit to be gained.” The
“wholly disproportionate”™ test was affirmed by the federal First Circwat Court of Appeals mn Seacoast
Anti-Pollution League v. Costle (1" Cir. 1979) 597 F.2d 306.)1

1. Seabrook I was appealed and remanded based on some procedural issues. (Seacoast Anti-Polution
League v. Costle, 572 F.2d 872.) On remand, the Administrator cured the procedural flaws and readopted
all the findings in Seabrook I. (Public Service Co. of New Hampshire, et al. v. Seabrook Station Units 1
and 2 (August 4, 1978 Decision of Administrator.) The Court of Appeal in Seacoast. Anti-Pollution
League v. Costle, 597 F.2d 306, cited in text above, affirmed the Administrator’s decision on remand.
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The First Circuit Court clarified the “wholly dispropertionate test” was one of incremental cost. The
Court stated: “ft]he Administrator decided that moving the intake further offshore might further
minimize the entrainment of some plankton, but only slightly, and that the costs would be ‘wholly

disproportionate to any environmental benefit’.” (Jd. at 311.) The wholly disproportionate test has

continued to be used by EPA when applying section 316(b) since the Seabrook I decision. 1t does not
" appear in the 1977 Draft Guidance because that document was issued in May 1977 before the
Seabrook I ruling.

While EPA has continued to use the wholly disproportionate test, there does not seem to be any
consistency in how the test is used. In Seabrook I, the Administrator considered various
construction/design alternatives and the alternative to locate the intake offshore. Concluding that
these alternatives would provide minimal environmental benefit, the Administrator rejected them.
The First Circuit Court of Appeals affirmed that the cost of the offshore outfall location was wholly
disproportionate to this minor additional minimization of entrainment. :

When EPA drafted the New Plant Final Rule, it determined that closed-cycle cooling was best
technology available for all new facilities but provided for site-based alternatives justified by use of
alternative technologics and restoration projects. {66 Fed. Reg. 65314, cols. 2-3; 65315 cols. 1-2.).
Nonetheless, the New Plant Final Rule preserves a form of the whoily disproportionate test. It
provides that if the discharger demonstrates that facility-specific data shows the cost of compliance
would be wholly disproportionate with costs considered by EPA when establishing a compliance
requirement, a less costly alternative may be permitted. (40 C.F.R. § 125.85(a).)

Application of the Wholly Disproportionate Test to DCPP

A wholly disproportionate cost test compares the cost of technology alternatives to the benefit to be
gained by implementing alternatives. The EPA provides information on entrainment valvation
methods in their supporting documentation for the proposed 316(b) rule for existing facilities. The
valuation methods basically attempt to put a dollar value on entrainment losses. EPA acknowledges
that this is a difficult process because there are few actual values, such as commercial fishing values,
associated with entrained larvae. Assumptions must therefore be made about larval losses with no
associated economic value.

PG&E submitted a report titled Estimation Of Potential Economic Benefits Qf Cooling Tower
Installation At The Diablo Canyon Power Plant, April 2003, ASA Analysis & Communication, Inc
(hereafter ASA 2003). The report discusses four categories of benefits: market benefits, nonmarket
direct use benefits, indirect use benefits, and nonuse benefits. Benefits were estimated according to
methods used by the EPA in its benefits case studies for the propoded Phase Il rulemaking under §
316(b) of the Clean Water Act (see Chapters A5, A9, and A10 of Part A of the Case Study Document
available at; http://www.epa.gov/waterscience/3 16b/casestudy/).

ASA 2003 estimates that the total annual benefit expected due to implementing cooling towers at

DCPP would range from $1,755 to $110,647 per vear. To estimate the Net Present Value of the series

of annual benefits ASA 2003 assumed that the cooling towers would not be in operation until 2008
(due to design, permitting, construction, and tie-in). ASA 2003 assumed the use of cooling towers
would end in 2023, the mean year of license expiration for the two DCPP units. Tor purposes of
bounding the expected benefits, discount rates of 2 percent (applied to upper bound values) and 7
percent (applied to lower bound values) were used.

Under these assumptions, ASA 2003 estimated the Net Present Value of expected benefits to the
target species from implementing closed cycle cooling at DCPP would range from $11,045 to
$1,334,030. Since the target species represent approximately 70 percent of the total entrainment of
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fish larvae, ASA 2003 assumed that the overall economic benefits could be estimated by dividing by
0.7 and, thus, range from $15,786 to $1,905,757.

The Regional Board’s independent consultant regarding entrainment valuation, Stratus Consulting
Inc., reviewed the ASA 2003 report and concluded that in general, ASA 2003 may significantly
underestimate the actual value of entrainment losses because most of the entrained taxa are not
accounted for in the analysis (Stratus 2003). The Regional Board’s independent scientists agree. Dr.
Raimondi’s review of ASA 2003 indicates that the larval losses could be valued in the ten million
dollar range, depending on the assumptions made. Stratus 2003 also states that the Habitat Recovery
Cost (HRC) method could also be used to estimate the entrainment value losses, which would result in
a much higher valuation for the Josses. The HRC method estimates the cost of creating or restoring
habitat that would produce the losses caused by entrainment. ' Stratus notes the HRC approach is not
true benefit “valuation™ method, and therefore cannot be taken as a measure of economic benefits.
However, Stratus states that the HRC method can be used in a policy context or in permit negotiations
as a point of reference for evaluating technology costs. The Regional Board acknowledges this
potential approach, but notes that no habitat restoration work appears to be viable for the DCPP area.

This Net Present Value of entrainment losses as estimated by ASA 2003 ($15,786 to $1,905,757) or
the higher estimate by Raimondi 2003 (ten million dollar range) can be compared to the cost of salt
water cooling towers. Tetra Tech 2002 estimated the Net Present Value of saltwater cooling towers at
$1.3 billion. Using these values, the cost of cooling towers is wholly disproportionate to benefit to be
gained. '

The only other potential technology for reducing entrainment at DCPP is fine mesh screening. If for
the purpose of analysis fine mesh screens are assumed to be as effective as cooling towers at reducing
entrainment, which is highly unlikely based on the limited data available from the references noted m
this Order, then the same economic benefit as above can assumed. That is, a Net Present Value of
$15,786 to $1,905,757, or up to the ten million dollar range, for the resulting benefits of fine mesh
screens can be compared to the Net Present Value of the cost of the screens, which is $650 million
based on Tetra Tech 2002. Using these values, the minimum cost of this experimental technology is
wholly disproportionate to the benefit to be gained.

The Regional Board realizes that the estimated value of reduced entrainment (the benefit) 1s subject to
qualitative evaluation and there are uncertainties involved in the methodology. However, even if the
bigher Net Present Value of the benefits is used (the ten millien dollar range) the costs of technologies
would still be wholly disproportionate to the benefits to be gained.
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“The use of saitwater cooling towers as the pmnaryco:)hng’mcﬂ)od for the Morro Power

AIR POLLUTION
CONTROL DISTRICT

COUNTY OF SAN LUIS OBISPO
March 4, 2004

Michael Thomas

Regional Water Quality Control Board
895 Aerovista Place, Suite 101

San Luis Obispo, CA 93401-7906:

Re: Saltwater Cooling Tower Issues Related to Air Quality — Duke Morro Bay Power
Plant Modernization Project

Dear Mr. Thomas:

Plant Modernization Project conflicts with two air quality requirements: Best Available
Control Technology (BACT) and offsets.

BACT is required for any emission source greater than 25 Ib/day. Particulate matter
emissions from saltwater cooling towers would exceed that level. The currently proposed
once through cooling has negligible particulate emissions. If it were not allowed, BACT
would almost certainly be considered dry cooling towers over saltwater cooling towers.

Offsets, which are emission reductions equivalent to an emissions increase, are required
for Duke’s proposed project. Offsets of this magnitude have not yet been identified and
are not readily available. In addition, if the offsets were available, there is an issue with
expending a scarce commodity (offsets) on 2 project that could otherwise avoid the
enissions.

Based upon these findings, it is unlikely that an Air Pollution Control District permit for
salt water cooling towers could be issued for the Duke Modernization project. -

If you have any questions, please to contact me at (805) 781-5937 or by email at
gwilley_aped@co.slo.ca.us.

Sincerely,

Air Pollution Control Engineer

HAENGINEERVGARY\WPS NCPERMITS\DUKE\Saltwatercooling RWCQB.doc

3433 Roberto Court * San Luis Obispo, CA 93401 » 805-781-5912 » FAX: 805-781H002
info@slocleanairore % wwwslocleanairorg
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OFFICE OF ENVIRONMENTAL
HEALTH HAZARD ASSESSMENT

Final Report “Development of Health Criteria for
School Site Risk Assessment Pursuant to Health and
Safety Code Section 901(g): Child-Specific
Reference Doses (chRDs) for School Site Risk
Assessment: Manganese and Pentachlorephenol.
{06/30/06] '

The Office of Environmental Health Hazard Assess-
ment (OEHHA) of the California Environmental
Protection Agency announces the availability of the fi-
nal Report “Development of Health Criteria for School
Site Risk Assessment Pursuant to Health and Safety
Code Section 90!(g):. CHILD-SPECIFIC REF-
ERENCE DOSES (chRDs) FOR SCHOOL SITERISK
ASSESSMENT—Manganese and Pentachlorophe-
nol.” Health and Safety Code (HSC), Section 901{g) re-
quires the Office of Environmental Health Hazard As-
sessment (OEHHA), in consultation with the appropn-
ate entities within the California Environmental Protec-
tien Agency, to identify those chemical contaminants
commonly found at school sites and determined by
OEHHA to be of greatest concem based on child-spe-
cific physiological sensitivities. HSC 901(g) also re-
quires OEHHA to annually evaluate and publish, as ap-
propriate, numerical health guidance values or chRDs
for those chemical contaminants until the contaminants
identified have beenexhausted,

In developing these chRDs, OEHHA has followed
the requirements set forth in Health and Safety Code
Section 57003 for recetving public input. The first draft
document was posted on the OEHHA Website
{(www.ochha.ca.gov) in December 2004. A public
workshop was held in January 2005 to discuss the scien-
tific basis and reconimendations in the dratt report. Af-
ter considering public comments and input from an ex-
ternal peer review panel assembled by the Office of the
President, University of California, OEHHA revised
the document for additional public review in April
2006. The release of the final document is a culmination
of this public input process.

If you would like to receive further information on
this announcement or have questions, please contact
our office at (916) 3242829 or the address below or go
to the OEHHA Website atwww.oehha.ca.gov:

Mr. Leon Surgeon

Integrated Risk Assessment Branch

Office of Environmental Health Hazard Assessment
P.O.Box 4010

1001 1Street, MS-12B

Sacramento, California 95812-4010
FAX:(916)322-9705
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ACCEPTANCE OF PETITION
TO REVIEW ALLEGED
UNDERGROUND REGULATIONS

STATE LANDS COMMISSION

Office of Administrative Law

Acceptance of Petition to Review Alleged
Underground Regulation

The Office of Administrative Law has accepted the
following petition for consideration. Please send your
comments to:

Kathleen Eddy, Senior Counsel
Office of Administrative Law
300 Capitol Mall, Ste. 1250
Sacramento, CA95814

You must alse send a copy of your comment to the pe-
titioner and the agency contact as identified in the peti-
tion. Please refer to CTU-06-0525-01.

May 25,2006

William L. Gausewitz

Director of Administrative Law
Office of Administrative Law
300 Capitel Mall, Suite 1250
Sacramento, CA95814-4339

DearDirector Gausewitz:

Enclosed please find a petition submitted pursuant to
Catifornia Code of Regulations Title 1, Division I,
Chapter 2 regarding the recently adopted Resolution by
The California State Lands Commission Regarding
Once-Threugh Cooling in California Power Plants.

Respectfully,

s/
VICTOR WEISSNER
Prestdent

Enclosures

cc:  Mr. Paul D. Thayer, Executive Officer,
State Lands Commission _
Mr. Michael R. Valentine, Chief, Land
Management Division, State Lands
Commission
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PETITION FOR DETERMINATION OF
UNDERGROUND REGULATION ADOPTED BY
THE STATE LANDS COMMISSION

Introduction

The Office of Admxmstrauve Law (OAL) has the au-
thority to address a petition that alleges that a state
agency has “issued, vsed, enforced, or attempted to en-
forcé an underground regulation” pursuant to Title [,
Califonia Code of Regulations Section 266. The Cali-
fornia Council for Environmental and Economic Bal-
ance (CCEERB) submits this Petition for Determination
of Underground Regulation (Petition) and respectfully
request that the OAL find that the State Lands Commis-
sion (SLC) “Resolution by The California State Lands
Commission Regarding Once-Through Coeling In
California Power Plants” {Resolution} is an under-
ground regulation and should be voided. CCEEB is an
is a nonprofit, nonpartisan coalition of business, Tabor
and public leaders that works to advance policies that
protect public health and the environment while also al-
lowing for continued economic growth, CCEEB’s
members include corporations, untons, and other mem-
bers of the public. CCEEB is interested in assuring that
state agencies create regulations that are well-consid-
ered, reasonable, and foster good energy policy. How-
ever, the Resolution creates an undergroundt regulation
without the benefit of public comments trom CCEEB
and other members of the public interested in the regu-
lation of coastal power plants. In fact, CCEEB’s mem-
bers include the owners of all the coastal power plants
that will be adversely impacted by the State Lands
Commission Resolution. Those members include
Southern California Edison Company (SCE), 5an Di-
ego Gas and Electric Company, Cabrillo Power I LLC
and El Segundo Power, LLC. Thus, CCEEB submits
this Petition, which raises issues of considerable public
importance, and requests prompt action by the Office of
Administrative Law.

1. Identifying Information:
California Council for Envm)nmentai and
- EconomicBalance
Victor Weisser, President
100 Spear Street Suite 805
SanFrancisco, CA 94105
State Agency Issuing Underground Regulation:
State Lands Commission
Description of the Underground Regulation being
Challenged:
a. Background of SLC Resolution
The SLC has approved the Resolution based uponthe
SLC concerns with the claimed environmental impacts
associated with once—through cooling water systems at
power plants located along the California coast. The

Resolution was proposed for adoption atthe SLC meet-
ing on February 9, 2006. The SLC deferred the vote on
the Resolution at that meeting, and adopted the Resolu-
tion at its April 17, 2006 meeting. The text of the Reso-
lution is Attachment 1 to this Petition.

b. Summary of SLC Resolution

Afull description of the Resolution is contained inthe
Staff Report regarding the Resolution that is Attach-
ment 2 to this Petition. The SLC Resolution makes con-
clusions regarding the alleged impacts of once-through
cooling on the marine environment. Many of the con-
clusions are unsupported by evidence regarding
claimed environmental impacts. As a result of these ai-
leged impacts, the Resolution imposes, in part, signifi-
cant regulatory constraints on existing power plants or
new plants that would be, under the jurisdiction of the
Commission. For example, the Resolution provides
that the SLC “shall not approve leases for new power fa-
cilities that include once—through cooling technologies

..” The Resolution also creates a restriction onthe SLC
ability to issue new leases, or lease extensioms or
amendments, based upon how a powerplant is comply-
ing with laws outside the SLC jurisdiction. Additional-
ly, the Resolution requires that the SLC include a provi-
sion in extended leases that allows the SLC to re—opena

- lease undercertain circurmstances.

865

4. Descriptionofthe Agency Action

The SL.C adopted the Resolution by a 3-0 vote at its
April 17, 2006 meeting without complying with the
California Administrative Procedure Act. (See April
17, 2606 Agenda Voting Record, which is Attachment 3
to this Petition.)

5. Legai Basis that the Resolution is an Underground
Regulation

a. Requirements for the Promulgation of
Regulations. '

The California Administrative Procedure Act (APA)
was passed to “establish basic minimum procedural re-
quirements for the adoption of administrative regula-
tions.” (Government Code Section 11346) The APA
provides that no state agency shall “issue, utilize, en-
force, or attempt to enforce any guideline, criterion,
bulletin, manual, instruction, order, standard of general
application, or other rule, which is a regulation as de-
fined in Section 11342.600” unless the action has been
adopted as a regulation under the APA. (Government
Code Section 11340.5; Morning Star Co. v. State Board
of Equalization, 2006 Lexis 3953, April 24, 2006 at pp.
15-16) The APA also gives the OAL the authority to de-
termine if the action is a regulation that has not been
properly adopted pursuant to the APA. (Government
Code Section 11340 etseq.)

The OAL has recently issued regulations that estab-
lish a procedure for reviewing agency actions that are
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regulations that have not been through the required
APA process. The OAL calls such actions “under-
ground regulations”. The QAL regulations at | CCR
$250(a) define “underground regutation™ as any
guideline, criterion, bulletin, mannal, tnstruction,
order, standard of general apphcation, or other rule
that is aregulation as defined in Section 11342.600
of the Government Code, but has not been adopted
as aregulation and filed with the Secretary of State
pursuant to the APA and is not subject to an
express statutory exemption from adoption
pursuant tothe APA.
Government Code Section 11342 600 defines a “reg-
ulation” as: _
every rule, regulation, order, or standard of general
apphication or the amendment, supplement, or
reviston of any rule, regulation, order, or standard
adopted. by any state agency to implement,
interpret, or make specifie the law enforced or
administered by it, orto govem its procedure.
Govermment Code Section 11346 is consistent with
the broad definition of “regulation” ir Section
11342.600; Section 11346 provides that the APA ap-
phes to the exercise of any quast-legislative power con-
ferred upon any agency by any statute.
b. SLCResolution
The Resolution By The California State Lands Com-
mission Regarding Once-Through Cooling In Califor-
ma Power Plants was adopted by the SEC at its April 17,
2006 meeting. The SLC did not subject the Resolution
to the process required for regulations by the APA. The
Resolution contains a rule, order, and standard of gener-
al application that is a regulation. Specifically, three of
the “resoived’ clauses in the SLC Resolution are under-
ground regulations because of the requirements that
they impose on the SLC and the effect that they will
have on SLC leases to power plant operators. The three
resolved clauses are as follows:
¢ “Resolved, that as of the date of this Resolution,
the Commission shall not approve leases for new
power facilities that include once—through cooling
technologies; and be it further

*  Resolved, that the Commission shall not approve
new leases for power facilities, or leases for
re—powering existing facilities, or extensions or
amendments of existing leases for existing power
facilities, whose operations, tnchide
once—through cooling, unless the power plant is in
full compliance, or engaged in an agency—directed
process to achteve full compliance, with
requirements imposed to implement both Clean
Water Act Sectton 316(b) and the California water
quality law as determined by the appropriate
agency, and with any additional requirements
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imposed by state and federal agencies for the
purpose of minimizing the impacts of cooling
systems on the environment, and be it further
* ' Resolved, that the Commission shall include in
any extended lease that inciudes once-through
cooling systems, a provision for noticing the intent
of the Commission to consider re—opening the
lease, if the appropriate agency has decided, in a
- permitting proceeding for the leased facility, that
an  alternative, environmentally  superior
technology exists that can be feasibly installed,
and that allows for the stability of the electricity
grid system, or if state and federal law or
regulations otherwise require modification of the
existing once-through cooling system, and be it
further”
¢.  SLC Jurisdiction
The SLC is the state agency charged with regulating
the use of state lands, including tide fands and public
trust lands upon which are located once—through cool-
ing water facilities. (See Division 6 of the Public Re-
sources Code.) Public Resources Code Section 6501.1
provides that the SLC may lease lands owned by the
state, and under the SLC’s jurisdiction, for whatever
purposes the SLC deems advisable, including for indus-
trial purposes like the operation of a power plant. Public
Resources Code Section 6502 provides that any person
desiring to lease land from the state may apply to the
SLC for such permission. The SLC has the right to re-
ject that application. The SLC has previously promui-
gated a number of regulations that allow it toimplement
this authority. Thesc regulations begin at Title 2 CCR
§2000. For example, the Southern California Edison
Company {SCE}and San Diego Gas & Electric Compa-
ny {(SDG&E) hold a 49 year lease from the SLC for the
intake and discharge structures that constitute a critical
piece of the once-through cooling water system for the
San Onofre Nuclear Generating Station Units 2 and 3
(SONGS).! Attachment 2 lists ten power plants that op-
erate subject to SLC leases. In fact, Attachment 2 shows
that two power plants have leases that have expired and
are operating in holdover status, and a third lease will
expire in August 2006.
d.  The SLCResolutionisa Regulation
The SLC Resolution is a regulation that precludes the
SLC from issuing new leases for power plants that
would have once-through cooling structures. The Res-
olution also precindes the issuance of lease extensions
or amendments for other power plants depending upon
how the power plant is complying with state water gual-

! SONGS is jointdy owned by SCE, San Diego Gas & Electric
Company, and the cities of Anaheim and Riverside, SCE is the
operating agent for these other entities.
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ity laws, Additionally, the Resolution requires that the
SLC include a provision in extended leases that allows
the SLC tore-open a lease under certain circumstances.
The Resolution establishes a set of rules that is general-
ly applicable to all current, or future, power plants that
have once—through cooling systems. The California Su-
preme Court int Tidewater Marine Western Inc. v. Victo-
ria Bradshaw, 14 Cal. 40 557, 571 (1996), citing Union
of American Physicians & Dentists v. Kizer, 223 Cal.
App. 3d 490, 497 {1990), explained that a regulation
subject to the APA has two principal identifying charac-
teristics: '
First, the agency must intend its rule to apply
generally, rather than in a specific case. The rule
need not. however, apply universally; a mule
applies generally so long as it declares how a
certain class of cases will be decided. {(Roth v
Department of Veterans Affairs (1980) 110 Cal.
App. 3d 622, 630 [167 Cal. Rptr. 552].} Second,
the mle niust “implement, interpret, or make
specific the law enforced or administered by [the
agency], or . . . govern [the agency’s] procedure.”
{Gov. Code, § 11342, subd. (g)) See also,
‘Morning Star Co. v. State Board of Equalization,
2006 Lexis 3953, April 24,2006 at pp. 18-19.

‘Moreover, the Tidewater court concluded that a
“written statement of policy that an agency intends to
apply generally, that is unrelated to a specific case, and
that predicts how the agency will decide future cases 1s
essentially legislative in nature even if it merely inter-
prets applicable law.” Tidewater, at p. 574-575. Se¢
also Yamaha Corp. of America v. State Bd. of Equaliza-
tion, 19Cal. 4th 1, 18 (1998).

The SLC Resolution applies to the general class of
once-through cooling water structures located on state
lands. The fourth “Whereas™ clause in the resolution
states that there are 21 power plants along the California
Coast that use once—through cooling systems. Attach-
ment 2 concludes that 10 of these power plants are sub-
ject to the SLC’s jurisdiction. Thus, these 10 power
plants would be subject to the SLC regulatory prohibi-
tions established by the Resolution. The SLC s intent is
to eliminate the perceived environmental impacts asso-
ciated with these once—through cooling water systems.
Thus, the Resolution meets the first prong of the Tide-
water case — the Resolution s not limited to a specific
case, butis applicable to all once—throughcooling water
facilities located on state lands within the SLC’s juris-
diction.

Next, the Resolution meets the second prong of the
Tidewater test. The Resolution emphatically directs the
SLC as to how it shall implement the existing lease reg-
ulations when applications are filed for once—through
cooling water systems. The Resolution is clear; the SLC

~ “shall not approve leases for new power facilities that
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include once—through cooling technologies. . . The
other two resolved clauses listed above contain similar
directives. For instance, the SCE lease from the SLC for
the SONGS Units 2 and 3 intake and discharge struc-
tures will expire on February 28, 2023. The SLC would
be unable to issue a lease extensionto SCE to allow SCE
to continue to operate the SONGS cooling water struc~
tures after February 28, 2023 without including the re—
opener provision required by the third “resolved”
clause. Therefore, the Resolution makes specific how
the SLC will process lease applications and requests for
extensions and amendments for once—through cooling
water power plants, which meets the second prong of
the two part test in Fidewarer. As the Resolution meets
the Tidewater test as a regulation, the Resolution is a
regulation and must go through the APA.

e. ~ TheSLC Resolution Has Not Used the APA

The SLC did not follow the APA in implementing the
Resolution. According to the California Supreme
Couit:

The APA establishes the procedures by which state
agencies may adopt regulations. The agency rmust
give the public notice of its proposed regulatory.
action {Gov. Code, § 11346.4, 11346.5); issuc a
complete text of the proposed regulation with a
statement of the reasons for it {Gov. Code,
§ 11346.2, subds. (a}, (b)}; give interested parties
an opportunity to comment on the proposed
regulation (Gov. Code, § 11346.8); respond
writing to public comments (Gov. Code,
§ 11346.8, subd. (a}, 11346.9); and forward a file
of all matertals on which the agency relied in the
regulatory process to the Office of Administrative
Law (Gov. Code, § 11347.3, subd. (b)}., which
reviews the regulation for consistency with the
law, clarity, and necessity (Gov. Code, § 11349.1,
11349.3). Tidewater at p. 508.

For example, the SLC did not submit a copy of the
Resolution to the Office of Administrative Law for re-
view. Nor has the SLC provided a statement of reasons
for the Resolution that meets the requirements in Gov-
ermment Code Section 11346.2.

f  The SLC Resolution ts Not Exenpt From the
APA
Petitioner is unaware of any statutory exemption
from the APA that would allow the SLC to pass the Res-
olution without compliance with the APA.
6. ThePublic importance of the Petition
Adverse Effects on the State Wide: Energy
System

In adopting the Resolution, the SLC took action to

stop the issuance of new or extended leases for power

a.
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facilities utilizing once—through cooling without suffi-
ciently considering evidence as to how that action
might negatively and severely affect statewide genera-
tion. Ali 21 plants operate with once—through cooling
water systems and represent 24,000 megawatts of gen-
eration, which accounts for over 45% of the in-state
power generation. The passage of this Resolution casts
an immediate cloud over future capital expenditures at
these facilities for such things as installation of up-
grades, air pollution controls and repowers (significant
reconstruction of critical power plant infrastructure
with new, statc of the art equipment).

The Resolution creates regulatory uncertainty that
frustrates long—term electric reliability planning. The
Resolution may have a chilling effect on capital invest-
ments and result in early, unanticipated plant retire-
ments that will jeopardize electric reliability. Owners of
affected facilities may be disinclined to invest in capital
projects with long pay-back periods such as reliability
upgrades or pollution control equipment. In such cases,
electricity consumers may be forced to shoulder higher
costs to maintain short—term reliability of critical power
plants considered by the state to be “reliability must—
run” facilities. Similarly, the Resolution may dissuade

_ facility owners from repairing equipment that suffers a

sudden, catastrophic failure. In the event of such a fail-
ure, the uncertainty resulting from the Resolution may
cause a facility owner to shut down a plant long before
the Resolution may have otherwise have forced it to
close.

The electric power grid relics on a balance of genera-
tion, transmission and demand. The locations of the
power plants targeted by the SLC Resolution were orig-
inally chosen both for the availability of cooling water
and their proximity to. high-population areas with high
electric demand. The infeasibility of converting exist-
ing power plants to alternative cooling technologies
may force the plants to close and require that they be re-
placed with new generation. However, a number of fac-
tors such as land use zoning, property costs, visual im-
pacts, unavailability of emission reduction credits, and
noise, may prohibit construction of replacement gener-
ation that does not use once—through cooling on the
sites of existing power plants. If the existing power
plants are replaced with new generation that is not simi-
larly located, new transmission lines will be required o
transport electricity to the areas of high electric de-
mand. Transmission lines are not only expensive, but
the significant losses of power resulting from increased
transmission distances compound the negative environ-
mental and economic effects resulting from less effi-
cient clectric generation using alternative ceoling
technologies. Motreover, the existing power plants pro-
vide important electric rehiability services—such as
voltage support, contingency teserves and regulating
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reserves—-that cannot be provided by remotely located
electric generation. The SLC did not consider the poten-
tial effects of the Resolution on electric reliability and
costs to electric consumers.

No comprehensive study has been performed to de-
termine if these coastal power plants could continue to
operate other than with a once-through coeling system.
To convert the plants to cooling towers using degraded
groundwater, recycled water, or ocean water would un-
doubtedly cost millions of dollars per plant, if such a
conversion were even feasible. Any conversion would
have potential environmental impacts associated with
the installation and operation of cooling towers, which
havealso not been studied.

b. State Wide Environmental Adverse Effects
and Lack of Commensurate Benefits

The SLC Resolution is specific in the actions to elimi-
nate the use of once~through cooling systems at power
plants, but vague in the benefits that would result from
that climination. In adopting the Resolution, the SLC
did not sufficiently evaluate the specific environmental
and economic impacts that may occur as a result of that
action. The S1.C cites the impacts of only one power
plant, San Onofre Nuclear Generating Station, and does
so without providing any context for that citation, as ev-
idence that once—through cooling as a technology is
categorically unacceptable. Although the Resolution
may affect any number of existing or future proposed
power plants, the SL.C did not evaluate how or if elimi-
nating once—through cooling at every site would pro-
vide the environmental benefits the SLC relies on tojus-
tify theiraction.

The SLC Resolution wrongfully cites the availability
and use of an alternative cooling technology at other
locations in California and nation as evidence that such
technologies are feasible for conversions at plants cur-
rently using once—through cooling systems. However,
there 1s no supporting analysis by which the SLC shows
on a site—by—site basis the practical and economic feasi-
bility for such a conversion. Thus, the SLC can neither
cite the specific benefits that would result from elimi-
nating OTC nor can they cite the environmental and
economic costs to achieve any perceived benefits.

Converting existing power plants that utilize once~
through cooling to any other form of cooling will lower
power plant efficiency. This means that more fuel will
need to be bumed just to maintain equivalent electrical
generation. Increased fuel consumption will result in
increased emissions of criteria pollutants such as nitro-
gen oxides, particulate matter, and carbon monoxide.
Increased fuel consumption will also result in an in-
crease in greenhouse gas emissions, specifically carbon
dioxide. These increases in air pollutant emissions to
provide some vague and un—quantified environmental
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benefit run contrary to ongoeing state policies and ac-
tions to reduce emissions of criteria and greenhouse gas
pollutants.

Dry cooling systems reduce a power plant’s generat-
ing efficiency by nearly 9%. To compensate for this im-
pact, additional electric generation must take place.
This generation generally will be from natural gas—fired
power planis and, assuming no ocean cooling, will ré-
sult in an estimated 27 tons of additional particulate
matter {(PM 10} emissions for wet cooling towers and
483 tons for dry cooling systems.? Statewide, annual
CO; emissions will increase 311, 491 metric tons for
wet cooling towers and 1,914,837 metric tons for dry
cooling systems. If potable water wet cooling towers
were used to replace ali of the once—through cooling
systems, over 20 billion gallons of water would be con-
sumed annually.? Preliminary estimates are that twelve
of the 21 coastal power plants cannot switch to cooling
tower systems because of space restraints or land use re-
strictions.

The United States Envirommental Protection Agency
has already addressed the environmental effects of
Once Through Cooling and generation companies are
working to be in compliance with these requirements.
The implementation of the regulations will be through
the State Water Resources Control Board (SWRCB). In
June, the SWRCB will begin the process of developing
guidance for the Regional Water Quality Control
Boards for the implementation of the Clean Water Act
section 316(b) requirements for Once Through Cool-
ing. The Board staff has indicated they will use the SLC
Resolution as the official state policy on once through
cooling. Thus, the implementation of the 316(b) re-
quirements will be driven by the State L.ands Commis-
sionresolution.

7. Certification of Petition Submittal to the State
Lands Commiission

The undersigned, Victor Weisser, certify that [ have
submitted a copy of this Petition and all its attachments
to:

2 Dy or air cooling towers are much less efficient than wet cool-
ing towers, accounting for the higher replacement power and
ennssions numbers.

2 0On June 19, 1975, the State Water Resottrees Control Board
adopted its “Water Quality Control Policy on the Use and Dispos-
al of Inland Waters Used for Powerplant Cooling.” (emphasis
added) The policy states i relevant part: “Where the Board has
jurisdiction, use of fresh infand waters for powerplant cooling will
be approved by the Board only when it is demonstrated that the
use of other water supply sources or other methods of coeling
would be envircnmentally undesirable or economically un-
sound.” The Policy also states: “It is the Board’s pesition
that. . .the source of powerplant coohing water should come from
the following sources in this order of priority. . (1} wastewater be-
ing discharged to the ocean. {2) ocean, {3) brackish water from
natural sources or irrigation return flow, (4} mland wastewaters of
low TDS, and (5} other inYand walers.” .

Mr. Paul Thayer

Executive Officer

State Lands Commission

100 Howe Avenue, Suite 100 South
Sacramento, California 95825-8202
Phone Number: (916) 574-1800

All of the above information is true and correct to the
best of my knowledge.

By: Date: 5/25/06
Victor Weisser
President
California Council for Economic and
Environmental Balance

SUMMARY OF REGULATORY
ACTIONS

REGULATIONS FILED WITH
SECRETARY OF STATE

This Summary of Regulatory Actions lists regula-
tions filed with the Secretary of State on the dates indi-
cated. Copies of the regulations may be obtained by
contacting the agency or from the Secretary of State,
Archives, 1020 O Street, Sacramento, CA, 95814,
{916) 653-7715. Please have the agency name and the
date filed (see below) when making a request.

AIRRESOQURCES BOARD
Reporting Requirements for Transit Agencies

This non—substantive change makes sensc of Title 13
section 2023.4(e){1 XC). As drafted and enacted, a par-
ticular report must be submitted a transit agency by Jan-
uary 31, 2009 analyzing the NOx fleet average reduc-
tion requirements. The report submitted by the agency
due on January 31, 2009 the average NOx emission for
the agency’s fleet. If the average exceeds that required
by the regulations, the report must include a schedule of
actions planned to achieve compliance by December
31, 2007. This rulemaking changes the schedule dead-
line to achicve compliance to December 31, 2010, as it
would be impossible to achieve compliance through
any series of plans retroactively.

Title 13

California Code of Regulations
_ AMEND: 2023 .4

Filed 06/16/06

Effective 07/16/06

Agency Contact: Alexa Malik

{916)322-4011
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1. OVERVIEW AND EXECUTIVE SUMMARY

Cooling water intake structures (CWIS) are regulated under Section 316(b) of
the Clean Water Act. This statute directs the United States Environmental Protection
Agency (EPA) to assure that the location, design, construction, and capacity of CWIS
reflect the best technology available (BTA) for minimizing adversé‘ environmental
impact (AEl). EPA is developing national performance standards for CWIS in three
phases. The Phase |l Rule, which was promuigated in July 2004," applies to existing
electric generating plants with significant cooling water intake capacity and requires
these plants to reduce impingement mortality and entrainment (I&E) of aquatic
organisms according to national standards.? In developing the Phase Il Rule, EPA
included two conditions under which a facility may be allowed a site-specific
determination of standards.® One such condition occurs when the costs of compliance
are significantly greater than the associated economic benefits. The regulatory
requirements for demonstrating this condition include the submission of three studies:
the Cost Evaluation Study, the Benefits Valuation Study, and the Site-Specific
- Technology Plan, ' -

Triangle Economic Research (TER) has prepared this Benefits Valuation Study
{BVS) report for Pacific Gas and Electric Compény's (PG&E's) Diablo Canyon Power
Plant (DCPP or Plant). In preparing this report, we followed EPA's benefit valuation
methodologies developed for the Phase If Rule, and incorporated site-specific 1&E
information developed by Tenera Environmental. We also include information from
EPA’s I&E reduction benefits studies for Northern California and for i California (EPA
2003; EPA 2004).

The major ﬁndings of the BVS include the following:

¢ The annual baseline losses for 18 representative indicator species (RIS) of
fishes and shellfishes are in the range of $18,835 to $34,206, with a mean

' The Phase Il Rule is being judicially challenged by environmental and industry groups. The appeal is
currently pending in the U.S. Court of Appeals, Second Circult. The Phase Il Rule has not been stayed
pending appeal, and therefore is currently effective.

z impingement occurs when fish and aquatic species become trapped on equipment at the entrance of the
cooling system. Entrainment occurs when aquatic organisms, eggs, and farvae are taken into the cooling
system, through the heat exchangers, and discharged back into the waterbody. ‘

® A site-specific determination implies less stringent reduction standards.
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 of $26,412. The RIS account for approximately 70 percent of the fishes and
shellfishes that are entrained.

« The annual benefits of reducing impingement mortality by 80 to 95 percent
and entrainment by 60 to 90 percent for the RIS range from $13,280 to
$27,220, with a mean of $19,863.*

o The present value of economic benefits from compliance to 2023 for RIS
species ranges from $167,661 to $343,655.%° '

« The present value of economic benefits from compliance to 2053 for RIS
species ranges from $281,342 to $576,667.%

« The annua! benefits of reducing impingement mortality by 80 to 85 percent
and entrainment by 60 to 90 percent for all species (including the additional
30 percent of forage fish larvae not specifically evaluated during the 316(b)
Demonstration Study) range from $18,971 to $38,886. The present value of
economic benefits from compliance to 2023 for all species ranges from
$239,516 to $490,936. The present value of economic benefits from
compliance to 2053 ranges from $401,917 to $823,800.°

o The annual benefits of eliminating all I&E (including the additional 30
percent of forage fish larvae not specifically evaluated during the 316(b)
Demonstration Study) range from $26,621 fo $48,866. The present value of
economic benefits from efiminating afl I&E until 2023 ranges from $336,008
to $616,034. The present value of economic benefits from eliminating all
I&E until 2053 ranges from $563,986 to $1,035,240.°

« The species with the highest economic impacts are California Halibut,
Brown Rock Crab, and Keipfish.

o Recreational fishing accounts for 56 percent of the total economic impacts.

+ Impingement accounts for only about 2 percent of all economic impacts.

» Under EPA guidance, nonuse benefits should not be monetized in this case,
and in any event are likely to be minimal.

The foregoing economic impact estimates are conservative because:

e We assunie that aquatic populations do not biclogically compensate for I&E

impacts.
«  We assume that no organisms survive entrainment.

4 The Phase I Rule staies that a facility must reduce impingement mortality by B0 to 95 percent and
entrainment by 60 to 90 percent to be in 316(b) compliance.

5 The NRC licenses for Units 1 and 2 at the DCPP expife in 2022 and 2024, respectively. We therefore
assumed full operations of both units untit 2023 to facilitate this analysis. .

8 We use a 3-percent discount rate for recreational and forage values, a 7-percent discount rate for
commercial values, and assume immediale comphiance with the Rule.

