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1. OVERVIEW AND EXECUTIVE SUMMARY

' Cooling water intake structures (CWIS) are regulated under Section 316(b) of
the Clean Water Act. This statute directs the United States Environmental Protection
Agency (EPA) to assure that the location, design, consfruction, and capacity of CWIS
reflect the best technology available (BTA) for minimizing adverse environmental
impact (AEl). EPA is developing national performance standards for CWIS in three
phases. The Phase I Rule, which was promuigated in July 2004, applies to existing
electric generating plants with signific_ﬁant cooling water intake capacity and requires
these plants to reduce impingement mortality and entrainment (I&E) of aquatic
'_ofga'nisms according to national standards.? In developing the Phase il Rule, EPA
included two conditions under which a facility may be allowed a site-specific
determination of standards.® One such condition occurs when the costs of compliance
are significant_ly greater than the associated economic benefits. The regulatory
requirements for demonstrating this condition include the submission of three studies:
the Cost Evaluatlon Study, the Benefits Valuation Study, and the Site-Specific
Technology Plan.

Triangle Economic Research (TER) 'haé, prepared this Benefits Valuation Study
{BVS) report for Pacific Gas and Eleciric Company’s (PG&E's) Diablo Canyon Power
Plant (DCPP or Plant). In preparing this report, we followed EPA’s benefit valuation
methodologies. developed for the Phase I Rule,'an'd_incorp'orated site-spacific I&E
information developed. by Tenera Environmental. We also ih(_:iude. information from
EPA’s 1&E reduction benefits studies for Northern California and for all California (EPA
2003; EPA 2004). | | |

Thie major findings of the BVS include the following:

» The annual baseline losses for 16 representative indicator species (RIS) of
fishes and shellfishes are in the range of $18,635 to $34,206, with a mean

' The Phase I Rule is being judicially challenged by environmental and industry groups. The appeal is
currently pending in the U.S. Court of Appeals, Second Circuit. The Phase 1l Rule has not been stayed
pandlng appeal, and therefore is currently effective.

2 impingement occurs when fish and aquatic specles become trapped on equipment at the entrance of the
cooling system. Entrainment occurs when aquatic organisms, eggs, and larvae are taken into the cooling

* system, through the heat exchangers, and discharged back into the waterbody. -

% A site-specific determination implies less stringent reduction standards.
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of $26,412. The RIS account for approximately 70 percent of the fishes and
shellfishes that are entrained.

+ The annual benefits of reducing impingement mortality by 80 to 95 percent
and entrainment by 60 to 90 percent for the RIS range from $13 280 to
$27,220, with a mean of $19,863.%

+ The present value of economic benefits from compllance to 2023 for RIS
- species ranges from $167 661 to $343,655.5¢

o The present value of economic benefits from compliance to 2053 for RIS
species ranges from $281,342 to $576,667.%"

s The annual benefits of reducing impingement mortality by 80 to 95 percent
and entrainment by 60 to 90 percent for all species (including the additional
30 percent of forage fish larvae not specifically evaluated during the 316(b}
Demonstration Study) range from $18,971 to $38,886. The present value of
economic benefits from compliance to 2023 for all species ranges from
$239,516 to $490,936. The present value of economic benefits from
compliance to 2053 ranges from $401,917 to $823,809. 6

¢ The annual benefits of eliminating all 1&E (lncludlng the additional 30
percent of forage fish larvae not specifically evaluated during the 316(b)
Demonstration Study) range from $26,621 to $48,866. The present value of
economic benefits from eliminating alf I&E until 2023 ranges from $336,098
to $616,934. The present value of economic benefits from eliminating ali
I&E until 2053 ranges from $563,986 to $1,035,240.°

s The species with the highest economic ‘impacts are Callfornla Halibut,
Brown Rock Crab, and Kelpfish. -

« Recreational fishing accounts for 56 percent of the total economic impacts.
» Impingement accounts for only about 2 percent of all economic impacts.

¢ Under EPA guidance, nonuse benefits should not be monetazeci in thls case,
and .in any event are likely to be minimal.

The foregoing economic impact estimates are conservative because:

*  We assume that aquattc populations do not blologlcally compensaie for I&E
impacts, :

» We assume that no organisms survive entrainment.

* The Phase Il Rule states that a facility must reduce impingement mortality by 80 to 95 percent and
entrainment by 60 to 80 percent to be In 316(b) compliance.

5 The NRG licenses for Units 1 and 2 at the DCPP expire in 2022 and 2024, respectwely We therefore
assumed full operations of both units until 2023 to facilitate this analysis.

% We use a 3-percent discount rate for recreational and forage values, a 7-percent discount rate for
commercial values, and assume immediate compliance with the Rule.

T A final decision has not been made to seek renewat ‘of the NRC licenses. We have assumed for analytic
and iflustrative purposes only that the Plant will continue to operate until 2053.

Ry BBL Compn‘l‘;y_
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« We assume that the availability of forage species limits populations of
commercially and recreationally valuable species.

o We assume that 316(b) compliance is instantaneous.
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2. BACKGROUND

Estimating the economic benefits of reducing I&E at existing CWIS requires
quantifying ali beneficial ecological outcomes and assigning appropriate monetary
values. Estimating economic benefits in this context is challenging because it requires
first linking reductions in 1&E to ecosystem changes and then linking ecosystem
changes to the resulting changes in quantities and values for the associated
environmental goods and services that ultimately are linked to human welfare (EPA 69
Fed. Reg. 41,655, July @ 2004). This section provides badkground on the DCPP’s
potential ecological impacts and the ecological and economic methodologies used by
EPA for assessing the benefits of 1&E reductions in the Phase Il Rule.

2.1 Ecological Endpoints

Tenera Environmental conducted the Plant's 316{(b) entrainment study from
October 1996 through June 1999 and submitted a final report in March 2000 (Tenera
Environmental 2000). The entire study was conducted under the auspices of an
Entrainment Technical Work Group (ETWG) that was assembled by the California
Regional Water Quality Control Board, Central Coast Region (RWQCB), to assist their
staff in assuring the adequacy of the study’s design and implementation. The ETWG
was composed of PG&E and their consultants, the RWQCB and their consultants, a
éonsultant to the League for Coastal Protection, the California Department of Fish énd
Game, and the EPA.

The process of identifying organisms for assessment at DCPP included a
consideration of guidelines presented in the original 316(b) directive developed by EPA’s
(1977) draft Guidance for Evaluating the Adverse Impact of Cooling Water Intake
Structures on the Aquatic Environment: Section 316(b) P.L. 92-500. Based on this
guidance, the following criteria were used to select the target organisms:

o Organisms that were representative, in terms of their biological.
requirements, of a balanced, indigenous community of fish, shelifish, and
wildlife;

o Commercially or recreationally valuable species (e.g., among the top ten
species landed — by dollar value);

¢ Threatened or endangered species;

ABBE Company
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* Species critical to the structure and function of the ecological system (i.e.,
habitat formers);

e Species potentially capable of becoming localized nuisance species;

¢ Species necessary in the food chain for the well-being of those species
identified in the first four bullets above;

* Species meeting any of the foregoing criteria with potential susceptibility to
impingement and/or entramment

In addition to those EPA standards, the ETWG included three additional criteria:

+ Organisms capable of being identified to the species level:

» Organisms that are entrained in sufficient abundance to allow for a robust
impact assessment; _

» Organisms whose adult and larval populations can be demonstrated to be
local (i.e., not a deep-water species whose larvae drifted ashore).

These additional criteria were important in contributing to the level of confidence in the
estimates of entrainment effects. The most important criterion was abundance;
therefore, the assessment was based only on the most abundant organisms. The
organisms meeting the criteria included 14 species of larval fishes, 2 species of larval
Cancer spp. crabs, and larval sea urchins. The ETWG determined the final list of
species included in the assessment based mainly on data collected during this study'
and the criteria listed above The 14 fishes accounted for the predom:nant species and
for epproxmetely 70 percent of the total number of larval fishes collected from the
entrainment samples. The remaining 30 percent of the larval fishes were a mix of
recreational, commercial, and forage species.® ’

The ETWG rewewed other potentlal target organ!sm groups for possible
inclusion in the assessment but those groups were intentionally excluded from the
Study. For exampie the ETWG ~decided not to include phytoplankion, zooplankton,
and aigai spores in the assessment due to their iarge populat[ons and in the case of
_phytopiankton and zooplankton thelr short generatlon times. EPA has previously
expressed similar views with respect to phytoplanlgton an.d zooplankton (EPA 1998). In
sum, it was readiiy apparent that the DCPP's intake would only have knegligiblle,
localized impacts on these organisms. :

® The remaining 30 percent are valued in this analysis,

ABBL Company
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Fish eggs and larvae from several commercially important invertebrates such as
clams and abalone were also excluded from the assessment by the ETWG, in part
because they are small and difficult to identify to the species level. More importantly,
there was a very low likelihood that any abalone larvae would be entrained, and there is
no suitable substrate for the settiement of Piémo clams near the DCPP. Fish eggs
were excluded because most of the fishes at issue have egg stages that are not likely
to be entrained: i.e., either they are demersal/adhesive eggs or they are internally
fertilized and extrude free-swimming larvae. EPA has previously exbressed a similar
view with respect to fish eggs (EPA 1998). Young squid were not analyzed because
they are competent swimmers immediately after hatching, and therefore would have a
ILow probability of entrainment. _ |

In fact, as the ETWG itself found ‘appropriate for the DCPP, most ecological
assessment endpoints for 316(b) studies include only fish and shellfish species (EPA
1998). Indeed, the other organisms entrained have no measurable value other than
potential nonuse value (see discussion below). Not surprisingly, EPA itseif limited its
Phase Il benefits valuation to fish and shellfish. |

Tenera Envirbnmental developed the impingement data used in this BVS based
on a study conducted from April 1985 to March 1986 (Tenera 1988). Their study
indicated that impingemeht by the CWIS’ traveling screens was so minor that detailed
analysis was not necessary. Nevertheless, we include impingement estimates in this
BVS. ' ' '

2.2 ldentifying Ecological and Economic Impacts

in théo’ry, it should be possible to quantify ecOéystem changes from 1&E impacts
through‘ direct observation of écosystem chahgeé and statistical isolation of the
influence of water withdrawal. In practice, however, efforts of this nature have failed to
i'dentify a significaht reiatiohship’ between the volume of cooling water withdrawn and
the status of local fish populations (EPRI 2003). The problem with this approach lies in
the large ha_tural population ﬂuctuations_ that are typical for éduatic organisms.

ABBL Comp 'ni_:l,v_
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Faced with this situation, EPA expended considerable effort develobing
methodologies to quantify the impacts of I&E.° Over the course of developing its
methodologies, EPA made substantial improvements in identifying theoretically
appropriate methods for measuring benefits, and TER now believes that EPA has
developed a reasonable approach for evaluating the ecological impacts of 1&E.'° In the
final Phase Hl Rule, we believe EPA also identified a reasonable approach for
evaluating the economic impacts of I&E on commercial and recreational species.
Accordingly, the approach used for evaluating impacts from I&E to commercial and
recreahonal species in this report generaliy follows that of EPA's most recent
analysis."!

In that analysis, EPA estimated a national total of $83 million in annual benefits
that could be achieved by reducing the I&E of commercial and recreational species. |
The EPA estimate does not include'th,e value of impacts to forage species or organisms
that are not directly recreationally or commercially valuable. This BVS, however, does
value forage species impacts using the methodology described in EPA’s final Phase I
Rule (EPA 2004, Chapter AS: I1&E Methods). In the assessment, we assume that
populations of recreational and commercially valuable species are limited due to
availability of forage populations." Accordingly, lost forage species are valued in terms
of the larger populations of recreational and commercial fish that they would have
supported had the forage species not been impinged or entrained.

2.3 1&E, Fishing, _ahd Population Growth

| Eva[uaﬁ'ng the econom'i_c impacts of ISE requires understanding the potential
ecological' effects of I&E. To do so, we characterize a fishery using the growth and
population model developed by Schaefer (1954, 1957). This model recognizes that
most fish stocks follow a population-dependent growth pattern, as illustrated in Figure
1.

° TER has been substantially involved Iri the evaluation of the methods developed by EPA. See Bingham,
Mohamed, and Desvousges (2003) and Desvousges, et al. (2002). _

““There are shortcomings with EPA’s approach, which likely tend to overstate benefits. For example, EPA
has been criticized for not considering the ability of aquatic populations to offset 1&E Impacts through
higher productive and survival rates.

YThe only significant exceptlon is in our analysis of commergcial impacts, where we employ an approach
that EPA has acknowledged is more theoretically appropriate and that returns higher economic lmpact
estimates.

"2 this i not the case, our assessment provides overestimates of economic losses.

