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GUIDE TO THIS FINAL REPORT

Section I provides a summary of the entire report. Chapter 1 presents the
Results and Recommendations; in doing so it summarizes Sections III-V (Chapters

6-20) of this report. Chapter 2 is essentially a summary of Section II (Chapters 3-5).

'For those with time to read beyond Section I, Section II gives a fuller account
of the background to the study. The results of each component of the study, and the
means by which they were obtained, are presented in Section III (Chapters 6-17).
Section IV (Chapter 18) presents those MRC results that bear on water quality
regulations and, in response to provision B.1b. of Coastal Permit No. 183-73,
explains how decisions were reached on SONGS’ compliance with these regulations.
Section V (Chapters 19-20) provides the rationale for the recommendations made in

light of the Results.
Annotation

The data presented in the MRC Final Report to the California Coastal
Commission (MRC Doc. 89-02) have their sources in the Technical Reports and the
Interim Technical Reports to the CCC. The identity of the source information is

indicated in square brackets [ ].




Technical Reports

The Technical Report that is the source of a conclusion is referred to as TR,
thus Section 2.1 in Technical Report A is abbreviated as [TR A: 2.1]. Information

from Technical Reports is referred to by section. The fifteen Technical Reports

prepared for the CCC are:

Technical Report A. Sand Crabs TR A
Technical Report B. Anomalous sedimenfs in the San Onofre kelp bed TR B
Technical Report C. Entrapment of juvenile and adult fish at SONGS TR C
Technical Report D. Adult-Equivalent loss TR D
Technical Report E.  Metals and Radiation TR E
Technical Report F.  Kelp Forest Invertebrates . TRF
Technical Report G.  Mysids TR G
Technical Report H. Mitigation TR H
Technical ReportI.  Soft Bottom Benthos - TR1
Technical Report J.  Kelp Bed Fish TRIJ
Technical Report K.  Giant Kelp TR K
Technical Report L.  Physical and Chemical Oceanography TRL
Technical Report M. Bight-wide effects on fish: Compensatioﬁ TR M
Technical Report N. Integration of local depressions and increases

in fish stocks with inplant losses TR N
Technical Report O. Water Quality Compliance TR O

Interim Technical Reports

The Interim Technical Report that is the source of a conclusion is referred to

as ITR, thus page 17 in Interim Technical Report 3 is abbreviated as [ITR 3: 17].

iv




Interim Technical Reports prepared for the CCC are:

1. Plant Description and Operating History
2. Sampling Design and Analytical Procedures (BACIP)

3. Midwater and Benthic Fish
4. Plankton
5. Fish Larvae and Eggs

Information from Technical Reports is referred to by page, not section. The five

ITR 1
ITR 2
ITR3
ITR 4
ITR 5
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SECTION I
SUMMARY




Chapter 1

RESULTS AND RECOMMENDATIONS
Summary

Under the mandate of the Coastal Commission Permit 183-73, the Marine
Review Committee (MRC) has studied the effects of San Onofre Nuclear
Generating station (SONGS) on the marine environment since 1975. Our principal

conclusions and recommendations are summarized below.

The plant kills large numbers of organisms in its intake cooling water, and

sometimes moves turbid water into the San Onofre kelp bed (SOK).

The MRC has measured adverse effects on the kelp community in San
Onofre kelp bed, including giant kelp, fish, and large benthic invertebrates. These
effects, although local,r are deemed substantial because kelp is a valuable and

limited habitat.

The MRC calculates that there is a substantial impact on the standing stock
of a number of midwater fish populations in the Southern California Bight. The
reductions in standing stock are probably between one and ten percent. Because

the effects can occur over large populations, we conclude they are substantial.

The MRC has also measured a reduction in the local abundance of some

midwater fish populations. In addition, SONGS kills at least 20 tons of fish per year

in its intake system.




The MRC analyzed a range of options for preventing, reducing, or mitigating
these impacts, and presents two sets of 6ptions to the Commission. Option la is
cooling towers; the majority of the MRC (Mechalas and Murdoc':l}) recommends
rejection of this option, Dr. Fay recommends its acceptance. Option 1b is moving
the discharges; the MRC recommends against this option. The MRC recommends
acceptance of option 2, which involves selection of one or a combination of four
techniques: (1) reduction of flow of cooling water through SONGS or other SCE
coastal power plants; (2) construction of a high-relief artificial reef designed to
maximize fish production; and/or (3) restoration of a wetland. (4) Upgrading the
existing systems at SONGS that are designed to exclude fish from the plant or to
return them to the ocean. The MRC also recommiends that the State Thermal Plan
be amended to remove restrictions on the allowable across-the-condenser
temperature rise for‘ oi)en coastal power plants, to facilitate reducing the flow of

cooling water.

Other parts of the community that were studied and in which no substantial
adverse effects were found are: the plankton, a range of animals associated with the
séndy bottom, including invertebrates living in or on the soft sediments (these are
called the "soft benthos"), certain mysids, bottom-dwelling fish, and intertidal sand
crabs. The soft benthos, mysids and bottom-dwelling fish increased in abundance in

the SONGS’ area as a result of the plant’s activities.!

The MRC concludes that SONGS is not in compliance with certain water
quality regulations. The. level of natural light at the bottom, downcoast from

SONGS, was 6 - 16% lower than it would have been withoﬁt SONGS. There were

1 Dr, Fay disagrees with these conclusions.
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significant reductions in local populations of midwater fish, and of kelp, fish and
invertebrates in the San Onofre kelp bed. (Whether SONGS is in compliance with

regulations for sediments will be determined by the results of an origoing study.)

Some perspective on SONGS’ effects on the marine environment may be
useful. The impacts detected or inferred by the MRC, especially on the kelp
community and on bight-wide fish populations, are substantial for the reasons given
above. They should be prevented or mitigated. But they are not large-scale
ecological disasters.2 In particular, they are not on the scale of effects predicted
during the 1973-74 Public Hearings, which were the stimulus for the creation of the
Marine Review Committee. Key testimony at these hearings predicted that SONGS

would create a large inshore ecological "desert." This has not occurred.

This chapter (a) summarizes thé effects of San Onofre Nuclear Generating

~ Station on the marine environment, (b) compares the MRC'’s results with the

regulations of the National Pollutant Discharge Elimination System permits for the
station, (c) explains the Committee’s recommendations for prevention, reduction,
and/or mitigation of effects, including monitoring of the effectiveness of mitigation

measures, and (d) recommends future monitoring in relation to plant operation.

2 Dr. Fay disagrees with this conclusion.




RESULTS
Physical Effects

The physical effects are discussed in detail in Chapter 6. SONGS Units 1, 2
and 3 take in a volume of water equivalent to 1 mile square and 14 feet deep each
day. About 10"times this volume is quickly mixed with the discharged water. This
plume is further diluted to about a 1% concentration about 2 miles downstream
| from the plant. The plume is pushed offshore by SONGS, and aboutA 60% of the
time is carr_ied downcoast and thrdugh and over the San Onofre kelp bed (SOK) by
the prevailing currents. This plume is often more turbid (contains more particles)
than the ambient water. Make-up water, mainly from offshore, flows towards

SONGS’ diffusers, replacing the water entrained by the discharge jets.

The major physical effects caused by SONGS’ plume ére as follows. (1)
When the plume is turbid, it decreases the light reaching the ocean floor below it.
On average, the light level at the bottom in SOK is about 16% lower than it would
" be in the absence of SONGS. (2) The turbid plume also increases the flow of
particles close to the bottom, and increases the raté at which particles settle on the
bottom. (3) The directions of cufrents near the plant are modified: upstream of the
diffusers currents are diverted shoreward, while downstream currents are initially

diverted offshore in the plume.

The turbid plume may be responsible for patches of anomalous sediment in

SOK. These presently cover about 9 hectares (22 acres, 4.5%) of cobble bottom in

—»—t———ﬁ-n.u--.—a—‘-



- e W w -,-.- - o = W w= -' -

SOK. MRC is investigating this matter. The area covered by these patches has not

increased since 1987, and has recently decreased.

The plant is a source of metals and radioactive nuclides. However, there is
no evidence that SONGS releases enough metals to increase substantially their
concentrations in the environment. The environment near SONGS is typically low
in metals that might be released from SONGS. The activity levels"of plant-related
radioactive nuclides in local sedimenté and animal tissues are sometimes detectable,
but are well below those associated with naturally-occurring radioactive nuclides.

These results are presented in detail in Chapter 17.
Biological Effects

The effects reported here are based on many samples taken over at least four

years; they therefore represent estimates of long-term effects.

Substantial impacts have been measured or inferred to occur in two
components of the biota: fish, and organisms in San Onofre kelp bed. They arise,
respectively, from two mechanisms. (1) Losses as a result of péssage into or through
the plant in the cooling water. (2) Changes in the physical environment in SOK as a

result of the sometimes turbid plume.

SONGS’ release of metals and radioactive nuclides does not lead to
ecologically hazardous concentrations of these pollutants in the environment or the
local biota. Metal concentrations are low and do not provide a reasonable

explanation for the observed negative effects of SONGS on the biota. The same is

5




true for radioactive nuclides; internal radiation activity levels in local organisms are

raised only slightly above the background level. See Chapter 17 for details.
1. Fish stocks in the southern California Bight (see Chapfer 10)

This is the only finding of an adverse effect that is not based on direct
observation of reduced abundances but instead is inferred from the assumed 100%

mortality of fish eggs, larvae and juveniles taken into the plant in its cooling water.

For the most vulnerable fish species, MRC measured or estimated the
amount by which mortality in Units 2 and 3 increases the bight-wide death rate of
the immature stages. Simple models suggest that the increased death rate leads to a
reduction in the Bight’s standing stock of adult fish. It is not possible to estimate the
" reduction with any degree of precision. An estimate that lies in the middle of those
possible, points to a loss of several hundred tons of mainly "fodder" fish (i.e., species

that serve mainly as food for other fish species).
2. San Onofre Kelp Bed

Substantial impacts have been measured in three components of this

community: giant kelp, kelp-bed fish, and large invertebrates living on the cobble

bottom. Kelp beds are a particularly valuable and limited habitat.
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2a. Giant Kelp (see Chapter 7)

Giant kelp is the key species in the bed, providing food and habitat for many
other species. The Permit contains a condition, Condition C, stating that the
diffusers "shall not be located within 1,900 feet of the area where the kelp bed to the
south of the diffusers is likely to expand." In the Findirigs and Declarations, the
Permit states that "Condition C will insure that the effects of Units 2 and 3 on the

kelp beds are not substantial.”

