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EXECUTIVE SUMMARY

As directed by the RWQCB, the independent scientists considered mitigation alternatives
for addressing cooling water impacts at DCPP, with specific direction to consider Marine
Protected Areas, artificial reefs, the uncertainty regarding impacts and mitigation
measures, performance monitoring for any mitigation projects, thermal effects mitigation
projects, and a reduced thermal effects monitoring program.

This report considers several types of mitigation projects with respect to entrainment and
thermal effects, including:
Creating offshore reef habitat
Establishment of marine reserves (Marine Protected
Terrestrial conservation easement (RWQCB/PG
Fish hatchery work
Restoration of marine habitat
Use of PG&E lab facilities (RWQCB/PG,
Abalone Research (RWQCB/PG&E seti]
Central Coast Ambient Monitoring Progra
CALCOFI work (ocean monitoring/research
State Parks Docent Program (Thermal effects)

We also recommend a modified therm:

Qur recommendations/co

), options are applicable in this case:
gcted Areas, and the terrestrial

s8). The cost of constructing the artificial reefs is
illion (for 85 hectares) and $26 million (for 200

estimate dog
mitigation).
¢ Permanent pres ion of marine habitat via establishment of marine reserves would
also provide mitigation for entrainment losses, but marine reserves are likely to
benefit only harvested species, which constitute only a portion of those entrained.
There might also be some benefit with regard to species harvest via by-catch.
o We recommend that the terrestrial easement be part of the settlement agreement, and
conclude that both options we were directed to evaluate, establishment of Marine
Protected Areas or creation of an artificial reef on the central coast, could provide a
level of compensation for entrainment at DCPP. We discuss the issues around the
establishment of Marine Protected Areas in detail in this paper, including the

All costs in this document are estimates as of July 2004 2
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process for implementation, likelihood of success, and costs. This paper also details
the scale, cost, and benefits of artificial reefs as mitigation for entrainment impacts.

¢ Fish hatchery work, physical restoration of marine habitat, and CALCOFI research
funding are not currently recommended as projects.

e Use of the PG&E lab facilities (RWQCB/PG&E settlement) is not mitigation for
impacts, and is not recommended.

e The abalone research project (RWQCB/PG&E settlement), as currently proposed, is
unlikely to provide any mitigation benefit for either entrainment or thermal impacts,
and is not recommended.

o The Central Coast Ambient Monitoring Program (CAMP)
settlement) is an important program, but general ambien
mitigation for impacts. We recommend that funds b
monitoring as part of any implemented mitigation pgojects;ing
performance monitoring be overseen by indep i € experts from the
relevant fields of study.

e The States Park Docent Program is unlikel
Entrainment or thermal effects if it was

to

¢ Regarding thermal effects, there i gation options: Marine
Protected Areas, the terrestrial ed i ration of intertidal areas
(chiefly through a docents progra Viali :
intertidal and shallow subtidal area 4
thermal discharge). 8¢ permanent protection for a
relatively large as to the amount of intertidal
habitat impactél : n, we recommend that the terrestrial

DISCUSSI

1.0 Boundaries, | rstandings
The independent scientists’ recommendations are made within these
boundaries/understandings:

1. The independent scientists will not address policy or legal issues. The
independent scientists will make realistic, defensible recommendations based on
science.

2. It may not be possible to mitigate or compensate for all environmental losses due
to entrainment and/or the thermal discharge. For example, hundreds of species
are entrained, and it is infeasible to replace these entrained organisms on a one for

All costs in this document are estimates as of fuly 2004 3
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one basis. Therefore, projects are considered that provide a benefit to habitat
known to be critical to impacted species (which should help replace some of the
losses).

3. The geographic scale from which entrainment losses occur is relatively large.
Proposed projects in response to entrainment losses are therefore considered on a
similar scale.

4. The geographic scale of the thermal effects is more local. Projects related to
thermal effects are therefore considered on a local scale. The thermal effects of
concern are those that are above and beyond the predicted effects considered in
State Water Resources Control Board Order No. 83-1. ;

5. Research or surveys are also considered. For some pr
are needed before the actual project can begin or to

6. The independent scientists will scale, balance, a ¢
possible, with consideration for the major limitatrahs i In many cases,

7. The independent scientists will consider inti aied with the
power plant impacts and potential projgé i Beni
impacts and likely benefits.

8. The independent scientists’ recommendatlon based on current knowledge of
local conditions, the marine fic literature. The basis of
these recommendations is a ¢ rojects that would benefit
the marine environment (but no €e losses)

9. The independent scientists will a mal effects monitoring

program sufficient to follow biolo

from entrainment requires a basic understanding of
species, together with an understanding of the

:s have a “complex” or “bipartite” life history. This means
ided into at least two distinct phases: a dispersing larval

larval stage. Relam”ely much is known about the duration of the dispersing stage
(especially for fish, because otoliths can be used to determine the larval period). By
contrast, almost nothing is known about the distance over which larvae may disperse.
Most estimates of the geographic scale of larval dispersal come from coupled
oceanographic-life history models, which (essentially) estimate larval dispersal as the
distance a passive particle would be transported (over a set number of days) due to net
movement of the prevailing water mass. Here, a set number of days represents the larval
period prior to entrainment. Consultants contracted by PG&E (Tenera) were able to
calculate a distribution of dispersal distances prior to entrainment for all target species.

All costs in this document are estimates as of July 2004 4
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Larval size as a proxy for days in the plankton, this distribution could then be used to
estimate the geographic range of impact and the intensity of impact as a function of
distance from the intake. For the species evaluated in the 316b study the geographic
range of impact was often very large, (see Table 1, below) usually with the intensity at
any given location being fairly low. By itself, this does not mean that the impact was
small, instead it simply means that the impact was spread over a wide geographic area.

