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The Draft Policy Puts Coastal Power Plants at Unnecessary Risk By Not Providing
a Reasonably Foreseeable Compliance Path.

Staff has indicated its intent for the Policy to be applied in a manner that forces all but
perhaps the two coastal nuclear plants and a few higher efficiency combined cycle units
to face a decision to shutdown or re-power when their compliance dates are reached.
Though the draft Policy proposes two alternative compliance tracks, in our opinion, the
ability for a generator to cost-effectively comply with either track is largely illusory. We
believe that the practical effect of the draft Policy as written, intended or not, will create
a pool of non-compliant coastal power plants that will face closure or extensive
re-powering.

Track 1

Track 1 proposes to adopt closed-cycle cooling as Best Technology Available (BTA),
thus requiring all plants to install closed-cycle cooling systems. We believe that this
determination results in poor public policy and needs to be reconsidered. Practically
speaking, this is an unachievable standard that would result in exorbitant costs to
California that is wholly disproportionate to benefits by a factor of over 90 to 1. NERA
Economic Consulting reached this conclusion in a study commissioned by CCEEB
based upon existing information on the likely costs of the Policy and existing
information of likely benefits. See attached NERA study “Costs and Benefits of
California Draft Policy on the Use of Coastal and Estuarine Waters for Power Plant
Cooling, September 20097 (NERA study).

Furthermore, closed-cycle cooling creates significant negative environmental impacts
because of increases in criteria pollutants and greenhouse gases as described to you in
our letter of May 20, 2008 and its attachments (attached).

Installing cooling towers at coastal power plants is acknowledged as virtually
impossible. Though the Tetra Tech study concluded that salt water towers might be
technically feasible at some sites, their study scope was too limited to explore resolution
of problems caused by the lack of air emission credits and other permitting and physical
obstacles faced by facilities in a coastal environment (see CCEEB letter dated May 20,
2008 pgs. 5 - 12).

With the possible exception of one or two facilities, Track 1 is not a feasible compliance
pathway. Furthermore, as required by the Board regulations and state law, these
environmental impacts were not properly evaluated in the staff’s draft Substitute
Environmental Document (SED).

Track 2
Track 2 authorizes plants to use alternative technology and operational controls to

achieve 90% of a 93% reduction in flow rates and protecting all marine organisms, even
microscopic marine organisms down to 200 microns in size. These requirements are




also unattainable without the use of closed-cycle cooling. If the technology existed and
allowed a unit to function without fouling, the use of 0.2mm mesh screens might stop
entrainment, but would instead impinge these organisms as well as the eggs and larvae
that this proposed Policy is designed to protect. Such operation could result in 100%
mortality.

At this point virtually all plants would be non-compliant with both Track 1 and Track 2
and would thus be in non-compliance with the Policy. CCEEB believes that it is not
good public policy to create obligations that cannot be met short of plant shut down or a
very expensive re-poweting that will be largely driven by market factors out of the
control of many generators. Nor is it good public policy to adopt a policy knowing that it
will have to be continually revised every 6 months or every year because of unrealistic
compliance dates and other structural problems arising from the Policy.

It is conceivable that some plant operators may see the handwriting on the wall and shut
down before their compliance time frame because the costs of compliance and the
potential lack of long-term contracts could force a business decision to discontinue
operations. Any early plant shutdowns would be extremely problematic for the electrical
system operators and will become troubling for the Board as well.

The Board Should Conduct a Policy-Wide Cost-Benefit Analysis of the Draft OTC
Policy to Help It Determine the Appropriate Best Technology Available and
Standard of Performance.

Currently, the draft Policy requires closed-cycle cooling or its equivalent as the “best
technology available” or BTA. As stated above, we believe that the Board should direct
staff to revisit this issue before selecting BTA and conduct a system wide cost benefit
analysis, which will likely show, as demonstrated by the NERA Study, that the cost of
meeting closed-cycle cooling performance standards statewide at existing coastal electric
generating stations is likely to be wholly disproportionate to the environmental benefit
gained by a ratio of over 90 to 1.

The US Supreme Court in Entergy v. Riverkeeper, Inc. decided agencies responsible for
enforcing the Clean Water Act are allowed to reject technology solutions whose cost is
wholly disproportionate to its benefits.

Attempting to meet a predetermined arbitrary standard of BTA, at all costs, is inherently
unnecessary and unreasonable when other less expensive, but workable solutions can be
chosen. . :

In this way the Board can achieve its policy objectives without the inherent
unreasonableness of requiring actions that could be © ... bsurd or unreasonable in light of
extreme disparities between costs and benefits,” as stated by the noted US Supreme Court
Justice and expert on Administrative Law, Justice Breyer, on page 7 of his concurring
opinion.




Justice Breyer also points out on page 4 of his concurring opinion that we are “...in an
age of limited resources available to deal with grave environmental problems, where too
much wasteful expenditure devoted to one problem may well mean considerably fewer
resources available to deal effectively with other (perbaps more serious) problems.”

The question of the relationship between the cost of compliance with this draft Policy and
the benefits of doing so is recognized by the US Supreme Court as an important question
that allows policymakers to weigh the reasonableness of the requirements of the Policy.
As such, it is key to the question of the feasibility of this proposed Policy’s
implementation and the resulting impact to grid stability.

The Costs of this Draft Policy Are Wholly Disproportionate to Benefits.

The depth of inquiry and information in the two-page economic impact discussion
included at the end of the draft Substitute Environmental Document (SED) is inversely
proportional to the seriousness of the question of costs and woefully inadequate to inform
the Board of the relative costs and benefits of the proposed BTA determination.

Tn evaluating the cost of compliance to affected OTC facility owners and ratepayers, the
current draft SED analysis is limited to providing only the cost of wet-closed-cycle
cooling retrofits. The cost of OTC unit re-powering and/or replacement with wet or dry
closed-cycle cooling was not evaluated and that cost could be significantly different than
a wet-closed-cycle cooling retrofit. From the standpoint of the facility owner, the cost
would also include the revenue lost during the extended outage required for demolition
and new unit construction, which also does not appear to be considered. There are also
higher costs associated with dry cooling due to the decrease in generation efficiency
resulting from the need to use large amounts of energy to allow the cooling tower to
function that is not currently considered.

The electric utility industry in California is undergoing significant transformations in the
areas of addressing greenhouse gas emissions and adding renewable energy resources to
its portfolio. Consequently, during the timeframes being proposed by the draft Policy for
addressing OTC at coastal power plants, load-serving entities are facing costs for:

« Purchasing air emission allocations and/or offsets;

» Purchasing and/or developing renewable energy resources to meet a 20% (and
potentially a 33%) renewable portfolio standard by 2010 and 2020 respectively:

« Making the necessary transmission line upgrades to integrate renewable resources
or investing in new transmission lines to deliver renewable energy.-to load centers;

¢ Meeting the new requirements of Regulations to implement the state’s new
climate change program;

* Re-powering aging, less efficient generating units; and,

« Retrofitting facilities to meet impending state and/or federal 316(b) requirements.

Industry-wide costs in these six categories of contemporary investment could exceed
more than $50 billion.




The cost of implementing the OTC Policy, combined with the other costs noted above,
represent costs that cannot be reasonably borne by the utility industry within the time
frame set forth in the draft Policy.

This disregard of the implications of the wholly disproportionate costs of implementing
this proposed Policy deprives the Board of the opportunity to make an informed,
responsible and reasonable decision on the proposed Policy.

The Board Should Modify this Draft Policy to Avoid Significant Adverse
Environmental Impacts, Avoid Costs that are Wholly Disproportionate to Benefit
and Avoid Threats to the Reliability of the Electrical Supply System.

Policymakers should understand that closed-cycle cooling does have significant adverse
environmental impacts and very significant costs. As noted in previous comments to the
Board, a move to lower-efficiency closed-cycle cooling will require greater energy
consumption, cause an increase in greenhouse gas emissions and smog-forming and
particulate (PM10/PM2.5) emissions. These additional air emissions have significant
negative human health impacts that cannot be ignored.

Further, in addition to playing vital grid stabilizing roles, the state's two nuclear plants
play a critical role in meeting California’s GHG emission reduction goals. Assuming that
closed-cycle cooling could even be accommodated at these two plants, requiring a
transition to closed-cycle cooling would mean the emission of large amounts of pollutants
from replacement power during the time required (approximately 2 years) to retrofit the
nuclear plants. Additionally, the lowered efficiency of the nuclear plants and all other
plants after transitioning to closed-cycle cooling will result in increased emissions to
replace the lost generation capacity.

Instead of defining closed-cycle cooling as BTA, the Board should adopt cost beneficial
performance standards; i.e., technology and in-plant operational solutions that do not
result in significant adverse environmental impacts and costs that are wholly
disproportionate to the environmental benefit gained. Such technologies could include:

Fish handling and return systems

Fine mesh traveling screens

Redesigned intake structures with fine mesh, handling and return systems

Fish barrier nets

Relocation of cooling water intake structures

Velocity caps for cooling water intake structures

Other technologies to reduce impingement and entrainment that are functional and
technically appropriate at each location

To the extent that these statewide BTA performance standards do not sufficiently
minimize marine impacts, or an exception is granted, the Board may direct Regional
Boards to require mitigation measures commensurate with those actual impacts, such as




by restoration of coastal wetlands. Facilities should be given the opportunity to invest in
local or statewide funds designed to restore coastal wetlands and engage in other
activities that benefit the coastal environment. Subsequent cost benefit analysis should
fully account for the environmental benefit achieved by such mitigation when assessing if
costs are wholly disproportionate. This approach, as outlined above, is consistent with
the application of Best Professional Judgment (BPJ), which CCEEB wholeheartedly
believes is possible with the development and support of a well thought-out guidance
document by the Board staff for use by the various Regional Boards. A guidance
document would in fact ensure consistency in the site-specific selection of control
technologies and the application mitigation measures throughout the state. This
recommendation is consistent with the recommendation CCEEB made to the Board when
staff began working on a policy.

Proceeding in this manner allows the Board to adopt a Policy that is protective and
supportive of marine resources while mindful of economic resources that are required for
other beneficial improvements in the overall performance of our electrical infrastructure.
Tn so doing, it also diminishes the threat to the stability of the grid by diminishing the
prospect that plants will shut down before their performance to support peak loads, and
their backstop to support renewable energy integration, is replaced.

It also avoids the known significant adverse environmental impacts of closed-cycle
cooling, both wet and dry.

Retain and Expand the Site-Specific Cost Benefit Analysis in the Draft Policy.

Currently, the draft Policy limits use of' a site-specific cost-benefit analysis that could
demonstrate site-specific wholly disproportionate costs to benefit to nuclear plants and
fossil plants with an 8,500 Btw/Kilowatt hour heat rate or less. The 8500 Btu/Kilowatt
hour standard is an arbitrary criterion unrelated to water resource issues that are being
used in this instance to restrict the use of this analysis by virtually all of the fossil fueled
plants. In addition to being arbitrary, we believe that it is inappropriate and poot public
policy to attempt to use this Board Policy to implement an inferred state energy policy
and to accelerate the closure of coastal power plants that is outside the scope of the
jurisdiction of this Board.

The Board should provide an option for all OTC plants to demonstrate whether the costs
of implementing the Policy are wholly disproportionate to the environmental benefits to
be gained. If the site-specific cost/benefit analysis shows a disproportionate cost to
benefit ratio, the Board should then specify practical and cost-beneficial steps to protect
marine organisms that are cost-beneficial at each site.

As stated earlier in these comments, CCEEB believes that it borders on irresponsibility
for the Board to ignore the costs of this Policy and the relationship between these costs
and the expected benefits of this Policy.




Flexible Timelines Are Needed to Conduct Studies and Feasibly Implement the
Retirement of OTC Fossil Plants Without Undesirable Reliability and Rate Impacts.

Replacement of more than 30% of California’s generating capacity is likely to take
decades, not 7-9 years as contemplated in the draft Policy, due to licensing, grid
reliability, and other issues. The South Coast Air Quality Management District
(SCAQMD) Priority Reserve issue must be resolved before a comprehensive power plant
replacement plan can be developed for southern California. These challenges require a
flexible implementation timeline.

The Draft Joint Agency Staff Paper on this topic makes it clear that the generation
capacity of the older OTC plants cannot be taken off-line until replacement power is
available. There are families of highly complex technical and political issues that must
be completely and successfully managed in order to achieve that result in every instance.
The management of these issues will depend upon completion of special studies and
further analyses. Appendix A of the Joint Agency Staff Paper calls out a number of
specific examples that include: _

« The unavailability of pollution credits in the SCAQMD;

¢ Sequencing of bidding into utility request for offers (RFO’s) versus permitting of
a facility;

« The degree of reliance on generating facilities versus preferred technologies;

e Resolution of the nuclear plant issues; and,

+ Development of a comprehensive plan and preferential treatment of elements of
the plan in licensing proceedings compared to proposed facilities not included
within the plan.

These issues of lack of long term confracts, lack of air emission credits, lack of
freshwater resources, lack of permits, likely community opposition to the installation of
cooling towers in coastal settings, conflicts with other state or regional laws, ordinances
and regulations, the lack of technology to allow Track 2 to provide a workable alternative
to Track 1 are not adequately acknowledged or analyzed in the draft Policy or the draft
SED. As such, both documents as they now stand are technically and legally deficient.

Untimely and unexpected retirements of facilities for unrecoverable costs or other
reasons cited above that would frustrate compliance must be, and yet are not, adequately
anticipated. We question whether the staffs at the state’s energy agencies have
adequately considered all of these potential destabilizing factors in their evaluation of the
proposed Policy for impact on grid stability. -

The Board should understand that all of the multiple caveats, clarifications and
understandings about how this Policy may be implemented and that form the basis for the
staff of these agencies to express assurance that this Policy may be successfully
implemented are contained in a page of footnotes, to a Table, in an Appendix, of the
Draft Joint Agency Staff Paper. This document stands alone as an unofficial (unadopted)




draft staff paper that has not been formally acted upon by the governing body of any of
these energy agencies.

The Water Board Should Convene an Energy Regulator and Industry Advisory
Panel That Meets Multiple Times Per Year.

The Board staff has proposed formation of a Statewide Advisory Committee on Cooling
Water Intake Structures (SACCWIS) to meet every two years. Issues associated with
grid stability and performance that could easily be affected by unanticipated early
shutdown of generating capacity are in too great a flux to be left to a two year oversight

review. This situation needs to be carefully monitored on a continual basis.

In addition to the other suggestions of needed improvements to this draft Policy, we
suggest that a sub group of the larger SACCWIS be formed to meet on a quarterly basis
to track site-by-site information in real time. In addition, the draft Policy should be
revised to delegate the authority to the Executive Director to modify compliance dates for
any reason at any time.

Most Plants Have Already Complied With the Draft Policy’s “Special Studies”
Reguirement Through Submission of Comprehensive Demonstration Studies (CDS)
and Impingement Mortality & Entrainment IM&E) Reports That Have Been
Submitted to the Appropriate Regional Water Boards for Compliance With Their
Existing NPDES Permits.

The draft Policy requires “special studies” to investigate alternatives for nuclear plants to
meet the requirements of the draft Policy. SONGS, in particular, was already subjected
to such studies by the California Coastal Commission. Those studies, which stretched
over a decade and included many public hearings, resulted in a decision by the Coastal
Commission that the cost and environmental impact of cooling towers at SONGS were
not reasonable or warranted compared to restoration and mitigation options designed by
the Coastal Commission. Utility ratepayers have already paid for these studies in
addition to the mitigation measures, and they should not be required to fund the same
studies and mitigations all over again.

These studies also provide the base data needed to conduct a benefit determination ina
cost benefit study as conducted by NERA using USEPA guidelines. Thus this data is
readily available for a cost benefit study at individual plants.

As currently written, the draft Policy would require a baseline entrainment study unless
the discharger demonstrates that any prior study is acceptable to the Regional Board. The
Impingement Mortality and Entrainment Characterization Studies required to comply
with the 2004 Federal Rule, which were approved by the respective Regjonal Boards and
have since been completed by all California utilities, may have utilized a net size larger
than 200 microns. A 333-micron mesh entrainment sampling net is considered the
standard sampling protocol. If this were the case, another round of sampling would be
required.
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Conclusion

This draft Policy and the draft Substitute Environmental Document require more work
and thoughtful revision as outlined in these comments. The draft Policy gives rise to
wholly disproportionate costs that exceed the anticipated benefits by over 90 times. The
significant adverse environmental impact of the selection of BTA as closed-cycle cooling
has largely been ignored. CCEEB appreciates that other commenters have focused more
time on the shortcomings of the Substitute Environmental Document than has been the
case with this letter and incorporates those comments by reference. Finally, CCEEB
continues to believe that the draft Policy continues to understate the risk to California of
serious disruptions to the grid due to the operation of this Policy over time.

Thank you for considering our comments.

Sincerely,

Robert W. Lucas Gerald D. Secundy
Waste & Water Quality Project Manager President
Attachments:

1. Overview of NERA Study

7 CCEEB Comment Letter — Scoping Document: Water Quality Control Policy on the
Use of Coastal and Estuarine Waters for Power Plant Cooling dated May 20, 2008

3. Studies of Once-Through-Cooling Impingement and Entrainment in CA

4. Summary of Impact Associated with Retrofit on OTC Systems

5. NERA Study, “Preliminary Costs and Benefits of California Draft Policy on the Use
of Coastal and Estuarine Waters for Power Plant Cooling” dated September 2009

cc: Susan Kennedy, Chief of Staff, Office of the Governor
Dan Pellissier, Deputy Cabinet Secretary, Office of the Governor
Linda Adams, Secretary for California Environmental Protection Agency
Cindy Tuck, Undersecretary for California Environmental Protection Agency
Michael Peevey, President and Members of Public Utilities Commission
Michael Chrisman, Secretary for Natural Resources Agency
Karen Douglas, Chair and Members of the Energy Commission
Yakout Mansour, CEQ, California ISO ‘
Michael Chrisman, Secretary for Resources Agency
Jackson Gualco, The Gualco Group, Inc.
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September 30, 2009

Teanine Townsend, Clerk of the Board
State Water Resources Control Board
1001 I Street, 24® Floor

Sacramento, CA 95814

Dear Ms. Townsend:

Accompanied with CCEEB’s comments on the proposed “Water Quality Control Policy
of the Use of Coastal and Estuarine Waters for Power Plant Cooling” and

the Supplemental Environmental Document, is the study completed by NERA, an
international firm of consulting cconomists specializing in the application of economics
to complex issues of business and public policy. NERA has extensive experience in
developing cost-benefit assessments related to the implementation of requirernents of
Section 316(b) for the Clean Water Act, having performed analyses for numerous
electricity generating facilities including nuclear and fossil fuel units and participated
actively in the development and evaluation of the U.S. EPA 316(b) regulations.

Key Points from NERA Report:

. NERA’s policy-wide cost-benefit analysis shows that the costs of implementing this OTC

policy would be over 90 times the calculated benefits for a cost to benefit ratio of
approximately 91:1.

NERA also performed a site-specific facility analysis for implementing the policy at the
<an Onofre Nuclear Generating Station which showed the cost to benefit ratio to be
approximately 145:1.

Contrary to comments/concerns made about the availability of cost-benefit guidance at
the recent public hearing on the OTC policy, NERA’s policy-wide cost-benefit analysis
utilized a number of references for cost data, fish values, and analysis guidelines:

California Department of Fish and Game (“CA DFG”). 2008. California
Commercial Landings for 2007. Sacramento, CA: CA DFG, August 5.

California Department of Water Resources (“DWR?). 2008. Economic Analysis
Guidebook. Sacramento, CA: DWR, January.

Johnston, Robert J. et al. 2006. «What determines willingness to pay per fish? A
meta-analysis of recreational fishing values.” Marine Resource Economics. 21:1-32.

Office of Management and Budget (*“OMB”). 1992. Circular No. A-94 Revised
(Transmittal Memo No. 64) Memorandum for Heads of Executive Departments and
Establishments. Washington, DC: OMB, October 19.

Pacific States Recreational Fishery Information Network (“RecFIN™). 2009.
Pacific States Marine Recreational Fisheries Monitoring. hitp://www.recfin.org/.




o Tetra Tech. 2008. California’s Coastal Power Plants: Alternative Cooling
System Analysis. Report prepared for the California Ocean Protection Council. Golden,
CO: Tetra Tech, February.

o U.S. Environmental Protection Agency (“EPA”). 2000. Guidelines for Preparing
Economic Analyses. Washington, DC: EPA, September.

+ In the analysis of the ecological benefits, NERA calculated both the direct use and non-
use benefits using available agency data and trophic transfer for indirect benefits.

» The NERA report establishes a clear methodology for performing both policy-wide and
site-specific cost benefit analyses. USEPA methodology derived from the Section 31 6(b)
Phase I1 rule along with established cost-benefit guidelines from the USEPA and the
Office of Management & Budget provided a template for the analysis.

 The ability to do cost-benefit analyses is not too burdensome as some have suggested;
NERA found that much of the information needed to implement such an analysis for
individual California facilities is readily available.

e The draft Policy does not provide specific guidelines on how the cost-benefit analysis
should be performed, although it does indicate that costs should be measured in terms of
cents per kWh and benefits should be measured in terms of “habitat production
foregone,” an estimate of habitat area production that is equivalent to the loss of
entrained species. As discussed in the NERA report, these measures of costs and benefits
are not consistent with state or federal guidelines and raise conceptual and practical
difficuities.

CCEEB appreciates the opportunity to comment. If we can be of further assistance or provide
additional information please do not hesitate to contact Bob Lucas at 916-444-7337.

Sincerely,

MQ// e & Ak
Robert W. Lucas Gerald D. Secundy
Waste & Water Quality Project Manager President

cc: Susan Kennedy, Chief of Staff, Office of the Governor
Dan Pellissier, Deputy Cabinet Secretary, Office of the Governor
Linda Adams, Secretary for California Environmental Protection Agency
Cindy Tuck, Undersecretary for California Environmental Protection Agency
Michael Peevey, President and Members of Public Utjlities Commission
Michael Chrisman, Secretary for Natural Resources Agency
Karen Douglas, Chair and Members of the Energy Commission
Yakout Mansour, CEO, California ISO
Michael Chrisman, Secretary for Resources Agency
Jackson Gualco, The Gualco Group, Inc.
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May 20, 2008

Jeanine Townsend, Clerk to the Board
State Watei Resources Control Board
1001 *I* St., 24™ Floor

Sacramento, CA 95814

RE: Comment Letter — Scoping Document: Water Quality N
Control Policy on the Use of Coastal and Estuarine Waters For
Power Plant Cooling '

Deax Ms. Townsend:

On behalf of CCEEB, thank you for once again offering us the opportunity to
comment on the Board’s proposed “Water Quality Control Palicy of the Use of
Coastal and Estuarine Waters for Power Plant Cooling.” CCEEB is a non-
partisan, non-profit organization of business, labor and community leaders that
seek to achieve the State’s environmental goals in a manner consistent with a
sound economy. )

CCEER’s membership includes the owners of the power generating facilities that

" utilize once through cooling (OTC) systems in California. As such, any state

policy or regulation that proposes to phase out this coastal power plant cooling
method in California is of great interest to CCEEB, particularly if the tradeoffs to
the environment and the potential conisequences to the economy have not been

fully evaluated.

The Expertise ‘And Knowledge Of The Inter-Agency Task Foree
Should Be Relied upon In The Early Development And

Formulation Of This Policy )

On January 16, 2008, CCEEB submifted cominents recommending that the
Board formulate a multi-agency process to assess and advise the state Board on _
the variety of multi-media impacts, outside of the Board’s jurisdiction, that : v
would result from the enactment of the proposed OTC policy. We commend the
Board for forming such an advisory group. It is our belief that the expertise and
skills of this group of individuals should be relied upon in the early development
and formulation of this Policy. | i . :




We note that the Scoping Document refers to its role as an aid to the implementation of
the Policy. CCEEB believes that this would not be the best use of this talent, and would
not take advantage of the advisory body’s expertise, when it is needed most as the
implementation requirements are considered by the Board. We are not suggesting that
the Board abrogate its authority to adopt a Policy, rather, that it consult with this group
before it acts, rathet than after. As stated by one of the members of the Expert Review
Panel in his April 73" written comments to the SWRCB staff, it is important not to be
wrong about the real feasibility of Track 1 compliance. To do so is to underestimate the
real potential of forcing these facilities to shut down in the near term, and create extreme
electrical reliability issues for the state of California. It would be far better to construct a
policy that acknowledges and avoids these pitfalls.

The Risk To The Stability Of The Grid Is Real *

The possible negative impacts to the state’s electricity grid are too critical notto warrant
the highest level of concern. Caljfornia ISO (CA 1S0), as the entity responsible for the
safe and uninterrupted flow of electricity to the grid, has expressed concern in its 2008
Summer Assessment about how California will make it through the Summer of 2008
without any serious disruptions, during just the business as usual summer cycle. Their
assessment leaves very little cushion or margin for potential electricity supply shutdowns.
With all generating plants running as directed and no transmission difficulties, CA ISO
estimates that Southern California has only a 600MW buffer to protect it from Stage-3
Emergency blackouts. This generating capacity equates to the output of a single unit.
Couple this with the fact that CalFire has already declared the official opening of the
7008 wildfire season. It would be umrealistic to believe that this summer will be totally
free of wildfires that often seriously disrupt transmission capabilities and result in power
outages.