7 A final decision has not been made 1o seek renewat of the NRC licenses. We have assumed for analytic
and flustrative purposes only that the Plant wilt continue to operate until 2053.
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+ We assume that the availability of forage species limits populations of
- commercially and recreationally valuable species,

* We assume that 316(b) compliance is instantaneous.
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2 BACKGROUND

Estimating the economic benefits of reducing 1&E at existing CWIS requires
quantifying all beneficial ecological outcomes and assigning appropriate monetary
values. Estimating economic benefits in this context is challenging because it requires
first linking reductions in I8E to ecosystem changes and then linking ecosystem
changes to the resulting changes in quantities and values for the associated
environmental goods and services that ultimately are linked to human welfare {(EPA 69
Fod. Reg. 41,655, July 9 2004). This section provides background on the DCPP’s
potential ecological impacts and the ecological and economic methodologies used by
EPA for assessing the benefits of I&E reductions in the Phase Il Rule.

21 Ecological Endpoints

Tenera Environmental conducted the Plant’s 316(b) e'ntrainhent study from
October 1996 through June 1989 and submitted a final report in March 2000 (Tenera
Environmental 2000). The entire study was conducted under the auspices of an
Entrainment Technical Work Group (ETWG) that was assembled by the Califoria
Regional Water Quality Control Board, Central Coast Region (RWQCB), to assist their
staff in assuring the adequacy of the study's design and implementation. The ETWG
was composed of PG&E and their consultants, the RWQCB and their consultants, a
consultant to the League for Coastal Protection,' the California Department of Fish and
Game, and the EPA.

The process of identifying organisms for assessment at DCPP included a
consideration of gdidelinés presented in the original 31 B(b) directive developed by EPA’'s
(1877) draft Guidance for Evaluating the Adverse Impact of Cooling Water Intake
Structures on the Aquatic Environment: Section 316(b) P.L. 92-500. Based on this

_ guidance, the following criteria were used to select the tar_get organisms:

« Organisms that were representative, in terms of their biclogical
requirements, of a balanced, indigenous community of fish, shelifish, and
wildlife;

« Commercially or recreationally valuable species (e.g., among the top ten
species landed — by doltar value),

« Threatened or endangered species;
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+ Species critical to the structure and function Bf the ecological system (ie.,
habitat formers);

* Species potentially capable of becoming localized nuisance species;

» Species necessary in the food chain for the well-being of those species
identified in the first four buflets above;

* Species meeting any of the foregoing cntena with potentia} susceptlbmty to
impingement and/or entrainment.

In addition to those EPA standards, the ETWG included three additional criteria:

+ Organisms capable of being identified to the species level;

¢ Organisms that are entrained in sufficient abundance to allow for a mbust
- impact assessment;

¢ Organisms whose adult and larval populations can be demonstrated to be

local {i.e., not a deep-water species whose larvae drifted ashore). '

These additional criteria were important in contnbutmg to the level of conﬁdence in the
estimates of entralnment effects. The most important criterion was abundance;
therefore, the assessment was based only on the most abundant organisms. The
organisms meeting the criteria included 14 species of larval fishes, 2 species of larval
Cancer spp. crabs, and larval sea urchins. The ETWG determined the final list of

“ species included in the assessment based mainly on data collected during this study

and the criteria listed above. The 14 fishes accounted for the predominant specles and
for approximately 70 percent of the total number of larval fishes collected from the
entrainment samples. The remaining 30 peroent of the larval fishes were a mix of
recreatronal commercial, and forage species.®

The ETWG reviewed other potential target organism groups for possible
inclusion in the assessment, but those groups were intentionally excluded from the
Study. For é.xarnple, the ETWG decided not to include phytoplankton, zooplankton,
and algal spores in the assessment due to their large populations, and in the case of
phy_toplankton and zooplankton, their short gerieration times. EPA has previously
expressed similar views with respect to phytoplankton and zooplankton (EPA 1998). In
sum, it was readily apparent that the DCPP’s intake would only have negligible,
localized impacts on these organisms.

® The remaining 30 percent are valued in this analysis.
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Fish eggs and larvae from several commercially ’i’rhportani invertebrates such as
clams and abalone were also exciuded from the assessment by the ETWG, in part
because they are small and difficult to identify to the species level. Mare importantly,
there was a very low likelihood that any abalone larvae would be entrained, and there is
no suitable substrate for the settiement of Pismo clams near the DCPP. Fish eggs
were excluded because most of the fishes at issue have egg stages that are not likely
to be entrained: ie., either they are demersal/adhesive eggs or they are intemally
fertilized and extrude free-swimming larvae. EPA has previously expressed a similar
view with respect to fish eggs (EPA 1998). Young squid were not analyzed because
they are competent swimmers immediately after hatching, and therefore would have a
low probability of entrainment.

In fact, as the ETWG itself found appropriate for the DCPP, most ecological
assessment endpoints for 316(b) studies include only fish and shellfish species {EPA
1998). !ndeed, the other organisms entrained have no measurable value other than
~ potential nonuse value (see discussion below). Not surprisingly, EPA itself fimited its
Phase 1l benefits valuation to fish and sheilfish. '

“Tenera Environmental developed the impingement data used in this BVS based
on a study conducted from April 1985 to March 1986 (Tenera 1988). Their study
indicated that impingement by the CWIS' traveling screens was so minor that detailed
énalysis was not necessary. Nevertheless, we inciude impingement estimates in this
BVS.

2.2 Identifying Ecological and Economic Impacts .

in theory, it should be possible to quantify ecosystem changes from 1&E impacts
through direct observation of ecosystem changes and statistical isolation of the
influence of water withdrawal. In practice, however, efforts of this nature have failed to
identify a Signiﬁcant relationship between the volume of cooling water withdrawn and
the status of local fish populations (EPRI 2003). The problem with this approach fies in
the large natural poputation fluctuations that are typical for aqgatic organisms.
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Faced with this situation, EPA expendéd considerable effort developing
methodologies to quantify the impacts of I&E.® Over the course of developing its
methodologies, EPA made substantial improvements in identifying theoretically
appropriate methods for measuring benefits, and TER now believes that EPA has
developed a reasonable approach for evaluating the ecological impacts of IZE.™ In the
final Phase Il Rule, we believe EPA also identified a reasonable approach for
evaluating the economic impacts of I&E on commercial and recreational species,
Accordingly, the approach used _for evaluating impacts from I&E to commercial and
recreational species in this report generally follows that of EPA's most recent

analysis."

In that analysis, EPA estimated a national total of $83 million in annual benefits
that could be achieved by reducing the I&E of commercial and recreational species.
The EPA estimate does not include the vaiue of impacts to forage species or organisms
that are not directly recreafiona[ly or commerciaily valuable. This BVS, however, does
value forage species impacts using the methodology described in EPA’s fiﬁal Phase i
Rule (EPA 2004, Chapter A5: I&E Methods). In the assessment, we assume that
populations of recreational and commercialiy valuable speciés are limited due to
avaitability of forage popu!ationé.’? Accordingly, lost forage species are valued in terms
of the larger populations of recreational and commercial fish that they would have
supported had the forage species not been impinged or entrained.

2.3 |1&E, Fishing, and Population Growth

Evaluating the economic impacts of I&E requires understanding the potential
 ecological effects of I&E. To do so, we characterize a fishery using the growth and
population model developed by Schaefer (1954, 1957). This model recognizes that
most fish stocks foliow a population-dependent growth pattern, as illustrated in Figure
1.

® TER has been substantially mvolved in the evaluation of the methods developed by EPA. See Bingham,
Mohamed, and Desvousges (2003) and Desvousges, et al, (2002). '

**There are shortcomings with EPA’s approach, which likely tend to overstate benefits. For example, EPA
has been criticized for not considering the ability of aquatic populations to offset I&E impacts through
higher productive and survival rafes. _

"'The only significant exception is in our analysis of commercial impacts, where we employ an approach
that EPA has acknowledged is more theoretically appropriate and that returns higher economic impact
estimates,

"?If this is not the case, our assessment provides overestimates of economic losses.
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Figure 1 depicts the relationship between the growth in fish stock on the vertical
axis and the size of the fish population on the horizontal axis.” Point Ais the starting
population, which inc!udeé 1&E and fishing impécts. It would be possible to sustain the
population at A, if the total impacts were equal to the growth in the fish population (Ay).
For example, if the growth rate is 10 percent per year (Ay) and the starting poputation is
100 fish (As),'then it would be possible to harvest 10 fish per year, starting at the end of
the first year, without affecting the size of the population. Point B illustrates the results
of overharvesting due to increased I1&E and fishing impacts on the fish po.puiation. The
lower population level (B;) and corresponding lower growth rate (By} indicate that the
number of harvested fish is now greater than the growth in the population. it
overharvesting persists in this manner, the fish population wilt continue to decline.

Figure 1
Fishing and I&E Impacts on Population
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In the Phase 1l Rule, EPA mentions that secondary effects of I&E include
decreased recruitment, decreased fishing yields, and reduced ecosystem productivity
(Chapter A1: Risk Assesément Framework). However, EPA does not account for
these potential secondary effects in their national benefits analysis.

X represents the carrying capacity of the fish popuiation in a state of natural or stable equilibrium. The
carying capacity is the maximum fish population that can be sustained in the absence of the fishery and
IRE. if the fish population exceeds X, natural mortality rates increase such that the fish population
returns to the natural equilibrium. Z is the minimum viable poputation or the point of exiinction.
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2.4 Fishery Valuation Overview: Use Values

Unlike traditional physical and financial assets, natural resources such as
fisheries are generally owned by the pubiic. Although the values of publicly owned
resources are not directly revealed in a marketplace, resource ecbnomists have well-
established methodologies for measuring fishery valie. Over a particular time period,
the value of a fishery is equal to the difference between the cost of harvesting fish an
the value of the fish harvested. '

Figure 2 shows how a commercial fishery’s value is determined in a
hypothetical market for harvested fish.™ In this figure, the price of fish is on the vertical
axis and the quantity of fish harvested is on the horizontal axis. The supply curve (S,)
represents how many fish the produders are wiifing to supply at a given price. The

“demand curve (D) corresponds to the maximum cost per fish that consumers are
willing to pay for different quantities of harvested fish. The demand curve slopes
downward to indicate that the value of each fish drops as the quantity of fish in the
market increases.

" Figure?2
Hypothetical Fishery Market
Prico 8y Supply Curve
{$ per fish) D,: Demand Curve
. Py: Price
Q;: Quantity
S,
Consumer Surplus
P, )
]
¥
]
3
]
1)
]
]
;
Producer Surplus |
! o
Q, . Quantity
(number of fish)

*A value for recreational fisheries can be derived using a similar approach.
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The value of this fishery is equal to the difference between the cost of harvest
{area above the supply curve) and the value of the fish harvested (area below the
demand curve). Graphically, this is shown in the shaded areas. of Figure 2. Note that
the value of the fishery is the sum of producer and consumer surplus. Producer surplus
is the difference between the costs that fishermen incur to harvest the fish (as
represented by the supply curve) and the market price (Ps). in Figure 2, producer
surplus is the darker shaded area between the supply curve and the market price.
Consumer surplus is the difference between the maximum price that consumers are
willing to pay for harvested fish (as represented by the demand curve) and the markef
price (P:). In Figure 2, consumer surplus is the lightly shaded area between the
demand curve and the market price. This simple framework also provides the

necessary background for evaluating how a change in abundance affects the value of a
fishery, as seen in Figure 3. '

Figure 3.
Effect of a Decline in Abundance

| ' Legend: P,: Origina! Price
' 3,: Original Supply Gurve  Py: New Price :
b Price ' 5; Naw Supply Curve @, Otiginal Demand |

R ($ per fish) ' Reduced D,: Demand Curve Q,: Now Demand

Consumar S,
; : S
i
: Reducéd
Producer

Surplus

D,

Dleccewnwcranma=
)

Q, Quantity

{number of fish)

Other things equal, a decline in abundance will increase the cost of harvesting
fish. In the supply and demand framework of Figure 3, increased costs are represented

10 .
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by an upward shift of the supply curve. The market determines the dedline in the
quantity of fish harvested (Q, to Q,) by the intersection between the new supply curve
(S2) and the demand curve (D4). The intersection alsc leads to an increase in price (P,
to P2). The respective change in price and quantity reduces the value of the fishery.
The changes in price and quantity affect both the producers and the consumers.
Because of the decrease in the abundance of the fishery, producer surplus decreases
from the sum of Areas E, F, and G to the sum of Areas E and B. The reduced
consumer surplus is the darker shaded consumer surplus or the value of the fishery as
it declines from the sum of Areas A, B, C, and D to Iighﬂy shaded Area A.

Although Figures 2 and 3 depict the fishery as a single market, the overall value
of the fishery actually depends on two markets: a commercial fishing market and a
recreational fishing market. Figure 4 depicts the association between the abundance of
a fish stock, commercial and recreational fishing markets, and the economic value ofa
fishery.

Figure 4
Relationship between Fishery Abundance and Value
X Fish Stock
Recreational Fishing Inpuls and Costs RF Recreational Fiehing
CP  Conemerctal Fishing
Recraational Vakation Q  Quantity Havasted
X Recreational Qe . Rlclﬁﬂonal
Fishing Market Value
Fishery Ahundance Fishery
and Composition ’ Valve
X ) Cominercial QeF g Commercial
" Fishing Market Value
Commercial Fishing Inpwis and Costs I
Bemand for Fish
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Both the commercial and recreational fishing markets depend on the
determinants of supply and demand to establish price and quantity. The abundance of
fish within the fishery is an important factor for the value of these fishing markets. For
example, in the commercial fishery, a decline in abundance means commercial
fishermen will expect to catch fewer fish with the same amount of effort (ie.,
commercial fishing inputs and costs). The higher cost of catching fish will result in
smaller harvests for commercial fishermen. The reduction in harvested fish will reduce
the value of the commercial fishery. in the recreational fishing market, decreased catch
rates at some sites leads to less satisfaction with trips to those sites. In addition, some

recreational anglers choose to fish elsewhere and take trips of lower value. Others
substitute lower-valued activities. '

25 Overview of EPA Case Studies for California and the ASA 2003
Study for the DCPP

This section summarizes the two EPA regional studies we use in our analysis—
the Northern California and California studies—and ASA’s prior study. EPA conducted
the Northem California study for the Phase I Rule Notice of Data Availability (NODA)
and the California study for the final Phase Il Rule {Part B: California regional studies).

2.5.1 Northern California Regional Study
The Northern California Regional Study area is equivalent to the Northern
California National Marine Fisheries Statistics (NMFS) region, which extends from Point
Conception north to the Oregon border. According to EPA, of the eight power plants in
~ this regicn, six withdraw water from estuaries and two withdraw cooling water from the
Paciﬁc Ocean. Fisheries in this area are managed by the Pacific Fishery Managememnt
Council (PFMC) and the California Department of Fish and Game (CDFG). The PFMC
govems recreational and commercial fisheries in federal waters from 3 to 200 nautical
miles off the coasts of Washington, Oregon, and California, while the CDFG manages
fisheries within 3 nautical miles off the coast of California. In EPA's estimation, this
region provided annual recreational benefits of $663,965 from 1&E reductions and
commercial benefits of $19,514 in 2002 dollars (assuming a 3-percent discount rate).
In the NODA, EPA did not present nonuse estimates for the Northem California reg'ion.
DCPP is included in this region.

12
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2.5.2 California Regional Study

This regional study includes 20 facilities that are in-scope for the Phase II Rule.
Of the 20 facilities, 8 are located in northern California and 12 are located in southemn
California. Eight of the 20 facilities withdraw cooling water from an estuary or tidal river
and 12 withdraw water from the Pacific Ocean. DCPP is in northern California and
withdraws cooling water from the Pacific Ocean. EPA lists DCPP’s 2001 capacity at
2,300 MW and the 2001 nat generation at 18,077,713 MWh. For all of California, EPA
estimates commercial benefits from the Phase 1) Rule in 2002 dollars at a low estimate
of $0 or a high estimate of $0.52 million and recreational benefits at $2.45 million
(assuming a 3-percent discount rate). EPA does not estimate nonuse or forage
imp'acts in this regional study.

-2.5.3 ASA Consulting 2003 Benefit Valuation Study for DCPP _

' ASA Consuiting performed a benefits vaiuation study for DCPP based on an 80-
percent reduction in the entrainment estimates developed by Tenera Environ}nental
(the same ones used in this BVS). ASA did not separately value the benefits of
impingement reduction, as we did here, and based its analysis on EPA’s then-existing
guidance, some of which was later changed in the final Phase Il Rule when
promuigated in July 2004. For example, ASA used EPA’s then-proposed rule of thumb
for estimating nonuse values at 50 percent of the estimated recreational fishing value.
In its forage species valuation, ASA used a range of trophic transfer efficiencies that
EPA was then considering, but subsequently changed. Other differences from this
study include the fact that ASA did not place a value on crabs and used a range of
commercial fi sh:ng exploitation rates (10 to 40 percent) that is different from the rates
assigned in this BVS. Table 1 shows ASA's estimated annual beneﬂts of an 80-percent
entrainment reduction for the 14 species of larval fishes.

13
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ASA’s Estimate of Annual BeneﬁtsT:? :1180-Percent Entrainment Reduction

Category ~ Lower Bound (2001 ) - Upper Bound (2001 $)
Commercial Fishing 30 | $25,177
Recreational Fishing §782 $33,322
Forage Species $582 ' $36,487
Nonuse Value _ $3an $16,661
Total $1,755 $110,647

Assuming 2 percent (upper bound values) and 7 percent (lower bound values)

discount rates and assuming that the cooling towers would be in operation beginning in
2008, ASA estimated the net present value (NPV) of the benefits to be $11,045 to
$1,334,030 in 2001 dollars, assuming Plant closure in 2023. Assuming Plant closure in
2023, and "grossing up” the benefits by another 30 percent to conservatively account
for the 30 percent of the fish species hot evaluated in the 316(b) Demonstration Study,
ASA estimated that the NPV ranges from $15,786 to $1,905,757 in 2001 dollars, of
which $3,517 to $424,587 was nonuse. Assuming Plant closure in 2053, ASA
estimated that the NPV ranges from $22.800 to $4,195,663 in 2001 dollars, of which
$5,080 to $934,760 was nonuse.

14

BB Copppany




Diablo Capvon Report ‘ February 21, 2005

3. BENEFITS VALUATION STUDY

The BVS requires that a facility use a comprehensive methodology to fully value
the impacts of I&E at its site and the benefits of complying with the applicable
performance standards. In addition, the Phase Il Rule requires that the benefit study
include (EPA 2004): '

» Description of the valuation methodologies for commercial, recreational, and
ecological benefits (including any nonuse benefits, if applicable).

» Documentation of the basis for any assumptions and quantitative estimates.

» An analysis of the effects of significant sources of uncertainty on the results
of the study. ' :

» |f requested by the Director, a peer review of the items submitted in the
BvS.

* Narrative descn’ptien of any non-monetized benefils if the facility were to
meet the appilicable performance standards and a qualitative assessment of
their magnitude and significance. :

Each section below presents the details of the analysis.

3.1 Description of Valuation Methodologies

In this subsection, we present our valuation methodologies for estimating the
benefits of I&E reduction at DCPP for commercial, recreational;, and ecological benefits.
We specifically followed the methodology of EPA’s final Phase Il Rule national 31 8(b)
benefits analysis, except for the approach EPA used in estimating commercial impacts.
For commercial impacts, we employed a rhethodology more conservative than EPA’s. "
The following sections provide an overview of the valuation methodologies and their
application at DCPP.

3.1.1 Overview of EPA’s Phase Ji Rule Benefit-Estimate Methodology
Figure 5 depicts the approach used to evaluate the biclogical effects and
economic benefits of reducing entrainment for commercial, recreational, and forage
species. The sections follow’ihg Figure 5 describe each step. The approach used to
assess the biological effects and economic benefits of reducing impingement for
commercial, recreational, and forage species is very similar; therefore, we did not

"*This methodology is described below and resuts in higher estimates than EPA’s method for estimating
commercial impacts. ’

15
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‘describe each step again with respect to impingement. The only difference between
the entrainment analysis and the impingement analysis is that juvenile, Age 1, and Age
2 fish are impinged, whereas eggs and larvae are entrained.

Figure
Steps in EPA’s Valuation Process for Determining the Economic Value of
Reductions in Enfrainment

Step 2 Step 4
iBlologicaly [Ecemomic)
Age-1 Valus
Equivalent Catagorization
Transformation I
Commercial
\ Recroational
f— Aga 4 el NONLISS
Forgone
P‘;g"m._—-ﬁ

Step 1: Categorize Entrained Fish
Step 1 categorizes entrained fish by life stage and species. Appropriate age

categorization is an important factor in estimating biological effects and economic
benefits appropriately. This is true because younger fish equate to fewer Age-1

equivalents than oider fish and vice versa.

Step 2: Transform Entrained Fish into Age-1 Equivalents

In Step 2, we use cumulative survival rates from each age category (eggs and
larvae) to Age 1 fish to determine the expected number of Age-1 equivalenis
associated with entrainment. We follow EPA’s calculations for determining the
cumulative survival rates as outlined in Ghapter A5: I1&E Methods (Part Az Evaluation

Methods of the regional studies).
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Step 3. Determine Number of Fish Caught

After converting entrained fish into Age-1 equivalents, we employ natural and
fishing mortality parameters to determine the number of each harvested species that
will be caught over the lifespan of the fish. Species that are not harvested

recreationally or commercially are categorized as forage fish.

Step 4. Determine Value Categorization
In Step 4, we determine how many of the harvested fish will be _caught

recreationally and how many will be caught commercially. This determination is based
on the recreational/commercial breakdowns employed in EPA’s California and Northemn
California regional studies.

Step 5: Determine the Value of Fish that Would Be Produced through I1&E
Reductions :

After completing Steps 1 through 4, we value the additionai fish production that
would be achieved through I&E reductions. TER values fish that are caught
recreationally by transferring parameters from appropriate random utility models
(RUMs) employed in EPA’s analysis. .A RUM uses anglers’_site choices to evaluate the
importance of factors that influence an angler to visit a site. When correctly applied,
random utility analysis is the best method for valuing I&E reduction impacts on
recreational fishing.” In our analysis, the transferred RUM parameters measure the
marginal value of catching an additional fish.

In the Phase Il Rule, EPA estimated commercial benefits as 0 to 40 percent of

- gross revenue (increased landings from I&E reductions multiplied by the dockside

price). However, we do not follow EPA's commercial valuation procedure in this BVS.
We determine commercial impacts by using the percent increase in commercial
landings and the percent change in dockside value based on the assumption that the
price elasticity of demand is ~1.7 For example, if the percent increase in commercial
landings from redi:cing I&E is 10 percent and the price elasticity of demand is -1, then

®RUMs are recognized in the DOI reguiations (43 CFR §11.83) as an appropriate method for quantifying
recreation service losses in natural resource damage claims. Currently, the RUM is the most widely
used model for quantifying and valuing natural resource services. RUMs are also widely accepted in
other areas of the economics profession. RUMs have been used in transportation (Beggs, Cardell, and
Hausman 1981; Hensher 1991), housing (McFadden 1887), and electricity demand estimation (Cameron
1985}, as well as more recently in environmental and resource aconomics, '

YThe price elasticity of demand measures the percent change in price for a 1-percent change in quantity.
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the percent decrease in the dockside value is 10 percent. To estimate commetcial
- impacts, the new dockside value ($/b.) is multiplied by the increase in commercial
- landings (lbs.).‘ TER's method for evaluating commercial impacis is economically
sound' and results in higher estimates than EPA's method. Thus, our commercial
impacts are conservative compared to EPA's. For example, applying EPA
methodology results in commercial impacts of $0 to $3,426 for entrainment and $0 to
$17 for impingement, whereas TER estimation methods result in commercial impacts of
$7,930 for _entrainment and $52 for impingement at DCPP.

Forage species are valued in terms of forgone production of recreational and
commercial species. Following EPA’'s methodology in the Phase Il Rule as outlined in
Chapter A5: I&E Methods {Part A: Evaluation Methods of the regional studies), we
applied a net trophic transfér efficiency rate of 2.5 percent to lost biomass of ali forage
species. This approach uses two distinct estimates of trophic transfer efficiency rates
within two kinds of food web pathways: (1) the portion of forage production with a high
trophic transfer efficiency because it is directly cohsume_d by harvested species and (2)
the portion of forage production with a low trophic transfer efficiency rate that is not
consumed directly by harvested species but reaches harvested species indirectly
through other parts of the food web. '

This approach monetizes all direct and indirect fishery losses.”® Uncaught
recreational and commercial fish do not have a traditiona) use value and are therefore
categorized as having potential nonuse value. However, the number of fish not valued
s small™® For example, in the NODA (p. 13,567), EPA stated that “Unharvested
recreational and commercial fish represent 0.77 percent of the total age one equivalent
impingement' and entrainment losses.” For this reason, nonuse impacts are minimai at
DCPP.

Bpirect losses refiect 1&E of harvested species; indirect bsses reflect 1&E of forage species that support
these recreationally and commercially desirable fish.

% The number of uncaught fish varies by species and depends upon pressure and expacted fifespan.
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3.1.2 Applying EPA Benefit-Estimate Methodology to DCPP Usmgr Site-
Specific Information

In this section we calculate the biologicat effects and economic benefits of I&E
reductions at DCPP, employing the methodologies descn'bed above and site-specific
information from several sources. The analysis incorporates information from:

(1) EPA’s 2003 Northern California benefits study (recreational and commercial
species classification and life history parameters as indicated in Appendix C
of this report)

(2) EPA’s 2004 Califomia benefits study (RUM parameters, recreational and
commercial species classification, and life history parameters as indicated in
Appendix C of this report)

(3) Tenera's I&E study for the DCPP (Tenera Environmental 2000).

Table A.1 in the appendix provides the list of species that are potentially impinged,
annual impingement estimates, and the potential biological and economic effects of this
annual impingement for DCPP. Table A.2 reports the same information for entrained
organisms. Table A.é combines both types of information and reports I&E estimates for
DCPP.

Step 1: Categorize Impinged and Entrained Organisms

Step 1 categorizes impinged and entrained organisms by life stage and species.
We obtained annual 1&E estimates from documents that DCPP submitted to EPA
(Diablo_tnput.xis in EPA NODA Docket #0OW-2002-0049). We first grouped some of
the species together to simplify the analysis. For example, we grouped ali the rockfish
species together. |

To determine the percentage of Age 1 and Age 2 fish impinged we applied
percentages by species from appropriate EPA case studies. In our analysis, we do not
categorize any impinged fish as Age Ofjuvenile because there were no juveniles or Age
0 fish impinged in the relevant EPA case studies. For example, we assumed that 68
percent of pipefish impinged at DCPP were Age 1 and the remaining 32 percent were
Age 2 based on the impingement of northemn pipefish at the Seabrook and Pilgrim
facilities.

18
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To determine the percentage of eggs and larvas entrained, we relied primarily
on the DCPP 316(b) Demonstration Report (Tenera Environmental 2000), a
memorandum from Chris Ehrler at Tenera Environmental, and consultations with John
Steinbeck at Tenera Environmental. For many entrained spectes we realized that only
larvae can be entrained. For example, rockfish are Jive bearers and gobies have
adhesive eggs. For all the other species {California. halibut, Northern anchovy, Pacific
sardine, sanddabs, and white croaker), if no information was available, we assumed
that the ratio of eggs to larvae was 50:50, which increased the entrainment estimates
for these five species by 100 percent.® '

In order to estimate egg entramrnent we conservatively assumed a 1.1 eggs-to-
larvae entrainment ratio. An example for northern anchovy, showed less risk. We
used instantaneous mortahty (M) rates of 0.191 d for eggs and 0.114 d" for larvae.
Using an entrainment duration for eggs af 3.5 days and for larvae of 70 days, combined
with natural mortality and exponential survival, we calculated that at the end of 3.5 days
1,000,000 eggs would become 512,000 larvae. Then using these two numbers as No,
we calculate that the ratio of integrals of egg and larval distributions is the expected
power plant entrainment fraction for eggs. The integral is computed as:

“M 1)

integration resulted in 2.55 million eggs and 449 million larvae, i.e., a 0.558:1
estimated entrainment ratio, thus showing a h:gher risk to larvae attributable to the

prolonged susceptibility.

Step 2: Transform Impinged and Entrained. O[gamsms into Age-1 Equivalents
To convert impinged and entrained organisms into Age-1 equivalents, we relied

pnman!y on the life history parameters reported in EPA’s Northemn California and

California regional studies. Appendix C lGists all the life history parameters we
incorporated and their sources. As can be seen there, all of the life history parameters

2 yonn Steinbeck at Tenera Environmental consuited with TER on this assumption.
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used were developed by EPA for use in its own benefits studies. For some species, we
did not have a perfect match and we transferred the life history parameter from the
most similar species based on consultations with John Steinbeck at Tenera
Environmental. The fishes in this category consist of nearshore forage species.

To convert an Age-2 fish to Age-1 equivalents, we muitiplied the_number of Age
2 fish by the inverse of the survival rate from Age 1 to Age 2. We applied the
cumulative survival rate from eggs to Age 1 to convert eggs to Age-1 equivalents and
the cumulative survival rate from larvae to Age 1 to convert larvae to Age-1 equivalents,
The following definitions are important in understanding these calcuiations.

Natural mortality (M): The instantaneous rate of natural (not fishing or I&F)
death. Natural mortality (M) changes over an
organism’s lifetime and generaily decreases with age.
It is represented by species/life stage-specific
parameters or equations.

Total mortality (Z): Mortality attributed to both fishing and natural causes.
(Froese and Pauly 2004). It is the combined rate or
sum of natural mortaiity and mortality attributable to
commercial and recreational fishing pressure. Total
mortality (Z) is defined as: Z=M + F, where M is the
natural mortality rate and F is the rate of recreational
and commercial fishing mortality.

Survival Rate {S): The fraction of an age class that will survive to enter
the next age class stage. Survival rate (S} is defined
as: S = exponent %, where Z is the total mortality
rate (Ricker 1975).

Cumulative Survival Rate {CS): Cumulative Survival rate from age entrained to Age-1
Equivalent as detailed in the Phase I Rule {(EPA
2004). '

Step 3: Determine Number of Fish Caught

After converting impinged and entrained organisms into Age-1 equivalents, we
employ the natural and fishing mortality parameters detailed in Appendix C to

determine the number of each species that will be caught. Once again, EPA developed
all of these parameters for use in its own benefits studies, including the Northern
California Study and the California Regional Study. The remaining fish that are not
categorized as either recreationally or commercial!y' important species are categorized
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as forage species. For the California Regional Study, EPA estimated that harvested
recreational and commercial species accounted for 4.8 percent of all Age-1
equivalents.

Step 4: Determine Value Categorization
In Step 4, we determine which of the caught fish will be caught recreationally

and which will be caught commercially. To determine the recreational/commercial
breakdown between species that are caught both recreationally and commercially at -
DCPP, we employ data from the 316(b) Demonstration Study, EPA's California and
Northern California regionél studies, and the Califomia Department of Fish and Game
website. For example, we estimated that 62 percent of all cabezon caught is
commercial and the remaining 38 percent is recreational based on landings. data
reported by the California Department of Fish and Game.

Step 5: Determine the Value of Fish Produced as a Result of I&E Reductions
After completing Steps 1 through 4, we value the increased fish production that
would result from 1&E reductions. TER values fish that were caught recreationally at

. DCPP by transferring parameters from EPA's California Regional RUM Study. We

determine commercial impacts by incorporating 20-year National Marine Fisheries
Statistics (NMFS) landings data and most recent dockside prices with the method
outlined in the previous section. We value forage species using EPA’s production
forgone method detailed in Chapter A5: 1&E Methods (Part A: Evaluation Methods of
the regiona! studies). Forage species account for 93.8 percent of total current I1&E
expressed as Age-1 equivalents at DCPP.

3.1.3 Detailed Description of Valuation Process Using Brown Rock Crab
This section provides a detailed description of the valuation process using
brown rock crab as an example. The discussion provides information on the equations,
parameters, and assumptions employed to estimate the recreational and commercial
benefits from reducing brown rock crab entrainment. Brown rock crab was chosen for
this example because the value of the losses due to DCPP entrainment was larger than

any of the other organisms inciuded in the assessment.
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Step 1: Cateqorize Entrained Brown Rock Crabs

Brown rock crab is a type of cancer crab. According to the 318(b)
Demonstration Study (p. 5-21), cancer crabs carry eggs in a mass under their

abdominal flap. Therefore,_no eggs are entrained. Brown rock crabs have six larval
stages—zoea 1 through zoea 5 and megalops. In our analysis, the entrained brown
rock crabs (average of 1997 and 1998 data) are classified as zoea 1 through zoea 5
and megalops. In addition, we incorporated information from the 316(b) Demonstration
Study to determine the percent allocation by life stage for entrained brown rock crabs
(Table 2).

Table 2

Percent Allocation by Life Stageb:or Entrained Brown Rock Crabs

Life Stage Number Entrained (in millions) Percent

Zoea1 : 17,950.00 67.70%

Zoga 2 o 4,175.00 15.75%

Zoea 3 3,570.00 - 13.46%

Zoea 4 723.00 2.73%
Zoea 5 ' 57.24 0.22%

Megalops . 40.50 0.15%

Total 26,515.74 100.00%

Step 2: Transform Entrained Brown Rock Crabs into Age-1 Equivalents

To transform the entrained brown rock crabs into Age-1 equivalents, we
estimate the cumulative survival rate from each of the six larval stages to Age 1 using
the life history parameters in Table C.3 in Appendix C, the percent allocation by life
stage for entrained brown rock crabs in Table 2 and Equations 2 to 4 presented below.
This step results in 5.1 million Age-1 eguivaients 2"

Z=M+F , {(2)

*'TER confirmed this estimate of Age-1 equivalents with John Steinbeck at Tenera Environmental. John
Steinbeck also estimated 5.1 million Age-1 equivalents from the entrained brown rock crabs using the
Adukt Eguivalent Loss (AEL) method, i
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where:
7 = the total instantaneous mortality rate
M = natural (nonfishing) instantaneous mortgiity rate
F = fishing instantaneous mortality rate
S= & ' (3)
where:
S = the survival rate as a fraction
, . max
=8 I S -
_ j=j+t (4)
where:
Sjs = cumulative survival from stage j until Age 1
S; = survival fraction from stage j to stage j + 1
S, = 25" =adjustedS;
jmax = the stage immediately prior to Age 1

Step 3: Determine Number of Brown Rock Crabs Caught

In this step, we convert the 5.1 million Age-1 equivalents into the number of
caught crabs employing the natural and fishing mortality parameters in Table C.3 in
Appendix C. We determined that brown rock crabs are first caught when they are Age
3 or Age 4. We estimate the cumulative survival rate from Age 1 to Ages 3 and 4 and
estimate that approximately 6,343 brown rock crabs would be caught recreationally and
~ commercially.

Step 4: Determine Value Categorization
According to the California Department of Fish and Game website, brown rock
crab is caught commercially and recreationally. Based on the available commercial

landings data and the recreational crabbing information, we assumed that 75 percent of
the caught brown rock crabs would be caught commercially and the remaining 25




Biabfo Canvon Report February 21, 2005

percent would be caught recreationally. This step resuits in an estimate of 1,586 brown
rock crabs caught recreationally and 4,758 brown rock crabs céught commercially.

Step 5: Determine the Vajue of Brown Rock Crabs Produced as a Result of
Entrainment Reductmns

TER values fish that were wught recreationally at DCPP by transferring
parameters from EPA’s California Regional RUM Study. For brown rock crabs, we
estimate a recreational value of $0.49 per crab. Thus, the recreationat value of lost
brown rock crabs is approximately $771. The recreational benefits of 316(b)
compliance from entrainment reduction range from about $463 (60 percent of total
value) to $694 (90 percent of total value). In our analysis, we estimate benefits from
entrainment reduction using the 60 to 90 percent compliance range. %

We determine commercial impacts by using the percent increase in commercial
landings and the percent change in dockside value based on the assumption that the
price elasticity of demand is -~1. For brown rock crabs, we fooked at the 1981 to 2002
NMFS commercial landings data for crabs.? The commercial landings data are
reperted in pounds. To estimate the percent change in quantity due to entrainment
reduction, we determine the lost commercial pounds. John Steinbeck (Tenera
Environmental) stated that the average weight of an aduit male brown rock crab is 0.45
kg and the average weight of an aduit female brown rock crabis 0.34 kg. To convert to
pounds the 4,758 brown rock crabs that would be caught commercially, we multiplied
by the average weight of an adult male and fémale brown rock crab (0.395 kg or 0.871
lbs.). We estimate lost commercial yield from entrainment for brown rock crabs at
4,143 pounds. We estimate that the average commercial landings from 1981 to 2002
for California are 161,623 pounds. The average per-pound value for 2002 was $0.94.
- The expected increase in landings is 2.56 percent,?* Given that the assumed price
elasticity of demand is —1, the expected decrease in price from the increase in quantity
is 2.56 percent. The per-pound price for brown rock .crab adjusts to $0.91. We
estimate the total commerclai impacts for brown rock crab at $3,784. Thus, the

22’Slrmiarly,r in our analysis, we estimate benefits from impingement reduction using the 80- to 95-percent
compiiance range,

23Source hittp:/hwww.st.amfs.gov/stt/commercialflandings/annual_landings.htmi
(4 143/161,623) * 100 = 2.58 percent.
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commercial .beneﬁts of 316(b) compliance from entrainment reduction range from about
$2,271 (60 percent of total value} to $3,4086 (90 percent of total value).

3.2 Analysis of the Effects of Uncertainty ,

There are numerous sources of uncertainty that may Jead to imprecision or bias
| in benefit estimates in this analysis as well as EPA's analysis. Using Finkel (1 990},
EPA classifies uncertainty into two general types (EPA 2002). ’

« The first is structural uncertainty, which reflects limited understanding of the

appropriate model and relationships among model parameters. Structural

" uncertainty is an unresolved issue that is inherent in this assessment and ail
such evaluations that require simplifying complex natural processes.

e The second is parameter uncertainty, which reflects imprecision in the

specific numeric values of model parameters.

EPA believes that structural uncertainties will generally lead to inaccuracies,
rather than imprecision, in economic and biologicat impact estimates (EPA 2004). EPA
does not offer support for this contention. However, in practice, our ability to evaluate
such uncertainties is limited. Accordingly, the uncertainty analysis conducted for this
effort focuses primarily on parameter uncertainty. '

We use a Monte Carlo analysis to quantify the effects of uncertainty on benefits,
as recommended by EPA. The Monte Carlo analysis combines and calibrates the
inputs from the known and unknown factors to account for the uncertainty of unknown
factors in developing the range of 316(b) compliance benefits. The Monte Carlo
analysis uses estimated ranges from each unknown factor, randomly selects a value
from the range of each factor, and then combines the estimates within the framework of
EPA benefit estimation methodologies and 316(b) compliance requirements. The
resulting combination of the various inputs creates a range of compliance benefits.