Entrainment studies are difficult to conduct for many reasons, including:

The large spatial and temporal scales over which impacts may occur
The massive sampling effort required )
The difficulty in identifying species

Evaluating assumptions that must be made to
model (i.e. the model used to determine loss
5. Evaluating the effects of variability :

B =

cterize the “effects”

entrainment losses cause an impact (essentia - s A
estimates of total impact (direct effects) have fairly I#fgeiincertainty (but not larger than
is typical in impact studies of this co
entrainment study done at DCPP to b foir power generating facilities
in the State of California. Reducing th
of millions of dollars, but the resulting e still have very large errors.
This problem has no financially practical

ent may also be difficult to measure.
Joto propose those projects that are
spent or that can be most accurately

Hence, the indepe
likely to either provide
evaluated.

3.0P ntrainment Losses
The inde ider any potential projects to benefit the marine
environmen gional Board specifically directed us to further consider

Projects considered

Creating offshore reef habitat (artificial reefs)

Establishment of marine reserves (Marine Protected Areas)
Terrestrial conservation easement (RWQCB/PG&E settlement)
Fish hatchery work

Restoration of marine habitat

Abalone Research (RWQCB/PG&E settlement)

Use of PG&E lab facilities (RWQCB/PG&E settlement)

All costs in this document are estimates as of July 2004 5
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Central Coast Ambient Monitoring Program (RWQCB/PG&E settlement)
CALCOFI work (ocean momtormg/research)

3.1 Artificial Reef Habitat as Compensation for Entrainment Losses

Key conclusions
1) An artificial reef of sufficient size and with appropriate design and placement
could compensate for the majority of impacts associated with entrainment at
DCPP.
2} Based on Empirical Transport Models (ETM) and esti
in the source water body the estimated range of ree
Jor entrainment losses is between 85 (low end) a

‘f.rocky reef habitat
sujj“ cient to compensate
éetares (high end).

3) As of July 2004, The estimated cost for thg j al reef

of transportation of material could cause
4) The cost associated with the construction o fificial reef is the single best

proper design, it has the potent , ost all entrainment
impacts measured and unmeas

Background
Diablo Canyon Power ] planktonic forms per year. The
reported value (30 ated entrainment for sampled species

including all larvaf#® 3 6B Demonstration} is a vast
underestimate of the t nirai v a very small subset of entrainable
organisms . F#gtimates were made for most invertebrates,
any algagy ALY rany holoplankton. By conirast, entrainment of fish larvae
I : kes it has been difficult to develop mitigation
strategregth: i pensate for losses due to entrainment. In part this

mainly to open coas sles. Here we evaluate artificial reef habitat that: (1) has the
potential to scale direBtly with a reasonable estimate of impact (larval loss), (2) provides
a robust method to Value the loss resources (important in the new 316B context), and (3)
may compensate for most losses (both measured and unmeasured).

Approach
The basic approach is to estimate the amount of new reef habitat that would be required

to produce the juveniles lost to entrainment. Table 1 below shows the estimates for
entrainment at DCPP for a series of target fish taxa. Target taxa are defined as the subset
of all taxa for which entrainment was estimated and for which a calculation of ecological
loss was attempted. Three such measures were used. Fecundity Hindcast (FH) and Adult

All costs in this document are estimates as of July 2004 6
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Equivalent Loss (AEL) estimate are based on the idea of hindcasting or projecting larval
losses to adult stock. The third method, based on a modified Empirical Transport Model
(ETM) produces an estimate of proportional mortality (Pm}), which is an estimate of the
larvae at risk of entrainment, that were entrained. Those larvae at risk of being entrained
are considered to be in the source water body, defined as the geographic area from which
entrained larvae could have come. The estimate of source water body is based on the
period of vulnerability of the larval form (species specific) coupled with an estimate of
oceanographic currents that transport the larvae along the coast. By example, an estimate
of Pm could be: 10% of larvae of species A in an area stretching 100 km along the coast
were lost due to entrainment. Of the three methods the mdcpende nt scientists agreed that
the ETM approach was the most reliable and reasonable approagh e analysis done at
DCPP. Hence, our approach here is to determine the amo abitat that would be
required to produce the juveniles lost to entrainment, basggdr M calculations. The

and 3 (July 1997-June 1998) for the 14 target figh _ sed at DCPP
(for reference, the Brown Rock Crab and Slew ]
combined estimated annual entrainment for these
between December 1996 and November 1997).

All costs in this document are estimates as of July 2004 7
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Table 1: Estimated entrainment for target fish species (PG&E, 316b Demonstration)
for Analysis Periods 1 (October 1996-September 1997), 2 (October 1997-September 1998), and
3 (July 1997—-June 1998).

Taxon ?::;E:ls Adjusted Annunat Entrainment E Adj-T
Pacific sardine 1. 8,470,000
2, 22,600,000
3. 22,600,000
Northern anchovy 1. 136,000,060
2. 376,000,000 N
3. 377,000,00
KGB rockfish complex 1. 275,000,
2.
3.
Blue rockfish complex 1.
2.
3.
Painted greenling 1.
2.
3.
Smoothhead sculpin L.
2,
3.

Snubnose sculpin 000,

. 83,500,000
000,000

Cabezon

36,300,000
White crodk : 305,000,000
' 440,000,000
447 000,000
Monkeyfa i 83,100,000
61,500,000
60,200,000
181,000,000
308,000,000
458,000,000
128,000,000
109,000,000
128,000,000
7,160,000
1,540,000
6,610,000
8,260,000
15,700,000
15,500,000

Clinid kelpfishes

Blackeye goby

Sanddabs

California halibut

R N e R NI RN

All costs in this document are estimates as of July 2004 8
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All but five of the species shown above are associated with rocky reefs, primarily shallow
ones. The exceptions are sanddabs, California halibut and white croaker, which typically
are associated with sandy substrates, and Pacific sardines and northern anchovies, which
are more pelagic species. Indeed the majority of all species for which entrainment was
calculated are associated (as adults) with rocky reefs. Moreover it is extremely likely that
this is also true for unmeasured species except holoplankton.