ABBL Coﬁlggsg
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Figure 1 depicts the relationship between the growth in fish stock on the vertical
axis and the size of the fish population on the horizontal axis.® Point A is the starting
population, which includes I1&E and fishing impacts. It would be possible to sustain the
population at A if the total impacts were equal to the growth in the fish population (A,).
For example, if the growth rate is 10 percent per year (A,) and the starting population is
100 fish {Ag), then it would be possible to harvest 10 fish per year, starting at-the end of
the first year, without affecting the size of the population. Point B illustrates the results
of overharvesting due to increased I&E and fishing impacts on the fish population. The
lower population level (Bs) and corresponding lower growth rate (By) indicate that the
number of harvested fish is now greater than the growth in the population. If
overharvesting persists in this manner, the fish population will continue to decline.

Figure 1 ,
Fishing and 1&E Impacts on Population

Growth Rate

Size of Population.

In the Phase Il Rule, EPA mentions that secondary éffects of I&E include

decreased recruitment, decreased fishing yields, and _reduded ecosystem productivity

- (Chapter A1: Risk Assessment Framework). However, EPA does not account for
these potential secondary effects in their national bénefits analysis. |

12X represents the carrying capacity of the fish population in a state of nafurai or stable equilibrium. The
carrying capacity is the maximum fish population that can be sustained in the absence of the fishery and
I&E. If the fish population exceeds X, natural mortality rates increase such that the fish population
returns to the natural equilibrium. Z is the minimum viable population or the point of extinction. :

ABBL Comipang
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2.4 Fishery Valuation Overview: Use Values
Unlike traditional physical and financial assets, natural resources such as
fisheries are generally owned by the public. Although the values of publicly owned
resources are not directly revealed in a marketplace, resource economists have well-
established fneihodologies for measuring fishery value. Over a particular time period,
the value of a fishery is equal to the difference between the cost of harvesting fish and
" the value of the fish harvested.

Figure 2 shows how .a commercial fishery's value is defermined in a
hypothetical market for harvested fish."* In this figure, the price of fish is on the vertical
axis and the quantity of fish harvested is on the horizontal axis. The supply curve (Sy)
represents how many fish the producers are willing to supply at a given price. The
demand curve (Dy) corresponds to the maximum cost per fish that consumers are
willing to pay for different quantities of harvested fish. The demand curve slopes
downward to indicate that the value of each fish drops as the quantity of fish in the
market increases. - |

Figure 2
Hypothetical Fishery Market
Le_ge_nd:
Price : 8,: Supply Curve
{$ per fish) D,: Demand Curve
7 . Py Price
‘Q: Quanfity
. s,
Consumer Surplus
P, |
D, .
Q ’ Quantity
{number of fish)

* ™A value for recreational fisheries can be derived using a similar approach.
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The value of this fishery is equal to the difference between the cost of harvest
{area above the supply curve) and the value of the fish harvested (area below the
demand curve). Graphically, this is shown in the shaded areas of Figure 2. Note that
the value of the fishery is the sum of producer and consumer surpius. Producer surplus
is the difference between the costs that fishermen incur to harvest the fish (as
represented by the supply curve) and the market price (P4). In Figure 2, producer
surplus is the darker shaded area between the supply curve and the market price.
Consumer surplus is the difference between the maximum price that consumers are
willing to pay for harvested fish (as represented by the demand curve) and the market
price (P4). In Figure 2, consumer strpEus is the lightly shaded area between the
demand curve and the market price. This simple framework also provides the
necessary background for evaluating how a change in abundance affects the value of a
fishery, as seen in Figure 3. ' ' '

Figure 3
Effect of a Decline in Abundance

Legend; - Pyt Original Price

§,: Orlginal Supply Curve Pyt New Price
s Pri(‘.;:; b + 851 New Supply Curve Q,: Original Demand

erfis B ‘ «
(. P ) Reduced D,: Demand Curve Q,: New Demand
Consumer

Surplus

Reduced
Producer
Surplus
D,
Q, @  Quantity
. {number of fish)

Other things equal, a decline in abundance will increase the cost of harvesting
fish. In the supply and demand framework of Figure 3, increased costs are represented

10
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by an upward shift of the supply curve. The market determines the decline in the
quantity of fish harvested (Q; to Q;) by the intersection between the new supply curve
(S2) and the demand curve (D4). The intersection also leads to an increase in price (P,
fo P2). The respective change in price and quantity reduces the value of the fighery.
The changes in price and quantity affect both the producers and the consumers,
Because of the decrease in the abundance of the fishery, producer surplus decreases
from the sum of Areas E, F, and G to the sum of Areas E and B. "The reduced
consumer surplus is the darker shaded consumer surplus or the value of the fishery as
it declines from the sum of Areas A, B, C, and D to lightly shaded Area A.

Although Figures 2 and 3 depict the fishery as a single market, the overall value
of the fishery actually debend's on two markets: a commercial fishing market and a
recreational fishing market. Figure 4 depicts the association between the abundance of
a fish stock, commercial and recreational fishing markets, and the ecbnbmic value of a

fishery.
Figure 4
Relationship between Fishery Abundance and Value
. Legend:
Recreational Fishing Inputs and Costs ‘ §F' ;‘;’?rf;ggt.al Fishing
. R CF Commerclal Fishing
Recreational Valuation [ : Q  Quantlty Harvested
X » Il . Recreational ol | Recreational
- Fishing Market o . Value
Fishery Abundance]| . S ) R * Fishery
and Composition Value
X ‘ Commercial Qe Commerclal
—————————— s —G-
Fishing Market ‘ . Vatue
Commercial Fishing Inputs and Costs T o
Demand for Fish

Y
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Both the commercial and recreational fishing markets depend on the
determinants of supply and demand to establish price and quantity. The abundance of
fish within the fishery is an important factor for the value of these fishing markets. For
example, in the commercial fishery, a decline in abundance means commercial
fishermen will expect to catch fewer fish with the same amount of effort (i.e.,
commercial fishing inputs and costs). The higher cost of catching fish will resuit in
smaller harvests for commercial fishermen. The reduction in harvested fish will reduce
the value of the commercial fishery. In the recreational fishing market, decreased catch
rates at some sites leads to less satisfaction with trips to those sites. In addition, some
recreational anglers choose to fish elsewhere and take trips of lower value. Others
substitute lower-valued activities. '

2.5 Overview of EPA Case Studies for California and the ASA 2003
Study for the DCPP

This section summarizes the two EPA regional studies we use in our analysis—
the Northern California and California studies—and ASA's prior study. EPA conducted
the Northern California study for the Phase [I Rule Notice of Data Availability (NODA)

. and the California study for the final Phase i1[-Rule (Part B: California regional studies).

2.5.1 Northern California Regional Study _

~ The Northern California Regional Study area Is equivalent to the Northem
California National Marine Fisheries Statistics (NMFS) region, which extends from Point
Conception north to the Oregon border. According to EPA, of the eight power plants in -
this region, six withdraw water from estuariés and two withdraw cooling water from the
Pacific Ocean. Fisheries in this area are méhagéd by the Pacific Fishery Management
Coungcil (PFMC) and the California Department of Fish and Game (CDFG). The PFMC
governs recreational and commercial fisheries in federal waters from 3 to 200 nautical
miles off the coasts of Washington, Oregon, and California, while the CDFG manages
fisheries within 3 nautical miles off the coast of California. In EPA’s estimation, {his
region provided annual recreational benefits of $663,965 from I&E reductions and |
commercial benefits of $19,514 in 2002 dollars (assuming a 3-percent discount rate).
In the NODA, EPA did not present nonuse estimates for the Northern California region
DCPP is included in this region,
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2.5.2 California Regional Study

This regional study includes 20 facilities that are in-scope for the Phase |l Rule.
Of the 20 facilities, 8 are located in northern California and 12 are located in southern
California. Eight of the 20 facilities withdraw cooling water from an estuary or tidal river
and 12 withdraw water from the Pacific Ocean. DCPP is in northern California and
withdraws cooling water from the Pacific Ocean. EPA lists DCPP's 2001 capacity at
2,300 MW and the 2001 net generation at 18,077,713 MWh. For all of California, EPA
estimates commercial benefits from the Phase Il Rule in 2002 dollars at a fow estimate
of $0 or a high estimate of $0.52 million and recreational benefits at $2.45 million
(assuming a 3-percent discount rate). EPA does nof estimate nonuse or forage
“impacts In this regional study. - o '

2.5.3 ASA Consulting 2003 Benefit Valuation Study for DCPP

ASA Consulting performed a benefits valuation study for DCPP based on an 80-
percent reduction in the entrainment estimates developed by Tenera Environmental
(the same ones used in this BVS). ASA did not separately value the benefits of
impingement reduction, as we did here, and based its analysis on EPA’s then-existing
guidance, some of which was later changed in the final Phase I Rule when
promulgated in July 2004. For example, ASA used EPA’s then-proposed rule of thumb
for estimating nonuse values at 50 percent of the estimated recreational fiéhing value.
In its forage species valuation, ASA used a range of trophic transfer efficiencies that
EPA was then considering, but subsequently changed. Other differences from this
study ihclude the fact that ASA did not place a value on crabs and used a range of
commercial fishing exploitation rates (10 to 40 percent) that is different from the rates
assigned in this BVS. Table 1 shows ASA’s estimated annual benefits of an 80-percent
entrainment reduction for the 14 species of larval fishes,
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ASA’s Estimate of Annual BenefitsT 2?Ie?n180-Percent Entrainment Reduction
Category Lower Bound (2001 $) Upper Bound (2001 $)
Commercial Fishing | $0 $25177
Recreational Fishing $782 $33,322
Forage Species $582 $35,487
Nonuse Vaiue $391 $16,661
Total $1,755 $110,647

Assuming 2 percent (upper bound values) and 7 percent (lower bound values)
discount rates and assuming that the cooling towers wouid be in operation beginning in
2008, ASA estimated the net present value (NPV) of the benefits to be $11,045 to
$1,334,030 in 2001 dollars, assuming Plant closure in 2023. Assuming Plant closure in
2023, and “grossing up” the benefits by another 30 percent to conservatively account
for the 30 percent of the fish species not evaluated in the 316(b) Demonstration Study,
ASA estimated that the NPV ranges from $15,786 to $1,905,757 in 2001 dollars, of
which $3,517 to $424,587 was nonuse. Assuming Plant closure in 2053, ASA |
estimated that the NPV ranges from $22,800 to $4,195,663 in 2001 dollars, of which
$5,080 to $934,760 was nonuse. e
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3. BENEFITS VALUATION STUDY

The BVS requires that a facility use a comprehensive methodology to fully value
the impacts of I&E at its site and the benefits of complying with the applicable
performance standards. In addition, the Phase Il Rule requires that the benefit study
include (EPA 2004): |

. Deécription of the valuation methodologies for commercial, recreational, and
ecological benefits (including any nonuse benefits, if applicable).

= Documentation of the basis for any assumptions and quantitative estimates.

» An analysis of the effects of significant sources of uncertainty on the results
of the study.

+ If requested by the Director, a peer review of the ltems submitted in the
* BVS.

-+ Narrative description of any non-monetized benefits if the facility were to
meet the applicable performance standards and a qualitative assessment of
their magnitude and significance.

Each section below presents the details of the analysis.

3.1 Description of Valuation Methodologies

in this subsection, we present our valuation methodologies for estimating the
benefits of 1&E reduction at DCPP for commercial, recreational, and ecological benefits.
We specifically followed the methodology of EPA's final Phase Il Rule national 316(b)
benefits analysis, except for the approach EPA used in estimating commercial impasts.
For commercial impacts, we employed a methodology more conservative than EPA’s. ™
The following sections provide an overview of the valuation methodologies and their
apphcatlon at DCPP.

3.1.1 Overwew of EPA’s Phase Il Rule Benefit-Estimate Methodology

| ' Flgure 5 depicts 'the approach used to evaluate the biological effects and
écbnomtc benefits of reducing entrainment for commercial, recreational, and forage
species. The sections following _Fi_cj‘dre 5 describe each step. The approach used to
assess the biological effects and eco'nomic benefits of reducing impingement for
commercial, recreational, and forage species is very similar; therefore, we did not

'5This methodology is described below and results in higher estimates than EPA’'s method for estimating
commercial impacts.
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describe each step again with respect to impingement. The only difference between
the entrainment analysis and the impingement analysis is that juvenile, Age 1, and Age

2 fish are impinged, whereas eggs and larvae are entrained.

Figure 5
Steps in EPA’s Valuation Process for Determining the Economic Value of
Reductions in Entrainment

Step 2 Step 4

(Biological} (Economic)
Age-1 . Value

Equivalent Categorization

Transformation

NORUSE eesm—-

Forgone >
Production

Step 1: Categorize Entrained Fish

Ster.; 1 categorizes entrained fish by life stage and species. Appropriate age
categorization is an important factor in estimating biological effécts and economic
benefits appropriately. This is true because younger fish equate to fewér Age—1
equivalents than older fish and vice versa.

Step 2: Transform Entrained Fish into Age-1 Equivalents
In Step 2, we use cumulative survival rates from each age category (eggs and

larvae) to Age 1 fish to determine the expected number of Age-1 equivalents
associated with entrainment. We follow EPA’s calculations for determining the
cumulaﬁve survival rates as outlined in Chapter A5: I&E Methods (Part A: Evaluation
Methods of the regional studies). | o
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Step 3: Determine Number of Fish Caught
After converting enfrained fish into Age-1 equivalents, we employ- natural and

fishing mortality parameters to determine the number of each harvested species that
will be caught over the lifespan of the fish. Species that are not harvested
recreationally or commercially are categorized as forage fish. .