The area covered by moderate to high density kelp in SOK has been reduced
on average by about 200 acres (80 hectares), or 60% below the abundance that
would have occurred in the absence of SONGS. Increased turbidity created by
SONGS’ discharge plume is the cause. ‘The MRC did not study organisms, such as
some species of mysid shrimps, that are closely associated with kelp canopy, but it is

a reasonable expectation that these species have also declined at SOK.

The estimated reduction of kelp, 80 hectares, is MRC’s best estimate.
However there is uncertainty as to the exact size of the loss since estimates of kelp
abundance are subject to sampling "error," factors other than SONGS influence its

abundance, and the amount lost varies through time. The loss might be as small as

-40 hectares and, less probably, could be as high as 100 hectares. Nevertheless, 80

hectares is our best estimate and was derived using the assumptions that are most

- consistent with the available information.




2b. Kelp-bed Fish (see Chapter 8)

Fish living near the bottom in SOK (e.g., sheephead, barred sandbass and
black surfperch) have been reduced by about 70% (roughly 200,000 fish weighing
about 28 tons) below the abundance that would have occurred in the absence of
SONGS. These losses were presumably caused largely by the reduction in kelp, but
other changes in the kelp-bed habitat caused by SONGS also contributed. Again,
there is uncertainty concerning the exact size of this loss, but 28 tons is the MRC's

best estimate.
2c. Kelp-bed Invertebrates (see Chapter 9)

Thé abundances of 13 species of snails, and of the white sea urchin, were
reduced substantially (30%-90%) below the levels that would have occurred in the
absence of SONGS. These species were chosen for study, from over one hundred
species of large benthic invertebrates that live on the cobble bottom in SOK,
because they are common enough to be sampled accurately. It is reasonable to infer
that the abundance of other less common species in this habitat, which were not
sampled, also declined. The reduction is associated with the increase in turbidity
caused by SONGS’ plume, and hence with an increased flow of particleé near the
ocean floor. The particles may interfere with the feeding or other essential activities

of these organisms. - Patches of fine sediments on the cobble bottom at SOK have

also played a part in reducing the abundance of these organisms.




-', —

3. Local Midwater Fish Populations (see Chapter 11)

The observed reductions in local fish populations represent a substantial, but

local effect.

Each year, SONGS takes in 45 tons of fish and kills at least 21 tons. This

~ estimate was made in a period of depressed fish abundance, and over the long term

the amount killed will be about 56 tons per year.

In the midwater, the local abundance of queenﬁsh has been reduced by
between 30% and 70%, depending on the location, out to a distance of 2-3 km from
SONGS, relative to the abundance expected in the absence of SONGS. A similar
reduction occurred in white croaker, but over a smaller area. Several other species
probably have experienced smaller reductions. Over 100 species of fish have been
entrapped during the study. The reduction in white croaker and some of the
reductioq in queenﬁsh can be explained by the loss of fish in SONGS’ intakes, but it
seems that some other factor (perhaps the local increase in turbidity caused by the

plume, which might cause fish to leave the area) must also be operating.
Other Biological Effects
4. Local Benthic Fish Populations

The abundance of fish living on the bottom typlcally increased above the
levels that would have occurred in the absence of SONGS, although a few less

common species decreased. White croaker and queenfish increased by more than




100% 1.5 km downcoast of SONGS. Several other less common species also

increased on the bottom.
5. Soft Benthos (see Chapter 14)

The abundances of small invertebrates (worms, crustacea, clams, etc.) that
live in and on the sandy bottom near SONGS were in general increased above the
levels that would have prevailed in the absence of SONGS. The increases were
more prevalent in deeper (roughly 60-foot [18 metér]) water than in shallower (26-
foot [8 meter]) water, and in the deeper water increases Were seen in some
organisms as far as 2 miles (3 km) downcoast from the diffusers. The increases are
themselves increasing through time. SONGS has not changed the type of
community present (e.g., the increase is not in "pollution-tolerant" species). Some
decreases wére seen in species in shallow water, out to'almost 1 mile from the plant,

but these decreases are disappearing with time.
6. Mysids (see Chapter 15)

Mysids are shrimp-like crustaceans, many of which stay near the bottom
during the day, and move up in the water column at nighf. They were chosen to
‘repres'ent a larger group of crustacea that share this "semi-planktonic" habit. The
MRC did not detect reductions in the abundance of these mysids; indeed, some
species increased significantly in abundahce above the level that wouid have
occurred in SONGS’ absence, and there was a general pattern of increases in this
group. The increases were in species typical of the community and do not represent

a change to a different and perhaps less-desirable set of species. The MRC did not

10
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study mysids in-the kelp bed. It is reasonable to infer that the other organisms in

- this semi-planktonic assemblage also increased in general.3

7. Plankton (see Chapter 12)

The abundance of plankton near SONGS was largely unaffected by SONGS’
operation because the plume is very rapidly mixed with ambient water. The

abundance of one (numerically minor) cor'nponent,' the meroplankton (which is

made up of the larvae of animals living on the ocean floor), increased above the

level that would have occurred in the absénce of SONGS.4

About 1400 tons (dry weight) of zooplankton are taken in and killed each
year by SONGS. There is no evidence for a local reduction in plankton, and the

MRC concludes that these losses do not constitute a substantial adverse effect.

The MRC was established in large part because it was feared that the
plankton, and especially the meroplankton, would be severely reduced in abundance
and that a very extensive nearshore "desert" would be created as a consequence.

These results show that this severe effect did not occur.
8. Fish larvae (see Chapter 13)

The most serious effect of SONGS upon fish larvae is on those species that

are vulnerable to being taken into the plant because they are concentrated inshore

3 Dr. Fay has a reservation about this inference.
4 Dr. Fay disagrees with the conclusions concerning this group.
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at the depths of the intakes. These losses, which amount to several billion

individuals per year, lead to the estimated reductions in adult fish stocks discussed

above.

There is no clear pattern of decreases in the abundance of fish larvae near
SONGS. Overall, more species increased than decreased, though the changes for
barticular species were rarely statistically significant. An exception is the northern
anchovy larvae, which showed a decrease of about 30%, although anchovy eggs
increased by 100%. The vast majority of the larvae of this very abundant species are
offshore, and a local depression in the SONGS’ érea has negligible consequences for

- the population in the Bight.
9. Sand Crébs (see Chapter 16)

Sand crabs live for much of the year on intertidal sandy beaches. Unlike all
other groups studied by the MRC, it has been suggested that substantial effects on

crabs were caused by SONGS Unit 1, which began commercial operation in 1968.

Sand crabs at beaches near SONGS have often been different in some
respects from those at more distant beaches (usually they have been smaller and less
successful in some aspects of reproduction), though in other regards they have not
been different. The evidence is most consistent with the conclusion that these
spatial patterns reflect natural differences in the physical characteristics of the
beaches near and far from SONGS. The evidence is strongly against the hypothesis

that the patterns are related to operation of the plant.’

5 Dr. Fay disagrees with this conclusion.

12
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Consistency in SONGS’ Effects

The effects detected in different components of the marine community are
consistent with each other and with the mechanisms known to be operating. This
internal consistency reinforces and adds to our confidence in the conclusions

reached for the separate components of the marine biota.

Measurements of local currents, of the movement of the discharge plume
itself, of light in the water and of particulafe matter near the ocean floor, all show
that the plume increases turbidity, reduces light, and increases the flow of particles
near the bottom in the ocean. In addition, the plume and these effects are most
prevalent in the downcoast direction and in the more offshore portions of the area
studied. These physiéal effects occur mainly downcoast of SONGS because the
natural current flow is predominantly in that direction. As would be -expected,

effects within the kelp bed are more severe nearest the diffusers.

The increased turbidity has adverse effects on giant kelp and on the fish and
organisms living on hard bottom in the kelp bed. Increased organic material falling
from the turbid plume may cause the increases in the abundance of organisms on

and associated with the soft bottom.

The absence of effects in some groups is also consistent across these groups
and with known mechanisms. Although many organisms living in the water column
are taken in and killed by the plant, there is very rapid mixing and dilution of plume
water,' and local reductions that might occur in, for example, plankton and mysids,

would be on the order of a few percent at most near SONGS. On the other hand,
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individual fish can be expected to remain in the area for some time and it is not
wholly unexpected that fish losses accumulate and appear as measurable local

reductions in abundance.

The "reach" of the plant is also about the range expected, i.e., one to a few
miles depending on the effect (except for fish populations in the Southern California

Bight). The plume alters physical conditions at least as far as the downcoast edge of

the kelp bed (1.2 miles [2A km] distant) and, as implied by the changes in the soft

benthos, materials still fall out of the plume in significant amounts almost 2 miles (3
km) downcoast of the diffusers. The MRC concludes that fish in the Bight as a
whole are influenced by SONGS, but that is because fish and their immature stages
move away from the area of impact, not because the plant has long-range physical

effects.
Future Effects

SONGS operated at a higher level in the years 1987-89 than it did in the
years 1983-86, the period when MRC madé most of the measurements needed to
estimate the blant’s effects. It is therefore possible that impacts will be more severe

(or less severe) than we have estimated. In addition, it is in principle possible that
some conditions will gradually worsen, or that the operation of the plant will change,
or that negative biological effects will accumulate. We address these two questions

here.