This is important because it strongly supports the idea that creatio of new rocky habitat
could compensate for most entrainment losses. The logic of
Recall that the estimate of losses based on the ETM model
of larvae lost to entrainment that came from the source w:

sidents as adultg, larval
simplifying assumption (that

¢ that within the source water body there
300 acres of new reef appeared of

¢ would be additional larvae produced
10%).

ate observations that can be used to come up with
3 . This means that an individual Pm value really is
{Butes to the overall estimate. We have decided that the
across sampling periods and species is the most reliable
estimate of the tru gt. This approach has another valuable attribute. The average
Pm calculated across®## appropriate target species should be a reliable estimate of the
impact to non-targetéd species because it is an estimate of the expected Pm across
independent, replicate and representative observations.

Pm estimates, as noted, above are only informative when placed in the context of source
water body. Therefore we calculated two parameters for use in determining the size of an
artificial reef. First, average Pm as discussed above. Second, average source water body
calculated for the same species and sampling periods as done for Pm.

In these calculations we used all target fish species except those associated with sandy
habitats as adults. The results of these calculations are shown in the table below.

Al costs in this document are estimates as of July 2004 o
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Table 2: Estimates of duration at risk, mortality rate and source water body for
target species (PG&E, Revised 316b Demonstration Results: as of June 30, 2005).
Larval mortality rates (Pm) based on maximum period of larval risk (defined in

316B document)

;p}umﬁm sl  iiiSource water body. .| Ratio of extrapolated

- s RisK (Days) 4 - - alongshore: distance source water to

- Adult nple ‘| Maximum - | “Mortality - | over which Pmcanbe |  sampled source

Taxa j Habitat : - Period ™ F :Length | rate(Pm) _-;-;galcutated-{km) _ water (1/Ps)

‘Smoothhead sculpin Rocky 2041 - 6.92
T T 8857 5.09
Monkeylace prickleback. .| Rocky - 106 31 3 8.11
o . 10579 6.08

5988

Clinid kelpfishes . . | Rocky
Blackeye goby .. Rocky;: -
Cabezon Rm;:k}:r: :
Snubnose .sculpin Rocky: :-
Painted green'ﬁng T Rodky |
;lﬁ{GB rockftsheﬁs;ﬁ; _ “Rocky

By

The best estimate o ‘for reef associated species is 10.76%. Note that this value
represents the best sifigle estimate of Pm. In more recent analyses for other plants we
have also estimated a confidence interval for Pm estimates. This allows a calculation of
how uncertainty in calculations of Pm could affect estimation of impact. Sucha
calculation was not done for the revised estimates of Pm for DCPP. Because all of the
species considered above are nearshore taxa we assume an offshore distance equal to that
of the 316B study grid =3 kilometers. Hence, the average source water body is an area
74 kilometers alongshore by 3 kilometers offshore.

The next step is to determine the area of rocky reef within the source water body
(henceforth ASWB, average source water body). This is difficult for two reasons. First

All costs in this document are estimates as of July 2004 10
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there has been no comprehensive examination of rocky reef habitat along the California
Coast. Second, the position of the ASWB is somewhat unclear. We have concluded that
the most reasonable ASWB'’s are linear alongshore areas that are either centered at or that
has their southern limit near to DCPP (Figure 1):

Figure 1: Possible extents of source water bodies, overlaid on map showing kelp
coverage. Distance of lines offshore is simply to avoid overlap. All ASWB’s are
assumed to extend from the shoreline to 3 km offshore.

Possible extents of source water bodies

Line | Explanation
1 Linear source water body balanced N/§
2)
\ 2 Linear source water body, biased to the
\ north
\
(0
v
\
\

Point Arguello

Based on current measurements and the configuration of the coastline, the lines above
represent the range in reasonable ASWB’s. It is clear from the discussion is the 316B
document that source water body was estimated as linear multiples of the sampling grid.
Therefore, lines 1 and 2 are the most appropriate estimates of the ASWB. The difference
between them is in their orientation with respect to DCPP. ASWB 1 has the assumption

All costs in this document are estimates as of July 2004 11
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that transport is equally likely from the north or south. ASWB 2 has the assumption that
transport is more likely from the north.

Estimation of the amount of rocky reef is difficult, as noted above. However, we think
that there is an approximation that makes sense. Along the central coast most rocky reef
habitat that occurs between the 5 and 30 meters depth is likely to support Macrocystis.
(Indeed many of the affected species are primarily found in kelp forests). Therefore, we
can estimate at least the rocky habitat in that depth range by calculating the area covered
in kelp. Kelp area varies from year to year with environmental conditions; hence the best
estimate of rocky reef in the 5-30 meter depth range would come ffom an integration of

we were able to determine the area of kelp (hence rocky
range) for all ASWB’s shown in Figure 1 (the brown arefg in fig

Kelp (1989-2002 composite)
In the area around DCPP

Clearly there are rocky areas that do not support kelp. These can be categorized as either
being inshore from the kelp bed or offshore. Inshore approximation is easier using the

All costs in this document are estimates as of July 2004 12
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logic that if there is a kelp bed offshore and rocky intertidal areas in shore, the area in
between is likely to also be rock. Offshore rocky reefs are more difficult to quantify. As
an example of the former condition we show figure 3. In this figure the area of kelp
forest is clearly delineated and there is a margin that has no kelp between the bed and the
coast. This is area that is likely to have rocky habitat.

Figure 3:
- Landsat image with kelp (Administrative Bed 208)
‘South of Cambria, in San Luis Obispo County, California

We took the approach of using a multiplier to bracket the likely rocky reef areas per
ASWB’s. The lower limit of the multiplier is 1, which would mean that there is no rocky
area other than that associated with kelp. We used a multiplier of 2 to yield an upper
limit of the amount of rocky habitat. This is based on inshore rocky areas that can be
approximated and ones outside of kelp beds (here the approximation is based on
knowledge of the few areas where most rocky reefs are known). In the end the upper
limit is based on best professional judgment.