The CA ISO is also conducting an in-depth analysis of grid reliability. Its Old Thermal
Generation Phase I Report (2008-2012 Study Resyits) accounts for load growth and a..
yange of new generation, systerm retirements, and facilities in the process of being
repowered. It concluded “.. that a Policy requiring these units to go off-line could
jeopardize the CAISO’s ability to meet local, zonal and system reliability requirements,
even if a considerable number of new plants come on line.” It compared “current VErsus
the new risk” of shedding firm load (blackouts) and concluded that by 2012 California
would experience a four-fold increase in the risk of a Stage 3 Emergency. It also
determined that ¥...a policy that requires these units to go off line or reduce operations

* could make meeting the state’s 20% reriewable portfolio standard more difficult than our
carlier study predicts.” In addition, it determined that taking the base-load nuclear plants
off-line could seriously hamper the state in meeting its greenhouse gas reduction
obligations. This study is expected to be completed by the 4" quarter of this year. It is
essential that the Board not act on this Policy until it is informed by this study.

The staff is apparently relying upon the recenily completed study by Jones and Stokes on
Grid Reliability, directed by the Ocean Protection Council (OPC). This report expresses
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some very optimistic conclusions about the ease with which the grid can accommodate
the staff’s proposed OTC policy. However, the only recommendationt (OPC Reliability
‘Study, April 2008, page 6) is far more reserved and cautious:

“Though this study makes optimistic conclusions about the
industry’s ability to compensate for mass QTC plant
refirements at relatively modest costs, it is extremely
important to understand that the modeling effort conducted
for this study was limited in scope, capable of only taking a
snapshot of the big picture, due 1o time constrainis.
Ideally, the modeling effort would have been expanded 0

thousands of runs examining each OTC plant in great
detail, instead of the limited number of runs that were

possible for this study.

Because of this limitation, the key recommendation arising
from this study is that the industry must conlinue
comprehensive Study of the issue, examining the reliability
implications of retirement of each plant individually and in
combinations with all other plants and constantly reassess
the reliability implications of the Board’s new policy, as it
is planned and enacted. Fortunately, such a study is now
underway at the Cualifornia Sysitem Operator with full
participation by the staie’s water agencies, the energy
industry, non-governmental organizations, and individuals.
Cooperation amongst the agencies involved in shaping
policy affecting the future reliability of the grid, including
the Water Board and the energy agencies, is essential in
assuring the Board's policy results in no impact to electric
system reliability, nor to the environment.”

The Extent of Biological Harm is Not Adequately Nor Accurately
Assessed In The Scoping Document

The statements of significant impacts from OTC systems are often centered on the high
numbers of larvae that ate entrained as the only evidence needed to assume that this
results in significant ecological damage. However, as demonstrated by 316 (b) studies,
these losses of larvae are Very small fractions of the source water populations of the
larvae, which are present in enormous numbers in the ocean and bays. Further, the
fractional losses caused by entrainment appear to be insignificant, in virtually every case,
1o sustaining the adult populations of the fish relative to the tevels used for fishery
management, according to these 316 (b) Impingement and Entrainment (I&E) studies.
Attachment 1 providesa brief discussion of this issue.

A number of the Expert Review Panel members cited in their individual responses the
confusing nature of the information contained in Table 8 in the Scoping Document. This
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Table presents information regarding the extent of I&E at individual facilitics. It is noted
in their comments that the information in the document was compiled from different
sources, using different assumptions. For example, one of the Expert Panel members
pointed out that the entrainment count shown in Table 8 for the Encina Power Station is
over seven times the estimated annual entrainment levels reported in the most recent I&E
study, completed in January 2008.

It has also been observed that the new 1&E studies that have recently been completed are
not cited in the Scoping Document as reference documents. This oversight leads to the
question of whether the staff is familiar with these reports and has considered the
information they contain.

This information is necessary (o inform the Board on the true extent of biological damage
caused by the operation of OTC on adult populations of affected marine organisms. The
Scoping Document does not adequately, nor accurately, address these questions. For
example, the January 2008 Encina Power Station 1&E study found that though the
number of entrained gobies wWas high, the adult population in the source lagoon was
cobust and at a higher deusity than adult goby populations in other lagoons without OTC.
Further, the number of goby larvae present in the lagoon is the same now as it was during
the 1980, 316 (b) I&E study. This consistency shows the stability of the population over
#me. It also demonstrates the absence of an Adverse Environmental Impact.

The Scoping Document does not demonstrate any deleterious impacts on adult fish
populations. The scientific literature presented at the “Once Through Cooling Research
Results Symposium” at UC Davis this past January likewise did not document any severe
impacts on adult fish populations due t0 the operation of Once Through Cooling systems.
This information is extremely significant considering that the Board is considering a
Policy that will force Californians to accept alternative negative environmental impacts
of more noticeable significance, face at least a four-fold greater risk of Stage 3
Emergency blackouts, and a yet-to-be determined economic penalty that the Scoping
Document estimates to be between $100 million and $10 Billion.

This issue alone requires considerably mot¢ documentation to use it to support the
adoption of such a costly and far-reaching public policy edict,

The Scoping Document Relies Upon a Deeply Flawed Technical

Feasibility Analysis, Prepared for the OPC, That Reaches
Of The Board’s

Unsupportabie Conclusions About The Imglementation
Proposed Policy

Tetra Tech recently submitted a “tochnical” feasibility analy sis to the Ocean Protection

Council, entitled California Coastal Power Plants: Cost and Engineering Analysis of
Cooling System Retrofits. CCEEB’s review of this report concludes that while it

provides some useful factual information on individual sites, many of its conclusions are
not adequately supported by the information and analysis. Rather than inform and assist

the Board in its deliberations, as it was envisioned, we believe that, as drafted, the report
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has given a misieading impression of the engineering feasibility, cost and other
considerations of refrofitting the cooling systems of many of these plants. As
demonstrated below, the draft report reaches simplistic conclusions of project feasibility.
Tt ignores and/ot dismisses serious physical, environmental, cost, social, and other
permitting obstacles, The economic impact analysis fundamentally misrepresents power
sector energy financing issues resulting in the use of unrealistic assumptions regarding
plant life, amortization periods, inappropriate discount rates, and an incomplete and
mistaken representation of costs and the ability to pay or recover these costs while still
retaining economic viability to dispatch power. Since the staff has demonsirated great
reliance on this document in preparation of the Scoping Document, CCEERB believes it
important to bring forward a sampling of our concerns about this study.

Feasibility

Tn our opinion, the primary deficiency of this document as 2 decision making guide is its
use of the term “technically feasible” as opposed to the generally understood meaning of
“feasible.” Though it trics to put this term into the context of a severely constrained
budget that would only allow a review of issues related to technical feasibility, the report
reaches unsupportable conclusions about the ability to overcome noted obstacles such as
permitting, phystcal location, and cost noted in the report, and ultimately determines that
with few exceptions, virtually all of these plants can be feasibly retrofitted.

The report notes that'any action taken to retrofit a cooling system will require a CEQA
analysis. CCEEB believes that it is important that any discussion of feasibility be based
upon based upon CEQA evaluation criteria (Sec. 21061.1 of the Public Resoutces Code):

"Fegsible” means capable of being accomplished in a successful
manner within a reasonable period of time, taking info account
economic, environmental, social, and technological factors.

This definition represents a real world understanding of the term and includes
consideration of economic, environmental, social, and technological factors when
atternpting to determine whether a desired end state can be accomplished in a successtul
manner. 1f this report had accomplished the breadth of these considerations and done so
accurately with reasonable assurances that assumptions realistically reflected real-world
conditions and decision-making criteria, then it could have been of great value in
informing the deliberations of the staff and Board. However, the technical chapters

~ make it very clear that its scope is severely limited. So limited, that no further inquiry
was made after potential non-engineering obstacles had been identified. These
limitations appear to have been ignored in the more general areas of the report and in so

doing we believe that erroncous conclusions were reached.

The Significance of New Environmental Impacts of Retrofitting Cooling Systems
Were Identified, but their Significance Was fgnored

The report did not adequately consider the new adverse environmental effects of
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converting once-through cooling (OTC) systems to wet closed-cycle cooling systems.

In those situations where the report did note new environmental impacts not associated
with once through cooling, the si gunificance of such new environmental impacts were
ignored and related permitting and AB 39 issues were dismissed as being beyond the
scope of the study. As such, conclusions in the report relating to their significance as it
might relate to determining feasibility are not supported, thereby giving a misimpression
of feasibility to a third party reader, coupled with a misimpression of the significance of
these new environmental impacts. We note that the Scoping Document is still very
weak in this subject area as well. ' ' :

New Environmental Impacts of PM10

The study noted that wet cooling towers would become new sources of particulate
matter (PM10), independent of the operation of the gencrating station, while giving only
passing reference to new NOx and greenhouse gas (GHG) emissions. The PM10
emissions, in particular, present serious permitting issues. In the South Coast Air
Quality Management District (SCAQMD) there are no PM10 offsets available for these
retrofits and there are only limited PM10 credits available elsewhere in the state. This
means that it is likely impossible for the SCAQMD to issue necessary air permits for the
new proposed wet cooling towers at the 6 generating stations operating within the
district. It may be equally impossible to issue air permits for these new PM10 emissions

in other locations in the state as well. The Scoping Document ignores this issue.

New Favironmental Impacts Associated with the Energy Penalty of Converting From
OTC to Closed Cycle Cooling

The report pointed out that there are power efficiency penalties when converting from
OTC to wet or dry closed cycle cooling, but does not point out the environmental
consequences of making up that lost power required for a stable grid. The report
ignored the environmental impact of additional fuel consumed to make up this power.
According to an analysis conducted by CCEEB!, the statewide increase in PM10
emissions from replacing lost MWhts would be more than 23 tonsfyr if all units
converted to wet cooling and 150 tons/yr if all units converted to dry cooling. The
statewide increase in GHG from replacing lost MWhrs would be over 300 ,000 metric

! Attachment 2: Summary of Impacts Associated with the Retrofit of Once-Through-Cooling Systems,
CCEEB, 2006 was prepared using US EPA estimates of energy penalties and increased auxiliary load
associated with wet and dry cooling retrofits (dry cooling about 9%) to compute the amount of MWs that
.would be reduced from what can be generated from each plant presently (see Details, column V). The
emissions that would be generated to replace the lost power output atiributed to this energy penalty using
the average output (see Details, cofumn F) of each plant were then computed. This analysis does not predict
iwhere that replacement power would come from and instead assumes it would come from unspecified
sources with emissions equivalent to the “average” NOx end PM10 emission rate for California generating
units (from CEC Environmental Performance report). In realify, the replacement power wou id need W
come from local generating sources in order to maintain grid reljability in that satné region as the lost
powet. This average emission rate considers renewable, peaking, baseload, and all generating sources.
Therefore, these emission estimates use only government backed data points to demonstrate the emissions
increases to maintain the generating output levels from these plants if a wetor dry cooling retrofit were {0
be required.
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tons CO2 efyr if all units converted to wet cooling and over 1.9 million tons/yr if all
units converted to dry cooling. These are substantial increases in criteria pollutants and
GHG. The increases in criteria pollutants represent significant permitting hurdles while
the increases in GHG represents DEW emissions of GHG in the face of AB32
requirements to reduce GHG emissions statewide to 1990 levels by 2020. To place
some context around the GHG emissions, the 1.9 million metric tons CO2 efyr estimated
to result from retrofitting all OTC facilities to dry cooling is equivalent to the amount of
GHG emitted by almost 500,000 mid-sized passenger cars. Tt also represents an
increase in the In-State Power Generation Sector CO2 inventory of 4.4%.

The Scoping Document is very weak in a comparable analysis.

New Environmental Impacis Associated with Retrofit Down Time of Nuclear Plants

As high as these estimates of GHG and criteria pollutant impact are, it will be
enormously higher if the two base-load nuclear plants have to g0 off-line for up to 18
months in order to accommodate the retrofits. All of the power that would otherwise be
generated by the nuclear facilities, without the generation of GHG and criteria
pollutants, would have to be provided by fossil fuel plants generating massive amounts
of GHG and criteria pollutants.

The question of whether there is enough excess generation available to replace this lost
generation during the 18 months of expected retrofit down time for each of these nuclear
base load facilities also was not considered. During this same 18 consecutive month
period other generating facilities may be shut down for maintenance and retrofit. Ifali
plants had to retrofit during the same time frame the implication for adeguate state
power supply and to grid stability would be severe.

These issues are also not addressed in the Scoping Document.
New Environmental Impacts of Salt Drift

Qalt drift from the seawater cooling towers was another recurring topic in the report that
should have been more thoroughly evaluated fo ascertain its impacts on feasibility.
Even with state-of-the-art drift eliminators, which generally increase the parasitic load
on the facility, the report estimated that there would be significant drift that will
negatively impact agricultural and arban areas. More troubling is the drift impacting
high voltage transmission lines, transformers and switching areas. The electrically
conductive and corrosive nature of the drift could cause arcing and loss of power that
raises grid reliability and safety issues. The report seemed to deal with these issues by
assuming the other facilities would be relocated, with no examination of whether
sufficient land is available.

The Scoping Document needs to address these issues in sufficient detail to support an
informed decision by the Board on this Policy.




New Environmental Impacts of the Water Discharges

The report also did not adequately evaluate the new environmental jssues associated
with remaining water discharges. These new environmental issues arise from the 0% —
059 intake water reduction achieved by retrofitting the OTC system with a saltwater
wet cooling system. The report accurately pointed out that this flow reduction will
concenirate salts and other impurities in the waste stream from the cooling tower blow
down. Tt pointed out that this concentration of impurities in the waste stream would
require treatment to meet ‘discharge—permitting*requirement's. 1n addition, the report
assumed that these new wastewater ireatment systems will be built at all locations
without regard to land availability, assuming in all such situations that land can be
purchased if needed. Furthermore, the report assumed that on-site power generation
support facilities already planned to be built, would not be built and instead, that a
wastewater treatment facility would be built, because the location was the only location
on-site at which a wastewater treatment facility could be built. At other facilities the
report assumed that site infrastructure could be relocated, either on-site or off-site. In
addition, the report also failed to consider that new solid waste; brine waste and/or
hazardous waste resulting from the operation of a wastewater treatment unit would have
to be managed.

In order to quantify the magnitude of this potential waste streai, consider that a typical
1000MW combined-cycle generation station numning on a 50-50 blend of groundwater
and reclaimed water generates approximately 200 cubic yards of solid wastewater filter
cake per week, in addition to a brine waste siream. Given that each of the nuclear
facilities produce twice that amount of power and would be using seawater that would
be 50-100 times saltier than nlended water, one can sec the potential for substantial
quantities of waste that would be generated by retrofitting a OTC system to a saltwater
cooling system. Itis also likely that this new waste would fail the hazardous waste
criteria thereby requiring that %t be handled as a new hazardous waste strearm.

Though the Scoping Document spends 15 pages ont this topic it does not address how to
resolve these issues, which could turn out to be & fatal flaw in to the feasibility of
retrofitting to saltwater cooling towers. Again, the OPC report noted the jssues, but
jumped to 2 conclusion of feasibility.

New Visual and Noise Impacis and Mitigation

Though the study generaily recognized the size and operational noise associated with
wet cooling towers, it assumed that these new impacts, which are not associated with
OTC, could be easily handled. In some discussions it is noted that Coastal Zone site
testriction requirements proscribed in the California Coastal Zone Conservation Act
could be issues or that local communities could be troubled by noise, but in only one
case did the report recognize that these new impacts could not be overcome. Where
zoning ordinances did not readily exist, the report noted that issues such as noise and
acsthetics would be addressed under local conditional use permits. However, these
considerations are not inconsequential and may also not be overcome.
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1§ these projects were to be pursued, si gnificant mitigation would certainty be required
for the substantial new visual and noise impacts, if these obstacles did not derail
permitting altogether. This additional mitigation expense was not captured nor
quantified. While it is a valid argument that site-specific mitigation and therefore its
petmitting requirements and cOsts cannot be anticipated, this study once again raised
difficult issues of new impacts and sidestepped their importance by stating it was outside
the scope of study. This type of logic does not help inform; it leaves & false impression
+that serious impediments can be overcome, in every case, at trivial cost. The Board
cannot side step such fundamentally important issues of feasibility. So far the Scoping
Plan has addressed this issue in a minimal manner.

Enginecring Challenges and Physical Obstacles Were Grossly Underestimated
and/or Dismissed as Qutside the Study Scope

Throughout the study, engineering and physical obstacles to retrofifting were identified,
but then ignored or dismissed and feasibility was assumed. These issues can be very
complex and in some cases are clearly critical issues in determining feasibility. Some of
the key examples are:

Intercomection to Existing Systems: The report made many assumptions about the
location of piping, connections to existing intakefoutfall structures and placement of
utilities underground, without consideration as i0 whether there was room for such
facilities. Additionally, the complexity of the new piping instaliation was not analyzed.
In one case, the study seems t0 accept that 4000 feet of above ground piping is desirable,
technically feasible and physically possible without any significant discussion. The

report provided only a simplistic view of what was involved to design, build and tieina
new cooling system 10 existing plumbing.

This is a fandamental difference between a requirement for a new facility and requiring
a modification of an existing facility. Since the Board is considering a retrofit policy
ihat would apply as if it were anew facility it bears a burden to anticipate and justify the
added burden. The proposed policy chooses to walk the path of 316 {a) for new
structures versus 316 (b) for existing structures, Congress and EPA noted this
distinction, but the Scoping Plan does not address these issues or offer solutions.

Drift Abatement: Sait drift is likely to be asi gnificant issue at many facilities ~even if
drift eliminatots are installed. In some cases, this may involve the potential under
grounding of 500 KV lines to prevent arcing and other measures to protect equipment.
This issue was noted and determined to be feasible in the OPC report, but needs to be
adequately assessed in the Scoping Document {0 ensure that is effectively considered by
the Board.

Wastewater Treatment: Facilities would clearly need to build freatment facilities for the
remaining discharge — which for the nuclear facilities would be on the order of 70

million gallons a day. This is a sizable discharge and the cost and complexity of
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building a treatment facility cannot be underestimated. Again, the OPC report assumed
it could be done. The Board needs to determine if that makes sense and it should be
considered in the Scoping Document.

It is also highly questionable whether there are treatment systems available to treat
concentrated cooling tower blow down to the parts per billion effluent limits that would
be imposed on the discharges. Because of significantly reduced flows the dilution
factors will be reduced radically. With no dilution, the numerical effluent limit would
become the water quality standard in the Ocean Plan (e.g- Coppet = 3ppb, 6-month
median).

Nuclear Regulatory Commission Reguirements:. When analyzing certain issues at @
nuclear facility, consideration must be given to NRC license specifications. Asan
example, the facility’s flood safety analysis may need to be revised and modifications
designed due to the sitting of wet cooling towers. Once again, these issues Were duly
noted in the OPC report and it was assumed the NRC would not object, but the Board’s
Policy needs to anticipate their involvement in the Scoping Document.

Analysis of Retrofit Cost Utilized Incorrect Assumptions

The oversimplification of the engineering challenges of the feasibility of installing closed
cycle cooling leads directly to a serious underestimate of the down ime necessary for
construction and tie-in, as well as the estimate of capital costs, replacement power and
replacement power COStS. In the case of the nuclear facilities, we expect down time
would be on the order of 18 months —a very significant issue for critical baseload
facilities. Additionally, the cost of replacement power was incorrectly calculated using a
merchant generator model. For a utility, replacement power must be purchased to make
up for the loss of generation. In this circumstance, there is no netting against cost
savings, except for savings in fuel costs. Due 10 labor agreements and other issues, there
are no savings in labor ot other expenses when the facility is not operating.

At Diablo Canyon and San Onofre the repott calculated and estimated revenue loss using
an assumed wholesale electricity price of $65/MWh. This was not the correct
methodology nor price of electricity to use for these base load facilities. Instead of
calculating revenue 10ss, the report should have calculated the cost of replacement pOWer.
A fairer average cost 10 purchase power on the surplus market would have been the
matket price referent (MPR) of approximately $96/MWh. The MPR is a CPUC-set
benchmark at or below which approved contracts will be considered per se reasonable. At
this level, the lost generation cost at Diablo Canyon, for example, would be closet to’
$960 million, which would be offset by only approximately 66 million in fuel savings.
Thus, the costs associated with lost generation dueto a conversion shutdown at Diablo
would be closer to $894 million assuming the g8-month period estimated by the study.
However, further research indicated a shutdown in the range of 12-18 months would be
required for a total cost for replacement power for Diablo Canyon in the range of $1.3 -
2.0 Billion.
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Since the SONGS facility is rated at only 52MW more than Diablo Canyon, it is
reasonable to expect that the costs of replacement power to be about the same. Thus the
combined costs to the two utilities that operate nuclear facilities to replace power not
gencrated during the 12 — 18 month shutdown for cooling system retrofit would be $2.6 -
4.0 Billion.

Given that many aspects of the engineering are not thoroughly analyzed (e.g. condenser
modifications, drift abatement, piping interconnections, service cooling system) itis a
virtual cértainty that the capital costs will be substantially higher than those projected by
the study.

It does not appear that the Scoping Document is based on any independent analysis other
than the OPC report. I cites costs as ranging from $100 million to $10 billion. Thatisa
huge range and the costs are likely significantly understated if based upon the OPC
Report. We request that all financial calculations, including assumptions and
methodologies be thoroughly reviewed by the Board before moving forward with this
Proposed Policy.

Economic Feasibility Analysis Was Inaccurate and Misleading

In Section 6.0, Results of the Executive Summary, the closed cycle cooling reirofit cost
estimates were translated to a price per kilowatt-hour. This simple approach does not
properly recognize the current market for power and power products from the plants
being studied, nor does it properly consider that each facility has unique business and
economic considerations that would affect the economic viability of such retrofits.
CCEEB believes that any new economic analysis should be modified from that used in
the OPC report to take into account the economic structure that each individual facility
operates under and determine how the estimated capital expenditures will affect that
facility’s ability to continue to operate with marketable power products that they provide.

Many of the plants evaluated by the study did not actually obtain revenues from the
energy market as described. They instead sell a capacity product to meet the electric
grid’s System or California’s Local Capacity Requirement, also known as local Resource
Adequacy (RA) contracts, which reflects the California System Operator’s (CA ISO’s)
Applicable Reliability Criteria and approved by the CPUC. Some facilities may instead
receive revenues from annual Reliability Must Run (RMR) contracts, however, this
practice is being phased out and replaced with the RA approach.

System RA or local RA contracts may be year to year or may be part of a 2-5 year
commitment to provide capacity in combination with other power related products (i.c.
power purchase agreement), neither of which are of sufficient length to provide stable
revenues to support large capital expenditures. Further, there is currently a cap on this
type of capacity product of $40/kW-year (see CPUC Decision D.07-06-029). This cap,
along with the inability to obtain capacity coniracts of sufficient length to amortize the
significant capital expenditures contemplated by the proposed Policy, creates an
infeasible economic situation to support such retrofits. The cost of the retrofit alone
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would likely greatly exceed the CPUC capacity price threshold not even considering the
normal operations and maintenance costs to keep a facility safe and reliable. Further, the
uncertain economic life of many of these plants would result in short contract terms and
therefore require higher revenue requirements to make these retrofits economically
viable; certainly less than the 20-year amortization assumed in the OPC report.

Not only is the 20 year amortization assumed in the report for most facilities grossly
overstated, the 7% discount rate used in the report is substantially lower than currently
allowed rates for utilities, in the 10% range. ‘Independent power producers should be -
subject to a higher rate, but a shorter amortization period. The 3% or greater difference
in the discount rate between what is typically used to evaluate capital budgeting through
Net Present Value (NPV) analysis and the 7% used in the report is substantial.

The general formula used by the study that only considered the affect to wholesale energy
sales, discounted these costs over a 20-year period at 7%, and compared these to 2006
actual megawatt-hours produced is not a complete nor accurate assessment of the actual
cost impacts to these facilities. As such it yields misleading results.

Another significant and misleading shortcoming of the economic analysis section of the
report lies with comparing incomplete computed annual operating cost to the annual
revenues generated by a plant. A far more representative number against which to
compare operating cost would be the gross margin of a plant. As anyone familiar with
thermal plants understands that the vast majority of revenue covers the fuel cost of
generation. Such a comparison would show that while annual costs may only equate to
3% of revenues for a new combined-cycle plant, these costs represent closer to 20% of
gross margin, which is an enormous reduction in profitability. For older, traditional
boiler plants, rather than focus on operational and maintenance costs of closed cycle
cooling as 8% of revenues, it is far more instructional to realize that such costs may
represent something closer to 100% or more of gross margin from energy sales.