The Monte Carlo analysis repeats this process of drawing from the various
factor distributions 10,000 times, each time drawing randomiy from the designated
ranges of values for calculating biological impacts and economic benefits in a 316(b)
framework. Each repetition produces a different estimate of compliance benefits. The
resulting distribution of outcomes from the 10,000 draws produces the range of
potential 316(b) compliance benefits.
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Figure 6 provides an illustrative example. The example presents the process of -
determining the range of economic benefits associated with reducing I&E. Economic
benefits are one component of the larger Monte Carlo analysis depicted in Figure 6.
The figure shows that several different components determine the economic benefits
associated with reductions in 1&E: the cument level of I&E, the biological effects
associated with the current level of 1&E (i.e., how many fish are lost because of the
current I&E), the effect of reduced fish populations on catch rate, and the economic
values associated with changes in catch rates. The illustration associated with each
component shows that there is a range éssociated with each component and the .
ranges may have different properties. For exampie, the range on the levels of I&E may
be a typical bell curve, whereas the range associated with catch rates may be more like

a series of steps.

Figure 6
Example of Monte Carlo Analysis

Leveis of ISE Biological Effects

[]
:
|
{
—

Catch Rates ' Economic Values

Range of
Economic Benefits
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As Figure 8 shows, the Monte Carlo analysis draws from each element

infiluencing economic benefits to determine the range of economic benefits. For

example, in one draw, the analysis may draw a low estimate from the range of current
levels of 1&E, but then draw a high estimate from the biological effect and catch rate
and a mid-level estimate from economic benefits. Putting all four of these estimates
together produces one estimate of economic benefits. The analysis then draws again.
This time it may draw a mid-level estimate from each element. The process is repeated
10,000 times to produce the range of economic benefits.

Appendix B presents a detailed discussion of our Monte Carlo analysis and the
specific u_ncertafnty parameters we employ. In our uncertainty analysis, we attempted
to account for parameter uncertainty as recommended by EPA. We incorporate
uncertainty parameters to account for:

« Biological/Life History—natural mortality rates

« Stock characteristics—fishing mortality rates

e Ecological system—-fish community composition and abundance
o Economic value of lost fish—recreational and commercial values
« Compliance levels—performance standard ranges.

Table 3 presents the results of our Monte Carlo analysis. The lower bound and
upper bound values represent the 95-percent confidence interval. We provide
uncertainty estimates for RIS I&E losses, all 1E losses (including the additional 30
percent of forage fish larvae not speciﬁtal!y evaluated during the 316(b) Demonstration
Study), and the benefits of 316(b) compliance (80- to 95-percent impingement
reduction and 60~ to 90-percent entrainment reduction).? In addition, Table 3 lists the
present value estimates in 2002 dollars for the benefits of 316(b) compliance until plant
termination in 2023 and for an extension to the existing permit up to 2053.%°

T, estimate 2l IGE losses, we "gross up” the RIS losses by multiplying by (100/70).
e apply a 3-percent discount rate for recreational and forage values and a 7-percent discount rate for
commercial values.
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' Table 3
.ﬁ _ Results of Uncertainty Analysis for Diablo Canyon Using Monte Cario Simulation
Standard Lower Upper
Estimate ‘ Wean Deviation  Bound Bound
Baseline 1&E (RIS species) , $26,412  $4,732 $18,635 334,206
Baseline I&E (all species) $37,731  $6760 $26621 $48,866
Benefits of Compliance (RIS species) $19,853 $4,207 $13.280 $27,220
Benefits of Compliance (all species) $28,376 $6,010  $18971  $38,886

Benefits of Compliance in 2023 (RIS species)  $250,772  $53,114  $167,661 $343,655
Benefits of Compliance in 2023 (alt species)  $358246  $75.877 $239,516 $490,936
Benefits of Compliance in 2053 (RIS species)  $420,806  $89,127  $281,342 $576,667
Benefits of Compliance in 2053 (all species)  $601,151  $127.324 $401,917 $823,809

3.3 Restults
in our analysis, TER accounts for 100 percent of the impinged organisms. ' As
Table A.1 shows, impingement impacts at DCPP are minimal. The annual economic
- value of all species lost to impingement is $537 in 2002 doliars. The annual economic
." benefits of 316(b) compliance from impingement reduction range from about $430 (80
percent of total impingement impacts) to $510 (95 percent of total impingement
impacts). Recreational impacts account for 80 percent of total impingement impacts.’

The main species for impingement are rockfish, surfperch, sanddabs, and sole.?

Table A2 presents entrainment impacts at DCPP for the RIS species. The
annual economic value of RIS species lost to entrainment is $25,595 in 2002 doliars,
The RIS species account for only 70 percent of all entrainment. To estimate the
economic value of all species lost to entrainment, we multiply the economic impacts for
the RIS species by (100/70). Thus, the economic value of all species lost to
entrainment is $36,564. The annual economic benefits of 316(b) compliance from
entrainment reduction range from about $21,939 (80 percent of total entrainment
impacts) to $32,908 (90 percent of total entrainment impacts). Recreational impacts
account for 55 percent of total entrainment impacts, while commercial impacts account

"These species account for 96 percent of all total economic impacts from impingement.
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for 31 percent. The main species for entrainment are California halibut, brown rock

crab, kelpfishes, and sanddabs.

Table A3 presenté I&E impacts at DCPP. The annual economic value of ail
. impinged organisms and the RIS species lost to entrainment is $26,132 in 2002 dollars.
To estimate the economic value of all species lost to I&E, we muitiply the economic
impacts by (100/70). Thisis a good approximation as impingement accounts for only 2
percent of the total impacts. Thus, the economic value of all species lost to 1&E is
approximately $37,331. The annual economic benefits of 316(b) compliance from I&E-
reduction range from about $22,369 (minimum compliance, i.e., 80 percent of total
impingement impacts and 60 percent of total ‘entrainment impacts) to $33,418
(maximum compliance, i.e., 95 percent of total impingément impacts and 80 percent of
fotal entfainment impacts). Recreational impacts- account for 55 percent of total I&E
impacts while commercial impacts account for 31 percent. The main species for 1&E
aré Galifornia halibut, brown rock crab, kelpfishes, and sanddabs.

Tables A.1, A.2, and A.3 present point estimates. In our Monte Carlo analysis,
we attached uncertainty estimates to various parameters and assumptions. The annual
economic value of all I&E impacts ranges from $26,621 to $48,866 in 2002 doliars.
The annual benefits of 316(b) compiiance range from $18,971 to $38,886.

Table 4 compares the results of our analysis with ASA’s study. We present the
undiscounted annual benefits of compliance (because the two studies do not use the
same discount rates), the impacts each study measured, the reduction criteria each
study applied, and any assumptions necessary to make the comparison. As Table 4
shows, TER's estimates fall within the range of ASA's estimates.

3o
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y v Table 4
!. Comparison of Compliance Benefits across Studies
: Ecénomic Bensfits . . Assumptions/
Study Measured Impacts Lower Bound  Upper Bound Reduction Criterion Limitations
Recreational, B0% to 95% for ~ Assumes EPA life
- TER Commercial, and $18,971 $38,886 impingement, 60% to  history parameters
Forage |8E Impacts 90% for entrainment.  are correct.
. 80% for entrainment of '
aocreational, 4 14 RIS fish species  Divided by 0.7 to
ASA Indirect Us e' $1,949 $134,266 (excludes brown rock  estimate bepeﬁts
Entrainment lmpacts“ cuabs)and slender for all entrainment.

*We exclude nonuse impacts from ASA's estin_:ates o make them more comparable to our estimates.

In EPA’s estimation, the Northern Califomia region provided annual economic
benefits of $683,479 in 2002 dollars (assuming a 3-percent discount rate).”® For
California, EPA estimated annual economic benefits from the Phase Ii Rule in 2002
dollars at $2.97 million (assuming a 3-percent discount rate).”? Because of information
constraints, it is difficult to separate out the DCPP’s contributions to EPA’s Northern
California and California Regional Studies. Névertheless, it can be seen from Table 5
that our estimates for the DCPP alone are generally within the range of EPA’s benefit
estimates over these wider regional areas.

Table 5 .
Comparison of Compliance Benefits across TER and EPA Studies®

Study 'g’;?:i';:f Economic Benefits {2002 $)
TER 1 $20,424
Northern California 8 _ $683,479
California 20 $2,970,864

? We incorporate only'uppér—bound commercial benefit estimates for the EPA studies. For the TER
study, we present the undiscounted point estimates with no uncertainty attached to the values.

*® This estimate includes recreational beriefits of $663,965 and comimercial benefits of $19,514,

™ This estimate includes recreational benefits of $2.45 million and upper bound commercial benefits of
$0.52 mifion. .
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4. NONUSE VALUES

As part of the BVS, the 316(b) rule also requires that the benefits assessment
consider the nonuse benefits associated with reductions in I&E (EPA 2004 p. 41 ,B647).
_ People hold nonuse values for a resource that are independent of their use of the
resource. That is, some people may gain benefit simply from knowing the resource
exists—either because they want it to be available for people to use in the future or
because they believe the resource has some inherent right to exist. As the rule points
out, the economic literature commonly refers to these t\ko components of nonuse
values as “bequest’ (or “altruistic”) values and sayistence’ values, respectively {(EPA
2004 p. AG-3).% |

Currently, the only method available for estimating nonuse values is survey-
based elicitation. However, the reliability of this approach for estimating these impacts
is questionable. For example, the contingent valuation literature has long noted and
thoroughly documented the diffefence between people’s stated intentiohs and actual-
behaviors. This difference between intentions and behavior is called hypothetical bias.
Researchers in the natural resource arena recognized hypotheticai bias more than 20
years ago, defining it as the “potential error due to not confronting an individuat with a
real situation” (Rowe, d’Arge, and Brookshire 1980). -

Such difficulties have limited the possibilities for directly eliciting nonuse values
in this context with an original survey. In fact, because of conceptual and empirical
chalienges, the Agency decided in the final ruie that *...none of the available methods
for estimating either use or nonuse values of ecological resources is perfectly accurate;
all have shortcomings” (EPA 2004 p. 41624). More importantly, EPA decided that
“none of the methods it considered for assessing nonuse benefits provided results that
were appropﬁate to include in this final rule, and has thus decided to rely on a
qualitative discussion of nonuse benefits” (EPA 2004 p. 41624).

As a result of this conclusion, EPA provides guidance in the rule as to how each
facility should address the nonuse values associated with reductions in IXE. This

*The only distinction between bequest and altruistic values is whether one values uses of the resource by
one’s progeny or other people. Thus, both concepts are often combined under either one of the two
terms.
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section begins by presenting the methods EPA evaluéted in its assessment of nonuse
values and discussing their refevance for this assessment. The section then presents
EPA’s guidelines in the Final Phase !l Rule for addressing nonuse values and
describes how we have used those guidelines to assess the nonuse values associated
with reductions in I&E at DCPP. '

41 EPA Approach: Proposed Rule

In the proposed rule, EPA presented three potential approaches for quantifying
nonuse values. These include the Habitat Replacement Cost (HRC) method, the
Societal Revealed Preference (SRP) approach, and the Fisher-Raucher approximation.
After public comment and further review EPA repudiated these methods. The following
sub-sections describe each approach.

4.1.1 Habitat Replacement Cost Method

In the Proposed Rule, EPA presented two cost-based methods for
approximating benefits. For the HRC method, the costs estimated by EPA are the total
costs of restoring habitats so that they produce ecological seMces equivalent to those
expected from technological altematives.> Numerous reviewers commented that thesa
costs are not benefits. Rather, they are altemative costs for achieving the objectives of
the proposed regulation. Mitigation approaches such as stocking and habitat
restoration may be acceptable alkemnatives to technology installation. However, the
cost of such alternatives bears no implicit retationship to the benefits of reducing I&E.
Therefore, it is important not to confuse this method of mitigation scaling with
measuring the benefits of the mitigation.

Appropriate economic measures of benefits require that they be based on the
willingness-to-pay principle, and HRC is not based on this principle. In many cases, the
cost of developing a resource can substantially exceed the resource’s value. Although
EPA extensively evaluated HRC during its development of the Phase Il rule, EPA
ultimately decided that the HRC method should not be used as a means of estimating

3‘Ai€hough the Phase il Rule for existing faciliies allows the use of restoration measures to achieve
compliance with either national or site-specific standards, a similar provision was found to be invalid in
the Phase 1 regulations for new facilities by the U.S. Court of Appeals, Second Circuit. Environmental
groups and six States contesting the Phase [ regulation are again challenging the validity of restoration
in the Phase If regulation, which is being heard by the same Circuit Court of Appeal.
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penefits due to “limitations and uncertainties regarding the application of this
methodology” (Fed. Reg., Volume 69, No. 131, p: 41,625). Accordingly, the HRC .
approach is not employed in this assessment.

4.1.2 Societal Revealed Preference Method
The second cost-based methodology employed by EPA in the Proposed Rule is
calied Societal Revealed Preference (SRP). Rather than using the cost of a
hypothetical altemative, SRP uses historical costs under prior government mandates to
measure benefits. Like the HRC method, this cost-based approach has no foundation
in economic theory and is not accepted by economists as a legitimate method of
empirical valuation. In fact, the SRP method is corrupted application of the legitimate
revealed preference method. An essential characteristic of revealed preference
analysis and not SRP is that willingness to pay Is revealed by those who are doing the
paying. The SRP methodology takes the fact that a program exists as evidence thatits
" penefits exceed its costs. EPA removed the disputed results of the SRP analyses from
its benefits estimates for the final rule. Accordingly, the SRP method is not employed in
this assessment. ' '

4.1.3 Fisher-Raucher Approximation : .
For the Proposed Rule analysis, EPA also presented the Fisher-Raucher or “50 '

percent” rule. This approach approximates nonuse values at 50 percent of recreational’

use values. The approximation'is derived from a comparison of use and nonuse values

for water quality impl'{)vemertts.“f2 The 50-percent rule is inappropriate in this context
because there is no reason to believe that the ratio of nonuse to use benefits from

water quality improvements could be applied to the enyironmental improvement from
reductions in I&E. Moreover, because use values for fish often arise from their
consumption, there is no conceptual reason to believe that there is a positive
association between use and nonuse values in this context. EPA does not employ the
50-percent rule in its final analysis and this approach is not employed in this

assessment.

Rpisher, A. and R. Raucher. 1984, Intrinsic benefits of improved water qualily: Conceptual and empirical
perspectives. Advances in Applied Micro-Economics. 3.37-66.

AflLompny




Diabloe Canyon Report ) February 21, 2005

4.2 EPA Approach: Notice of Data Availability (NODA)

EPA used two approaches to evaluate nonuse values in the NODA. These
include a revised form of the HRC method and the Production Forgone method. After
pubfic comment and further review EPA repudiated the revised HRC method. The
Production Forgone method is included in EPA’s final benefits analysis but not
quantified in dollar terms because of time constraints. The. following sub-sections
describe each approach,

4.2.1 Revised Habitat Replacement Cost

In the NODA, EPA presented a “revised HRC? methodology that evaluated
nonuse benefits based on estimated willingness to pay values for the resource
improvements that would be achieved by equivalent restoration. It was based on a
transfer approach that combines an estimate of the amount of habitat required to offset
I&E losses by means of wild fish production with a benefits transfer estimate of
willingness to pay for aquatic habitat preservation/restoration.

This approach is fundamentally flawed for a number of reasons {Bingham,
Desvousges, and Mohamed 2003). A theoretical shortcoming of this approach is that
there is no good reason to presume that willingness to pay values for habitat restoration
are an appropriate proxy for either the total value or the nonuse value of the fishery
resources that would be preserved due to reduced 1&E. EPA does not employ this
revised HRC approach in its final analysis and this approach is not employed in this

assessment.

4.2.2 Production Forgone _

When calculating benefits for the NODA, EPA valued forage fish based upon
their value as inputs to recreational and commercial stocks. The Production Forgone
methodology recognizes that the value of forage species is through indirect use rather
than nonuse. This methodology passes the biological effects of increased biomass
availability through trophic levels untdl it reaches commercially and recreationally
valuable species. At this point, catch changes and recreational and commercial values
are calculated. Although commenters disagreed on certain assumptions, the approach
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was generally accepted.® Valuing forage losses in this manner accounted for nearly all
biofmass but led to only marginally higher estimates of economic impacts to recreational
and commercial fishing.*  This analysis employs EPA’s production forgone
methodology as presented in the NODA. The resulting benefits estimates account for
nearly all lost fish and shelifish biomass.®

43 EPA Approach: Final Rule |

EPA ultimately determined that none of the available methods for estimating
nonuse values were appropriate for inclusion in the final rule. Thus, in the absence of
impacts to populations or threatened and endangered species, EPA decided to "rely on
a qualitative discussion of nonuse benefits.”

44 Qualitative Discussion of Nonuse Vaiues for Diablo Canyon
 As the previous section shows, EPA examined a variety of methods to quantify
the nonuse values associated with reducing I&E. Based on this examination EPA,
sdetermined that none of the methods it considered for assessing nonuse benefits
provided resuits that were appropriate to include in this ﬁhai rule, and has thus decided
to rely on a qualitative discussion of nonuse benefits” (EPA 2004 p. 41,624). EPA then
_provided guidance in the final rule as to how each facility should assess the nonuse
benefits associated with reductions in 1&E.

This section provides the assessment of nonuse benefits for Diablo Canyon.
Section 4.4.1 begins by presenting the specific guidance EPA provides in the rule.
Section 4.4.2 uses that guidance to present the resuits of the assessment of nonuse
penefits for Diablo Canyon.

4.4.1 EPA Guidance on Assessing Nonuse Benefits _
in the final Phase 1l Rule, EPA provides the following guidance on how to
assess the nonuse benefits associated with reductions in I&E (EPA 2004 p. 41,647
~41,648):

REor example, Bamthouss (2002) indicates that the transfer efficiency is not coiect.

#The recreational and commercial fishing mortality rates specified by EPA indicate that very few of these
fish are expected to die naturally. Valuing forage fish in terms of production forgone added less than 20
percent to total losses.

*paccording to EPA calcuiations, approximately 99 percent of Age-1 equivalents are forage fish. All of
these fish are valued in this analysis using the Production Forgone methodology.

36




Diablo Canyon Report . ' ' February 21, 2005

that the public considers important, such as threatened and endangered
species. Nonuse benefits can generally only be monetized through the use
of stated preference methods. When determining whether to monetize
nonuse benefits, permittees and permit writers should consider the
maghnitude and character of the ecological impacts impiied by the results of
the impingement and entrainment mortality study and any other relevant
information. :

. _ » Nonuse benefits may arise from reduced impacts to ecological resources

+ In cases where an impingement mortality and entrainment characterization
study identifies substantial harm to a threatened or endangered species; to
the sustainability of populations of important species of fish, shelifish, or
wildlife; or to the maintenance of community structure and function in a
facility's waterbody or watershed, nonuse benefits should be monetized,*®

» In cases where an impingement mortality and entrainment characterization
study does not identify substantial harm to a threatened or endangered
species; to the sustainability of populations of important species of fich,
shellfish, or wildlife; or to the maintenance of community structure and
function in a facility’s waterbody or watershed, monetization is not
necessary. - : ~

The DCPP 316{b) Study demonstrated that the Plant's CWIS does not have any

effect on any threatened or endangered species, that the Plant has only relatively minor

impacts on commercially and recreationally important species, and that the most

. significant impacts were to three species of nearshore forage species having no direct
o commercial or recreational value. There also are no identified problems with the
maintenance of community structure in the vicinity of the DCPP. Based on these

results and the guidance presented above, there is no need to monetize nonuse values

in this study.”” We therefore provide a qualitative description below.

4.4.2 A Qualitative Description of Nonuse Values for Diablo Canyon

The original concept of nonuse values is credited to Krutila (1987), who argued
that individuais do not have to be active consumers of unique, imeplaceable resources in
order to derive value from the continuing existence of such resources. He wrote that
“when the existence of a grand scenic wonder or a unique and fragile ecosystem is
involved, its preservation and continued availability are a significant part of the real income
of many individuals® {p. 779).

*In cases where ham cannot be clearly explained to the public, monetization is not feasible because
stated preference methods are not reliable when the environmental improvement being valued cannot be
characterized in a meaningful way for survey respondents. [Note that this footnote is in fact part of the
quoted EPA text)

* ¥The production forgone methodology is employed to account for indirect use rather than nonuse lmpacts.
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Krutilla’s argument has two crucial components. First, nonuse values are related
to unique resources. Second, nonuse values are related to the continuing existence of a
resource. Thus, it follows from Krutilla that common resources that suffer from limited

injury do not generate significant nonuse values.

This perspective has pervaded the economic literature in the years since Krutilla
introduced it. The extensive economic literature on nonuse values emphasizes the
relationship between the existence of nonuse values and the uniqueness of the
resource in question and the irrevefsibility of the loss or injury (Freeman 1993).
Ereeman summarizes this relationship in the economic literature in the following

example:

_..economists have suggested that there are important nonuse values in

...preventing the global or local extinction of species and the destruction

of unique ecological communities. In contrast, resources such as

ordinary streams and lakes or a subpopulation of a widely dispersed

wildlife species are not likely to generate significant nonuse values

because of the availability of close substitutes (p. 162).

As Freeman's example illustrates, common resources (i.e., resources that are
not unique) that do not experience irreversible losses are not likely to generate
significant nonuse values, if any at all. Such is the case with respect to the effects of

I&E at DCPP.

First, the DCPP 316(b) Study demonstrated that the Plant's CWIS does not
have any effect on any threatened or endangered species? This is important because
of the relationship between the uniqueness of the resource, the imeversibil’rty
associated with changes to the resource, and the extent of potential nonuse values.
Because there are no threatened and endangered Species associated with I&E at the
Plant, the species being impinged and entrained are not a unique resource and the
effect on the resource is not ireversible. Therefore, the nonuse values associated with
reducing |&E at the site are small, if anything at all. |

Moreover, EPA’s guidance on nonuse values is that monetization is not
necessary “in cases where an impingement mortality and entrainment characterization
study does not identify substantial harm to a threatened or endangered species...’
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(EPA 2004 p. 41,648). Therefore, it is not necessary to attempt to quantify whether
there are any nonuse benefits associated with reducing the I&E at the Plant.

Second, the Plant has relatively minor impacts on commercially and
recreationally important species, and the most significant impacts were to three
nearshore forage species having no direct commercial or recreational value. To .
account for these lost forage species, the analysis values them in terms of forgone
production of recreational and commercial species. This méthodo!ogy passes the
biological effects of increased biomass availability through trophic levels until it reaches
traditionally valuable species. At this point, catch changes and recreational and
commercial values are calculated. EPA performed these calculations in the benefits
‘assessment of the Phase Il NODA. Although commenters disagreed on certain
assumptions, the approach was generally accepted.”® By valuing forage species
through the production forgone methodology, this BVS has monetized all meaningful
I&E impacts at DCPP. '

- ®For example, Barnthouse (2002) indicates that the transfer efficiency is not correct.

39
ABELCopmpnny




Diable Canyon Report — Febryary 21, 2005

REFERENCES

Barnthouse, Lawrence. 2002 Review of Methodology Used. by EPA to Evaluale
impacts of Entrainment and impingement Losses and Comments on the
PISCES (August 2002) Report Prepared for the Riverkeeper Inc. Prepared for
EPRI. Oak Ridge, TN: LWB Environmental Services.

Beggs, S., S. Cardell, and J. Hausman. 1981. “Assessing the Potential Demand for
Electric Cars.” Joumnal of Econometrics 17(1):1-189. '

Bingham, M.F., AFF. Mohamed, and W.H. Desvousges. 2003. Comments on Benefit

Estimation in EPA’s Proposed Phase /i 316(b) Rule as Summarized in the
Notice of Data Availabitity. Durham, NC: Triangle Economic Research.

California Department of Fish and Game. 2004.
http:ilwww.dfg.ca.govfmrdilandingsO‘l!tableB.pdf

Cameron, Trudy Ann. 1985. “A Nested Logit Mode! of Energy Conservation Activity By
Owners of Existing Single Family Dwellings.” The Review of Fconomics and
Statistics 67(2):205-211. _

Desvousges, W.H., D.M. Clark, M.F. Bingham, A.F. Mohammed, S.M. Small, and D.F.
Ludwig. 2002. Comments on the Benefit Estimates of EPA'’s Proposed Phase
Il 316(b) Rule: Final Reporl. Prepared for The Utility Water Act Group.
Durham, NC: Triangle Economic Research.

EPRI. 2003. Impacts of Volumetric Flow Rate of Water intakes on Fish Populations
and Communities: Final Report. Palo Alto, CA: Electric Power Research
Institute, Inc. March. :

Finkel, AM. 1990. *A Simple Formuia for Calculating the 'Mass Density' of a
Lognormally Distributed Characteristic: Applications to Risk Analysis.” Risk
Analysis 10{2).291--301. _

Fisher, A., and R. Raucher. 1984, “Intrinsic Benefits of Improved Water Quality.
Conceptual and Empirical Perspectives.” Advances in Applied Micro-Economics
3:37-66.

Freeman I, A. Myrick. 1993. 'Nonuse Values in Natural Resource Damage
Assessment,” in Raymond J. Kopp and V. Kerry Smith (eds.), Valuing Natural
Resource Assels; The Economics of Natural Resource Damage Assessment.
Washington, DC: Resources for the Future, Inc.

Froese, R., and D. Pauly, eds. 2004. FishBase. World Wide Web electronic
publication. www fishbase:org, version 06/2004.

Hensher, David A. 1991, "The Use of Discrete Choice Models in the Determination of
‘Community Choices in Public Issue Areas Impacting on Business Decision
Making.” Journal of Business Research 23(4):299-309.

Krutilla, John V. 1967. *Conservation Rechnsidere'd.” American Economic Review
57(4).777-796.

40




Piablo Canyon Report February 21, 2005

McFadden, Daniel. 1997. “Modeliing the Choice of Residential Location.” In The
Economics of Housing, Volume 1, J.M. Quigley, ed. Northampton, MA: Elgar.

National Marine Fisheries Statistics. 2004,
http:ffwww.st.nmfs.govlst‘lfcommercia!ﬂandingsiannua!_landings.html

Ricker, W.E. 1975. “Computation and Interpretation of Bioclogical Statistics of Fish
Populations.” Fisheries Research Board of Canada, Bulietin 191.

Rowe, R.D., R. d'Arge, and D.S. Brookshire. 1980. "An Experiment on the Economic
Value of Visibility.” Joumal of Environmental Economics and Management
7:1-19. ' :

Schaefer, M.B. 1954. "Some Aspects of the Dynamics of Populations Important to the
Management of Commercial Marine Fisheries." Bulletin of the Inter-American
Tropical Tuna Commission 1:5-66.

Schaefer, M.B. 1957. “Some Considerations of Population Dynamics and Economics
in Relation to the Management of Marine Fisheries.” Journal of the Fisheries
Research Board of Canada 14:669—681. :

Tenera Environmental Services. 1988. Pacific Gas and Electric Company, Diablo
Canyon Power Plant, Cooling Water Intake Structure 316(b) Demonstration.
Submitted to Pacific Gas and Electric Company, San Francisco, California.

Tenera Environmental Services. 2000, Diablo Canyon Power Plant 316(b)
Demonstration Report. Prepared for Pacific Gas and Electric Company. March
1. Document No. £9-055.0. '

U.S. Environmental Protection Agency. 1977. Draft Guidance for Evaluating the

Adverse Impact of Cooling Water Intake Structures on the Aguatic Environment:
Section 316(b} P.L. 92-500.

U.S. Environmental Protection Agency. 1998, Guidelines for Ecofogical - Risk
Assessment. EPA/630/R-95/002F. Washington, DC: U.S. Environmental
Protection Agency, Risk Assessment Forum.

U.S. Environmental Protection Agency. 2002. Economic and Benefits Analysis for the
Proposed Section 316(b) Phase |} Existing Facilities Rule. Report Number 821-
R-02-001. Washington, DC: USEPA. February.

U.S. Environmental Protection ‘Agency. 2003. “National Pollutant Discharge

Elimination System—Proposed Regulations to Establish Requirements for

- Cooling Water Intake Structures at Phase 1| Existing Facilities, Notice of Data

Availability, Proposed Rule.” Federal Register Vol. 68, No. 53 {Wednesday,
March 19):13,522-13,577. _ _

U.S. Environmental Protection Agency. 2004. “National Pollutant Discharge

Elimination System—Final Regulations to Establish Requirements for Cooling
Water Intake Structures at Phase I Existing Facilities; Final Rule.” Federal
Register Vol. 69, No. 131 (Friday, July 9):41,576-41,693.

7]




February 21, 2005

Diahlo Canyon Report

Appendix A
impingement and Entrainment Estimates

42




&y

‘sanjea syoeds
-svicads obeto) o saniea Aioysy jeprewwion pue [BuonBaldal 180) LBAUOD BAA "POYISW BUoBID} uononpoId [BRIBLIIOD 8 y4T Buisn peje|nojes sanjea pue spunod ebeiog,

"BJEPp SONiSHEIS SOUBYS|d Suely [euofieN Z0OZ 0} 1881 PUe patpel yq3 Buisn pajemnoles siequiny jeosewoy s
"sigjewesed japow Ayyin wopuel Hluwored pue poyil vq3 Buisn psyemoles siequiny [euonesnay

‘sebe Jopio Je peBujduwi aie ysy Auew 88NE05( §,1-aby ©} papeALCs usym aseesl siequin wewsbuidw; mey
seIpmS jeuoiBay ejwojlie) pue eluioNe) WeLLON 2u) woy sisiewsied Aiojsyy of) pue PoLew yda uodn peseq uoneuucsuel; Jusieainbe |-eby,

“(6¥00-2002-MO#) 19%90() YAON Y3 Ut epcndu~olaeiq woy siequnu waweBurdwn mey
L1€9% 898507 |00

ve'0$ ZL  00Z5$ _ 26 00'v8P$ 14774 8Le'y 20)'s
- - o0z 6€°08 80 06'88$ il ory €48 (qeppues) 18uyi0)
— —  I£0i8 L1208 el 0c'63% ] X4 L2k ysyuasany)
90'0¢ G512 — - — - - g9g . 002 uewdiyspiy uyuiely
— —  ves 9e°0% zeT 81'20% 8 501 8. ‘ oj0g
os 620 — — - — — 74 62 yauung
00§ 8p') — - - - - 68¢ 1=} usidisy
- - - - - v.'8228 91 E144 0.8 yosadung
80°0% 86t - - .= — — 6Ls . gze uidinog
00'0$ 4N - - - - — e 14! Buiusaig
- ~  SV'e$  190% - TYe 9e'68% 9 8lz't L) usysooy
LL'08 10'9 - — - - - zZov 862 usyadiy

(s) (4) an—av (sqi) Aww {usy jo %) .
enjep euoBioy ysid jo PIOIA PleIA L{swsjuebio
ey ey Wieuio3 PEASED oqmerny MR SIS 00
T ON[EA obeiod (ONIEA [EISWW0Y ~ BA[UA [EUONesI5ed _
vleq [emoy Bu)sn jued 10mog uofues ojgeiq je sesso juewabuidwu| 1ejo] Jo sajewunsy s.43)
b’V ejqel

$00¢ "TT Meniaeg . _ | _ VI6a5Y USATED S[Geld

®




‘gapads ejqeniea Kjeuolisene) € 5 qe:o Jopus|s ey uoieubisen £vd3 68n @My
‘[BJUSMUGIALS BISUSL 8 HISQUINS UYO[* YU sjuapeanba |-aby JO JeqUInY B} PBLUYBA e ‘salels syl (eae] e spnidul qeud sepuss pue B0 HI0S UMBIG 10} SSIBUNSe JUBWUERUT |
‘ganjea aypsde-sonads ooy o) san{es K15Ys1} [BIOIAUILICD PUR [eHORRADE] JS0] peALCd Spy “poueLu suabioj uoponpoid feRIRWeS 8\ da fiu|sn pajejnojes sBABA PUB spunod ebesod ,
"e1ED SONSHEIS SOUOUSI GUBY [2UOIIEN ZOOZ O1 1861 Pue poLtawl Vi BUIsn pRLRINDIEY SIOQWINU (BRIBUILGY ,
‘grejeweled ppow AN wopuRl BUSHED pue pOyIaW Y43 Buien pajeraed S10GLINY [SUONESLIEY ,
, -3 aBy Yol Jou PINOM BEAIR) DUE $BB0 Aueul 98nBo6t $,1-05y 0} POLIBALOD UaUM SERAINDD SISUIUNU JUSUAKENUS MBY
‘salpmig (BuoISay BRUOMEYD PUE BILOJIED WAYMON 84 Wol) sieLuesed A0js)y ojif pue poUIeW Vd3 uodn paseq uonsulojsLes uojeambe 1-efy,
. (B00-200Z-MO#) 193000 YAON Yd3 Ul s1xInduy ORI WO SIBQUUNU JUBUIITEIIUG MEY
§65'9Z$ 1595907 (¥I0L
00'39¥°CS 00°5£0'205  00°0£6'LS o'zos'oc  00'28L°FLS qTl't g6¢'c60°'98 000°591'C06'8Z
—_ - 6108 £18'0% 60 ev'o$ 0 8 000'05.L'885 Byeqs)d UM
$0°1$ gg'18 _ - .o— - — e 680L'v2 000'06L'96 uidinog esouqnug
£60% 88’18 ) -_ - —_ — - — L1812 000'05€'98 uldinog pesULioows
— - — — - 91'893 0zt g6e'ss  000'O¥v'6ZY »0210 Jepuels|
- . —_ T 08'18L% 6e'0% - £'68€ 00'6Z1'1$ eEl ove's 000'625'9 sqeppue
T4 S Go'6ZL'L) - —_ - _ i £or'eso'y  000°508'0L BuijueaiD pajuled
- —— ¢1'600'Ls - 008 Tyer'ee _ - 669'6St 005'208°€Z suipieg djjloed
— - lLegLs S008 | Te88T — - 206'02 000'000'¥8E fnoyouy UISULON
- - 88°01$ £0'v$ Tz etoL$  €9e . 908t 0000082, Peqapioud edefeduon)
- - - 0p'oos 99'v8 e Zovis 11} 8 8Z5't D0000S8Fz  xelduiod Usyood 8ON
SR TR \sogp'ese 0 — = — -— - 0.0'al2'sL 006'290'6L2 seysydiex puld,
- 01'S¥L'ZS 16'2%$ (VR 443 - Z6'206'118 gor'L - 988 000'046'L} IngleH BluIojeD
1508 ¥i09 - - - - ‘ - 162 000'004'¥¥ uozeqey)
- - LL'y8L'ES 16°0$ OerL'y FANWILA 2851 ¥85'/G0'C  000°06.'S9V'92 qel0 ooy umoigd
- - 99'6$ ., w6 1822$ ol zZag 000'026'85 xoidwo?) Usoay anig
6L93% 18009 — -— - — - 9z.'60€  000'006'8L} — kgoo ehexeig
(s} _ :
o:oEM_“M.w_uanm :u__ﬂ a-wanw._ ou_MMquuo - ummh__.w._ 09 nwwq | “”Hﬂ_mwmum sjuejeanba (foeneyshibo d
0 Spuno _ q ‘ o 80199
) .ﬁz_“__ﬁwmw_ﬂ : 10 SPUNOD oy a0 [BDISUIOD | g aRioy  TEWONERIO®Y — ayuoBioy LBY e hh _.__“wb - 1o0dg
", @n[eA 6PEIo] BABA [E[o400UI0D ‘ “$TEA JEUONeaIo0Y
ejeq remoy Buisn Jueld 10MOd UoAue) ojqelq je 888807 juewiujesug [B30) Jo sejewnsd S AL 2V e1qel
§00¢ 12 Mengag




av

[BIUSUUGIIAUZT BIOUDL 1B HOSAUISS HYOP UlIM SJUSBAINDO L-aBy/ JO JOGIINU SI) BOYHGA SAA “sebes sy (BAse| (18 9PNBY] qEID JOPUSIS PUE GEID X001 UMDIQ J
"SenjBA ojjoads-seoads abrIo) 0} ON|BA AlSUSy [BIJSWLICD PUE (BUONBRISES) 150] LBALOD S/A PO}

*} aBy Ueal jou pinom aeas) pus s68e Ausw asneoeq s, |-eby 0) POUGALDD USM asE
UsUm eseRIoU| s1eqtunu uewabudua mey “saipmg jeuo|iey Bluloye) pue BlIGES

'99|090% 9(qenieA AlleuOliBeIES B 5| GEID JAPURIS JBY) UONELBISSP 8,5 86N OAN 4

0} sajEUMSS USRS |
aUs euofiio) vononpoud [EmIaWLeY YT Buisn pejEnoEs sanjea pur spuncd abwog,

lep SSRGS SOUOYSI] OULIEYY |BUDNEN Z00Z OF 1861 PUB PoWAW vda Buisn peleinojeo siequiny jeruswLio) p
"slasuenad apowl Ay Wopue) BlISHED pue Poyiew vJ3 Buisn pelejnoles slequinu jeuoRERIIRY 0

waypoN e way susjeureied Liojsiy 8)) pue po

anep s1aqunu uswinenus mey ‘sabe sapjo je pebujdw) are ysy Aumu asnessy $.1-eby 0} PELIBALND
Ylew y43 uodn paseq uopewosuel Jusieanbe |-aby a
"(8¥00-2002-MO#) 19%300 YGON V3 Ut speindulTojqejq woy siequinu justuujesuspusLseBuidu) mey

ZEL'ozs :sesson |ejo)

00°'899'c$ 00°.0'20E 286°LS 6508 00'280'pis 6i6'C 911'260'98 201891 'C06'2Z
- — L8018 [ 0263 l (F41 12k ysyuaanp
90'0$ 612 —_ - — = R 002 UBLIdIJEpHA Ugureld
- -— ¥'83 £z 81295 8 501 8l 8jog
L00% 820 — — - - (7] 8¢ jlBlung
— —_ — — #L6ZZS Sal St 0.€ yosadung|
90°0% 86°L — — e —_ 6LE €28 uldinog
0008 ZL0 — — — — £e ¥l Buiuasig
s e gl'1z8 ¥ 0£'68% +9 842’} Pl ysy0oy
2108 208 — — — — 0% 982 ysyedig
- — 5.°08 ! £9'0% 0 g 000'06.855 CEERETM
0’18 5818 e - — - 801'pZ 000'06.'96 ufdinog asougnhlis
£6'0% 86'18 — — — — 1§12 000'05€'58 Lidnog pesyipoowg
— — — —~ 81898 [i14] GBE 66 00007 6% 9830 1BpUS|S
— - 08'€91% ozP 95'tLZ 1 cri S80'9 €/EGZGD sqeppues
S2'0023% S96cL'L1 — - — — £SP'ECOY 000 G08'D1. BUIjUS5.6) pojuied
— —_ GL°500'18 AN T — -— 555’851 005'20£'c2 sulples ayied
— -— Lr66Lg 0882 — — Z06'0¢ 000°000'#8E AROUdLY WIBUUON
— - 82°01% £ 0£'9/1$ £OE oL0'8l 000°00E'2, Yoeqepiold edefAsuon|
s - Or'99% pl LZ0vLs 0L gze'l 000°005'8%2 xe{dioD YSINooy goHv
1e'862°es 00°Z8y'88¢ - — — — 860'L1L'a/ 189'780°6/2 Lysydiay
—_ — oLerl'Zs 28 26'208°L LS Qo' 0769 000'048'41 INQUEH enuojlen
1508 106 —_ _— — — 182 000'00L Y uozages)
— - 21'180°¢% eri'y FANYIT] g8g'L ¥05'160°S 000’062 '59¥'92 (GBI Y30}y Umoig
— - 09°6% 8 i8ces ol 298 000'026'8S XafdLloy) ysyyaoy anig
8.'6% 87009 — -— — — 9Z1'60¢ 000°00S'81 L Aqoo) akexoeig
($) s 8f) Jo oearel-sBBe
SnieA euocfioy Held 3 amw._ PIIA _h_h_..wseoo Lw._ uﬁhp__u.__ﬁ:uww%m suejeanbz a._m.»_&__wwo o 8)
s9;00dg jsuopeaooy Spunad [RI218UI00) auoBio euoReaIDaY suoBiog T -aby JuewuEnUD sojoeds
2 [Boowmod g Juawasbuidw|
- .n.:_m>iﬂmm.._.ou_ uuﬁ_.&ﬂmﬂﬂﬂad_oo LAMEA [EUOReaI00y :

jueld 10MO¢ LoAueD o|qel] 18 $98807 JuswuieNUS § JusweBuldiug [B30] JO sejRWRST S, HTL SV ojqe)

H009y UOAUED BIOeIa

§D0Z 'TZ Aleniqag




_February 21, 2005

Diablo Canyon Report

Appendix B
Detailed Monte Carlo Analysis




Diablo Canyon Report . February 21, 2005

Ranges Applied to Impingement and Entrainment Parameters
in the Monte Carlo Analysis

TER includes a Monte Carlo analysis in our 316(b) benefit analysis t¢ account
for uncertainty existing in current data and/or estimation methods. A Monte Carlo
Analysis treats each parameter as a mean and creates a distribution around the mean
by using specified percent ranges.*® Our Monte Carlo simulates the benefit calculation
process 10,000 times using randomly chosen values from each parameter’s
distribution. Output of the Monte Carlo is a range of benefit values around our -
calculated mean that accounts for uncertainty. This appendix reports the ranges we
apply to each parameter in the Monte Carlo analysis.