All costs in this document are estimates as of July 2004 13
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Our best estimate of the range in area of artificial reef necessary to compensate for
entrainment impacts to rocky reef species is 85 — 400 hectares (approximately 200-1000
acres).

Table 3: Area of kelp per average source water body (2 projections) and the
amount of artificial reef required to compensate for entrainment impacts to rocky
reef organisms.

Art Reef habitat

Line Kelpbads Explanation Area (hectares) b FPM estimate (hectares)
1 202-208 Stralght balanced N/S 1 0.1076 85.21
2 205-210 Linear source water body, biased lo North 1 0.1076 206.16
1 202-208 Straight balanced N/S 0.1078 170.42
2 205-210 Linear source water body, biased to North 0.1078 442.32

Quality of artificial reef
One obvious assumption of the calculations will be
as productive as the average natural reef. This is icularly

own to be biologically

f this question is an ongoing
a Coastal Commission as
ation (SONGS). This

since some artificial reefs that have been evaluated
different from natural reefs.
study of artificial reef design being ¢
part of the mitigation for San Onofre

work has been done near San Clemente a : nte Artificial Reef
(SCAR). In that study two substrate types® 89T cover were manipulated
(see table 4). For each : x 40 meter replicate reefs
were established in on two natfiral reefs have been sampled since 1999.
Table 4: Reef type, a e values over the period 2000-2003).
Cover refe

Reef Cover of Hard Average
Substrate (category) cover
Artificial Low 59%
Artificial Medium 69%
Artificial High 85%
Artificial Concrete Low 51%
Artificial Concrete Medium 56%
Artificial Concrete High 80%
Barn Kelp (Natural) Rock 52%
San Mateo (Natural) Rock 46%

The SCAR study was developed to test various reef designs and was done in anticipation
of the build out of the full mitigation reef and in recognition that artificial reef
performance has been variable. The following figures come from the 2004 annual report,
which compares the performance of SCAR to that in natural reference reefs (Barn Kelp
and San Mateo Kelp). The basis for the comparisons is the operating permit for SONGS,

All costs in this document are estimates as of July 2004 14
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which requires that the ecological performance at the build out reef be similar to natural
reefs in the region. Only data for fish species are shown, however data have been
collected for invertebrates and algae as well.

All costs in this document are estimates as of July 2004 15
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-F:gum 1, 39 C‘Iaanga in thc. mean Gmﬂty of mqld-:nt kelp bed fish over tme atﬂm
. bottom, mid da:pih w;&whce eampyfor artificial reef designs with dzﬂ‘mm sihaicate

:miuml refirence reets m;t

Reck:. - ] Concrete

No. species /reef des

- Botiom

All costs in th
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8

_Percent similarity

E-:gwe HE22 C hmge inihe mcan d.\nsuyﬂfyuung-nfw}bnt kelp hcd fish over
the bottom, iwid depth wnd sirface:-canopy Tor anificial el desigos with different &
sedistrate fypes {rock and concreti) and bottom coverges {law medium and-highj and: far
the-reference reefs of San Maded kit ped (SMEC)y and B kelp bed {BK ) Vahies i
- the dashed grey areak are wi he range of SME. ond B snggasungxlmthq
- similar to aatyral mfemmf m:the :

Midwater

Number / 100 m®

All costs in this document are estimates as of July 2004
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o Fipuee: IJI 23 Claangs.m ﬁw mxmburofswcres ufyaung uf-year ketp bed fish over time
b anhe: botmm il depth wnd surface canopy far artificial reef designs with different
goticrete)} and bolibm covernges (low medivm and high) and for
“yhi tr:i‘ertnw soofs at San Mo kelp bed{SMIKC) and Parn kelp bed (BK). Values within
- b ddashe rey ‘ures are within the range of SMK and B saggesting that they are
similar to natural frefrence reefs in the regtion.

ALow GMacﬁl.m |:|H|gh OSMK V?BK

L '(&MK) and Har k:aip b.a:l (Iil(} 'lhcdwwd humwmal fine indicates dn petiit :mmdad
ot 28 lons for the iﬁﬂm:m mmgauon roef. See fext for how progemcnsm e,

US tons / 150 acres

All costs in this document are estimates as of July 2004
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For all the comparisons made artificial reefs performed at least as well as natural ones.
Importantly, there was often an effect of cover of hard substrate but even “low” cover
reefs performed comparably to natural ones. Therefore we conclude that it is reasonable
to assume that a properly constructed artificial reef will be at least as productive as a

natural one.

Figure 4: Photo from artificial reef at SCAR

Cost of an artificlal reef
The cost of an artificial reef (here we consider only rock — not concrete) is driven in large
part by three criteria: (1) quantity of rock (which is manifested as cover and depth), (2)
precision in placement of rock, and (3) the distance that the rock has to be transported.
We used CCC data from SCAR to come up with estimates of costs for a build out reef for

All costs in this document are estimates as of July 2004 19
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DCPP mitigation. The total cost of the reef construction at SCAR was $2,600,000. The
total acreage is ~22 acres. In total there are 56 modules that are 40 x 40 meters. Hence,
the estimated cost per acre based on this is $118,182. The average cover (of rock) per
reef is 70%. Conversations with Hany Elwany (who helped engineer SCAR) indicate
that: (1) cost is directly related to the cover. (2) There would be an estimated 40%
decrease in cost associated with the build out of a large reef because of the lessened need
for precise deposition and coverage. Hence a 50% reduction in cover would lead to an
estimated 50% reduction in cost. Unfortunately we have little information on the average
cover of hard substrate in a rocky reef. For the two reference reefs used in the SONGS
study the cover averaged about 50%. Using this as the basis for a build out reef coupled

cost drops to approximately $50,000 per acre or $125,000 ctare. The estimated
costs of the possible reefs are shown in Table 5. Note thatd

this value depending on the cost associated with transpo
more detailed cost estimate from Connolly-Pacific 8

reef).