As noted, we do not believe the Board should rely on the economic analysis provided to
the OPC and staff, as we believe that it will lead to misleading results.

The Policy Should Be Based Upon A Unit-by-Unit Assessment and Not
On A Staged, Firm Deadline Approach Based Upon Capacity
Utilization

The policy as currently proposed, calls for a fixed phased deadline approach for
conversion of these coastal generating facilities. The Scoping Document says that since
many once-through-cooled power plants produce relatively little energy in comparison to
their full potential and that there is a declining level of energy produced in recent years,
that this indicates the units must not be necessary for electrical reliability, This is not
accurate; many of these low-use units are absolutely critical for peak demand periods for
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grid reliability. Low capacity-utilization is reflective of its higher cost of operation.
When a peaker plant is called on-lins, its performance is expected and relied upon for
grid reliability. As pointed out earlier, the Summer 2008 Assessment indicates that there
is only a 600 MW buffer in Southern California from Stage 3 Emergency blackouts.
Only the CA ISO can determine when a plant can come off line during peak periods
without destabilizing the grid.

In fact, this implementation proposal with relatively early implementation dates,
apparently designed by staff in the belief that it will reduce the risk of grid reliability
problems, actually has the reverse effect; it increases the risk of grid problems. These
units tend to be old and less economical to operate. They operate under short-term
contracts and will be less likely to be able to recapture retrofit costs. Some of these units
will nltimately retire without retrofit. The current proposal increases the risk that these
units will be retired early as market based indicators determine financial viability, before
replacement power can be built to restore essential grid services,

Each unit needs to be evaluated on its own to determine the best future course of action.
The evaluation needs to be based on a site-specific evaluation of repowering or
retirement options. Some of these units are old and inefficient and should be retrofitted
for that reason. Instead of the current proposal CCEEB recommends that these units be
individually evaluated for repowering or retirement. As a necessary component of this
evaluation, CA ISO must weigh in on issues of timing and whether or not a particular site
is given a “must-run” classification.

As stated in the previous section, there will likely be a tendency to continue to rely upon
the Technical Feasibility report prepared for the OPC. CCEEB believes that the
limitations of the report are significant and that the Board should not place weight on the
determinations of feasibility as expressed in the report. As stated, we also believe that
many of the calculations that were performed used unrealistic assumptions and in some
cases inappropriate methodology. Similarly, we urge the Board to ignore the overly
optimistic conclusions in the Jones and Stokes report prepared for the OPC. Please note
though the only recommendation in that report should be followed. That recommendation
is reproduced on page 3 of this letter. In essence, it recommends that the Board not rely
on the optimistic conclusions about the ability of the grid to withstand plant closures as a
result of the Proposed Policy and instead, continue to work with the CA ISO in the
conduct of its considerably more thorough grid reliability study. For these reasons,
CCEEB recommends that the Board wait for the CA ISO study to be completed and
forestall reliance on the conclusions of the OPC-Jones and Stokes report.

Thank you for the opportunity to submit these comments; we look forward to continuing
to work with you on a Policy that can be successfully implemented. If you would like to
discuss this matter further, please contact Bob Lucas at 916-444-7337.
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Sincerely,

Robert W. Lucas Gerald D. Secundy
Waste & Water Quality Project Manager Pr;sident
Attachments:

1. Studies of Once-Through-Cooling Impingement and Entrainment in CA
2. Summary of Impacts Associated with Retrofit on OTC Systems

cc: Members of the State Water Resources Control Board
Dan Dunmoyer, Cabinet Secretary, Office of the Governor
Linda Adams, Secretary for CA Environmental Protection Agency
Cindy Tuck, Undersecretary, CA Environmental Protection Agency
Michael Chrisman, Secretary for Resources Agency
Jackalyne Pfannenstiel, Chairman and Members of Energy Commission
Melissa Jones, Executive Director, Energy Commission
Michael Peevey, President, CA Public Utilities Commission
Yakout Mansour, CEOQ, California ISO
Mary Nichols, Chair, CARB
Al Wanger, CA Coastal Commission
Paul Thayer, CA State Lands Commission
Dorothy Rice, Executive Director, SWRCB
Jonathan Bishop, Chief Deputy Director, SWRCB
Jackson Gualco, The Gualco Group, Inc.
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Attachment

Once Through Cooling Studies in California

Every five years the Regional Water Quality Control Boards (“RWQCB”) review
the NPDES permits for use of the intake water in OTC systems. Initial, and often
recurring, impingement and entrainient evaluations were required at facilities
utilizing OTCs in the early 1980’s, which demonstrated these systems were not
causing significant adverse impacts to marine ecosystems. In recent years, the
interest and activities surrounding proposals for the installation of new generating
technology for improved efficiency has provided a large amount of contemporary
information on the effects of impingement and entrainment at the state’s existing
OTC intakes. A great deal more of this kind of information is also available as a
result of information gathering requirements in EPA’s Phase 1T 316(b) compliance
and performance standards (see Table 1 below).

At every one of the facilities with data from previous intake studies that
demonstrated no adverse impacts, the recent studies also demonstrated an absence
of present day damage and found the source water communities of entrained fish
and invertebrate larvae were remarkably unchanged'”.

Independent scientists consulting to the RWQUCB made specific findings of this
nature in their final review of the Moss Landing 2000 & 2001 316(b) studies of the
Elkhorn Slough, Moss Landing Harbor, and Monterey Bay source water in
comparing them to their own study findings from 1977, a period of nearly three
decades.

The California Department of Fish & Game has stated in its Nearshore Fisheries
Management Plan that an over-fished stock is one that has been reduced to 30% of
its unfished biomass and that controls would need to be enacted whenever a stock
is reduced to 60% of its unfished biomass. The designs of recent entrainment ‘
studies are based on similar principles of fishery management and provide
‘estimates of the numbers of entrained organisms as a percentage of the total larvae

! Moss Landing Power Plant 316(b) Study
2 South Bay Power Plant 316(b) Study




at risk of entrainment (source water populations). In 316(b)} studies of OTC
systems, the entrained fraction of the source water population of larvae usually
averages between 2 and 10 percent of the estimated source populations and is
much lower for most species. The 2 to 10 percent average entrained fraction
represents very small impacts to adult fish due to the high natural mortality of
larval fishes exceeding 99.9 percent,

The statements of significant impacts from OTC systems are often centered on the
large numbers of larvae that are entrained as the only evidence needed to assume
that there has to be ecological damage. However, as demonstrated by 316(b)
studies, these losses of larvae are very small fractions of the source water
populations of the larvae, which are present in enormous numbers in the ocean and
bays (see Table 1 below). Further, the fractional losses caused by entrainment are
insignificant to sustaining the adult populations of the fish relative to the levels
used for fishery management, especially when more than 99.9 percent of the larvae
will die naturally before becoming adults with absolutely no affect on the size of
the adult fish populations. For many, this scientific fact of population dynamics,
which is used to regulate and assure sustainable harvests of natural populations, is
philosophically at odds with their ideas of preservation.

Table 1 — Summary of Entrainment Impacts from Select OTC Studies

Adult Equivalent Losses|  Average Proportional
as a Percentage of Adult| Entrainment Mortality as a
Source Water Percentage of Source Water
{Facility Name Populations Larval Populations Study Year
El Segundo 0.10~0.76 % NA 1980
IHuntington Beach NA 0.6% 2004
iDiablo Canyon NA 8.6 % 1996-1999
ISONGS 0.01-6.9% NA 1979-1986
fMoss Landing NA 13.1% 1999
Morro Bay NA 21.0% 2000
. [Scattergood 0.06T—-0.2% NA 1981
Harbor 0.8-1.8% NA 1981
Haynes NA NA 1981
South Bay NA 134% 2001

The numbers of larvae produced by most fishes during their reproductive years as
adults can be enormous, but only two of those larvae need to survive to adult to




maintain a stable population level. For example, a single California halibut may
release as many as 50 million eggs per year over a period of greater than 20 years,
and a single rockfish may release up to one million larvae per year for several
years to decades depending on the species. Other species such as gobies produce
only a few thousand larvae per year per adult female over a much shorter lifespan,
but even in these fishes, the total lifetime survival rate required to maintain the
population is less than 0.1%. The incremental losses of larvae due to OTC systems
do not have any measurable effect on fish populations because they are adapted to
living and reproducing in highly variable environments where the natural rates of
mortality are very high and vary from year-to-year. The arguments presented by
representatives of coastal resource groups ignore the role of compensation (density
dependent predation and recruitment) in maintaining these populations.

On the Pacific coast, evidence showing that high numbers of entrained larvae do
not result in large impacts includes the following:

Even though gobies are entrained in greater numbers than any other fish
larvae, studies at the South Bay Power Plant showed very little change in
annual estimates of goby larvae entrainment between studies in 19791980
and studies in 2001 and 2003. The absence of any long-term changes in
larval productivity is supported by abundance data on adult gobies that
showed increases in the population through time from 1994-1999.

Although recent studies at the Encina Power Station show that goby larvae
are entrained in higher numbers than other fishes, studies on adult gobies in
Agua Hedionda Lagoon (where the Encina intake is located) showed much
higher adult densities of gobies than similar studies from Batiquitos Lagoon
where no power plant is located.

Long-term monitoring in central California at the Diablo Canyon Power Plant,
with an OTC volume of 2.5 billion gallons per day, showed no significant declines
in nearshore fish populations over the 20 years of plant operation.




Summary of Impacts Associated with Retrofit of Once Through Cooling Systems:

General OTC Informatlon:

Number of Power Generation Facilities with OTC Systems: 19
Total Operating Capacity m MWs Using OTC Systems: 20,654
Percentage of CA In-State Power Generation Capacity that use OTC Systems: 45%
Range of Facility Generation Capacity Factors: 3.5% to 98%
Average Generation Capacity Factor: 25.5%
Number of Fagilities Retired or with Near-Term Shutdown Commitments: 4
Percentage of OTC Facilities Where Aliernative Cooling is Technically Infeasible; B7%
Impacts Assoclated with Retrofit to Alternative Cooling Systems: Wei Towars Dry Towers
Altemative Gooling Energy Penally {Reduced Generation Capacily in MWs) Caused by Retrofit; 285 1,714
Statewlde Increase in NOx Emissions (tonsfyear) from Replacing Lost MWhrs: 167 1,028
South Coast AQMD Increase in NOx Emissions (tons/year) from Replacing Lost MyVhrs: 78 483 -
Statewide Increase in PM10 Emissions {fonsfyear) from Replacing Lost MWhrs: 27 167
South Coast AQMD Increase in P10 Emissions (tons/vear) from Replacing Lost MWhrs: 13 78
Statewide Increase in GO2 Emissions {metric tons/year) from Replating Lost Mwhra: 311,491 1,814,837
Percentage Merease in CO2 inventory fiom In-State Power Generation Sector to Replace Lost MWhrs: 0.7% 4.4%
CO2 increase fo replace lost MWhrs Is equivalent to CO? from this many 4 tpy mid-size passenger cars: 77,873 478708
Estimated Increase in Frash or Reclaimed Water Use if Retrofit to Wet Cooling Towers (gallonsfyear): 20,324 422 662 -
Alternative Cooling Capltal Cost Estimates (assumes technical feasibility); Wet Towers Dry Towers
Estlmated Capital Cost to Retrofit All Operating Units fo Alternative Cooling Systems: $2,012,602.917 32 487,753,692
Estimated Cost to Construct New Facility to Replace Lost MWs Due to Energy Penalties: §285,037,000 $1,714,485 000
| Total Estimated Costs to Retrofit with Alternative Coollng Systems & Replace Lost MW Capacity: $2,207,638,017 $4,202,248 692
Phase Il 316{b) Compllance Information:
Required Impingement Reduction Standard 80-95%
Required Entrainment Reduction Standard 60-90%
US EPA's Cailculated Capital Costs to Comply with Phase i 316(b) for CA Facilities: $225,000,000
UE EPA Cost Estimate as Percentage of Total Wet Cooling Retrofif Costs: 9.8%
US EPA Cost Estimate as Percentage of Total Dry Cooling Retrofit Costs: 5.4%
Did US EPA Find it Cost Effective to Require Retrofit to Closed Cycle Cooling in Phase [} 316(b)? NO




Californla Power Generation Facilitles Using Once Through Cooling Systems

EPA Phasall
Dispatsh Profile jpeak 318{b) Fachi
Faclity Name Oumer MW | W ompaciy | cweapsciy | Approdimats 1ok bt fin. nitlal Commerctai | Retfrement Date Status af 316{b) Complianco Status of Stata Lands Loses Renewal ate) Faclity
Capaclty (MBD) IGPM) Cupacity Factor |Fguehe | eload p 5ot P
" {aerreated)™
Alamitos AES 1950 13275 BBE 417 10.0% Poatling 1058 Nena FIC; IMEE Study undanyay Uncartain “
Contra Cosla Mirant 820 40 305,550 20.0% i 18584 None PIC dua late Fal 06, Sludies TED. Expires 2024 62,019,600
Diablo Canyon PORE 2200 2540 1.762.629 98.0% Baselosd 1985 Mane G16{b} Sludy suhimitted ia 2000, Tidelands leasa explras 2018 and dischaiye dght of way explres 2018 $48,835,320
{E1Sequndo 3 & 47 NRG Bra 309 276,309 16.0% lenmediale 1964-1865 None Submifiad PIC; IMEE Shudy undarvay |.6aga sqired, ranewal i §15,600,838
Ercina NRG 035 857 505139 25.0% Inlarmadiats 1954-1876 Narwe IMBE Sludy 85% Camplels Lease explred, ranewal applicaliona complete $6.670,939
Haynas LADWS 1618 1044 704,167 24.0% Infarmediate 186G2-1870,2004 Nons Submitted FIC; IM&E sludies undamway Na lease with State Lands $5,283,933
Humbalt Bay PGRE ] 1} 0 0.0% Hatirad NA Relired Belleyed 1o be retired Believad to ba salirad $0
Hunlers Polnt PQSE o o ] 0.0% Rullrec NA Relired Haleved in ha relired fefiavad (o ba alited $0
Hunlingten Baach AES a0 &07 352,083 16.0% Intarmadiale 1856 None Bubimilted PIC; IN&E Study usdanvey Explres in August 2008 £6,614,078
ong Baach’ MRG 0 o 0 0.0% Rotired 19761917 Relired Nel Applicable No lease wilh Slalg Landy £0
Lo Angeles Harbor LADWP 238 108 76,000 29.0% Intermexiate 1942-1072,1504, 200 Nana iSubmiited PIC; IWE studies undarway o lease wilh Slate Lands 5264.552
Mandalay Raliant 430 255 71,081 15.0% Intenmediate 1259 Mone PIG submitfed; IMEE sludies undesway Mot appficable $2,336,881
homt Bay Dhike 1002 L] 4A3,888 4% Pasking 1953-1863 Mane Pormit mnawal hag schadule Lease in tust to City of Moo Bey. Recenlly renegotisted. §4,341,494
Moss lLanding 687 ks 1500 84 660,000 3.5% Paeking 1969 Neng Permit renewak has sthedula Leave In trust lo Moss Landing Harbor Dietrict eurrantly In sagotiation 8044218
Mozs Landing 182 Ouke 1038 50 250,000 55.0% Baseload 2000 None Pamnit renewal has sehedufe Leasnin trust lo Moss Landing Harbar District curantly In nagoliation o
Omond Beach Rediant 1500 888 477,778 15.0% Intermediala 10711973 Nona PIC submiited, IM&E studies underway Renewead 4/03; explras 417
Fillsburg Mirent 860 432 300,000 28.0% Ir 19601981 Mone PIC propassd Wler in 08, Sludies TBD. Explras 2015 160,056
Fotrarn Mirant 219 226 185,844 45.0% Baseload 1085 Nane PG Feu . E Ieta. | tarting In A, Wit Under SF Part Aulhority.
Redonde Beach ABS 1310 ag1 611,806 50% Paaking 1854 Mone Submittad PIC; IMBE Gtudy undsrway Lincadtain
San Onofra SCE 2254 2580 1.7at.661 95.0% Basaload 106371984 None Submilled PIC: IMBE 10 begin[ate Feb esrly Mar Leass Explras in 2023 NIA
Stallergaad LADWP L1 495 342,760 25.0% Intermediete 1847-1014 Nona Sobmilted PIC; IWE sludiss undanvay 49 yper lense with Stelg Lands slertad in 1880
Souih Bay ke 723 601 47383 26.0% Intarmiediate 1B6CE 20082 Submittad PIC; Mo Studies needad jRaquirad plant shutdown by 2008 $143,048
TotalslAveragas: 20,884 16,189 40,547,217 28.6% $104,122,054
Nulgs;
1 Thoss ars GENERAL based o 9 aslimatas from Jim onsulling ar for sasy rairofils & $2507pm for difieult ralimfils. Thase sslirmates may not ba aceurale ana glant spacific basis, dua 16 epaciha slfe design sluations
2 Bwsad on San Onofre cotl asiimalas for dry coaling relraft eqval 13 appicaliately $288/gpm of coaling waler capscity; the SONGS sstimala may or may 201 be an accusmio eslinate 00 s planl spacific basis for e olher OTC facktes in CA dus Lo aile apsciic dosign stualions.
3 E{ Sagundo 1 & 2 (350 MW) refired in 2093
L] Long Baach |585 M) relired In 2004 Now water
5 ‘Wi coating energy perally based on US EPA eslimales provided In the Phasa Il 31aib] Tachnlcal Developiment Documers fur wast Soast fachilies {Seatlie), Tabla 5-4, page 54
[ Dy cooling enargy penalty based on US EPAestmates pravided in the Phase 1t A16(b) Taehnlcal b far wasl {Seatila}, Tabla 5-4, paga 6-5
T Based on stalowids average MOx rale af approximately 0.37 [babwWhr [Fraure 3.5, Paga 55, 2805 CEC m:SB.SE.E_ Panfattsaace Rapor)
] Basad on slalawide €02 rala of 0.38 tonsiiWer (Figure 3-8, Page 53, 2005 CEC Environmonlal Paitanvance Raporl)
] Based on Augusl 7, 2002 Uliflly Walar Acl Graup carwnenis 1o U3 EPAFRase 1 31B{2) nila davatopmind, a3 estimalad by Bhaw Slona & VWebster: Those aslimates miay nal ba aceucala on a plenl spacifia basts dus o sha design cansidealons
1] Parcaniaga Incraana tn slate-wido CO2 metiis lans fom In.stats power ganeralion caused by OTC ralmfi and allamaiive eooling enargy penalias, bazed on 2002 Invanlory o 43.5 millfon malic lons (fram CEC GHEG [nwanlery Updale, Juna 2006}
11 Assumed capilal cast for ardding 2 new nelurz gas fired combined oycla gaa lurkine plant lo replace laet MWs caossd by walidry coaking relrofil is S10M/KW
12 Basad on CEC sstimale for & typiael 500 MW stearr gycle plunt wilh wet coating iowars operaling 4l E0% capachy factor bw use 1735 miflon gellanefyear, seduced porporfionally lo avarege capacily facter of 18 OTO faclilies {Tabls B-T, Paga 118, CEC 2005 Enviranmanial Parformence Repory
3 Based o sialewivs avamge PAI0 rate u—u_uﬁaskw_véba_._u__;gﬂ daoas nol inciuds addad PA%1D fom et coaling lower difk Figure 3-8, Paga 50, 2006 CEC Envirenmenial Parfornanca Repor
i3] Exbmalrd MW capecity Is bascd on g capasity 1581 wses OTC, Emminaal nnif ralierasnts eve act included in iotsl
13 Cry Vowmy retrafil caplial cast estimates ommﬂ_e:_a!_:_u found in S EPA's Phave Il 31E(b) Yachnical Davelopment Documant, Page D-4. Thaes estimalas may act ke l2-on a plani sp: e [ 8ilo dagkph
0 In Iha Phasa [l 398{p) regulalion, EPA pmvided plant specific cost nm==_n.am 1a comply with the for controt Far sama faciifies, mgnﬂsu—nasg_o a cosl ik ilhor dus & by the cwnar or baczuse EPAfound thal Ihe faciBy atrasdy mel the
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Estimate)' Estimate)® Retroft}' Estimate)? | 1EPA Enfimataf’® Ponally (P} | Energy Penary?] PEISY {5PY' | Snagy Fonaily® - Bp’ " PN from Wet EP?| from Dy EP*
Alamitog Possibta $110,877,083| §171,680,000 221,354,187, $255,000,000 §191,821,889 1.5% 2025 B.9% 7355 4.7 28.1 0.8 4.8 88332 52,4109
Conra Costa TBO $39,194,444 504,340,000 576,388,600, $88.000,000) $66.039,952, 1.5% 1035 B.9% 41.41 34 1499 0.5 32 6,251.2 37,0803
Dilabio Cenyon Mot fachnleally feasible $220,488,111 $250,520,000 5440,872. 222 S508, 000,080 5207824519 1.6% 3520 10.0% 22000 558 304 81 58.7 104.474.0 §51,087.7
El Sequnda 3 8 4° Space §34.548,8T1 $38.560.000 £69,097,222! $79,600.000) 448,200,805 1.5% 1005 6.9% 50.63 24 14.5 04 24 4,6525 27.011.4
Ehcina facompallble Land Use $74,892,361 $108,370,000 145,784,722 171,400,000 §132,296,633 1.5% 1448 B.8% 8568 6.9 b 1.0 58 . 109282 84,8408
Hayras Insutficien! Spacs $88,020,843) $132.280,000 5178,041.867) £202 800,000 5185082345 0.4% B.48 2.4% 38.68 38 214 oa a8 0.6493 39,085.9
Humbelt Bay NA 30j 50 0] s0 1.5% 0.00 8.9% 0.00 LX) an on oA 0.0 00
Hunlers Paiet MA 40, 50 30| 20, 1.5% 0.00 B8.9% 0.0¢ 00 o0 04 0.0 0o 04
Hunlington Beach Poasible $44.010.417| §71.410,000 $88,020,833 §104,400,000 76,615,680 1.5% 13.20 a.49% 7082 a8 228 08 ar 74753 42,5732
Long Besch* A 50 sof 80 0, 1.5% .00 8.0% 0.06 0.0 0.0 0g 0a - ng 00
Los Argoles Harpor  finsulfcient Space $9,375,000 $1B,780,000) $21 00,000 316,561,950 1.6% A.53 8% 20.82 17 a8 03 i8 S0874 183187
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Executive Summary

On June 30, 2009, the California State Water Resources Control Board (“Water Board”) issued a
Draft Policy on the Use of Coastal and Estuarine Waters for Power Plant Cooling (“Draft
Policy”). The Draft Policy would require electric generating facilities to reduce their intake of
cooling water by installing closed cycle wet cooling systems or, under certain conditions, by
demonstrating compliance via alternative means. This report provides information on the
application of cost-benefit analysis to the Draft Policy. The information could be used by the
Water Board in evaluating and further refining the policy. Specifically, the report draws on
guidance from federal and California state agencies on methods that could be used to develop
detailed cost-benefit assessments for the Draft Policy at the affected facilities. The report
provides preliminary estimates of the Draft Policy’s costs and benefits statewide. It also provides
preliminary estimates of the Draft Policy’s costs and benefits at a single facility (San Onofre
Nuclear Generating Station, or “SONGS”) to illustrate how the site-specific alternative provided
in the Draft Policy could be implemented. The report also discusses some of the concerns
expressed by the Water Board staff in the Draft Substitute Environmental Document
(“Environmental Document™) regarding the use of cost-benefit analysis in the context of
regulating cooling water intake structures at electricity generating facilities.

A. Overview of Methods and Sources Used to Estimate Costs and
Benefits

We used various sources of information to develop preliminary estimates of the costs and
benefits of the Draft Policy statewide and at SONGS. Our primary source on cooling technology
costs was the recent study by Tetra Tech for the California Ocean Protection Council on
alternative cooling systems at California’s coastal power plants (Tetra Tech 2008). In addition,
we estimated the costs of replacing power lost during construction of the cooling towers and as a
result of lower net generating capacities with the towers. We also estimated the costs associated
with changes in emissions of carbon dioxide (“CO-”) based on projected allowance prices.