14
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‘1. Fish stocks in the California Bight

The mortality of fish larvae, which leads to .inferred Bight-wide reductions in
fish standing stocks, was calculated when SONGS pumped at 78% of maximum.
During 1987-89 pumping averaged 85%, a 7% increase above the 1983-86 level.
This is a very high level of efficiency, and it does not seem likely that the plant will
exceed it over long periods in the future. If this level is maintained in the future,
our estimaté of fish reductions will be low by 7%. Given the large uncertainty of
our present estimates, this is a small error. We know of no reason to expect that the
effects on Bight-wide stocks would be cumulative. Thus our present estimate of

Bight-wide reductions does not need to be modified for the long term.
2a. Giant kelp.

Although we are concérned with .the possibility that the effect on kelp will
increase with time, we do not expect this to occur. First, our estimates of kelp losses
are based on measurements of kelp made during 1986-89, when SONGS Units 2 and
3 pumped on average 85% of its maximum rate; i.e., at the maximum that is likely to
be achieved over the long term. Second, during this period the bed was the largest
we‘have seen it, so that the acreage iost is also close to maximum. Thfrd, the size of
the effect has not increased over the past two years, and there is no reason to
believe that the physical conditions for kelp will become progressively or
cumulatively worse as SONGS continues to operate.s Fourth, Unit 3 was offline
during spring in two of the years (1987 and 1988) when the estimate of losses was

derived. These were periods when recruitment of kelp might have occurred. It is

6 Dr. Fay does not agree.
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therefore possible that the reduction in kelp would have been larger had the Unit
been on line. However, each Unit will be down for several months at least every
two years, and fall and spring are the most likely times for them .to be down. So the

observed pattern is likely to be a common one. Finally, SONGS may have created

new patches of sediment on the bottom at SOK, but the area covered by these

patches is relatively small (presently 9 hectares [22 acres]) and has not increased

since 1987.
2b. Kelp-bed Fish

Estimates of kelp-bed fish losses were made when the plant was pumping at
less than the recent 85% average. It is possible that the increase in the pumping
rate might have increased losses of kelp-bed fish by a small fraction, since some of
the loéses appear td be caused by changes other than loss of kelp. However, ﬁsh
losses in the kelp bed were estimated in a period when kelp reduction was greater
 than the average reduction of 60%. Since loss of kelp is probably a major cause of
loss of fish, we would not expect the percent of fish lost to increase significantly in
_the future. On the other hand, fish were less abundant than usual during the
operational sampling period, because of the El Nino condition, and in absolute

terms the long term reduction could be greater than the estimated 28 tons.
2¢. Kelp-bed Invertebrates
It is possible that the effects on large invertebrates living on the cobble

bottom in the kelp bed will become more severe. First, effects were estimated when

pumping was 7% lower than it has been recently. Second, there is evidence that the
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size of the effect was increasing in some species towards the end of the sampling
period. Third, some of these invertebrates live for many years, and cumulative

effects are possible.
3. Local Midwater Fish Populations

The amount of adult fish killed in the plant can also be expected to be 7%
higher. We would not expect the additional pumping to make a detectable change

in local densities, and there is no reason to expect cumulative effects.

Effects observed on other components of the biota were not shown to be
negative. Among these, it is likely that the soft benthos will show cumulative effects,

since the effects detected so far are changing with time.

In summary, the MRC does not expect most impacts to become sighificantly
worse with time. It is of course not possible to be certain on this matter and the

MRC recommends a variety of monitoring programs, summarized below.
RESULTS: COMPLIANCE

A comparison of MRC results with the regulations of the National Pollutant
Discharge Elimination System (NPDES) permifs for SONGS leads to a set of
conclusions on compliance sﬁmmarized in Table 1.1. Results of MRC studies apply
to regulations for temperature, natural light levels, metals, and marine organisms in

the receiving water. SONGS was in compliance for temperature and metals, but

17



Table 1.1

Summary of SONGS’ compliance with water quality regulations in the NPDES

permits.
REGULATION MRC FINDING COMPLIANCE
D.l.a Increases in natural water - Maximum increase in YES
temperature shall not exceed 4°F temperature was about 1°F
at the ocean surface 1000 ft beyond
the diffusers or at the bottom.
D.1.c.3 Natural light levels shall Irradiance was NO
not be reduced outside the zone of reduced by 6 - 16%
initial dilution.
B.4.c The discharge shall not contain No evidence for accumula- YES
substances (metals) that accumulate to ’ tion of metals due to SONGS
ttoxic levels in marine life.

and
D.1.d4 Concentrations of metals shall
not increase to levels that would ad-
versely affect marine life

D.1.c.2 Changes in the rate of depbsition awaits completion of sediment studies ?
of sediments should not adversely affect '

marine life.

D.l.e.l1 SONGS shall not have adverse 1. reductions in local popula- NO
effects on marine organisms. tions of midwater fish

2. reductions in kelp, fish
and invertebrates in SOK

was not in compliance for light levels and effects on marine life. The

turbiddischarge plume caused a reduction of 6% - 16% in natural light levels near

the bottom, downcoast from SONGS. Significant reductions were found in local
populations of midwater fish, and in kelp, invertebrates and fish in SOK. New

results relating to sediments may be found.
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RECOMMENDATIONS: MITIGATION AND MONITORING

The recommendations are based on the above findings. They are
summarized in Tables 1.2 and 1.3. There are two type of recommendations: (1)

those aimed at reducing or mitigating effects, and (2) those for future monitoring.
Mitigation

We present two options for mitigating the effects of SONGS. Option 1:
Changes to the Cooling System, responds to the Permit’s directive that the
Committee be responsible for "récommending ... any changes it believes necessary in
the cooling system for Units 2 and 3" (Condition B.4). Option 2: Prevention and
Mitigation responds to the Commission’s 1979 resolution requesting the MRC to
study promising mitigation measures and to recommend measures "to assure there

would be no net adverse effect on the marine environment" (Staff Reports 11/9/79,

- 4/4/80).

Option 1: 'Changes to cooling system

We discuss two possible changes to the cooling system at SONGS,
constructing cooling towers and moving the discharge. Other alternatives are

discussed in Technical Report H.

Option 1a: Cooling towers

The advantage of cooling towers is that they would reduce the flow of water

through SONGS by 90% or more, thereby reducing all of SONGS’ effects on the
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Table 1.2
Mitigation Recommendations

OPTION TECHNIQUE ' OBJECTIVE RECOMMENDATION

1: Changes to cooling system |

la Cooling towers Reduce all losses . Reject (WM, BM)
’ ' Accept (RF)
1b Moving discharge Reduce discharge losses Reject
2: Prevention and mitigation : Accept
Reschedule operations! Reduce larval fish losses
Reduce flow! (1-10% reductions in standing
Artificial reef (60 ha)! stocks of some species)
Restore wetland (30 to 60 ha)! "
Reduce impingement losses Reduce fish intake losses (21 tons/yr)
Artificial reef (120 ha) Replace kelp community losses
(80 ha kelp and associated

invertebrates and fish)

1 A combination of these techniques could be used as long as overall result was complete mitigation.
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Table 1.3

Monitoring Recommendations

CATEGORY RECOMMENDATION

A. Compliance!

Irradiance ‘Measure irradiance and currents .
Fish ‘ Densities of midwater fish
Kelp Community Densities of large invertebrates and kelp bed fish

B. Mitigation

Low-relief artificial reef : Giant kelp, fish, algae & invertebrates
High-relief artificial reef Fish production
Wetland Depends on restoration plan
C. Effects!
Soft benthos Densities of infauna

1 The future value of the monitoring data will be greatly increased if they are recorded and maintained in such a
way that they can be analyzed in conjunction with those already collected by MRC.
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marine environment that the MRC has measured. This option has the following
problems and disadvantages: There would be technical problems adapting cooling
tower technology to the scale needed at SONGS, particularly because the towers
would have to retrofit. Cooling towers would cahse (1) adverse impacts to the
terrestrial environment from construction and salt drift, (2) dischargev of
contaminants to the ocean, (3) increased air quality impacts, (4) slight iﬁcrease in
risk to human safety, (5) aesthetic impacts, and (6) noise impacts. The cost of
cooling towers is estimated to be about $1‘ billion, plus reduced efficiency of up to

20% that would add an additional $1 billion cost over the life of the plant.

Recommendation: The majority of the Committee (Mechalas and Murdoch)
recommends rejection of the cooling tower.option_because its
technical, environmental and safety disadvantages and high
costs outweigh its advantages at SONGS. Dr. Fay

recommends acceptance of Option la.

Optiorlb: Moving the discharge

The advantage of moving the discharge is that impacts to the kelp bed
comrtity would be eliminated. The disadvantages of this option include
engiring constraints, new impacts on the marine environment, and the fact that it
wouot reduce the adverse effects on fish populations caused by. entrapment.

Tt of this option would be hundreds of millions of dollars.

Ruendation: The MRC recommends rejection of the option of moving the

discharge be_cause its considerable technical and
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‘environmental disadvantages and high costs outweigh its

advantages at SONGS.

Option 2: Preverition and Mitigation

Recommendation: The MRC recommends acceptance of Option 2, which consists
of a possible combination of four different techniques for
reducing or mitigating fish losses and one technique for

mitigating the impacts to the San Onofre Kelp bed community.

' The recommendations in the option are organized according to two major

categories of losses: fish and kelp forest community.

Fish losses

The MRC recommends a possible combination of four different techniques
for mitigating the fish losses: (1) reduce the number of larvae entrained (by
reducing the flow rate at SONGS or other coastél power stations or by scheduling
SONGS so it does not operate during periods of maximum abundance of fish
larvae), (2) construct an artificial reef, (3) restore a wetland, and (4) reduce the in-
plant loss of juvenile and adult fish. Different combinations of the first threé

techniques could each result in complete mitigation.
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(i) Larval fish entrainment could be reduced by scheduling SONGS not to
operate during periods of highest larval abundances, and/or reducing the flow of
water during SONGS’ operations. An équivalent reduction in entrainment at other
SCE coastal power stations could be an acceptable substitution for reducing
entrainment at SONGS. Larval entrainment could by reduced by 15% or more by
flow reduction alone, 50% by rescheduling to avoid March and April, and 60% or

more by combining techniques.