are awaiting a
or for the SCAR

Table 5: Estimated costs (July 2004) of artifi 3 i ¥ see table
3). All costs are based on reefs with 40-50% co fiard rock and a cost savings

PM Art Reef habitat  Cost @ $125 per

Line  Kelpbeds Explanation estimate (hactaras) hectare

1 202-208 Straight batanced N/S 0.1076 85.21 $10,651,250
2 205-210 Linear source water body, biased to N 0.1076 206.16 $25,770,000
1 202-208 0.1076 170.42 $21,302,500
2 205-210 0.1076 412.32 $51,540,000
The range in estimated ¢gg i 7an artificial reef is $10.6 to $50 million,

ik the appropriate reef size for mitigation is
ould cost between $10.6 and $26 million. Note that:
iated with performance monitoring of the reef (a
; and (2) costs may be higher depending on

much less than theSiquid be if SCAR had not been implemented. An artificial reef used
to mitigate the entraigment effects at DCPP would greatly benefit from lessons learned at
SCAR study in the ﬁfanm'ng, permitting, design, construction and evaluation phases of
the reef.

Valuation
One of the most difficult things about establishing a value associated with entrainment is
that for most of the affected species there is no obvious way to estimate a true value.
Most of these species have no commercial value and direct estimates of ecological value
are essentially impossible. Moreover, most entrained species are not even sampled
leading to immensely increased valuation uncertainty, at least using traditional methods.

All costs in this document are estimates as of July 2004 20
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By contrast, we believe (as admitted non-economists) that the costing of an artificial reef
represents the most relevant value of the resources lost to entrainment. While some
sandy bottom or deep-water species have larvae that are lost to entrainment, the vast
majority are associated with fairly shallow rocky reefs; exactly of the kind of habitat
provided by an artificial reef. An artificial reef, of sufficient size and of proper design
therefore has the potential to compensate for almost all entrainment impacts. This makes
intuitive sense as the artificial reef is in essence replacing a natural reef of similar size
from which nearly all resources save substrate have been lost. Therefore the cost of a
compensatory artificial reef may be the most relevant and straightforward estimate of the
value of the lost resources. Based on this logic, the value of resougges lost to entrainment
at DCPP is estimated at between $10.6 and $26 million (as of Jy

Some Final Remarks
1) The artificial reef proposed in this document is based t it would NOT

additional study). Recall though that very fe
harvested and protection from extraction woul
think the overall size and cost w
artificial reef were designated as
2) The most problematic parameter u -
estimate the amount of rocky reef iated with kelp. It is likely that we

*enefit only those species. We
ately 20% or less if the

3} The cost projeé i any costs associated with monitoring
for performance. )

locations. The work done in

tablishing the percent cover of rock in natural
g the cost of the DCPP artificial reef are based on

3.2 Marine Reservé Areas as Compensation for Entrainment Losses: Given the
characteristics of entrainment impacts, such as relatively large uncertainty (or confidence
intervals), large geographic area of influence, potential ecosystem level impacts, and the
infeasibility of replacing all entrainment losses, the benefits and flexibility of marine
reserves are attractive and could provide a level of mitigation for entrainment. There are
several potential benefits of marine reserves, including permanent overall conservation of
resources, increased density of fish, increased size, and increased larval productivity,
relative to non-reserve areas. Itis important to note that the degree of benefit (other than
conservation) is determined by the amount of “take” (fishing pressure) occurring in the
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area prior to the reserve being established. Additionally, marine reserves may benefit
both entrained and thermally impacted species. Accordingly, the independent scientists
considered the pros and cons of marine reserves (in and of themselves) and their
applicability to entrainment losses and thermal effects. This option is applicable in this
case, and is discussed in detail below.

Potential Benefits of Marine Protected Areas

There are two general classes of benefits that may be obtained by the establishment of
marine reserves: fisheries management and conservation. With regpect to fisheries
management there are again two classes of benefit: spillover effgetsand enhanced
production of larvae that will be exported to other reefs. Sp ver effects result when

abundance within a reserve builds to the point that individ to adjacent
exploited areas. Larval export is thought to occur throu undity in Marine
Protected Areas. This can result from either increa formerly
exploited species or through increased individua nereases in

of larvae are relative to the amount of exploitationiia] d pri ghblishment of
the Marine Protected Area.

The benefits afforded via conservati §s speculative.
Conservation benefits result from a re i Sy

supported by many scientists who
t tool for the 10ng-term protection of

’ed from marine reserves are likely to be dispersed over a large

geographic ilar to the area from which entrainment losses occur.

2. There is legislafion requiring the establishment of Marine Protected Areas, which
includes marine reserves. The State budget situation temporarily stalled the agency
process, but the California Department of Fish and Game (DFG) currently has
limited funding to implement the marine reserve process. Other groups are
interested in pursuing the Marine Protected Area process and can provide matching
funds, as discussed below.

3. The broad scientific support and existing legislation suggests that Marine Protected
Areas, including marine reserves will eventually be established throughout
California if adequate funding is provided and the essential tasks are completed
{discussed below).
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4, The costs associated with establishing and maintaining Marine Protected Areas are
likely to be relatively low compared to the permanent benefits derived (discussed
below).

5. The benefits of marine reserves are permanent, and will likely be manifested
throughout the ecosystem. By contrast, entrainment losses are temporary.

6. There are few data (habitat surveys) on which to base the appropriate size and
location of marine reserves in the Central Coast area. Identifying those areas likely
to provide the maximum benefit (habitat surveys) coupled with a post-establishment
performance monitoring are necessary components of a marine reserves project.