We based our benefits assessment on the methodology established by the U.S. Environmental
Protection Agency (“EPA”) for its Phase II Rule to reduce impingement and entrainment from
large existing power plants under Section 316(b) of the Clean Water Act. Our primary sources on
benefits were biological studies at SONGS and summary data in the Environmental Document
on impingement and entrainment at California’s other coastal power plants. We also relied on
species-specific information on the commercial and recreational values of fish impinged and
entrained. We used these values to express the potential benefits of the Draft Policy in dollar
terms. We made several “conservative” assumptions in our cost-benefit analyses to avoid
overstating the costs or understating the benefits of the Draft Policy. We also assessed whether
the costs and benefits we did not monetize would likely affect our conclusions regarding net
benefits (i.e., benefits minus costs) and whether the conclusions were sensitive to alternative
discount rates used to calculate costs and benefits.
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B. Preliminary Statewide Cost-Benefit Results

Table E-1 summarizes the results of our preliminary statewide cost-benefit analysis. The Draft
Policy calls for a phased implementation of closed-cycle cooling systems, with requirements
differing for facilities with different technologies and different locations; compliance dates range
from 2011 to 2022. As a result, the costs and benefits for different facilities will be experienced
in different years. We calculate present values based on annual costs and benefits in the
compliance year and 20 subsequent years for each facility. Table E-1 shows these present values
in millions of 2009 dollars as of January 1, 2009 based upon a real discount rate of 7 percent.
The present values reflect the fact that several power plants would not have to comply with the
Draft Policy until many years in the future (e.g., in 2022 for SONGS) and thus the present vaiues
as of January 1, 2000 are much lower than they would be if the same costs and benefits were
incurred earlier.

The estimated present value of total costs across all affected power plants in California is
approximately $3.12 billion, i.e., a total of about $3.12 billion would need to be set aside on
January 1, 2009 to equal the discounted sum of all costs incurred in future years under the Draft
Policy. The largest component is capital costs at about $1.5 billion, followed by energy penalty
costs at $618 million and construction outage costs at $450 million. The estimated present value
of total benefits across all affected power plants in California is about $34.2 million, i.e., the
discounted sum of the benefits of the Draft Policy in future years would equal about

$34.2 million, Entrainment gains account for about $26.7 million of the benefits and
impingement gains account for the remaining $7.5 million in benefits.

As shown in Table E-1, the preliminary estimated present value of net costs (i.e., costs minus
benefits) of the Draft Policy across all atfected power plants is approximately $3.09 billion.
These preliminary results indicate that the costs society would incur to install cooling towers on
all affected would exceed the benefits society would gain by a factor of 91.
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Table E-1. Preliminary statewide cost-benefit analysis: sammary resalts

Present Value

Costls
Capital 51,503.6
Operating and Maintenance $151.5
Construction Outage $450.3
Energy Penalty $617.7
Heat Rate Impact $91.3
CO2 Emissions $306.8
Total $3,121.3
Benefits
Impingement $7.5
Entrainment $26.7
Total $34.2
Cost-Benefit Comparisons
Net Costs $3,087.2
Costs fo Benefits Ratio 91

Note:  All dollar values are in millions of 2009 dollars.
Present values are as of January 1, 2009 based on a real annual discount rate of 7 percent.
Statewide analysis does not include the costs of cooling tower retrofit at Encina, Portrero, Redondo
Beach, or South Bay because Tetra Tech (2008) does not provide cost estimates for these facilities, but
the analysis does include the benefits of reduced cooling water intake at these facilities.

Source: NERA calculations as explained in text

Guidelines on regulatory policymaking from the California Department of Water Resources
(“DWR”), EPA, and U.S. Office of Management and Budget (“OMB”) indicate that policies are
economically justified only if their total benefits exceed their total costs (or non-monetized
effects are likely to cover any gap in monetized costs and benefits). The large net costs of the
Draft Policy suggest that it would not make economic sense to use society’s scarce eCconotmic
resources to retrofit all relevant California power facilities with cooling towers, based on these
preliminary results. We determined that this preliminary conclusion would not change as a result
of using different discount rates and taking into account unquantified factors.

A full cost-benefit analysis of the Draft Policy would include developing several additional
assessments beyond the preliminary assessments provided in this report.

1. Expansion of technologies considered to include those other than closed-cycle wet cooling
systems.

2. Assessments of the possible responses of facility owners to the Draft Policy requirements—
including the possibility of premature closure or re-powering of certain facilities—and the

implications for the statewide costs and benefits.

3. Assessments of the likely effects of the alternative compliance mechanisms on compliance at
the various facilities and the implications for statewide costs and benefits.
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4. Additional analyses of the implications of uncertainties in the cost and benefit estimates,
including the possibilities of additional sensitivity analyses and Monte Carlo analyses.

C. Preliminary Site-Specific Cost-Benefit Results

The Draft Policy, as noted, would allow owners and operators of affected nuclear power plants
and affected fossil fuel-fired power plants with a heat rate of 8,500 Btu/kWh or less to request
alternative reduction targets from their Regional Water Board if they demonstrate that the costs
of the Draft Policy for their power plants would be “wholly disproportionate” to the benefits. The
Draft Policy does not provide specific guidelines on how the cost-benefit analysis should be
performed, although it does indicate that costs should be measured in terms of cents per kWh and
benefits should be measured in terms of “habitat production foregone,” an estimate of habitat
area production that is equivalent to the loss of entrained species. As discussed in the report,
these measures of costs and benefits are not consistent with state or federal guidelines and raise
conceptual and practical difficulties.

We performed a preliminary site-specific cost-benefit analysis of the Draft Policy for SONGS
using the EPA’s methodology for the Section 316(b) Phase II Rule. Table E-2 summarizes our
results. The estimated present value of costs arising from implementing the Draft Policy at
SONGS is about $1.7 billion, and the estimated present value of benefits is about $12 miflion.
Thus, the estimated costs from implementing the Draft Policy at SONGS would exceed the
estimated benefits by a factor of 145.

This analysis assumes that cooling towers would be installed at SONGS to comply with the Draft
Policy. Although additional study would be necessary to assess the costs and benefits of
alternative compliance mechanisms, our preliminary analysis indicates that requiring installation
of cooling towers at SONGS would not be economically justified. It would be important to
expand the cost-benefit assessment for SONGS to include evaluations of the costs and benefits of
other technologies that could reduce impingement and entrainment. It would also be useful to
develop additional analyses of the effects of uncertainties regarding costs and benefits, including
the possibilities of additional sensitivity analyses and Monte Carlo analyses.
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Table E-2. Preliminary SONGS cost-benefit analysis: summary resnlts

Present Value

Costs
Capital $293.3
Operating and Maintenance $12.5
Construction Outage $776.6
Energy Penaity $359.9
Heat Rate Impact $0.0
CO2 Emissions $299.0
Total $1,741.4
Benefits
Impingement $36
Entrainment $8.5
Total $12.0
Cost-Benefit Comparisons
Net Costs $1,728.3
Costs to Benefits Ratio 145

Note:  All dollar values are in millions of 2009 dollars,
Present values are as of Janvary 1, 2009 based on a real annual discount rate of 7 percent.
Source: NERA calculations as explained in text

D. Responses to Concerns with the Use of Cost-Benefit Analysis

The Environmental Document alludes to three broad concerns with using cost-benefit analysis.
The following are summaries of our characterizations and responses to the concerns.

Benefit estimates are incomplete. Contrary to what the Environmental Document suggests,
indirect use benefits can be assessed by including trophic transfer, which estimates the
impact of additional forage fish on the population of fish valued directly by anglers. More
broadly, although all monetized benefit and cost estimates are invariably incomplete, the
results can be used to develop meaningful conclusions. Benefits that cannot be monetized can
be evaluated qualitatively to assess the impact they might have on the net benefits of the
Draft Policy. ‘

Consistency in state policy across regions. The Environmental Document appears to assume
that consistency requires uniform technology choices. But consistency is more usefully
defined as applying a consistent set of decision criteria and methods for evaluating costs and
benefits across regions and facilities.

Cost-benefit analysis is too burdensome for regional boards. As our analyses show, much of
the necessary information is available already. The level of the analysis also should be
tailored to the magnitude of the decision (e.g., a small peaking unit warrants less effort than a
large nuclear unit). Finally, it is important to put the costs of the analysis in perspective as
they are generally a very small fraction of the costs of the regulation in question.

In summary, we believe that (1) benefit estimates are sufficiently complete to provide
meaningful cost-benefit comparisons, (2) cost-benefit analysis provides a useful type of
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consistency in treating facilities across regions, and (3) cost-benefit analysis is not too
burdensome in light of the potential societal gains and the substantial information that is
available.

E. Preliminary Conclusions and Recommendations

Our preliminary economic assessment of the Draft Policy leads us to offer several preliminary
conclusions and recommendations.

1. Cost-benefit analysis is an important means of clarifying “what is at stake” in terms of key
decisions regarding the Draft Policy. Concerns raised against cost-benefit analysis—that it is
too incomplete, that it leads to inconsistent regional decisions or that it is overly burdensome
to regions —are not legitimate reasons to deny its use in informing the Water Board and
regional boards making plant-specific decisions.

2. Preliminary cost-benefit results indicate that requiring all California generation units with
once-through cooling to retrofit with cooling towers does not pass a cost-benefit test; the net
costs would be very large—on the order of several billion dollars on a present value basis,
after accounting for the phasing of the requirement—and nearly 100 times estimated benefits.

3. The preliminary statewide and site-specific cost-benefit assessments could be expanded in
several respects. The cost-benefit analysis could include assessing the implications of
potential responses of facility owners to the Draft Policy requirements—including the
possibility of premature closure or re-powering of certain facilities—for the costs and
benefits of the Draft Policy. The statewide cost-benefit assessment also could be expanded to
include a wide range of potential alternatives to the Track 1 requirement, including different
levels of potential control (which would translate into different likely technology choices at
the various facilities).

4. The flexibility provisions in the Draft Policy should be retained and expanded. The policy
should allow site-specific cost-benefit analyses for all power plants, including those with a
heat rate above 8,500 Btu per kWh, to identify the most economically desirable means of
reducing impingement and entrainment. The flexibility provided by phasing the policy in
gradually to minimize disruptions to the state and regional electricity systems should be
retained.

5. The policy should establish a clear methodology for performing site-specific cost-benefit
analyses. The EPA methodology in the Phase II Rule—in conjunction with cost-benefit,
- guidelines from EPA and OMB as well as the State—offers'a good template for such a
methodology. Our illustration suggests that much of the information needed to implement
such a cost-benefit methodology for individual California facilities is already available.
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l. Introduction and Overview

On June 30, 2009, the California State Water Resources Control Board (“Water Board”) issued a
Draft Policy on the Use of Coastal and Estuarine Waters for Power Plant Cooling (“Draft
Policy”). The Draft Policy would require electric generating facilities to significantly reduce
their intake of cooling water, or (under certain conditions) demonstrate compliance via
alternative means. This report provides information on the application of cost-benefit analysis to
the Draft Policy. The information could be used by the Water Board in evaluating and further
refining the policy. Specifically, the report draws on guidance from federal and California state
agencies to describe the methodologies that could be used to develop detailed cost-benefit
assessments for the Draft Policy at the affected facilities. The report then provides estimates of
the Draft Policy’s costs and benefits statewide and at San Onofre Nuclear Generating Station
(“SONGS”). The report also considers some of the complexities that are involved in developing
cost-benefit analyses both of the overall state policy as well as some of the concerns that arise
either in performing the analyses or using the results in regulatory decision-making.

A. Overview of the Draft Policy

The Draft Policy covers nineteen coastal electric generating facilities in California. The Draft
Policy’s “Track 1” compliance alternative requires that the facilities reduce their cooling water
intake flow by 93 percent relative to their intake flow rate, which generally will require
installation of closed-cycle cooling systems such as cooling towers. Under some conditions, as
described below, certain facilities could demonstrate compliance through Jess significant
reductions. Regardless of the compliance mechanism used, the Draft Policy requires that
facilities achieve final compliance over a time period ranging from one year after the effective
date of the Policy to the year 2022. The policy also imposes various interim requirements before
final compliance is achieved.

The following are the specific means by which facilities could comply with the policy without
directly satisfying the Track 1 requirement:

Track 2 option. The proposed policy identifies a less stringent Track 2 alternative that is
available if an owner/operator demonstrates to the Regional Board that compliance with
Track 1 is “not feasible,” though the policy does not appear to identify specific criteria for
determining the feasibility of Track 1. Track 2 provides only a relatively small reduction in
the reduction burden faced by facilities, lessening the required reduction in intake flow by 10
percent (i.e., from 93 percent to 83 percent reduction).

Nuclear safety consideration. The proposed policy provides for other requirements to be set
if an owner/operator demonstrates that compliance would result in a conflict with a safety
requirement set by the Nuclear Regulatory Commission (“NR! Y. It does not provide

specific guidelines for evaluating compliance of alternative technologies with NRC
requirements.

Site-specific “wholly disproportionate” demonstration. The proposed policy provides that
facilities with heat rates of 8,500 BTU per KWh or lower, as well as both California nuclear
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facilities, can request the establishment of an alternative, less stringent requirements if the
Regional Water Board determines that the costs to comply with Track 1 or Track 2 are
“wholly disproportionate to the environmental benefits to be gained.”

The inclusion of the third flexibility mechanism highlights the importance of cost-benefit
analysis to proposals as significant and far-reaching as the Draft Policy. Indeed, as described
below, economists have developed detailed methodologies over many years to evaluate the costs
and benefits of fish-protection alternatives at electric generating facilities. This report provides
preliminary information on the costs and benefits of the Draft Policy statewide and at SONGS.
The information is provided in advance of the Draft Policy’s implementation so that the Water
Board could use it to evaluate and refine the policy.

B. Regulatory Context
i. Federal Context

The principal federal statute underlying regulation of fish Josses at generation stations and other
facilities is Section 316(b) of the Clean Water Act. In recent years the U.S. Environmental
Protection Agency (“EPA”) has developed various regulations to reduce impingement and
entrainment under Section 316(b). In July 2004 EPA promulgated its Phase 1! regulations under
Section 316(b). These regulations established performance standards for existing generation
stations requiring them to reduce impingement by 80 to 95 percent and reduce entrainment by
60 to 90 percent relative to the calculation baseline (assuming no controls in place). In its

Phase 11 regulations, EPA identified various mechanisms to achieve compliance with regulatory
requirements. One compliance mechanism involved site-specific cost-benefit analysis of fish
protection alternatives fo determine whether the costs of meeting proposed performance
standards were “significantly greater” than the benefits.

Several aspects of the Phase 11 regulations, including the use of cost-benefit analysis, became the
subject of litigation. In January 2007, the U.S. Court of Appeals for the Second Circuit ruled that
cost-benefit analysis was not permissible under Section 316(b) of the Clean Water Act. In
response to this ruling, EPA suspended its Phase 11 regulations in July 2007. In the Entergy
Corporation v. Riverkeeper, Inc. et al. case decided in April 2009, the U.S. Supreme Court
overturned the Second Circuit decision and ruled that cost-benefit analysis was permissible under
Section 316(b). The EPA is now developing new Phase II regulations to implement

Section 316(b) in light of this decision. In the meantime, EPA has instructed state issuers of
NPDES permits—the Regional Water Quality Control Boards (Regional Water Boards) in the
case of California—to use Best Professional Judgment (“BPJ”) in determining permit
requirements. . '

9. California Context

The Draft Policy provides a proposed framework and guidelines for BPJ in enforcing

Section 316(b). The Draft Policy states that it is intended to “address an ongoing, critical impact
to the State’s waters that remains unaddressed” and to provide “a concise, statewide policy” to
avoid “the statute’s inconsistent application among the Regional Water Boards.”
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In addition to implementing Section 316(b) of the Clean Water Act, the Draft Policy also
implements water quality legislation in California, most notably the Porter-Cologne Water
Quality Control Act (“Porter-Cologne”). Porter-Cologne, enacted in 1969, establishes the nine
Regional Water Boards and the single state Water Board. It grants the Regional Water Boards
authority to regulate waste discharges that “could affect water quality.” Specifically in regards to
coastal facilities that withdraw water for industrial purposes, Porter-Cologne requires “new or
expanded facilities” to use “the best available site, design, technology, and mitigation measures
feasible. ..to minimize the intake and mortality of all forms of marine life.”

C. Study Objectives

The overall objective of this study is to provide information to the Water Board on the
application of cost-benefit analysis to the Draft Policy. It provides this information in three ways:

The study describes the methodologies that could be used to develop complete cost-benefit
assessments for California facilities, drawing on guidance from state and federal agencies.

The study provides preliminary information on costs and benefits of the closed-cycle cooling
requirement statewide.

The study provides preliminary information on the costs and benefits of the closed-cycle
cooling requirement at SONGS.

D. Outline of This Repori

The remainder of this report is structured as follows:

Chapter II provides an overview of the methodologies that economists have developed to
evaluate the costs and benefits of fish-protection alternatives.

Chapter III outlines the data and methodology we used to estimate the statewide costs and
benefits of installing cooling towers at California’s coastal power plants to comply with the
Draft Policy.

Chapter IV outlines the data and methodology we used to estimate the costs and benefits of
installing cooling towers at SONGS to comply with the Draft Policy.

Chapter V presents our preliminary conclusions and recommendations.
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Il. Cost-Benefit Analysis Methodology

Cost-benefit analysis is a well-established tool for providing information to decision-makers
faced with the task of determining whether a proposed action (e.g., a policy or project) should be
undertaken. This chapter provides an overview of the methodologies that economists have
developed to evaluate the costs and benefits of fish-protection alternatives. These methodologies
could be used to develop complete benefit-cost assessments for the Draft Policy.

A. Background

Cost-benefit analysis involves systematic enumeration of the costs and benefits that would
accrue to members of society if a particular project were undertaken. Cost-benefit analysis
provides an ex anie perspective; a project is evaluated in advance to aid in deciding in what form
it should be undertaken and, indeed, whether the project should be undertaken at all. Asthe

Office of Management and Budget (OMB 2003) notes:

A good regulatory analysis is designed to inform the public and other parts of the
Government (as well as the agency conducting the analysis) of the effects of alternative
actions. Regulatory analysis sometimes will show that a proposed action is misguided,
but it can also demonstrate that well-conceived actions are reasonable and justified.

Benefit-cost analysis is a primary tool used for regulatory analysis. Where all benefits and costs
can be quantified and expressed in monetary units, benefit-cost analysis provides decision
makers with a clear indication of the most efficient alternative, that is, the alternative that
generates the largest net benefits to society. The California Department of Water Resources
(“DWR”), in its Economic Analysis Guidebook, notes:

Benefit-cost analysis determines whether the direct social benefits of a proposed project
or plan outweigh its social costs over the analysis period. Such a compatison can be
displayed as either the quotient of benefits divided by costs (the benefit/cost ratio), the
difference between benefits and costs (net benefits), or both. A project is economically
justified if the present value of its benefits exceeds the present value of its costs over the
life of the project. (DWR 2008, p. iX)

The rationale for undertaking a cost_benefit analysis of a particular decision—such as the
decision on additional fish protection measures at generating stations in California—is to allow
society’s resources to be put to their most valuable use. In choosing among alternatives, the basic
cost-benefit principle is to select the alternative that.produces the greatest net benefits (i.e.,
benefits minus costs) to society. It is possible that all project alternatives produce negative net
benefits (i.e., positive net costs). [n that case, the higher value alternative is to “do nothing,”
which at least produces a net benefit of $0.

The California DWR provides the following summary of decision criteria in cost-benefit
analysis.
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Benefit-cost analysis is the primary method used to determine if a project is economically
justified. A project is justified when:

estimated total benefits exceed total estimated economic COStS;

each separable purpose (for example, water supply, hydropower, flood damage
reduction, ecosystem restoration, etc.) provides bepefits at least equal to its cOStS;

the scale of development provides maximum net benefits (in other words, there
are no smaller or larger projects which provide greater net benefits); and

there are no more-economical means of accomplishing the same purpose. (DWR
2008, p. 13).

Every president since J immy Carter has required that federal agencies estimate the costs and
benefits of major rules for review by the OMB. As part of that review process, OMB has
developed guidelines for conducting cost-benefit analysis (OMB 2003). The U.S. EPA also has
issued its own guidance for such analyses, most recently in 2000 in its Guidelines for Preparing
Economic Analyses (EPA 2000). As part of the Phase 11 regulations promulgated by the U.S.
EPA under Section 316(b) of the Clean Water Act, the U.S. EPA issued various case studies
evaluating the costs and benefits of alternative technologies to protect fish. In January 2008, the
DWR issued the latest edition of its Economic Analysis Guidebook. The following sections draw
on these resources—as well as applied experience in developing cost-benefit analyses of fish-
protection alternatives—to summarize the basic methodology that could be used to develop a
cost-benefit analysis of the Draft Policy.

B. Overview of Cost-Benefit Analysis Steps
We divide the overall process into the following seven steps:

1. determine baseline conditions;

2. identify relevant technology and operational alternatives;

3. develop cost estimates;

4. develop benefit estimates;

5. perform cost-bepefit comparisoné;

6. consider the implications of costs and benefits that are not monetized; and
7. perform uncertainty analysis.

The sections below summarize each step.
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1. Determine Baseline Conditions

Determining baseline conditions is an important first step in performing a cost-benefit analysis.
As EPA notes in its Guidelines,

An economic analysis of a policy or regulation compares “the world with the
policy or regulation” (the policy scenario) with “the world absent the policy or
regulation” (the baseline scenario). Tmpacts of policies or regulations are
measured by the resulting differences between these two scenarios. EPA 2000, p.
21

Note that this analytic baseline may not be the same as the “compliance baseline™ used to
measure percenfage reductions for purposes of determining whether a facility meets a standard.
Whereas a compliance baseline may specify certain uniform assumptions, such as full flow or no
protective measures, the analytic baseline should reflect the situation as it is, using average flows
and incorporating the effects of any existing protective measures.

2. Identify Technology and Operational Alternatives

A cost-benefit analysis begins with identification of the alternatives to be evaluated. Most
existing power plants use once-through cooling systems, whereby water is withdrawn froma
body of water (e.g., TIVET, lake, or ocean), used to cool the facility, and then discharged back to
the water body. Fish losses can result from two general phenomena:

Impingement OCCUIS when fish (generally small species or juveniles of larger species) are
drawn against the cooling water intake structure, and some of them suffer mortality.

Entrainment occurs when eggs or larvae are drawn into the plant’s cooling system, where
some of them suffer mortality.

A range of technologies and operating procedures can reduce impingement and entrainment. One
general approach that addresses both impingement and entrainment is to reduce the amount of
water taken in by the plant. Conversion to closed-cycle cooling, as required by Track 1 of the
Draft Policy, is generally regarded as the technology capable of achieving the highest level of
control, with reductions of 90 percent or more from baseline levels possible. However, it also is
typically the most costly option. Smaller reductions in flow can be achieved with otber
alternatives. To specifically address impingement, various types of screens and other devices
(e.g., sound and light sources) can reduce mortality.

Economists conducting a cost-benefit analysis work with engineers and fishery biologists to
identify a range of technically feasible and realistic alternatives for evaluation, including
variations in intensity and combinations of measures as appropriate. Some technologies might
1ot be technically feasible at a given plant and these can be eliminated from the cost-benefit
analysis. In general, however, considering all feasible alternatives is important to ensuring that
the most cost-beneficial alternative is identified.
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3. Develop Cost Estimates

Figure 1 summarizes four general categories of costs that are typically relevant to fish-protection

alternatives.
Figure L. General categories of costs
Capital 3;?:22‘;?1; Power ; Environmental
Costs : Costs Costs
Costs :
1 1
¥
4 Total Costs |
of Alternative

As the figure demonstrates, costs of fish protection alternatives include up-front capital costs for
purchase and construction of equipment, ongoing operation and maintenance costs, costs due to
lost power, and environmental costs.

a. Capital Costs

QOvernight capital costs are engineering estimates of the cost of installing the necessary structures
and modifications using current prices for materials, equipment and Jabor, and assuming the
modifications can be completed immediately (i.e., “gvernight”). These cost estimates are
necessarily site-specific. As described below, engineering estimates are used to determine the
time period over which the overnight costs will be distributed.

b. Operating and Maintenance Costs

Operating and maintenance (“O&M”) costs include annual labor costs, component replacement
costs, and other costs incurred in upkeep of fish-protection equipment. In some cases, a
technology may replace previous equipment or operational measures, partially offsetiing the -
0O&M costs of the technology itself.

c. Power Costs

Fish-protection alternatives at generating facilities can introduce power losses in two potential
stages: (1) during 2 one-time event resulting from the need to shut down the plant during some
portion of the construction period; and (2) on an ongoing basis due to the electricity required by
equipment or reductions in gross output associated, for example, with lower cooling water flows
that raise operating temperatures and reduce the efficiency of generation. Lost output mu st be
made up by increased generation at other facilities, which would have higher marginal operating
costs. (In some cases, reduced potential output can be offset through increased fuel
consumption.) The cost of replacement power varies with time of year and time of day, with the
highest costs during peak demand periods when even high-cost plants must operate to meet
demand. As a result, it is important t0 specify what time of year a construction outage would be
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most likely to occur. Often it is necessary to model the operation of the regional electrical system
to predict the likely sources of replacement power in future years.