B.1  Number of Organisms/Eggs and Larvae Impinged and Entrained

Because fish popuiations fluctuate from year to year, we attach a range to our
estimated number of organisms impinged and number of eggs and larvae entrained.
Including this range around the actual number of crganisms impinged and entrained
accouhts for uncertainty in fish community composiﬁon and abundance (uncertainty in
the ecological system).

Entrainment: We use DCPP entrainment data from Diablo_input.xs in the NODA
Docket (#0W-2002-0049). The estimates we use are an average of 1997 and 1998
plaht data. - We calculate and apply the percent range of each entrained species
between 1997 and 1998 to total egg and larvae estimates. The ranges we apply vary
from a low of 4 percent for brown rock crabs to a high of 69 percent for sanddabs. .
Ranges for all DCPP entrained species are shown in Table B.1.

*Ranges are applied to both ends of a mean. A range of 4 percent translates to an §-percent range
around the mean.
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Table B.1
Ranges for Entrainment Estimates
Entrained Species Range
Blackeye Goby 8%
Blue Rockfish 43%
Brown Rock Crab 4%
Cabezon 18%
California Halibut : 31%
Glinid Kelpfish 26%
KGB Rockfish 11%
Monkeyface Prickleback 15%
Northern Anchovy 47%
Pacific Sardine 45%
Painted Greenling - 43%
Sanddabs 65%
Slender Crab 42%
Smoothhead Sculpin 33%
Snubnose Sculpin 14%
White Croaker 18%
Average 29%

impingement: We use DCPP impingement data from Diablo_Input.xds in the NODA
Docket (#OW-2002-0049). Impingement data are available for only one year, 1998.
" We calculate the average percent range for all entrained species between 1997 and
1998 (29 percent) and apply it to total numbers of impinged organisms. Because we
have only cne year of impingement data, we are unable to calculate ranges by species.

B.2 Recreational and Commercial Species Life Stage Survival Rates

The life history parameters we use to calculate Age-1 eguivalents are
transferred from EPA case studies. In some cases, we transfer life history parameters
~ from a similar species or an aggregate species group to DCPP species. The ranges
we apply to life stage survival rates are based upon the quality of the match between
DCPP species and EPA case study species life histories. Table B.2 reports the criteria
we use to assign ranges to recreational and commercial species transfers. Table B.3
presents the EPA species and sources ‘we transfer to DCPP recreat:onal and
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. commercial species as well as the percent ranges applied to the transferred
parameters. These ranges account for uncertainty as suggested by EPA:

+ Biologicalllife History—-nafural mortality rates
»  Stock characteristics~——fishing mortality rates.

Table B.2
Uncertainty Applied to EPA Transfers

Criterion Standard Deviation
Number : Transfer Criterion Applied

1. Exact Species Transfer 0.0%

2.  Different Species Transfer, Similar Life History Match 5.0%

3. Aggregate Group Transfer, One Exact Species Match 5.0%

4.  Aggregate Group Transfer, Similar Life History Match 7.5%

5.

Different Species Transfer, Best Avaitable Match 10.0%

ABOL Cosmpray
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Table B.3 _
Recreational and Commercial EPA Species Transfers
Standard
EPA Species LifeHistory = EPA Deviation Criterion
Species “Fransfer Basis Source®  Applied Number’
Blue Rockfish ’
Complex Rockfish Blue Rockfish  NCCS 5.0% 3
KGB Rockfish , :
Complex Rockfish  Blue Rockfish ~ NCCS 7.5% 4
Brown Rock
Brown Rock Crab  Rock Crab Crab NCCS 0.0% 1
Brown Rock :
% Slender Crab Rock Crab Crab NCCS 5.0% 2
2 California California
2 California Halibut Hatibut Halibut NCCS 0.0% 1
2  Monkeyface Other Forage  Multiple
prickle] is species .
E ickleback Fish i CRS 5.0% 2
5 Northem
Northesn Anchovy  Anchovies Anchovy NCCS 0.0% 1
Pacific
Pacific Sardine Herrings Herring NCCS 0.0% 1
Speckied
Sanddabs Flounders Sanddab NCCS 5.0% 3
' Drums/ White
White Croaker Croakers Croaker NCCS 0.0% -
Rockfish Rockfish  Blue Rockfish NCCS 5.0% 3
@ Walleye
"g Surfperch Surfperches  Surfperch NCCS 5.0% 2
& Drums/ White . '
2 Queenfish Croakers Croaker NCCS 5.0% 2
g _ Multiple
E- Sole Flounders species CRS 5.0% 2
- o Muttiple )
- Other (Sanddab) Flounders species CRS 10.0%° 5

eNCCS = Northern Califomia Case Study from EPA NODA Docket.
CRS = Califomia Regional Study from EPA Regionat Analysis Document for the Finat Phase Il Rule.

bThe criterion number matches the criterion transfer and standard deviation from Table B.2.

©10.0% was used for “Other (Sanddab)’ because this category includes species oiher than Sanddab.

2 BBL Comgmuny

50




Diablo Canyon Report February 21, 2005

B.3 Commercial and Recreational Species Life Stage Breakdown
Entrainment: One-half of DCPP species entrained lay adhesive eggs {monkeyface
prickleback), are livebearers (rockfish}), or carry eggs in abdominal flaps {crabs) and are
not entrained during the egg life stage. Therefore, entrainment of these species is 100
percent larvae, we apply no uncertainty to their life stage breakdown. We assume a
50-percent breakdown between eggs and larvae for remaining entrained species
{California halibut, Northern anchovy, Pacific sardine, sanddabs, and white croaker)
based on best available data. We apply a 5-percent range to the ego/tarvae
breakdown for these species to account for the uncertainty of the estimate,

Impingement: We estimate the breakdown of impinged organisms into percent Age-1
fish and percent Age-2 fish based on EPA case-study impingement data combined with
species-specific life history parameters. = Since the breakdown is based upon
transferred data, we apply a 5-percent range to the assumed age of impinged
organisms. -

B.4 Commercial and Recreational Species Values .
Commercial Values: To calculate DCPP commercial species per-pound values, we
use NMFS commercial fishery data from Northem California. We calculate the species-
specific average commercial price per pound using catch data from 1981 to 2002 and
2002 price per pound. Taking the average value over a large timeframe includes the
natural variations that occur in commercial prices. Because of the quality of our
commercial value data, we apply a 0 percent range to these values.

Recreational Values: To caicuiate DCPP recreational species per-fish values, we use
estimated changes in DCPP caich rates and values from EPA's Califomnia Regional
RUM Study. We account for uncertainty in these non-fixed values by applying a 2.5-
percent range to all per-fish recreational values. This step accounts for uncertainty in
the economic value of lost recreationa fish.

54
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B.5 Forage Species Calculations

Most life history parameters that we transfer to DCPP forage fish are from the
“Other Forage Fish” of the California Regional Study. We calculate recreational and
commercial production forgone from entrainment and impingement of forage fish using
' EPA’s recreational and commercial species parameters. Because of the uncertainty of
the numbers of forage fish impinged and entrained, EPA’s “Other Forage Fish®
composition, and their re_creational and commercial species parameters, we apply 2 29-
percent range to the final entrainment and impingement forage values calculated. The
range of entrainment estimates between 1987 and 1998 is 29 percent. We apply the
29-percent range to the values of the species listed in Table B.4, which presents the
EPA species and sources we transfer to DCPP forage species.

Table B4
Forage EPA Species Transfors
' i EPA
Species . EPA Species Transfer Life History Basis Source*

a Blackeye Goby Gobies Blackeye Goby NCCS
E Cabezon Cabezon ~ Cabezon NCCS
§ Painted Greenfing Other Forage Fish  Multiple Species CRS
E Smoothhead Sculpin Other Forage Fish Multiple Species CRS
£ snubnose Sculpin Other Forage Fish  Multiple Species  CRS
W Ciinid Kelpfishes Other Forage Fish Multiple Species CRS
@ Pipefish ' Chain Pipefish Chain Pipefish NARS
Greenfing Other Forage Fish Multiple Species CRS
&  Sculpin ~ Other Forage Fish Multiple Species CRS
9
§, Kelpfish - Other Forage Fish Multiple Species CRS
'g. Gunnell . _ Other Forage Fish Multiple Species CRS

Plainfin Midshipman Other Forage Fish Muitiple Species CRS

®NCCS = Northern California Case Study from EPA NODA Docket.
CRS = California Regional Study from EPA Regional Analysis Document for the Final Phase || Rule,
NARS = North Atlantic Regional Study from the EPA NODA Docket.
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.. B.6 Compliance Range :
i Under EPA’s Final Phase !l Rule, DCPP must reduce its entrainment levels 60

percent to 90 percent and its impingement levels 80 percent to 95 percent from
calculation baseline. We include these compliance ranges in Monte Carlo analysis.
We report a compliance benefit range that estimates benefits ranging from minimum
'compiiance (60 percent entrainment and 80 percent _impingement moriality reduction)
to maximum compliance (90 percent entrainment and 95 percent impingement mortality
reduction). ' |
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Blackeye Goby

Table C.1

(Transferred from “Gobies” of Northern California Case Study,
Table 2-11: Based on Blackeye Goby)

February 21, 2005

Life Stage Is':us::g: Sg;?g:lctblin Izl:rttua;?t; ;:s:;?itgy MI?:I:ty Adjusted vﬁmﬁe V\l(ﬁg)ht
(S=exp{-Z)} Rate(M) Rate(F) Rate(2) to Fishery '

Egg 1 1.0000 0.000 .00 0.00  1.0000 0 0.0000115
Larvae 2 10.0031 5766 0.00 5.77 0.0062 0 0.0000190
Juvenile 3 0.4185 0.871 0.00 0.87 0.5901 0 0.0001690
Age 4 0.3325 1.100 .00 1.10 0.4995 0 0.0018400
Age 2 5 0.3329 - 1.100 0.000 1.10 0.4995 0 0.0041400
Age3 6 0.3329 1.100 0.000 1.10 0.4995 0 0.0076300
Aged 7 0.3329 1.100 "0.000 1.10 0.4955 0 0.0310000
Age s 8 0.3329 1.100 0.000 1.10 0.4995 0 0.0810000
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Table C.2
Blue/KGB Rockfish Complex (entrainment)l Rockfish {impingement) .
(Transferred from “Rockfish” of Northern California Case Study,
Table 2-17: Based on Blue Rockfish)
. Survival Natural  Fishin Total Fraction
Life Stage 'é';::;’ng: Stage Fraciion Mortality Mortality Mortality A91USted  vuinerable w(';;g;‘t
(S=exp(~2)}  Rate (M} Rate (F} Rate (Z) to Fishery "
Larvae 1 0.0024 6.040 0.00 6.04 0.0048 0 0.000181
Juvenile 2 0.0013 6.650 0.0 6.65 0.0026 0 0.007600
Age 1 3 0.80865 0.215 0.00 0.22 0.8928 0 0.044400
Age 2 4 0.8065 0.215 0.00 0.22 0.8929 0 0.150000
| Age3 5 0.7703 0.261 0.00 0.26 0.8702 0 0.308000
Aged 6 0.7703 0131 0.13 0.26 0.8702 0.25 0.458000
Ageb 7 0.7703 0.131 0.43 0.26 0.8702 0.5 0.682000
Ageb 8 0.7703 0.131 0.13 0.26 0.8702 0.75 0.878000
Age? ) 0.7703 0.1 0.13 0.26 0.8702 L . 1.050000
AgeB 10 0.7703 0.131 0.13 026 0.8702 1 1.210000
Age8 11 0.7703 0.131 0.13 0.26 0.8702 1 1.340000
Age 10 12 0.7703 0.131 0.13 0.26 0.8702 1 1.460000
Age 11 13 0.7703 0.131 0.13 0.28 0.8702 1 1.550000
Age 12 14 0.7703 0.131 0.13 0.26 0.8702 1 .1.630000
Age13 16 0.7703 0.131 0.13 0.26 £.8702 1 1.706000
Age 14 18 0.7703 0.134 0.13 026 0.8702 1 1.750000 1
Age 15 17 0.7703 0.131 0.13 0.26 0.8702 1 1.800
Age 16 18 0.7703 0.131 013 0.26 0.8702 1 s 1.830
Age 17 19 0.7703 0.131 0.13 0.26 0.8702 1 . 1.860000
Age 18 20 0.7703 0.131 0.13 0.26 0.8702 1 1.880000
Age 18 21 07703 0,131 0.13 0.26 0.8702 1 1.900000
- Age20 22 T Q7703 0.131 0.13 0.26 0.8702 1 1.920000
Age 21 23 0.7703 0.131 0.13 0.26 0.8702 1 1.230000
| Age 22 24 0.7703 0.131 0.13 0.28 0.8702 1 1.840000
Age 23 25 0.7703 0.131 0.13 0.26 - Q.8702 1 1.850000
Age24 26 0.7703 0.131 0.13 .26 0.8702 1 1.950000
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Table C.3
_Slender/Brown Rock Crab
{Transferred from “Rock Crab” of Northern California Case Study,
~ Table 2-16: Based on Brown Rock Crab)

Febriary 21, 2005

Life Stage ;l:::::g: Sti:g’gr:::tt’izm !;‘oatn';izly h':iosrg,lli?y Mlgl;ty Ad jusstad Vz:z;nl;‘le V\f(?'i}g’ht

{S=exp{-Z)) Rate (M} Rate(F) Rate(2) to Fishery -
Egg 1 1.0000 0.000 °~  0.000 0.00 1.0000 0 0.000000151
Zoea. 1 2 0.2080 1.580 £.000 1.58 0.3418 0 0.000027200
Zoea. 2 3 0.3875 0.948 0.000 6.95 0.5586 0 10.000155000
Zoea. 3 4 0.3875 0.948 0.000 0.95 0.5586 0 0.000445000
Zoea. 4 5 0.3875 0.948 0.000 0.95 -0.5586 0 0.000956000
Zoea. 5 6 0.2837 1.260 0.000 1.26 0.4419 0 0.000059800
Megalopae 7 0.0993 2310 6.000 2.31 0.1806 0 0.000134000
Age Oluvenile 8 0.0880 2430 0.000 243 0.1618 0 0.000019200
Age 1 g 0.0880 2430 0.000 243 0.1618 0 0.289000000
Age 2 10 0.0880 2.430 0.000 243 0.1618 0 0.654000000
Age 3 11 0.0880 2.430 0.000 243 0.1618 0 1.260000000
Age 4 12 0.0880 1.820 0.610 243 0.1618 0.5 1.970060000
Age5 13 0.0880 1.820 0.610 243 0.1618 1 2.550000000
Age 6 14 0.0880 1.820 0610 243 0.1618 1

3.000000000
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Table C.4 .
Cabezon '
§ {Northern California Case Study, Table 2-4)

Survivalby  Natural  Fishing  Total . 00y vFraction Weight

Life Stage 'éi::f::g: Stage Fraction Mortality Mortality Mortality inerable '\
| (S=exp(-Z)) Rate(M) Rate(F) Rate(Z) to Fishery :
Egg K 0.7498 0288 0000 0288 08570 0 0.00000043
Larvae 2 0.0025 5000 0000 6000  0.0049 0 0.00060500
Juvenile 3 00014 6600 0000 6600 00027 0 0.00825000
Age 1 4 0.8650 0144 0000  0.444  0.9281 0. 0.16900000
Age 2 5 0.7498 0144 0144 0288  0.8570 05 1.06000000
Age 3 6 07498 0444 0144 0288  0.8570 3 3.26000000
Age 4 7 0.7498 0144 0144 0288  0.8570 1 472000000 |
Age 5 8 57498 0144 0144 0288 08570 1 5.30000000
Age 6 9 0.7498 0144 0144 0288 08570 1 8.13000000
Age 7 10 0.7498 0144 0144 0288 08570 1 6.78000000
Age 8 1 0.7498 0144 0444 0288  0.8570 3 7.37000000
Age 0 12 0.7498 0144 0.144 0288 08570 3 8.76000000
Age 10 13 0.7498 0144 0144 0288  0.8570 1 9.23000000
Age 11 14 0.7498 0144 0444 0288 08570 . 1 10.50000000
Age 12 15 0.7498 0144 _ 0.144 _ 0288 08570 1 12.0000
Age 13 16 07498 0144 0144 0288  0.8570 1 13,7000
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. _ Table C.5
A California Halibut
(Northern California Case Study, Table 2-5)
Survival Natural  Fishin Total Fraction
Life Stage ‘é’::f;g: Stage Fraction Mortalty Mortality Mortality “"i";ted Vuinerable “‘:?;%’“
(S=exp(-Z)) Rate(M) - Rate(F) Rate (Z) to Fishery
Egg 1 0.8001 0.223 0.000 0.22 0.8890 0 0.000000548
Lasvae 2 0.0015 6.500 0.000 6.50 0.0030 0 0.000004440
Juvenile 3 0.2187 - 1.520 0.000 1.52 0.3589 0 0.047000000
Age 1 4 0.8353 0.180 0.000 0.18 0.9102 0 0.130000000
Age 2 5 0.8353 0.180- 0.000 0.18 0.9102 1} 0.739000000
Age 3 & 0.8353 0.180 0.000 0.18 0.8102 0 1.940000000
Age 4 7 0.8353 0.180 0.000 0.18 0.9102 0 3.870000000
Age 5 B 0.8353 - 0.180 0000  0.18 0.9102 0 6.210000000
Age 6 8 0.5509 0.180 0.400 0.58 0.7179 1 8,890000000
Age7 10 0.5599 0.180 0.400 0.58 0.7179 1 12.200000000
Age 8 11 0.5599 0.180 0.400 0.58 0.7179 1 15.300000000
Age 9 12 0.5599 0.180 0.400 0.58 0.7179 - 1 18.900000000
Age 10 13 0.5599 0.180 0.400 0.53 0.7179 1 24.300000000
Age 11 14 0.5599 0.180 0.400 0.58 0.7179 1 23.800000000
Age 12 15 0.5599 0.180 0.400 0.58 0.7179 1 26.600000000
Age 13 16 0.5599 0.180 0.400 0.58 0.7179 1 28.600000000
| Age 14 17 0.5599 0.480 0.400 0.58 0.7179 1 30.700000000
.‘ [Age 15 18 0.5599 0.180 0.400 0.58 0.7179 1 33.000000000
U [ Age 16 19 0.5599 0.180 0400 058 0.7179 1 .- 35.300000000
Age 17 20 0.5599 0.180 0.400 0.58 0.7179 1 37.700000000
Age 18 21 - 0.5589 0.180 0.400 0.58 0.7179 1 40.200000000
Age 19 22 0.5599 0.180 0.400 0.58 0.7179 1 42900000000
Age 20 23 0.5599 0.180 0.400 0.58 0.7179 1 45700000000
Age 21 24 0.5599 0.180 0.400 0.58 0.7179 1 48.500000000
Age 22 25 0.5599 0.180 0.400 0.58 0.7179 1 51.500000000
Age 23 26 0.5599 0.180 0.400 0.58 0.7179 1 54.700000000
Age 24 27 0.5509 0.180 0.400 0.58 0.7179 1 57.900000000
Age 25 28 0.5599 . 0.180 0.400 0.58 0.7179 1 61.300000000
Age 26 29 0.5599 0.180 - 0.400 0.58 0.7179 1 64.800000000
Age 27 30 0.5599 0.180 0.400 © 0.58 0.7179 1 68.400000000
Age 28 31 0.5599 0.180 0.400 0.58 0.7179 1 72.200000000
Age 29 32 0.5599 0.180 0.400 0.58 0.7179 1 76.100000000
Age 30 - 33 0.5599 0.180 0.400 0.58 0.7179 1 80.100000000
: _ 59
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Table C.6 :
Clinid Kelpfishes (entrainment)/Kelpfish {(impingement) .
(Transferred from “Other Forage Species” of California Regional Study,
Table B1-39)
¢ Survival by Natural Fishing Total - Fraction .
Life Stage L0 S130¢ giage Fraction Mortality  Mortality  Mortalty Adjusted yyinerable w(‘;";,g"“
quen (S=exp(-2)) Rate(M) Rate(F) Rate(Z) to Fishery -
Egg 1 0.3535 - 1.04 0.00 1.04 0.5223 0 0.0000000186
Larvae 2 0.0005 7.70 0.00 7.70 0.0009 0 0.0000015800
Juvenile 3 0.2753 1.29 0.00 1.29 0.4317 0 0.0004810000
Age 1 4 0.1579 - 162 000 = 162 0.3304 0 0.0038100000
Age 2 5 0.1979 1.62 0.00 1.62 0.3304 o 0.0049600000
Age3 6 0.1979 1.62 0.00 1.62 0.3304 0 0.0050500000
Table C.7
Gunnelt .
(Transferred from “Other Forage Fish” of California Regional Study,
Table B1-39)
o . Survivalby  Natural  Fishing  Total . Fraction )
Life Stage  S10 S8 51200 Fraction Mortality Mortality Mortallty Adjusted - vyinerable “’(f;g)"t
" cq (S=exp(-2)) Rate (M) Rate(F} Rate(Z) to Fishery !ﬂ
" | Eag 1 0.3535 1.04 0.000 1.04 0.5223 0 0.0000000188
Larvae 2 0.0005 7.70 0.000 7.70 0.0009 0 0.0000015800
Juvenile 3 0.2753 128  0.000 129 04317 0 0.0004810000
Age 1 4 0.1979 1.62 0.000 1.62 0.3304 0 0.0038100000
Age 2 5 0.1979 1.62 0.000 1.62 0.3304 0 0.0049600000
Age3 6 0.1979 1862 0.000 162  0.3304 3} 0.0050500000
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Table C.8
Monkeyface Prickleback
(Transferred from “Other Forage Fish” of California Regional Study,
' Table B1-39)

Fraction

Life Stage g:f:;g: sg;?er:L?izn I!?:rttua];iat'y a::}?aiﬁ?y mlﬁw Mj“ss“’d Vulnerable * - W(‘I’l'}_’;“
(SFexp(-Z)) Rate (M) Rate(F) Rate (Z) to Fishery
Egg 1 03535 104 0.00 104 05223 0 0.0000000186
Larvae 2 0.0005 7.70 0.00 770 0.0009 0 0.0000015800
Juvenile 3 0.2753 . 1.29 0.00 129 04317 0 0.0004810000
Age 1 4 0.1979 1.62 0.00 1.62 0.3304 0 0.0038100000
Age 2 5 0.1979 1.62 0.00 162  0.3304 0 0.0049600000
Age 3 6 0.1979 162 0.00 1.62 0.3304 0 0.0050500000
Table C.9
Northem Anchovy
(Transferred from “Anchovies” of Northern California Case Study,
Table 2-1: Based on Northern Anchovy)
Life Stage gi:g Siage Stsa;?eraalclt)i!trsn I\?:rttua:;; u':::srgfi?y m::::ty “"f“s“"’" Vanoritie W(‘I’;g)"t
{S=exp(-Z)) Rate(M) Rate(F) Rate(Z) to Fishery -

Egg 1 0.5122 0669 . 0.00 0.669 0.6774 0 0.00000138
Larvae 2 0.0003 7.880 0.00 7.990 0.0007 0 0.00110000
Juvenile 3 0.1200 2.120 000 2120 0.2143 0 0.02200000
Age 1 4 0.4819 0.700 0.03 0.730 0.6504 0.5 0.04080000
Age 2 5 0.4819 0.700 0.03 0.730 0.6504 1 0.05290000
Age 3 6 0.4819 0.700 0.03 0.730 0.6504 1 0.06080000
Age 4 7 0.4819 0.700 0.03 0.730 0.6504 1 0.06840000
Age 5 8 0.4819 0.700 0.03 0.730 0.6504 1 0.07636000
Age 6 g 1 0.07890000

0.4819 0.700 0.03 0.730 0.8504
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Table G.10 ' :
Pacific Sardine .
{Transferred from “Herrings” of Northern California Case Study,
Table 2-12: Based on Pacific Herring)

[Lrostage LioStame 3ttt moramy Monalty Moraty A4t Vainorablo Wl
(S=exp(-Z)) Rate (M) Rate (F) Rate {Z) _to Fishery
Egg 1 0.7945 0230 000 0.23 0.8855 0 0.0000039
Larvae 2 0.0100 4810  0.00 461 0.0197 o 0.0000609
Juvenile 3 0.4805 0693 004 0.73 0.6491 0 0.0126000
Age 1 4 05102 . 0473 020 0.67 0.6757 0 0.0408000
Age 2 5 06225 0274 020 0.47 0.7673 0.5 0.1280000
Age 3 6 0.6225 0274 020 0.47 0.7673 1 0.1670000
Age 4 7 06225 0274  0.20 0.47 0.7673 1 0.2110000
Age 5 8 0.6225 0274 020 0.47 0.7673 1 0.2580000
Age 6 9 0.6225 0274 020 0.47 0.7673 1 0.2880000
Age 7 10 0.6225 0274 020 0.47 0.7673 1 0.3300000
Age 8 14 0.6225 0274 020 0.47 0.7673 1 0.3450000
Age 9 12 0.6225 0274  0.20 0.47 0.7673 1 0.3530000
Age 10 13 0.6225 0274 020 0.47 0.7673 1 0.3640000
Age 11 14 0.6225 0274 020 0.47 0.7673 1 0.3750000
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: Table C.11
Painted Greenling (entrainment)/Greenling (impingement)
(Transferred from “Other Forage Species” of California Regional Study,
Table B1-39)

February 21, 2005

LitoStage §12599% stage Fraction Marsity Mortiy Monally AJSsd \ocil,  Weigh
_ (S=exp{-Z)) Rate(M) Rate(F) Rate(2) to Fishery ™
Egg -1 0.3535 1.04 0.00 1.04 0.5223 0 0.0000000186
Larvae 2 0.0005 7.70 0.00 7.70 0.0009 0 0.0000015800
Juvenile 3 0.2753 129 0.00 1.29 0.4317 0 0.0004810000
Age 1 4 0.1979 162 0.00 1.62 0.3304 0 0.0038100000
Age2 5 0.1979 1.62 0.00 182  0.3304 o 0.0049600000
Age 3 6 0.1979 162 0.00 162 0.3304 0 0.0050500000
Table C.12
Pipefish
(Transferred from “Chain Pipefish” of North Atlantic Regional Study,
Table C1-21) o
Life Stage ls'i;:f;:g: Sti;::’-‘vrglcgi{m P:::tual!.iat; ;;s:a';}?y Mgﬁﬁy Adjussted V?I‘::trl:ge \'v(?;g)ht
_ {S=exp(-Z)) Rate(M) Rate(F} Rate(2) to Fishery .
Egg 1 0.1003 2.300 0.000 2.30 0.1822 0 0.0000007730
Larvae 2 0.0907 2.400 0.000 2.40 0.1663 0 0.0000122000
Juvenile 3 0.4004 0.916 0.000 0.92 0.5715 0 0.0078500000
Aget 4 0.4724 0.750 0.000 0.75 0.5416 0 0.0151000000
Age 2 5 0.4724 0.750 0.000 0.75 0.6418 ¢ 0.0180000000
Age 3 6 0.4724 0.750 0.000 0.75 0.6416 ) 0.0212000000
Age 4 7 0.4724 0.750 0.000 0.75 0.6416 0 0.0247000000
AgeS 8 0.4724 0.750 0.000 - 0.75 0.6416 (] 0.0285000000
83
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Table C.13
Plainfin Midshipman : .

(Transferred from “Other Forage Species” of California Regional Study,
Table 81 -39)

. Survivalby  Natural  Fishing Total Fraction

Life Stage SiT° 3998 spage Fraction Mortality Mortality  Mortality Adjusted yyinerable w(ft‘?)‘“

‘ 9 {(S=exp(-Z)} Rate(M} Rate(F) Rate(Z) to Fishery -
Egg 1 0.3535° 1.04 0.00 1.04 05223 . O 0.0000000186
Larvae 2 0.0005 770 000 7.70 0.0009 0 0.0000015800
Juvenile 3 0.2753 1.29 0.00 1.28 0.4317 0 0.0004810000
Age 1 4 0.1979 1.62 go0 . 162 0.3304 0 0.0038100000
Age 2 5 0.1979 162 000 1.62 0.3304 0 0.0049600000
Age 3 6 0.1979 162 0.00 1.62 0.3304 0 0.0050500000

Table C.14
Smooth/Snubnose Sculpin (entrainment)/Sculpin (impingement)
(Transferred from “Other Forage Fish” of California Regional Study,
Table B1-39) ,
. Survivaiby  Natural  Fishing  Total " Fraction .
Life Stage L1 51299 g1ag0 Fraction Mortality Mortallty Mortailty Adjusted v inerable “’gf{“
e ' “(S=exp(-2)) Rate (M) Rate(F) Rate(2) to Fishery -

Egg 1 0.3535 1.04 0.00 1.04 0.5223 0 0.0000000186

Larvae 2 ' 0.0005 7.70 0.00 7.70 0.0009 0 0.0000015800

Juvenile 3 0.2753 1.29 0.00 1.29 0.4317 0 0.0004810000

Age 1 4 0.1979 1.62 0.00 162 0.3304 0 0.0038100000
" Age?2 5 0.1978 1.62 0.00 1.62 0.3304 ] 0.0049600000

Age 3 6 0.1979 1.62 0.00 1.62 0.3304 0 0.0050500000
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Table C.15

Sole

(Transferred from “Flounders” of California Regional Study,
Table B1-15)

Lite Stage S70S19% Stage Fraction Moriaity Moraiy Moralty AUSISd viinorini,  Woigh
{S=exp(-Z)) Rate(M) Rate(F) Rate(2) to Fishery '
Eggs 1 0.8001 0.223 0.000 0.22 0.8890 0 0.00000030300
Larvae 2 0.0018 6.280 0.000 8.28 0.0037 0 0.00121600000
Juvenile 3 0.3198 1.140 0.000 1.14 0.4846 0 0.60882000000
Age 1 4 0.5472 0.363 0.240 0.60 0.7073 0.5 0.06720000000
Age?2 5 0.3309 0.649 0.430 1.08 0.5074 1 0.22600000000
Age3 6 0.2859 0.752 0.500 1.25 0.4447 1 0.55300000000
Age 4 7 0.2859 0.752 0.500 1.25 0.4447 1 1.13000000000
Table C.16 '
Speckled/Pacific Sanddabs {entrainment)/Sanddab (impingement)
(Transferred from “Flounders” of Northern California Case Study,
Table 2-10: Based on Speckled Sanddab)

Life Stage ’éﬁus:;g: Stsa:?::vr:it:ubﬂytsn n:l:rt:arﬁat; I\:Lsrlt‘:l‘l?y ’ M:;t.taal:ty Adjussted Vﬁi%e Wg;;g}h ¢
‘ {S=exp{-Z)) Rate(M) Rate(F) Rate(2) to Fishery .

Egg 1 0.8001 . 0.223 0.000 0223  0.8890 0 0.00000030

Larvae 2 0.0019 6.280 0.000 6280 0.0037 0 0.00121000
* Juvenile 3 0.3198 1.140 0.000 1.140 0.4846 0 0.00882000

Age 1 4 0.5461 0.363 0.242 0.605 0.7064 0.5 0.06720000

Age 2 5 0.3393 0.649 0.432 1.081 0.5066 1 0.22600000

Age 3 ] 0.2856 0.752 0.501 1.253 0.4444 1 0.55300000

Age 4 7 0.2856 0.752 0.501 1.253 0.4444 1 1.13000000

) 65
A HBL Eompany
L e .
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Table C.17

. Surfperches : .
{Transferred from “Surfperches” of Northern California Case Study, _
Table 2-23: Based on Walleye Surfperch) :
. . . 3 h T .
v DS ST, e Gl wanoky AME vipoe
(S=exp(-Z)) Rate (M) Rate(F) Rate(Z) to Fishery U
Juvenile 1 0.5712 0.560 0.000 0.56 0.7274 0 0.0044300
Age1 2 0.7558 0.280 0.000 - 0.28 0.8609 0 0.0429000
Age 2 3 0.5712 0.280 0.280 0.56 07271 0.5 0.1250000
Age 3 4 0.5712 0.2680 0.280 (.56 0.7271 1 0.2030000
Aged 5 0.5712 0.280 0.280 0.56 0.7271 1 0.2610000
Age b 6 0.5712 0.280 0.280 0.56 0.7271 1 0.3000000
Aget 7 0.5712 0.280 0.280 0.56 07271 1 0.3240000
' ' Table C.18
White Croaker {entrainment)/Queenfish {impingement)
(Transferved from “pDrums/Croakers” of Northern California Case Study,
Table 2-8: Based on White Croaker) - .
Life Stage ';::f:;g: Stsa::g;g:!m I:l:rttua::tly n:;'s:;:;?y MIorl?I:ty “"";"e" Vuiorable “‘;7;9)""
_ (S=exp(—Z)} Rate (M) Rate (F) Rate (Z) to Fishery -
Egg 1 0.6065 0.500 0.000 0.5 0.7551 0 0.000000722
Larvae 2 0.0100 4610 . 0.000 4.6 10.0197 o 0.000004640
Juvenile 3 0.0000 43.800 0.000 13.8 0.0000 0 0.000212000
Age 4 0.8570 0.420 0.000 04 0.7930 0 0.120000000
Age2 5 0.6570 - 0.420 0.000 0.4 0.7930 Q 0.156000000
Age3 6 0.7342 0.210 0.009 0.3  0.B8467 05 0.195000000
Age 4 7 0.6570 0.210 0.210 04 0.7930 1 0.239000000
Age s 8 0.6570 g21¢ 0210 0.4 0.7930 1 0.287000000
Agef 9 0.6570C 0.210 0.210 0.4 0.7930 1 0.340000000
Age7 10 0.6570 0.210 0.210 0.4 - 0.7930 1 0.398000000
Age B 11 0.6570 0.210 0.210 0.4 0.7930 1 0458000000
Age S 12 0.6570 0.219 0210 0.4 0.7930 1 0.512000000
Age 10 13 0.6570 0.210 0.210 0.4 0.7930 1 0.584000000
Age 11 14 - 0.6570 0.210 0.210 0.4 0.7930 1 0.648000000
Age 12 15 0.6570 0.210 0.210 0.4 0.7930 1 b 0.723000000




Review of Independent Scientists’ Report
with Consideration of Stratus Report

g MO
o-.
mzy
oz
DEQ
O -
TOm

=
et
i~
lﬁ
IE
SE
-,

T
E
R
A

Final Report

Prepared for:

Kathy Jones

Pacific Gas and Electric Company
77 Beale Street

San Francisco, CA 94105

Prepared by:

Matthew F. Bingham
William H. Desvousges

2775 Meridian Parkway
Durham, NC 27713

* . August 29, 2005

Phone: 919-544.2244
Fax: $19-544-3935
E-mall: infofjter.com




Review of Independent Scientists (IS) Report
with Consideration of Stratus Report

Final Report

Prepared for:

Kathy Jones
Pacific Gas and Electric Company
77 Beale Street
San Francisco, CA 94105

Prepared by:

Matthew F. Bingham
William H. Desvousges

Triangle Economic Research
2775 Meridian Parkway
Durham, NC 27713

August 29, 2005

Project No. 23205 (FR)




Review of Independent Scientists’ Report August 29, 2005

Table of Contents
Section | Page
EXECUIVE SUMMATY .....coeerseenssressreseemsesesnesns veetrarsuseserseres e srensaesmesseontenne 1
2. BackgroUnd ... cmmnmiineniccssisisssnssn s ecssssass s s e s ansasaterssrnssseesnnes 3
3. Basic Economic Principles .................. seatret i innnniaras Grssammmseasessrenrsrasnseanss 4
3.1 Economic Concept of ValUue............coo oo scesae e vremes s s v s senssneesrrns 4
3.2 Nonuse values are not always significant ................. rervesues e re s snsanrenen 8
3.3 To the extent that nonuse values exist for I&E reductions, they are not likely
tobe Meaningful............cco e recrsrr e e errrrereresssse s e esssnrn s r e s e rnnnrnnns 9
3.4 Costdoes not provide a reliable proxy for value..........ccveveceinenee. rrrreissiens 1N
316(b) ReQUIAtOry REQUITEMENIS ... .-memereeeeererrereoserssssessssssssssssamene —ld
The IS Report is inconsistent with basic economic principles and the
EPA 316(b) regulations.........cceceeemans verrersmsnensensss S R 17
5.1 The IS Report is not consistent with the EPA Phase !l regulations............... 18
5.2 The approach followed by the IS is not sufficient for determining the
appropriate scale of restoration........ e, 19
5.3 The equating of restoration impacts o biciogical impacts has methodological
L= 2O VU U U TUU RPN 21
6. CONCIUSIONS....oueneeeer s iseiscmre s ccsasrssses st s rerressser srssarsnasannesssnrens _— 25
7. ReferenCeS..... st sssniesessssnsssassasessosssesssrsasaressensees 26




Review of Independent Scisntists’ Report ‘ August 29, 2005

1. EXECUTIVE SUMMARY

Cooling water intake structures {CWIS) at large, existing power plants are
regulated by the Clean Water Act 316(b} Phase I Rule. The Rule requires
impingement reductions of 80 to 95 percent and entrainment reductions of 60 to S0
percent, but also provides for site-specific determinations where the costs of best
technology available (BTA), including restoration measures, are éigniﬁcantly greater
than the benefits. The correct economic valuation of the benefits 6f reducing
impingement mortality and entrainment (I&E} is therefore an important component of
the Phase I Rule, which sets forth requirements for benefits valuation studies {BVSs)
that in general must vaiue commercial, recreational and, in appropriate circumstances,
nonuse benefits derived from I&E reductions.