7. There are limited scientific data on the benefits of marine regerves in California.

The data that do exist suggest that the “restoration” type g provided are
related to the level of regional exploitation (exploitati esources prior to the
reserve being established). Most of the research is ~with the Channel

ame research exists
: : ble benefit, most
likely because the area was not heavily fishgliprior to the reserve by
the régerve being es

d, so no

biological changes were detected). Howev
permanently protected resources at Big Creek

with other groups on a process
the Central Coast.

management
considered.

With respect to entrainment losses the key hypothesis is item c., however, it is also
the most difficult and expensive to measure. Hypotheses a. and b. are often used in
functions as proxies for fecundity (larval production) and may be of greater
practical value because of cost benefits.

12. Another associated program to “buy out” the nearshore fishing permits of local
fishermen would help make the possibility of having additional catch and effort
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adjacent to marine reserves less likely. It would also benefit the local fishing
industry by replacing at least some of the income they would have made by fishing
in the nearshore habitat affected by the power plant.

13. Implementation of marine reserves requires several critical steps, including
gathering information on habitats (habitat surveys), a socio-economic study, post
performance monitoring, and a dedicated process managed by professionals with
adequate funding, as discussed later in this paper under Process for Establishing
Marine Protected Areas.

Applicability of Marine Protected Areas to Entrai

As noted above, entrainment losses may occur over a la ch the order of hundreds
of kilometers of coastline or hundreds of square kilome

Although the ecological effects of en t be precisely identified or
measured, staff and the Regional Bo s have concluded that
entrainment losses affect the overall eca; ! g larval production,
with uncertain secondary effects). Prop: marine reserves should
increase or maintain larval

specific basis) entrai ontri Ae restoration and maintenance of natural
ecosystems that wo y other anthropogenic pressures

The match (entrainmen is clearly not perfect; indeed, Marine
Protected species, but not all. In addition, certain
species : might also be enhanced (e.g. surfperch which do not
produgs . It is pagsd Lpredation pressure on some nearshore fish taxa may
incréass i abundant and larger forage species that prey on
nearshore 18 resulting ecosystem within reserves would likely be a more

effect of marine reserves is to benefit the marine
is approach avoids micromanagement of individual species

ecosystem on a :
be the case with fish hatcheries or small scale habitat work).

or groups of taxa (2

Another consideratidn is the real-world likelihood of actually establishing marine
reserves. If a potential project is impossible to implement, the project has no real value.
Marine reserves have been established by the Fish and Game Commission, and there is
legislation requiring the establishment of additional reserve areas (Shelley Bill: Marine
Life Protection Act). Accordingly, establishment of Marine Protected Areas on the
Central Coast is a realistic option.

The independent scientists considers it unreasonable to expect PG&E to solely fund a
Marine Protected Area process for the entire State of California. We think it would be
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more reasonable for PG&E to contribute funds toward a Marine Protected Area process
focused on the Central Coast. Regional Board staff and the Board’s independent
scientists think PG&E’s contribution would be scaled to the Area of Production Foregone
(Area of Production Forgone is a way of expressing the entrainment impact in area of
habitat, as discussed in the next section), plus consideration for the uncertainty related to
the 316b study and the imperfect match between mitigation and entrainment loses.

Scaling Marine Reserve Habitat to Entrainment Losses

Entrainment losses are difficult to interpret in a simple currency. Entrainment losses are
the product of both an affected area and an estimate of the intengsty ot impact over that
area. One way to simplify the currency is through the use ofgifrea of Production

Forgone,” as discussed in Dr. Raimondi’s testimony to the 1 Board for the July
10, 2003 hearing. Area of Production Forgone is the the nt of habitat that
would be necessary to produce the entrainment los comes for
calculations similar to those established for the a bove. As
opposed to those calculations here we include with a
source water body of an area 70 km long and aga n addition,

the average loss rate of larvae over all targeted spe ims .59% (see table

2). The product of these terms is the grea of new habitatifhat would be required to offset
the entrainment losses; here an area
hypothetical area would be comprised
the source water body. Clearly the addi ibutjoh from marine reserve
designation would not be ;

en an area 30 km (6/0.2) by 3 km would
be required to pr: ntrainment. [note there is another
way to calculate area req

production

th

reserve area), four ctors should be considered:

1. There is uncértainty in the entrainment study (as with any such study), and there
are no practical means of reducing the uncertainty.

2. The conversion of entrainment losses to Area of Production Forgone is not exact;
it provides an indication of applicable scale.

3. The reserve effect (in terms of additional larval production} is unknown and
would need to be estimated (probably through models)

4. There are no practical means for directly mitigating or compensating for all
entrainment losses; only partial mitigation is possible.
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5. Marine reserves will not replace entrainment losses, but will provide the benefits
discussed in the Potential Benefits of Marine Reserves, above.

Given the above factors, Regional Board staff and the independent scientists think that if
marine reserves are the preferred option, it is reasonable to err on the side of over-
mitigating for the entrainment losses. This can be accomplished by leveraging mitigation
funds and cooperating with a larger, regional effort to establish Marine Protected Areas
on the Central Coast, which is discussed in the next section.

The actual benefit to impact ratio would depend on the ambient
impact to the protected areas that would be reduced. Marines rg

/or future level of

Y elinating the
lacement” of larval

Foundation Fund (RLFF), a non-profit &
restore natural landscapes, protect and en

1. The Regional Board enters into an agreement with RLFF, establishing goals,
tasks to achieve the goals, responsibilities, matching funds, etc. (similar to the
Memorandum of Agreement between the Regional Board and the Elkhorn
Slough Foundation).

2. Regional Board and RLFF establish a process for developing the Marine
Protected Area proposal. The process should include a mechanism for
participation by other agencies and parties.
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3. Regional Board and RLFF establish an estimated schedule for developing the
proposal (a multi-year schedule is certain).
4. Regional Board and RLFF implement the tasks necessary to develop the
proposal, which could include:
a. Habitat surveys necessary to design a preferred reserve size and
layout, and possible alternative designs.
b. A socio-economic study for the preferred reserve design(s), as well as
options to mitigate local impacts to the fishing community.
c. A stakeholder process to gain public input on the final design.
d. A CEQA (or functional equivalent) document for consideration by the
Department of Fish and Game and a public ation process
(including a scope of work and budget).
e. A performance monitoring plan.