Step 4: Determine Value Categorization

in Step 4, we determine how many of the harvested fish will be caught
recreationally and how many will be caught commercially. This determination is based
on the recfeaﬁonél/commercia] breakdowns employed in EPA’s California and Northern
California regional studies. '

Step 5: Determine the Value of Fish that Would Be Produced through I&E
Reductions ' '

" After completing Steps 1 through 4, we value the additional fish production that
would be achieved through I1&E reductions. TER values fish that are caught
'recreationaily by transferring parameters from appropriate random utit_ify models
(RUMs) emp!byéd in EPA’s analysis. A RUM uses anglers’ site choices td evaluate the
importance of factors that influence an angler to visit a site. When éorrectly applied,
random utility ané[ysis is the best method for valuing 1&E reduction impacts on
recreational fishing.™® In our analysis, the transferred RUM parameters measure the
marginal value of catching an additional fish.

_ In the Phase Il Rule, EPA estimated commercial benefits as 0 to 40 percent of
gross revenue (increased landings from 1&E reductions mu!tlplled by the dockside
price). However ‘we do not follow EPA’s commercial valuatlon procedure in this BVS.
We determine commercial impacts by using the percent increase in commerma!
landings and the percent change in dockside value based on the assumption that the
price elasticity of demand is —1." For example, if the percent increase in com_rhercial
landings from reducing I&E is 10 percent and the price elasticity‘ of demand is -1, then

®RUMs are recognized in the DOI regulations (43 CFR §11.83) as an appropriate method for quantifying
recreation service losses in natural resource damage claims. Currently, the RUM is the most widely
used modsl for quantlfylng and valuing natural resource services. RUMs are also widely accepted In
other areas of the economics profession. RUMs have been used in transportation (Beggs, Cardell, and
Hausman 1981; Hensher 1881), housing (McFadden 1997), and electricnty demand estimahon {Cameron
1985), as well as more recently in environmental and resource economics. '

"The price elasticity of demand measures the percent change in price for a 1-percent change in quantity.
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the percent decrease in the dockside value is 10 percent. To estimate commercial
impacts, the new dockside value ($/Ib.) is multiplied by the increase in commercial
landings (Ibs.). TER's method for evaluating commercial impacts is economically
sound and results in higher estimates than EPA’s method. Thus, our commercial
impacts are conservative compared to EPA's. For example, applying EPA
methodology results in commercial impacts of $0 to $3,426 for entrainment and $0 to
$17 for impingement, whereas TER estimation methods result in commercial impacts of
$7,930 for entrainment and $52 for impingement at DCPP,

Forage species ere valued in terms of forgone production of reereatior_ral and
commercial species. Following EPA’'s methodology in the Phase Il Rule as outlined in
Chapter A5: I1&E Methods (Part A: Evaluation Methods of the regional studies), we
applied a net trophic transfer efficiency rate of 2.5 percent to lost biomass of all forage
species. This epproach uses two distinct estimates of trophic transfer efficiency rates
within two kinds of fdod web pathways: (1) the portion of forage production with a high
trophic transfer efficiency because it is direetly consumed by harvested species and (2)
the portion of forage production with a low trophic transfer efficiency rate that is not
consumed di‘rectiy by harvested species but reaches harvested species ihdirectly
through other parts of the food web. ' |

This approach monetizes all direct and indirect fishery ‘losses.™ Uncaught
recreational and commercial fish do not have a traditional use value and are therefore
categorized as having potential nonuse value. However, the number of fish not valued
is small.”® For example, in the NODA (p. 13,567), EPA stated that “Unharvested
recreational and commercrel fish represent 0.77 percent of the total age one equivalent
impingement and e_ntraihi‘nent losses.” For this reason, nonuse impacts are minimal at
DCPP.

®pirect losses reflect 1&E of hanrested species; indirect losses reflect 1&E of forage spemes that support
these recreationally and commercrally desirable fish.

®The number of uncaught fish varies by species and depends upon pressure and expected lifespan.
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3.1.2 Applying EPA Benefit-Estimate Methodology to DCPP Using Site-
Specific Information

- In this section we calculate the biclogical effects and economic benefits of I&E
reductions at DCPP, employing the methodologies described above and site-specific
information from several sources. The analysis incorporates information from:

(1) EPA’s 2003 Northern California benefits study (recreational and commercial
species classification and life history parameters as indicated in Appendix C
of this report) '

(2). EPA’s 2004 California benefits study (RUM parameters, recreational and
commercial species classification, and life history parameters as indicated in
Appendix C of this report) .

- (3) Tenera's I&E study for the DCPP (Tenera Environmental 2000).

Table A.1 in the appendix provides the list of species that are potentially impinged,
annual impingement estimates, and the potential biological and economic effects of this
annual impingement for DCPP. Table A.2 reports the same information for entrained
organisms. Table A.3 combines both types of information and reports 1&E estimates for
DCPP. '

Step 1: Categorize Impinged and Entrained Organisms

Step 1 categorizes impinged and entrained organisms by life stage and species.
We obtained annual 1&E estimates from documents that DCPP submitted to EPA
(Diablo_Input.xls in EPA NODA Docket #0W-2002-0049). We first grouped some of
the species together to simplify the analysis. For examp!e, we grouped all the rockfish
species together. -

To determine the percentage of Age 1 and Age 2 fish' impinged we applied
perceniages by species from appropriate EPA case studies. In our analysis, we do not
categorize any impinged fish as Age 0/juvenile because there were no juveniles or Age
- 0 fish impinged in the relevant EPA case studies. For ekam'ple, we 'assumed that 68

percent of pipefish impinged at DCPP were Age 1 and the remaining 32 percent were
- Age 2 based on the impingement of northern pipefish at the Seabrook and Pilgrim
facilities. '

D
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To determine the percentage of eggs and larvae entrained, we relied primarily
on the DCPP 316(b) Demonstration Report (Tenera Environmental 2000), a
memorandum from Chris Ehrler at Tenera Environmental, and consultations with John
Steinbeck at Tenera Environmental. For many entrained species, we realized that only
larvae can be entrained. For example, rockfish are live bearers and gobies have
adhesive eggs. For all the other species (California halibut, Northern anchovy, Pacific
sardine, sanddabs, and white croaker), if no information was available, we assumed
that the ratic of eggs to larvae was 50:50, which increased the entrainment estimates
for these five species by 100 percent.?

In order to estimate egg entrainment, we conservatively assumed a 1:1 eggs-to-
larvae entrainment ratio. An example, for northern anchovy, showed less risk. We
used instantaneous mortality (M) rates of 0.191 d” for eggs and 0.114 d for larvae.
Using an entrainme_ﬁt_duration for eggs of 3.5 days and for larvae of 70 days, combined
with natural mortality and éxponentiai survival, we calculated that at the end of 3.5 days
1,000,000 eggs would becéme 512,000 larvae. Then using theée two humbers as Ny,
we calculate that the ratio of integrals of egg and larval distributions is the expected
power plant entrainment fraction for eggs. The integral is computed as: | |

anlt
N= ]Noe_M'dt o™

; Mo (1)

Integratio'n resulted in 2.55 million eggs and 4.49 million larvae, ie.,, a 0.558:1
estimated entrainment ratio, thus showing a higher risk to larvae attributable to the

prolonged susceptibility.

Step 2: Transform Impinged and Entrained Organisms into Age-1 Equivalents

To convert impinged and entrained organisms into Age-1 equivalents, we relied
primarily on the life history parameters reported in EPA’s Nofthem California and
California regional studies. Appendix C lists all the life “history parameters we
incorporated and their sources. As can be seen there, all of the life history parameters

- 2 John Steinbeck at Tenera Environmenta! consulted with TER on this assumption.
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used were developed by EPA for use in its own benefits studies. For some 'species, we
did not have a perfect match and we transferred the life history parameter from the
most similar species based on consultations with John Steinbeck at Tenera

Environmental. The fishes in this category consist of nearshore forage species.

To convert an Age-2 fish to Age-1 equivalents, we multiplied the number of Age
2 fish by the inverse of the survival rate from Age 1 to Age 2. We applied the
cumulative survival rate from eggs fo Agé 1to convert eggs to Age-1 equivalents and
the cumulative sdrviva! rate from farvae 1o Age 1 to convert larvae to Age-1 equivalents.
The following definitions are important in understanding these calculations.

-Natural mortality (M): . - The instantaneous rate of natural (not fishing or I&E}
. _death. Natural mortality (M) changes over an
organism’s lifetime and generally decreases with age.
It is represented by species/life stage specific
parameters or equations.

- Total mortality (2): - Mortality attributed to both fishing and natural causes.
j L , (Froese and Pauly 2004). Itis the combined rate or
sum of natural mortality and mortality attributable to
commercial and recreational fishing pressure. Total
mortality (Z) is defined as: Z=M + F, where Mis the
natural mortality rate and F is the rate of recreational
and commercial fishing mortality.

Survival Rate (S): - - The fraction of an age class that will survive to enter
_ : the next age class stage Survival rate (S} is defined
as: S = expohent @, where Z is the total mortahty
-rate (Ricker 1975).

Cumulative Survival Rate (CS): Cumulative Survival rate from age entrained to Age-1
: Equivalent as detalled in the Phase Il Rule (EPA
2004)

Step 3: Determine Number of Fish Caught

After converting impinged and entrained organisms into Age-1 equivalents, we
employ the natural and fishing- mortality parameters detailed in Appendix C to
deterimine the number of each species that will be caught. Once again, EPA developed
all of these parameters for use in its own benefits studies, including the Northern
California Study and the California Regional Study. The remaining fish that are not
categorized as either recreationally or commercially important species are categorized
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as forage species. For the California Regional Study, EPA estimated that harvested
recreational and commercial species accounted for 4.8 percent of all Age-1
equivalents.

Step 4: Determine Value Categorization”

In Step 4, we determine which of the caught fish will be caught recreationally
and which will be caught commercially. To determine the recreational/commercial
breakdown between species that are caught both recreationally and commercially at
DCPP, we employ data from the 316(b) Demonstration Study, EPA's California and
Northern California regional studies, and the California Department of Fish and Game
website. For example, we estimated that 62 percent of all cabezon caught is
commercial and the remaining 38 perce.nt is recreational based on landings data
reported by-the California Department of Fish and Game.

Step 5: Determine the Value of Fish Produced as a Result of I&E Reductions

. After completing Steps 1 through 4, we value the increased fish production that
would result from I&E reductions. TER values fish that were caught recreationally ‘at
DCPP by transferring parameters from EPA’'s California Regional RUM Study, We
_determine comm,érciai impacts by incorporating 20-year National Marine Fisheries
Statistics (NMFS) tandings data and most recent dockside prices with the method
outlined 'in the previous section. We value forage species using EPA’s production
forgone method detailed in Chap_ter A5: 1&E Methods (Part A: Evaluation Methods of -
the regional studies). Forage species account for 93.8 percent of total current I&E
expressed as _Age-1 equivalents at DCPP, l |

3.1.3 . Detailed Description of Valuation Process Using Brown Rock Crab
This section provides a detailed description of the valuation proceés using
brown rock crab as an example. The discuésion_provides information on the equations,
parameters, and assumptions employed to estimate the recreation.al and commercial
benefits from reducing brown rock crab entrainment. Brown rock crab was chosen for
- this example because the value of the losses due to DCPP entrainment was larger than

any of the other organisms included in the assessment.
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Step 1: Cateqgorize Entrained Brown Rock Crabs

Brown rock crab is a type of cancer crab. According fo the 316(b)
Demonstration Study (p. 5-21), cancer crabs carry eggs in a mass ‘under their
abdominal flap. Therefore, no eggs are entrained. Brown rock crabs have six larval
stages—zoea 1 through zoea 5 and megalops. In our analysis, the entrained brown
rock crabs (average of 1997 and 1998 data) are classified as zoea 1 through zoea 5
and megalops. In addition, we incorporated information from the 316(b) Demonstration
Study to determine the percent allocation by life stage for entrained brown rock crabs

(Table 2).
Table 2 :
Percent Allocation by Life Stage for Entrained Brown Rock Crabs

Life Stage Number Entrained {in millions) Percent
Zoea 1 17,950.00 ' 67.70%
Zoea 2 4,175.00 ‘ 16.75%
Zoea 3 3,570.00 13.46%
Zoea 4 723.00 - 2.73%
Zoea b - b7.24 ‘ 0.22%
Megalops 4050 | 0.15%
Total 26,515.74 ©100.00%

Step 2: Transform Entrained Brown Rock Crabs into Age-1 Equivalents

To transform the entrained brown rock crabs into Age-1 equivalents, we
estimate the cumulative survival rate from each of the six larval stages to Age 1 u'sing
the life hfstory parameters in Table C.3 in Appendix C, the percent allocation by life
stage for entrained brown rock crabs in Table 2, and Equations 2 to 4 presented below.
This step results in 5.1 million Age-1 equivalents.”