This report provides an overview of the basic economic principles that are
required to conduct a reliable benefit valuation study. These economic valuation
principles are based on a fong period of conceptual deveiopment. refinement, and
extensive empirical testing. 'Using these economic principles, we lay the foundations
for both the Diablo Canyon Power Plant (DCPP) 316(b) BVS conducted by TER in
2005, and our critical assessment of the 2005 Independent. Scientists {IS) report,
“Diablo Canyon Power Plant, Independent Scientists Recommendations to the
Regional Board Regarding ‘Mitigation’ for Cooling Water Impacts” (IS Report).

in our critical assessment, we demonstrate that the 18 Repdrt (2005) is seriously
flawed. We show that it is inconsistent with basic economic principles such as:

e The valuation concepts in the IS Report are based on cosis, not values,
which lead to implausible and sometimes nonsensical results. The IS
Report is therefore inconsistent with basic economic principles and is also
contrary to EPA’'s Phase |l Rule requirements for BVSs.

o The IS Report fails to provide any plausible economic justification for the
presumption that the effects of the DGPP on forage fish populations would
result in significant nonuse values. in fact, the lack of general public
awareness about such marginal population changes, the uncertainty about
whether or not they would cccur, and the large number of substitute
resources make significant nonuse values extremely uniikely.
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e The IS Report fails to develop any linkages between impingemsant and
entrainment effects, ecological services, and humans. Consequently, it is
unable to develop a reliable approach for scaling the size of the proposed
artificial reef mitigation project.

= The IS Report fails to consider the basic principle of discounting to
standardize the timing of services from the artificial reef relative o the
potential impingement and entrainment effects from the DCPP. Given the
fact that the reef would provide services into perpetuity while the plant has a
finite economic lifetime, the failure to consider discounting results in a
substantial overstatement of the size of the reef that would be required to
offset any potential effects on services, should they occur.

» The IS Report uses methods that are completely inconsistent with the EPA
Phase Il regulations. for CWIS by, among other things, proposing a
restoration project with costs significantly greater than the bensfits of
reducing 1&E at the DCPP.

Given these flaws, it is not at all surprising that the range of costs from $10.6 million to
$26 million for the proposed artificial reef greatly exceed the approximately $1 miflion
upper bound in estimated benefits from reducing I&E at the DCPP (TER 2005). As
explained below, there is no conceptual or empirical economic rationale that would
suggest that such a large differential could be justified by either omitted benefits or
unvalued effects. In fact, our estimate of benefils includes the effects of DCPP on
forage fish based on EPA's recommended trophic transfer approach. Thus, the only
category of benefits not included in our range of monetized damages is the potential
existence value of forage fish and other organisms that are not captured through the
food web. Even the most forceful advocates of monetizing nonuse values argue that a
multiple of 2 to 3 of use benefits would account for such benefits. Thus, even the lower
bound of the IS Report is ten times the upper bound estimate of our analysis. This fact
indicates that the biological valuation approach used in the IS Report results in
economic conclusions that are totally implausible. Moreover, it serves to illustrate the
type of outcome that can result when an approach ignores such basic economic
principles as values based on preferences not costs, and the discouniing of future
services.
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2. BACKGROUND

Récenﬂy, two BVSs were conducted specificaliy for Diablo Canyon Power Plant
(DCPP)} CWIS impacts: '

« ASA Study (2003): ASA used EPA's then-existing draft 316(b) Phase i
economic guidelines to evaluate commercial, recreational, ecological, and
nonuse benefits {using the 50 percent rule of thumb). ASA estimated total
value of 80 percent entrainment reduction through 2053 to be $23,000 to
$4.2 million, of which $5,000 to $935,000 was estimated to be nonuse
value. The estimate included alt fish species entrained {not just the
Representative Important Species (RIS)), but excluded crabs. The study
incdluded no separate estimate for impingement, and used trophic transfer
rates that were changed In the final guidance. .

o TER Study (2005); We used EPA's final Phase Il economic guidefines to
estimate total value of reducing impingement by 80 to 95 percent and
entrainment by 60 to 90 percent through 2053 to be approximately $564,000
to $1 million for all fish species and two crab species. We conclude that
nonuse values do not need to be monetized under EPA final Phase Il
guidelines because I&E had only marginal population effects on non-unique
species, and, on the basis of a qualitative analysis, that such values would
be low in any event,

The ASA Study is someu\vhat outdated because of changes in U.S. EPA’'s
economic approach. For example, EPA eliminated the use of the 50 percent nonuse
rule of thumb in the final rule. The Agency also changed the trophic transfer factor
used to account for the entrainment effects on forage species in terms of forgone
production of recreational and commercial species. Fiﬁal!y; the ASA report does not
provide a separate estimate of impingement and does account for any crab species in
its results.

TER's report is the best estimate of the economic value of 1&E reductions at the
DCPP. The analysis contained in the report is performed in a manner that complies
with EPA Phase |l regulatiéns. _Addiﬁonaliy, the report uses the latest and most
appropriate data on impingement and entrainment at DCPP, and evaluates all fish
species, including forage species and two species of crabs. This evaluation
incorporates -an adjustment factor 10 reflect the fact that the biological data are based
only on representative individual species. It also includes an analysis of the potential
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uncertainty in the benefits estimation that is consistent with the state-of-the art in
statistical estimation and the EPA regulatory requirements. Finally, the report uses
qualitative analysis to assess potential nonuse bensfits from reducing 1&E impacts at
DCPP. This analysis, which is based on standard economic principles, concludes that |
the potential for sruch benefits from reducing iI&E at DCPP are negligible.

More recently the IS Study (2005) was produced to evaluate potential mitigation
alternatives for I&E impacts at DCPP. The IS used a habitat replacement cost
approach {HRC) to project the value of I&E reduction based on the costs of
constructing sufficient new artificial reefs to produce sufficient larvae to offset losses.
The IS valued 1&E reduction at $10.6 million to $26 miilion. The report also considers
Marine Protection Areas and other potential mitigation alternatives, but devotes most of
its attention to the artificial reef construction.

The IS Report, which is discussed in more detail in this report, is inconsistent
with Phase il regulatory requirements for benefit valuation studies, because it employs
a methodology (HRC) that EPA considered but uitimately rejected in the promulgation
of the final 316(b) nie. Moreover, the use of habitat replacement costs as a measure
of economic benefits is completely contradictory to long-established economic valuation
principles. In particular, the method uses costs to approximate values, a notion which
as demonstrated later in this report may lead to nonsensical resulis. In the case of the
DCPP, the method grossly overstates the true value of I&E reductions.

3. BASIC ECONCMIC PRINCIPLES

3.1 Economic Concept of Value

The economic concept of value has developed over a long series of
contributions from many scholars dating to Adam Smith, Alfred Marshall, and John
Hicks. Unlike other broader concepts of value that are linked to inherent or abstract
principles, economic value is comparative in nature. In essence, sconomic value
derives from trade-offs: how much of one thing is a person willing to forego to obtain




st

Review of independent Sclentists’ Report - August 28, 2005

more of another? in economics, people hold values and are the arbiter of how much
something is worth to them. Thus, people have value for preserving fish populations in

an economic sense.’

This anthropocentric nature of economic vaiue differentiates it from valuation
concepts arising from an ecological paradigm. In that paradigm, ecological systems
are viewed as inherently valuable. For examplée, Banzhaf and Boyd (2004) note:

Economics is based on an anthropocentric ecological value, while
ecology is more concemed with the status, functions, and quality of
ecosystems themselves, rather than as producers of human benefit (p..
17}

Bockstael et al. 2000, add to this distinction by indicating that:

Some ecologists and other natural scientists have begun developing
their own estimates of the “economic value" of ecosystem services.
They believe...that economists fail to appreciate the intricate web of
physical interrelationships that can link harm in one part of an ecosystem
to negative effects in ancther. Failing to recognize the complexity of the
systern can result in an underestimate of the benefits of ecosystem
protection (p. 1).

Not surprisingly, given such differences in the fundamental concept of value,

disagreements among economists and ecologists over the benefits associated with a
specific policy change are common.? In the context of the 316{b) regulations, however,
Congress has determined that CWIS permitting decisions are to be based on economic
valuations, As EPA made clear in the Preamble to the Phase Il regulations:

EPA has established in today’s rule national requirements for facilities to
install technology that is technically available, economically practicable,
and cost effective while at the same time authorizing a range of
technologies that achieve comparable reductions in adverse
environmental impact (69 Fed. Reg. 41576, 41583 {col. 2) July 9, 2004}
{emphasis added).

1 Bockstael et al. 2000 note that the economic concept of value depends on the distribution of income
among individuals and economics measures valuss in a comparative rather than an absolute sense. )

2 The National Research Council (2004) argues that differences in terminclogy and perspectives
compound the disagreements between ecologists and aconomists.
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The economic concept of value depends on an individual's determining how
much something is worth to him, usually expressed as his or her willingness to pay to
have additional units of a good or service. in practice, sconomic values are used to
answer basic questions that are relevant o the evaluation of any public policy choice:
how does one determine whether an individual is better off with a policy change or
without it? And how does one aggregate the gains and losses from a particular policy?

In economics, two (and sometimes more} alternatives are being compared. An
economic valuation estimate will depend on the circumstances in which the valuation
question arises. Again, Bockstael et al. (2000} illustrate this key point.

For example, suppose a power plant is being considered for a location
that would eliminate a swimming beach. Different people can have quite
different values for this change, depending on whether they would use
the beach, gain from the lower cost of electricity, or both (p. 3}.

They further note that the answer to this valuation question would depend on whether
there was anotﬁer beach close by {a substitute) or whether the loss of the beach would
affect any other services, such as surfing or any unique ecological function, such as
habitat for an endangered species. Clearly, valuation depends on the context in which
the policy is being considered.

Services are an integral part of the economic valuation framework. When
economists place a value on a natural resource, they value the services that flow from
the natural asset, rather than the asset itself {(Smith and Kopp 1993). The services that
natural resources provide i¢ humans are relafively straightforward concepts. For
example, fish can be combined with other economic inputs to produce recreational or
commercial fishing. The value of these services can be determined by observing the
choices that people make and making inferences about their value,

Ecological services may also exist, but are much less clear cut. Generally,
ecological services involve the services that one natural resource provides to another.
However, Banzhaf and Boyd (2004} add further to this concept of ecological services
by noting that;
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Services are tangible ecological elements (e.g., a population) or qualities
(air [or water] quality) that result from ecological functions and
processes. Ecological assets are inputs to an ecological production
function that yields an ecological service (p. 12).

As Boyd and Banzhaf (2005) discuss, services are the end products of nature that yield
human well being. They argue that although ecological services must be derived from
the natural environment, they must result in an end-product that is useful to humans.
Thus, in the economic paradigm, ecological services are more than simply ecological
functions. They include the interaction or at least awareness between people and the

natural environment.

Not surprisingly, the valuation of ecological services is the subject of
considerable confusion and controversy. Boyd indicates one of the primary reasons for

some of the controversy:

Nature and the setvices that it provides are a significant contributor to
human well-being, and society makes decisions every day about
whether we wilt have more or less of it. Knowing nature’s value heips us
make those decisions. The difficulty is that nature never comes with a
convenient price tag attached (Boyd 2004, p. 18).

It has been the attempfs to develop such price tags, which has added fo the
controversy. The disagreements arise, at least in part, from the contention by some
that people may have value for natural resources that exceeds the value of their direct
uses. These “nonuse values” may stem from a variety of motives, with the most
frequently mentioned ones being the preservation of the existence of the resource or
the desire to preserve a natural resource for future generations to enjoy.

As we discuss below, nonuse values usually are thought to arise from unique
resources that are irreplaceable—i.e., they have few if any substitutes in the economics
lexicon. These nonuse values are usually addressed in a qualitative manner, or are
measured using survey-based approaches that attempt to simulate a market for the
resource services. One of the primary concerns about survey-based measures is that
they are based on hypothetical responses, not actual market decisions or choices. The
economics literature has clearly demonstrated that such questions lead to hypothetical
bias, which implies that survey bésed methods overstate the true value of the natural




Review of Independent Scl_emlsts’ Report August 29, 2005

resource (List 2001; Champ and Bishop 2001). Finally, the nature and magnitude of
that bias is not sufficiently well understood such that a reliable calibration factor can be
devéloped (Desvousges, Gable, and Johnson 1995}.

3.2 Nonuse values are not always significant

As noted above, the total value of a natural resource such as a fish population
consists of its direct and indirect use values (i.e., typically commercial and recreational
fishing) and, in appropriate cases, nonuse values. A key assumption of the IS Report
(as well as the Stratus report [2004]) is that the nonuse values of I&E impacts on fish
popuiations (and in particular on forage species whiéh account for the vast majority of
the fish species entrained) may be very significant indeed.® For example, the report
claims that benefit-cost analyses of environmental actions typically evaluate only a
small subset of easily measured values (i.e.,, commercial and recreational fishing
values), and typically omit nonuse benefits (such as the contribution of forage species
to ecological functions} that may also be associated with 1&E impacts. The assertion
that nonuse impacts of {&E are significant wrongly fails to recognize that I&E impacts
bear very little resemblance to the types of resources that economists have theorized
might have significant nonuse values.

The original formulation of nonuse values considered the “existence of a grand
scenic wonder or unique and fragile ecosystem” and hypothesized that certain people
hold value for such a resource’s “preservation and continued availability” (Krutilla
1967). Knulilla's example, the Grand Canyon, certainly quéiiﬁes as a grand scenig
wonder. Since Krutilla’s time, economists’ expectations for the sort of resource {ypicauy
expected to have nonhuse values have not strayed far from this original formulation. For
example nonuse values have been empirically evaluated for the survival of endangered
species such as blue whales {(Samples, Dixon, and Gowen 1986), eagles and striped
shiners (Boyle and Bishop 1287). When economists have empirically evaluated
nonuse values for population impacts, they have looked at significant and certain
impacts to populations that are relevant to the survey respondents. For example,

3 EPA has concluded that the best way o value forage species is through trophic transfer models, which
allow economists to value forage species in terms of the larger populations of commercially and
recreationally important species that could be supported if Jarger populations of forage species wete
available 1o sustain them (EPA 2004b).
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Kinnell et al. (2002) evaluates use and nonuse values for certain decreases of 30% and
75% in the total duck populations using a survey frame of Pennsylvania duck hunters.
By contrast, the I&E impacts of DCPP on average have much lower percentage
impacts on the larvae of fish species, and even lower impacts on the number of adult
fishes forgone as a result of the larval entrainment (since most fish larvae have short
natural life spans anyway). To our knowledge there has never been a serious
theoretical or empirical evaluation demonstrating support for nonuse values for the
sorts of marginal impacts to obscure, sustainable, regenerating populations that are
hypothesized to occur in the case of most 1&E impacts.

3.3 To the extent that nonuse values exist for 1&E reductions, they are
not likely to be meaningful

To the extent that nonuse values do exist for marginal changes in fish
populations, there are no theorefical or empirical reasons to believe that they are
meaningful. Except for the rare situations involving I&E of threatened and endangered
species, fish are a renewable resource. The factors that typically support significant
nonuse values—significant existence values and lack of substitute goods—simply do
not apply in the same way for changes in renewable common fish populations as they

do for unique, non-renewable resources.

A comparison of use and nonuse values for fish populations makes this
apparent. People are the top predators in the food chain for fish. If nonuse values
were truly substantial for changes in fish populations, we would expect that people
would stop eating fish because the value of preserving their survival would be greater
than their uée values (commercial and recreaﬁOnal fishing). There is no empirical data
to support the notion that such actions are prevalent, and indeed the fact that
commercial and recreationat fishing continue supports the conclusion that there is no
significant existence value for marginal changes in fish populations.

The reason we do not anticipate meaningful nonuse values for marginal
chan'ges in fish population resulting from I&E at the DCPP is the lack of uniqueness at
both the levet of individual fish and the population. For the types of marginal effects on
fish populations anticipated here, the number of substitutes is likely to be quite high. If,
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for example, the population of a certain type of fish decreases by 2 percent, there are
many substitutes that would exist so that this change would be covered by other fish
populations in the same area, as well as fish populations in other locations. A large
number of substitutes, which certainly would be the case for forage species, indicates
that the per-unit value of any changes in a fish population is likely to be modest, if even
measurable.

Clearly, there is a lack of any conceptual rationale for the presumption that there
are significant nonuse values associated with I&E impacts. There is also no empirical
evidence that large nonuse values are associated with I&E impacts. The Stratus
Report's notion that substantial nonuse values are not being included in benefit-cost
analyses appafenﬂy was based on an empirical study that is totally without any valid
economic foundation. Helm et al. (2004} summarize 33 valuation studies that they
consider most relevant for measuring the potential nonuse values for the Phase il
Section 316(b) rule, which currently is being developed for another category of existing
CWiSs. They use these studies in a meta-analysis to develop a preliminary estimate of
the potential nonuse benefits that would be asscciated with I&E impacts. As a result of
this analysis, the authors (wrongly) conclude that nonuse values would be of a sizeable
magnitude.

The analysis contained in the Helm memorandum is fundamentally flawed in a
number of areas. Specifically, few of these studies value fish populations, much less
the value of marginal changes in fish populations. Most if not all of the studies included
involve substantial resource areas, such as large rivers, estuaries, and the water guality
for the entire United States. Moreover, many of the studies involve large changes in
environmental quality, such as changing an entire river from boatable to fishable water
quality, or changing all waterbodies in the United States by the same amount. Some of
these studies measure substantial amounts of nonuse values as a percentage of total
value. However, even if one assumes that nohuse values are significant for major
changes in significant resources, the argument that people will hold similar nonuse
values for marginal changes in renewable populations of forage species is without any
logical economic foundation.

10
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34 Cost does not provide a reliable proxy for value

In contrast to the economic paradigm of resource valuation, the ecological
paradigm prefers to use approaches such as the habitat productivity method or habitat
equivalency analysis as alternatives to measures based on the willingness to pay.
Such approaches balance organism losses with the amount of habitat needed to
produce an offsetting number of organisms and calculate the cost of the restoration.
The IS endorse the interpretation of habitat replacement costs as benefits in their
Report:

The cost associated with the construction of the artificiat reef is the
single best estimate of the value of the lost resources,

Nevertheless, the IS Report does recognize that cost does not measure value (p. 34):

We realize that the cost of an artificial reef is not equivalent to the
“value” of entrainment losses as estimated from a resource economy
model.

DespiteA the foregoing acknowiedgement, the IS state that:

3) As of July 2004, the estimated cost for the construction of an
artificial reef ranged from 10.6 million (85 hectares) to 26 million (200
hectares) doliars {cost of transportation of material could cause
these estimates to increase).

4) The cost associated with the construction of the artificial reef is the
single best estimate of the value of the lost resources. If the reef is of
sufficient size and of proper design, it has the potential to
compensate for almost all entrainment impacts measured and
unmeasured.

The fact of the matter from an economic perspective, however, is that the costs
of creating habitat have nothing to do with the value of larvae. Costs are affected
entirely by forces that are independent of the factors that influence preferences and
value for fish. For example, the recent rise in fuel costs would cause transportation
costs associated with reef construction to rise, which would imply that the reef, and
hence the larvae, would be even more valuabie than before. By the same token, i
such prices decline in the future, the value of the reef would decline. Of course, all of

11
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these changes in value would have occurred despite no change in the ecological
functioning of the reef.

Costs generally do not equate with a willingness to pay, and therefore do not
constitute a proxy for economic value. By way of further example:

» The costs in time and materials that are involved in creating a work or art or
sculpture would not represent its value. For some artists or sculptures the
market would value their work far greater than the costs, while for others the
costs required to make the work would exceed its value.

+ Towing an iceberg from a polar region would be an extremely costly way to
provide water in California. !t is ‘inconceivable that the value of water
produced from the method would bear any refationship to its costs.

Thus, there is no economic foundation for the notion that the cost of providing any
natural resource or service is a reasonable proxy for its value. Such a conclusion is
apparent even within the text of the Stratus and 1S Reports.

In recognizing that there is no economic rationale for measuring benefits with
costs, the Stratus report asserts that this approach is “cautious” and “preservationist.”
As noted in the discussion of nonuse values, however, there is very little theoretical or
empirical evidence that there are linkages between CWIS impacts and significant
nonuse values. Moreover, the viewpoint that measuring benefits incorrectly is cautious
or preservationist is incomrect. A better description in this context is that this approach
is unfounded. The HRC approach is particularly troublesome when combined with the
Stratus Report’s stated view that estimated- HRC costs “should be compared with the
estimated costs of implementing BTA, which is the relevant regulatory benchmark for
comparison.” In fact, neither of these is an appropriate criteria for decision-making.

To further Hlustrate the fallacy of using the HRC approach to measuring the
benefits of reductions in 1&E, it is useful to make a simple comparison with commercial
fishing. Commercial fishing and I&E have similar impacts in that they both harvest
individuals from a population. A well-known concept in ﬁsheriés management is
maximum sustainable yield (MSY), which refers to the maximum number of fish that
can be removed annually without causing stock depletion. At MSY, removals and
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. natural mortality are balanced by stable recruitment and growth. The MSY concept is
an estabiished method of informed fisherles management that 1eads to sustainable
ynelds. However, under the HRC paradigm, the economic value of fish removed at
MSY is equal to the cost of creating habitat that produces the harvest. By extension,
when the habitat replacement cost method is used to value sustainable levels of
commercial fishing, we are led to the logical conclusion that the economic impacts of
commercial fishing are equivalent to the cost of creating the habitat that supports
commercial stocks.' | '

Finally, some proponents have argued that because HRC involves natural
resources, which have some mherent value, it is acceptable to merely assume that
costs are equal to value. However, such an argument is fallacious. Specifically, the
decision of society to invest financial resources to protect natural resources, such as
fish, imposes an opportunity cost on soclety that must be considered. Such funds must
be taken away from some other useful economic purpose. Only if the value of that
purpose is iess, would such a decision be just;ﬁed The decision to invest mora in
natural envnronments can only come at the cost of not investing eisewhere. The
position that the cost of a reef {or any restoration activity) represents value could be
used to support clearly abéurd ideas such as that water usage should be valued of
priced according to the cost of bringing icebergs from the North Pole.

Thus, the HRC approach is not consistent with economic principles, in particular
with the principle that costs are not equal to values. Nor does the approach incorporate
the fundamental building block of an economic svaluation—the concept of services.
Given these shortcomings, EPA decided not to endorée this biological approach.
instead, as discussed in the next section, i promulgated a rule that incorporates the
economic approach to valuation. '

4 The recent PEW Oceans Commission (2003) report characterizes the state of the world's fisheries.
Commercial over-fishing is cited as a primary factor in depressed stocks {I&E is not mentioned). This
over-harvesting is a result of the failure of the anforcement mechanisms not the concept of a maximum
sustainable yield.
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4. 316(B) REGULATORY REQUIREMENTS

In July of 2004, the EPA promuigated regulations for determining the impact of
CWIS on fish populations for existing power plants, the so-called Phase |l regulations.
The regulations require impingement reductions of 80 to 95 percent and entrainment
reductions of 60 to 90 percent and provide for site-specific determinations where costs
of best technology available (BTA), including restoration measures, are significantly
greater than the benefits.

Additionally, an evaluation of benefits 6f reducing I&E impacts is an importan{
component of the Phase i regulations. Specifically, EPA has specified requirements
for benefits valuation studies (BVSs) that in general must value commercial,
recreational and, in appropriate circumstances, nonuse benefils derived from
impingement and entrainment (1&E) reductions. Specifically, the regulations siate:

If you are seeking a site-specific determination of best technology
available for minimizing adverse environmental impact because of costs
significantly greater than the benefits of meeting the applicable
performance standards of Section 125.94{b) at your faciiity, you must
use a comprehensive methodology to fully value the impacts of
impingement mortality and eptrainment at your site and the benefits
achievable by meeting the applicable performance standards (EPA
2004a, p. 41,680).

The regulations go on to specify the additional requirements of an uncertainty
analysis and a peer review of the comprehensive benefits estimation methodology. in
a comprehensive benefits study, recreational benefits are measured using valuation
estimates based on people’s choices of recreation éites that reveal the value of
improved fish catch. Commercial fishing benefits are measured using market prices for
the landed species. Equally imporiant, the value of additional forage fish is included in
the benefits analysis using the trophic transfer approach. This approach recognizes
that the biological consequences of changes in forage fish stocks are measured

¥ Federal Register, Enviror}mental Protection Agency, 40 CFR Parts 9, 122, July 9, 2004.
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through a bioeconomic model that links increased recreational and commercial catch to

increased humbers of forage fish. (See Stavins 2004.)°

Forage fish that are not part of the food chain for recreational or commercial
species would not be valued in tl';e production foregone approach adopted by EPA in
ihe final rule. Nonetheless, the remaining value of these fish would be modest because
they are not Hikely to have significant nonuse values. (See Section 3.2 and 3.3 above.}
Moreover, as we discuss below, EPA provides for the ability to analyze nonuse values
on a case-by-case basis using qualitative analysis. Nevertheless, the Agency requires
that these qualitative assessments be based on conventional economic valuation
principles, not cost based approaches.’ (See. EPA 2004a.)

Equally important, EPA expressly rejected the proposals to include cost-based
measures as an alternative to economic valuation. Specifically, the Agency states:

n general, costs should not be confused with values (EPA 2004b, p.
2496). '

The Agency goes on fo further state in response to Dr. Robert Stavins {2004}
comments on the proposed rule that argued against habitat replacement costs:

EPA agrees with Dr. Stavins’ initial statement: “EPA’s [proposed but
abandoned] HRC method, which the Agency claims in its economic
analysis is an alternative method for valuing benefits, is actually nothing
of the kind. The Habitat Replacement Cost method is-pure and simple-a
measure of costs not benefits. The habitat replacement costs are the
design, implementation, administration, maintenance, and moenitoring

_costs of various identified means of restoring aquatic habitats in the
hopes of producing the same in situ services and service flows that are
associated with the varous technological altematives under
consideration. In other words, these are the costs of another alternative-
and one that can be very costly for achieving the same functions as
targeted by the proposed regulation (EPA 2004b, p. 2502).

In its response to comments on the notice of data availability for the proposed draft Phase I rule, EPA
specifically acknowdedges that valuing impacts on forage fish is best accomplished by examining the
impacts of forage fish on commercial and recreational species. The Agency views the production

- foragone as the preferred methodology (EPA 2004b, p. 2522.}

7 There Is no support in the final regulations for the Water Board staff's position that habitat replacement
cost is a qualitative benefits approach. Even qualitative approaches should refiect the same valuation

. concepts that are embodied in a quantitative estimale. That s, value is based on willingness to pay and
that substitutes are an essential part of the valuation context.
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Aithough EPA extensively evaluated HRC during its development of the Phase
It Rule, EPA ultimately decided that the HRC method should not be used as a means of
estimatirig benefits due to “limitations and uncertainties regarding the application of this
methodology” (EPA 20044, p. 41,625). In fact, EPA ultimately determined that “none of
the methods it considered for assessing nonuse benefits provided results that were
appropriate to include in this final rule, and has thus decided o rely on a gualitative
diseussion of nonuse benefits” (EPA 2004a, p. 41.624).

The Phase [t regulations aiso incorporate EPA's Economic Guidelines for
Preparing Economic Analyses (hereafter EFA Guidelines} {EPA 2000), which also
recognize that there is no basis in economic theory or practice for using replacement
costs to approximate benefits.? The EPA Guidelines are quite explicit:

From the perspective of economic theory, the appropriate measure of
benefits of a policy is the sum of the individual willingness to pay for that
poticy (EPA 2000, p. 62).

Alternative approaches that estimate the tolal value of ecosystems
based on the cost of the entire ecosystem or its embodied energy...have
received considerable attention as of late. However, the resuits of these
studies should not be incorporated inte benefit assessments. The
methods adopted in these studies are not well-grounded in economic
theory, nor are they typically applicable to policy analysns (EPA 2000, p.
98).

Clearly, the EPA Guidelines recognize that the measurement of value is based on
individuals’ preferences, not costs. Moreover, there is no reason to eipect that costs
would be even a reasonable proxy for benefits. Costs may be higher, lower, or the
same as benefits, but that wil depend on the unique circumstances of each situation.

In the final Phase H Rule, EPA provides the following guidance on how to
assess the nonuse benefits associated with reductions in 1&E (EPA 2004a, p. 41,647
41,648);

8 Mitigation cost or replacernents costs may be used to approximate value in & very limited context. For
example, the acticn to mitigate must be a voluntary action. Second, the action must be the least cost
alternative for achieving the mitigation. Neither of these conditions apph% to valuing reductions in CWIS
impacts. {See Stavins 2004, Bockstael et al. 2000.}
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« Nonuse benefits may arise from reduced impacts to ecological resources
that the public considers important, such as threatened and endangered
species. Nonuse benefits can generally only be monetized through the use
of stated preference methods. When determining whether to monetize
nonuse benefits, permittees and permit writers: should consider the .
magnitude and character of the ecological impacts implied by the results of
the impingement and entrainment mortality study and any other relevant

information.

e In cases where an impingement mortality and entrainment characterization
study identifies substantial harm to a threatened or endangered species; to
the sustainability of populations of important species of fish, shellfish, or
wildiife; or to the maintenance of community structure and function in 2
facility's waterbody or watershed, nonuse benefits should be monetized.?

« In cases where an impingement mortality and entrainment characterization
study does not identify substantial harm to a threatened or endangered
species; to the sustainability of populations of important species of fish,
shelifish, or wildlife; or to the maintenance of community sfructure and
funciion in a facility’s waterbody or watershed, monetization is not
necessary.

As we demonstrated in our BVS (TER 2005), a qualitative assessment can be based
on economic principles without explicitly including monetized benefits. Such an
approach demonstrates that there is no basis for thinking considerable nonuse values
are being excluded from the BVS. Most likely, these benefits would be negligible.

5. THE IS REPORT IS INCONSISTENT WITH BASIC ECONOMIC
PRINCIPLES AND THE EPA 316(B) REGULATIONS

This section consists of three subsections which demonstrate that the 1S Report
is neither consistent with economic principles nor is it consistent with the EPA Phase il

regulations.

® 4y cases where harm cannot be clearly explained to the public, monetization is not feasible because
stated preference methods are not reliable when the environmental improvement being valued cannot be
characterized in a meaningful way for survey respondents. (Note that this footnote is in fact part of the
guoted EPA text.} ‘
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51 The IS Report is not consistent with the EPA Phase Il regulations

_ As noted above, the IS have offered a report on mitigation impacts to the
Regional Water Board. Specifically, the IS Report states that the goal of the IS is to

...provide the Regional Board with our best professional judgment
regarding environmentally beneficial projects (type of projects, scale,
and balance) that might be funded as part of PG&E’s Diablo Canyon
Power Plant permit.

In evaluating mitigation, however, the IS Report moved from biclogy into the realm of
economics. This movement is a consequence of the methodology chosen by the IS to
evaluate mitigation, which focuses on evaluating the productivity of habitat to replace
organisms that may be lost as a result of I&E at DCPP., The IS Report is thus based on
a foundation of using the cost of replacement habitat to value the I&E impacts
associated with the DCPP. '

As noted above, however, EPA specifically rejected the notion of using cost as
a proxy for value because it was inconsistent with the Agency's own Principles and
Guidelinés for conducting sconomic analysis. As we have demonstrated in this report,
the confusion of costs with values leads to nonsensical results.

Finaily, the IS Repert results in a scale of mitigation projects that is substantially
greater than what would be justified on the measured benefits. Specifically, the IS
Report implicitly argues that nonuse values from I1&E losses at DCPP are sufficiently
large to justify a mitigation project that has lower bound costs that are ten times greater
than the upper bound of the economic benefits that are estimated for reducing such
losses (TER 2005). However, EPA’s Phase |l regulations clearly state that such
benefits need only be addressed in a qualitative manner except in unusual
circumstances, such as the impingement or entrainment of endangered species. The
TER (2005} report shows that such a qualitative assessment demonstrates that nonuse
benefits would be modest at most because of the marginal nature of the impacts and
the presence of substitute resources.
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However, assuming for the sake of argument granting that nonuse benefits
might be significant (which is not the case), there is little or no chance that such
benefits would be large enough to Justify even the lower end of the range of costs
estimated by the IS Report. For example, even the most ardent advocates for the
notion of sizeable nonuse benefits only argue for an adjustment factor of 2 to 3 times
greater than use benefits.”® Including such an adjustment would still only justify a reet
about one-half the size of the smaller reef proposed by the IS Report. Thus, by
ignoring the Phase 1l regulations, the IS Report has proposed a scale for the mitigation
alternative that is substantiaily greéter than what would be required to offset the loss in

both human use and ecological services.

52 The approach followed by the IS is not sufficient for determining the
appropriate scale of restoration
We also do not believe that the 1S methodology is capable of evaluating the
correct scale of restoration. While the appropriate type of project is an ecological issue,
the appropriate scale is an economic and regulatory matter.

An evaluation of the Rule supports this contention. Under the final Phase i
Rule, restoration is possibie under either Alternative 3 or Altemative 5. Under
Alternative 3, restoration measures must be scaled such that they can (EPA 2004a, p.
“41,608).

...increase fish and shelifish in an impacted waterbody or watershed and
result in performance substantially similar to that which would otherwise
be achieved through reductions in _impingement mortality and
entrainment... :

However, when the actions required to comply under Alternative 3 result in costs that
are significantly greater than the benefits of mesting the performance standards, the
site-specific approach (Alternative 5} is triggered (EPA 20043, p. 41,597):

in today's final rule, a facility that demonstrates to the Director that the
costs of compliance with the performance standards and/or restoration

10 pckarman (2002) one of the most ardent critics of economic analysis argues for a factor between two
and three times use benefits in his comments on EPA’s proposed rule.
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requirements would be significantly greater than the benefits will be
given a site-specific determination of best technology available for
~ minimizing adverse environmentat impact.

In our economic assessment (TER 2005) that employed the methodologies EPA
used to calculate national benefits, we estimated the total value of meeting reduction
standards {reducing impingement by 80 to 95 percent and enfrainment by 60 to 80
percent) through 2053 to be $564,000 to $1 million for all fish species and 2 crab
species. This assessment concludes that nonuse values would not need to be
monetized under EPA guidelines because I&E had only marginal population effects on
non-unique species." ‘

A site-specific determination implies that implementing a restoration solution
that does not meet the performance standards is appropriate, as indicated by the
following text (EPA 2004a, p. 41,597):

The standards of the rule have not changed since proposal, with the
exception of one clarification: in the final rule, the alternative site-specific
requiremenis established by the Director must achieve an efficacy that is
as close as practicable to the performance standards and/or restoration
requirements specified in § 125.94(b} and (c).

The relevant regulatory document is the Site-Specific Restoration Plan. ‘As stated by
EPA, this plan must contain the following information (EPA 2004a, p. 41,690):

A demonsiration that the proposed andfor implemented design and
construction technologies, operaticnal measures, and/or restoration
measures achieve an efficacy that is as close as practicable to the
applicable performance standards of § 125.94(b) without resuiting in
cosis significantly greater than either the costs considered by the
Administrator for a facility like yours in establishing the applicable
performance standards, or as appropriate, the benefits of complying with
the applicable performance standards at your facility;

"By way of comparison, EPA estimates thal the commercial and recreational benefits for-the entire
California Region would be only $3 million dofiars, which is only one-third the fower bound cost of the
artificial reef In the IS Report (EPA 2004b).
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Based on this language, restoration efforts should not only be scaled
éommensurate with biological impacté, but should also limited by economic
considerations where the cost of 316(b) compliance is significantly greater than the
economic benefits. Therefore, quantifying the magnitude of benefits and appropriate%y
applying the concept “significantly greater” provide the regulatory framework for
expected compliance expenditures and scale of restoration efforts under the Phase |
Rule. As we discussed above, even the lower end of the mitigation alternative

proposed by the IS Report results in costs that are ten times greater than the measured -

economic benefits. Even if substantial nonuse benefits have been ignored (which is not
the case), they would not be of sufficient magnitude to justify the scale of the proposed

restoration al{emative.

5.3 The equating of restoration impacts to blological impacts has
methodological flaws
The 1S Report apparently uses the concept of value to equate impacts of the
proposed artificiat reef to impacts caused by the DCPP. The proposition that these
impacts are appropriately matched by the methodology has serious methodological
flaws in that it does not measure changes in ecological services nor does it account for
uncertainty or discounting in the scaling of restoration alternatives.

The IS Report provides estimaies of mortality for the species that are impinged
and entrained at DCPP. It also frequently discusses the types of organisms such as
phytoplankton that are not guantified in the studies that measure I&E effects. However,
noticeably lacking in the Report is any guantification of whether the loss in various
organisms has reduced any ecological services. To the extent that such organisms are
vital to ecological functions, and to the extent that such functions are important 1o
people’s well-being, it would seem logical that noticeable reductions in some types of
services would have observed during the history of DCPP operation.'””> The IS Report
simply eduates reductions in. organisms to reductions in services. As Banzhaf and
Boyd (2004) argue, services involve changes in populations, not simply a reduction in

27he lack of a focus on services resulls in other statements in the IS Report that are not substantiatad.
For example, the geographic scale from which the losses occur is large, so the scale of the project
should be large {IS Report, p. 5). In the services paradigm, the scale of the restoration would be
determined by the loss in services, not simply whether the reductions would ocour over 2 large area.
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ecological functions. Aklthough quantifying such service reductions can be challenging,
the equation of organisms to services nevertheless implies that such populations have
no opportunity to compensate for the reductions, and that the loss in individual
members of a species automatically reduces ecologicat services.