The net cost of replacement power is the difference between the marginal costs of running those
other plants more intensively and the savings (if any) from reducing output from the plant at

- which the fish-protection alternative is installed For some technological alternatives, replacement
power costs can constitute a large fraction of total costs. Other technologies involve minimal or
no replacement power COSts. Closed-cycle cooling, as required by Track 1 of the Draft Policy,
typically requires significant power COSts. '

d. Environmental Costs

Air emissions from replacement power are the primary source of environmental costs due to fish-
protection alternatives. If air emissions, such as SO, and, eventually, CO», are subject to a cap-
and-trade system, the market value of the allowances associated with those emissions provides
the appropriate cost measure. For other pollutants, estimates of marginal damages can be used.
There also may be other types of potential external effects, such as aesthetic effects associated
with tall cooling towers. For the most part such aesthetic effects are very difficult to quantify, but
it is important to identify them for completeness.

4. Develop Benefit Estimates

The EPA Guidelines provide a summary of the benefit categories relevant to an assessment of
ecological benefits, the broad category relevant to Section 316(b) analyses. Figure 2, reproduced

from the Guidelines, provides a way of organizing the relevant benefit categories based on how
they are experienced.
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Figure 2. Benefit classiﬁcatidh scheme from EPA Guidelines

Ecological
Benefits

Market

Non-Market

Source: EPA (2000)

The figure divides ecolo gical benefits into two major categories: use benefits and non-use
benefits:

Use benefits are those associated with actual use of the resource— such as fishing or various
water-related activities. Use benefits can be further subdivided into direct and indirect
benefits. Indirect benefits and direct benefits may be classified as market or non-market.

Non-use benefits, in contrast, acCrue to individuals who do not use the resource either directly
or indirectly, but nonetheless place a value on preventing its impairment.

We discuss each type of benefit in the following sections.

a. Use Benefits from Increases in Catch

The primary benefit from fish-protection controls is to reduce fish mortality. The primary use
value that members of society receive from reduced fish mortality is from increased fish catches.
In the “direct” category, some species of fish are caught commercially (“market” effect) or
recreationally (“non-market” effect). In the “indirect” category, other species are not caught, but
rather serve as forage for species that are valued cominercially or recreationally; it is important
to include the benefits from increased numbers of forage fish in the total benefits. Figure 3
summarizes the steps involved in valuing increased fish catches.
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Figure 3. Summary of steps in calculating monetized benefits

? Changes in Mortality by

Species and Life Stage e
Species Without Direct Value

]

Trophic Conversion to
Directly Valued Species

| Adult Equivalents of
Directly Valued Species

Change in Commercial Catch Change in Recreational Catch

Market Valuation ; | Non-Market Valuation Methods
? Commercial Benefits j Recreational Benefits

The process starts with estimates of the reductions in fish mortality for a given technology,
broken down by species and life stage. For species that are caught commercially or
recreationally, the next step is to estimate how losses translate t0 adult-equivalent fish,
accounting for the fact that at each life stage, only a fraction survive to the next stage. Thus, for
example, out of hundreds of thousands of eggs, only one may survive to adulthood. These
biological calculations are critical to develop sensible benefit estimates, because it is increases in
adult-equivalent fish that lead to benefits to commercial and recreational anglers.

For species that are not caught commercially or recreationally, the usual approach is to use
trophic conversion factors 10 account for the fact that more forage biomass leads to more
potential commercial and recreational fish catch. These calculations mean that all affected
organisms are included in the benefit calculations, either directly or indirectly. The final step
before valuation is to estimate what fractions of adult-equivalent fish species are caught and how
that catch is divided between commercial and recreational fisheries.

b. Other Potential Use Benefits

In addition to fishing, EPA has identified a variety of other use benefits that may be relevant in
some cases. Some of these categories are captured by the fishing-related measures. Many of
these are in effect subcategories of commercial or recreational fishing—e.g., commercial bait,
commercial and recreational shell fishing, and subsistence fishing. Others, such as food chain
support, are addressed by an analysis of forage species. EPA also has identified various potential
ase values that are pot addressed by analyses of commercial and recreational fishing. Such
benefits include non-fishing activities (such as bird watching, viewing, or boating). Typically

these other benefits cannot be quantified reliably but they can be evaluated on a qualitative basis,
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which is important for completeness. In most cases, they are not relevant to the kinds of modest
changes in fish populations generally found in analyses of cooling systems at electric generating
stations.

c. Non-Use Benefits

Non-use benefits are benefits that are not associated with any direct use by either individuals or
society. These benefits arise if individuals value the change in an ecolo gical resource without the
prospect of using the resource or enjoying the option to use it in the future. The classic example
of a non-use value is that many individuals may be willing to pay to preserve the Grand Canyon
from being dammed even though they have never visited it and do not expect to do S0 in the
future. Unfortunately, the only way to estimate non-use values is to use stated preference
methods that involve surveying individnals and eliciting their preferences, rather than inferring
those values from actual behavior. Such methods are expensive and difficult to apply well.

Recognizing these problems, EPA’s Phase II rules for Section 3 16(b) cost-benefit analyses
provide criteria for determining whether potential non-use benefits are likely to be significant.
The Phase II rules recommend that studies consider the “magnitude and character of ecological
impacts implied by the results of the impingement and entrainment mortality study and any other
relevant information” (69 FR 41648). They suggest considering whether substantial harm is done

to one of the following:

1. athreatened or endangered species;
s the sustainability of populations of important species of fish, shellfish, or wildlife; or
3. the maintenance of community structare and function in a facility’s water body or watershed.

Cost-benefit analysis of fish-protection alternatives involves consideration of whether the
alternatives would substantially mitigate any negative impacts of the generating facility on these
three factors, and thus whether non-use benefits are likely to be significant.

5. Perform Cost-Benefit Comparisons

The standard objective in cost-benefit analysis is to provide information that would allow a
decision maker to choose the alternative that maximizes net benefits (benefits minus costs).
Because benefit and cost streams rarely are constant across time, they must be put in terms of
their present value— discounted— before net benefits are computed. Guidelines from OMB and
EPA provide guidance on the choice of an appropriate discount rate, including recommendations
that analysts compute COsts and benefits using different plausible discount rates to determine the
gensitivity of the results to this choice.

Recognizing that the baseline (typically a “no-action” alternative), by definition, has zero net
benefits (because all benefits and costs are measured relative to the baseline), alternatives with
costs that exceed benefits would be rejected based upon the standard cost-benefit criterion. If
there are multiple alternatives with positive net benefits, then the one with the largest net benefits
should be chosen. This assessment requires comparing incremental benefits and costs of moving
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to more stringent alternatives. Thus, even if a relatively stringent alternative has positive net
benefits, it should not be chosen if its incremental costs (relative to a less stringent alternative)
exceed its incremental benefits.

The basic cost-benefit results are supplemented with a qualitative assessment of non-quantified
factors and a quantitative assessment of uncertainties. The following sections describe these
elements.

6. Consider the Implications of Non-monetized Costs and Benefits

In evaluating the quantitative results, it is useful to also consider whether costs or benefits that
were not monetized are likely to be large enough to reverse tentative conclusions based on the
quantified effects. In some cases, it may be clear that quantifying the effect would reinforce the
tentative conclusion. For example, f net benefits are positive, taking into account an omitted
benefit would increase already positive net benefits. Conversely, if net benefits are negative, then
quantifying an omitted cost would make the alternative even more unattractive. In other cases,
however, it will be necessary to reach some judgment about the likely magnitude of the non-

quantified cost or benefit relative to the quantified net benefits.

7. Perform Uncertainty Analyses

[n most cost-benefit analyses there are uncertainties about various elements of the quantitative
results. These uncertainties generally come from several sources, including the biological and
engineering estimates that provide many of the inputs to the apalysis as well as from the
econornic parameters used in the analysis. Such uncertainties are inevitable, as the EPA
Guidelines recognize: “[t]he issue for the analyst is not how to avoid uncertainty, but how to
account for it and present useful conclusions to those making policy decisions” (EPA 2000, p.
27).

A common means of evaluating uncertainty is through sensitivity analyses that vary the values of
key parameters over plausible ranges to see their impacts on results. These analyses are helpful,
though they have two major limitations: (1) the number of sensitivity analyses can easily become
unwieldy, especially if they include varying the values of multiple parameters simultancously,
and (2) it can be hard fo interpret the results when some sensitivity analyses point to one
conclusion while others point ina different one. Nonetheless, a sufficiently broad sensitivity
analysis can often provide important information on the robustness of the conclusions drawn
from the primary benefit-cost results. We provide the results of a limited set of sensitivity
analyses in this report.

Monte Carlo analysis provides additional refinement of ancertainties; generating not just a range
of possible outcomes, but also a formalized mechanism for estimating the likelihoods of different
outcomes. It requires assigning probabilities to alternative assumptions and parameter values.
Each trial of a Monte Carlo apalysis involves using a computer simulation to sample from each
of the probability distributions of parameter values, and then computing the resulting net
benefits. Typically, hundreds or thousands of trials are run, from which a probability distribution
of the outcomes is constructed. Because of the limited time and resources available for the
analyses described in this report, we have not conducted Monte Carlo simulations.
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ilL. Preliminary Statewide Costs and Benefits

This chapter provides the results of our preliminary assessment of the costs and benefits of
retrofitting California’s coastal power plants with closed-cycle cooling systems to comply with
Track 1 of the Draft Policy. We also provide overviews of the data and methodology. Additional
information is provided in attachments.

A. Draft Policy Implementation Schedule

Our cost-benefit analysis incorporaies assumptions regarding the timing of the Draft Policy’s
implementation. The Draft Policy provides a schedule identifying a specific year by which each
facility must achieve compliance. As indicated in Table 1, the schedule uses a staggered
jmplementation scheme that we understand is intended, in part, to avoid potential electric system
reliability concerns. We assume that each facility schedules closed-cycle cooling installation so
that the retrofit is complete at the end of the facility’s final compliance year. We assume that the
fish-protection benefits are accrued and the ongoing costs (operating and maintenance, power,
and air emissions) are incurred beginning in the year after the final compliance year.

Table 1. Draft Policy’s closed-cycle implementation years

Facility Year

Alamitos 2020
Contra Costa 2017
Diablo Canyon 2021
El Segundo 2015
Encina 2017
Harbor 2017
Haynes 2015
Huntington Beach 2020
Mandalay 2020
Morro Bay 2015
Moss Landing 2017
Ormond Beach 2020
Pittsburg 2017
Potrero 2011
Redondo 2020
SONGS 2022
Scattergood 2017
South Bay - 2012

Source: Draft Policy

To aggregate values across time, we use a consistent, real (net of inflation) discount rate of

7 percent, as recommended by OMB. All present values are as of January 1, 2009, which has the
effect of reducing the costs and benefit values substantially compared to a case in which the
values were calculated as of the various facilities” compliance years. Note that discounting the
values to a later starting date would scale costs and benefits up by equal proportions and thus
would not affect whether results show net costs or net benefits.
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B. Preliminary Statewide Social Costs of Cooling Tower Retrofits

We consider the major cost categories discussed in the above chapter. Our cost evaluation has
the following four components:

1. construction costs;

2. operating and maintenance costs;
3. power costs; and

4. air emissions coOsts.

1. Construction Costs

We use engineering estimates of the costs of obtaining and installing the necessary structures and
equipment as well as the recurring costs of operating and maintaining the equipment from Tetra
Tech (2008).

Table 2 displays capital cost estimates. The first column displays the “gvernight” cost as
provided in the Tetra Tech report. The second cotumn displays the present value of the costs for
each of the facilities, based upon the compliance dates for the various facilities. Note that the
large differences between the present values and the overnight costs reflect the effects of
discounting all costs to January 1, 2009.
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Table 2. Preliminary statewide capital cost estimates
Facility "Qvernight” PV
Alamitos $200.8 $99.7
Contra Costa $08.5 $57.3
Diable Canyon $895.2 $397.5
El Segundo $78.4 $52.2
Harbor $26.5 $15.4
Haynes $151.5 $100.9
Huntington Beach $132.4 $62.9
Mandalay $55.1 $26.2
Morro Bay $89.0 $59.3
Moss Landing $269.1 $156.6
Ormond Beach $132.4 $62.9
Pittsburg $125.0 $72.8
SONGS $593.3 $246.2
Scattergood $161.0 $93.7
Total $3,017.2 $1,503.6
Notes: All dollar values are in millions of 2009 dollars.

Present values are as of January 1, 2009 based on a real annual discount rate of 7 percent.

Source: Tetra Tech (2008) and NERA calculations as explained in texi

2. Operating and Maintenance Costs

Operating and maintenance costs are displayed in Table 3. The first column provides Tetra
Tech’s annual O&M cost estimates; the second columl provides the resulting present value
estimates, based upon assumptions regarding the compliance dates and the retirement dates for
the various facilities.
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Table 3. Preliminary statewide O&M cost estimates

Facility Annual PV
Alamitos $2.1 $10.6
Contra Costa $0.5 $3.1
Diablo Canyon $9.1 $42.8
El Segundo $0.4 528
Harbor %0.1 $0.6
Haynes $1.9 $13.4
Huntington Beach $0.9 $4.5
Mandalay $0.3 $1.5
Morro Bay $1.0 $7.1
Moss Landing $2.6 $16.0
Ormond Beach $0.7 $3.5
Pittsburg $0.5 $3.1
SONGS $8.4 $36.9
Scattergood $0.9 $5.5
Total $29.4 $151.5

Notes: All dollar values aré in millions of 2009 dollars.
Present values are as of January 1, 2009 based on a real annual discount rate of 7 percent.
Source: Tetra Tech (2008) and NERA calculations as explained in text

3. Power Costs

As the previous chapter notes, fish-protection alternatives can increase cOsts related to power
generation both during possible outage periods for technology installation and due to ongoing
losses in generating efficiency.

a. Outage Power Cosis

We rely on Tetra Tech (2008) for information on lost power due to outages. For four affected
facilities (Diablo Canyon and SONGS, the two nuclear facilities, plus Haynes and Moss
Landing), Tetra Tech provides estimates of the lost output (MWh) that the outage would cause.
Table 4 displays this information. For the other facilities, Tetra Tech assumes that closed-cycle
cooling installation would not require any incremental outage.

Table 4. Output loss due to facility outage

Facili Output Loss (MWh)
Diablo Canyon 10,091,030
Haynes 175,000
Moss Landing 75,342
SONGS 8,261,443

Source: Tetra Tech (2008)

To estimate the social cost of the replacement power, We used year-specific price projections for
California wholesale generation from the Energy Information Administration (“EIA”) Annual
Energy Outlook (“AEQ™) 2009. Table 5 displays the EIA AFO 2009 estimates of Califoriiia
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wholesale electricity generation price and the price of natural gas to the California electricity
sector.

Table 5. Energy price forecasts

Electricity  Natural gas

($MWh) ($/MMBtu)
2015 $64.79 $6.09
2016 $65.24 $6.37
2017 $65.92 $6.62
2013 $66.48 $6.87
2018 $67.14 $7.14
2020 $67.99 $7.42
2021 $68.79 $7.65
2022 $68.52 $7.54
2023 $70.64 $7.09
2024 $70.38 $7.07
2025 $69.97 $7.17
2026 $70.82 - $7.35
2027 $71.26 $7.62
2028 $72.40 $7.95
2029 $73.31 $8.18
2030 $74.06 $8.44
2031 $74.06 $8.44
2032 $74.06 $8.44
2033 $74.06 $8.44
2034 $74.06 $8.44
2035 $74.06 $8.44
2036 $74.06 $8.44
2037 $74.06 $8.44
2038 $74.06 $8.44
2039 $74.06 $8.44
2040 $74.06 $5.44
2041 $74.06 $8.44
2042 $74.06 $8.44
2043 $74.06 $8.44

Notes: All dollar values are in 2009 dollars.
Source: EIA (2009) through 2030; assumed constant in real terms from 203 1-2043

The outage costs also reflect cost savings (negative costs) that would occur because the affected
facilities may avoid certain operating costs (e.g., fuel) during the outage. For the nuclear
facilities, we use Tetra Tech’s estimate of the cost savings; for the natural gas—ﬁred facilities, we .
use the facility heat rates in conjunction with the natural gas price estimates described below to
measure fuel savings.

Table 6 displays the present value of the outage-related power cOsts for the four affected

facilities, both in each facility’s outage year and on a present-value basis (taking info account
each facility’s outage date). The costs for the natural gas facilities are much lower than those for
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the nuclear facilities. This is because the gas facilities” outage times are significantly lower (as
estimated by Tetra Tech) and their outage-related fuel savings are greater.

Table 6. Preliminary statewide outage-related power cosfs

Facility Outage Year PV

Diablo Canyon $573.1 $254.5
Moss Landing $2.6 $1.7
Haynes $0.7 $0.4
SONGS $466.9 $193.8
Total $450.3

Notes: All dollar values are in millions of 2009 dollars.
Present values are as of January 1, 2009 based on a real annual discount rate of 7 percent.
Source: Tetra Tech (2008) and NERA calculations as explained in text

b. Ongoing Power Costs

We also use Tetra Tech information to develop estimates of the ongoing power losses due to
closed-cycle cooling, with distinct methodologies for the natural gas and nuclear facilities. Both
methodologies also draw on energy price forecasts developed for California by the EIA in Table
5 above.

The following sections describe how we evaluate ongoing power costs at patural gas and nuclear
facilities.

i. Ongoing Power Costs at Natural Gas Facilities

As the Tetra Tech repoit describes, natural gas-fired facilities could potentially respond in two
ways to the efficiency reduction caused by closed-cycle cooling: (1) increasing their natural gas
consumption; or (2) decreasing their net electrical output. Some facilities may face engineering
or other constraints that would the flexibility of their response; in practice, many would likely
use a combination of the two approaches. Tefra Tech assumes, because of data limitations, that
all gas-fired facilities use the first approach—they increase their natural gas consumption leaving
net electrical output unchanged. We adopt the same assumption, and use the Tetra Tech report to
estimate the physical increase in natural gas consumption that would result from closed-cycle
cooling. Table 7 provides these estimates.
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Table 7. Ongoing increase in natural gas consumption due to closed-cycle cooling

Gas Consumption

Facility (MMBTU / Year)
Alamitos 336,190
Contra Costa 18,118
El Segundo 94 693
Harbor 17,098
Haynes 353,513
Huntington Beach 198,496
Mandalay 28,666
Moss Landing 557,365
Ormond Beach 103,732
Pittsburg 36,855
Scattergood 255,071

Source: Tetra Tech (2008)

To estimate the resulting social costs for each facility, we multiply the increase in fuel
consumption by the cost of natural gas {0 California’s electricity sector (as provided above).

ii. Ongoing Power Cosis at Nuclear Facilities

Tetra Tech provides estimates of the annual ongoing reduction in net electrical output at the
nuclear facilities due to closed-cycle cooling (923,988 MWh for Diablo Canyon and
952,784 MWh for SONGS). We use EIA’s California wholesale electricity price forecast to
estimate the social costs of replacing these output losses.

iii. Summary of Ongoing Power Costs

Table 8 displays our present value estimates of ongoing power costs at all of the affected
facilities.
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Table 8. Preliminary statewide ongoing power costs

Facility PV
Alamitos $13.3
Contra Costa $0.7
Diablo Canyon $313.7
El Segundo $4.9
Harbor $0.8
Haynes $18.5
Huntington Beach $7.9
Mandalay $1.1
Morro Bay N/A
Moss Landing $26.2
Ormond Beach $4.1
Pittsburg $1.7
SONGS $304.0
Scattergocd $12.0
Total $709.0

Notes: All dollar values are in millions of 2009 dollars.
Present values are as of January 1, 2009 based on a real annual discount rate of 7 percent.
N/A is not available (Tetra Tech 2008 does not provide information for Morro Bay).
Source: NERA calcuiations as explained in texi

4. Air Emissions Costs

Retrofitting facilities with closed-cycle cooling could lead to changes in air emissions in three
ways:

1. PFacility outages for installation would require replacement pOwer, which would generate
changes in emissions;

9. On an ongoing basis, some affected facilities would increase their fuel (i.e., natural gas)
consumption per unit of energy generated; and

3. On an ongoing basis, some affected facilities would reduce their net electrical output, leading
to additional emissions from replacement power.

Attachment A provides a description of the methodology that we use o quantify and value
changes in air emissions. Replacement power would likely come primarily from natural gas-fired
facilities, and the ongoing increase in fuel consumption would involve increased natural gas
exclusively. Thus, we focus on nitrogen oxides (“NOy”) and carbon dioxide (“CO,”) the two *
major emissions associated with natural gas combustion.

a. NOx Emissions
NO, emissions are related to 2 variety of adverse health impacts primarily as a result of the

formation of small particulate matter. These effects include premature death as well as some
respiratory diseases requiring hospitalization. If emissions are subject to & cap-and-trade
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program, the social costs of emissions would be equal to the expected allowance prices. We have
not atternpted to quantify costs celated to NO, emissions for the purposes of this preliminary

study. Doing so would increase the costs of the Draft Policy.

b. CO; Emissions

The social costs of COz emmissions depend upon whether emissions are regulated under a cap-
and-trade program. If no cap-and-trade program is in place, the social costs would include the
potential effects related to climate change. If a cap-and-trade program is in place, the social costs
of emissions would be based upon the likely future allowance prices. For purposes of this

preliminary study, we presume that a federal cap-and-trade program would be in place.

Attachment A explains how we estimate the increases (tons) of COz emissions resulting from the
closed-cycle cooling installation, as well as bow we value the increases using forecasted CO2

allowance prices developed by the EIA.

Table 9 displays our estimates of the air emissions costs of closed-cycle cooling implementation,

which are based upon statewide changes in CO, emissions if the Draft Policy were in

Table 9. Preliminary statewide CO; emissions costs

Facility PV
Alamitos $4.4
Contra Costa $0.2
Diablo Canyon $1458
E} Segundo $1.5
Harbor $0.2
Haynes $5.5
Huntington Beach $2.6
Mandaiay 504
Morro Bay N/A
Moss Landing $8.1
Ormond Beach $1.4
Pitisburg $0.5
SONGS $132.5
Scattergood $3.7
Total $306.8

Notes: All doljar values are in millions of 2009 dollars.
Present values are as of January 1, 2009 based on a real annual discount rate of 7 percent.
NJ/A is not available (Tetra Tech 2008 does not provide information for Moiro Bay).
Source: NERA calculations as explained in text

5. Totai Costs

Table 10 summarizes the preliminary social costs of the statewide closed-cycle cooling
implementation for each affected facility.
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Table 10, Summary of preliminary state costs

Facility Capital 0O&M Power Air Emissions Total

Alamitos $99.7 $10.6 $13.3 $4.4 $127.9
Contra Costa $57.3 $3.1 $0.7 $0.2 $61.4
Diablo Canyon $397.5 $42.8 $568.2 %$145.8 $1,154.3
E! Segundo $52.2 $2.8 $4.9 $1.5 $61.5
Harbor $154 $0.6 $0.8 $0.2 $17.1
Haynes $100.9 $13.4 $18.9 $5.5 $138.7
Huntington Beach $62.9 $4.5 $7.9 $2.6 $77.9
Mandalay $26.2 $1.5 $1.1 $0.4 $29.2
Morro Bay $59.3 $7.1 N/A N/A $66.4
Moss Landing $156.6 $16.0 $28.0 $8.1 $208.7
Ormond Beach $62.9 $3.5 $4.1 $1.4 $71.9
Pittsburg $72.8 $3.1 $1.7 $0.5 $78.1
SONGS $248.2 $36.9 $497.7 $132.5 %0134
Scaitergood $93.7 $5.5 $12.0 $3.7 $115.0
Total $1,503.6 $151.5 $1,159.3 $306.8 $3,121.3

Notes: All dollar values are in millions of 2009 dollars.

Present values are as of January 1, 2009 based on a real annual discount rate of 7 percent.

NJ/A is not available (Tetra Tech 2008 does not provide energy penalty information for Morro Bay).
Source: NERA calculations as explained in text

C. Preliminary Statewide Benefits of Cooling ToWer Retrofits

We use the methodology described in Chapter 1l to quantify the environmental benefits of the
Draft Policy statewide and then monetize them (i.e., €Xpress them in dollar terms). As shown in
Figure 2 in Chapter 11, the potential environmental benefits of a policy can be divided into four
categories: (1) market direct use; (2) non-market direct use; (3) indirect use; and (4) non-use.

Market direct use benefits include the value that commercial anglers would place on increased
catch due to retrofitting the facilities with closed-cycle cooling. Non-market use benefits include
the value that recreational anglers would place on the increased catch they experience. Indirect
use benefits relate to the value that commercial and recreational anglers would place on larger
stocks of game species due to increased forage species. These benefits are indirect in the sense
that the forage species do Dot have recreational or commercial value by themselves, but they
provide indirect benefits because they are consumed by game species that society directly values.
Non-use benefits relate to the preservation or enhancement of environmental resources or
services that society does not directly use but may still value, such as threatened and endangered
species and ecosystem viability. .