Z=M+F | (2)

#ITER confirmed this estimate of Age-1 equivalents with John Steinbeck at Tenera Envifonmental, John
‘Steinbeck also estimated 5.1 milllon Age-1 equivalents from the entrained brown rock crabs using the
Adult Equivalent Loss {(AEL) method.
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where:
Z = the fotal instantaneous mortality rate
M = natural (nonfishing) instantaneous mortality rate
F = fishing instantaneous mortality rate
S =et? | | | 3)
where:

S = the survival rate as a fraction

jmax

¢ ‘ Sj,1=Sj I-IS1 e
=i S (4)
where:
Sji = cumulative survival from stage j until Age 1
S; = survival fraction from stage j to stage j + 1
S, = 28,79 = adjusted S
jmax = the stage immediately prior to Age 1

Step 3: Determine Number of Brown Rock Crabs Caudht

In this step, we convert the 5.1 million Age-1 equivalents intq the number of
caught crabs employing the natural and fishing mortality parameters in Table C.3 in
Appendix C. We determined that brown rock.crabs are first caught When they are Age
3 or Age 4. We estimate the cumulative survival rate from Age 1 to Ages 3 and 4 and
estimate that approximately 6,343 brown rock crabs would be caught recreatiopéliy and
commercially. -

Step 4: Determine Value Categorization

According to the California Department of Fish and Game website, 'brown rock
crab is caught commercially and recfeational_ly. Based on the available comme_rciial_'
landings data and the recreational crabbing information, we assumed that 75 percent of
the caught brown rock crabs would be caught' commerc‘ia'tly and the femainin‘g 25
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percent would be caught recreationally. This step results in an estimate of 1,586 brown

rock crabs caught recreationally and 4,758 brown rock crabs caught commerciaily.

Step 5: Determine the Value of Brown Rock Crabs Produced as a Result of
Entrainment Reductions

TER values fish that were caught recreationally at DCPP by transferring
parameters from EPA’s California Regional RUM Study. For brown rock crabs, we
estimate a recreational value of $0.49 per crab. Thus, the recreational value of lost
brown rock crabs is approximately $771. The recreational benefits of 316(b)
compliance from entrainment reduction rangé from about $463 (60 percent of total
value) to $694 (90 percent of total value). In our analysis, we estimate benefits from
entrainment reduction using the 60 to 90 percent compliance range.*

We determine commercial impacts by using the percent increase in commercial
landings and the percent change in dockside value based on the assumption that the
- price elasticity of demand is —1. For brown rock crabs, we looked at the 1981 to 2002
NMFS commercial landings data for crabs.®® The commercial landings data are
reported in pounds. To esﬁmate the percent change in quantity due to entrainment
reduction, we determine the lost commerbia! pounds, John Steinbeck (Tenera
Environmental) stated that the average weight of an adult male brown rock crab is 0.45
kg and the average weight of an.adult female brown rock crab is 0.34 kg. To convert to

| p'o.unds the 4,758 brown roék crabs that would be caught commercially, we multiplied
by the average weight of an adult male and female brown rock crab (0.395 kg or 0.871
Ibs.). We estimate lost commercial yield from entrainment for brown rock crabs at
4,1'43 pounds. We estimate that the average commercial Ia'ndings from 1981 to 2002
for California are 161,623 pounds. The average per-pound value for 2002 was $0.94.
The expected increase in landings is 2.56 [:)ercent.""4 Given that the assumed price
elasticity of demand is —1, the expected decrease in price from the increase in quantity
is 2.56 percent. The per-pound -price for brown rock crab adjusts to $0.91. .We
estimate the total’commercial impact$ for brown rock crab at $3,784. Thus, the

22Simi]arly, in our analysis, we estimate benefits from impingement reduction using the 80- to 95-percent
compliance range.

Bsource: hittp:/iwww.st.nmfs.govist1/commercial/landings/annual_landings.htm
#(4,143/161,623) * 100 = 2.56 percent.
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commmercial benefits of 316(b) compliance from entrainment reduction range from about
$2,271 (60 percent of total value) to $3,406 (90 percent of total value).

3.2 Analysis of the Effects of Uncertainty

There are numerous sources of uncertainty that may lead to imprecision or bias
in benefit estimates in this analysis as well as EPA’s analysis. Using Finkel (1990},
EPA classifies uncertainty into two general types (EPA 2002):

¢ The first is structural uncertainty, which reflects limited understanding of the
appropriate model and relationships among model parameters. Structural
uncertainty is an unresolved issue that is inherent in this assessment and all
such evaluations that require simplifying complex natural processes.

» The second is parameter uncertainty, which reflects imprecision in the

specific numeric values of model parameters.

EPA believes that structural uncertainties will generally lead to inaccuracies,
rather than imprecision, in economic and biological impact estimates (EPA 2004). EPA
does not offer support for this contention. However, in practice, our ability to evaluate
such uncertainties is limited. Accordingly, the uncertainty analysis conducted for this
effort focuses primarily on parameter uncertainty.

We use a Monte Carlo analysis to quantify the effects of uncer'tainty on benefits,
as recommended by EPA. “The Monte Carlo analysis combines and calibrates the
inputs from the known and unknown factors to accﬁunt for the uncertainty of unknown
factors in developing the range of 316(b) compliance benefits. The Monte Carlo
analysis uses estimated ranges from each unknown fa'ctor, randomiy selects 'a_value
from the range of each factor, and then combines the estimates within the framework of
EPA benefit estimatioh methodologies and 316(b) compliance requirements. The
resulting combination of the varidus inputs creates a range of compliance benefits.

The Monte Carlo aha[ysis rebeats this process of drawing from the various
factor distributions 10,000 times, each time drawing randomly from the d'e'signated
ranges of values for calculating biological impacts and economic benefits in a 316(b) -
framework. Each repetition produces a different estimate of compliance benefits. The
resulting:distribution of outcomes from the 10,000 draws p'roduces the range of
potential 316(b) compliance benefits. | o
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Figure 6 provides an illustrative example. The example presents the process of
determining the range of economic benefits associated with redicing I&E. Economic
benefits are one component of the larger Monte Carlo analysis depicted in Figure 6.
The figure shows that several different components determine the economic benefits

" associated with reductions in 1&E: the current level of I&E; the biological effects
associated with the current level of I&E (i.e., how many fish are lost because of the
current 1&E), the effect of reduced fish populations on catch rate, and the economic
values associated with changes in catch rates. The illustration associated with each
component shows that there is a range associated with each cbmponent and the
ranges may have different properties. For example, the range on the 'Ievels of I&E may

bea typical bell curve, whereas the range associated with catch rates may be more like
a series of steps. i ' |

Figure 6 .
Example of Monte Carlo Analysis
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As Figure 6 shows, the Monte Carlo analysis draws from each element
influencing economic benefits to determine the range of economic benefits. For
example, in one draw, the analysis may draw a low estimate from the range of current
levels of I&E, but then draw a high estimate from the biological effect and catch rate
and a mid-level estimate from economic benefits. Putting all four of these estimates
together produces one estimate of economic benefits. The analysis then draws again.
This time it may draw a mid-level estimate from each element. The process is repeated
10,000 times to produce the range of economic benefits.

Appendix B presents a detailed discussion of our Monte Carlo analysis and the
specific uncertéinty parameters we employ. In our uncertainty analysis, we attempted
to account for parameter ljncertainty as recommended by EPA. We incorporaté
uncertainty parameters to account for:

¢ Biological/life History—natural mortality rates

¢ Stock characteristics—fishing mortality rates

¢ Ecological system—fish community composition and abundance
» Economic value of lost fish—recreational and commercial values

o Compliance levels—performance standard ranges.

Table 3 presents the results of our Monte Carlo analysis. The lower bound and
upper bound values represent the 95-percent confidence interval. We provide
uncertainty estimates for RIS I&E losses, all I&E losses (including the additional 30
percent of forage fish larvae not specifically evaluated during the 316(b) Demonstration
Study), and the benefits of 316(b) compliance (80- to 95-percent impingement
reduction and 60- to 90-percent entrainment reduction).?® In addition, Table 3 lists the
present value estimates in 2002 dollars for the benefits of 316(b) compliance until plant
termination in 2023 and for an extension to the existing permit up to 2053.%¢

%70 estimate all I8E losses, we “gross up” the RIS losses by multiplying by (100/70).

Bwe apply a 3-percent discount rate for recreational and forage values and a 7-percent discount rate for
commercial values. :
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Table 3 _
Results of Uncertainty Analysis for Diablo Canyon Using Monte Carlo Simulation

Standard Lower Upper

Estimate ' Mean Deviation Bound  Bound
Baseline I&E (RIS species) _ $26,412 $4,732 $18,635  $34,206
Baseline I&E (all species) $37,731 $6,760 $26,621  $48,866
Benefits of Compliance (RIS species) $19,863 $4,207  $13,280  $27,220
Benefits of Compliance (all species) ‘ $28,376 $6,010 $18,971 $38,886

Benefits of Compliance in 2023 (RIS species) $250,772 $53,1 14 $167,661 $343,655

Benefits of Compliance in 2023 (all species) $358,246 $75,877 $239,516 $490.936

Benefits of Compliance in 2053 (RIS species)  $420,806  $89,127  $281,342 $576,667

Benefits of Compliance in 2053 (all species) $601,151 $127,324  $401,917 $823,809

3.3 Results

~ in our analysis, TER accounts for 100 percent of the impinged organisms. As
Table A.1 shows, impingement impacts at DCPP are minimal. The annual economic
value of ali species lost to impingemént is $537 in 2002 dollars. The anrnuél économic
benefits of 316(b) compliance from impingement reduction range from about $430 (80
percent of total impingement impacts) to $510 (95 percent of fotal imping'ement
impacts).. Recreational impacts account for 90 percent of total impingement impacts.
The main species for impingement are rockfish, surfperch, sanddabs, and sole.”

Table A.2 presents entrainment impacts at DCPP for the RIS species. The
annual economic value of RIS species lost to entrainment is $25,595 in 2002 dollars.
The RIS species account for only 70 percent of all entrainment. To estimate the
economic value of-all species lost {o entrainment, we multiply thé economic impacts for
the RIS species by (100/70).- Thus, the economic value of all species lost to
entrainment is $36,564. The annual economic benefits of 316(b) compliance from
entrainment reduction range from about $21,939 (60 percent of total entrainment
impacts) to $32,908 (90 percent of total entrainment impacts). Recreational impacts
account for 55 percent of total entrainment impacts, while commercial impacts account

Y

*"These species account for 96 percent of all total economic impacts from impingement. -
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for 31 percent. The main species for entrainment are California halibut, brown rock
crab, kelpfishes, and sanddabs.

Table A.3 presents I1&E impacts at DCPP. The annual economic value of all
impinged organisms and the RIS species lost to entrainment is $26,132 in 2002 dollars.
To estimate the economic value of all species lost to I&E, we multiply the economic
impacts by (100/70). This is a good approximation as impingement accounts for oniy 2
percent of the total impacts. Thus, the economic value of all species lost to 1&E is
approximately $37,331. The annual economic benefits of 316(b) compliance from I1&E
reduction range from about $22,369 (minimum compliance, i.e., 80 percent of total
impingement impacts and 60 percent of total entrainment impacts) to $33,418
{maximum compliance, i.e., 95 percent of total impingement impacts and 90 percent of
total entrainment impacts). Recreational impacts account for 55 percent of total 1&E
impacts while commercial impacts account for 31 percent. The main species for I&E
are California halibut, brown rock crab, kelpfishes, and sanddabs. |

Tables A.1, A.2, and A.3 présent point estimates. In our Monte Carlo analysis,
we attached uncertainty estimates to various parameters and assumptions. The annual:
economic value of all 18E impacts ranges from $26,621 to $48,866 in 2002 dollars.
The annual benefits of 316(b) compliance rahge from $18,971 to $38,8_86,

Table 4 compares the results of our analysis with ASA’s study. We present the
undiscounted annual benefits of compliance (because the two studies do not use the
same discount rates), the impacts each study measured, the reduction criteria each
study applied, and any assumptions necessary to make the comparison. As Table 4
shows, TER's estimates fall within the range of ASA’s estimates.
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Table 4
Comparison of Compliance Benefits across Studies

Economic Benefits P Assumptions/
Stud M redl = e
y easu mpacts Lower Bound _ Upper Bound Reduction Crlterior} Limitations
Recreational, 80% to 95% for | Assumes EPA life
TER Commercial, and - $18,971 $38,886 Impingement, 60% to  history parameters
Forage I&E Impacts 90% for entrainment.  are correct.

80% for entrainment of

: Eggfna;‘rz?j"an d | 14 RIS fish species  Divided by 0.7 to
ASA Iri direct Use, $1,949 $134,266 {excludes brown rock  estimate benefits
Entrainment Impacts® g;:gz)and siender for alt entrainment.

We excludé nonuse impacts from ASA’s estimates to make them more comparable fo our estﬁﬁates.