5. Regional Board and RLFF form an advi ip, i g independent
scientists, to guide the design, imple
reserve areas. Measures of succes

a. Providing resources that have
b. Increased number and size of fish
¢. Conservation ben

etc.), local proj
(coordination, ag jiteach, drafting reports etc.), and patrolling/management of the
reserves for a limitedi#tine after they are established. Based on discussions with RLFF,
we estimate the cost’of these tasks to be less than $10 million (probably $6 to $8 million).

In addition, performance monitoring should be required. Costs associated with
performance monitoring for 316b purposes, based on other similar work at SONGS, will
likely be based on a variable effort. The purpose of performance monitoring is to
determine whether the size and density of fish taxa are greater in the reserve versus no-
reserve areas. The first year will be more comprehensive than subsequent years (prior to
reserve being established), followed by reduced monitoring for a number of years, with
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another more comprehensive effort at the end of the period. One possible scenario based
on CFG CRANE survey methods could be:

Year 1: $150,000
Year 2: $75,000
Year 3: $75,000
Year 4: $75,000
Year S: $75,000
Year 6: $75,000
Year 7: £75,000
Year 8: $75,000
Year 9: £75,000
Year 10: $150.000
Total $900,000

These costs are estimates based on the work dong , which use

methods that are the BASIS of CRANE survey

These estimates assume that the 316b performance 1
closely with existing efforts to mini costs. Also,
limited spatial scale to minimize cos

Sring will be coordinated
itoring will be done on a
for other reserve areas.

Note that additio the long term to oversee and patrol
the marine reserves. Ho or cost would eventually be borne by
the Dep

CCAMP Furtdi $1,500, 000 (150,000/year for ten years)
Abalone Resea ¢ § 350,000

Use of Lab Facﬂl it 150,000 ($100.000 start-up plus $5.000/yr/10

Total: $6,050,000 (2004 dollars)

The $6.05 million listed above could be directed toward development of marine reserves
on the Central Coast. RLFF has indicated that they may provide matching funds up to
$2.5 million. If these matching are provided, the total, $8.55 million, would likely cover
the total cost of developing a comprehensive proposal for the Fish and Game
Commission (including ali of the elements mentioned above).
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Practicality of Establishing Marine Protected Areas

The practicality or real-world likelihood of establishing Marine Protected Areas can be
considered on three levels:

1. Likelihood of developing a scientifically and legally defensible proposal.
Likelihood of the Fish and Game Commission adopting the proposal, or some
variation of the proposal.

3. Likelihood that the Marine Protected Areas accomplish what is intended
(performance criteria).

practicality and
er projects. This
ize the limitations

There are no guarantees of success with any option; howevegs
likelihood of success on all three levels above is high rel

maring reserves particularly for conservation, andgh the 7
other restoration option offers these strong points {n: nefits, feasibility, and
scientific support).

1l taxa vigihermanent resource protection
a quantitative perspective, the marine
istically scaled to entrainment

(while power plant ¢
benefits of the co

impacts, and the benefi pply to intertidal taxa. From a qualitative
perspective er plant (entrainment and thermal effects)
use this is a direct nexus. Protection of this intertidal habitat is
acco dation. Dr. Raimondi’s testimony to the

Regfo hearing discusses the types of intertidal degradation
that can o nterfidal areas, as illustrated by the University of
California’s g program. Where access is allowed, such as at Montana
De Oro State P degradation includes decreases in habitat forming species,

such as foliose alga fecreases in density and diversity of associated intertidal taxa.
The easement will prévent these types of impacts from occurring. The easement includes
5.7 miles of coastliné {(measured along the coastline contour, not line of site). Thisisa
relatively large amount of habitat that will be permanently protected. The amount of
habitat protected, and the nexus between the intertidal zone and the power plant impacts
makes this project appropriate, though not quantitatively scalable to entrainment losses.
The easement offers major ecological benefits and should be included in the settlement
agreement.

3.4 Fish Hatchery: This option would only potentially benefit one, or perhaps very few,
species, would not benefit the overall marine environment, would likely be very costly,
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and would potentially mitigate entrainment losses to only a fraction of the hundreds of
species that are entrained. There are also significant issues with respect to the benefits
and impacts of fish hatcheries, such as the introduction of diseases and degradation of
natural genetic stocks. Hence, a fish hatchery does not seem to be defensible project for
mitigation of entrainment losses, although there may be value in an experimental
approach with a few defined and economically important species.

3.5 Restoration of Marine Habitat: Restoration of marine habitat of the sort that would
lead to enhanced larval production of affected species is not available on the Central
Coast. The nearshore habitats of such species are not in need of rggtoration (from a

physical perspective — but see section on marine reserves, aboveg at is, from a
practical perspective we cannot identify areas of ocean habi ere “restoration” would
increase larval productivity. There are examples of degr habltat in other areas,
such as the so-called “dead zones” where pollution run

accumulates in the benthic environment, usually of] s of major
tributaries like the Mississippi River. The soluti nimize

practical “restoration” type work that could be 1
addition, there are no large-scale degraded areas of '
California (in the relevant geographi
restoration is not applicable in this ¢

bltat off the Central Coast of
refore, ocean habitat

3.6 Abalone Research (RWQCB/PG&E;. earch to develop disease
i ex il, would benefit only one

:do not recommend this type of research as
jects intended to enhance black

onal organizations may be beneficial to the community,
acts. There is no nexus to the impacts, or relevant benefit

fties are being torn down.

informed that the

3.8 Central Coast Ambient Monitoring Program Funding (RWQCB/PG&E
Settlement): The Central Coast Ambient Monitoring Program (CCAMP) appears to be
an important and useful program for the Regional Board. However, general ambient
monitoring is not mitigation for impacts. We do not recommend ambient monitoring as
mitigation. We do recommend adaptive performance monitoring, with oversight by
independent experts from the relevant fields of study, for any implemented mitigation
projects. Adaptive performance monitoring would be done to answer specific questions
or address specific hypothesis that determine the degree of success for mitigation
projects. Performance monitoring can be expensive, and given its importance in this
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case, should take precedence over ambient monitoring. CCAMP may provide the
organizational structure to manage the adaptive performance monitoring, as long as
independent experts from the relevant fields of study oversee the work.