Reducing the flow through SONGS and other coastal power plants is a

preferred technique for reducing impacts to the marine environment but would

require a variance from the State Thermal Plan. These power plants could operate
more efficiently with lower flow. Their ability to do so is affected by the Thermal
Plan, which restricts the rise in water temperature across the condensers to 20°F. If,

instead of 20°F, the allowed increase was 30°F, the flow through the plant could be
reduced by one-third, with a concomitant reduction in larval entrainment. Since the
MRC has found negligible thermal effects, but adverse effects on fish that are
proportional to the flow of water through SONGS, we recommend that the Plan be
amended to remove restrictions on the temperature rise allowed for open coastal

power plants.

(2) A high-relief artificial reef of appropriate size would increase the general
production of fish, thereby mitigating fish losses caused by SONGS. We estimate
that a 60-ha high-relief reef, costing about $15 million, would provide complete

‘mitigation for the fish losses.
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(3) Wetlands are valuable coastal habitats in Southern California, and
wetland restoration would be an appropriate means of mitigating the loss of fish
caused ‘by SONGS. The amount of restoration needed will depend on the specific
design of the restoration; we estimate that 30 to 60 hectares (1 ha=100 meters by
100 meters) would adequately mitigate for fish losses. The cost of restoration could
be between $3 million and $18 million, depending on the design and whether or not

land would have to be purchased.

The above three techniquels could be combined to provide complete
mitigation. For example, for each 1% reduction in entrainment losses, SCE would
get credit for 1% of complete mitigation; each 1 hectare of hfgh-relief artificial reef
constructed Wou}d provide 100%)/60 hectare = 1.67% credit; and each 1 hectare of
wetland restored would provide 100%/(30 to 60 hectare) = 1.67% to 3.33% credit,

depending on the particular restoration.

(4) Impingement losses might be reduced by new techniques, and SCE
should be able to choose any technique that they think will effectively reduce these
losses. The MRC has identified two techniques that could potentially reduce this
impact: mercury lights and sonic devices. Because the effectiveness of these
techniques has not been adequately tested, we recommend that they be tested and
their i‘mplementation be required if they will reduce impingement losses by 2 MT

per year.
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Kelp forest community impacts

The MRC recommends that the fraction of community lost at San Onofre
kelp bed be replaced by constructing a low-relief artificial reef that develops and
maintains a kelp bed. Complete mitigation would be achieved by constructing a
120-hectare low-relief artificial reef, at an estimated cost of $7.5 million for

construction and $3 million for establishing kelp.
Future Monitoring

The MRC recommends three different types of programs for future

_ monitbring (Table 1.3), each of which is motivated by its own set of objectives.

Compliance with water quality regulations

As a result of the comparison. of differences in the results of MRC and
NPDES studies, we have developed suggestions for changes in the NPDES
monitoring program. We recommend that: (1) quarterly transmissivity samples be

replaced with measurements of irradiance and currents taken continuously, (2)

" monitoring of kelp forests include regular samples of large invertebrates and fish,

and (3) populations of midwater fish be monitored near SONGS. We also
recommend that the density of adult, subadult and juvenile giant kelp continue to be

monitored.
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Mitigation

The MRC recommends that the low-relief artificial reef constructed to
replace kélp forest resources be monitored to ensure that (1) it is constructed
according to its design spéciﬁcations, and (2) giant kelp becomes established. The
physical structure of the reef should be monitored immediately after construction to
verify that it meets the design standards; if it does not, additional constfuction
should be required to bring it up to the standards. In addition, monitoring should be
conducted to ensure that giant kelp becomes established according to a reasonable
timetable (e.g., three years). If monitoring indicates that it has not been established
on schedule, additional efforts should be required until the new kelp community is

established. Fish, benthic algae and benthic invertebrates should also be monitored.

The MRC recommends that the high-relief artificial reef and/or restored
wetland constructed as mitigation for fish losses be monitored. The high-relief reef
should be monitored (1) to ensure that it is constructed according to its design
specifications, and (2) to evaluate the amount of fish produced on the reef. The
comprehensive evaluation of fish production on the .reef, to be completed over a
period of perhaps five years, will be extremely valuable for evaluating future
proposals to use artificial reefs as mitigation. Monitoring of the wetland should
ensure that (1) the restoration is conducted according to the design specifications,

and (2) the best possible effort is made to establish the target community.
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Effects

The monitoring proposed above for compliance also serves the purpose of
keeping track of some effects. In addition, the MRC recommends that the soft
benthos be monitored to determine if the spatial extent of SONGS’ effects changes
through time.- We recommend that the soft benthos be sampled at the same stations

used by the MRC, with the addition of a more distant control.

At this point, the MRC has not made .a determination about the link between
SONGS and the anomalous sediments in the San Onofre kelp bed. If SONGS is
linked to these sediments, we recommend that their distribution and abundance be
monitored using the same sites and methods we used in 1989, with permanent stakes

added to measure changes in sediment depth.
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Chapter 2

OVERVIEW OF THE REPORT

This overview chapter explains briefly how the MRC arrived at the Results
and Recommendations; it is essentially a summary of Section II. Chapter 1 presents
the Results and Recommendations; in doing so it summarizes Sections III-V of this

report. Thus Chapters 1 and 2 together provide a summary of the report.

For those with time to read beyond Section I, Section II gives a fuller account
of the background to the study. The results of each component of the study, and the
means by which they were obtained, are presented in Section III. Section IV selects
those MRC results that bear on water quality regulations and, in response to
provision B.1.b. of Coastal Permit No. 183-73, explains how decisions were reached
on SONGS’ compliance with these regulations. Section V provides the rat.ionale for

the recommendations made in light of the Results.
MRC Mandate, Structure and Scientific Management

This report is submitted to the California Coastal Commission (CCC) in
response to the conditions of Permit No. 183-73, dated February 28, 1974, of the
then California Coastal Zone Conservation Commission (Appendix 1). The MRC is
an advisory body to the CCC and was established in response to an application by
the Southern California Edison Company.(SCE) to expand the San Onofre Nuclear
Generating Station (SONGS) by adding Units 2 and 3 to the already existing Unit 1.

The MRC consists of three scientists, one appointed by the applicants (SCE), one
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appointed by the appellants (consisting of several environmental groups), and the

other (the chairman) appointed by the Commission.

The MRC was charged to
"carry out a comprehensive and continuing study of the marine
environment offshore from San Onofre...to predict, and later to
measure, the effects of San Onofre Units 2 and 3 on the marine
environment, with emphasis on (a) the effects of the new units on
zooplankton and larval organisms, and (b) compliance with the
regulatory requirements of State and Federal water quality
agencies...in a manner that will result in the broadest possible
consideration of the effects of Units 1, 2 and 3 on the entire marine
environment in the vicinity of San Onofre."
The MRC was then charged to report to the Commission any predicted or
discovered substantial adverse effects on the marine environment, and any evidence
the plant was not in compliance with federal or state water quality regulations,
together with recommendations for changes in SONGS’ cooling system that would

reduce such effects.

In 1979, the CCC recognized that operational changes or mitigation
measures might compensate for losses of marine life, and might substitute for
chénges to the cooling'system. The Commission therefore directed the MRC to
study mitigation and make recommendations to ensure there would be no net

adverse effect of SONGS operation on the marine environment (Appendix 2).

The structure of the MRC is described in Figure 2.1. The programs to
measure the effects of SONGS on the marine environment were designed by the
'MRC in collaboration with the scientists contracted to collect the data and with
outside scientists. | The data were collected and analyzed by the scientific contractors

(henceforth "contractors"). Internal and external oversight and review were carried
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Figure 2.1,
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out in a variety of ways (Figure 2.2). The contractors’ data quality was subjected to
independent check, as was their analysis of the data, by MRC analysts hired for this
purpose. Outside experts were called in as needed to consult on, and sometimes to
help oversee, ongoing field programs. Contractors’ reports were subjected to

external as well as internal review. )

After the contractors’ Final Reports were in hand, further analyses of the

data were carried out by the MRC technical group, who vprepared the MRC

Technical Reports to the CCC. The Reports were also subject to internal and

external review. In all, more than 100 external scientific experts were used by the
MRGC, and at least 573 reviews of contractor and MRC technical reports were done

in the period 1982-Technical89.
Brief History

Figure 2.3 provides a history of the construction of the marine portion of
SONGS Units 2 and 3 and of their operation. The figure shows how the various

MRC studies and its major reports relate to the history of the new units.

There have been five phases to the study, each of which corresponds to a task
given to the MRC either by the Permit or the CCC. The phases and the associated
MRC reports to the CCC are as follows.

1) Effects of the cooling system of Unit 1: "Updated Estimated Effects of

SONGS Unit 1 on Marine Organisms," August 1978, MRC Document No.
78-01.
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2) Predictions of effects of Units 2 and 3: "Prediction of the Effects of the San
Onofre  Nuclear  Generating Station and Recommendations:
Recommendations, Predictions and Rationale," November 3, 1980, MRC
Document No. 80-04(1). -

3) Results of pre-operational monitoring of effects of “Units 2 and 3 (1979-
1981/2): "Pre-Operational Monitoring for Units 2 and 3 of San Onofre
Nuclear Generating Station,” October 13, 1983, MRC Document No. 83-01.

4) Results of interim-period monitoring (1981-83): "Report to the CCC
concerning Interim Operation of San Onofre Nuclear Generating Station,"
April 24, 1984, MRC Document No. 84-08.

5) The final phase is monitoring in the operational period, determining the
effects of SONGS, and making recommendations. Some of the results were

reported to the CCC in an Interim Report (MRC Doc. 88-05, April 18 1988).
These have been incorporated into the present report.

Structure and Operation of SONGS and Possible Effects

SONGS consists of three units, the first of which began operation in 1968.
Each generates electrical power using a pressurized nuclear reactor that boils fresh
water contained in a closed loop. The resulting steam drives the turbines and is
then cooled by seawater, which does not comé into contact with the steam (except
for minor leakage through seals). In each of the new units (2 and 3), seawater is
drawn into an intake pipe in 30 feet of water, passes through the plant where its
temperature is raised about 19°F, and pumped out to the ocean 5900 feet (Unit 3)

or 8200 feet (Unit 2) from shore through a "diffuser” (Figure 2.4).