We begin this section by summarizing available information on impingement and entrainment at
coastal power plants in California. We then describe how we estimated the increases in fishery
yields from reducing cooling water intake under the Draft Policy. Next we describe how we
estimated the value to society of the increases in fishery yields. This calculation generates

estimates of the market use, non-market use, and indirect use benefits of the policy statewide.
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We consider non-use benefits using the criteria established in the EPA Phase II Rules. As
discussed in Chapter II, non-use benefits are benefits that are not associated with any direct use
by either individuals or society. The EPA Phase IT Rules under Section 316(b) of the Clean
Water Act indicate that non-use benefits are unlikely to be significant unless the cooling water
intake causes substantial harmto (1) threatened and endangered species; (2) important species;
or (3) the maintenance of ecosystem structure and function. The EPA also notes, however, that
non-use benefits that cannot be casily explained to the public should not be monetized, as the
stated preference surveys used to value the benefits would not be accurate. Attachment B
provides preliminary assessments of whether any of these three criteria is likely to apply with
regard to cooling water intake at coastal power plants statewide. We conclude from these
preliminary assessments that non-use benefits are not likely to be significant.

1. Baseline Impingement and Entrainment

The Environmental Document provides information on baseline impingement and entrainment at
the coastal power plants covered by the Draft Policy. The Environmental Document includes
data on impingement count and weight during normal operations (i.e., neglecting periodic heat
treatments that cause additional impingements) based on their average actual flow between 2000
and 2005. Impingement data are not available for two facilities— Contra Costa and Pittsburg. Of
the facilities for which data are available, impingement varies by a factor of over 500 as
measured by count or approximately A0 as measured by weight.

Table 11 summarizes the baseline impingement data for each facility. We used these data to
develop rough estimates of the potential statewide benefits of reducing impingement.
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Table 11. Statewide baseline impingement

Facility Count Weight (1)
Alamitos 52,106 2,249
Contra Costa - -
Diablo Canyon 4821 710
El Segundo 2,396 751
Encina 138,932 5,806
Harbor 10,666 - 3,498
Haynes 17,838 390
Huntington Beach 26,666 1,487
Mandalay 67,733 2,553
Morro Bay 32,763 1,313
Moss Landing 293,883 4 466
Ormond Beach 13,534 3,112
Pittsburg - -
Potrero 106,182 2,371
Redondo 2,366 2848
SONGS 1,322,490 28,094
Scattergood 92,829 9,185
South Bay 242 401 751

Note:  “-” denotes that impingement data are not available.
Values are based on average actual flow between 2000 and 2005.
Unit-specific values have been summed.

Source: Water Board (2009), p. 31

The Environmental Document includes data on larval entrainment at the coastal power plants
pased on their average actual flow between 2000 and 2005. As shown in Table 12, larval
entrainment also varies considerably across the power plants. Data on egg entrainment at the
power plants are not provided for any facilities in the Environmental Document. We used the
data in Table 11 to develop rough estimates of the potential statewide benefits or reducing

entrainment, including both egg and larval entrainment.
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Table 12. Statewide baseline larval entrainment

inary Statewide Costs and Benefits

Facility Larval Count

Alamitos 2.054,339,708

Contra Costa 95,110,000

Diablo Canyon 1,596,971,533

E! Segundo 238,676,079

Encina 3,627,641,744

Harbor 85,420,045

Haynes 3,649,208,392

Huntington Beach 104,318,376

Mandalay 129,172,964

Morro Bay 318,873,127

Moss Landing 729,729,115

Ormond Beach 32,126,547

Pittsburg 175,230,000

Potrero 252,788,154

Redondo 373,757,257

SONGS 6,817,570,834

Scaftergood 365,258,133

South Bay 1,667,044,144

Note:  The higher of the two entrainment measurements in the Environmental Document (average larval

concentration or study results) is used to avoid understating benefits.
Values are based on average actual flow between 2000 and 2005.

Unit-specific values have been summed.
Source: Water Board (2009), p. 31

5. Statewide Benefits

We developed preliminary benefit estimates of the
specific information on impingeme
commercial and recreational values.

scaled up the impingement and entrainment benefits for SONGS
dual facil

impingement weight data and eptrainment data on indivi

Draft Policy for SONG
nt and entrainment, direct and indirect fishery impacts,
Similar data are not available for

S based on species-
and
the other facilities. We

io the state as a whole using the
ities above. Table 13 shows the

results of our preliminary benefits assessments for the Draft Policy statewide. Details regarding

the calculations behind these resu
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Table 13. Preliminary statewide benefits

Effect Present Value
Impingement $7.5
Entrainment $26.7
Total $534.2

Notes: All dollar values are in millions of 2009 dollars.
Present values are as of January 1, 2009 based on a real annual discount rate of 7 percent.
Source: NERA calculations as explained in text

D. Preliminary Statewide Cost-Benefit Assessment

This section compares the estimated costs of statewide implementation of closed-cycle cooling to
the estimated statewide benefits. We discuss the effects of costs and benefits that are omitted
from the monetary evaluations and calculate the sensitivity of the results to the discount rate.

1. Cost-Benefit Comparisons

Table 14 shows present values of costs, benefits, and net costs (i.e., costs minus benefits) in
millions of 2009 dollars as of January 1, 2009 based upon 2 real discount rate of 7 percent. The
present values reflect the compliance dates for the various facilities, which range from 2011 to
2022. Plants with later compliance dates have lower present values, all else equal, because costs
and benefits are discounted for fewer years.

The estimated present value of total costs across all affected power plants in California is about
$3.12 billion, i.e., a total of about $3.12 billion would need to be set aside on January 1, 2009 to
equal the discounted sum of all costs incurred in future years under the Draft Policy. The largest
component is capital costs at about $1.5 billion, followed by energy penalty costs at $618 million
and construction outage costs at $450 million. The estimated present value of total benefits
across all affected power plants in California is about $34.2 million, i.e., the discounted sum of
the benefits of the Draft Policy in future years would equal about $34.2 million as of January 1,
5009. Entrainment gains account for about $26.7 million of the benefits and impingement gains

account for the remaining $7.5 million in benefits.

The estimated present value of net costs (i.e., costs minus benefits) of the Draft Policy across ail
affected power plants is approximately $3.09 billion. These results indicate that the cOsts society
would incur to install cooling towers o all affected would exceed the benefits society would
gain by a factor of 91.
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Table 14. Preliminary statewide cost-

Preliminary Statewide Costs and Benefits

benefit analysis: ssmmary results

Present Value

Costs

Capital $1,503.6

Operating and Maintenance $151.5

Construction Outage $450.3

Energy Penalty $617.7

Heat Rate Impact $91.3

CO2 Emissions $306.8

Total $3,121.3
Benefits

impingement $7.5

Entrainment $26.7

Total $34.2
Cost-Benefit Comparisons

Net Costs $3,087.2

Costs to Benefits Ratio 91
Notes: All dollar values are in millions of 2009 dollars.

Present values are as of January 1, 2009 based on a real annual discount rate of 7 percent.

Statewide analysis does not include the costs of cooling tower retrofit at Encina, Portrerc, Redondo
Beach, or South Bay because Tetra Tech (2008} does not provide cost estimates for these facilities, but
the analysis does include the benefits of reduced cooling water intake at these facilities.

Source: NERA calculations as explained in text
2. Effects of Non-Quantified Costs and Benefits

The basic steps in the cost-benefit analysis presented above include identifying the propo sed
action, determining its effects, valuing the positive effects (benefits) and negative effects (costs)
to the extent feasible in dollar terms, and calculating the net costs or net benefits. It is also
important to consider the potential effects that are not estimated in mopetary terms. Both the U.S.
EPA and OMB recommend describing omitted effects qualitatively and evaluating the
implications of omitting these factors when presenting the overall results. EPA notes:

.. following a net benefit calculation, there should be a presentation and
evaluation of all benefits and costs that can only be quantified but not valued, as
well as all benefits and costs that can be only qualitatively described (EPA 2000,
p. 177).

Similarly, OMB states:

A complete regulatory analysis includes a discussion of non-quantified as well as
quantified benefits and costs. A non-quantified outcome is a benefit or cost that
has not been quantified or monetized in the analysis. When there are important
non-monetary values at stake, you should also identify them in your analysis so
policymakers can compare them with the monetary benefits and costs. When your

analysis is complete, you should present a summary of the benefit and cost
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estimates for each alternative, including the qualitative and non-monetized factors
affected by the rule, so that readers can evaluate them (OMB 2003, p. 3).

Here we briefly discuss the omitted costs and benefits qualitatively and consider their effects on

the overall results. At the end of this section we summarize the conservative assumptions we
made to avoid overstating the net costs of fish protection alternatives.

a. Qualitative Assessments of Non-Quantified Costs

Our analysis excludes several types of social costs that may result from implementation of
closed-cycle cooling at the affected facilities:

PM, emissions due to cooling tower equipment. The Tetra Tech report states that cooling
towers would directly emit particulate matter (PM1p). We do not include the social costs of
these emissions.

Additional impingement and entrainment at other generating Stations. We do not include the
social costs of any additional impingement and entrainment at generating stations that would
make up for lost output at the affected facilities due to construction outages and energy
penalties.

Local adverse impacts. We do not include the social costs of any adverse impacts on local
areas, such as noise and aesthetic effects, from construction of closed-cycle cooling at the
facilities.

Incorporating these non-quantified costs would be expected to cause our overall net cost
estimates to increase.

b. Qualitative Assessments of Non-Quantified Benefits

Our benefits assessment considers the relevant benefit categories described both in the EPA
Guidelines (EPA 2000) and in the Section 316(b) regional benefits analyses for Phase II and
Phase III facilities. We quantified and monetized the relevant and significant benefits categories.
Several other benefit components included in these two sets of documents are not included in the
benefits assessment because, as discussed below, we judged them either to be irrelevant or
unlikely to be significant relative to the benefits that are quantified.

Non-market direct use benefits. Our estimates cover all non-market direct use benefits
identified by EPA in its Section 316(b) Phase II case studies with the exception of “near-
water recreation direct viewing.” Such benefits are likely to be zero or near z€ro because
there is no reason to expect that marginal changes in fish abundance would affect the viewing
experience on the California coast.

Non-market indirect use benefits. EPA’s category of non-market indirect use benefits
includes a large number of subcategories. Most of these subcategories are covered implicitly
by our inclusion of indirect benefits associate with trophic transfer from forage species and
game species to California halibut. The other subcategories appear to be irrelevant in this
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case. There is no reason to believe that a small change in the fish populations would bave any
material impact on such categories of potential indirect use benefits as scientific research, TV
shows or books on nature, or bird watching.

Non-use benefits. None of the three non-use criteria in the EPA Phase 1T Rule appears to hold
for impingement and entrainment statewide, so pon-use benefits are likely not significant.

We conclude that the benefits we have quantified include the major benefit categories relevant to
evaluation of the fish protection alternatives at the facilities. The other benefit components
discussed above that are not quantified are not likely to be significant. None of these non-
quantified benefit categories, individually or collectively, would be large enough to reverse the
conclusion that the costs of retrofitting California’s coastal power plants with closed-cycle
cooling would exceed the benefits.

3. Conservative Assumptions

Our conservative assumptions to avoid overstating the net costs of fish protection alternatives
include the following:

[mmediate and recurring benefits. We assumed that the benefits of reduced impingement and
entrainment in terms of larger fish populations would occur immediately, when in fact it
would take time for the early life stages entrained at the facilities and the juvenile fish
impinged to grow up into harvestable fish.

Assignment of additional biomass to highly valued species. We assigned all the additional
biomass in the ecosystem from both forage species and game species, after accounting for
trophic transfer, to a highly valued predator species: California halibut. In fact, some of the
additional biomass would be consumed by other species of less vatue to fisheries.

High recreational fish values. We used the highest recreational values for each species based
on the literature we reviewed. We also inflated these values to account for catch-and-release.

No additional costs to commercial fisheries. We estimated the market use benefits as the
increase in revenue to commercial fisheries, neglecting the potential increase in their costs.
This assumption would tend to overstate the market use benefits.

4. Sensitivity Analysis

The statewide results are based upon the set of dssumptions and parameters described in this
chapter. As noted in Chapter 11, it is useful to determine the sensitivity of the cost-benefit results
to various parameters and assumptions.

For this preliminary assessment, we have developed estimates of the sensitivity of the resuits to

alternative discount rates. The following are the net costs of the Draft Policy using discount rates
of 3 percent, 7 percent (the base case), and 10 percent.
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Table 15. Preliminary statewide net costs under alternative discount rates

Discount rate Present Value
3% $5,293.4
7% (base case} $2,087.2
10% $1,903.5

Notes; All dollar values are millions of 2009 dollars.
Present values are as of January 1, 2009 based on a real annual discount rate of 7 percent.
Source: NERA calculations as explained in text

A lower discount rate leads to a higher estimate of net costs. This result may seem
counterintuitive, as one normally expects a project with up-front capital costs and benefits that
extend over many years to look more favorable with a lower discount rate. The result here
reflects the fact that costs are so much greater than benefits that a lower discount rate increases
the present value of the costs by more than it increases the present value of the benefits, despite
the fact that costs generally occur earlier in the projection period than benefits.

The higher discount rate leads to a lower estimate of net COsts since it causes the present value of
costs to decrease by a larger magnitude than the present value of benefits. It does not, however,
change the conclusion that the Draft Policy would yield large net costs.

E. Possible Additional Statewide Cost-Benefit Analyses

These preliminary statewide results suggest that requiring cooling towers on all relevant facilities
would not pass a cost-benefit test. This conclusion is robust with respect to alternative discount
rates and with respect to likely costs and benefits that are not included in the analysis (including
conservative assumptions).

A complete cost-benefit analysis of the Draft Policy would include consideration of two
additional analyses:

1. expansion of technologies to include those other than closed-cycle cooling; and

2 consideration of the likely facility owner responses to the Draft Policy and the implications
of these responses on statewide costs and benefits.

The following sections provide summaries of these potential additional analyses. (It would also
be useful to expand the analyses of uncertainty to include other sensitivity analyses and Monte
Carlo analyses.) : ' : \

1. Cost-Benefit Assessments of Additional Technologies
The Environment Report notes that other technologies are available to reduce impingement and

entrainment at California facilities. A complete cost-benefit analysis would include developing
estimates of the costs and benefits of these other technolo gies.
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Cost-benefit analyses should include a reasonably full set of feasible control alternatives and
provide information on the effects of each alternative. Including all feasible alternatives is
important both for completeness and for providing the basis for assessing the incremental
benefits and incremental benefits of increasingly expensive alternatives. The following is from
the EPA Guidelines.

Present the incremental benefits, costs and net benefits of moving from one
regulatory alternative to more stringent ones. . . . This should include a discussion

of incremental changes in quantified and qualitatively described benefits and
COStS.

In the context of 316(b) cost-benefit assessments, three types of potential fish protection
alternatives could be considered.

1. Technological alternatives. These alternatives include the addition of various technologies to
the existing cooling water intake structure. Typical examples include various types of screen
modifications, sound deterrent systems and relocation of the intake to an offshore position.

5 Flow reduction alternatives. These alternatives include reducing cooling water flow. Retrofit
of a facility with closed-cycle cooling is only one example of this approach. Others include
the installation of variable speed pumps to reduce water intake and modification of an outage
schedule to reduce annual impingement and entrainment.

3. Resioration alternatives. These alternatives include methods to offset
entrainment/impingement losses. Examples include habitat restoration (e.g., wetland
restoration, submerged aquatic vegetation, removals of barriers to fish migration) and
stocking.

Providing a range of feasible alternatives (i.e., those that could be implemented technically)
would allow the cost-benefit analysis to identify any “low hanging fruit,” 1.e., technologies that
could be added that would obtain the majority of the potential fish protection benefits at
relatively small costs.

We also note that the proposal requires that if less stringent controls are approved, “any
difference in impacts to marine life...shall be fully mitigated.” However, mitigation would
constitute another alternative for reducing net losses. As a result, it should be subject to the same
type of test to see if its cost is “grossly disproportionate” to its benefits. There is no basis for
assuming that the cost of mitigation will necessarily bear any reasonable relationship to its COStS.

2. Effects of Facility Owner Decisions on Costs and Benefits

The statewide cost-benefit analysis in this chapter assumes that the Draft Policy would lead to
retrofit of all affected units to closed-cycle cooling, However, the ultimate costs and benefits of
the Draft Policy would depend upon how individual facility owners would respond to these
requirements. In particular, the overall costs and benefits would change if some owners decided
to retire or re-power their units prematurely rather than retrofit them with closed cycle cooling.
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The Bnvironmental Report addresses the possibility of electricity market effects, although it does
not provide estimates of the likely changes due t0 the Draft Policy. The Environmental Report
states that 43 of the 54 generating units covered by the Draft Policy are 30 years or older, and it
speculates that it may be more economical for their owners L0 re-power these older units rather
than install cooling towers of to shut them down and replace the power lost from other sources.
The Environment Report (p. 110) cites an estimate that overall costs of a statewide policy to
replace all once-through cooling units could range from $100 million to $11 billion.

If the Draft Policy would result in re-powering (0r premature retirement/replacement) of some
facilities, the calculations of the overall benefits and costs would be affected. Both sets of
estimates would need to take into account the effects of shifts in electricity generation. It is
important to note that imposing cooling intake requirements that lead to changes in the electricity
system (e.g., premature retirement or re-powering) would not be costless.

The first step in considering these alternatives to retrofitting cooling systems would be to
compare their costs to those of retrofitting to see what decisions plant owners are likely to make.
Such a comparison would require estimating the net costs of re-powering of shutting down a
plant. In the case of re-powenng of replacement, there would be substantial capital costs but
presumably also some ongoing savings from a more efficient repowered unit. All of the other
cost components would have to be evaluated as well. For plant shutdown, the cost from the
owner’s perspective would be the lost operating profits (revenues minus variable costs, including
fuel) plus any costs of shutdown per se (possibly including site clean-up).

Once the least-cost alternative from the facility’s owner’s perspective was determined, its social
costs and benefits could be evaluated using the same types of methods used bere.
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IV. Preliminary Site-Specific Cost-Benefit Analysis

This chapter outlines the data and methodology we used to develop preliminary estimates of the
costs and benefits of installing cooling towers at San Onofre Nuclear Generating Station
(“SONGS”) to comply with the Draft Policy.

A. Overview of the Facility

SONGS is located on the coast of the Pacific Ocean approximately 5 5 miles southeast of San
Clemente, California. The facility has two active nuclear-fueled generating units (Units 2 and 3)
each with a dependable capacity rating of 1,127 MW (Water Board 2009, p. 35). SONGS had an
average capacity factor of 83 percent between 2001 and 2006 (Water Board 2009, p. 35). Each
unit uses once-through cooling technology and withdraws approximately 1,200 million gallons 2
day. SONGS has an offshore intake system with a velocity cap, which significantly reduces
impingement. It also has a fish return system to further reduce impingement.

B. Preliminary Social Costs for SONGS

This section describes our preliminary estimates of the social costs of installation of closed-cycle
cooling at SONGS. The basic methods are generally similar to those used for the statewide
assessment, although we use engineering estimates from the recent site-specific study developed
by ENERCON (2009) instead of Tetra Tech’s (2008) statewide assessment. Table 16 provides a
summary comparison of ENERCON’s engineering estimates with those developed by Tetra Tech
for SONGS. As described below in the following subsections, there are important differences
between the two sets of estimates.

Table 16. Comparison of ENERCON and Tetra Tech SONGS engineering estimates
I —
ENERCON Tetra Tech Ratio

Construction Costs ($m} $615 $583 1.04
Annual O&M ($m) $3 58 0.34
Outage Output Loss (1000 MWh) 33,116 3,261 4.01
Ongoing Ann'l Qutput Loss (1000 Mwh) 1,128 953 1.18

Notes: All dollar values are in millions of 2009 dollars. The “Ratio” column indicates
the ratio of the ENERCON estimate to the Tetra Tech estimate.
Source: ENERCON (2009) and Tetra Tech (2008).

i. Construction Costs

ENERCON’s “overnight” capital cost estimate for SONGS is approximately $615 million. This
estimate is 4 percent higher than Tetra Tech’s estimate. On a present value basis assuming a five-
year construction period ending in 2023, the ENERCON estimate is approximately $293 million.
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2, Operating and Maintenance Costs

ENERCON’s annual O&M cost estimate is approximately $3 million. This estimate is 66 percent
lower than Tetra Tech’s estimate. The ENERCON estimate leads to an overall present value for
O&M costs of about $12 million.

3. Power Cosis

We value the power costs of SONGS output losses during the closed-cycle construction outage
and on an ongoing basis using the same methodologies as were used for the nuclear facilities in
the statewide assessment.

a. Outage Costs

For the outage cost, we use ENERCON’s engineering estimate of output Josses due the outage
(approximately 33 million MWh, three times larger than Tetra Tech’s estimate) in conjunction
with the electricity price and timing assumptions described in Chapter IIL. The present value
outage costs are approximately 4777 million with the ENERCON estimate.

b. Ongoing Power Costs

ENERCON estimates ongoing output losses at SONGS of about 1.1 million MWh, about
18 percent greater than Tetra Tech’s estimate. The present value of ongoing power losses is
about $360 million using ENERCON’s estimate.

4. Air Emissions Costs

Increased air emissions due to closed-cycle cooling implementation at SONGS would arise due
to the need for replacement power during the construction outage and on an ongoing basis. Using
the methodologies described in Chapter I1I and Attachment A, we estimate that the present value
of carbon dioxide costs at SONGS is approximately $299 million.

5. Total Costs

Table 17 summarizes our overall estimates of the social cost of closed-cycle cooling
implementation at SONGS.

Table 17. Preliminary SONGS costs

Capital $293.3
O&M $12.5
Power - $1,136.6
Air emissions $299.0
Total $1,741.4

Notes: All dollar values are in millions of 2009 dollars.
Present values are as of January 1, 2000 based on a real annual discount rate of 7 percent.
Source: ENERCON (2005) and NERA calculations as explained in text
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C. Preliminary Social Benefits for SONGS

We use the methodology described in Chapter Il to quantify the environmental benefits of the
Draft Policy at SONGS and then monetize them (i.e., eXpress them in dollar terms) to the extent
feasible. Details on our calculations appear in Attachment B. We used species-specific
information on baseline impingement and entrainment at SONGS to develop rough estimates of
the societal benefits of installing cooling towers. Information on baseline losses at SONGS was
provided in Chapter 11i. Baseline impingement at SONGS appears above in Table 11, and
baseline larval entrainment at SONGS appears in Table 12. We also considered egg entrainment
at SONGS so that our benefit assessment would be as comprehensive as possible.

The estimated benefits from the reduction in impingement and entrainment due to installation of
closed-cycle cooling are summarized in Table 18. We conclude that non-use benefits are likely
not significant, as discussed in Attachment B.

Table 18. Preliminary SONGS benefits

Effect Present Valug
Impingement $3.6
Entrainment $8.5
Total $12.0

Notes: All dotlar values are in millions of 2009 dollars.
Present values are as of January 1, 2009 based on a real annual discount rate of 7 percent.
Source: NERA calculations as explained in text

D. Preliminary Cost-Benefit Assessments for SONGS

1. Cost-Benefit Comparisons

Table 19 summarizes the results of our preliminary site-specific cost-benefit analysis. The
estimated present value of costs as of January 1, 2009 from implementing the Draft Policy at
SONGS is about $1.7 billion, and the estimated present value of benefits is about $12 million.
Thus, the estimated costs from implementing the Draft Policy at SONGS would exceed the
estimated benefits by a factor of 145 Although there is no economic test to determine whether a
particular costs is “wholly disproportionate,” to a particular benefit, we are aware of no
economic principle that would justify incurring $1.7 billion in social costs to obtain about

. $12 million in social benefits—for a net cost of about $1.7 billion—which reflects these
preliminary results.
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Table 19. Preliminary SONGS cost-benefit analysis: summary resalts

Present Value

Cosis
Capital $293.3
Operating and Maintenance $12.5
Construction Outage §776.6
Energy Penalty $359.9
Heat Rate Impact $0.0
CO2 Emissions $290.0
Total $1,741.4
Benefits
Impingement 33.6
Entrainment $8.5
Total $12.0
Cost-Benefit Comparisons
Net Costs $1,729.3
Costs to Benefits Ratio 145

Notes: All doltar values are in millions of 2009 dollars.
Present values are as of January 1, 2009 bhased on a real annual discount rate of 7 percent.
Source: NERA calculations as explained in text

An alternative reference date for present value calculations is 2022, the year by which SONGS
would have to comply with the Draft Policy. The estimated present value of net costs for
SONGS as of January 1, 2022 is $4.2 billion.

2. Non-Quantified Costs and Benefits

All of the non-quantified benefits and costs identified in Chapter III for the statewide analysis
would also apply to this analysis. We conclude that none of the non-quantified benefits
categories would, individually or collectively, change the conclusion that the costs of closed-
cycle cooling at SONGS would far outweigh its benefits.

Similarly, all of the conservative assumptions (i.e., assumptions that tend to understate net costs)
identified in Chapter III for the statewide analysis apply to this SONGS analysis as well. As
noted above, relaxing these assumptions would lead to increases in the net costs.