Additionally, the 1S Report has not fully explored the implications of uncertainty
in developing its conclusions. For example, the IS Report reitgrates the important point
that the ecological effects of the artificial reef are uncertain {IS Report, p. 5 and p. 20).
However, it is also clear that although the numbers of individual organisms that are
impinged and entrained is rigorously measured, the pepulation impacts of the loss in
these organisms are not known with any degree of scientific certainty.'® The IS Report
approach taken does not attempt to identify even relafive levels of unceriainty.
Moreover, the importance of uncertainty to human decisions (our best indicator of
value) has been recognized and mathematically formalized since the middle of last
century (von Neumann and Morgenstern 1944). The quantification of the value of
uncertainty is in the measurement of risk aversion. The intuition is that when people
face choices with comparable returns, they will choose the less-risky alternative
(Friedman and Savage 1948). With respect to the financial quantification of
uncertainty, this issue was detailed by Markowitz {1952a, 1952b) and Tobin {1958).

A comparison of high yield bonds to treasury bilis provides a good illustration of
how uncertainty influences value. These bonds pay high vields to bondholders
because the borrowers don't have any other option. Their credit ratings are less than
pristine, meaning there is substantial risk of defdult. To compensate for this
unceriainty, purchasers of high yield bonds require higher payments. By comparison,
treasury bills carry a comparatively low yield. In this case, the backing of the
government lends a level of cerfainty to the investment, reducing the yield requirement.

So, understanding the value relationship between the impact of DCPP and the
effectiveness of the reef reguires understanding the uncertainty in each. This is
especially important if there is a meaningful difference in uncertainty. For example,

3Some studies that have evaluated the effect of IZE on fish populations have concluded that there is no
measurable impact (EPR3 2003; Texas Commission 2003).
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" considering both ranges of uncertainty, it is possibie that DCPP is not impacting fish at
the population level, because of biological compensation for the loss of individuals, for
example. It is also likely that any restoration activity will be productive. Thus, the IS
Report is comparing a mitigation alternative (the artificial reef) that is certain to produce
positive benefits to a potential loss that is sufficiently uncertain that it may or may not
occur. Given this relative difference in uncertainty, one would expect that even a

smalter reef would be a prudent and reascnable outcome.

The IS methodological approach is also flawed because it ignores discounting.
The approach used to identify equivalence matches current production to current
impacts. However, as exhibited by the following quote, there is a high likelihood that

. restoration projects will provide permanent benefits, while it is a certainty that DCPP will
eventually cease operation.

The benefits of marine reserves are permanent, and will likely be

manifested throughout the ecosystem. By contrast, entrainment losses

are temporary (IS Report 2005, p. 23}).

An implication of the foregoing is that proposed projects will be productive when
there is no impact to offset. This situation leaves open the question of how these more-
than-offsetting future impacts should be valued. When the value of such projeclts Is
from future use values, such as benefits to commercial and recreational fisheries, the

accepted approach is to discount these values appropriately. For example, oMB
guidance supports a 3% annual soclal discount rate which would be used for
recreational fishing benefits, and a 7% commercial discount rate for commercial fishing
benefits (OMB 1992). For values in the distant future, the rate of discounting can have
a substantial effect. For example, a $100 payment 50 years in the future has a current
value of $22.81 when the discount rate is 3%; when the discount rate is 7%, the $100 is
worth $3.39.

As this example indicates, when use values are being considered, discounting
lessens the relevance of impacts that are in the future. This means that when
permanent projects are intended to offset temporary impacts to use values, projects
that are somewhat less than offsetting of current impacts can be completely offsetting
of impacts over time. However, a major rationale (at least impliciily) in the IS Report for
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the equating of value in the manner employed is that there are substantial nonuse
value impacts. Present value calculations are well-suited to value use benefits.
However, when discounting is applied to the benefits provided by naturél systems the
effect is to discount the interests of fulure generations. The bequest component of
nonuse values is based on the interests of future generations. Beguest value is current
value for all future nonuse existence value. Much like a time capsule, bequest values
are more are valuable because they are experienced in the future—not iess valuable.

The implication is that when part of the value of a restoration projéct is nonuse
value arising from ecological services a small permanent restoration project- ¢an offset
much larger impermanent impacts. This is because when the plant shuts down,
permanent nonusefecological services more than offset temporary impécts. The
bequest component of nohuse value realized at that point and into the future is not
subject 1o discounting. Because these values would not be subject to discounting, a
smail amount of more-than-offsetting ecological/nonuse benefits realized at some point
in the future, and coqtinuing indefinitely can be offsetting. This view is consistent with
economic theories related ta nonuse and the regulatory evaluation requirements of
nonuse values in the 316(b) context. In particular, economic theory tells us it is
irreversible impacts that have large nonuse impacts. EPA recognizes the importance of
permanent impacts with the requirement to guaniify nonuse only when there are
impacts to threatened and endangered species.

Finally, even if one were fo adopt the conventional discount rate for sacial
investments of 3%, it would still be likely that the size of the 1S-recommended reef is
much larger than necessary to offset any potential service losses. Specifically,
suppose that the DCPP has an economic lifetime unti the year 2053 or 48 vears, and
the artificial reef would produce benefits into perpetuity. Using the 3%discount rate
woluld imply that the ardificial reef would produce benefits into the future for at least 22
years longer than the economic lifetime of the plant, if we assume that most of the
benefits are discounted in 70 years. During this last 22-year time period, there Would
be no offsetting I&E impacts, thus the net impact would be even greater than during the
first 48 years of the reefs lifetime. In summary, the failure to consider the potential
roles that discounting services wouid play, along with the role of services themselves,
results in a mitigaﬁon alternative that is substantially larger than is necessary.
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6. CONCLUSIONS

The IS Report has proposed an artificial reef to mitigate the I&E impacts at the
DCPP. This report has considered the consistency of this mitigation alternative with
basic economic principles and the. EPA Phase Hl regulations. = Our analysis
demonstrates that the IS Report is not consistent with basic economic principles,
especially in that it rejects the economic valuation concepts that people are the best
judge of value and that cost is an mappropnate proxy for value. Moreover, the IS
Report fails to consider the differences between the economics and ecological views of
natural resource services. Furthermore, the IS Report does not evaiuate the potential
effects of discounting on the scale of the restoration altematives they evaluate. Nor,
does the 1S Report evaluate the differences in the relative uncertainties between the
mitigation alternative and the potential J&E impacts. All of these concepts are endorsed
by the EPA regulations. The consequence of these omissions is that the IS Report
proposes a mmgatlon alternative that is ten to twenty-six times larger than what would

be justified based on any reasonable scientific measurement of economic benefits.
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Ph.D., 1977, Economics, Florida State University, Tallahasses, Florida
M.S., 1974, Economics, Florida State University, Tallahassee, Florida
B.A., 1972, Economics, Steison University, Deland, Florida

Key Projects

“Evaluation of the Use of Survey Methods by Appraisers to Value a
Commercial Property” {ChevronTexaco)

“Evaluation of the Use of Contingent Valuation Surveys to Measure
Diminished Property Values in Mississippi” {confidential cilent)

“Evaluation of Market and Survey-Based Methods for Measuring Damages
from Underground Storage Tanks (USTs) to Both Residential and
Commercial Propertias” {confidential client)

“The Role of Individual Factors in Using Market and Survey-Based Methods
for Measuring Potential Damages to Classes of Residential Properties in
Colorado Springs, Colorado” (Davis Graham Stubbs)

“The Role of Individual Factors in Using Market and Survey-Based Methods
for Measuring Both Residential and Commercial Properties in Oklahoma”
{confidential client) '

‘The Reliability of Survey and Market-Based Methods for Measuring
Damages from Increased Eutrophication in Lakes” (confidential clients)

"*Comments on the Benefit Estimates of EPA’s Proposed Phase [f 316(b)
Rule” (The Utility Water Act Group)

‘Benefit-Cost Analysis of Various Regulatory Altematives for 316(b)
Compliance in Connecticut” (confidential client)

‘Benefit-Cost Analysis of 316(b} Regulatory Alternatives in California”
{confidential client)

“Groundwater Damages at the South Valley Superfund Site in New Mexico”
{confidential client)

“Creel/Angler Survey on the Lower Passaic River' (Chemical Land
Holdings)

"Human Use Compensatory Restoration Strategy for Onondaga Lake”
(Honeywell intemational)
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“Review of New Jersey's Groundwater Damage Assessment Formula” (New
Jersey Site Remediation Industry Network)

“Environmental Costs for Particulate Matter and Mercury: An Assessment
of the Recent Literature” (Xcel Energy)

NRDA for a major waterway in the Northeast {confidential client)
“Alternative Santa Clara River HEA™ (confidential client)

“Saginaw Bay and River Natural Resource Damage Assessment” {General
Motors)

“Evaluating the Reliability of Contingent Vaiuation {U.S. Environmental
Protection Agency}

“Measuring Environmental Costs for Resource Planning™ (Northern States
Power Company)

sNatural Resource Damage Assessment for Lavaca Bay, Texas" {(Alcoa)

“Natural Resburce Damage Assessment for the Clark Fork Basin in
Montana” (ARCO)

“Using Conjoint Analysis o Value Heaith” {Health Canada et al.)
“Wisconsin Energy Research Project” {consortium of Wisconsin utilities}
“Estimating the Market Potential For ‘Green’ Products” {Niagara Mohawk)
“Fox River Natural Resource Damage Assessmenf' {Fox River Group)

“Kalamazoo River Natural Resource Damage Assessment” (Kalamazoo
River Study Group} '

»St Lawrence River-Massena Natural Resource Damage Assessment”
(Reynolds, Alcoa, General Motors}

“Wisconsin Externalities Costing: Principles & Practices” {Task Force on
Externality Costing, Wisconsin utilities)

“Measuring Benefits of the Effiuent Guidelines: An Evaluation of the
Benefits Transfer Technique” (Office of Science and Technology, U.S.
Environmental Protection Agency)

“information, Risk Perception, and Mitigation: Behavioral Responses to
Environmental Risk” {National Science Foundation}

“Natural Resource Damage Assessments for the Martinez, California;
Gasconade River, Missouri; and Arthur Kill, New Jersey Oil Spills” (various
clients)

“Communicating Risk Effectively” (Office of Policy Planning and Evaluation,
4.8, Environmental Protection Agency}
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“Valuing Reductions in Hazardous Waste Risks” {Office of Policy Analysis,
U.S. Environmental Protection Agency)

"Evaluating Risks of a High-Level Nuclear Waste Repos:tory (State of
Nevada)

A Companson of Benefit Estimation Approaches” (Office of Policy Analysis,
U.S. Environmental Protection Agency)

Expert Reports

“Expert Report in the Matter of Beck, st al. v. Koppers Industries, Inc., ef al.”

August 1, 2004,

“Declaration of William H. Desvousges, Ph.D. Pursuant fo 28 US.C.
§ 1746." April 15, 2005.

“Supplementai Report in the Matter of Palmisano, et al. v. Olin Corporation.”
February 7, 2005.

“Expert Report in the Matter of LaBauve, ef al. v. Olin Corporation.”
December 10, 2004.

“Expert Report in the Matter of Cole, et al. v. ASARCO, et al.” August 23,
2004,

F

‘Expert Report in the Matter of Dandels, et al. v. Olin Corporation.” August
16, 2004,

“Expert Report in the Matter of Kellum, et al. v. Kuhiman Corporafion, et al.”
July 2003.

“Expert Report in the Matter of Susann Stalcup, ef al. v. Schiage Lock
Company, ef al." April 1, 2003.

“Expert Repori in the matter of Muise/Tzannetakis et al. v. GPU Energy.”
December 2, 2002,

“Expert Report in the Matter of State of New Mexico v. General Electric
Company et al.” February 1, 2002,

“Expert Report in the Matter of Major Andrews et al v. Kem-McGee
Corporation, Inc. et al.” June 28, 2001.

“Expert Re'port in the Matter of State of Montana v. Aflantic Richfield
Company.” June 12, 1995,
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Testimony

Provided expert witness testimony in the matter of LaBauve, et al. v. Olin
Corporation. Civil No. 03-567 in the U.S. District Court, Southern District of
Alabama. February 14, 2005.

Provided expert witness testimony in the matter of Betty Jean Cole, et al. v.
ASARCO Incorporated, et al. Case No. 03-CV-327(H) M in the U.S. District
Count, Northern District of Oklahoma. October 8, 2004.

Provided expert witness testimony in the matter of Daniels, ef al. and
Palmisano, et al. v. Olin Corporation, et al. Case No. C 03-01211 RMW in the
U.S. District Court, Northem District of California, San Jose Division.
September 21 and 22, 2004 and February 23, 2005.

Provided expert witness testimony and participated in Daubert hearing in the
matter of State of New Mexico v. Gensral Electric Company. et al. Case No.
CIV 99-1254, Case No. CIV 99-1118. Consolidated by Order dated June 14,
2000, January 2004.

Provided testimony fo the Public Service Commission of Wisconsin in the matter
of “Application of Wisconsin Electric Power Company; Wisconsin Energy
Corporation; and W.E. Power, LLC for a Certificate of Public Convenience and
Necessity for Construction of Three Large Electric Generation Facilities, the Elm
Road Generating Station, and Associated High Voltage Transmission
interconnection Facilities to be Located in Milwaukee and Racine Counties.
Docket No. 05-CE-130. September 8, 2003. :

Provided expert witness testimony in the matter of Kellum, et al. v. Kuhiman
Corporation, et al. Civii Action No. 2001-0313 through 2001-324 in the Circuit
Court of Copiah County, Mississippi. August 19 and August 20, 2003.

Provided expert witness testimony in the matter of Susann Stalcup, Craig Lewis
and Sharon Lewis v. Schiage Lock Company, Ingersoli-Rand Company and
Eagle-Picher Industries, inc. Case No. 02-RB01188{0ES). June 12, 2003.

Provided expert witness testimony in the matter of Mary Louise Fairey, et al. v.
the Exxon Corporation, Standard Oil Company, et al. Case No. 94-CP-38-118.
March 13 and June 3, 2003.

Provided expert witness testimony in the matter of Muise/Tzannetakis et al. v.
GPU Energy. January 22, 2003.

Provided expert witness teétimony in the matter of Andrews et al. v. Kerr-
McGee Cormporation et al. Civil Action No. 1:00-CV-00158-B-A in the U.S.
District Court, Northern District of Mississippi, Eastern Division. October 16,
2001. .

Provided expert witness testimony in the matter of State of New Mexico v.
General Electric Company. et al. Case No. CIV 99-1254, Case No. CIV 99-
1118. Consolidated by Order dated June 14, 2000.
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Provided expert witness testimony in the matter of Sfate of Montana v. Atlantic
Richfield Company in the U.S. District Court, District of Montana, Helena
Division. Case No. CV-83-317-HLN-PGH. Juiy 13, 1995. Rebuttal Testimony
provided February 1, 1996.

Provided testimony on the matter of “The Role of Contingent Valuation in
-Natural Resource Damage Assessment” before the U.S., House of
Representatives Subcommiltee on Commerce, Trade, and Hazardous
Materials. June 20, 1995,

Provided testimony before the Public Utilities Commission of the State of
Minnesota in the matter of “The Quantification of Environmental Costs.” Docket
No. E-999/CI-93-583. Testimony in November 1994.- Rebuttal in March 1895,
and Sur-rebuttal in April 1995,

Testified before the National Oceanic and Atmospheric Administration (NOAA)
Contingent Valuation Panel in the matter of “Using CV to Measure Nonuse
Damages: An Assessment of Validity and Reliability,” August 12, 1992,

Provided testimony to Wisconsin Public Service Commission in the matter of
“Accounting for Environmental Externalilies in Electric Utility Planning.”
Novemnber 26, 1991.

Areas of Spebialization

Property Valuation

Prepared expert report that critiqued reports provided by the plaintiffs economic
expests in a lawsuit alleging groundwater contamination at a Superfund site in
the western U.S. Created a sophisticated hedonic property value model
demonstrating that the Superfund site had no effect on residential property
values.

In several states, directed projects evaluating the use of surveys to measure
diminished property values, commercial and residential property values,
potential damages to residential and commercial properties, and potential
damages from various contaminants.

Critiqued the contingent valuation survey of a plaintiff's expert in a series of

lawsuifs alleging property damages caused by a wood-treating facility in

Mississippi. Demonstrated that the survey s unreliable for use in litigation.
Natural Resource Damage Assessment

Developed comprehensive assessment plans for complex assessments.

Performed preliminary assessments for both oil-spill and hazardous-waste sites,

Designed state-of-the-art studies to measure potential losses for recreation and
groundwater services. Studies included data-collection protocels and
implementation.
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performed critical analyses of studies that used contingent valuation to measure
nonuse values. _

Designed and directed studies to measure potential recreation losses and to
evaluate potential restoration gains.

Critiqued the transfer study used by the plaintiffs expert in a Louisiana lawsuit
seeking restoration funds to convert floatant freshwater marsh habitat to
uplands. Provided an alternative estimate of the value of the wetlands.

Benefit/Cost Analysis

Prepared comments on economic issues in EPA's proposed 316(b) regulations
for The Utility Water Act Group.

Directed a benefit analysis of technology-based effluent guidelines for municipal
and industrial dischargers. '

Directing projects to measure benefits of 316(b) regulatory alternatives for
several utility clients

Served on peer review committee associated with benefits transfer data needs
for Environment Canada.

Served as peer reviewer on benefits transfer for Ontario Ministry of the
Environment.

Directed a feasibility study of using benefit-cost techniques fo assist in the
planning of estuaries cleanup. The study used case studies of two estuaries:
the Albemarie and Pamlico Sounds.

Prepared a handbook on benefit-cost assessment for water programs that
included chapters on measuring benefits and costs, selecting a discount rate,
and assembling a benefit-cost assessment.

Compared alternative approaches for estimating the recreation and related
benefits of the Monongahela River in Pennsylvania. Developed a survey
questionnaire to measure recreation, user, option, and existence benefits for
different levels of water quality. The survey design enabled a comparison of
bidding games, direct-question, and contingent-ranking techniques for
measuring benefits. Used clustered sampling techniques to sample 393
nouseholds, and compared the direct survey results with benefits estimates
derived from an indirect estimation technigue.

Survey Design and Management

During the past 15 years, designed and managed large-scale surveys.
Experienced in using bidding games, direct-question, contingent-ranking, and
discrete-choice techniques for measuring benefits of natural resource and
environmental policies. Directed focus groups fto determine appropriate
terminology, to evaluate the effectiveness of alternative visual aids used in the
surveys, and to assess the various survey issues. Developed surveys to
evaluate the following:
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o Health benefits from reduced cardiac and respiratory morbidity using
conjoint analysis

» Market penetration for “green” products using conjoint analysis

e Customer willinghess to pay for “greener” efectficity using conjoint analysis
« The role of quality-of-life measures Ip the benefits of improved life extension
« Natural resource damages

+ Risk-communication effectiveness

+ Radon risk perceptions and willingness to pay to reduce perceived risks

+ Benefits of hazardous waste management regulations

+ Risk perceptions retated to the proposed siting of a nuclear waste repository
and willingness to pay to reduce those perceived risks

+ Recreation benefits demand
+ Recreation, user, and option benefits for differe_nt levels of water quality

Environmantal Costing

Provided analysis and testimony for the eastern Wisconsin utilities in hearings
on environmentai costing before the Wisconsin Public Service Commission.

Estimated the environmental extemality costs of resource planning options for
the eastern Wisconsin utilities and for Northern States Power.

Participated in environmental costing workshop and served on peer review
commiftee for Ontario Hydro.

Health Economics

Conducted focus groups and used verbal protocols to dewvelop stated-
preference conjoint survey questionnaires.

Conducted large-scale stated-preference conjoint survey to measure benefits of
reduced cardiac and respiratory morbidity.

Designed/conducted pilot study of quality of life and enhanced lengevity using
conjoint stated-preference methods.

Dssigned and distributed radon information materials that were sent to 2,000
homeowners in the state of New York who had their homes tested for radon.
Supervised interviews with homeowners, sequenced over a nine-month to two-
year period, to elicit their perceptions of radon risks and tracked any
expenditure decisions fo reduce these risks, The expenditures were used to
estimate a willingness-to-pay measure of the value of reductions in radon risks.
The research design also evaluated the effectiveness of an information policy
for reducing radon risks.
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Developed and evaluated alternative approaches for encouraging Maryland
nomeowners to test for radon. Developed and pretested risk communication
rmaterials that ranged from radio public service announcements to public display
posters and brochures. Used a three-community experimental design with
1,500 baseline and follow-up interviews in each community to measure
effectiveness.

Professional Associations

+ American Economic Association

« Southern Economic Association _

« Association of Environmentat and Resource Economists (AERE)

« Member of Nominating Committee for AERE, 1983 and 1986 -
. Society for Risk Analysis

+ American Public Cpinion Research

Honors and Awards

» Recipient, Research Triangle Institute Professidnal Development Award, 1985
« Nominated for Quistanding Young Man of Rolla, Missouri, 1979

« Outstanding Teacher Award, University of Missouri at Rolla, 1977 to 1979

. Scholar-Diplomat, UL.S. State Department, 1978 |

» Graduated cum jauds, Stetson University, 1972

Professional Leadership

» Vice President, Association of Environmental and Resource Eoo_nomists,'
- 1992to 1994

e Associate Editor, International Journal of Energy Studies, 1989 to 1993

« Associate Editor, Journal of Environmental Economics and Management,
1992 to 1994

« Associate Editor, Water Resources Research, 1984 to 1987

Journals and Book Reviews

« American Economic Review
e Review of Economics and Statistics

¢ Land Economics
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» Journal of Environmental Economics and Management
s  Growth and Change

» American Joumnal of Agricultural Economics

¢ Southern Economics Journal

« Mansfield’s Principies of Microeconomics

s Maring Resource Economics

s National Science Foundation

» Journal of the American Stalistical Association

Publications

Mathews, K.E., M.L. Freeman, and W.H. Desvousges. Forthcoming. “How and
How Much? The Role of Information In CE Questionnaires.” in Using
Choice Expetiments fc Value Environmental Amenitics, Barbara
Kanninen, ed. Boston: Kluwer Academic Publishers.

Dunford, R.W., T.C. Ginn, and W.H. Desvousges. 2004. “The Use of Habitat
Equivalency Analysis in Natural Resource Damage Assessments.”
Ecological Economics 48(1).49-70.

Mathews, K.E., and W.H. Desvousges. 2003. “Stigma Claims and Survey
Reliability: Lessons Learned from Natural Resource Damages
Litigation.” Joumafl of Forensic Economics 16(1).23-36.

fapnuzzi, T.J.,, D.F. Ludwig, J.C. Kinpell, J.M. Wallin, W.H. Desvbusges. and
RW. Dunford. 2002. A Commcn Tragedy: History of an Urban River.
Amherst, MA: Amherst Scientific Publishers.

Mathews, K.E., K.J. Gribben, and W.H. Desvousges. 2002. “Integration of Risk
Assessment and Natural Resource Damage Assessment: A Case Study
of Lavaca Bay.” In Human and Ecological Risk Assessment: Theory &
Practice, Dennis J. Paustenbach, ed. New York: John Wiley and Sons.

Johnson, F.R.,, RW. Dunford, W.H. Desvousges, and H.S. Banzhaf. 2001.
' “The Role of Knowledge in Assessing Nonuse Damages: A Case Study
of the Lower Passaic River." Growth and Change 32(Winter):43-68.

Smith, V. Kerry, Donald H. Taylor, Jr., Frank A. Sloan, F. Reed Johnson, and
Willlam H. Desvousges. 2001. “Do Smokers Respond to Health
Shocks?” The Review of Economics and Statistics B3(4):675-887.

Desvousges, W.H., and J.C. Lutz. 2000. “Compensatory Restoration:
Economic Principles and Practice.” Arizona Law Review 42(2).411-432.

Johnson, £.R., M.R. Banzhaf, and W.H. Desvousges. 2000. “Willingness to
Pay for Improved Resplratory and Cardiovascular Health; A Multiple-
Format Stated-Preference Approach.”  Health Economics 9:295-317.
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Payne, JW. D.A. Schkade, W.H. Desvousges, and C. Aultman. 2000.
m/aluation of Multiple Environmental Programs.” Journal of Risk and
Uncertainty 21(1):95-115.

Desvousges, W.H., F.R. Johnson, and H.S. Banzhaf. 1998. Environmental
Policy Analysis With Limited Information: Principles and Applications fo
the Transfer Method. Cheltenham, UK: Edward Elgar.

Johnson, F.R., W.H. Desvousges, M.C. Ruby, D. Stieb, and P. De Civita. 1998.
“Eliciting Stated Health Preferences: An Application to Willingness to
Pay for Longevity.” Medical Decision Making 18(2%.57-67.

Johnson, F.R., and W.H. Desvousges. 1997. “Estimating Stated Preferences
With Rated-Pair Data: Environmental, Health, and Employment Effects
of Energy Programs” Journal of Environmental Economics and
Management 34:79-959.

Banzhaf, H.S., W.H. Desvousges, and F.R. Johnson. 1997. “Assessing the
Externalities of Electricity Generation in the Midwest” Resource and
Energy Economics 18:395-421.

Boyle, K.J., F.R. Johnson, D.W. McColium, W.H. Desvousges, R.W. Dunford,
and S.P. Hudson. 1996. "Valuing Public Goods: Discrete Versus
Continuous Contingent-Valuation Responses.” Land Economics
72(3):381-96. _

Desvousges, W.H., S.P. Hudson, and M.C. Ruby. 1996. “Evaluating CV
Performance: Separating the Light From the Heat.” In The Contingent
Valuation of Environmental Resources: Methodological Issues and
Research Needs, D.J.-Bjomstad and J.R. Kahn, eds. Brookfield, VT:
Edward Elgar Publishing Limited.

~ Smith, VK., W.H. Desvoﬁsges. and JW. Payne. 1995. “Do Risk information
Programs Promote Mitigating Behavior?” Journal of Risk and
Uncertainfy 10:203-221. o

Boyle, K.J., W.H. Desvousges, F.R. Johnson, R.W. Dunford, and S.P. Hudson.

© 1694. “An Investigation of Part-Whole Biases in Contingent Valuation

Studies.” Joumnal of Environmental Economics and Management
27(1):64-83. ‘

Desvousges, W.H., H. Kunreuther, P. Slovic, and E.A. Rosa. 1993. “Perceived
Risk and Attitudes Toward Nuclear Wastes: National and Nevada
Perspectives.” In Public Reactions o Nuclear Waste, R. Duniap, M.
Kraft, and E.A. Rosa, eds. Durham, NC: Duke University Press.

Desvousges, W.H., F.R. Johnson, RW. Dunford, K.J. Boyie, S.P. Hudson, and
' K.N. Wison. 1993. *“Mseasuring Natural Resource Damages With
Contingent Valuation: Tests of Validity and Reliability.” In Confingent
Valuation, A Critical Assessment, J.A. Hausman, ed., pp. 91-164.
Amsterdam: Elsevier.
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Desvousges, W.H., A.R. Gable, RW. Dunford, and S.P. Hudson. 1993,
“Contingent Valuation: The Wrong Tool for Damage Assessment.”
Choices 8(2):9-11.

Desvousges, W.H., V.‘K.'Smith, and H.H. Rink, ill. 1992, “Commuﬁicating
Radon Risks Effectively: The Maryland Experience.” Joumnal of Public
Poficy and Marketing 11(1).68-78. '

Desvousges, W.H., and RW. Dunford. 1992, “Russian River Basin
Formaldehyde Release.” In Natural Resource Damages: Law and
Economics, KM. Ward and J.W. Duffield, eds. New York: John Wiley
and Sons.

Desvousges, W.H., M. Naughton, and G. Parsons. 1992. "Bepefits Transfer;
Conceptual Problems in Estimating Water Quality Benefits Using
Existing Studies.” Water Resources Research 28(3).:675-683.

Kunreuther, H., D. Easterling, W.H. Desvousges, and P. Slovic. 1990. “Public
Attitudes Toward Siting a High-Level Nuclear Waste Repository in
Nevada.” Risk Analysis 10(4):469-484,

Smith, V.K., and W.H. Desvousges. 1990. “Risk Communication and the Value
of Information;: Radon as a Case Study.” Review of Economics and
Statistics 72{1}:137—140.

Smith, V.K., W.H., Desvousges, F.R. Johnson, and A. Fisher. 1890. “Can
Public Information Programs Affect Risk Perceptions?” Journal of Policy
Analysis and Management 9(1):41-58.

Desvousges, W.H., and JH. Frey. 1989. ‘Integrating Focus Groups and
Surveys: Examples from Environmental Risk Studies.” Journal of
Official Statistics 5(4):1-15.

Smith, V.K., and W.H. Desvousges. 1889. “Subjective Versus Technical Risk
Estimates: Do Risk Communication Policies Increase Consistency?”
Economic Lefters 31:287-291. ' '

Desvousges, W.H., and V.K. Smith. 1988, “Focus Groups and Risk
Communication: The 'Science’ of Listening to Data.” Risk Analysis
8(4).475-484.

Smith, V.K., and W.H. Desvousges. 1988. “Risk Perception, Leaming and
Individual Behavior." American Journal of Agricuitural Economics
70(5):1113-1117. : :

Kunreuther, H., W.H. Desvousges, and P. Slovic. - 1988. “Nevada’s
Predicament: Public Perceptions of Risk From the Proposed Nuclear
Waste Repository.” Environment 30(8):17-20, 30-33.

Smith, V.K., and W.H. Desvousges. 1988. “The Valuation of Environmentat
Risks and Hazardous Waste Policy.” Land Economics 64(3):211-219.

Smith, V.K., W.H. Desvousges, A. Fisher, and F.R. Johnson. 1988. “Leaming
About Radon’s Risk.” Journal of Risk and Uncertainty 1:233-258.
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Johnson, E.R., A. Fisher, V.K. Smith, and W.H. Desvousges. 1988, “Informed
Choice or Regulated Risks? Lessons From a Social Experiment in Risk
Communication.” Environment 30{4):12-15, 30-35. Reprinted in
Readings in Risk. 1990. Washington, DC: Resources for the Future.

Desvousges, W.H., V.K. Smith, A. Fisher, and F.R. Johnson. 1988. “Com-
municating Radon Risks Effectively.” In Managing Environmental Risks,
Proceedings of Air Pollution Controt Association, Specialty Conference
on Risk Management and Risk Communication. Pittsburgh, PA.

Smith, V.K., and W.H. Desvousges. 1987. “An Empirical Analysis of the
Economic Value of Risk Changes.” Joumal of Political Economy
95{1):89-114.

Desvousges, W.H., V.K. Smith, and A. Fisher. 1987. *Option Price Estimates
for Water Quality Improvements: A Contingent Valuation Study for the
Monongahela River.”  Joumnal of Environmental Economics and

Management 14:248-267.

Smith, V.X., and W.H. Desvousges. 1986. Measuring Water Quality Benefits.
Boston: Kluwer Nijhoff. :

Smith, V.K., and W.H. Desvousges. 1986. “Asymmetries in the Valuation for
Risk Reductions.” American Economic Review 76(2):281-284.

Smith, V.K., and W.H. Desvousges. 19886. “The Value of Avoiding a LULL:
Hazardous Waste Landfilt Sites.” Review of Economics and Stafistics
68(2):293-299. ;

Smith, V.K., and W.H. Desvousges. 1986. "Averting Behavior: Does It Exist?”
Economic Letters 20:291-296.

Smith, V.K., W.H. Desvousges, and A. Fisher. 1986. “A Comparison of Direct
and Indirect Methods for Estimating Environmental Benefits.” American
Joumal of Agriculfural Economics 68:280-289.

" Smith, V.K., and W.H. Desvousges. 1984. “Measuring the Benefits of Water
Quality Improvements: Additional Considerations.” Southem Economic
Journal Qctober. :

Desvousges, W.H., and M.J. Piette. 1984. “Problems and Prospects: Outer
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Section 316(b) Phase IT Final Rule - Regional Studies, Part B: California Chapter B1: Background

Chapter B1: Background

INTRODUCTION

This chapter presents an overview of the Phase |1 facilities in
the California study region and summarizes their key operating,
economic, technical, and compliance characteristics. For
further discussion of eperating and econemic characteristics of
Phase 11 facilities, refer to Chapter A3 of the Economic and

Existing Facilities Rule; for further discussion of the technical
and compliance characteristics of Phase H facilities, refer to the
Technical Development Document for the Final Section 316(b) Phase I Existing Facilities Rule (U.S. EPA, 2004a,b).

Bl1-1 OVERVIEW

The California Regional Study includes 20 facilities that are in scope for the final Phase 1} regulation, Of these 20 facilities, 8
are located in Northemn California and 12 are located in Southern California. Eight of the 20 facilities withdraw cooling water
from an estuary or tidal river while 12 withdraw water from the Pacific Ocean. Figure B1-1 presents a map of the 20 in-scope
Phase 1 facilities located in the California Regional Study area.
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Figure B1-1: In-Scope Phase II Facilities in the California Regional Study

. Key

Phase IT Facilities {Count}*

a Estuary fTidal River (8) . _
California NMFS Regions
& Ocean {12} : w/ Counties A

WMFS Recreational Site

Source: U.S. EPA analysis for this report.
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B1-2 OPERATING AND ECONOMIC CHARACTERISTICS

Most of the 20 California Regional Study facilities (16) are oil/gas facilities; two are nuclear facilities: one is a combined-
cycle facility; and one uses another type of stcam-electric prime mover. In 2001, these 20 facilities accounted for 21
gigawatts of generating capacity, 93,000 gigawatt hours of generation, and $6.1 billion in revenues.

The operating and economic characteristics of the California Regional Study facilities are summarized in Table Bi-1.

Section BI-4 provides further information on each facility [including facility subregion, North American Electric Reliability

Council (NERC) region, plant type, capacity, 2001 generation, and whether impingement and entramment estimates were
developed for the facility].

Table B1-1: Operating and Economic Characteristics of Phase IT Facilities

Number of Facilities by Plant Type® Total Total Electric

Waterbody Type Combmed """""""""""""" Ewn()ll/‘Gas : Other { Capacity-% Generation | Revenue
! : { Py b U (il

Cyde | Nuclear i Steam | Steam Total (MW)" : (MWh)" : (millions)

Northern California

Bl g 6629427936568$1089
loceamn : 1 i o o0 | syssaas | siaos
E . : I e R s S i G
Soufhern California B
Estuary/Tidal River B 1736 © 6004221 | $256
Ocean ) T """"" 10 10,518 39,981,]5;3"-{ " $3.209
Subtotal B 12,254 | 45,985,350 |  $3.555

92,677,273

TOTAL

56,052

20,951

: Based on largest steam-electric capacity at facilities.
® MW is an abbreviation for megawatt; MWHh is an abbreviation for megawatt hour.

Sources: Plant type (IPM Analysis, U.S. EPA, 2002; Form E14-860, U.S. DOE, 2001a }; capacity (Form EIA-860, U.S. DOE, 2001 a);
generation (Form EIA-906, U.S. DOE, 2001c); revenue (Form EIA-861, U.S. DOE, 2001b; Form EIA-506, U.S. DQOE, 2001c).
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" B1-3 TECHNICAL AND COMPLIANCE CHARACTERISTICS

Nineteen of the 20 California Regional Study facilitics employ a once-through cooling system and one facility employs a
combination system in the baseline. The 19 facilities with once-through cooling systems incur a combined pre-tax compliance
cost of $30.7 million. Table B1-2 sumimarizes the flow, compliance responses, and compliance costs for these 20 facilities.

Table B1-2: Technical and Compliance Characteristics of Phase TI Focilities

Cdolinﬁ-Wa_t_gr Systeri ((;\_VS} Type"

O‘nee-'Thréqgh .4 Combination - All

Design Flow (MGD) ' 17,136 691 17,827
umber of Facilities by Compliance R_esp‘pﬁﬁe_ I

N O SN S, S— o
Jrine Mesh Traveling Sercens wiFish H&R R P Ty
ﬂpassweFmeMeshscrems .............. e : b
VeloGityCap I T o
b s S e . R .
Total 19 1 20
Compliance Cost (20028, :

» Combination CWSs are costed as if they were once-through CW Ss.
* Data withheld because of confidentiality reasons. i

: % Source: U.S. EPA analysis for this report.
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B1-4 PHASE II FACILITIES IN THE CALIFORNIA REGIONAL STUDY

Table B1-3 presents economic and operating characteristics of the California Regional Study facilitics.

Table B1-3: Phase II Facilities in the California Regional Study

EIA Code Plant Name

Plant
Subregion

NERC
Region

Steam Plant
Type

(MWY)

2001 Capacity 2001 Net Generation

1&E

(MWh} Data?

JEstuary/: dal River

___"Nor'thern C_nl_i_fornia

OIG Steam )

{ 0/G Steam 3,295,794 Cy ]

436,130

: O/G Steam

{ Pittsburg
273 { Potrero

O/G Stcam

8,349,240

; O/G Steam

Y

Y

4,197,701 Y
R

Y

10,388,204
L2999

{ O/ Steam P4l ;

Dlablo Canyon [CN

246 Humboldt Bay JCN ¢

O/G Steam 162

677 633

Nuclear i 2,300

18 077, 713 H Y

Estu 'dal Rwer R

Sou'them California

302 Encma CS

Q/G Steam______ )

3 l{} : South Bay CS

O/G Steam o

IOcean .

4,043,079 :

1,961,142

330 . iElSegundo  |CS

iz

£ O/G Steam 996 |

Huontington
i Beach

341 ) Long Beach
Mandalay
Ormond Beach

335

: San Onufre

i Redondo Beach

{0GSKam | 563

{ O/G Steam

2909876

{ Other Steam i 587
2,066,920 :

{ O/G Steam

¢ Harbor

Source: U.S. EPA analysis for this report.

400 ! Haynes

'O/G Steam

6,008,123 ..
5,631,001

1,305,859

86199

<idicimizi « ix

{ O/G Steam
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Chapter B2: ®
Evaluation of Impingement and

Entrainment in California

BACKGROUND: CALIFORNIA MARINE
FISHERIES

The oceanic transition zone off Point Conception creates a
natural ecological separation between northem and
southeérn California {Leet et ak,, 2001). North of Point
Conception, coastal waters are cold and oceanic conditions
are harsh, whereas to the south waters arc warmer and
conditions are moderate. As a result, the fish species
composition differs between the two regions. Surface and
bottom temperatures along the continental shelf off
northern California support polar and cold-temperate
species such as chinook salmon, coho salmon, striped
bass, rock gunnels, and lanternfish (Leet et al., 2001). In
Southern California, warm waters from the south join with the cold California current to provide habitat for a wide variety of .
seasonal subtropical visitors like yellowtail, white seabass, Pacific bonito, and California barracuda, all found in close

association with the abundant strands of giant kelp (Pacific Fishery Management Council, 2003b). Major resident species

such as kelp bass, sheephead, halfmoon and ofive rockfish sustain year-round nearshore fisheries (Leet et al., 2001).