Each diffuser is a 2500-foot long concrete tube with 63 openings along its
length through which the cooling water is ejected. The jets of cooling water
immediately draw in and carry along ("entrain") about 10 times their own volume, so
the discharge water is very rapidly mixed with ambient water as it rises to the

surface, where it usually forms a visible plume. This mixing rapidly dissipates the
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36




heat in the cooling water. Each day, SONGS discharges a volume of water

measuring a mile square and 14 feet deep.

The effects of SONGS on the marine environment are associated with thé
passage of cooling water. Most small organisms taken into the plant (including
plankton and fish larvae) probably are killed. Some fish are killed by being
impinged on screens- that prevent large objects from entering the cooling system.
Many fish are diverted to a Fish Return System that returns them to the ocean;
some of these individuals also die. The cooling water taken into the plant comes
from close to shore and is therefore relatively turbid. In addition, the jets emerge at
just over 6 feet above the ocean floor, where the water is more turbid than it is
nearer the surface. The discharge plume is pushed offshore and toward the surface
by SONGS, and therefore typically moves turbid water to a zone that is naturally
less turbid. The local currents move downcoast about 60% of fhe time (we refer to
this direction as "south" though it is strictly east of south). As a result, SONGS has
the potential to increase the flow of particles and reduce the penetration of light in

the San Oi;ofre kelp bed (Figure 2.5), and hence reduce its size.

At the Public Hearings on the Permit in 1973/74, the major concern was that
there would be niassive mortality of plankton, including immature stages, from the
combined effects of intake mortality and transport of plankton offshore in the plume
to an inhospitable environment where they would perish. It was predicted that this

would cause massive reductions in the abundance of the nearshore fauna.
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MRC Approach to Determining Effects

The MRC was guided by the Permit’s unambiguous emphasis on determining
effects on the marine environment and its clear concern for effects on the biota.
The Committee, therefore, concentrated on developing programs that would enable
it to conclude whether SONGS has reduced the abundance of organisms

representing a broad range of the marine communities near the plant.

To decide this question, we need to compare the abundances of the affected
organisms in the presence of SONGS to the abundances they would have had if

SONGS had never operated.

An obvious way to approach this problem is to compare the abundances
before SONGS started up to the abundances after start-up. But this simple
approach alone would not work, because marine organisms vary greatly in the short
term (e.g., because of storms), the middle term (e.g., seasons) and the long term
(e.g., major weather changes such as El Nino). The long-term variation could either
hide a SONGS-induced reduction in abundances (by causing temporary incfeases
that cancel it out) or mimic one; the short énd middle term variation would make

our data more variable, and thus make any general change harder to detect.

A second way to decide the question is to compare the area near to SONGS
(the "Impact" area) with a similar area (called a "Control") that is nearby but outside
the likely range of effects. However this approach is also flawed. Different parts of
the coastline are likely to differ in several ways, some unknown to us; abundances of

species in the community are therefore likely to vary from place to place.
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The weaknesses of both approaches can be overcome by éombining them.
Since the Impact and Control areas are less than 20 km apart, they will be affected
very similarly by the main causes of natural variation: 'storms, seasons and major
Weather changes should have about the same effects at both places. Thus, although
species abundances may differ between the two areas, the amount of difference

should not vary much over time.

However, if there are SONGS effects, they should be felt at the Impact area

and not at the Control. Thus such effects will cause a change in the differences
between Ifnpa_ct and Control. In other words, keeping track of the differences
between the Impact area abundance and the Control area abundance should be a
' good guide to a SONGS effect because (a) the differences should be just as affected
by SONGS as the Impact area abundances themselves, and (b) their natural
variation over time should be much less than the variation in actual abundance, and

'so it will not_cancel, mimic or obscure a SONGS effect.

| Samples were taken close to SONGS at one or several Impact stations, and
also far from SONGS at a Control staﬁon, both Before and After Units 2 and 3 began
operation. In each time period (Before or After) samples were taken at both stations
as close to simultaneously as possible (examples are in Figure 2.6). Such paired
samples wefe taken on many occasions spread over the time available. For
ef(ample, net samples of fish were taken at Control and Impact stations, on the same
night, on 60 occasions spread evenly between 1980 and 1982 before the new units
began operating, and on 32 occasions over three years after operation began. The
samples are thus paired in time at the two stations. The design is abbreviated to

BACIP (Before-After/Control-Impact Paired).
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In the BACIP design, the information of interest on each sampling occasion
is the difference in abundance between the Control and Impact samples. From these
differences, we obtain an estimate of the average difference in abundance between
‘the two stations before the new units began operation. Our question then is: Did
the average difference in abundance between the Control and Impact stations change
between the Before and After periods? For details see Chapter 5.

Our first aim was to decide whether a SONGS-induced change occurred. We
have also estimated the size of each effect where possible. For example, a given
species might show a 50% reduction in abundance at SONGS relative to the control
station. This means that the abundance at SONGS in the After period is about one-
half what it would have been if SONGS had not been operating. The reader should
view the calculated value of the change as an estimate; variability among samples,
and sometimes other factors, make the precise value unknowable. However, almoét
all reported changes are "statistically significant;" that is, they are not likely to be

mere chance events, and the size of effect reported is our best estimate.

Firm conclusions (i.e., whether or not there has been an effect) have been
reached mainly for the most abundant and the most frequently-occurring species.
Although we have not been able to draw individual conclusions for the many species
that are rare and infrequent, our conclusions do embrace the majority of the
individuals. Furthermore, when no significant effect can be detected in many
individual species, it has often been possible to detect a significant pattern of changc

when similar species in a particular part of the community are treated as a group.
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A number of programs were designed to obtain information on the spatial
pattern of effects. They were used for organisms in which it seemed likely that
effects would occur, and in which the size of the effect at different distances from
the plant might be detectable consistently over time. In these cases there were two
or more Impact sites situated at different distances from the plant. The organisms
studied under such a "gradient" design were the midwater fish, giant kelp, kelp bed
fish, kelp bed inVertebra;ces, and soft bottom benthos; physical/chemical programs
also typically had a gradient of stations. It needs to be noted, however, that for a
given research effort, a single Impact station has more power to detect an effect

than do several stations.

In addition to sampling the abundance of many organisms, the MRC also
carried out studies to help tie observed changes in abundance to the operation of
the plant. For example, estimates were made of the number of organisms killed in
the intake water. Measurements were made of ocean currents and other features of
the environment, such as light in the kelp bed and organic matter in soft sediments,
that might be affected by SONGS. Finally in a few cases experiments were done
either to detect the plant’s effect on organisms or to elucidate the mechanisms

causing the effect.
A variety of studies of metals and radioactive elements (radionuclides) were

carried out in response to suggestions that sand crabs in the SONGS area might be

affected by these pollutants.
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Predicted Effects and Results

Two ways in which SONGS might have a large effect on the biota were
suggested during the hearings on the Permit: via (1) its intéke of massive amounts
of cooling water and (2) the transport offshore of roughly 10 times that intake.
(Because heat is dissipated so rapidly in the discharge plume, there appear to be no

significant effects of elevated temperatures once the discharge leaves the diffusers).

Some of the actual effects of SONGS are very different from those predicted
initially. Virtually all of the expert testimony regarding SONGS’ likely effects on the
marine biota, recorded in the minutes of the 1973-1974 public hearings before the
CCZCC and summarized in the Permit itself, concerned the possible effects of
intake and offshore transport on zooplankton. It was feared that

"the cooling system for Units 2 and 3 would have a massive

environmental impact on the most important ecosystem, the plankton.

... [which] represent a main source of food for most organisms in the

nearshore environment, and of greater importance, the plankton

include the immature stages of nearly all other nearshore marine
animals." (Minutes of October 18, 1973, p. 13). :
It was stated that vast numbers of zooplankfon would be killed directly by being
taken into the plant. More importantly, even larger numbers would be transported
offshore in the discharge water, which would act like a massive river, carrying
plankton a mile offshore to an inhospitable environment, where they would perish.
The consequences would be "impoverishment of the nearshore fauna, including

clams, lobsters, and mussels, [whose larvae are in the plankton], and everything that

depends on plankton," and the production of a nearshore "desert" (Minutes, p. 13).

This predicted effect did not occur. The discussion in the Public Hearings

did not consider carefully how much dilution there would be; in addition, water ‘
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entrained along the diffusers is typically moved only 2000 to 3000 feet further
offshore, so the predictions made in the Permit hearings overestimated the potential

effects of offshore transport.

Although turbidity was not discussed at the Hearings, the Permit itself raises

the possibility that increases in turbidity from SONGS’ plume might have a negative

effect on the kelp bed, but does not go into detail.

In 1980 the MRC developed a set of predictions for the CCC. As might be

expected since they were based on several years of study, these were closer to the

- mark than those made in the Public Hearings. But they were by no means wholly

accurate. Several major predictions by the MRC were borne out. Intake losses of
fish larvae were expected to lead to reductions in the bight-wide populations or
production of fodder fish in particular, and our calculations still sﬁggest that this is
the case. A reduction of the kelp bed, via suppression of recruitment of small plants
by the. turbid plume, was predicted - especially in the offshore portion - and was

observed. The MRC predicted that particles from the plume would enrich the

* communities of organisms living on the ocean floor, and the abundances of these

organisms have increased.

Among the inaccurate predictions in the 1980 MRC report were the
following. We predicted that there would be no increase in benthic fish, but there
wasl. We suggested there might be sizeable decreases in some species of semi-
planktonic mysids near SONGS; however the model on which this prediction was

based was wrong, and there was an increase in mysids. We thought it probable that

1 Dr. Fay does not agree with this conclusion.
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there would be some (unspecified) decrease in local plankton density, and none
occurred2. We expected SONGS to cause upwelling of nutrient-rich waters, but
there is no evidence that it does. Information on the likely paths of the plume led us
to predict that there wouid be no increased accumulation of sediments on hard
substrates m the kelp bed, but there appears to have been an increase in

sedimentation rate there.