In EPA’s éstimatidn, the Northern California region provided annual economic
benefits of $683,479 in 2002 dollars (assuming a 3-percent discount rate)? For
California, EPA estimated annual economic benefits from the Phase 1l Rule in 2002
‘doilars at $2.97 million (éssuming a 3-percent discount rate).zg Because of information
constraints, it is difficult to separate out the DCPP’s contributions to EPA’s Northern
California and .Caiifornia Regiohal Studies. Nevertheless, it can be seen from Table 5
that our estimates for the DCPP alone are generally within the range of EPA’s benefit
estimates over these wider regional éreas. - '

: Table 5
- Comparison of Compliance Benefits across TER and EPA Studies®
e Number of o . ' ’
Study - Faciliies - Ecqh_omlq Benefits (2002 $)
- TER - 1 520,424
Northern California 8 S - $683,479
California - - 20 - 1$2,970,864

® We Incorporate only uﬁper—bound commerclal benefit estimates for the EPA studies. For the TER
study, we present the undiscounted point estimates with no uncertainty attached to the values,

£

28 This estimate includes recreational benefits of $663,965 and commercial benefits of $19,514.

? This estimate includes recreational benefits of $2.45 million and upper bound commercial benefits of -
$0.52 million. '
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4. NONUSE VALUES

As part of the BVS, the 316(b) rule also requires that the benefits assessment
consider the nonuse benefits associated with reductions in I&E (EPA 2004 p. 41,647).
People hold nonuse values for a resource that are independent of their use of the
resource. That is, some people may gain benefit simply from knowing the resource
exists—either because they want it to be available for people to use in the future or
because they believe the resource has some inherent i'ight to exist. As the rule points
out, the economic literature commonly refers to these two components of nonuse

~values as “bequest” (or “altruistic”) values and “existence” values, respectively (EPA
2004 p. AG-3)%® |

Currently, the only method available for estimating nonuse values is survey-
based elicitation. However, the reliability of this approach for estimating these impacts
is questionable. For example, the contingent valuétion literature hés long noted and
thoroughly documented the difference'between people’s stated intentions and actual
behaviors. This difference between intentions and behavior is called hyp'othet}ica! bias.
Researchers in the natural résourcé arena recognized hypothetical bias more than 20
years ago, defining it as the “potential error due to not confronting an individu_al with a
real situation” {Rowe, d’Arge, and Brookshire 1980). |

Such difficuilties have limited the possibilities for directly eliciting nonuse values
in this context with an original survey. In fact, because of conceptual and empirical
challenges, the Agency decided in the final rule that “...none of the available methods
for estimating either use or_"n"olnuse values of ecological resources is perfectly accurate;
all have shortcomings” (EPA 2004 p. 41624). More importantly, EPA decided that
“none of the methods it considered for assessing nonuse benefits provided results that
were appropriate to include in this final rule, and has thus decided to rely on a
qualitative discussion 6f_n0nus_e. benefits” (EPA 2004 p. 41624). .

As a result of this conclusion, EPA provides guidance in the rule as to how each
facility should address the nonuse values associated with reductions in I&E. This

*The only distinction between bequest and aitrulstic values is whether one values uses of the resource by
one’s progeny or other people. Thus, both concepts are often combined under either one of the two
terms. . ‘ '
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section begins by presenting the methods EPA evaluated in its assessment of nonuse
values and discussing their relevance for this assessment. The section then presents
EPA’s guidelines in the Final Phase II' Rule for addressing nonuse values and
describes how we have used those guidelines to assess the nonuse values associated
with reductions in I&E at DCPP. | - |

4.1 EPA Approach: Proposed Rule
In the proposed rule, EPA presented three potential ap_p'roaches for quantifying
nonuse values. These include the Habitat Replacement Cost (HRC) method, the
Socletal Revealed Preference (SRP) approach, and the Fisher-Raucher approximation.
After public comment and further review EPA repudiated these methbds. The following
~ sub-sections describe each approach. ' R

4.1.1 Habitat Replacement Cost Method

In the Proposed Rule, EPA presented two cost-based methods for
approximating benefits. For the HRC method, the costs estimated by EPA are the total
costs of restoring habitats so that they produce ecological services equivalent to those
expected from technological alternatives.®” Numerous reviewers commented that these
costs are not beneﬁts..‘ Rather, they aré alternative costs 'forAachieving the objectives of
the proposed regulation. Mitigation approaches such as stocking and habitat
restoration may be acceptable alternatives to technology installation. However, the
cost of such alternatives bears no implicit relationship to the benefits of reducing 1&E.
Therefore, it is important not to confuse this method of mitigation scaling with
rheaSuring the benefits of the fnitigation. '

Appropriate economic measures of benefits require that they be based on the
willingness-to-pay principle, and HRC Is not based on this principle. In many cases, the
cost ofr develobing-a resource can substantially exceed the resource’s value. Although
EPA extensively evaluated HRC d,uring its development of the Phase Hl rule, EPA
ultimately decided that the HRC method should not be used as a means of estimating |

*'Although the Phase il Rufe for existing facilities allows the use of restoration measures to achleve
compiiance with either national or site-specific standards, a similar provision was found to be invalid in
the Phase | regutations for new facilities by the U.S. Court of Appeals, Second Circuit, Environmental
groups and six States contesting the Phase !l regulation are again challenging the validity of restoration
in the Phase 1l regulation, which is being heard by the same Circuit Court of Appeal. -

33

.-l-jiBl-. Con-tE any.




Diablo Canyon Report February 21, 2005

benefits due to “limitations and uncertainties regarding the application of this
methodology” (Fed. Reg., Volume 69, No. 131, p. 41,625). Accordingly, the HRC

approach is not employed in this assessment.

4.1.2 Societal Revealed Preference Method

The second cost-based methodology employed by EPA in the Proposed Rule is
called Societal Revealed Preference (SRP). Rather than using the cost of a
hypothetical alternative, SRP uses historical costs under prior government mandates to
measurg benefits. Like the HRC method, this cost-based approach has no foundation
in economic theory and is not abcepted by economists as a legitimate method of '
empirical valuation. In fact, the SRP method is a corrupted application of the legitimate
revealed preference method. An essential characteristic of revealed preference
analysis and not SRP is that willingness to pay is revealed by those who are doing the
paying. The SRP methodology takes the fact that a program exists as.evidence that its
benefits exceed its costs. EPA removed the disputed results of the SRP ana!yées from
its benefits estimates for the final rule. Accordingly, the SRP method is not employed in
this assessment.

4.1. 3 Fisher-Raucher Approximation
For the Proposed Rule analysis, EPA also presented the Flsher—Raucher or “50
- percent” rule. - This approach approximates nonuse values at 50 percent of recreataonal
use values. The approximation s derived from a com_p_é'rison of use and nbnuse values
for water quality improvements,®> The 50-percent rule is inappropriate in this context
because there is no reason to believe that the ratio of nonuse to use benefits from
water quality i_mprovements could be applied to the environmental improvement from
.reductions in 1&E. Moreover, because use values for fish often arise from their
consumption,[ there is no conceptual reason to believe that there is a positive
association between use and nonuse values in this context. EPA does not employ the
‘50-percent rule in its final analy3|s and thls approach is not: employed in this
" assessment. ' -

%2Fisher, A.-and R. Raucher. 1984. Intrinsic benefits of Improved water quality Conceplual and empirical
perspectives. Advances.in Applied Micro-Economics. 3: 37-66.

© 34

ABBL Company.




Diablo Canyon Report - _February 21, 2005

4.2 EPA Approach: Notice of Data Availability (NODA)

EPA used two approaches to evaluate nonuse values in the NODA. These
include a revised form of the HRC method and the Production Forgone method. After
public comment and further review EPA repudiated the revised HRC method. The
Production Forgone method is included in EPA’s final bensfits analysis but not
quantified in dollar terms because of time constraints. The following sub-sections
describe each approach. o |

4.2.1 Revised Habitat Replacement Cost

In the NODA, EPA presented a “revised HRC” methodology that evaluated
nonuse benefits based on estimated wilingness to pay values for the resource
improvements that would be achieved by equivalent restoration. It was based on a
transfer approach that combines an estimate of the amount of habitat reqoired to offset
1&E loss_es; by meahs of wild fish production with a benefits transfer estimate of
willingnes_s_ to pay for aquatic habitat preservation/restoration. |

- - This ap;:iroach is fundamentally flawed for a number of reasons (Bingham,
Desvousges, and Mohamed 2003). A theoretical shortcoming of this approach is that
fh’ere is no good reason to pfesume that willingness to'pay values for habitat restoration
are an appropriate proxy for either the total value or the nonuse value of the fishery
resources that would be preserved due to reduced 1&E. EPA does not employ this

' revised HRC approach in its final analysis and this approach IS not employed in this
assessment.-

4.2.2 Production Forgone

~.When calculating benefits for the NODA EPA valued forage fish based upon
their value as inputs to recreational and commercial stocks. The Production Forgone
methodotogy recognizes that the value of forage species is through indirect use rather
than nonuse. This Imethodology passes the.biological effects of increased biomass
availability through trophic levels untl it reaches commercially and recreationally
valuable species. At this point, catch changes and recreational and commercial values
are calculated. Althoughfcoromenters disagreed on certain aS‘Sumptions, the approach
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was generally accepted.®® Valuing forage losses in this manner accounted for nearly all
biomass but led to only marginally higher estimates of economic impacts to recreational
and commercial fishing®*  This analysis employs EPA’é production forgone
methodology as presented in the NODA. The resulting benefits éstimates account for

nearly all lost fish and shellfish biomass.*

4.3 EPA Approach: Final Rule

EPA ultimately determined that none of the available methods for estimating
nonuse values were appropriate for inclusion in the final rule. Thus, in the absence of
impacts to populations or threatened and endangered species, EPA decided to “rely on
a qualitative discussion of nonuse benefits.”

4.4  Qualitative Discussion of Nonuse Values for Diablo Canyon
As the previous sect:on shows, EPA exammed a vanety of methods to quantlfy
~ the nonuse values assocsated with reducing I&E. Based on this examlnat:on EPA,
“determined that none of the methods it considered for assessing nonuse benefits
provided results that were appropriate to include in this final rule, and has thus decided
to rely on a qualitative discussion of nonuse benefits” (EPA 2004 p. 41,624). EPA then
provided guidance in the final rule as to how each facility should assess the nonuse
benefits associated with reductions in 18E.

_ ~ This section provides the assessment of nonuse benefits for Diablo Canyon.
Section 4.4.1 begins by presenting the specific gdidance EPA provides in the rule.
Section 4.4.2 uses that guidance to present the results of the assessment of ‘honuse
benefits for Diablo Canyon. | '

4.4.1 EPA Guidance on Assessing Nonuse Beneﬁts‘ .

En the final Phase Il Rule, EPA provides the foEIowmg gu1dance on how to
assess the nonuse beneﬂts associated with reductlons in I&E (EPA 2004 p. 41,647—
41,648): '

BFor example, Bamnthouse (2002) Indicates that the transfer efficiency is not carrect,

*The recreational and commercial fishing mortaltty rates specified by EPA indicate that very few of these
fish are expected to die naturally. Valuing forage fish in terms of production forgone added less than 20
percent to total losses.

% According to EPA calculations, approximately 99 percent of Age-1 equivalents are forage fish. All of
these fish are valued in this analysis using the Production Forgone methodology.
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¢ Nonuse benefits may arise from reduced impacts to ecological resources
that the public considers important, such as threatened and endangered
species. Nonuse benefits can generally only be monetized through the use
of stated preference methods. When determining whether to monetize
nonuse benefits, permittees and permit writers should consider the
magnitude and character of the ecological impacts implied by the results of
the impingement and entrainment mortality study and any other relevant
information.

+ In cases where an impingement mortality and entrainment characterization
study identifies substantial harm to a threatened or endangered species; to
the sustainability of populations of important species of fish, shellfish, or

- wildlife; or to the maintenance of community structure and function in a
* facility's waterbody or watershed, nonuse benefits should be monetized.*

* In cases where an impingement mortality and entrainment characterization
- study does not identify substantial harm to a threatened or endangered
.species; to the sustainability of populations of important species of fish,

shelifish, or wildlife; or to the maintenance of community structure and
function in a facility's waterbody or watershed, monetization is not
necessary. ' '

The DCPP 316(b) Study demonstrated_thaf the Plant's CWIS does not have any
effect on any threatened or endangered species, that the Plant has only relatively minor
impacts' on commercially and recreationally important species, and that the most
significant impacts were to three species of nearshore forage species having no direct
commercial or recreational value. There also are no identified problems with the
maintenance of community structure in the vicinity of the DCPP. Based on these
results and the guidance presented above, there is no need to monetize nonuse values

in this study.’” We therefore provide a qualitative description' below.