3. Sensitivity Analysis

These site-specific results are based upon the set of assumptions and parameters described in this
_ chapter. As noted in Chapter 11, it is useful to determine the sensitivity of the cost-benefit results
to various parameters and as sumptions.

For this preliminary assessment, we have developed estimates of the sensitivity of the results to
alternative discount rates. The following are the net costs for SONGS using discount rates of 3
percent, 7 percent (the base case), and 10 percent.
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Table 20. Preliminary SONGS net costs under alternative discount rates

Discount rate Present Value
3% $3,117.6
7% (base case) 51,729.3
10% $1,153.9

Notes: All dollar values are in millions of 2009 dollars
Present values are as of January 1, 2009 based on a real annual discount rate of 7 percent.
Source: NERA calculations as explained in text

A lower discount rate leads to a higher estimate of net costs. As discussed above in the context of
the statewide results, this result may seem counterintuitive: it reflects the fact that costs are so
much greater than benefits that a lower discount rate increases the present value of the costs by
mote than it increases the present value of the benefits, despite the fact that costs generally occur

earlier in the projection period than benefits.

The higher discount rate leads to a lower estimate of net costs since it causes the present value of
costs to decrease by a larger magnitude than the present value of benefits, It does not, however,
change the conclusion that a SONGS closed-cycle cooling retrofit would yield large net costs.

E. Additional Site-Specific Cost-Benefit Analyses

These preliminary results suggest that the costs of retrofitting SONGS with closed-cycle cooling
would be “wholly disproportionate” to the benefits. These results are robust with respect to
different discount rates and to considerations of unquantified costs and benefits. We note,
however, that these results are preliminary, based upon readily available data.

As with the statewide policy, it would be important to extend the cost-benefit analysis to include
the effects of technologies other than closed-cycle cooling. Thus, it would be important in any
site-specific analysis to inciude the full range of potential technologies, including technological
alternatives, flow reduction alternatives and restoration alternatives. The Draft Policy seems to
acknowledge the importance of such analyses for nuclear units but appears to deny the use of a
site-specific assessment for the majority of non-nuclear units.

1. Site-Specific Studies for Nuclear Units

The Draft Policy anticipates the importance of developing more detailed assessments for the two
nuclear units. In the implementation provisions, the Draft Policy proposes that the owners of
SONGS and the other affected nuclear unit (Diablo Canyon) conduct special studies for
subinission to the Water Board. ' ' )

The studies outlined in the Draft Policy should include additional information that could be used
for cost-benefit assessments. The following are some specific recommendations.

1. The special studies should consider not only alternatives to meet the requirements of the
Draft Policy, but also a broad range of alternatives that could achieve various levels of fish
protection.
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7. The assessments should include evaluations of the full social costs and full social benefits of
these technology alternatives.

3. The method used in the special studies should be based upon sound economic principles as
reflected in State and Federal guidelines and the technical literature.

2, Site-Specific Studies for Other Units

As discussed earlier, the proposed policy allows a subset of plants to obtain alternative standards
if they can demonstrate that the costs of complying with the rule are “grossly disproportionate”
to the benefits. This provision, however, is limited to nuclear units and the small number of
fossil-fired units with heat rates of 8,500 Btu/kWh of less. Most fossil units affected by the Draft

Policy would be excluded with this cutoff. We can see no ecopomic reason why the “wholly
disproportionate” demonstration should not be available to all affected plants.

3. Site-Specific Costs and Benefits

In addition, it would be desirable to modify the “wholly disproportionate” demonstration in the
Draft Policy to focus more sharply on economic costs and benefits. For example, the proposal
states that compliance costs should be reported on an amortized basis expressed in dollars per
megawatt hour. This measure, however, does not account for the scale of the plant—how many
megawatts it produces and hence what its total costs will be. Expressing costs in these terms but
stating environmental measures in terms of totals makes it impossible to make meaningful
COmparisons.

The proposal also focuses on a measure of benefits— habitat production foregone, measured in
acres— that cannot be compared usefully to costs because it provides no information on the
dollar value that society places on reducing impingement and entrainment losses. The proposal
also calls for reporting various other measures, but provides no guidance as to how they can be
used to compute a measure of benefits to see if the costs are “grossly disproportionate” to the
benefits.

4. Summary of Site-Specific Recommendation

In summary, we recommend that the Draft Policy be modified to extend to all plants the right of

plant owners to make a “orossly disproportionate” demonstration and that the owners be directed
to submit quantified and monetized estimates wherever possible, following guidelines from EPA
or state agencies. These assessments could include the possibilities of re-powering and

retirement of the facility.
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V. Preliminary Conclusions and Recommendations

This chapter provides a summary of our assessments of the costs and benefits of the Draft Policy
and its application to a particular site. We also address some concerns with cost-benefit analysis.
We end with a summary of conclusions and recommendations.

A. Preliminary Statewide Cost-Benefit Results

Table 21 summarizes the results of our preliminary statewide cost-benefit analysis. The Draft
Policy calls for a phased implementation of closed-cycle cooling systems, with requirements
differing for facilities with different technologies and different locations; compliance dates range
from 2011 to 2022. As a result, the costs and benefits for different facilities will be experienced
in different years. Table 21 shows present values in millions of 2009 dollars as of January 1,
2009 based upon a real discount rate of 7 percent.

The estimated present value of total costs across all affected power plants in California is
approximately $3.12 billion, i.e., a total of about $3.12 billion would need to be set aside on
January 1, 2009 to equal the discounted sum of all costs incurred in future years under the Draft
Policy. The largest component is capital costs at about $1.5 billion, followed by energy penalty
costs at $618 million and construction outage costs at $450 million. The estimated present value
of total benefits across all affected power plants in California is about $34.2 million, i.e., the
discounted sum of the benefits of the Draft Policy in future years would equal about

$34.2 million. Entrainment gains account for about $26.7 million of the benefits and
impingement gains account for the remaining $7.5 million in benefits.

As shown in Table 21, the estimated present value of net costs (i.e., costs minus benefits) of the
Draft Policy across all affected power plants is approximately $3.09 billion. These results

indicate that the costs society would incur to install cooling towers on all affected would exceed
the benefits society would gain by a factor of 91.
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Table 21. Preliminary statewide cost-benefit analysis: snmmary resulis

Present Value

Costs

Capital $1,503.6

Operating and Maintenance $151.5

Construction Outage $450.3

Energy Penalty $617.7

Heat Rate Impact $91.3

CO2 Emissions $306.8

Total $3,121.3
Benefits

Impingement $7.5

Entrainment $26.7

Total $34.2
Cost-Benefit Comparisons

Net Costs $3,087.2

Costs to Benefits Ratio 91

Notes: All dollar values are in millions of 2009 dollars.
Present values are as of January 1, 2009 based on a real annual discount rate of 7 percent.
Siatewide analysis does not include the costs of cooling tower retrofit at Encina, Portrero, Redondo
Beach, or South Bay because Tetra Tech (2008) does not provide cost estimates for these facilities, but
the analysis does include the henefits of reduced cooling water intake at these facilities.

Source: NERA calculations as explained in text

Guidelines on regulatory policymaking from the DWR, EPA, and OMB indicate that policies are
economically justified only if their total benefits exceed their total costs (or non-monetized
offects are likely to cover any gap in monetized costs and benefits). The large net costs of the
Draft Policy suggest that it would not make economic sense t0 use society’s scarce economic
resources to retrofit all relevant California power facilities with cooling towers. We determined
that this conclusion would not change as a result of using different discount rates and taking into
account unquantified factors.

A full cost-benefit analysis of the Draft Policy would include developing two additional
assessments beyond the preliminary assessments provided in this report:

1. Expansion of technologies considered to include those other than closed-cycle wet cooling
systems.

9. Agsessments of the possible responses of facility owners to the Draft Policy requirements—

including the possibility of premature closure or-re-powering of certain facilities—and the
implications for the statewide costs and benefits.

3. Assessments of the likely effects of the alternative compliance mechanisms on compliance at
the various facilities and the implications for statewide costs and benefits.

4. Additional analyses of the implications of uncertainties in the cost and benefit estimates,
including the possibilities of additional sensitivity analyses and Monte Carlo analyses.
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B. Preliminary Site-Specific Cost-Benefit Results

The Draft Policy, as noted, would allow owners and operators of affected nuclear power plants
and affected fossil fuel-fired power plants with a beat rate of 8,500 BtwkWh or less to request
alternative reduction targets from their Regional Water Board if they demonstrate that the costs
of the Draft Policy for their power plants would be “wholly disproportionate” to the benefits. The
Draft Policy does not provide specific guidelines on how the cost-benefit analysis should be
performed, although it does indicate that costs should be measured in terms of cents per kWh and
benefits should be measured in terms of “habitat production foregone,” an estimate of habitat
area production that is equivalent to the loss of all entrained species. As discussed in the report,
these measures of costs and benefits are not consistent with state or federal guidelines and raise a
number of conceptual and practical difficulties.

We performed a preliminary site-specific cost-benefit analysis of the Draft Policy for SONGS
using the EPA’s methodology for the Section 316(b) Phase II Rule. Table 22 summarizes Our
results. The estimated present value of costs arising from jmplementing the Draft Policy at
SONGS is about $1.7 billion, and the estimated present value of benefits is about $12 million.
Thus, the estimated costs from implementing the Draft Policy at SONGS would exceed the
estimated benefits by a factor of 145.

This analysis assumes that cooling towers would be installed at SONGS to comply with the Draft
Policy. Although additional study would be necessary 0 assess the costs and benefits of
alternative compliance mechanisms, our preliminary analysis indicates that requiring installation
of cooling towers at SONGS would not be economically justified. It would be important to
expand the cost-benefit assessment for SONGS to include evaluations of the costs and benefits of

other technologies that could reduce impingement and entrainment.
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‘Table 22. Preliminary SONGS cost-benefit analysis: summary resulis

Present Value

Costs
Capital $293.3
Operating and Maintenance $12.5
Construction Outage $776.6
Energy Penalty $359.9
Heat Rate Impact $0.0
CO2 Emissions $299.0
Total $1,741.4
Benefiis
impingement $3.6
Entrainment $8.5
Total $12.0
Cost-Benefit Comparisons
Net Costs $1,729.3
Costs to Benefits Ratio 145

Notes: All dollar values are in millions of 2009 doilars.
Present values are as of Januvary 1, 2009 based on a real annual discount raté of 7 percent.
Source: NERA calculations as explained in text

C. Addressing Concerns with Cost-Benefit Assessments

In this section we address several broader potential concerns about applying cost-benefit analysis
to regulating cooling water intakes at California generating units.

1. Incomplete benefit estimates

Perbaps the most common and important underlying concern regarding the use of cost-benefit
analysis in environmental decisions is that benefit estimates inevitably will be incomplete, which
may lead to a bias against concluding that a given technology (&.g., closed-cycle cooling) has
benefits greater than costs. Indeed, the Environmental Report seems to echo this concern in its
reporting of the EPA Phase II cost-benefit analysis.

Notably, the Phase I cost-benefit analysis was limpited to direct use benefits, i.e.,
commercially and recreationaily important species for which reasonable market
data was [sic] available. Because the analyzed species typically comprise less than
two percent of the impinged and entrained organisms, the Phase 1J cost-benefit
analysis did not monetize more than 98 percent of the impacted fish and shellfish.

‘Environment Report, p. 80. ; ) )

This characterization of benefits assessments is misleading. In the original EPA document, the
98 percent figure was calculated by dividing the aumber of adult fish that anglers would have
landed by the total number age-1 adult equivalent fish lost to entrainment or impingement from
facilities covered by the proposed Phase 11 rule for Section 316(b) (EPA 2004, Chapters A9 and
C3). However, forage fish (which account for the bulk of the “other” 98 percent) are counted
indirectly because their contribution to the mass of fish species valued directly is included
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through trophic transfer calculations, such as those we used in our assessments in Chapters HI
and IV. Thus, those forage fish are valued indirectly. Thus, it is not accurate to claim that benefit
assessments ignore the vast majority of organisms affected by cooling water intake structures.
Rather, the benefit assessments value these gains in terms of the appropriate criterion for
benefits—the amount that households (in this case, commercial and recreational anglers) would
be willing to pay for the increases in game fish catch made possible by the additional forage fish.

It is true that EPA’s case studies of cost-benefit analyses did not quantify non-use benefits.
Complete benefit estimates should include non-use benefits, but only where there is reason to
believe that they are material, as noted above in Chapter II (and discussed in Chapters LIl and IV
in the context of specific statewide and site-specific benefit estimates). There are unlikely to be
material non-use benefits associated with reducing losses resulting from cooling water intakes
unless the losses are so large as to endanger the continued survival of a specifies in a region. The
information developed in our preliminary non-use assessments suggests that non-use benefits are
not likely to be significant with regard to the Draft Policy.

Non-use benefits are an example of a more general issue. It is generally impossible to quantify
all benefits (or costs). As we discussed in Chapter 11, it is important to review excluded benefits
and costs to sec if they are likely to make a material difference in the results of the cost-benefit
analysis. Guidelines from both OMB and EPA recommend such qualitative evaluation, which we
performed in our analyses of plant-specific and state-wide costs and benefits.

5. Benefit-Cost Analysis and Consistency in State Policy

The Environmental Report emphasizes the importance of developing a coordinated policy,
expressing concern that allowing all facilities 1o use a site-specific cost-benefit analysis would
compromise coordination:

Alternative 2 [allowing all facilities to use a cost-benefit test to determine
appropriate requirements] would permit any OTC facility to use the wholly
disproportionate test and request alternative performance standards. This
alternative would likely encourage most facilities, if not all, to opt for this
compliance strategy rather than following Track 1 or Track 2. The end resuit
would be a BPT, case-by case permitting process that would return the full burden
of implementing $316(b) to the Regional Water Boards and negate any benefits
that a coordinated statewide policy would offer. Environment Report, p. 80.

The concern that site-specific determinations would compromise coordination appears to be
based upon a presumption that “coordination” means requiring the same technology at virtually
all facilities, regardless of costs or environmental benefits. An alternative view of “coordination”
is that coordination means that all facilities are subject to the same set of cost-benefit criteria
(rather than the same compliance requirements). The Draft Policy could coordinate policy by
developing a common set of criteria and procedures to be applied.

A “one-size-fits-all” technology requirement seems particularly inappropriate for intake-structure

requirements in California because of the enormous differences among facilities in terms of the
costs and benefits of a given technology. The information presented in Chapter 111 indicates that
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the cost of retrofitting various facilities with closed cycle cooling varies enormously across the
different facilities. Similarly, the reductions in entrainment and impingement differ greatly
among the facilities, as does the implication of these reductions for benefits. A coordinated
policy that applied consistent criteria across decisions would necessarily lead to selecting a range
of technologies depending on the characteristics of the different plants and their local
environments.

3. Resource Burden of Preparing Cost-Benefit Analyses

" The Environment Document expresses concern that allowing a site-specific cost-benefit

assessment for all the affected facilities would be too burdensome to the Regional Water Boards,
as indicated in the quote above. The core of this objection—that preparing a cost-benefit analysis
is overly costly and burdensome—is a common one. This concern is misplaced for several
reasons.

1. Much of the necessary data are likely to be available already. Much of the information
required to develop estimates of costs and benefits already exists as a result of the substantial
efforts that have been made over the years. Indeed, as we showed in Chapters I and IV, it is
possible to do rough cost-benefit analyses using information developed the Water Board for
other purposes.

2. Tailoring scope of analysis to the case in question. The appropriate scope and detail of the
analysis depends on the scale of the decision. For example, the level of effort devoted to
analyzing a large plant should, all else equal, be substantially larger than the effort for a small
plant because the scale of costs and benefits would be greater.

3. Small costs relative to costs at stake. The costs of doing even a comprehensive cost-benefit
analysis are usually small relative to the cost of retrofitting a facility with closed-cycle
cooling. The information presented in the Environmental Report puts the annualized cost of
retrofit for the affected facilities at $586.6 million per year (p. 110). In comparison to these
substantial costs, the incremental costs of site-specific cost-benefit analyses are likely to be
very small.

In sum, resources to evaluate the costs and benefits of technology alternatives at individual
facilities are likely to be resources well spent, avoiding spending large amounts to achieve small
benefits. Over time, the resource requirements are likely to be reduced, as Regional Boards
develop familiarity with the methodologies and their application. Indeed, the Draft Policy could
hasten this process by providing guidance and examples of cost-benefit analysis (as we have
done in a preliminary way in Chapter IV of this report). . .

D. Preliminary Conclusions and Recommendations

Our economic assessment of the Draft Policy leads us to offer several conclusions and
recommendations.
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. Cost-benefit analysis is an important means of clarifying “what is at stake” in terms of key
decisions regarding the Draft Policy. Concerns raised against cost-benefit analysis—that it is
too incomplete, that it leads to inconsistent regional decisions or that it is overly burdensome
to regions—are not legitimate reasons to deny its use in informing the Water Board.

_ Cost-benefit results indicate that requiring all California generation units with once-through
cooling to retrofit with cooling towers does not pass a cost-benefit test; the net costs would
be very large—on the order of several billion doliars on a present value basis, after
accounting for the phasing of the requirement—and nearly 100 times estimated benefits.

. The statewide cost-benefit assessment could be expanded in several respects. The cost-
benefit analysis could include assessing the implications of potential responses of facility
owners to the Draft Policy requirements—including the possibility of premature closure or
re-powering of certain facilities— for the costs and benefits of the Draft Policy. The statewide
cost-benefit assessment also could be expanded to include a wide range of potential
alternatives to the Track 1 requirement, including different levels of potential control (which
would translate into different likely technology choices at the various facilities).

. The flexibility provisions in the Draft Policy should be retained and expanded. The policy
should allow site-specific cost-benefit analyses for all power plants, including those with a
heat rate above 8,500 Btu per kWh, to identify the most economically desirable means of
reducing impingement and entrainment. The flexibility provided by phasing the policy in
gradually to minimize disruptions to the state and regional electricity systems should be
retained.

. The policy should establish a clear methodology for performing site-specific cost-benefit
analyses. The EPA methodology in the Phase II Rules—in conjunction with cost-benefit
guidelines from EPA and OMB as well as the State—offers a good template for such a
methodology. Our illustration suggests that much of the information needed to implement
such a cost-benefit methodology for individual California facilities is already available.
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Attachment A. Preliminary Air Emissions Cost Estimates

This attachment provides information on how we estimate the social costs of the increases in air
emissions due to the closed-cycle cooling jmplementation. As described in the main report, three
types of air emissions impacts would result from closed-cycle cooling installation:

1. Facility outages for cooling-tower retrofits require replacement power, which generates
emissions;

2. On an ongoing basis, some affected facilities could increase their fuel (i.e., natural gas)
consumption per unit of energy generated; and

3. On an ongoing basis, some affected facilities could reduce their net electrical output, leading
to additional emissions from replacement power.

As described below, the marginal source of power (i.e., the power that would replace incremental
output reductions) in California is typically natural gas-fired. The increases in fuel consumption
at affected facilities would entirely involve natural gas. Thus, while emissions from replacement
power could potentially include a variety of pollutants, including carbon dioxide (“CO;"),
pitrogen oxides (“NOx”), sulfur dioxide (“SO7”), carbon monoxide, and mercury, the major air
emissions of interest to this analysis are the pollutants associated with natural gas: NOx and COs.

Elevated ambient concentrations of fine particles formed from emissions of NOx and other air
pollutants have been linked in various studies to a wide range of health effects. We have not
developed estimates of the increases in NOx emissions that the closed-cycle implementation
would cause. Incorporating the NOx costs would increase the overall cost estimates; excluding
NOx costs is thus a “conservative” assumption.

We thus focus our air emissions cost estimation on increased erissions of CQ,. The following
sections describe how we estimate the changes in COz emissions (i.e., tons) due to the closed-
cycle cooling implementation. We then explain how we value the social costs of these emissions
increases.

A. Air Emissions Increases due to Construction Outages

The reductions in output due to the construction outages would require replacement power from

., kL

the electric system’s “marginal” generating source, typically the lowest-cost source that is

‘available to provide additional generation. Identifying the precise generating. units that would

‘increase generation in response to the outages would require detailed electricity market

modeling. However, natural gas is virtually always the marginal fuel in California (see, €.£.,
California Energy Commission 2005). We therefore assume that replacement power would come
from natural gas-fired facilities.

The output reductions from the natural gas-fired facilities (assumed to occur only during the

construction outages of Haynes and Moss Landing) could be replaced by output from higher-cost
and less efficient gas facilities with higher emission rates, since generating units are typically

NERA Economic Consulting _ 48

S




-

Attachment A. Preliminary Air Emissions Cost Estimates

dispatched in order of their cost. To the extent that this occurred, the outages at the natural gas
facilities would lead to net increases in emissions. Because information is not available on the
precise sources of replacement power, however, we conservatively assume that the replacement
power is of equal efficiency to the lost power and thus there is no net increase in emissions.

For replacement power for the nuclear facility outages, we assume that the replacement
generation source is a new combined-cycle generating unit (with a heat rate of 7,196 btu/KWh
based on EIA’s (2009a) current modeling assumptions). In practice, replacement natural gas
power could come from less efficient generation, and thus this assumption understates actual
emissions increases. We estimate replacement emissions by multiplying the amount of
replacement power needed (Table 4) by the heat rate of the replacement facility and the CO,
content of natural gas (117 pounds/mmbtu).

B. Carbon Dioxide Emission Increases due to Ongoing Heat Rate
Impacts

We assume (based on the Tetra Tech 2008) that all of the natural gas facilities affected increase
their fuel copsumption in order to maintain the same level of net electrical output despite the
increases in heat rates brought on by closed-cycle cooling. Table 7 above displays Tetra Tech’s
estimate of the annual increase in fuel usage.

We multiply the estimate of the increase in natural gas consumption by the carbon content of
natural gas to determine the increase in CO, emissions.

C. Carbon Dioxide Emission Increases due to Ongoing Power
Losses for Nuclear Units

Closed-cycle cooling would cause the two nuclear facilities to produce less electricity than they
otherwise would. We use Tetra Tech’s (2008) estimate of the net output loss at each nuclear
facility in conjunction with the assumed combined-cycle marginal emissions rate described
above to estimate the increase in CO2 emissions due to the nuclear output loss.

D. Valuation of Increased Air Emissions

As noted above, closed-cycle cooling installation would lead to increased emissions of several
different pollutants. Increases in NOx emissions could be significant, though we do not have
epough information to estimate the social costs of these emissions. Increases in sulfur dioxide,

* mercury, and other pollutants would likely be less significant; we also do not aftempt to quantify

these. This section explains bow we estimate the social costs of increased emissions of CO,.

1. Overview of Valuation Methodology

For emissions that are subject to a cap-and-trade program (or are expected to be subject to a cap-
and-trade program), the market price of allowances provides the appropriate measure of social
costs. Under a cap-and-trade program, an increase in emissions at a given facility or group of
facilities would not lead to an overall increase in emissions from covered facilities because the
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cap would continue to be binding. Instead, other facilities would reduce emissions, and they
would incur some costs to do so. The facilities undertaking emission reductions would be those
facilities that could reduce emissions at a cost closest to the market allowance price for
emissions. Facilities that could reduce emissions at a lower cost than the market price already
would have done so, rather than paying the market price for those emissions; facilities that could
only reduce emissions at a higher cost than the market price would prefer to pay the market price
for those emissions. Thus, assuming an efficient market, the allowance price for emissions will
equal the cost of reducing emissions by an additional small amount (i.e., the marginal cost of
emission reductions).

2. Potential CO; Cap-and-Trade Legislation

Many observers expect the federal government to establish a cap-and-trade program for
greenhouse gas (“GHG”) emissions over the next several years. As a result, we estimate the
social costs of CO; emissions using a forecasted allowance price for a potential federal cap-and-
trade program.

There are, of course, uncertainties regarding any prediction of futare legislation. Moreover,
despite widespread agreement that a federal program will be established, there is much less
agreement (and thus much greater uncertainty) about its specific elements. These design
elements include the stringency of the program and the timing of required emissions reductions,
scope of program coverage, free allocation of emission allowances, and rules regarding offset
credits. To value the social costs of increased CO, emissions, we use the allowance price forecast
from a recent EIA analysis of the Waxman-Markey bill (EXA 2009b). This forecast is provided in
the middle column of Table A-1.