The féilures of prediction can be exﬁlained largely by a lack of quantitative
information about crucial processes, especially the rate of oceanic mixing and the
amount of offshore transport by the plume, and about the quantitative details of
complex ecological processes. Our oceanographic studiés eventually gave us much
of the needed quantitative physical information. But the quantitative details of
interactions in the biotic community remain in practical terms unknowable for most
marine situations. Nevertheless, the studies réported here have provided much
needed insight into the spatial scale on which ecological communities are affected

by physiéal and chemical disturbances of the sort engendered by SONGS.

2 Dr. Fay does not agree with this conclusion.
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SECTION II.

INTRODUCTION AND BACKGROUND




Chapter 3

THE MRC: ITS MANDATE, HISTORY, AND OPERATION
The MRC and its Mandate

This Report is submitted to the California Coastal Commission (CCC) in
response to the conditions of Permit No. 183-73, dated February 28, 1974, of the

then California Coastal Zone Conservation Commission (Appendix 1).

The MRC was established in response to an application by Southern
California Edison Company (SCE) to expand its San Onofre Nuclear Generating
Station (SONGS) by adding Units 2 and 3 to the already existing Unit 1. The MRC
consists of three scientists, one appointed by Southern California Edison, one
appointed by the appellants (Groups United Against Radiation Dangers,
Environmental Coalition of Orange County, Friends of the Earth, et al.), and the
other (the chairman) appointed by the Commission. From 1974 until 1980, the
chairman was Dr. J. H. Connell, while Df. J. Mihursky represented the appellants.
The present membership is Dr. R. Fay (appellants), Dr. B. Mechalas (SCE), and Dr.

W. Murdoch (chairman), and has been unchanged since 1980.

. The MRC was charged to "carry out a comprehensive and continuing study of
the marine environment offshore from San Onofre...to predict, and later to measure,
the effects of San Onofre Units 2 and 3 on the marine environment, with emphasis
on (a) the effects of the new units on zooplankton and .larval. organisms, and (b)
compliance with the regulatory requirements of State and Federal water quality

agencies ... in a manner that will result in the broadest possible consideration of the
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! effects of Units 1, 2 and 3 on the entire marine environment in the vicinity of San ‘

Onofre."

The MRC was charged with "recommending to the State Commission any
changes it believes necessary in the cooling system for Units 2 and 3. The State

Commission shall then further condition the permit accordingly" (Condition B.4).

Finally, cohdition B.6 provides that:

‘ "Should the study at any time indicate that the project will not comply
with the regulatory requirements of State or Federal water quality
agencies, or that substantial adverse effects on the marine
environment are likely to occur, or are occurring, through the
operation of Units 1,2, and 3, the applicants shall immediately
undertake such modifications to the cooling system as may reasonably
be required to reduce such effects or comply with such regulatory
requirements (which can be made while construction is going on and
could be as extensive as requiring cooling towers if that is the
recommendation). The State Commission shall then further condition

the permit accordingly.”

On November 1979 the Commission expressed interest in evaluating other

means of mitigating adverse effects other than changes to the cooling system and

directed the MRC as follows:

"Mitigation Alternatives to Design Changes. The Commission also
recognizes that operational changes or mitigation measures might
adequately compensate for any marine life damages resulting from
the operation of Units 2 and 3. The Commission, therefore, requests
the MRC to study the feasibility and effects of selected promising
mitigation measures, including construction of an artificial reef, as
suggested by Southern California Edison. The MRC should
recommend what measures might be taken to assure there would be
no net adverse effect on the marine environment from operation of
SONGS Units 2 and 3." (Staff Reports 11/9/79, 4/4/80).
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A Brief History of MRC Studies

Figure 3.1 provides a history of the construction of the marine portion of
SONGS Units 2 and 3 and of their operation. The figure shows how the various
MRC studies and reports relate to the history of the new units. Unit 2 was expected
to become operational in early 1981, but in fact was not commércially licensed until
August 1983. Asa result, the pre-operational sampling could have been spread over
a longer period than was the case, and there was an Interim period from early 1981
to mid-1983, during which samples were taken less frequently. In some programs it
has been approp_riate'to use some of the interim samples as part of the pre-
operativonal data base. The new units were both operating commercially by April
1984. The MRC determined in retrospect, however, that the new units maintained a
level of operation from May 1983 till April 1984 that was similar to that in the
following two years, and so designated the former déte as the start of the

Operational‘period.

MRC studies fall into five phases corresponding to the tasks laid out in the
Permit and requested at various times by the Commission. The tasks and the

associated reports that have been submitted to the Commission are as follows:

1) Effects of the cooling system of Unit 1: "Updated Estimated Effects
of SONGS Unit 1 on Marine Organisms," August 1978, MRC Document No. 78-01.

2) Predictions of effects of Units 2 and 3: "Prediction of the Effects of
the San Onofre Nuclear Generating Station and Recommendations:

Recommendations, Predictions and Rationale," November 3, 1980, MRC Document
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Figure 3.1.

History of main events, studies, and MRC reports to ccC
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No. 80-04(1). This report recommended against. changes in the cooling system at
that time, because confidently-predicted effects of the plant were not sufficiently
adverse, the likely environmental effects of changes to the cooling system were not

known, and mitigation of at least some effects appeared to be a possibility.

3) Findings of pre-operational monitoring of effects of Units 2 and 3
(1979-1981/2): "Pre-Operational Monitoring for Units 2 and 3 of San Onofre
Nuclear Generating Station,” October 13, 1983, MRC Document No. 83-01.

4) Findings of interim period monitoring (1981-83): "Report to the CCC
concerning Interim Operation of San Onofre Nuclear Generating Station," April 24,

1984, MRC Document No. 84-08.

S) The final phase consists of monitoring in the operational period,
determining the effects of SONGS, and making recommendations. Part of the
results and findings from this phase were reported to the CCC in an Interim Report
(MRC Doc. 88-05, April 18 1988). These results have been incorporated into the

present report.
Scientific Management and Decision-making

The structure of the MRC is described in Figure 3.2. As noted above, the
MRC has three members. Each member had access to a scientific advisor of his
choice. The data were collected and analyzed by scientific contractors (henceforth
"contractors"), who reported their results formally to the MRC, typically in annual
reports. In 1978 an executive director, later the technical coordinator (1984), was

hired to oversee the day-to-day running of the programs. In 1981 the Committee
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Figure 3.2.

Structure of the Marine Review Committee
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hired a statistical analyst to evaluate the analyses done by the scientific contractors
and to make suggestions for improving the studies and analyses. Finally, in 1984 a
data analyst was hired to ensure the integrity of the MRC data. External

consultants and reviewers were hired throughout the study as needed.

The studies were designed by the MRC in collaboration with the scientists
contracted to collect the data, and with the help of outside scientists (Figure 3.2).

For example, the statistical design underlying mény studies (BACIP - see chapter 5)

- was developed in collaboration with three consulting statisticians. The kelp studies,

which in many ways faced the most difficult problems, were designed, and overseen
throughout much of their existence, by a committee containing outside kelp experts
and a statistician. Outside consultants were called in whenever particularly difficult

problems of study designlarose.

The implementation of the studies was done by contractors, who collected
samples or did other appropriate studies, following the agreed-upon design.
Members kept up to date on the progress of studies via informal reports,

presentations at MRC meetings, and formal scientific reports.

It is standard in many studies of this nature that the contractors collecting the
data, who in this case were primarily experts in marine biology, are not responsible
for analyzing them. The latter task instead is given to more statistically-expert
contractors. This approach was indeed strongly recommended by the late Dr. Tibor
Polgar (the scientific advisor for the appellants), who had extensive experience in
environmental impact studies. The MRC decided instead to encourage the field

contractors to analyze their data, on the grounds that the contractors had been
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chosen for their abilities as working scientists, not merely as data collectors, and that
it was better to get insight from a wide range of scientists. It was recognized from

the start, of course, that the ultimate responsibility for interpreting the data lay with

 the three members of thé MRC.

The structure of the internal and external review process is shown in Figure

3.3. This process occurred at various stages in the development of MRC studies.

(1) As noted, external review and consulting took place at the design of

studies and, in some cases, in the oversight of ongoing field studies.

(2) The MRC data bases have been established in the following way. The
contractor transferred the results of _anal_yzing field samples, etc. from their data
note books to~"raw data" files in the MRC computer. The nofe books, or copies
thereof, have been retained by the MRC. The raw data files were transformed to
(SAS) "data files," ie., to a form suitable for statiétical analysis. There are

approximately 1700 such data files containing 300 megabytes of data (the equivalent

"of 75,000 typewritten pages). The data analyst used a variety of procedures to

ensure the integrity of the MRC data files. The procedures used to create the data
files, and the contents of each group of data files (a "data base"), are described in

the MRC’s Data Standards Document. A Guide »to the Databases has also been

prepared for the more complex data bases.

(3) The contractors’ statistical analyses were checked by the data analyst to

ensure that the results presented could be duplicated, by repeating the analysis using
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the same data base. The contractors’ Final Reports contain a listing of the data

bases used in the analyses presented in the reports.

(4) The contractors’ scientific reports to the MRC were subjected to review by
both the MRC and outside scientists. Within the MRC, reviews were usually
provided ‘by the members and/or their scientific advisors and by the statistical
analyst. External reviews were obtained for the contractors’ annual reports, though
these reviews were not routinely archived until 1982. The contractors’ Final
‘Reports were also externally reviewed. Each member chose one exfernal reviewer

for each contractors’ report.

(5) In 1987 the MRC began the process of preparing this Fina‘l. Réborf t;) the
CCC. The basis of this report is a series of Technical Reports, which were written
by the MRC’s technical group. That group consistéd of the technical coordinator,
the statistical analyst, a statistical anaiyst who had worked with the contractors, and
some of the contractors. (They are listed at the start of the appropriate chapters in
sections 1II-V.) External scientific advice was sought where appropriate by the
technical group. There was frequent interaction between the MRC members and
the technical group during this process, and the members provided suggestions for

analyses.