. 44.2 A Qdalitative Description bf Nonuse Values for Diablo Canyon
The 'o'riginal concept‘ of nonuse values is credited to Krutilla (1967), who argued
that int_!ividua!s do not have to be actﬁ/e' consumers of unique, irreplaceable resourées in
order to detive value from the contimjing existence of such resources. He wrote that
“when the existence of a grand scenic wonder or a unique and fragile ecosystem is
~ involved, its preservation and continued availability are a significant part of the real income
of many individuals® (p. 779). |

®In cases where hamm cannot be clearly explained to the public, monetization is not feasible because

_stated preference methods are not reliable when the environmental improvement being valued cannot be
characterized in a meaningful way for survey respondents. [Noté that this footnote is in fact part of the
quoted EPA texi.]

*"The production forgone methodology is employed to account for indirect use rather than nonuse impacts.
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Krutilla’s argument has two crucial components. First, nonuse values are related
to unique resources. Second, nonuse values are related to the continuing existence of a
resource. Thus, it follows from Krutilla that cormnmon resources that suffer from limited

injury do not generate significant nonuse values?

This perspective has pervaded the economic literature in the years since Krutilla
introduced it. The extensive economic literature on nonuse values emphasizes the
relationship between the existence of nonuse values and the uniqueness of the
resource in question and the irreversibility of the loss or injury (Freeman 1993).
Freeman summarizes this relationship in the economic Iiteréture in the following
example:

_ ...economists have suggested that thefe are important nonuse values in

...preventing the global or local extinction of species and the destruction

of unique ecological communities. In contrast, resources such as

ordinary streams and lakes or a subpopulation of a widely dispersed

wildlife species are not likely to generate significant nonuse values

because of the availability of close substitutes (p. 162).

As Freeman’s example illustrates, common resources (i.e., resources that are
not unique) that do not experience irreversible losses are not likely to generate
significant nonuse yélues, if any at all. Such is the case with respect to the effects of

I&E at DCPP.

First, the DCPP 316(b) Study demonstrated that the Plant's CWKS does not
have any effect on any threatened or endangered species. This is import'ant because
of the relationship between the uniqueness of the resource, the irreversibility
ass'ociat_ed With Changes to the resource, and the extent of pot_entiai .nonuse values.
Because the're_ are no threatened an.d endangered specieé assdciated with 1&E at the
Plant, the species being impinged and entrained are not a unique resource and the
effect on the resource is not irreversible. Therefore, the nonuse'valués associated with
feducing I&E at the site are srriall, if anything at all. | |

Moreover, EPA’_s guidance on nonuse values ‘is that monetization is not
necessary “in cases where-an impingement- mortality and entrainment characterization
study does not identify substantial harm to a threatened or endangeréd species...”
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(EPA 2004 p. 41,648). Therefore, it is not necessary to attempt to quantify whether
there are any nonuse benefits associated with reducing the I&E at the Plant.

Second, the Plant has relatively minor impacts on commercially and
recreationaily important species, and the most significant impacts were to three
nearshore forage species having no direct commercial or rebreational value. To
account for these lost forage species, the analysis values them in terms of forgone
- production of recreational and commercial species. This methodology pas'ses the
biological effects of increased biomass availability through trophic levels until it reaches
traditionally valuable species. At. this point, catch changes and recreational and
commercial values are calculated. EPA performed these calculations in the benefits
assessment of the Phase Il NODA. = Although commenters disagreed on certain
assumpﬁohs, the approach was Qeneraliy a‘ccep;ted.38 By valuing forage species
through the production forgone methodology, this BVS has monetized all meaningful
[&E impacts at DCPP. ' o '

*For example, Barnthouse (2002) indicates that the transfer efficiency is not correct.
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Ranges Applied to Impingement and Entrainment Parameters
in the Monte Carlo Analysis

TER includes a Monte Carlo analysis in our 316(b) benefit analysis to account
for uncertainty existing in current data and/or estimation methods. A Monte Carlo
Analysis treats each parameter as a mean and creates a distribution around the mean
by using specified percent ranges.*® Our Monte Carlo simulates the benefit calculation
process 10,000 times using randomly chosen values from each parameter's
distribution. Output of the Monte Carlo is a range of benefit values around our
calculated mean that accounts for uncertainty. This appendix reports the ranges we
apply to each parameter in the Monte Carlo analysis.

B.1  Number of Organisms/Eggs and Larvae Impinged and Entrained

Because fish populations fiuctuate from year to year, we attach a range to our
estimated number of organisms impinged and number of eggs and iarvae entrained,.
Including this range around the actual number of organisms impinged and entrained
accounts for uncertainty in fish community composition and abundance (uncertainty in
the ecological system). '

Entrainment: We use DCPP entrainment data from Diablo_Input.xls in the NODA
Docket (#0W-2002-0049). The estimates we use are an average of 1997 and 1998
plant data. We calculate and apply the percent range of each entrained species
between 1997 and 1998 to total egg and larvae estimates. The ranges we apply vary
from a low of 4 percent for brown rock crabs to a high of 69 percent for sanddabs.
Ranges for alt DCPP entrained species are shown in Table B.1.

®Ranges are applied to both ends of a mean. A range of 4 percent translates fo an 8-percent range
arcund the mean.

a7
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Table B.1
Ranges for Entrainment Estimates
Entrained Species Range
Blackeye Goby 8%
Blue Rockfish 43%
Brown Rock Crab 4%
Cabezon 18%
California Halibut 31%
Clinid Kelpfish ' 26%
- KGB Rockfish 11%
Monkeyface Prickleback - 15%
Northern Anchovy - 47%
Pacific Sardine 45%
Painted Greenling : .. 43%
Sanddabs . 65%
Slender Crab 42%
Smaocthhead Sculpin 33%
Snubnose Scuipin 14%
White Croaker ' - . 18%
Average ' 29%

Impingement: We use DCPP impingement data from Diablo_Input.xls in the NODA
Docket (#OW-2002-0049). Impingement data are available for only one year, 1998.
" We calculate the average percent range for all entrained species between 1997 and
1998 (29 percent) and apply it to total numbers of impinged organisms. Because we

have only one year of impingement data, we are unable to calculate ranges by species. -

B.2 Recreational and Commercial Species Life Stage' Survival _Rates
The life history parameters we use to calculate Age-1 equivalents are

transferred from EPA case studies. In some cases, we transfer life history parameters

from a similar species or an aggregate species group to DCPP species. The ranges
we apply to life stage survival rates are based upon the quality of the match between
DCPP species and EPA case study species life histories. Table B.2 reports the criteria
we use to assign ranges to recreational and commercial spebies transfers. Table B.3
- presents the EPA species and sources we transfer to DCPP recreational and

48
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commercial species as well as the percent ranges applied to the transferred
parameters. These ranges account for uncertainty as suggested by EPA:

o Biologicalllife History—natural mortality rates
» Stock characteristics—fishing mortali‘ty rates.

Table B.2
- Uncertainty Applied to EPA Transfers

Criterion ' o Standard Deviation
Number Transfer Criterion Applied

1. Exact Species Transfer o _ o 0.0%

2. Different Speciss Transfer, Similar Life History Match 5.0%

3. Aggregate Group Transfer, One Exact Species Match = - . = 5.0%

4.  Aggregate Group Transfer, Similar Life History Match 7.5%

5. Different Species Transfer, Best Avaitable Match ' 10.0%

ry

A BB CHDATY.




Diablo Canyon Report February 21, 2005

Table B.3
Recreational and Commercial EPA Species Transfers
Standard
EPA Species Life History EPA Deviation Criterion
Species Transfer Basis Source® Applied Number®

Blue Rockfish |

Complex Rockfish  Blue Rockfish NCCS 5.0% 3

KGB Rockfish ‘

Complex Rockiish  Blue Rockfish NCCS 7.5% 4

' Brown Rock

Brown Rock Crab  Rock Crab Crab NCCS 0.0% 1
" Brown Rock '
,g Slender Crab Rock Crab Crab NCCS -5.0% 2
g California California
g California Halibut -Halibut Halibut =~ NCCS = 0.0% 1
2 Monkeyface Other Forage Multiple
'S prickleback Fish species CRS 5.0% 2
5 Northern -

Northern Anchovy  Anchovies Anchovy NCCS 0.0% 1

: Pacific

Pacific Sardine Herrings Herring NCCS 0.0% 1

_ ' Speckled

Sanddabs Flounders Sanddab NCCS 5.0% 3

Drumsf White

White Croaker Croakers Croaker NCCS 0.0% 1

Roekfish Rockfish  Blue Rockfish ~ NCCS 5.0% 3
4 Walleye
'g Surfperch Surfperches  -Surfperch NCCS 5.0% 2
o Drums/ White
g Queenfish Croakers Croaker NCCS 5.0% 2
g Multiple
g- Sole Flounders species CRS 5.0% 2
- Multiple :

Other (Sanddab) Flounders - species CRS 10.0%° 5

#NCCS = Northern California Case Study from EPA NODA Docket.

CRS = California Reglonal Study from EPA Regional Analysis Document for the Final Phase H Rule.
®The criterion number matches the criterion transfer and standard deviation from Table B.2.
10.0% was used for “Other (Sanddab)” because this category includes species other than Sanddab.”
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B.3 Commercial and Recreational Species Life Stage Breakdown
Entrainment: One-half of DCPP species entrained lay adhesive eggs (monkeyface
prickleback), are livebearers {rockfish), or carry eggs in abdominal flaps (crabs) and are
not entrained during the egg life stage. Therefore, entrainment of these 'species is 100
percent larvae; we apply no uncertainty to their life stage breakdown. We assume a
50-percent breakdown between eggs and larvae for remaining entrained species
(California halibut, Northern anchovy, Pacific sardine, sanddabs, and white croaker)
based‘on best available data. We apply a S-percent range io the egg/larvae
breakdown for these species to account for the uncertainty of the estimate.

Impingement: We estimate the breakdown of impinged organisms into percent Age-1
fish and percent Age-2 fish based on EPA case-study impingement data combined with
species-specific life history parameters. Since the breakdown is based upon
transferred data, we apply a 5-perbent Eange- to the assumed age of impinged

organisms.

B.4 Commercial and Recreational Species Values

Commercial Values: To calculate DCPP commercial species per-pound values, we
use NMFS commercial fishery data from Northern California. We calculate the species-
specific average commercial price per pound using catch data from 1981 to 2002 and
2002 price per pound. Taking the average value over a large timeframe includes the
natural variations that occur in commercial prices. Because of the quality of our

commercial value. data, we apply a 0 percent range to these values.

Récrea_tional Values: To calculate DCPP recreatioha[ species per—fiéh values, we use
estimated changes in DCPP calch 'ra_tesr and values from EPA's_ California Regional
RUM Study. We account for uncertainty in these non-fixed vaIL_;e_s» by applying a 2.5-
percent range to all per-fish recreational values. This step accounts for uncertainty in

the economic value of lost recreational fish.

: g _ . L | —
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B.5 Forage Species Calculations

Most life history parameters that we fransfer to DCPP forage fish are from the
“Other Forage Fish” of the California Regional Study. We calculate recreational and
commercial production forgone from entrainment and impingement of forage fish using
EPA’s recreational and commercial species parameters. Because of the uncertainty of
the numbers of forage fish imbinged and entrained, EPA’s “Other Forage Fish”
composition, and their recreational and commercial species parameters, we apply a 29-
percent range to the final entrainment and impingement forage values caiculated. The
range of entrainment estimates between 1997 and 1998 is 28 percent. We apply the
29-percent range to the values of the species listed in Table B.4, which presents the
EPA species and sources we transfer to DCPP forage species.

Table B.4 .
Forage EPA Species Transfers
. EPA
Species EPA Species Transfer Life History Basis  Source®
9 Blackeye Goby . | Gobles Blackeye Goby NCCS
0 Cabezon Cabezon Cabezon NCCS
7y Painted Greenling Other Forage Fish Multiple Species CRS
E Smoothhead Sculpin Other Forage Fish Multiple Species CRS
LS Snubnose Sculpin Other Forage Fish ~ Multiple Species ‘CRS
u Clinid Kelpfishes Other Forage Fish Multiple Species CRS
o Pipefish Chain Pipefish Chain Pipeﬁsh NARS
'§ Greenling Other Forage Fish 'Mu]tiple Species CRS
t% Sculpin Other Forage Fish Multiple Species CRS
g, KéEpfish Other Forage Fish Mulfiple Spgcies CRS
'g. Gunnell - Qther Forage Fish Multiple Species CRS
- Plainfin Midshipman Other Forage Fish CRS

NGCS = Northern California Case Study from EPA NODA Docket.

Multiple Species

CRS = California Regional Study from EPA Regional Analysis Document for the Final Phase Il Rule.

NARS = North Atlantic Regionai Study from the EPA NODA Docket.