E.‘ Overall Social Costs of Increases in CO2 Emissions

Table A-1 shows the expected total annunal increases in CO, emissions due to the Draft Policy. It
also displays the allowance price forecast used to value the social costs of the emissions and the
resulting cost estimates.
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Table A-1. Social costs of increased CO, emissions

Emissions Cost Total

(1000 tons) ($iton) Cosfs (dm)
2015 0 $24.76 $0.0
2016 26 $26.00 $0.7
2017 26 $27.30 $0.7
2018 78 $28.66 $2.2
2019 78 $30.10 $2.3
2020 78 $31.60 $2.5
2021 4,365 $33.18 $144.8
2022 3,984 $34.84 $138.8
2023 907 $36.58 $33.2
2024 907 $38.41 $34.8
2025 907 $40.33 $36.6
2026 907 $42.35 $38.4
2027 907 $44 47 $40.3
2028 a07 $46.69 $42.3
2029 907 $49.03 $44.5
2030 a07 $51.48 $48.7
2031 907 $51.48 $46.7
2032 907 $51.48 $46.7
2033 207 $51.48 $46.7
2034 807 $51.48 $46.7
2035 o07 $51.48 $46.7
2036 881 $51.48 $45.3
2037 881 $51.48 $45.3
2038 829 $51.48 $42.7
2039 829 $51.48 $42.7
2040 829 $51.48 $42.7
2041 790 $51.48 $40.7
2042 401 $51.48 $206
2043 0 $51.48 $0.0

Notes:

All dollar values are in 2009 dollars.
Costs expressed in short tons.

Per-ton CO, cost uses 2030 value for subsequent years.
Source: EIA (2009b) and NERA calculations as explained in text
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Attachment B: Preliminary Benefit Estimates

This attachment provides details on our data and methodology for estimating the potential
benefits of reduced impingement and entrajinment due to installation of closed-cycle cooling at
SONGS. The Comprehensive Demonstration Study (“CDS”) for SONGS (SCE 2008) gives data
on baseline impingement and entrainment at the facility based on biweekly biolo gical sampling
between March 2006 and May 2007. We combined this biological data with information in the
California case study for the EPA Section 316(b) Phase IIT Rule (EPA 2006) and economic
information to estimate the value of increased yields to commercial and recreational fisheries.
We estimated the statewide benefits using the SONGS benefits and scaling factors derived from
the statewide impingement data above in Table 11 and eptrainment data above in Table 12.

A. Species Categories

We identified species to model for our benefits assessment and then scaled up our benefit
estimates to account for other species so that our benefits estimates would be comprehensive.
The species we identified to model were those most commonly impinged and entrained at
SONGS and those with available parameters to convert from raw biological information to age-1
adult equivalents and fishery yield impacts.

Table B-1 shows the ten species we modeled, along with their categories. Game species are
defined as species of value to commercial and / or recreational anglers. Forage species are
defined as species of no value to commercial or recreational anglers. As discussed further below,
we estimated the increase in direct fishery yields for game species. We did not estimate the
increase in direct fishery yields for forage species, because these species are not harvested to any
significant degree by commercial or recreational anglers. Forage species provide indirect benefits
to society, however, because they are consumed by predator species of value to commercial and /
or recreational anglers. The calculation of indirect benefits accounts for trophic transfer (i.e., the
fraction of biomass that is transferred from prey species to predator species). California halibut is
the assumed predator species for this apalysis. It is not impinged or entrained to any significant
degree at SONGS, so it is not in the direct impingement and entrainment analysis.
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Table B-1. Species categories

Species Category

Queenfish Game
Croakers Game
Pacific eleciric ray Game
Pacific sardine Game
Sargo Game
Anchovies Game
Topsmelt Game
Jacksmelt Game
Blennies Forage
Crabs ' Game
California halibut Predator

Notes: “Croakers” includes black croaker, spotfin croaker, white croaker, and yellowfin croaker.
«Anchovies” includes Northern anchovy, deepbody anchovy, slough anchovy, and generic anchovies.
“Rlennies” includes rockpool blenny and mussel blenny.
«“Crabs” includes brown rock crab, Cancer crab, flat porcelain crab, graceful crab, hairy rock crab, Northern kelp crab, she
crab, striped shore crab, tubercular pear crab, and Xantus swimming crab.
Source: EPA (2006)

B. Baseline Impacts
1. Impingement Data

Table B-2 shows baseline impingement at SONGS. The ten modeled species collectively account
for 92 percent of total impingement at SONGS by count and 82 percent by weight.

Table B-2. SONGS baseline impingement

"Species Count Weight (Ibs)

Queenfish 712,937 7,919
Croakers 19,071 7,527
Pacific electric ray 184 3,278
Pacific sardine 107,468 2,804
Sargo 2,087 985
Anchovies 428,121 1,224
Topsmelt 10,556 890
Jacksmelt 4,038 660
Blennies 2,850 24
Crabs . 70,437 - 708
Other Species 113,269 - 5,742
Total 1,471,016 31,559

Note: Impingement data include losses due to heat treatments.
Source: SCE (2008), pp. 5-10-5-13
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o Entrainment Data

The CDS gives data on entrainment of eggs and larvae at SONGS in two locations: in the plant
and offshore. The offshore sampling has larger entrainment counts for both eggs and larvae than
the in-plant sampling. Because the larval entrainment data for SONGS in the Environmental
Document shown above in Table 12 are from offshore sampling, we used the larval count from
offshore sampling for the sake of consistency.

We based our egg entrainment analysis, however, on the in-plant sampling rather than the
offshore sampling. A much larger percentage of eggs in the in-plant sampling were identified by
species (47 percent) than in the offshore sample (14 percent), and so using the in-plant sampling
gives us more accurate benefit values. We scaled up the egg entrainment data from the in-plant
sampling to account for the larger number of eggs entrained in the offshore sampling, so as not to
understate the benefits of reducing entrainment at SONGS.

Table B-3 presents the egg entrainment data from in-plant sampling, our scaled-up estimates of
egg entrainment to account for the difference in total egg count between in-plant and offshore
sampling, and the larval entrainment data from offshore sampling. The ten modeled species
collectively account for 43 percent of egg entrainment and 78 percent of larval entrainment.

Table B-3. SONGS baseline entrainment

Egg Count Egg Count Larvae Count

Species In-Plant Offshore Offshore
Queenfish - - 154,626,272
Croakers 346,845,518 464,611,114 410,273,552
Pacific electric ray - - -
Pacific sardine 3,074,004 4,117,731 2,165,884
Sargo - - 491,914
Anchovies 11,157,637,827 1 4,046,027,195 4,354,602,367
Topsmelt 126,018 168,805 -
Jacksmelt 123,482,424 165,408,816 1,807,731
Blennies 2,398,747 3,213,201 413,982,657
Crabs - - 22,194,515
Other Species 15,366,461,565 20,583,886,662 1 499,283,034
Total 27,000,026,103 36,167,433,525 6,859,528,926
Note:  “-” denotes no entrainment; see text on scaling of in-plant egg count to estimate offshore egg count.

Source: SCE (2008), pp. 4-15,4-23 — 4-24, and 4-26

3. Age-1 Adult Equivalents

The benefits assessment relies on estimates of age-1 adult equivalents impinged and entrained.
For impingement, we used the number of impinged individuals in Table B-2 as estimates of the
number of impinged age-1 adult equivalents, For entrainment, we used gpecies-specific
parameters in the California case study for the EPA Section 316(b) Phase 111 Rule (EPA 2006) to
convert eggs and larvae into age-1 adult equivalents. Our estimates are shown in Table B4.
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Table B-4. SONGS baseline age-1 aduolt equivalents

Egg Larval

Species Impingement Entrainment _ Entrainment
Queenfish 712,937 - 103,753
Croakers 19,071 235,396 275,290
Pacific electric ray 184 - -
Pacific sardine 107,466 7,396 21,355
Sargo 2,087 - 123
Anchovies 428,121 823,310 354,000
Topsmelt ‘ 10,556 051 -
Jacksmelt 4,038 49,877 849
Blennies 2,850 44,691 6,076,677
Crabs 70,437 - 1,482
Note:  “-” denotes no entrainment.

Source: NERA calculations based on EPA (2006)

C. Increase in Fish Popuiations

We assume that installation of closed-cycle cooling at SONGS would reduce cooling water flow
by 95 percent, and that impingement and entrainment would also decrease by 95 percent
uniformly across species. Our estimation of increased fish populations involves multiplying the
baseline losses of age-1 adult equivalents in Table B-4 by 95 percent.

Our estimation of increased fish populations also accounts for the lower-than-normal capacity
factor at SONGS in 2006, when the biological sampling took place (Water Board 2009, p. 34,
50). We increased the baseline losses in age-1 adult equivalents in Table B-4 by 22 percent 50
that our estimates would reflect typical operating conditions at SONGS.

Table B-5 shows our estimates of additional age-1 adult equivalents from installing closed-cycle
cooling at SONGS.
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Table B-5. SONGS increase in age-1 adult equivalents

Egg Larval

Species Impingement Entrainment  Entrainment
Queenfish 827,688 - 120,452
Croakers 22,141 273,285 319,599
Pacific electric ray 214 - -
Pacific sardine 124,763 8,586 24,792
Sargo 2,423 - 142
Anchovies 497,030 955,826 411,083
Topsmelt 12,255 059 -
Jacksmelt 4,688 57,905 286
Blennies 3,309 51,885 7,054,754
Crabs 81,774 - 1,733
Note:  “-" denoies no entrainment.

Source: NERA calculations based on EPA (2006)

D. Increase in Direct Fishery Yield

Direct fishery yield is the total weight of commercial and recreational harvests for each species.
As noted above, only game species have direct fishery yield benefits, because only game species
are harvested by commercial and / or recreational anglers. Forage species do not have direct
fishery yield benefits, because they are not harvested by commercial or recreational anglers.

Table B-6 presents the estimated potential increase in direct fishery yield from installing closed-
cycle cooling at SONGS.
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Table B-6. SONGS increase in direct fishery yield (ibs)

Ega Larval

Species Impingement __Entrainment Entrainment
Queenfish 48,240 - 8,195
Croakers 1,290 18,593 21,744
Pacific electric ray 53 - -
Pacific sardine 684 1 2
Sargo 485 - Y
Anchovies 808 1,500 645
Topsmeit 289 8 -
Jacksmeit 111 5,602 95
Blennies X X X
Crabs 821 - -
Notes: “-” denotes no entrainment.

«x” denoles that the species is a forage species without commercial or recreational fishery.
Source: NERA calculations based on EPA (2006)

E. Increases in Indirect Fishery Yield

Installing closed-cycle cooling at SONGS would not only provide benefits to the commercial and
recreational anglers who harvest the species impinged and entrained. It would also provide
indirect benefits to the commercial and recreational anglers who harvest predator species that
consume the species impinged and entrained at the facility. California halibut is the assumed
predator species for this analysis.

Table B-7 shows estimated indirect fishery yield benefits from installing closed-cycle cooling at
SONGS. These estimates derive from the increases in age-1 adult equivalents in Table B-5 and
indirect fishery yield conversion factors from EPA (2006). EPA (2006) estimates indirect fishery
yield benefits only for forage species, but we estimated it for all species (including game species)
to be conservative. '

Table B-7. SONGS increases in indirect fishery yield {Ebs)

Effect Yield (Ibs)
impingement 7,041
Entrainment 2,123
Total 9,164

Source: E}’A (2006) and NERA calculations as explained in text.
E. Valuation of Increased Fishery Yield
1. Commercial and Recreational Shares

The increases in fishery yield would accrue to commercial and recreational anglers. We used
Southern California data on the weights of commercial and recreational harvests to allocate the
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increases in fishery yield to commercial and recreational fisheries. Table B-8 presents the
commercial and recreational shares for each species.

Table B-8. Commercial and recreational shares for SONGS modeled species

Species —Commercial _Recreational
Queenfish 0% 100%
Croakers 22% 78%
Pacific electric ray 100% 0%
Pacific sardine 100% 0%
Sargo 0% 100%
Anchovies 100% 0%
Topsmelt 0% 100%
Jacksmelt 1% 99%
Blennies X X
Crabs 100% 0%
California halibut 17% 83%

Notes: “x” denotes that the species is a forage fish without commercial or recreational fishery.
Sources: California Department of Fish and Game (2009) and Pacific States Marine Recreational Fisheries
Monitoring (2009)

2 Commercial Fish Values

The marginal social benefit of an extra pound of fish caught commercially is the market price of
that species minus the incremental costs of catching it. We assume that the potential increases in
commercial harvest from reduced impingement and entrainment at SONGS are too small to
affect market prices. To the extent that prices would be driven down by increased supply, our
commercial benefit estimates are too high. We further assume that commercial anglers incur no
incremental cost to harvest the additional fish from reduced impingement and entrainment at
SONGS. We thus assume that the additional revenue to commercial fisheries measures the
market use benefits of reduced impingement and entrainment at SONGS.

The relevant commercial price is the price at the dock (i.e., the ex-vessel price). As the fish move
along the distribution chain to consumers, their value rises, but that rise in value reflects value
added at those other stages, not the value of increasing the catch, and is offset by costs incurred
at those stages (e.g., fuel and labor to transport the fish from dock to distributor to retail outlet).

Table B-9 shows the ex-vessel commercial values for each species.
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Table B-9. Commercial values for SONGS modeled species

Species $/1b

Queenfish $0.74
Croakers , $0.74
Pacific electric ray $3.15
Pacific sardine $0.05
Sargo $0.69
Anchovies $0.05
Topsmelt -
Jacksmelt $0.30
Blennies X
Crabs $1.29
California halibut $5.68

Notes: All dollar values are in 2009 doilars.

«_ denotes that the species is a game species without commercial fishery.

«“y™ denotes that the species is a forage fish without commercial or recreational fishery.
Sources: California Department of Fish and Game (2009)

3. Recreational Fish Values

Fish caught recreationally do pot have a market price. However, economists have developed
techniques for estimating the value recreational anglers place on their catch based on “hedonic”
methods that look at the tradeoffs that anglers make between going to sites with higher catches
and the costs of getting to those sites (primarily travel costs, including the value people place on
time lost to travel) (Freeman 2003). The travel costs themselves are not counted as benefits, as
the value they represent to anglers is offset by the cost to the angler of the travel. However, using
statistical techniques economists can estimate how much surplus anglers receive. There are two
basic variants of inferring demand for increased catch (or changes in other characteristics of
sites) from data on observed travel behavior. One is called the “Travel Cost Method” (“TCM”)
and the other is the “Random Utility Model” (“RUM™) (Freeman 2003).

Rather than conduct original TCM or RUM studies, policy analyses usually use existing studies
to estimate values that can be applied in similar conditions. This approach, called “benefits
{ransfer,” may employ one of several different methods, depending on the data and resources
available. According to the USEPA Guidelines:

[Alnalysts will [often] need to look for estimates available from existing sources,
and apply these values to the policy case using benefit transfer techniques
(USEPA 2000, p. 95).

Although USEPA endorses meta-analysis as the most desirable method of combining results
from multiple studies (via a formal statistical analysis) for purposes of benefit transfer, such
analyses can be difficult and time-consuming to conduct, in part because published studies often
do not include some key information needed to conduct a meta-analysis. In such cases, the study
either must be dropped or the additional information must be obtained from the study’s author(s).
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Here we adopt a simpler strategy that estimates benefits using results from several studies that
have generated estimates for the relevant species and water body (the California coast). Johnston
et al. (2006) provide a useful summary of estimates of the marginal value of catching an
additional fish from 48 different studies. Many of these studies developed separate estimates for
different species or groupings of species, yielding a total of more than 120 study-species pairs.
Using information from the studies, supplemented with information obtained directly from the
studies’ authors where necessary, J ohnston et al. converted all of the estimates to constant 2003
dollars per fish caught at the margin. These values represent the average willingness to pay of
recreational anglers in the study to catch another fish, averaged across sites. We have converted
these results to 2009 dollars.

Table B-10 summarizes the data we ased on recreational fishing values. We reviewed marginal
recreational values for California in Johnston et al. (2006). We converted these values per fish 10
values per pound using average fish weights calculated from landings data in RecFIN (2009).
The values then represent what recreational anglers would be willing to pay per additional pound
of fish caught. Since recreational anglers often release the fish they catch back into the water
body, the values had to be adjusted again to represent what recreational anglers would be willing
to pay per additional pound of fish caught and kept. RecFIN (2009) provides information on the
number of fish caught to the number of fish kept.

Table B-10. Recreational values for SONGS modeled species

"Species $7Fish _ Caught/Kept Avg Wt (Ibs) $/1b

Queenfish $0.53 1.48 0.12 $6.83
Croakers $4.14 2.27 0.58 $15.88
Pacific electric ray - - - -
Pacific sardine $0.53 2.19 0.11 $10.32
Sargo $4.14 1.45 0.73 $8.25
Anchovies $0.53 1.61 0.04 $22.10
Topsmett $4.47 2.42 0.34 $31.67
Jacksmelt $4.47 1.98 0.35 $25.42
Blennies X X X X
Crabs - - - -
California halibut $10.23 4.87 3.46 $14.38

Notes: All dollar values are in 2009 dollars.

«_» denotes that the species is a game species without recreational fishery.

“x denotes that the species is a forage fish without commercial or recreational fishery.
Sources: Johnston et ai. (2006) and Pacific States Marine Recreational Fisheries Monitoring (2009)

Table B-11 presents our preliminary estimates-of the annual benefits of installing closed-cycle
cooling at SONGS. We multiplied the increases in direct and indirect yield by commercial and
recreational shares and commercial and recreational values per pound. We scaled up the benefits
to account for other species than those identified in Table B-1. We used the estimated annual
benefits in Table B-11 to calculate the present values of benefits shown in the main report.
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Table B-11. Preliminary SONGS annual benefits

Commercial +
Commercial Recreational Recreational

Direct Fishery Yield
Impingement
Modeled Species $1,032 $361,020 $362,552
Other Species $341 $80,293 $80,634
Total $1,872 $441,313 $443,186
Entrainment
Modeled Species $5,620 $607,842 $613,462
Other Species $7,423 $640,910 $648,333
Total $13,043  $1,248,752 $1,261,795
Impingement + Entrainment
Modeled Species $7,151 $068,862 $976,014
Other Species $7.764 $721,203 $728,967
Total $14915  $1,690,085 $1,704,981
Indirect Fishery Yield
impingement
Modeled Species $6,658 $84,399 $91,056
Otner Species $1,481 $18,771 $20,252
Total $8,138 $103,170 $111,308
Entrainment
Modeled Species $2,008 $25,450 $27,458
Other Species $2,117 $26,835 $28.951
Total $4,124 $52,285 $56,409
Impingement + Entrainment
Modeled Species $8,665 $109,849 $118,514
Other Species $3,508 $45,605 $49,203
Total $12,263 $155,454 $167,717
Direct + Indirect Fishery Yield
Impingement
Modeled Species $8,189 $445.419 $453,608
Other Species $1,821 $99,084 $100,886
Total $10,011 $544,483 $554,494
Entrainment
Modeled Species $7.827 $633,202 $640,920
Other Species $9,540 %667,744 $677,284
Total $17,167 $1,301,037 $1,318,204
Impingement + Entrainment . .
Modeled Species $15,817  $1,078,711 $1,004,528
Other Species $11,361 $766,809 $778,170
Total $27,178 $1,845,520 $1,872,698

Note:  All doilar values are in 2009 dollars.
Source: NERA calculations as explained in text
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G. Potential for Non-Use Benefits Statewide

This section briefly assesses whether retrofitting California’s coastal electric generating facilities
with closed-cycle cooling is likely to lead to significant non-use benefits. The concept of non-use
benefits and the criteria that EPA has developed to assess their likely significance are described
in Chapter II of the report.

1. Threatened and Endangered Species

The Environmental Document (p. 34) notes that endangered fish species have been impinged at
California’s coastal power plants. However, the Environmental Document does not provide data
on entrainment or impingement of threatened and endangered fish species at individual facilities
or across the state. The Environmental Document (pp. 73-74) does provide data on
jmpingements of two threatened species of sea turtle: Green Turtles and Loggerhead Turtles.
Fifty Green Turtles and six Loggerhead Turtles were impinged across the state between 1982 and
2006. Not all these impinged sea turtles suffer mortality, however. Five of the fitty impinged
Green Turtles were dead at the time of impingement, and the affected facilities have equipment
and procedures in place to return sea turtles and other large organisms unharmed to the ocean
when they are impinged alive.

The Environmental Document (pp. 73-74) also provides data on impingements of marine
marines that are not threatened or endangered but are protected under the Marine Mammal
Protection Act. As in the case of sea turtles, not all these impinged marine mammals suffer
mortality. Many of them were dead at the time of impingement, and the affected facilities have
equipment and procedures in place to return marine manmals and other large organisms
unharmed to the ocean when they are impinged alive (SCE 2001). Moreover, the impingement
numbers for these marine mammals are well below the thresholds for population impacts (NMES
2008).

In light of the Jow impingement rates cited in the Environmental Document and the mitigation
measures already in place to returm Jarge organisms unharmed to the ocean when they are
impinged alive, our preliminary conclusion is that the first EPA criterion for assessing the
significance of non-use benefits is not met.

2. Other important Species

EPRI (2007) examines the impacts of once-through cooling at California’s coastal electric
generating facilities on the populations of various fish species. It concludes “there is no evidence
from previous Section 316(b) studies-or information presented in the Draft California Policy that
OTC [once-through cooling] has caused, or is at present causing, significant adverse effects on
California coastal fish populations” (EPRI 2007, p- 4-2). Switching to closed-cycle cooling
therefore “may result in no measurable benefit to California fish populations” (EPRI 2007,

p. 5-2). Thus, our preliminary conclusion is that the second EPA criterion for assessing the
significance of non-use benefits is not met.
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3. Ecosystem Maintenance

Following EPRI (2007), our preliminary conclusion is that cooling water intake at affected
facilities does not pose substantial harm to the maintenance of community structure and function
in their local water bodies, and thus the third EPA criterion for assessing the significance of non-
use benefits is not met.

4. Non-use Summary

Our preliminary overall conclusion is that none of the three EPA criteria for assessing the
significance of non-use benefits is met statewide, and thus any non-use benefits from reducing
impingement and entrainment at affected facilities are likely not significant.

H. Potential for Non-Use Benefits at SONGS

Below we assess whether any of the three criteria holds for cooling water intake at SONGS.

1. Threatened and Endangered Species

The SONGS CDS indicated no impingement or entrainment of threatened and endangered fish
species (SCE 2008). The Environmental Document (pp. 73-74) provides data on impingement of
threatened sea turtles at SONGS as well as impingement of protected marine mammals, but as
noted above, many of these large organisms were dead when they were impinged, and many of
those that are alive when they are impinged are returned unharmed to the ocean (SCE 2001). Our
preliminary conclusion is that the first EPA criterion for assessing the significance of non-use
benefits is not met.

2. Other Important Species

Following EPRI (2007), our preliminary conclusion is that cooling water intake at SONGS does
not pose substantial harm to other important species, and thus the second EPA criterion for
assessing the significance of non-use benefits is not met.

3. Ecosystem Maintenance

Following EPRI (2007), our preliminary conclusion is that cooling water intake at SONGS does
not pose substantial harm to the maintenance of community structure and function in their local
water bodies, and thus the third EPA criterion for assessing the significance of non-use benefits
is not met. : ' : :

4. Non-use Summary

OQur preliminary overall conclusion is that none of the three EPA criteria for assessing the
significance of non-use benefits is met at SONGS, and thus any non-use benefits from reducing
impingement and entrainment at SONGS are likely not significant.

NERA Economic.Constilting 84




Aftachment B: Preliminary Benefit Estimates

. Attachment References

California Department of Fish and Game (“CA DFG™). 2008. California Commercial Landings
for 2007. Sacramento, CA: CA DFG, August 5.

California State Water Board (“Water Board”). 2009. Water Quality Control Policy on the Use
of Coastal and Estuarine Waters for Power Plant Cooling: Drajt Substitute
Environmental Document. Sacramento, CA: Water Board, July.

Caretta et al. (“NMFS”). 2008. NOAA Technical Memorandum NMFS: U.S. Pacific Marine
Mammal Stock Assessments 2008. La Jolla, CA: NMES.

Freeman, A. Myrick IIL. 2003. The Measurement of Environmental and Resource Values: Theory
and Methods. 2™ ed. Washington, DC: Resources for the Future.

johnston, Robert J. et al. 2006. “What determines willingness to pay per fish? A meta-analysis of
recreational fishing values.” Marine Resource Economics. 21:1-32,

Pacific States Recreational Fishery Information Network (“RecFIN™). 2009. Pacific States
Marine Recreational Fisheries Monitoring. hitp://www.recfin.org/.

Southern California Edison (“SCE”). 2001. San Onofre Nuclear Generating Station Small Take
Exemption Permit Application. San Clemente, CA: SCE, February 12.

Southern California Edison (“SCE”). 2008. Comprehensive Demonstration Study for Southern
California Edison’s San Onofre Nuclear Generating Station. Palo Alto, CA: SCE,
January.

U.S. Environmental Protection Agency (“EPA™). 2000. Guidelines for Preparing Economic
Analyses. Washington, DC: EPA, September.

U.S. Environmental Protection Agency (“EPA”™). 2006. Regional Benefits Assessment for the
Proposed Section 316(b) Rule for Phase JIT Facilities. Washington, DC: USEPA,
November.

NERA Economic Consulting 85




NERA

Economic Consulting

NERA Economic Consulting

200 Clarendon Street, 11th Floor
Boston, Massachusetts 02116
Tal: +1 617 927 4500

Fax: +1 817 927 4501
Www.Nera.com