3.9 CALCOFI Program: The California Oceanic Cooperative Fisheries Investigations
(CalCOFTI) are a unique partnership of the California Department of Fish and Game, the
NOAA Fisheries Service and the Scripps Institution of Oceanography. The organization
was formed in 1949 to study the ecological aspects of the collapse of the sardine
populations off California. Today its focus has shifted to the study of the marine
environment off the coast of California and the management of its Jiving resources.
CALCOF1 is the longest running oceanographic and near shore oring program in
California. Data collected in these surveys have been used tgiletect long-term change in
zooplankton communities, icthyoplankton spatial pattern iled current patterns.
The CALCOFI program is costly and the State is not pr g at anywhere near

impacts. This option is therefore not recommende

Comparison of All Projects

All options should be considered rela pective. Table 7 lists all

, likelihood of

success, relative benefit, and relative cos e highest ranked project.
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Table 7: Matrix Showing Relative Ranking of Potential Entrainment
Mitigation Projects Based on Best Professional Judgment

Project Nexus Availability | Relative Overall Relative Cost
Likelihood | Relative
of Success | Benefit

Marine Protected Areas [ High [ High | High* | High**

Eiaa

Fish Hatcher

Technology
Alternatives****
*assumes that success criteria are crafted
marine reserves as mitig i

High

the amount of similar habitat protected in a marine reserve. The
thermal dischiirge impacts a relatively small amount of intertidal and shallow
subtidal habitat compared to what would be protected in a marine reserve. The
marine reserve would not necessarily replace losses caused by the thermal
discharge, but would protect the intertidal and shallow subtidal habitat that
supports the thermally impacted taxa.

4.2 Terrestrial Conservation Easement: The Regional Board/PG&E
conservation easement would provide permanent protection for 5.7 miles of
intertidal habitat against future degradation, which is direct mitigation for many
thermal impacts in the intertidal zone, Given current plans, degradation of
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intertidal habitat would come mainly from public access. Recently PG&E has
entered into an agreement with the California Coastal Commission that will open
access to areas north of DCPP (the same area designated in the easement. The
access rules are not fully understood at the time of writing this document, and the
value of the easement as a mitigation alternative is uncertain until we are able to
assess the implication of the agreement with the CCC.

4.3 State Parks Docent Program: The Regional Board directed the independent
scientists to consider mitigation projects that would provide more immediate
benefits than the conservation easement, This would requige “restoring” degraded
nearshore marine habitat. As noted above, the Unive ¢ alifornia’s PISCO
program illustrates intertidal degradation in areas wi jor public access, such
as State Parks. A State Parks docent program m e degradation in

nen 1tor visitors. This
would be a “passive” restoration approach, rathies tha ivesphysical restoration.
This effort could be scaled to the area of ir inclu a similar

The drawback of this type of programy 1 ith fie cents, the areas may
continue to be degraded simply becaus a1 i i

invertebrates, and fid detect diseases or other major ecological events, outside of
Diablo Cove. Accordmgly, the independent scientists recommend implementation of a

modified thermal effects monitoring program at intertidal and subtidal stations.
6.0 Other Considerations

The independent scientists also considered additional projects/issues that do not directly
mitigate impacts, but may be useful, including:
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1. Allow access to the conservation easement for the purpose of monitoring
intertidal areas. This will be necessary if a Marine Protected Area is established
offshore of the easement.

2. The thermal effects in Diablo Cove and the vicinity provide a valuable
opportunity for marine research projects; however, access must be approved by
PG&E (and possibly federal agencies for security reasons). The independent
scientists recommend allowing qualified researchers access to Diablo Cove and
the vicinity, including boat launching in the Cove and maintenance of physical
access ways (present roads and stairways) to rocky intertidal areas used in PG&E
thermal effects studies.

7.0 CONCLUSIONS

the entralmnent losses. We realize that the cost of a Eial réef is not cqivalent to the
“value” of entrainment losses as estimated from a reso economy model. However,
creation of artificial reef habitat wouldbe

the estimated scale and cost is based on¥ yne at SONGS using
independent scientific oversight. This ation method is also
similar to the approach used by the Regio: ss Landing and Morro Bay
Power Plants.

Marine reserves 7 j to the marine ecosystem, but are more
difficult to scale to entr for developing a Central Coast marine
reserve prop on, in compliance with CEQA and the
Marine cost less than $10 million (likely between $6 and 38
millig ral major tasks such as a habitat survey, a socio-
eco: ng, local project funding, and a public input

process.

We recommend th? nservation easement be included in the settlement agreement
because it provides pgétection for a significant amount of nearshore marine habitat, which
is directly scalable td the thermal effects, and partially related to entrainment losses.

Also, intertidal areas are degraded in some State Park areas on the Central Coast due to
public access (trampling). Funds could be directed to a docent program designed to
minimize this impact. We recommend that this project be considered, but secondary to
the terrestrial easement.

Other elements of the settlement agreement are not currently recommended (but some

could be with further explanation, such as abalone research), because they do not provide
mitigation for impacts or direct protection of the marine environment.
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ging forward

The Science of Marine Reserves, PISCO — a web page devoted ¢
Reserves:

current scientific information on the utility, and design of
http://www.piscoweb.org/outreach/pubs/reserves/

All costs in this document are estimates as of July 2004 36