ABDL Conpaiiy.
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B.6 Compliance Range

Under EPA’s Final Phase || Rule, DCPP must reduce its entrainment levels 80
percent o 90 percent and its irnpingement levels 80 percent to 95 percent from
calculation baseline. We include these compliance ranges in Monte Carlo analysis.
We report a compliance benefit range that estimates benefits ranging from minimum
compliance (60 percent entrainment and 80 percent impingement mortality reduction)
to maximum compliance (90 percent entrainment and 85 percent impingement mortality

reduction).
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Table C.1
Blackeye Goby
(Transferred from “Gobies” of Northern California Case Study,
Table 2-11: Based on Blackeye Goby)

Life Stage Survival by Natural  Fishing Total Adjusted Fraction Weight'

HIOSH9% sequence S IO Mot Raw(h Rae@ S toromen ()
Egg 1 © 10000 0.000 0.00° 0.00  1.0000 0 0.0000115
Larvae 2 0.0031 5766 -  0.00 577  0.0062 0 0.0000190
Juvenile 3 0.4185 0.871  0.00 0.87  0.5901 0 0.0001630
Age 1 4 0.3329 - 1.100 0.00 110 0.4995 0 0.0019400
Age 2 5 0.3329 1.100 0.000 110  0.4995 0 0.0041400
“Age 3 6 0.3329 1.100 0,000 110  0.4995 0 10.0076300
Age 4 7 0.3329 1.100 0.000 110 0.4995 0 0.0310000
Age 5 8 0

0.0810000

0.3329 1.100 0.000 140 0.4995
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Table C.2

Blue/KGB Rockfish Complex (entrainment)/Rockfish (impingement)

(Transferred from “Rockfish” of Northern California Case Study,
Table 2-17: Based on Blue Rockfish)

. Survival b Natural  Fishin Total : Fraction :
Life Stage ‘é';:f::gg Stago Fraction Mortality Mortality Mortality Adjusted - yuinerable W(fl')g)ht
= {S=exp(-Z)) . Rate (M) Rate(F). Rate (Z) to Fishery :
Larvae 1 0.0024 6040 0.0 604 00048 0 0.000181
Juvenile 2 0.0013 6650  0.00 665  0.0026 0 0.007600
Age 1 3 0.8065 0215 0.00 022 08929 0 0.044400
Age 2 4 0.8065 0215 0.00 022 0.8929 0 0.150000
Age 3 5 0.7703 0261 . 0.00 026 08702 0 0.308000
Age 4 6 07703 0131 043 026 08702 0.25 0,458000
Age5 7 " 0.7703 0431 043 026 0.8702 0.5 0.689000
Age 6 8 0.7703 0131 013 026 08702 0.75 0.878000
Age 7 9 0.7703 0131 043 026 08702 1 1.050000
Age 8 10 0.7703 0131 043 026  0.8702 1 1.210000
Age 9 11 0.7703 0131 043 026  0.8702 1 1.340000
Age 10 12 0.7703 0131 0.13 026 08702 1 1.460000
Age 11 13 0.7703 0131 013 026 0.8702 1 1.550000
Age 12 14 0.7703 0431 0413 026 08702 1 1.630000
Age 13 15 0.7703 0131 043 026 08702 1 1.700000
Age 14 16 0.7703 0131 043 026 08702 1 1.750000
Age 15 17 0.7703 0431 0413 026  0.8702 1 1.80000(
Age 16 18 0.7703 0131 043 026  0.8702 1 1.830000
Age 17 19 0.7703 0131 043 026 08702 1 1.860000
Age 18 20 0.7703 0431 043 026 08702 1 1.880000
Age 19 21 0.7703 0131 043 026  0.8702 1 1.800000
Age 20 22 0.7703 0131 043 026 08702 1 1.920000
Age 21 23 0.7703 0431 043 026  0.8702 3 1.930000
Age 22 24 0.7703 0431 013 026 08702 1 1,940000
Age 23 25 0.7703 0131 0.3 026 08702 1 '1.950000
Age 24 26 0.7703 0131 0.3 026 08702 1 1.950000
(
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Table C.3
Slender/Brown Rock Crab
(Transferred from “Rock Crab” of Northern California Case Study,
Table 2-16: Based on Brown Rock Crab)

ABBE Company

Lo Stage 57051998 a0 Fraction Mortality Mortalty Mortallty A959 Voineraple  WeISHE
(S=exp(-Z))’ Rate (M) Rate (F) Rate (Z) to Fishery N
Egg 1 10000 0.000 0000  0.00 1.0000 0 0.000000151
Zoea. 1 2 0.2060 1.580 0.000 ~ 1.58 0.3416 0 0.000027900
Zoea. 2 3 0.3875 - 0.948  0.000 0.95 0.5586 0 0.000155000
Zoea. 3 4 0.3875 0.948  0.000 0095 0.5586 0 0.000445000
Zoea. 4 5 0.3875 0.948  0.000  0.95 0.5586 0 0.000956000
Zoea. 5 6 0.2837 1260 0000 - 1.26 0.4419 0 0.000059800
Megalopae 7 0.0993 2310  0.000 ~ 2.31 0.1806 0 0.000134000
Age 0/Juvenile 8 0.0880 2430  0.000 243  0.1618 0 0.000019200
Age 1 9 0.0880 2430  0.000 243  0.1618 0 0.289000000
Age 2 10 0.0880 2430 0000 243 0.1618 0 0.654000000 .
Age 3 11 0.0880 2430  0.000 243 .0.1618 0 1.260000000
Age 4 12 0.0880 1.820 0.610 2.43 0.1618 0.5 1970000000
| Age 5 13 0.0880 1820 0610 243 0.1618 - 1 2.550000000
Age6 14 0.0880 1.820  0.610 243 - 0.1618 1 3.000000000
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Table C.4
Cabezon

- (Northern California Case Study, Table 2-4)

February 21, 2005

- Survival by

Natural

Fishing

Total

Fraction

Life Stage ;‘:‘; tage  stage Fraction Mortality Mortality Mortality Adjusted yuinerable W(‘I‘E_’)ht
(S=exp(-Z)) Rate (M) Rate (F)  Rate (Z) to Fishery :

Egg 1- 0.7498 0.288 0.000 0288 0.8570 0 0.00000043
Larvae 2 0.0025 6.000 - 0.000 6.000 0.0049 0 0.00060500
“Juvenile 3 0.0014 6.600 0.000 6.600  0.0027 0 0.00825000
Age 1 4 0.8659 - 0.144 0.000 0.144 0.9281 0 0.16900000
Age 2 5 0.7498 0.144 0.144 0288  0.8570 0.5 1.06000000
Age 3 6 0.7498 0.144 0.144 0.288 0.8570 i 3.26000000
Age 4 7 0.7498 0.144 0.144 0.288 0.8570 1 4.72000000
Age 5 8 0.7498 0.144 0.144 0.288 0.8570 1 5.30000000
Age 6 9 0.7498 " 0.144 0.144 0.288 0.8570 1 6.13000000
Age7’ 10 0.7498 0.144 0.144 0.288 0.8570 1 6.78000000
Age 8 11 0.7498 0.144 0.144 0.288 0.8570 1 7.37000000
Age 9 12 0.7498 0.144  0.144 0.288 0.8570 1 8.76000000
Age 10 13 0.7498 0.144 0.144 0.288 ©  0.8570 1 9.23000000
Age 11 14 0.7498 0.144 0.144 0,288 0.8570 1 10.50000000
Age 12 15 0.7498 0.144 0.144 0.288  0.8570 1 12.0000000
Age 13 16 0.7498 0.144 0.144 0.288 0.8570 1 13.70000000
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Table C.5

California Halibut
(Northern California Case Study, Table 2-5)

: . Survival b Natural Fishin Total . Fraction
Life Stage ;g:f;ﬁg: Stage Fracti‘:)n Mortality Mortali?y Mortality Adjl—'SSted Vulnerable W(Ttig)ht
. (S=exp(-Z)) Rate (M) Rate (F) Rate (Z) ‘to Fishery ot
Egg 1 0.8001 - 0.223 0.000  0.22 0.8890 0 0.000000548
Larvae 2 0.0015 8.500 $.000 6.50 0.0030 0 0.000004440
Juvenile 3 0.2187 1.520 0.000 1.52 0.3589 0 0.017000000
Age 1 4 0.8353 0.180 0.000 0.18 4.9102 0 0.130000000
Age 2 5 0.8353 10,180 0.000 0.18 0.9102 0 (.739000000
Age 3 6 0.8353 - 0.180 0.000 0.18 0.9102 0 1.940000000
Age 4 7 0.8353 0.180 0.000 0.18 0.9102 0 3.870000000
Age5 .8 0.8353 0.180 0.000 0.18 0.9102 0 6.210000000
Age 6 - 9 0.5599 0.180 0.400 0.58 0.7179 1 8.890000000
Age 7 10 0.5599 0.180 0.400 0.58 0.7179 1 12.200000000
Age 8 11 0.5599 0.180 0.400 0.58 0.7179 1 15.300000000
Age 9 12 0.5599 £.180 0.400 0.58 0.7179 1 18.900000000
Age 10 13 0.5599 0.180 . 0.400 0.58 0.7179 1 21.300000000
Age 11 14 0.5599 0.180 0.400 058 - 0.7179 1 23.860000000
Age 12 15 0.5599 0.180" 0.400 0.58 0.7179 1 26.600000000
Age 13 16 . 0.5599 0.180 0.400 0.58 0.7179 1 28.600000000
Age 14 17 0.5599 0.180 0.400 -0.58 0.7179 1 30.700000000
Age 15 18 0.5599 0.180 0.400 0.58 0.7179 1 33.000000000
Age 16 18 - 0.5599 0.180 0.400 0.58 0.7179 1 35.300000000
Age 17.- 20 - 0.5599 0.180 0.400 0.58 0.7179 1 37.700000000
Age 18 21 0.5599 -0.180 0.400 0.58 0.7179 1 40.200000000
Age 19 22 0.5599 0.180 - 0.400 0.58 0.7179 1 42.900000000
Age 20 23 0.5599 0.180 0.400 0.58 0.7179 1 ~ 45.760000000
Age 21 24 _ 0.5599 0.180 0.400 0.58 0.7179 1 48.500000000
Age 22 25 0.5599 0.180 0.400 -~ 0.58 0.7179 1 51.500000000
Age23 26 0.5599 0.180 0.400 0.58 0.7179 q 54,7000006000
Age 24 27 0.5599 0.180 0.400 0.58 0.7179 1 57.900000000
Age 25 . 28 0.5599 0.180 0.400 0.58 0.7179 1 61.300000000
Age 26 29 0.5599 0.180 0.400 0.58 0.7179 1 64.800000000
Age 27 30 0.5599 0.180 0.400 0.58 0.7179 1 68.400000000
Age 28 31 0.5599 0.180 0.400 0.58 0.7179 1 72.200000000
Age 29 32 - 0.5599 0.180 0.400 0.58 0.7179 1 76.100000000
Age 30 33 0.5599 0.180 0.400 0.58 0.7179 1 80.100000000
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Table C.6

Clinid Kelpfishes (entrainment)/Kelpfish (impingement)
(Transferred from “Other Forage Species” of California Regional Study,

Age 3

0.000

Table B1-39)
L stage 5105050 SO eraty ey Monatty AUSed (GRS, e
(S=exp(-Z})) Rate (M) Rate (F) Rate (Z) to Fishery '
Egg 1 0.3535 1.04 0.00 1.04 0.5223 0 0.0000000186
‘Larvae 2 0.0005 7.70 0.00 7.70 0.0009 0 0.0000015800
Juvenile 3 0.2753 1.29 0.00 1.29 0.4317 0 0.0004810000
Aget 4 0.1979 1.62 0.00 1.62 0.3304 0 0.0038100000
Age 2 5 0.1979 1.62 0.00 1.62 0.3364 0 0.0049600G00
Age 3 6 0.1979 1.62 0.00 1.62 0.3304 0 0.0050500000
Table C.7
Gunnell :
(Transferred from “Other Forage Fish” of California Regional Study,
Table B1-39)
. Life Stage éi:f:ﬂgﬁ Stsag:;:\;'?alc?iin_ l\flqc?rttl;?tly nz::sr't];rlli?y MI:tS::ty Adjussted vﬁ?ﬁ_:g}e_ | W(?L%ht ( I
o {S=exp(-Z)) Rate (M) Rate(F) Rate (2) to Fishery: _
Egg 1 03535 1.04 0.000 1.04 0.5223 0 0.0000000186
lL.arvae 2 0.0005 7.70 0.060 7.70 0.0009 ] 0.0000015800 |
Juvenite 3 0.2753 1.29 0.000 - 1.29 0.4317 0 , 0.0004810000
- Age 1 4 0.1979 1.62 0.000 1.62 0.3304 0 0.0038100000 -
Age 2 5 0.1979 1.62 0.000 1.62 0.3304 0 0.0049600000
6 0.1979 1.62 1.62 0.3304 - 0

0.0050500000
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Table C.8
Monkeyface Prickleback
{Transferred from “Other Forage Fish” of California Regional Study,
' Table B1-39)

' : Survivalby  Natural Fishing Total " Fraction :

Life Stage ’é';e uset:g: Stage Fraction Mortality Meortality Mortality Adjussted Vulnerable W(?Lg)ht'