The technical group used the contractors’ Final Reports as their starting
point. However, they also returned to the data bases, sometimes repeating the
contractors analys_es but often doing new analyses. The technical group had the
advantages of building upon each contractor’s analyses, of seeing the larger picture

provided by all the contractor reports taken together, of some new data, and of an
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additional two years in which to solve outstanding problems of analysis, as well as
their own fresh insight. Typically the Technical Reports confirm the conclusions

reached by the contractor, but often they are able to expand and amplify them.

These Technical Reports have also been subject to the standard internal and
external review process (Figure 3.3). This Final Report to the CCC is based on the

Technical Reports. |

During the process described above, 99 non-MRC scientists either reviewed
various reports or consulted on various aspects of the MRC program. Between 1982
and July 1989, at least 573 written reviews were received.

Public Access to MRC Data and Réports

This report has been written for the non-scientist who nevertheless might like

to know the background to the study and how the MRC arrived at its conclusions.

For those with limited time, Chapter 1 contains the important conclusions.

This report does not include detailed references to the technical sources of
its conclusions, which can be found in the associated series of Technical Reports. (In
Sections III-V, the Technical Report that is the source of a conclusion is referred to
as TR, thus Section 2.1 in Technical Report A is abbreviated to TR A: 2.1.) These
Technical Reports are written for scientists, especially biologists, with a working
knowledge of statistics, the use (;f which is central to the design and interpretation of

the study.
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The MRC is lodging with thé cce the following reports and materials: this

Final Report, a set of the Technical Reports, a set of the contractors’ Final Reports,
a copy of the external reviews, and various data sets and guides to their use. The
data sets include: the MRC data bases on both 9-track magnetic tapes (11) and

ﬂobpy discs (appr'oXimately 300), the raw data files on magnetic tape (13) aﬁd,éléo

on magnetic tape copies of the prbgramé used in the analysis of the data and to

create the data bases from the raw data files.

The MRC intends that interested scientists should be able to repeat and

- elaborate on its analyses. As noted above, this report indicates, for -each result,

where the supporting evidence can be found in the associated Technical Reports. |

These reports in turn list the particular MRC data bases analyzed to arrive at their
conclusions, and refer the interested reader to a file containing the programs used in
the analyses. The Technical Reports on occasion refer to the contractors’ Final

Reports.
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'Chlapter 4
_ STRUCTURE AND OPERATION OF SONGS
~ A more detailgd accourit of the structure and operation of SONGS than that

which follows can be found in the Interim Technical Report:" 1. Plant Description and

Operation.

SONGS consists of three units. Each generates electrical power using a

pressurized water nuclear reactor. The reactors boil fresh water that is contained in

. a qlosed .IOOp. ‘The resulting steam drives turbines, and is then cooled in' the

condensers by seawater (which does not come into contact with the steam except for

“minor leaks through the seals). The seawater for each unit is taken in through a

single intake, passes ‘thro_ugh the condenser, absorbs heat in the prdcess’ of cooling.
the freshwater steam, and then is discharged to the ocean where. it dissipates its

accumulated heat.

SONGS Unit 1 began commercial operation in 1968. It produces 436

‘megawatts (MW) of electrical power. Its intake is in water 27 feet deep and about

3000 feet from the shore (Figure 4.1). The intake is a vertical pipe with a velocity
cap above it, 15.5 feet above the ocean floor. Between the pipe and the cap is a

space of about 4 feet through which the water enters. The cap’s intended purpose is

- to make the flow of water into the pipe horizontal, and hence to make it easier for

fish to avoid entrapment. During normal operation seawater increases in
temperature about 22°F during its. passage through the plant, and is discharged

through a single vertical pipe in 25 feet of water about 2500 feet from the shore
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[ITR 1: 1-2] Units 2 and 3 are the subject of the CCC Permit. Each has an
electrical power output of 1100 MW. The marine portions were built between 1974
and 1981. Each has a single intake with a velocity cap, reaching about 18 feet above
the ocean floor, and situated 3200 feet from the shore in 30-foot water. Seawater in
these units gains 19°F, and is discharged through a diffuser of unique design (Figure
4.2). Each diffuser is a concrete tube 2500 feet long, with 63 diffuser ports along its
length. Each port is a 2-foot in diameter circular opening in a concrete block built
on to the tube, facing offshore, with a tilt upwards and alternately to one side or the
other. Water is discharged in a powerful jet with an initial velocity of 13 feet per
second. Unit 2’s diffuser ends 8200 feet offshore at a depth of 50 feet, while Unit 3’s
diffuser ends 5900 feet offshore at a depth of 38 feet [ITR 1: 2]. ' |

At normal full operation, Unit 1 takes in 320,000 gallons (1211 cubic meters)

of seawater per minute [ITR 1: 1], while Units 2 and 3 each take in about two-and-

a-half times as much water (830,000 gallons per minute) [ITR 1: 2]. Thus, all three

units operating together can take in and discharge almost 2 million gallons (ovér
7,000 cubic meters) every minute, or a volume of water measuring a square mile, 14
feet deep, every day. The volume passing through the three units in the course of a
week is thus equivalent to all the water out to the 36-foot depth contour (about 4800
feet from shore) along a six-mile stretch of coastline. Virtually all this water comes
immediately from inshore of the 36-foot contour, but the currents that bring water
to SONGS are highly variable, so some of the water taken in may have been a few

miles offshore or a few tens of miles alongshore in the course of the preceding week.
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In order to limit the local rise in water temperature around SONGS, the

diffusers were ‘designed to mix large volumes of ambient seawater with the heated

~ discharge jets. The jets draw in and carry along ("entrain") about ten times the

discharge flow. This entire body of water is initially pushed towards the surface and
offshore. Its further direction is determined by the speed and direction of the
prevailing ocean currents. Water along the diffuser lines that is entrained by the
discharge plume is moved, on average, about 2000-3000 feet further offshore [ITR
1: 3]. Thus the bulk of this water is usually not pushed offshore of the diffusers (in
contrast to expectations based on a "tank" model of the discharge made by the
designers of the diffusers and noted in the predictions made by the MRC in 1980).

Chapter 6 discusses the behavior of the discharge plume in some detail.

Fish and other large objects are prevented from entering the plant by screens
set across the incoming water as it enters the cooling system. In Unit 1, material
collected on the screens is trucked ‘away for disposal on land. Units 2 and 3 are
equipped with louvres in front of the screens, designed to guide incoming fish away
from the screens and towards a holding bay. Fish that are so diverted are returned
to the ocean via the Fish Return System (FRS), a 4-foot diameter conduit that

extends 1900 feet from the plant back into the ocean [ITR 1: 3].

Figure 4.3 summarizes the operational history of Units 2 & 3 through early
1989. Unit 1 had a variable level of operation during this period. By October 1983
Units 2 and 3 combined reached the level of pumping that was characteristic of the
operational sampling period (78%). From the end of operational sampling

(December 31, 1986) until April 30, 1989, the average pumping level has been 85%,
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an increase of 7%. Over the operétional sampling period power production
averaged 56%. Between the end of sampling and April 30, 1989, power production

was 75%, an increase of 19%.

Each of the new units has four pumps. When the plant is not producing
power it is still typically pumping water, which may not become heated. However,
the MRC takes the pumping level as the main criterion of level of operation since it
believes that unheated water is as likely to affecf the marine environment as is

" heated water.
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Chapter 5§

APPROACH AND DESIGN OF THE MRC STUDIES

The Permit makes cléar that the MRC’s main task was the detection of
SONGS’ effects on the marine biota, and this directive determined the MRC’s
approach. Thus the Committee defined an effect of SONGS as a change in the
abundance of marine organisms that could be attributed to the action of the Plant,
and designed its stﬁdies to detect such chénges and to distinguish them frdm natural
variation in abundance. The MRC also designed some studies to elucidate the
mechanism(s) by which SONGS caused observed effects and to evaluate some
potential effects of toxic materials. The main goal, however, was to find effects. It
has always been recognized that establishing mechanisms might prove impossible,
and ihat determining that the Piant caused a gi§én effect did not require

establishing mechanisms.
Components of the biota studied

As directed by the Permit, a wide range of organisms was studied. The list is
laid out in the contents to this report. It includes representatives from all the major
habitats near SONGS. Zooplankton (including the larvae of animals that liQe on
the bottom as adults) and fish larvae were studied because the Permit singled them
out as a subject of concern. Fish in three different habitats were studied because
they are a resource of special interest. The same is true of giant kelp and, in
addition, the Permit raised the possibility that giant kelp might be affected. Many
species of invertebrates in the San Onofre kelp bed were studied because they

represented a major group living on hard substrate that might be affected together
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with giaht kelp. The small invertebrates living in and on the extensive sandy bottom
near SONGS represented another large componenf of the biota, and yet another
habitat. A set of mysid species that live close to the bottom during part of the day,
and join the plankton for the rest of the time, were chosen to represent a group of

organisms sharing this behavior.

The MRC did not, however, study the entire biota, an endeavor that would
havé cost an unimaginable sum. Some groups, seabirds for example, were ignored
because it was not reasonable to expect effects. Some organisms (or groups of
organisms), such as starfish living on the sandy bottom habitat, are so rare and/or
variable in their distribution that the cost of obtaining reliable estimates of SONGS’
effect would be very high. Similarly, organisms in the canopy of the kelp bed were
found to be too variable to yield reliable estimates of abundahce. (On the other
hand, midwater fish are also highly variable but are of special interest and

warranted unusual efforts.)

Since SONGS’ effects were expected to be qhite unlike those associated with
facilities such as sewage treatment plants, the MRC also did not direct major efforts
towards sampling for "“indicator" species, for example those that colonize heavily
polluted areas (though such species would have been detected by a number of the
programs, such as the soft benthos program, had they appeared in abundance).
Very small organisms that might be important in such situations - bacteria and

protozoa for example - were thus not sampled.