California fisheries arc managed by the Pacific Fishery Management Council (PFMC), which governs commercial and
recreational fisheries in Federal waters from 3 to 200 nautical miles off the coasts of Washington, Oregon, and Califormia
(Pacific Fishery Management Council, 2003a). The National Marine Fisheries Service {NMFS) Northwest Fisheries Science
Center provides scientific and technical support for management, conservation, and fisheries development for Northern
California. The NMFS Southwest Fisheries Science Center provides support for Southern California.

There are 83 species of groundfish included under PFMC’s Groundfish Fishery Management Plan, including nearly 50
species of rockfish (Sebastes spp.) {Table 3 in NMFS, 2002a). The midwater trawl fishery for Pacific whiting (Merluccius
productus) dominates the commercial fishery, accounting for 78 percent of Pacific Coast landings (NMFS, 1999b). Important
deepwater trawl fisheries also exist for sablefish, Dover sole, and thomyheads. During the 1990s a major fishery developed
for nearshore species, including rockfishes, cabezon, and sheephead (Leet et al., 2001). Rockfishes are important for both
commercial and recreational fisheries (NMFS, 1999b). In 1994, a limited entry program was implemented for the groundfish
fishery because of concerns about overfishing (NMFS, 1999b). Most major West Coast groundfishes are now fully harvested,
and catches have recently been controlled by quotas and trip limits (Pacific Fishery Management Council, 2003c).

Pacific Coast pelagic species managed by the PFMC include Pacific mackerel (Scomber japonicus), jack mackerel
(Trachurus symmetricus), Pacific sardine (Sardinops sagax), northern anchovy (Engraulis mordax), and California market
squid (Loligo opalescens) (NMFS, 2002a). These species typically fluctuate widely in abundance, and currently most stocks
are low relative to historical levels (NMFS, 1999%b). Pacific mackerel and Pacifie sardine are not overfished, but the stock
size of the other species governed by the Coastal Pelagic FMP is unknown (Table 3 in NMFS, 2002a). Because of increases
in abundance in recent years, Pacific mackerel now accounts for over half of recent landings of Pacific Coast pelagic species
(NMFS, 1999b). At times, Pacific sardine has been the most abundant fish species in the California current. When the
population is large, it is abundant from the tip of Baja California to southeastern Alaska (Pacific Fishery Management

Council, 2003b). .
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Five species of anadromous Pacific salmon support coastal and freshwater commercial and recreational fisheries along the
' Pacific Coast, including chinook (Oncorkynchus tshawytscha), coho (O. kisutch), sockeye (Q. nerka), pink (O. gorbuscha),
.. and chum (0. keia) salmon (NMFS, 1999b). The Sacramento River is a major producer of chinook salmon in California.
Since 1991, NMFS has listed 20 Evolutionary Significant Units (ESUs)" of Pacific Coast sailmon and steelhead trout {O.
mykiss} under the Federal Endangered Species Act (ESA) (NMFS, 1999¢). In NMFS’s Northern California region, listed
spécics include steelhead, coho salmon, and chinook salmen of the central California Coast and steclhead and chinook salmon
of California’s Central Valley,

Ocean fisheries for chinook and coho salmon are managed by the PFMC under the Pacific Coast Salmon FMP. In Puget
Sound and the Columbia River, chinook and coho fisheries are managed by the States and Tribal fishery agencies. Declines
in chmook and coho saimon along the coast have led to reductions and closures of ocean fisherics in recent years (NMFS,
1999h).

The Pacific Salmon FMP contains no fishery management objectives for sockeye, chum, even-year pink, and steelhead stocks
because fishery impacis are considered inconsequential (Table 3 in NMFS, 2002a). Pink, chum, and sockeye salmon are
managed jointly by the Pacific Salmon Commission, Washington State, and Tribal agencies (NMFS, 1999b).

Pacific Coast shellfish resources are important both commercially and recreationally (NMFS, 1999b). Shrimps, crabs,
abalones, and clams command high prices and contribute substantially to the value of Pacific Coast fisheries, even though
-Jandings are small.

B2-1 FISHERY SPECIES IMPINGED AND ENTRAINED

Available impingement and entrainment (1&E) data indicate that 20 of the 248 distinct species that are impinged and
entrained by California facilities are harvested species subject to FMPs developed by the PFME. Table B2-1 summatizes
information on the stock status of these species. Note that stock status is known for only 4 of these species. Most of the
species listed are rockfish species. Northern anchovy falls under the Coastal Pelagic FMP, and the other species in the table

_are inctuded in the Groundfish FMP. Although under the jurisdiction of the PFMC, there are no fishery management

. objectives for Central Valley chinook salmon and Central California Coast coho salmen because of their ESA listing (NMFS,

2002a). There are also no fishery management goals for steethead because fishery impacts are considered inconsequential
{NMFS, 2002a).

Table B2-1: Summary of Stock Status of Harvested Species in California that are
Impinged and Emirained and are Included in Federal FMPs

" Overfishing? ‘Overfished? |

Stock : ey o . ° i Approaching
(Species in bold are major stocks, with annual landings ever - | mo(;sall:s}'l:lbgov' (Is. ;t:l?‘rvsme i Overfished
200,000 pounds) : tyabove ;. below i o dition?
" threshold?) i threshold?) : ™
Aurora rockfish : Unknown Unknown - Unknown §
Black rockfish Neo No No

Unknown Unknown

Unkn;)wn © Unknown §

' An Evolutionarily Significant Unit (ESU) is a term introduced by NMFS in 1991 to refer to the Endangered Species Act (ESA)
nterpretation of “distinet population segment.” A stock must satisfy two criteria to be considersd an ESU: {1) “it must be substantially

reproductively isolated from other conspecific population wnits,” and (2) “it must represent an important component in the evolutionary
. legacy of the species.”
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Table BZ 1: Summary of Stock Status of Harvested Species in Ccllfor'ma that are
Impinged end Entrained and ctre Included in Federal FMPs

Overfishing? | Overfished? |

Approachmg

Stock (s fishing i (s stock size !
(Species in bold are m;‘:]%ros;ge:su:‘;ts]; annua] landmgs over L mo riality above below g;:glts'];:g

' : o S b threshoid") theeshold?) : 7T
Comva ooy wa T wa VA ]
Chlhpepper l'OCk'.ﬁSi-l. . No No No' 8
Copper rOCkﬁSh Un]mown' ....... - ...... Unknown .....
G()phe]‘ rockﬁsh Unkmwn ‘ UnknownhUnkngwn
Grass kaﬁSh Unknown - Unknownaunkmwn |
Kclp kafSh Unkn()v\m . SRS
Northern anch'ovy-centrai Sl.lprplll’;t‘l‘;;““mn"“““""“““"»-"""-."” :‘"“"“"“““""“"-"m"-
_ ogwe rOCkﬁSh . Unknown

Shonbe[ly kaﬁSh - = No...........
Starey flounder - T known§ Unknown :  Unknown
Ei;;gihead" - Jreveroreretenies Sy
Ye!lowta;] rockﬁsh prm——

* There are no fishery management goals for Central Valley chinook salmon and Central California Coast coho salmon because
of their ESA listing (NMFS, 2002a}.
* There are no fishery management goats for steelhead because fishery impacts are considered inconsequential (NMFS, 2002a).

Source: Table 4 in NMFS (2002a).

B2-2 I&E SPECIES AND SPECIES GROUPS EVALUATED

Table B2-2 provides a list of species in the California region that are impinged and entrained at cooling water intake
structures in scope of the section 316(b) Phase 1l rule that were evaluated in EPA’s analysis of regional I&E. Life histories of
the specics with the highest losses are summarized in the following section. The life history data used in EPA’s analysis and
associated data sources are provided in Appendix B1 of this report.

Table BZ 2: Specres Evaluated by EPA that are SUbJBCT Yo I&E in California
Species Group Species Recreatmna] Commercial ;| Forage Special Status®
Anchovies Deepbody anchovy : X
............................................... N onhemamhwy , x
S;c,ugh amhovy N _ .......... X
Blenmes BaYb!enny | » x .....
.C,.()mbmmh b[enmes S
- Mussei blenny ) ] X
Orangethroat plk.eblenny X :
- i Rockpool blenny X :
. 'Fube b_l__e'nny ) x |
Cabezon "f'{:';é;;;on" Y x x 1
Califoria halibut | Calfornia halibut x X ,
Caltfomla scorpton-i.i-sh Cahfom:a scorpioni-ish — X i X i )
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Species Group

Table B2-2: Species Evaluated by EPA that are Subject to T&E in California

Species

Commercial Special Status®

Chinook salmon

Spotted scorpionfish

E- Chinook salmon

Commercial sea basses

Commerciat shnimp

! Recreational i

Glam sca bass

Francxscan bay shnmp

: Ghost shrimp

Forage

X (FT, ST, FE, SE, |
FCT) :

Alaskan bay shnmp :

Smooth bay shnmp

i { Black-tailed shrimp

Delta smelt

| Delta smelt

B]ack croaker

Dun geness crab

Cahfomla corbma

ccnf‘ sh

ﬁn croaker

‘White croaker

Whtte sea bass

Yellowf in croaker . -----

- Ne—— + _ .......................................
Blgmomh o e
CO SO]C T
Curlfn Sole | - ......................
: iamond mrbot _— ) T

over sole

Pacific sand sole i

§ Pacific sanddab

Forage shrimp

Biue mud shmnp

MExid i ixixininiMixix

Spottcd rurbot :
Starry flounder :

R e R R e Rt R P R I P RIVE IV I R IR VR IV

Anemone shnmp :

: Broken back shnmp

Cahfomla green shnmp :

Dock shnmp
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“Table 92 2: Species Evakiated by EPA that. are Sub_;ect to T&E in California

Species Group

Species

Recreanonal

Commercial

Forage Special Status®

MySIds

Opossum shnmp

Onentai shnmp

Ptstol shnmp

Sldesmpcd shnmp

g Skeleton shrimp

Stout bodied shrimp

Striped shrimp

Gobies B

N

i Twistclaw pistol shrimip

! Arrow goby

Tidepool shrimp

Bay goby

Blackeyed goby

i Blind goby : Ty

Chameleon goby

: Shadow goby :

{ YeIEowﬁn goby
Mldciim 2 | thread hemng

: PaClﬁC hemng }

Loggf in smelt

Other commercml spcmes

Pac:f ic sardmc

3 Round hemng

Threadﬁn shad

Longf n smelt

“xso0 |

Basketweave cusk-ee! '

i : Califoria moray

-Catalina conger

Leopard shark

Other forage species

Bay plpeﬁsh

i ine i b i i PR R R R

Blgscale goatfish
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_ Table BZ 2: Species Evaluated by EPA that are Subject to I&E in California
.f Species Group Species Recreatmnal Commercial Forage Special Status® -
| Black bullhead Pox

’ | Blacksmith M

) N .'BIue lanternfish X
.j]éroadﬁn lampfish <

------------------ B ullseyepuffer . X

) lifornia cllngti;h ------------ X

) ; California ﬂymgfsh X

| Califomnia killfish Ty T

"""""""""""" Cahfomra hzardﬁsh h %
? California need]-f;-t:l-s;i; ------------- X
-------------------  California tonguefish -

|
i
H
H
i
1
H

Hatchet fish

ngh cockscomb

Island kelpfish

Kelp gunnel
Kelp pipefish
: Kelpfish

; Lampfish

vt in i i BineExin i i i i

! Lanternfish

: Longfin [anternfish

: Longspine combfish
Medusaﬁsh

; Mexwan Iampfsh

i Northem clingfish

Mixin ine i i in

: Northern lampfish

i Northern spearnose poacher |

3¢ |5

; Ocean sunfish

b

Onespot ﬁ-mgehead

b

: Pactﬁc butterﬁsh
. Pa(:lﬁc cometf Sh
. Pac:ﬁc cutlassfi sh

B2-6
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Table 32 -2: Species-Evaluated by EPA. that are. Sub,]ec‘r to T&E in California
] Recreatmnal Commerﬂal Forage ] Specl'a] S’tatus
H T x f

Specles Group L _ Species

Pac1ﬁc lampray

: i Pacific sand lance

enpoint gunnel )

Pipefish species

tainfin midshipman :

{ Popeye smelt ) ; )

Pygmy poacher
I_ atﬁsh
Red brotula

Reef ﬁnspot
Rlbbonﬁsh :

Rockwecd gunnel

nquﬂ

; Saddlcback gunncl

Salema

3 Sarcastlc fnngehead
Sargo
: | Scarlet kelpfish

 Sea porcupine

: Sharksuckcr

: Shovelnose gu:tarﬁsh 5

Shmy snailfish

Smalleye squaretail

{ Snubnose pipefish

 Southern poacher

Southem spearnose poacher

Spccktcﬁn m1dsh|pman :

: Spotied kelpfish

: Spotted ratﬁsh :

i Squid
Stnped kelpﬁsh

' Bat ray

i Big skate

Black skate

Broadnose scvcnglll shark
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Table B2-2: Species Evaluated by EPA that are Subject to I&E in California
..- " Species Group Species Recreational Conymercial For'age Special Status”

Brown smoothhound X

{ California butterfly ray

R

Hom shark

Kelp greenling

{ Mexican scad

{ Monterey spanish mackerel |

Opaleye

Pacific angel shark »

Pacific bonito

Pacific bumper

: Pacific electric ray

Pacific mackerel

Pacific moonfish

Pacific pompano

- Painted .greenling :
. { Rock wrasse

Round stingray

e
i
1

{ Senorita

! Sevengill shark ’

Soupfin shark

Piked dogfish :

§><§><§>< SR R R e e e R R T PR TR L R PR R R SR ™

Spiny dogfish :

ommon rock crab

Cryptic kelp crab

Dwarf crab
. Elbow crab

M ix i i i i in
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Table BZ 2: Species Evaluated by EPA that are Subject to I4E in California

Species Group Species Recreatmna] Commercial Forage Special Status®

{ { European green crab

Graccful keIp crab : 5

Halry rock crab

Kelp crab
{ Lined shorc crab
Lumpy crab i :

| Majid crab

Maskrng crab
Mo]e crab

Moss crab

Mud/Stonc crab

ortbem ke]p crab

{ Pacific sand crab : i

i Pea crab

Pebble crab

i : Porcelain crab

Porce]am crabs
) Purple shore crab i
Red crab o
Redwockenb

Sharp nosed crab

Sbore crab .

Slender crab

Siender rock crab

Southcrn kelp crab

Sp]der crab

Strrped shorc crab

:  Thickelaw porcelain crab

! Xantus swimming erab - | ' : :

ellow crab

w shore crab

Rec sea basses arrcd sand bags : { : :

roomiail grouper : H : :

Rockfishes Aurora rockﬁsh

B]ack and yellow 1 rockﬁsh
1 lack rockﬁsh :

Blue rockﬁsh

! Bocaccio X
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Table B2-2: Species Evaluated by EPA that dre Subject o T&E in California

Species Group Species

Brown rockfish

Recreational _Commercial Forage - Special Status*

X

X

Chi[ipeppér

Flag rockfish

reefish

acramento splittail

: Calico rockfish :

Copper rockfish

| Shortbelly rockfish :
ermilion rockfish

etlowtail rockfish

e s xeine i ineine i in i im
5 ine Ene in ind ine i ine i lnd i

Prickly sculpin

osy sculpin

| Smoothhead sculpin

oughcheek sculpin i

Roughneck sculpin :

{ Snubnose sculpin :

: Staghorn sculpin

H

Tidepool sculpin

Woolly sculpin

Silversides California grunion i

i Jacksmelt

Topsmelt ;

Smelts

: Surf smelt

Steelhead : Steelhead

: Night smelt

X

Striped bass

Surfperches : Barred surfperch

Striped bass

Black surfperch

Calico surfperch

B2-10
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Table B2-2: Species Evaluated by EPA that are Subject to T&E in California

Species Group . Species” - Recreational Commercial Forage Special Status®
Dwarf surfperch X X — :
" {lsland surfperch I X
Ke|psm-ﬁ,crch + X .................
.......... .- :

Pile surfperch

i Pink seaperch

" Reinbow surfperch
T [Rabbertip surfperch _

" Shinersurfperch

Walleye surfperch :
: White surfperch

><><><><><><><><><

* ¥T = Federally listed as threatened.

ST = State listed as threatened.

FE = Féderally listed as endangered.

SE = State listed as endangered.

FCT = Federal candidate for listing as threatened.
SOC = Species of concern.

B2-3 LIFE HISTORIES OF PRIMARY SPECIES IMPINGED AND ENTRAINED IN .
CALIFORNIA '

Chinook salmon {Oncorhynchus rshawyfscﬁa)

Chinook salmon are anadromous members of the salmon and trout family (Salmonidae) (Moyle, 1976; Emmett et al,, 1991;
Boydstun et al., 1992). The San Francisco Bay-Delta is an important nursery area and migration route for chinook salmon
{(Kennish, 2000). Eggs, alevins {larvae), and young juveniles (fry and parr) use freshwater streams and rivers upstream of the
delta, and juveniles migrate through the delta and use it as a nursery area (Emmett et al., 1991). Juveniles eventually migrate
downstream to the Pacific Ocean as they transform into smolts, the ocean-dwelling stage. Chinook salmon spend from 1-8
years in the ocean before retuming to their natal stream to spawn.

Four races of chinook salmon use the Sacramento-San Joaquin River system (Moyle, 1976; Yoshiyama et al., 2000). Thesc
include the fall run, tate fall run, winter run, and spring run chinook satmon. In the Sacramento River, the winter run spawns
from April to July, and the other runs spawn from July to December (Moyle, 1976). Spawning once eccurred into the upper
reaches of both the Sacramento and San Joaguin rivers, but dams have limited spawning to the lower reaches of these Tivers
and their tributaries (Moyle, 1976; Yoshiyama et al,, 2000). The Central Valley late fall run was recenily evaluated as a part
of a proposed listing of the fall run under the Federal Endangered Species Act (ESA). Although it was decided that the
combined Central Valley fall/late-fall run currently does not gualify for formal protection, both runs remain under
consideration as candidate species (Yoshiyama et al., 2000). The Sacramento River winter run is listed as endangered under
both the State and Federal ESA. The Central Valley spring run is listed as threatened under both statutes.

The four Central Valley nms of chinook salmon are volnerable to 1&E at the Pittsburg and Contra Costa power plants. Adults
have been observed near the plants in October, and larvae {alevins) have been collected from inshore, shallow areas of Suisun
Bay in January and February (Wang, 1986). Parr have been observed throughout the estuary in spring, with peak migration

occurring in May and June (Wang, 1986). ) I
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:Food sources;

i»  In streams, food is mainly terrestrial insects and small crustaceans.®
' In oceans, chinock salimon consume fish, crustaceans, and other

i invertebrates,”

EPrey for:

CHINOOK SALMON b Striped bass, American shad, sculpins, Sacramento squawfish, sea gulls,
(Oncorhynchus tshawytscha) mergansers, kingfishers.™®
Family: Salmonidac (salmon and trout). ELife stage information:
Cemmon names: Blackmouth, king salmon, quinnat Eggs: demersal _
salmon, spring, tyee.* i»  Eggs range from 6.0 to 8.5 mm (0.24 to 0.33 in).*

i*  Deposited and buried in gravel, and are bright orange-red in color.”
Similar species: Steelhead.

i Larvae: demersal for 2-3 weeks, then free-swimming.”
Geographic range: Arctic and Pacific from Point Hope, i Approximately 20 mm ¢0.79 in) at hatching.

Alaska to Ventura River, California.® :

Juveniles:
Habitat: Oceans, streams and lakes.” Prefers gravel  '»  Found in shallow and open waters of the Sacramento - San Joaquin
substrates for spawning.” : Estuary.” :

»  Remain in freshwater for -2 years. _
Lifespan: Can live up to 9 years.” i»  Drifi feeders® *
Fecundity: 2,000 to 14,000 eggs.” Adults:

i»  Retumn to natal streams from the sea for spawning*
i*  Reachup to 147 em (58 in).*

® Froese and Pauly, 2001.
Wang, 1986.
Fish graphic from NEFSC, 2001,

Delta smelt (Hypomesus transpacificus)

The delta smelt is a pelagic member of the simelt family (Osmeridae). It is a small, short-lived species that is found only in the
bay-delta estuary, in areas with low salinities (Moyle, 1976; Moyle et al., 1992; U.S. Fish and Wildlife Service, 1996b). Itis
the only smelt specics endemic to California and the only true native estuarine species found in the delta (Moyle et al., 1992).

The spawning period of delta smelt is relatively long, and adults may spawn from December to May, although most spawning
occurs in February and March (Moyle, 1976). Before spawning in the fall, delta smelt congregate in upper Suisun Bay and
the fower reaches of the delta (Moyle, 1976). Spawning takes place in freshwater along river margins and adjoining. dead-end
sloughs of the western delta. Fecundity is low, ranging from only 1,247 to 2,590 eggs per female (Moyle, 1976). Adults
apparently die shortly after spawning, at the end of their 1-year life span (Moyle et al., 1992).

Eggs are demersal and adhesive, sticking to aquatic plants and gravel, and are therefore unlikely to be drawn into cooling
water intakes, although the larvae are vulnerable (Bruce Herbold, EPA Region 9, personal communication, September 1,
2000). After hatching, the buoyant larvae are carried downstream to the entrapment zone, the highly productive areas where
freshwater and salt water mix. This zone is located in Suisun Bay in years of high freshwater inflow, Juveniles move
downstream to San Pablo Bay and Carquinez Strait before tuming back to Suisun Bay for spawning.

The delta smelt was once one of the most common fish species in the bay-delta estuary, but the species has declined nearly 90
percent over the last 20 years. A number of physical and biological factors have contributed to declines in recent years,
including increased water exports, competition and predation from the accidentally introduced inland silverside (Menidia
berylling), drought conditions in the late 1980s and early 1990s, and changes in food availability (CDWR, 1994; U.S. Fish
and Wildlife Service, 1996b). Another major factor is the seasonal location of the entrapment zone. The location of the
entrapmeni zone is a function of the timing and magnitude of deita outflow. There is a significant positive relationship
between delta smelt abundance and the number of days that the entrapment zone is located within Suisun Bay from Febrary
through June (Moyle et al., 1992). Habitat and prey availability for delta smelt are greater when the entrapment zone is in this
arca because Suisun Bay is broad and shaliow, and therefore light penetrates most of its waters, promoting algal growth (U.S.
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Fish and Wildlife Service, 1996b). Algal growth under these conditions provides an abundant food supply for zooplankton,
which in turn provide food for plankton-eating fish like delta smeit. .

Altered flow patterns caused primarily by agricultural water diversions during spawning also appear to contribute o delta
smelt population losses by increasing the likelihood of entrainment of spawning adults and newly hatched larvae in diversion
pumps (Moyle et al., 1992). ' In dry years, delta smelt are concentrated in upstream arees, whereas in wet years overall habitat
conditions are more favorable and delta smelt are more widely distributed. ‘When favorable conditions result in wider
distribution, more delta smelt are affected by water diversion pumps (CDWR, 1994). The California Department of Water
Resources (CDWR) estimated that entrainment losses of delta smelt at delta diversions reached 1.2 million in 1992 (CDWR,
1964),

"Losses of delta smelt related to other water uses equal or exceed those at government water project pumps {CDWR, 1994}
For example, because of their schooling behavior and preference for the region around Suisun Bay, delta smelt are highly
vulnerable to the intakes of the Pittsburg and Contra Costa power plants. Monitoring of this species has not been required of
the power plants, and the only estimates of 1&E are based on incidental collection in striped bass monitoring samples in the
late 1970’s (Ecological Analysts, 1981b, 1981¢). Nonetheless, the data indicate that in the late 1970°s delta smelt were one of
the most common fish species in the vicinity of the plants and experienced I&E in the millions cach year.

Delta smelt is currently listed as a threatened species by both the USFWS and California. Historically, the delta smelt
occurred from Suisun Bay upstream to the city of Sacramento on the Sacramento River and upstream to Mossdale on the San
Joaguin River (Moyle etal., 1992). The size of the current population is uncertain, but in the early 1990°s the population was
estimated to be about 280,000 (Southern Energy Delta, LLC, 2009). Even at this population size, the delta smelt is
considered highly vulnerable to environmental stressors because of its 1-year life cycle and low fecundity. Low fecundity and
a short life span mean that even as few as 2 successive years of low reproductive success could decimate the population
{Moyle, 1976).

{Food sources:
i»  Juveniles eat planktonic crustaceans, small insect larvae, and mysid
shrimp.”

%;Prey for:

e - {Life stage information:
DELTA SMELT i

(Hypomesus transpacificus) Eggs: demersal

»  Eges are adhesive and stick to aguatic plants and gravel ”

Family: Osmeridae (smelt), i» Approximately 1mm (0.04 in} in diameter.

Common names: none. : Larvae: pelagic
i»  Larvae are approximately 5.5 to 6.0 mm {0.22 to 0.24 in) at hatching.*

Simitar species: Longfin smelt. i»  Found near surface of water column.”

JGeographic range: Sacramento - San Joaquin Delta.® i Juveniles: pelagic
i»  Juveniles are concentrated in the Suisun Bay and the delta and in the

Habitat; Deadend sloughs, inshere areas of the delta and lower reaches of the Sacramento and San Joaquin rivers.”

lower reaches of the Sacramento and San Joaquin rivers.” !
i Adults:

rLifespan: Only live for one year.® ’ Reach 12-cm (4.7 in).*
Fecundity: Fecundity is low, ranging from onlty 1,247 to

2,590 eggs per female.! Delta smelt die shortly after

spawning. ;
" Froese and Pauly, 2001,

® Wang, 1986.

- Moyle et al., 1992.

¢ Moyle, 1976.

 Bruce Herbold, EPA Region 9, personal communication, September 1, 2000.

Fish graphic from California Department of Fish and Game, 2002b.
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Green sturgeon (Acipenser medirostris)

The green sturgeon is a member of the sturgeon family Acipenseridae (Emmett et al., 1991; Séuthern Energy Delta, LLC,
2000). It is an anadromous species that is closely related to the white sturgeon (4. rransmontanus), though it shows a greater
preference for marine waters, spending little time in freshwater. It is not abundant in any Pacific Coast estuary, and therefore
life history characteristics are peorly known (Emmett et al, 1991). Along the North America coast it is found from Mexico
north to the Bering Sea (Southern Energy Delta, LLC, 2000)

Although not abundant in the bay-delta, in the Columbia River green sturgeon is canght commercially with the white sturgeon,
but it is considered inferior eating and therefore less valuable (Emmett et al., 1991). Green sturgeon is also incidentally
captured in the white sturgeon recreational fishery.

Females mature at 15 to 20 years of age (Southern Energy Delta, LLC, 2000). Spawning occurs in California in spring and
early summer in deep, fast water in the lower reaches of the Sacramento and Klamath Rivers (Emmett et al., 1991; Southern
Energy Delia, LLC, 2000). The green sturgeon is a broadcast spawner, with fecundity ranging from 60,000 1o 140,000 eggs
per female (Emmett et al,, 1991). Juveniles are found in freshwater areas of the San Joaquin Delta in summer (Emmett et al.,
1991). By age 2, juveniles move to the ocean. Adults move back into estuaries in spring and early summer to feed and
spawn. Adults can reach up to 2.1 m (6.9 ft) in length and live vp to 60 years (Emmett et al., 1991).

Green sturgeon are found near the Pittsburg and Contra Costa power plants as adults migrating to freshwater rivers to spawn

in spring and as juveniles moving to the ocean {Southern Energy Delta, LLC, 2000). Green sturgeon has been identified as a
species of concern in this area (Southern Energy Delta, LLC, 2000).

‘Food sources:
¥ Juveniles consume amphopods and mysid shrimp.?

;:Prey for:
;ELife stage information:
GREEN STURGEON Eggs:
(Acipenser medirostris} »  Little known, difficult to differentiate from white sturgeon.

F :
amﬂy Acipensefidac (sturgecm) gb Lmle known, difficult to differentiate from white sturgeon.

[Commen names: none. i Juveniles
H Vei &
- . . i»  Found in freshwater areas of the San in Delta in sumuner.©
Similar species: White sturgeon. H Joaqu

i Adults: anadremous

Geographic range: North America from the Aleutian i . . .
i»  Prefer marine environmenis,

Islands and the Gulf of Alaska to Ensenada, Mexico.?

Habitat: Spawn in freshwater rivers, found in estuarics in
spring, and in oceans.™

Lifespan: Live up to 60 years.*

Fecundity: Females mature at 15 1o 20 years.® Females
|pmduce 60, {}00 to 140 000 eggs

5 Froese and Pauly, 200!

° Southern Energy Delta, LLC, 2000.

° Emmett et al., 1991,

! Wang, 1986.

Fish graphic from California Department of Fish and Game, 2002a.
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Longfin smelt (Spirinchus thaleichthys)

Longfin smelt is a member of the smelt family (Osmeridae) (Moyle, 1976). Longfin smelt is a native planktivore with 2 .
reproductive biology that is similar to delta smelt {Moyle, 1976; Wang, 1986; Herbold and Moyle, 1989; Emmett et al.,

1991). It is an anadromous species that is abundant in many Pacific Coast estuaries from Monterey Bay, California, as far

north as Prince William Sound, Alaska (Emmett et al., 1991). Longfin smelt have been sold scasonally in bay-delta fish

markets (Wang, 1986). They also provide food for rumerous predatory fishes, birds, and marine mammals (Emmeit et al.,

1991).

Adutt longfin smelt are found in conditions ranging from scawater to freshwater during their upstream spawning migrations
(Moyle, 1976; Wang, 1986; Herbold and Moyle, 1989; Emmett et al., 1991). Adulis also show vertical migrations within the
water column, concentrating in bottom waters during the day and surface waters at night, Spawning occurs in winter and
spring in rivers (Kennish, 2000).

In California, longfin smelt are concentrated around San Pablo Bay, but the population also shows distinct seasonal
movements (Moyle, 1976). Early summer is spent in San Francisco and San Pablo bays. In August, longfin smelt move into
Suisun Bay, and in winter they congregate for spawning in upper Suisun Bay and the lower delta. In April and May, large
schools of juveniles move back downstream, and concentrate in the Carquinez Strait, San Pablo Bay, and San Francisco Bay
throughout spring and summer. .

Most longfin smelt reach maturity at age 2 (Moyle, 1976; Wang, 1986; Herbold and Moyle, 1989; Emmeti et al., 1991).

Spawning takes place in freshwater at night from December to June, and is known to occur near both the Pittsburg and Contra

Costa plants (Wang, 1986). The majority of adults die afier spawning, but some females apparently live to spawn a second

time (Moyle, 1976). The average female produces 18,000 to 24,000 eggs (Emmett et al., 1991). Eggs are demersal and

adhesive and are deposited singly over rocks and submerged vegetation. Larvae are pelagic, and are found in surface waters

from the Carquinez Strait to the lower reaches of the Sacramento and San Joaquin rivers. Schools of larvae often also include

delta smelt (Wang, 1986), and it can be difficult to distinguish the two species in I&E samples. Juveniles range from 22 to 88

mm (0.9 to 3.5 in).in length, while adults average 100 mm (3.9 in) (Emmett et al., 1991). In the bay-delta estuary, abundance

is positively cormrelated with the amount of freshwater inflow from February to September (Herbold and Moyle, 1989).

Longfin smelt has been identified as a species of concern (Southern Energy Delta, LLC, 2000). .
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{Food sources:
i*  Diaphanosoma, Diaptomus, Epischura, mysid shrimp, and other small
i crustaceans. '

EPrey for:
i»  Predatory fish, birds, and marire mammals.?

LONGFIN SMELT Life stage information:
(Spirinchus thaleichthys} :
"”""'"'"""'"""”“""""""""""""""'"""""""""""”"""”"";: Eggs; demersal
Family: Osmeridac (smelt). i»  Egps are approximately 1.2mm (0.04 in).}
»  Eggs arc deposited singly.t
{Common names: Pacific smelt, Sacramento smelt.”

. . i Larvae: pelagic
Simitar species: Delia smelt. i»  Larvae arc 6.9 to 8 mm (0.27 to 0.31 in) at hatching ®

i»  Larvae are found mostly on the surface of the water.?
Geographic range: Northem Pacific from Prince William :

Sound, Alaska to Monterey Bay, California.® ¢ Juveniles:
' , . {*  Range from 22 to 28 mm (0.9 to 3.5 in} in length.*
Habitat: Close to shore, in bays and estuaries.” Prefers v Juyeniles are found in the middle to bottom of the water column.®
rocky, hard or sandy subsirates and aquatic vegetation for
cover.” L Adults:

i»  Adults average 100 mm (3.9 in).*
Lifespan: Live up to 3 years.®

Fecundity: Females mature at 2 years and vsually spawn
only once, producing 18,000 to 24,000 eggs.

* Froese and Pauly, 2001,
> Wang, 1986,

© Emmett et al., 1991,
Fish graphic from California Department of Fish and Game, 2002b.

Sacramento splittail (Pogonichthys macrolepidotus)

Sacramento splittail is 2 member of the minnow family (Cyprinidae) and a freshwater native of California’s Central Valley
(Moyle, 1976; Daniels and Moyle, 1983; Wang, 1986). Splittail are bottom foragers that can reach up to 40.6 cm (16 in) in
length. Juveniles provide forage for squawfish and striped bass. ’

Historically, splittail were abundant in the lakes and rivers of the Central Valley, including upstream reaches of the
Sacramento and San Joaquin rivers and their tributaries. However, dams and diversions have restricted upsiream access, and
splittail are now limited in their distribution to freshwater and brackish conditions in the lower reaches of the Sacramento
River, the delta, Suisun Marsh, San Pablo Bay, and Napa Marsh. Over the past 15 years, the species has declined by over 60
percent, primarily as a result of increasing water exports and the loss of shallow-water habitat (Meng and Moyle, 1995).
Sacramento splittail was listed as threatened under the Federal Endangered Species Act by the USFWS effective March 1999,

Splittail spawn in the delta in spring over flooded vegetation in tidal freshwater and oligohaline areas {Wang, 1986; Kennish,
2000). The spawning season can extend from late January to July, but most spawning occurs from March through May as
water levels and temperatures increase. Females mature at 1-2 years and produce up to 250,000 eggs (Daniels and Moyle,
1983). Eggs are demersal and adhesive and therefore unlikely to be entrained, but larvae and small Juveniles are vulnerable,
The deita and Svisun Bay are important nursery areas (Kennish, 2000). Larvae are known to concentrate near the Pittsburg
‘plant at New York Slough (Wang, 1986). Juveniles are particularly sbundant in Suisun Marsh and the Montezuma Slough of
Suisun Bay (Meng and Moyle, 1995). Most splittail complete their life cycle in 5 years.
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:Food sources:
i»  Bottom foragers.
ir Javeniles prey on algae, pelecypods, and amphipods.”
' %Prey fox:
SACRAMENTO SPLITTAIL i»  Juveniles are prey for squawfish and striped bass.”

(Pogonichthys macrolepidotus)

Family: Cyprinidae {minnow}. Efoe stage information:

Eggs: demersal
i»  Bggs are adhesive, and unlikely to be entrained.”
i»  Mature eggsare 1.3 10 1.6 mm (0.95 to 0.06 in).°

Common names: Splitiail.’

Similar species:
. i Larvae: planktonic

Geographic range: Formerly throughout the Sacramento- : e
San Joaquin River drainage, now restricted to the San :>  Hotch at less than 6.5 mm (0.26 in).

Francisco Bay Delta and lower Sacramento River.* i .
i Juveniles:

Habitat: Backwaters and pools of rivers and lakes. »  Found in shallow and open water from the delta to San Pablo Bay.’
. L Adults:

&, . b I .

Lifespan: Live for 5 years. i»  Spawnin the delta in spring over flooded vegetation in tidal freshwater
. : and oligohaline areas.™

Fecundity: Females mature at 1-2 years and produceup | sy 4

I“’ 250,000 eges.c e May reach 40.6 cm (16 in} in fength.

R B -

" Froese and Pauly, 2001.

® Meng and Moyle, 1995.

= Daniels and Moyle, 1983,

4 Moyle, 1976.

© Wang, 1986.

" Kennish, 2000.

Fish graphic from California Department of Fish and Game, 2002b.

Steelhead (Oncorhynchus mykiss)

Steelhead is an anadromous form of rainbow trout and is part of the salmon and trout family (Salmonidac) (Moyle, 1976;
Herbold and Moyle, 198%; Emmett et al,, 1991}, It is ecologically similar to chinook salmon.

There are at least two subspecies or races of steelhead in California, defined by when adult fish enter freshwater to spawn

(Emmett et al., 1991). The winter run of steelhead that uses the Central Valley migrates upstream during fall, winter, and

early spring and spawns from December to June, while the summer run migrates during spring, summer, and early fall and
spawn the following spring.

Construction of Shasta Dam blocked access to half of the suitable spawning habitat for steelhead in the Sacramento River
drainage, contributing to serious population declines (Herbold and Moyle, 1989). Other causes of decline include dewatered
streams resulting from excessive water diversions, rapid flow fluctuations from water conveyance, high water temperatures in
summer below reservoirs, and entrainment of juveniles inte government watcr project pumps (McEwan, 1992). In March
1998, the winter run was listed as threatened by the NMFS. Much of the production of steelhead now occurs in hatcheries.
Hatchery steethead have lower survival and reproductive rates than wild steethead and can reduce the genetic diversity of wild
stocks by interbreeding (Emmett et al., 1991). :

Steelhead eggs, larvae (alevins), and young juveniles {fry and parr) are riverine life stages that normally remain in freshwater
for 1-4 years (Emmett et al., 1991). Alevins range from 14 mm (0.55 in.) at hatching to about 28 mm (1.7 in.). Eggs and
alevins are benthic and infaunal. Fry and parr are found in arcas with cover and move to deeper water as they grown. Parr
transform into smolts as they move through rivers and estuaries on their migration to the ocean, where they remain for 1-5
years before returning to their natal river as adults to spawn. The average female produces 1,500 to 5,000 eggs (Emmett ct
al., 1991). '

Moyle, 1989). Food sources in freshwater and estvarine areas include gammarid amphipods, crustaceans, and small fish

Juveniles are found in all habitats of the delta, but it is unknown how long the delta is used as a nursery area (Herbold and .
(Moyle, 1976). Juveniles range from 28 mm (1.1 in.) to 400 mm (15.7 in.) (Emmett ct al, 1991).
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. KCalifornia, Mexico. Adults: Anadromous :

EFood sources:
i*  Gammarid amphipods, crustaceans, small fish.®

;fPrey for:
STEELHEAD ‘Life stage information:
(Oncorhynchus mykiss) {
! Eggs: benthie

.i*  Spawned in riverine fresh water.
Family: Salmonidae (salmon and trout).
i Larvae: henthic
Common names: Coast range trout, hardhead, rainbow  i»  Larvae range from 14 to 28 mm (0.55 to 1.1 in)."
trout, salmon trout,”
i Juveniles:
Similar spectes: Chinook salmon. i Juveniles range from 28 to 400 mm (1.1 to 15,7 in).b
i»  Found in all habitats of the delta.t
Geographic range: Eastern Pacific from Alaska to Baja ¢

i Two sabspecies or races of steelhead are defined by the timing of
Habitat: spawning (winter run & summer run).”

i*  May grow as large as 120 cm (47 in).?
Lifespan: Adults may reach 11 years. :

Fecundity: Females produce from 1,500 to 5,000 eggs.’
® Froese and Pauty, 2001,

® Emmett et al., 1991,

© Moyle, 1976,

 Herbold and Moyle, 1989,
Fish graphic from Mason, 2002,

Striped bass (Morone saxatilis)

Striped bass was intentionalty introduced to the Sacramento-San Joaquin River system during the 1870°s (Moyle, 1976;
Emmett et al., 1991; Stevens, 1992). Unlike some East Coast populations that make extensive coastal migrations,
Sacramento-San Jeaquin River populations appear to spend most of their lives in bays and estuaries. Adults move into bays
(some tnto the delta) in the fall, overwinter in the bay and delta, and then after spawning in spring, move back to the ocean
(Moyle, 1976).