. q {S=exp(-Z)) Rate(M}) Rate(F) Rate (Z) to Fishery “

Egg 1 0.3535 1.04 0.00 1.04 0.5223 0 0.0000000186
Larvae 2 0.0005 7.70 - 0.00 7.70 0.0009 0 0.0000015800
Juvenile 3 0.2753 1.29 0.00 1.29 0.4317 0 0.0004810000
Age 1 4 0.1979 1.62 0.00 1.62 0.3304 0 0.0038100000
Age 2 5 0.1979 1.62 0.00 1.62 0.3304 0 0.0049600000
Age 3 6 0.1979 4162 - 0.00 1.62 0.3304 0 0.0050500000

Table C.9
Northern Anchovy
(Transferred from “Anchovies” of Northern California Case Study,
Table 2-1: Based on Northern Anchovy)

o . Survivalby  Natural  Fishing Total ' Fraction

Life Stage 510 129% Stage Fraction Mortality Mortality Mortality V&' vulnerable W(‘I*f)g)ht

' q (S=exp(-Z)) Rate(M) Rate(F} Rate(Z) "~ to Fishery -

Egg 1 0.5122 0.669 0.00 (0.669 0.6774 0 0.00000138
Larvae 2 - 0.0003 7.990 0.00 7.990 0.0007 0 0.00110000
Juvenile 3 0.1200 2.120 0.00 2.120 0.2143 0 0.02200000
Age 1. 4 0.4819 0.700 0.03 0.730 0.6504 0.5 0.04080000
Age 2 b 0.4819 0.700 0.03 0.730 0.6504 1 0.05290000
Age 3 8 0.4819 0.700 0.03 0.730 0.6504 1 0.06090000
Age 4 7 0.4819 0700  0.03 0.730 0.6504 1 0.06840000
Age b 8 0.4819 0.700 0.03° 0.730 0.6504 1 0.07630000
Age 6 9 0.4819 0.700 0.03 0.730 0.6504 1 0.07890000
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Table C.10 _
Pacific Sardine
(Transferred from “Herrings” of Northern California Case Study, |
Table 2-12: Based on Pacific Herring)

Life Stage 'é‘;: Stage si‘;';’i:"ri'c??;n nm‘ﬁ'y I‘.l;:)sr’t]zl;;‘l?y sz?ttaa::ty Adjusted vf:;:ztr:)&e V\l(?:)g.;)ht
7 (S=exp(-Z)) Rate (M) Rate(F) Rate (Z) to Fishery
Egg 1 ©0.7945 0.230 0.00 023 08855 0 0.0000039
Larvae 2 0.0100 4610 0.00 4,61 0.0197 0 0.0000609
Juvenile 3 0.4805 0.693 0.04 0.73 0.6491 0 0.0126000
Age 1 4 0.5102 0.473 020 0.67 0.6757 0 0.0408000
Age 2 5 -0.6225 0.274 0.20 0.47 0.7673 0.5 0.1280000
Age 3 6 0.6225 0.274 0.20 0.47 0.7673 1 - 0.1670000
Age 4 7 0.6225 0.274 0.20 0.47 0.7673 1 0.2110000
Age 5 8 0.6225 0.274 0.20 047 0.7673 1 0.2580000
Age 6 9 0.6225 0.274 0.20 0.47 0.7673 1 0.2880000
Age 7 10 0.6225 0274 . 0.20 0.47 0.7673 1 0.3300000
Age 8 11 0.6225 0.274 0.20 0.47 0.7673 1 0.3450000
Age 9 12 0.6225 0274 020 0.47 - 0.7673 1 0.3530000
Age 10 13 0.6225 0.274 0.20 0.47 0.7673 1 0.3640000
Age 11 14 0.6225 0274 020 - 047  0.7673 . 1 1 0.3750000
(
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Table C.11

Painted Greenling {entrainment)/Greenling (impingement)
(Transferred from “Other Forage Species” of California Regional Study,

Table B1-39)

Life Stage ;i;:fetﬁg: St?gl;v;-'\::c%);n I\:Iqoa:tua:iat; h:::sr?:;li?y le?ttae:ity Adj uss“?d Vﬁl{;g:-:l;e W(?E}g)ht
(S=exp(-Z)) Rate{M) Rate(F) Rate(Z) ~~ ~ toFishery )
Egg 1 0.3535 1.04 0.00 1.04 0.5223 0 0.0000000186
Larvae 2 0.0005 7.70 0.00 7.70 0.0009 0 0.0000015800
Juvenile. 3 0.2753 1.29 0.00 1.20 0.4317 0 0.0004810000
Age 1 4 0.1979 1.62 0.00 1.62 0.3304 0 0.0038100000
Age 2 5 0:1979 1.62 0.00 1.62 0.3304 0 0.0049600000
Age 3 6 0.1979 1.62 0.00 1.62 0.3304 0 © 0.0050500000
Table C.12
Pipefish -
(Transferred from “Chain Pipefish” of North Atlantic Regional Study,
~ Table C1-21)
| , _ : .
ife Stage '5';: Stage Stsa;;vgglc?iin h:q:rtt(:t?tly h';jasr}t]:l:?y Mgz?t;a::ty Adjisted vﬁ?ﬁﬁ?’é’&e W(‘ft'f)ht
(S=exp(-Z)) Rate (M)  Rate (F) Rate (Z) to Fishery )

Egg 1 0.1003 2.300 ~ 0.000 2.30 0.1822 ] 0.0000007730
Larvae 2 0.0907 2.400 0.000 2.40 0.1663 0 0.0000122000

* Juveriile 3 0.4001 0.916 0.000 0.92 0.5715 0 0.0078500000
Age 1 4 0.4724 0.750 0.000 0.75 0.6416 0 -0.0151000000
Age 2 5 04724 0.750 0.000 0.75 0.6416 0 0.0180000000
Age 3 6 0.4724 0.750 . 0.000 075 - 70.6416 0 0.0212000000 |
Age 4 7 0.4724 0.750 0.000 0.76 0.6416 0 0.0247000000
Age 5 8 0.4724 0.000 0.756 0.6416 0 0.0285000000

0.750
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Table C.13

_ Plainfin Midshipman
(Transferred from “Other Forage Species” of California Regional Study,

‘Table B1-39)
s Survival by Natural Fishing Total ; Fraction :
Life Stage ;geus‘::g: Stage Fraction Mortality Mortality Mortality A‘*"gs“? Vulnerable V\Igég)ht
' q (S=exp(-Z)) Rate(M) Rate(F) Rate (Z) to Fishery ’
Egg 1 0.3535 1.04 0.00 1.04 0.5223 0 0.0000000186
Larvae 2 0.0005 7.70 0.00 7.70 0.0009 0 0.0000015800
Juveniie 3 0.2753 1.29 0.00 1.29 0.4317 0 0.0004810000
Age 1 4 0.1979 1.62 0.00 1.62 0.3304 0 0.0038100000
Age 2 5 0.1979 1.62 -0.00 1.62 0.3304 0 0.0049600000
Age 3 6 0.1979 . 162 0.00 1.62 0.3304 0 0.0050500000
_ Table C.14
Smooth/Snubnose Sculpin (entrainment)/Sculpin (impingement)
(Transferred from “Other Forage Fish” of California Regional Study,
Table B1-39)
. Survivalby Natural  Fishing Total Fraction
Life Stage go 9129° Stage Fraction Mortality Mortality Mortality “U%%°¢ vuinerable “‘;‘;’Lg)ht (
9 (S=exp(-Z)} Rate (M) Rate(F) Rate (2) . toFishery -~ ‘"7 %
Egg 1 0.3535 104 - 0.00 1.04 0.5223 0  0.0000000186
Larvae 2 0.0005 7.70 . 0.00 7.70 0.0009 0 0.0000015800
Juvenile 3 0.2753. 1.29 0.00 1.29 0.4317 0 0.0004810000
Age 1 4 0.1979 1.62 0.00 1.62 0.3304 0 0.0038100000
Age 2 5 0.1979 1.62 0.00 1.62 0.3304 0 0.0049600000
Age 3 6 0.1979 1.62 0.00 - 1.62 0.3304 -0 0.0050500000
;
\
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Table C.15
Sole

(Transferred from “Flounders” of California Regional Study,

Table B1-15)

Life Stage ls"g:uS::g: Stsaggvg'aaiclt?:)n -!'VrId::tl;Tiatly wﬁﬁ:ﬂ?y MI:)ttaaI:ty Adj %Sted Vﬁ:i::?;e W(?li)g}ht
(S=exp(-Z))  Rate (M) Rate (F) Rate (Z) to Fishery ’
Eggs 1 0.8001 0.223 0.600 0.22 0.8890 0 -0.00000030300
Larvae 2 0.0019 6.280 0.000 6.28 . 0.0037 0 0.00121000000
Juvenile 3 0.3198 1.140 0.000 1.14 0.4846 0 0.00882000000
Age 1 4 0.5472 0.363 0.240 0.60 0.7073 0.5 0.06720000000
Age 2 5 0.3399 0.649 0.430 1.08 0.5074 1 0.22600000000
Age 3 6 0.2859 0.752 0.500 1.25 0.4447 1 0.55300000000
Age 4. 7 0,2859 _ 0.752 0.500 1.25 0.4447 1 1.13000000000
: Table C.16
Speckled/Pacific Sanddabs (entrainment)/Sanddab (impingement)
(Transferred from “Flounders” of Northern California Case Study,
Table 2-10: Based on Speckled Sanddab) .
Life Stage ;‘;:f;:g: sg;?gi?%n MNsrttL:ﬁ‘tly hﬁﬂal“y Mlﬂl"ﬂty Adjsted Vainorane W(fég)'“
) {S=exp{-Z)) Rate (M) Rate (F) Rate (Z) to Fishery

Egg 1 0.8001 0.223 0.000 0.223 0.8890 0 0.00000030

Larvae 2 0.0019 6.280 0.000 6.280 0.0037 0 0.00121000

Juvenile 3 0.3198 1.140 0.000 1.140 0.4846 0 0.00882000

Age i 4 0.5461 0.363 0.242 0.605 0.70864 0.5 0.06720000

Age 2 5 0.3393 0.649 0.432 1.081 8.5066 1 0.22600000

Age 3 6 0.2856 0.752 0.501 1.253 0.4444 1 0.55300000

Age 4 7 0.752 0.501 1.253 1

0.2856

0.4444

1.13000000
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Table C.17
Surfperches
(Transferred from “Surfperches” of Northern California Case Study,
Table 2-23: Based on Walleye Surfperch)

ostage LIeSgs OINNANY oy merany Monaly Adisted (oIS, Wagh
. (S=exp(-2Z)) Rate (M) Rate (F) Rate (Z) to Fishery
Juvenile 1 0.5712 0.560 0.000 0.56 0.7271 0 0.0044300
Age 1 2 0.7558 0.280 0.060 0.28 0.8608 0 0.0429000
Age 2 3 0.5712 0.280 0.280 0.56 0.7271 - 05 0.1250000
Age 3 4 0.5712 0.280 0.280 -0.56 0.7271 1 0.2030000
Age 4. 5 0.5712 0.280 0.280 0.56 0.7271 1 0.2610000
Age 5 6 0.5712 0.280 0.280 0.56 0.7271 1 0.3000000
Age 6 7 0.5712 0.280 0.280 0.56 0.7271 1 0.3240000
Table C.18
White Croaker {entrainment)/Queenfish (impingement}
(Transferred from “Drums/Croakers” of Northern California Case Study,
Table 2-8: Based on White Croaker)
. . 7
Life Stage ‘g’é:’;,.?éﬁﬁz Sts‘;;;vgraaicit)i%n ﬁ::tuarl?‘tly nﬁlﬂ’;ﬁ?y MIEZ*‘}!W. Adjusted viiﬁ‘é?é’&e V"(‘I"ég)h‘ .
(S=exp(~Z)) Rate (M) Rate (F}  -Rate (Z) . to Fishery :

Egg 1 0.6065 L0500 0.600 0.5 0.7551 0 - 0.000000722

Larvae 2 0.0100 4610 0.000 4.6 0.0197 0 0.000004640

Juvenile 3 -0.0000 13.800 0.000 13.8 0.0000 0 0.000212000

Age 1 4 0.6570 0.420 0.000 0.4 .0.7930 0 0.120000000

Age 2 5 0.6570 0.420 0.000 0.4 0.7930 0 0.156000000

Age 3 6 0.7342 0.210 0.029 0.3 0.8467 05  0.195000000
Age 4 7 0.6570 0.210 0.210 - 0.4 0.7930 1 0.239000000
Age 5 8 0.6570 0.210 0.210 0.4 0.7930 1 0.287000000

Age b 9 0.6570 0.210 0.210 0.4 0.7930 1 0.340000000

Age 7 10 0.6570 0.210 0.210 0.4 0.7930 1 0.328000000
Age 8 11 0.6570¢ 0.210 0.210 04 0.7930 1 0.458000000

Age9 12 0.6570 0.210 0.210 0.4 0.7930 1 0:519000000

Age 10 13 0.6570 0.210 0.210 . 0.4 0.7930 1 0.584000000

Age 11 14 - 0.6570 0.210 0.210 0.4 . 0.7930 1 0.648000000
Age 12 15 0.6570 0.210 0.210 0.4 0.7930 1 0.723000000
s
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