Commercial fishing for striped bass in the San Francisco Bay system has been prohibited since 1935 because of demands by
sport anglers (Stevens, 1992}, The San Francisco striped bass recreational fishery is one of the most important recreational
fisheries on the Pacific Coast. In 19835, it was valued at over $45 million annually (Stevens, 1992). However, the
Sacramento-San Joaquin population has declined since the early 1960’s. Poor recruitment of young striped bass is thought to
be the primary reason-for the decline in the adult stock (Stevens, 1992).

Striped bass spawn in schools at night (Stevens, 1992). Spawning occurs in freshwater, beginning in April in California and
peaking in May and early June. Females mature at age 5, producing an average of 250,000 eggs per year. Striped bass can
live up to 20 years, and exceed 22.7 kg (50 b} in weight, thus showing high reproductive potential,

Larval striped bass feed on opossum shrimp in the delta and Suisun Bay, reaching about 3.8 cm (1.5 in) in length by late
summer (Stevens, 1992). Large numbers of eggs and larvae are killed by the intakes of the Pittsburg and Contra Costa plants
and government water projects, contributing to poor recruitment (Stevens, 1992; Southern Energy Delta, LLC, 2000). A
number of restoration and management actions are in place to improve recruitment. However, striped bass are voracious
predators on small fish, including several delta T&E species or species of concern such as delta smelt, longfin smelt, and
Sacramento splittail, complicating management efforts.
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:Foed sources:

i»  Larvae feed primarily on mobile planktonic invertebrates (beetle larvae,
copepodids Daphnia spp.).*

i»  Juyveniles eat larger aquatic invertebrates and small fishes.

i»  Adults are piscivorous. Clupeid fish are the dominant prey and adults
STRIPED BASS prefer soft-rayed fishes.”

(Morone saxatilis) :

gPrey for: Any sympatric piscivorous fish.”

M . - S L .
Family: Moronidae (temperate ba es) Life stage infermation:
Common names: Striper, rockfish, linesider, and sea

bass.” Eggs: pelagic

»  Eggs and newly hatched larvae require sufficient turbulence to remain
suspended in the water column; otherwise, they can setile to the bottom

Similar species; White perch. and be smothered.’

Geographic range: St. Lawrence River in Canada to the
St. Johns River in Florida, and from the Suwannee River
|in western Florida to Lake Pontchartrain, Louisiana.”

Larvae: pelagic
i»  Larvae range from 5 t0 30 mm (0.2 to 1.2 in).°

Intentionally introduced to Sacramento-San Joaguin River Juveniles:
system. -i»  Most striped bass enter the juvenile stage at 30 mm (1.2 in) total length.f

. . . i»  Juveniles school in larger groups after 2 years of age.’
Habitat: Sacramento-San Joaquin River populations i u cne ger group 4 e

Fpend most of their lives in bays and estuaties.”” Juveniles i

refer shallow rocky to sandy areas, Adults in inshore Adults: Anadromous '
© owr sandy areas. £ i»  Adults move into bays in the fall, overwinter in the bay and delta, and
areas use a variety of substrates, including rock, boulder, -

. after spawning in the spring, return to the ocean.®
b H »
gravel, sand, detritus, grass, moss, and mussel beds. I» May grow as large as 200 cm (79 in).*

rLifespa'n: Adults may reach 30 years.*

Fecundity: Females mature at age 5 and produce an
average of 250,000 eggs per year.”

" Froese and Pauly, 2001,

> Hill et al., 1989.

© Movle, 1976.

4 Atlantic States Marine Fisheries Commission, 2000d.
® Stevens, 1992,

" Bigelow and Schroeder, 1933, . )
|gish graphic from California Department of Fish and Game, 2002a.
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82-4 I&E DATA EVALUATED

Table B2-3 lists California facilities in scope of the Phase I rule and the facility 1&E data evaluated by EPA. See Chapter A5

of Part A for a discussion of extrapolation methods.

Table B2-3: California Facilities In Scope of the
Section 316(b) Phase IT Rule and Facility I&E Data Eveluated

Humbo]dt Bay

{Yes .

In Scope Facilities i IQEData? | YearsofData
Comra Costa EYes 1978 1986-1992
Dlabio Canyon Nuc]ear JYes 1985 1987-1988 |
El Segmndo Yes :‘I- 990-2001
Enclna Yes . 1979

- . 1979 200‘

{198

Scattergood

San Onofre Nuclear :

Hunter S Pomt . ;1978

Huntmgton Beach ;?Yes Y ]979 200] ]
Lo Eﬁgi—g{&é{ﬁ;i;{;é S
e 200]
Morro Bay Fves 2000

Moss Landing -‘Ech ---------- 1979 1999

Ormond Beach Fes E £1979, 19902001
Pitisburg e 1978, 1986-1992 |
Powero es 1978, 2000
AES Redondo Beach T s $1979, 1991 o1 |

1979 1990 2001"“' '
1990 2002 ;

South Bay i

B2-5 EPA’'s ESTIMATE OF CURRENT I&E IN CALIFORNIA EXPRESSED AS AGE 1
EQUIVALENTS, FOREGONE YIELD, AND PRODUCTION FOREGONE

Table B24 provides EPA’s estimate of the annual age 1 equivalents, foregone fishery yicld, and production foregone
resulting from the impingement of aquatic species at famhtxcs located in California. ‘Table B2-5 displays this information for

entrainment.
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Table B2-4: Current Annual Impingement in Colifornia Expressed as Age 1 Equivalents,
Foregone Fishery Yield, and Preduction. Foregone

Specfes-Group Age 1 Equivalents (#s) " Yield (ths) Production Foregone

American shad o i4 3 : 8

Blenmes 3 370 0 2

Anchovxcs 2397761 3,756 TV

California halibut 4,633 l7 439 )

Cahfomla scorplonfish : 1,964 ]334 T ' 2'64

Cabezon T 672 E‘ } 13] 372

Chinook salmon ) 63 : 0 s

Commercial crabs 102,662 20 : 1,058

Commerc:a! sea basses 7 i 2 ]

Commermal shnmp

De]ta smelt

6, 084 :
69 439 :
Forage shnmp 1,747 0 ]

Dun geness crab

Flounders

Drums and croakers 366,466 21,226 6936

Gobies . 19,141 ] : %

Herrings . 37',810 - 0 - is-’s?,s .- S

Longfn smclt T — 6,774' -0 28

Other (commcrcnal) 922, 179 118
Other (forage) ; 325,787 0 35

Recreational sea basses 8 351 i 2,058 194

Other (comrnercmi & recreanonal) 23 877 4,642 : 3,063
Other (recreattonal) ]6 989 3,303 : 2,179

Sacramento spilttall : 911 0 : 93
2 7 5

Rockfishes toz, 570 24,711 7,693

Scu]pms F s, 869 ; T2 : 2,121

36 502

Steelhead 1 0

Sitversides : 635963 | 0 7502

.................................................................................................

Striped bass Co 44,501 37,516
782,637 43 722

Surfperchcs
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Table B2-5: Current Annual Entrainment in California Expressed as Age 1 Equivalents,
Foregone Fishery Yield, and Production Foregone :

Species Group Agel Equi.vale:_nts (its) Totat Yield (1bs) Production ?oregone (Ibs) -

American shad 1 0 630
Anchovies : omagso L e TR s 5
B|enmcs 80!359464 ................ ........... 0 Tossia
Cabezon Csono T s 43502 |

California hatibut | 583490 2,196,315 1,506
G : 5 e e e
Commercial crabs L eeosesos L waeeo TP gaganr T
Delta smelt 115 o E-“"m"." ”»-»a»“"""mm“ P 0 ““““““““““““““““
Drums and croakers 3,195,329 l 85,075..““““””. 1904,184
s R s
16,240,573 0 156,209
T - R
Taasn 8,621 101,838

Other (forage) ' 53,084,096 0 T e
6&13]’ (rec.reationa!) 5,994 uml,165 ‘ i3,765
N s e

Rockfishes o 53,654,899 c 12926604 8380148

1,810,779

C'ommercia] shrimp 5,365,8] &

Dungeness crab :

Flounders

Forage shrimp

Gobies

Herrings

Lorgfin smelt

Other {commercial)

Recreational sea basses 4,548,657

Sacramento sphttaxl ...... 1 ;
S;ne[r‘s ]695
S 102233

Sculpins

Silversides

B2-6 ASSUMPTIONS USED IN CALCULATING RECREATIONAL AND COMMERCIAL LOssEs

The lost yield estimates presented in Tables B2-4 and B2-5 are expressed as total pounds and include Josses to both
commercial and recreational catch. To estimate the economic value of these losses, total yield was partitioned between
commercial and recreational fisheries based on the landings in each fishery. Table B2-6 presents the percentage impacts
assumed for each species, as well as the value per pound for commercially harvested species.

Age-1 equivalent fish that are spared from I&E are not necessarily old enough or large enough to be attractive to anglers. It
may teke one more year for these fish to reach a harvestable age. For this reason, EPA discounts commercial and recreational
benefits so that the cost and benefits cstimates will be comparable. Tables B2-7 and B2-8 present the multiplicative
discounting factors used in discounting benefits assuming a 3 percent real discount rate and a 7 percent real discount rate. For
details on how these factors are developed, see Chapter A14.
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Table B2-6: Percentage of Total Impacts Occurring to the. Commercial and
Recreational Fisheries and Commercial Value per Pound for Species
Tmpinged and Entrained at California Facilities. .

Percent Impact to
Commetcial
Fisheiy™®

i Cormitecisl Value per '}

Percent Impact te : NmCH
G Poand (20028

Species Group Reééreational Fishery™®

American shad L oo% B 100.0% $1.36
Anche ' oo 1000% | 5006 )
..‘....;1.;;% R e ]

e amation T as e 14.4% $2.66
I T o :
- ::"166260);""""' :: e
Commercial shrimp » 0.0% o 100.0% _$0.99

$1.01
0.0% : 100.0%

Anchovies

Cabezon

California scorpionfish 83.7%

Commercial sea basses X

Drums and croakers 69.1% ; 30.9%
e S RO e
L 99.0% $0.39

Dungeness crab

Flounders

Other (commercial) . P 0.0% 100.0%

Other (COMMETCIAL) oo 1000/00% -
B v
0.0% 100.0% ¢ $0.06

0.0% 100.0% $1.16

100.0% 0.0% na
’ 76.4% $0.52

Other {recreational)

Other {commercial & recreational)

Recreational sca basses
Rockfishes R R ,
""" _100.0% 0.0% na
o S R e
Striped bass I 000% i 0.0%

o e RN N
RN S

Salmon

Sculpins

na
$1.60

$0.27

* Based on landings from 1993 to 2001. )
b Calculated using recreational landings data from NMFS (2003c,

htep://www.st.nmfs. gov/rccreational/queries/catch/snapshot.htm!) and commercial landings data from NMF3
(2003 a, http://www.st.nmfs.gov/commercial/| andings/annual_landings.htmt).

¢ Calculated using commercial fandings data from NMFS (2003a).

4 Assumed equally likely to be caught by recreational or commercial fishermen. Comimercial value calculated
as overall average for region based on data from NMFS (2003a).
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; Table B2-7: Factors Applied to Recreational Benefits to
.j Implemem‘ Discounting in California

Discount Factors for _ Discount Factors for

Sbecics Grol i Entrammem Impmgement
pecies Group. :“. e o~
3% Dtscmmt 7 % Drsconnt 3% Dlscount 7% Dlscount

Rate i Rate Rate ! Rate
0865 i 073 i ogl i 0774
_ o071 i oS3 L osos L 063
Cahforma scorplonﬁsh L i na : na 0.877 0.749 )
Drumms and croakers T o860 : o1 | osss ¢ o076 |
oo ..0'945 N

Cabezon

Cailfomla hailbut

Other recreati ona] species 0.922 i 0831

Other rec. and com. species ha na
.............................................................. P
Sculpins P 0896

Rockfishes .

Smeits

Stnped bass

Surfperches na H na

Other umdennﬁed f' sh (fmm forage Iosses) .
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Table B2-8: Factors Applied to Commercial Benefits to
Implement Discounting in California

Species Gronp

Discount Factors for
Entramment

3% Discount

R?_te ‘Rate

1% Dlscount_

Discount Factors for
Impmgement

3% Dlscount T% Dlscmmt
Rate - "Rate

Anchovies

Armerican shad

na na

0.893 0.773

0933 i

Cabezon

Cahfomia hahbut

Cahfomla scorp:onﬁsh

0832 i 0663

0.856

0 961 0.916
0. 857 0.710

0755 i

na :

Drums and croakcrs

Commercial sea basses

Commercial shrimp

na

0.532 i

0778 i 0569 7
0818 | 0643 -
0.819 0.637

0.969
0.842

Flounders

Dungeness crab

0916 i 0.

P 0944

0999 i 0997
0868 | 0. 727
0877

Othcr rec. and com. spemes
Northem anchovy

Othcr commercsal crabs

0913 | O

na

0930 i 0 P

0.958 0.907
09040 i 0870

0.940 6.870

0.938
0.882

Rockfishes

Sculpins

0.943

sh {from forage losses)

0764 | O, :

0 950

na na
.‘0 787 0 536 —
0. 971 -----"0.936
oo om0 |

0.840

0.926

TR S TR Y SRR L A SRR EEE

0.900 :

0,900 0792 |
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@ Chapter B3: Commercial
Fishing Valuation

INTRODUCTION

This chapter presents the results of the commercial fishing
benefits analysis for the California region, Section B3-1
details the estimated losses under current, or baseline,
conditions. Section B3-2 presents the expected benefits in
the region attributable to the rule. Chapter A10 details the
methods used in this analysis. Al results are for Northern California and Southern California combined.

Note that all results have been sample weighted in this version. In the final revision results will be reported unweighted.

B3-1 BASELINE LOossEs

Table B3-1 provides EPA’s estimate of the valuc of gross revenues lost in commercial fisheries resulting from the
impingement of aquatic species at facilities in the California region. Table B3-2 displays this information for entrainment.
Total annual revenue Josses are approximately $6.1 million, assuming a 3 percent discount rate.

. Table B3-1: Annual Commercial Fishing 6ross Revenues Lost Due to Impingement
at Facllmes in the California Region '

Estimated | Eshmated Vatue of Harvest Lost:(in 2002 dollars)
Speeies . Pounds Of ?-----........... l:' “;DISEO o, H
: : . : unted Usmg 3% : Discounted Usmg 7%
: HarvestLost : Undlscount.ed Discount Rate Discount Rate
Anchovies 3,756 223 214 204
Cabezon ; 612 i 2,265 1,941 1,607
2,515 6,700 5,213 :

5631 1 2173

Rockﬁshes

Sculpms

Surfpcrches
Amer:can shad

Crabs (commercaa!)mm“““

Drums and croakcrs : H

Shn imp (commermal)

Cailfom;a scorpmnfsh

hOthe:r (rec and com, )

Sea ASSES (commercmi)

fOther unidentificd spemes

{from forage losses)
@ T
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Table B3-2: Annual Commercial Fishing: 6ross: R_e_ve_nué_é _Losfbue*-ip. Entrainment
at Facilities in the California Region. .~ s

Species i Pounds of :f" " : Dised P . : ::-. e e i
i T seounted Wsing 3% Discountéd Using 7%
Harvest: Lost Undiscounted Discounit Rate | Discomit Rate '

Anchovies 442 26 24 22
Cabezon 456,096 | 1,686,720 1,403,524 1,118,679
California halibut : 637,356 8,384

TSemo VT sazser
g 4620 4297 3,915
© 9874518 5169293 : 3,950,073 2,829,210

Sculpins 42,994 40,552
Smelts : 36 10 9

Flounders

Rockfishes '

Crabs (commercial) | 12,990 | 15000 13235
Droms and croskers 1 s T i 48636
o e
e T i o e

Northern anchovy 128 7

Shrimp (commercial) 138 i 137

{Other unidentified species & g1 pgg 166453 149827 i 131,852
{from forage Josses) : : :

8,042,706 6,298,892 4,666,62] o

a5

B3-2 BENEFITS

As described in Chapter A10, EPA estimates that 0 to 40 percent of the gross revenue losses represent surplus josses to
producers, assuming no change in prices or fishing costs. The 0 percent estimate, of course, results in loss estimates of $0.
The 40 percent estimates, as presented in the T able B3-3, total approximately $2.5 million when a 3 percent discount rate is
assumed.

The expected reductions in I&E attributable to chémges at facilities required by the rule are 30.9 percent for impingement and
21.0 percent for entrainment. Total annual benefits are estimated by applying these estimated reductions to the annual
producer surplus loss. As presented in Table B3-3, this results in total annual benefits of $0.5 million, assuming a 3 percent
discount rate.
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- Table B3-3: Annual Commercial Fishing Benefits Attributable o Phase IT Rule. nt
.- Facilities in ﬁ\e California Reglon (mitlion 2002$) Assumes Comphance in 2005

Impingement | Entrainment : Total

|Baseline loss - gross revenue

Undiscounted $004 | 8. 04 - $8.08

"3 dlscount ratc .......................... H $0.03“ $6 ll $6 14””"" .
7% discount rate L $003 o $4 34 : $4.37
roducer Surplus Lost Low * $00 50.0 T - 50.0 7
Eroducer Surplus Lost - ngh (gruss revemle * 0 4) mmm—
Undtscounted E $0.02 $3 22 $323
..... 3 %mscoumrate 50.0].... $2 44$246
) 7% dlscount rate o $001 ~~~~ $l 74 $1.75
“xpected reductmn due to mle - ‘ 309% .“-.21 0% --- ...........

B eneﬁts att i Low . $0 0

B eneﬁts attnbutabie tn rule ngh

Undtscounted 7 $068

3% d:scoum ratc . $0.51

7% dlscount rate ' . T $0.37

* Estimated based on EPA’s assumptions. EPA’s assumption about the amount of clectricity that will be
produced in the future differs very slightly from DOE’s. Using DOE’s assumptions, the expected
reductions would be 31.4 percent for impingement and 22.9 percent for entrainment,
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Chapter B4: RUM Analysis @

INTRODUCTION e e e

This case study uses a random utility medel (RUM)
approach to estimate the benefits of improved fishing
opportunities dug to reduced impingement and
entrainment (I&E) in the Northern and Southemn Catifornia § BA-T Site AtHBEs T
regions. The Northern and Southern California regions
are defined based on National Marine Fisheries Service

Be=1"4 Travet Costo B4-9—
e Chotee Models™ i oo v non s s DA

(NMFS) regional boundaries. Northern California rglfare BEHAMES <o e v ey BAEE
includes all northem counties to, and including, San Luis “BAs3 Esuﬁmﬁngﬂhmgewmmeﬁmtyﬁf?:i—“
Obispo County. Southern California includes all southern Fishig Sites=c o oo B

counties to, and including, Santa Barbara County.

EPA included anglers intercepted at sites in both the
Notihern California region and the Southern California
region in'the RUM model. Thus, the modet allows for
substitution of sites across the two regions. When
constracting each angler’s choice set, EPA included all
sites within 140 miles of the angler’s home zip cede.
Thus, sites from the Southern California region were
included for some Northern California anglers, and vice
versa, to allow anglers to travel to all substitute sites
located within a one day travel distance Timit.

Cooling Water Intake Structures (CW1S) withdrawing water from California coastal waters and estuaries impinge and entzain
many of the species sought by recreational anglers. These species include halibut, other flatfish, striped bass, sea basses,
various bottom fish species, and other less prominent species. Accordingly, EPA included the following species and species
groups in the model: flatfish, striped bass, sea basses, bottom fish, small game fish, salmon, sturgeon, other small fish, and
other species. Some of these species inhabit a wide range of coastal waters, which can span the entire coast of California.

The study’s main assumption is that, all else being equal, anglers will get greater satisfaction, and thus greater economic
value, from sites with a higher catch rate. This benefit may occur in two ways: first, an angler may get greater enjoyment
from a given fishing trip with higher catch rates, yielding a greater value per wip; second, anglers may take more fishing trips
when catch rates are higher, resulting in greater overall value for fishing in the region. '

The following sections focus on the data set used in the analysis and the analytic results. Chapter A-11 provides a detailed
description of the RUM methodelogy used in this analysis. :

B4-1 DATA SUMMARY

EPA’s analysis of improvements in recreational fishing opportunities in California relics on data collected by the NMFS’
Marine Recreational Fishery Statistics Survey (MRFSS) (NMFS, 2003b).} The modet of recreational fishing behavior relies
on a subset of the data that includes only single-day trips to sites located in California. In addition, the sample excludes
respondents missing data on key variables (¢.g., home town), and includes only private/rental boat and shore mode anglers.
The Agency did not include charter boat anglers in the model. As explained below, the welfare gain to charter boat anglers
from improved catch rates is approximated based on the regression coefficients developed for the boat anglers. Additionally,

' For general discussion of the MRFSS, sce Chapter Al1 of the Regional Study Report or Marine Recreational Fisheries Statistics: .
Data User’s Manual, http://www_st.nmfs.gov/ st]/recreational/pubs/data_users/index.html (NMFS, 1999a).
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values for single-day trips were used to value each day of a multi-day trip. The final sample used to estimate the RUM model
includes 11,367 boat and shore anglers.

B4-1.1 Summary of Anglers' Characteristics

a. Fishing modes and targeted species

Fifty-one percent of the anglers in the sample fish from either a private or a rental boat (see Table B4-1). Approximately 24
percent fish from the shore, and 24 percent fish from a party or charter boat. In Northern California, most anglers (61
percent) fish from a private or rental boat; 28 percent fish from shore, and only 11 percent fish from party or charter boats. In
Southern California, 44 percent fish from private or rental boats, 34 percent fish from party or charter boats, and 22 percent
fish from shore.

Table B4-1: Fishing Mode Choice, Northern and Southern California

All California Northiern California g Southern Catifornia
Fishing Mode - . i
¢ Frequency Percent :  Frequency Peﬁt::]teby Frequency Pe;;zx;iby
Shore P 4007 24.48% 1892 i 2779% 2115 22.12%
5121% 4,158 '

44,19%
33.68% |
100.00%

Private/Rental Boat 8,383
: 2431%
100.00%

Party/Charter Boat

All Modes

Source. NMFS, 20035,

In addition to the mode of fishing, the MRFSS contains information on the specific species targeted on the current trip (see
Tables B4-2 and B4-3). In Northern California, approximately 26 percent of anglers did not have a designated target species.
The most popular targeted species, targeted by 25 percent of anglers, is salmon. The second most popular species group,
targeted by 20 percent of anglers, is bottom fish. Of the remaining anglers, 9 percent target striped bass, 9 percent target
flatfish (primarily California halibut), 6 percent target sturgeon, 2 percent target other species, 2 percent target small game
fish, one percent target big game fish, and 0.5 percent target other small fish.?

In Southern California, 45 percent of anglers do not target a particular species. The most popular targeted species, targeted
by 13 percent of anglers, is jacks. The second most popular species group, targeted by 12 percent of anglers, is flatfish
(mostly California halibut). Of the remaining anglers, 10 percent target sea basses, 9 percent target bottom fish, 5 percent
target small game, 4 percent target big game fish, and less than one percent target each of the following species/species
groups: other species, salmon, other smalt fish, and striped bass.?

The distribution of target species is not uniform by fishing mode. In Northern California, for example, 34 percent of
private/rental boat anglers and 28 percent of charter anglers target salmon, while less than 2 percent of shore anglers target
salmon. Forty-six percent of shore anglers do not target a particular species, while only 20 percent of private/rental boat
anglers and |3 percent of charter boat anglers do not target a particular species. Almost 58 percent of charter boat anglers
target bottom fish species, while only 12 percent of private/rental boat anglers and 22 percent of shore anglers target bottom
fish. Fourteen percent of private/rental boat anglers target flatfish (primarily halibut), while no charter anglers and less than
two percent of shore anglers target flatfish. Twenty-two percent of shore anglers target striped bass, while only 6 percent of
private/rental boat anglers and no charter boat anglers target striped bass.

! Bottom fish species include surfperches, seaperches, sheephead, croakers, rockfishes, scorpionfish, drums, hake, tomcod, opaleye,
sargo, mullet, and queenfish. Small game fish include Pacific bonito, Pacific barracuda, and small tunas and mackerels. Flatfish include
California halibut, sanddabs, starry flounder, and other flounders. Big game fish include sharks, dolphins, and tunas. Other small fish
mclude the anchovy family, silverside family, pacific serdine, hemings, jacksmelt, and other smelts.

* Jacks include jack mackerel and yellowtail. Sea basses include kelp bass and sandbasses.
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s Table B4-2: Species Group Choice by Mode of Fishing, Northern California
' i Al Modes - .Priva_ltelRen_t'al Boat _ Party/Charter Boat : Shere

Species Group : :
i Frequency : Percent : Frequency

Percent Sy Frequenc Percent by Frequency Percent by
Mode | TTOHUERCY | nege | TN Mode

0.11%

21.78%

151%
e
...................... 0% | nee
Salmon """""""" 24.51% § 1433 L 3446% | ‘ 27544 " L%
Smrgmn R ST B R R T 127%
orersoors Ve Trem e hewn L0 oo 6 =

Smalt Game | 114 | 167% i 102 2.45% 1w i 132% ¢ 2
Swiped Bass | 641 LoA1% i ;e T sw F o 000% | 412
e ...1.9_._64"%.“ s ”:78.%- s S
[T T T I Y )

Big Game P os foramw (8 F197%

Ofher Swall 1 34 oso% |1 1 oem |0 L 000% i 33 i 174%

No Target D2 0 2632% i 816 19.62% £ 00 i 1308% | 876 i 4630%
All Species . L 100.00% 100.00% : F100.00% i L 100.00%

Source: NMFS, 20035,

Table B4-3: Species Group Choice by Mode of Fishing, Southern Californic
All Modes P'ri.vatemeﬂta] Boat |  Party/Charter Boat . Shore

Species Group . : RS
: Frequency Percent : Frequency : Pe;::‘teby ! Frequency : Pe;ﬁ ':;eby i Frequency : Pe;';f:;éby

504% ;134 | 416% 124} 5.86%

Small Game | 509 | 532% | 25
Other Small :
Fish
SwipedBass {1 i 001% ! 1

6 i 017% ¢ 0 0.00% | 0 i 000% 16 i 076%

TR e v T T
e e 0%
P T e TN bl 2 B
e sty 340 80S% L 369 i 1146% 1935 i 616% |

L on0e% | TIS 1 183a% Lo76 ¢ sAT% | 202 1 955%
Ceawe L sesw | s Tadew Al | 19a%
" o2s% T e T Tooow | 0 .

: TS ar
o tan L eoss%
e R S

Flatfish

Big Game ;

Salmon H
Other : 73 o6 T o
otmn U Taae | aaswa o 1ise Lo 71agh
To0.00% s e

All Spesies L 9,560 __100.00% |

Source: NMFS, 2003b.

In Southern California, no shore anglers target jacks, while 18 percent of private/renial boat anglers and 17 percent of charter
anglers target jacks. Sixteen percent of private/rental boat anglers target sca basses, while only 6 percent of charter anglers

and 5 percent of shore anglers target sea basses. Eighteen percent of private/rental boat anglers target flatfish, while 10

percent of shore anglers and 5 percent of charter anglers target flatfish. Seventy percent of shore anglers do not target a

particular species, and 51 percent of charter anglers and 27 percent of boat anglers do not target a particular species. I
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- b. Anglers’ characteristics
. - This section presents a summary of angler characteristics for California, using the data incleded in the RUM model, ie., only
" data for private/rental boat anglers and shore anglers. This data st includes 11,367 observations: 7,809 boat anglers and
3,558 shore anglers. Table B4-4 summarizes information on fishing trips and anglers.

The average income of the respondent anglers was $52,021. Because income was not reported by intercept survey
respondents, EPA used median household income data by zip code, from the U.S. Census Bureau in 2000, to approximate
income data for survey respondents.® Ninety-two percent of the anglers are male. The average angler spent 27 days fishing
during the past year. The average trip cost for surveyed trips is $16 (2000%),” and the average one way travel time to the site
was about 40 minutes.* The average duration of 2 fishing trip was four and a half hours. The Californiz datz did not include
additional demographic statistics.

* Census data for median income by zip code are in census Summary File 3 (U.S. Census Bureau, 2002).

* All costs are in 20008, which represent the MRFSS survey year. All costs/benefits will be updated to 20028 later in this analysis

. {c.g., for welfare estimation).

# Calculation of trip cost and travel time is explained in section B4-1.4.
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. B4-1.2 Recreational Fishing Choice Sets

The NMFS survey intercept sites included in the analysis are depicted in Figure B1-1 in Chapter B! of this report. There are
126 fishing sites in the Northem California region total choice set, and 122 sites in the Southern California region choice set,
Choice sets for individual anglers were generated based on NMFS sites located within 140 miles of the respondent’s home zip
code.” Distances from unique zip codes to each of the 248 NMFS sites located in California were estimated using ArcView
3.2a software. A maximum of 37 sites defines the choice set, inclusive of the site actually visited at the time of the survey. In
cases where more than 37 additional sites per mode are within the 140 mile distance limit, 37 sites are randomty drawn from
the available sites. Table B4-5 summarizes the number of sites available, and anglers intercepted, for each county in
California,

Table B4-5: Number of California Sites and Anglers by County |

County i Number of Sites | Number of Intercepted Anglers*
' Nortﬁern CA - o

Alameda i n ‘ 650
Comracosta ......... 5 .......................... 409 .........................
DelNoe & e 1o
Humbo]dt ” _ 379
Mcndocmo . " _ 233
.;&onte!.ey b B , . e e seace IR
San Francisco___.“

-

- San Luis Obispo |
‘ San Mateo

Santa Clara

Santa Cruz

Solano

Sonoma

Total Northern CA

Los Angeles

San Diego

Santa Barbara

Ventura

Total Southem CA

* Includes intercepted private/rentat boat and shore mode anglers only.
Charter boat anglers are not included as no specific charter boat model of site
choice was estimated. .

Source: NMFS, 2003b.

7 The distance limit was based on the 99" percentile for the distance traveled to a fishing site.
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B4-1.3 Site Attributes .

This analysis assumes that the angler chooses between site alternatives by comparing his/her utility for each alternative and
choosing the one that maximizes his/her utility. Following McConnell and Strand (1 994), we assume that the individual first
chooses a mode and species and then, conditional on this choice, chooses the recreational site (Hicks et al., 1999).

To measure site quality, this analysis uses catch rates for the fish species of concern, as well as the presence of marinas and/or
docks at each site, and the presence of piers or jetties at each site. Catch rate is the most important attribute of a fishing site
from the angler’s perspective (McConnell and Strand, 1994; Haab et al., 2000). This attribute is also a policy variabie of
concern because catch rate is a function of fish abundance, which is affected by fish mortality due to I&E. The catch rate
variable in the RUM therefore provides the means to measure baselinc losses in I&E and changes in anglers® welfare

attributed to changes in 1&E resulting from the final section 316(b) rule.

To specify the fishing quality of the case study sites, EPA calculated historic catch rate based on the NMFS catch rates from
1996 to 2000. Seven species or species groups were included in the model: sturgeon, salmon, flatfish, small game fish, big
game fish, bottom fish, and other species. No-target anglers in California caught fish in all species groups included in the
model. Thus, for no-target anglers, EPA calculated average catch for all species caught by anglers who did not target a
specific species.

The catch rates represent the number of fish caught on a fishing trip divided by the number of hours spent fishing (i.e., the
number of fish caught per hour per angler). The estimated catch rates are averages across all anglers by mode, target species,
and site over the five-year period (1996-2000).

The catch rate variables include totat caich, including fish caught and kept and fish released. Some NMFS studies use the
catch-and-keep measure as the relevant catch rate. Although a greater error may be associated with the measured number of
fish not kept, the total catch measure is most appropriate because a large number of anglers catch and release fish. The total
catch rate variables include both targeted fish catch and incidental catch. For example, smail game catch rates include fish
caught by small game anglers, anglers targeting another species group but who actually caught a small game fish, and anglers
who don’t target any particular species. Anglers who target particular species generally catch more fish in the targeted

category than anglers who do not target these species because of specialized equipment and skills. EPA considered using . '
targeted species catch rates for this analysis, but discovered that this approach did not provide a sufficient number of

observations to allow estimation of catch rates for all fishing sites included in the analysis. Tables B4-6 and B4-7 summarize

average catch rates by species for Northern and Southern Catifornia sites.

»  Northemn California sites. Of the boat mode anglers who target particular species, botiom fish anglers catch the
largest number of fish per hour (1.15), followed by anglers who target other small fish (0.71), those who target small
game (0.62), those who target other species (0.56), those who target big game (0.45), those who target flatfish (0.40),
thase who target striped bass (0.36), those who target salmon (0.34), and those who target sturgeon (0.21). Of the
shore moede anglers who target particular species, anglers who target other small fish catch the largest number of fish
per hour (1.88), followed by anglers who target bottom fish (1.01 }, those who target small game (0.78), those who
target flatfish (0.63), those who target other species (0.53), those who target sturgeon (0.52), those who target striped

bass (0.47), and those who target salmon (0.28).

»  Southern California sites. Of the boat mode anglers who target particular species, small game anglers catch the
largest number of fish per hour (0.84), followed by anglers who target sea basses (0.76), those who target bottom fish
{0.65), those who target other small fish {0.58), those who target salmon ¢0.52), those who target flatfish (0.43),
those who target other species (0.44), those who target jacks (0.42), those who target big game (0.41), and those who
target striped bass (0.20). Ofthe shore anglers who target particular species, anglers who target other small fish
catch the largest number of fish per hour (1 .50), followed by anglers who target small game {1.11), those who target
bottom fish (1.05), those who target sea basses (0.65), those who target flatfish (0.5 5), and those who target other
species (0.48).

Some RUM studies use predicted, rather than actual, catch rates (Haab et al,, 2000; Hicks et al., 1999; McConnell and Strand,
1994). This practice allows for individual characteristics to affect catch rates; for example, anglers with different levels of
experience may have different catch rates. Haab et al. (2000) compared historic catch-and-keep rates to predicted catch-and-
keep rates and found that historic catch-and-keep rates were a belter measufe of site quality. Hicks et al. (1999) found that
using historic catch rates resulted in more conservative welfare estimates than predicted catch rate models. Consequently,
EPA favored this more conservative approach. »
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- Table B4-6: Average Catch Rave by Speéies/_s;:ecies Group
. : for Northern California-Sites by Mode of Fishing
. - Average Catch Rate
(fish per angler per hour)

Species/Species Group. : All: Sit"es ) .. Sites with Non Zero Catch Rates

: PrwatelRenta} Boat | - Shore Private/Rental Boat ‘L. Shore
Small Game 0.078 0080 0615 0.776
Swiped Bass  : 0060 0.160 N .:9..‘360 _ 0.469
e 0420 o e - o B
S i k _ i ]
L RRIN: S o e E -
0.085 ."0335“
| e v,..,.......o025......... — e
Oborspedes 0 owse ¢ o L oss o 080
Other Smali Fish & o107 L omi b Coms L i

| NoTarger i 0294 0.831

Big Game

Salmon

Sturgeon

Source: NMFS, 2002e.

Table B4-7: Average Catch Rate by Species/Species Group
for Southern California Sites-by Mode of Fishing

- . Avérage Catch Rate
. : . : - (fish-per angler pei'i'hour)

Species/Species Group 'Ah Sites Sites w:th Non Zem Catch Rates

R

Private/Rental Boat Shore Private/Rental Boat
Small Game 0.192 0.418 P 0.837 5

0.002 N/A : 0.200

0.145 0.730

0.096 0.227

Stnped Bass :

Bottom Fzsh

Flatfish :

Big Game

Salmon : X
Sea Basscs 0231 i 0.353

Other Species 0.104 0.267
Other Small Fish 0.080 0.615

No Target : :
Jacks .

Source: NMFS, 2002e.
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B4-1.4 Travel Cost .

EPA used ArcView 3.2a software to estimate distances from the household zip code to each NMFS fishing site in the
individual opportunity sets. The Agency obtained fishing site focations from the Master Site Register supplied by NMFS.
The Master Site Register includes both a unique identifier that corresponds to the visited site identifier used in the angler
survey, and latimde and longitude coordinates, For some sites, the latitude and longitude coordinates were missing or
demonstrably incorrect, in which case the town point; as identified in the U.S. Geological Survey (USGS) Geographic Names
Information System, was used as the site location if a town was reported in the site address. The program measured the
distance in miles of the shortest route, using state and U.S. highways, from the household zip code to each fishing site, then
added the distances from the zip ¢ode location to the closest highway and from the site location to the closest highway. The
average one-way distance to the visited site for all modes is 24.08 miles. Private/rental boat anglers traveled farther, on
average, to the chosen site than shore anglers, going 26.53 miles versus 18.72 miles.

EPA estimated trip “price” as the sum of travel costs plus the opportunity cost of time following the procedure described in
Haab et al. (2000). Based on Parsons and Kealy (1992), this study assumed that time spent “on-site” is constant across sites
and can be ignored in the price calculation. To estimate anglers’ travel costs, EPA muliiplied round trip distance by average
motor vehicle cost per mile ($0.325, 2000 dollars).® To estimate the opportunity cost of travel time, EPA first divided round
trip distance by 40 miles per hour to estimate trip time, and used one-third of the household’s wage to yield the opp