A few studies were done that are not reported in this volume. Interested

readers can find them in the parenthetical references to follow. Organisms that.
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settle on and "foul" kelp blades were studied because they were expected to increase
after SONGS began operating. No effects were found on these organisms (Dixon,
Schroeter and Dean, 1987, MRC Doc. D-087). A group of small encrusting
organisms that settle and grow on boulders in local kelp beds were the subject of a
study in the period before plant operation. This study did not provide an adequate
data base in the period before the plant began operating and was therefore
discontinued (Osman et al. 1981; MRC Doc. D80-458). These organisms were
studied again, however, for a short time after the plant began operating, and this
study is referred to in the report dealing with the "anomalous sediments" in San

Onofre kelp bed (Technical Report B).
Sampling and analytical design

In 1977, when the MRC monitoring program was being developed, existing
programs at other nuclear power plants had not produced "quantitative information
necessary to detect and assess the envirbnmental effects of power plant operation”
(McKenzie et al. 1977, "Design and analysis of aquatic monitoring programs at
~ nuclear power plants," a review of monitoring programs done by Batelle Corp. on
behalf of the Nuclear Regulatory Commission). The approach to detecting effects
used almost throughout the MRC studies was developed in response to weaknesses
in these existing programs. We give a brief account of the approach here as a
necessary prerequisite for understanding the results. Readers seeking more detail

should refer to Interim Technical Report 2.

Samples were taken close to SONGS where potential effects were likely to

occur (Impact siation) and far from SONGS where they were not (Control station)
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both Before and After Units 2 and 3 began operation. In each time period (Before
or After), samples were taken at both stations, as close to simultaneously as
possible. Such paired samples were taken on many occasions spread over the time
available. For example, net samples of fish were taken at Control and Impact
stations, on the same night, on 62 occasions spread evenly between 1980 and 1982
before the new units began operating, and on 30 occasions over three years after
operation began. The samples are thus paired in time at the two stations. The

 design is abbreviated to BACIP (Before-After/Control-Impact Paired).

The BACIP design was developed in response to two major problems of
sampling design. First, the abundance of organisms varies naturally through time, so

any change observed near SONGS between the preoperational and operational

periods in, for example, fish abundance might be unrelated to the Plant. Ihdeed, |

large natural changes in abundance did occur in the region during the study period
because of an intense El Nino episode. Changes in the rank abundances of species

between before and after were noted at both Impact and Control sites.

Second, there are always differences in the abundance of organisms between
any two areas of the ocean, so simply observing a difference between an Impact and

a Control station in the After period does not mean SONGS was the cause. We

could also miss a SONGS effect by such a comparison if SONGS reduced a

previously higher abundance at Impact, to a lower level similar to the abundance at

Contfol.

The BACIP design overcomes thése difficulties. In the BACIP design, the

information of interest on each sampling occasion is the difference in abundance
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between the Control and Impact samples. From the sequence of such differences
over time, we obtain an estimate of the average difference in abundance between the
two stations before the new units began operation. Our question then is: Did the
average difference in abundance between the stations change after the plant began

operating?

With this .design, SONGS-induced changes are not obscured by natural
differences between Control and Impact, or by natural changes that occur at both
Control and Impact through time. Nor are such natural differences mistakenly
attributed to SONGS. The design has the additional benefit that seasonal changes
in abundance can usually be accounted for, because they tend to be similar at the

two sites and so disappear when we take differences.

The key assumption in the BACIP design is that there is no natural change in
the difference between the stations that happens to coincide with the onset of Plant
operation. Such changes are of course possible; their occurrence could lead us to
falsely implicate SONGS or to mistakenly exonerate it. It seems,' however, that
changes in natural processes that cause different effects at Control and Impact that
persist for several years, and that coincide with the onset of SONGS operation, are

unlikely and, if they occur, are likely to be noticeable.

An important natural change did occur during the study, and it served to
emphasize the utility of the BACIP approach. The El Nino years 1982-1984 were a
time of persistent massive "downwelling”" that resulted in increased water
temperature and severe depletion of nutrients in the nearshore zone. The effects

were so drastic that El Nino could have affected the results of MRC’s BACIP tests if
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it had different effects at the impact and control stations. However, records of
bottom temperature, which were not significantly affected by SONGS, show that the
physical effects of El Nino were substantially uniform in the region studied by MRC:
El Nino raised the mean bottom temperature at 14 m depth by 3.1°F in the San
Onofre kelp bed, and by 3.2°F in the San Mateo kelp bed 5 km upcoast [TR L:
2.1.1]. The results discussed in Chapters 8, 9 and 11-15 show that changes in the
~ biota also changed in response to El Nino, but similarly at Control and Impact sites.
Separating such changes from those induced by SONGS would not have been

possible without the BACIP design.
Selection of Sampling Sites

The selection of impact and control sites needed to be based on knowledge
of the local environment and expectations about the likely effect of SONGS, both of
which were provided by MRC'’s early studies (Chapter 3). There was no way to
ensure, of course, that a station was at the precise spot where the impact would be
maximum, but placing most sifes within a few kilometers downcoast of the blant
maximized the chances of detecting ecologically important effects (for details on
each program see the appropriate chapter). Within this area the choice of site
reflected the mechanism by which the plant was expected to have its effect. For
example, soft benthos samples were taken both at the intake depth and in deeper
water where we expected the plume to be more prevalent. For fhe biota in the kelp

bed, of course, the choice of Impact site was obvious.

The main purpose in siting the impact stations was to detect effects.

Measuring the extent of effects, which would have required a grid of stations, is a
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much larger problem, especially since the MRC did not know what effects, if any,
would occur or how far they would extend. Sampling a grid large enough to fully
delineate effects would have been enormously expensive, and would not have been

juStifiable where there was doubt that effects would occur.

A particularly useful component of a grid of sampling stations is sites spaced
at intervals downstream from the plant; such sites can be expected to lie along a
"gradient" of potential effects. A number of the studies incorporated one or more
intermediate sampling locations in their designs (the midwater fish, kelp bed fish,
giant kelp, kelp bed invertebrates, soft bottom benthos and physical/chemical
programs all had such stations), and an example is given in Figure 5.1. It needs to
be remembered, however, that for a given level of effort, sampling at a single Impact
site and a single Control site is a more powerful means of detecting an effect. In
summary, the MRC program detects effects, measﬁres the size of the effect at the
particular impact station(s), but gives more or less incomplete information about the

spatial extent of effects.

The control site need not be, indeed cannot be, exactly like the impact site;
different areas in the ocean are bound to be different. The key requirement is,
rather, that the abundance of the species in question at the impact station, in the
absence of SONGS, should “track” that at control; i.e., it should change in a similar
manner. Control sites were therefore chosen to be similar to the impact area, and
not so far away that they are influenced by very different environmental factors.
Second, the control site needs to be far enough from SONGS that it is influenced by
the plant only a small amount at most. In principle, there is nowhere in the ocean

that is uninfluenced by SONGS’ discharge to some degree. In practice, at around
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10 km downcoast of the plant the plume has been diluted to a concentration of less
than 1%. Selection of a control site thus represents a balance between minimizing

the effect of SONGS and staying in the same general area as the impact site.
Other Approaches

A variety of other approaches was used, mainly to measure SONGS-induced
mortality directly and to determine the mechanisms by which the plant affects the
biota. The rate of loss of plankton (Chapter 12), larval ahd adult fish (Chépter 10,
11, 13), and mysids (Chapter 15) in the intake waters was estimated. An
oceanography program measured the direction and speed of currents in the area to
provide information on SONGS effects on local water movements (Chapter 6). This
program also measured various other factors, such as temperature, light level and
the flux of seston near lthe ocean floor, to determine how they ére affected by
SONGS’ dischargé plume and, hence, how the plume might affect the biota.

Physical and chemical characteristics of soft sediments were measured (Chapter 14).

The MRC has sometimes been able to carry out experiments to help
determine effects and their causes. For example, kelp plants were transplanted into

the discharge plume of Unit 1, before Units 2 and 3 were built, to help predict the

-effect of the new units on the San Onofre kelp bed (Chapter 7).

Finally, concerning toxics, in response to suggestions that sand crabs in the
area might be suffering from exposure to metals or radionuclides produced by
SONGS, several studies were done to investigate the levels of these pollutants in the

local environment and in sand crabs and mussels, to investigate whether the
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concentrations of such pollutants could explain apparent anomalies in the sand
crabs, and to determine whether SONGS was a likely source of these pollutants
(Chapters 16 & 17). In addition, the results of water quality sampling at SONGS

were analyzed.
Evaluating the Results

Conclusions about SONGS’ effects in this report typically are stated in the
following ways: "the relative abundance of species X decreased at SONGS;" or
"there was a decrease in the abundance of species X at SONGS, compared with the
Control station." The basis for such statements is the BACIP approach outlined

above in "Sampling and Analytical Design."

Although statistical considerations were central to the design of the studies
and are crucial to their analysis and interpretation, this summary report is not the
place for such technical detail. It is, however, important to understand the meaning

of (1) "statistically significant, " and (2) "an X% reduction in relative abundance."

A result that is "statistically significant" is one that we are willing to accept as
real, as distinct from being a mere chance event. - Given the apparent difference in
relative abundance shown by our samples, the test asks whether a sampling program
like ours would show such a difference by chance, if there were no SONGS effect.
Statistical rules allow us to calculate the probability of such chance events occurring.
A standard convention is to report as significant only those differences that would
occur no more than 1 in 20 times by chance. If one wished to be more sure of

catching SONGS’ effects, one might wish to make the level 1 in 10. (The trade-off is
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that we are then more likely to attribute to SONGS an "effect” that in fact is a purely

chance occurrence.) Indeed, there is no "correct” level of significance. We have
followed the convention of stating as "significant" those results that a particular test
shows should occur by chance in, at most, 1 time out of 20, and as "almost

significant" those that should occur by chance in, at most, 1 time out of 10.

The report expresses the size of an effect as, for example, "a 50% reduction
in relative abundance at SONGS." This means that the abundance at SONGS in the
After period is about one-half what it would have been if, since the Before period,
the population there had changed in the same way as the population at the Control
station. The reader should not take the calculated value of the change (e.g., 50%)
as being precise. The data are treated statistically ("transformed") before a test is |
run, to ensure that they pass certain statistical assumptions. The absolute size of the
difference detected can vary somewhat with different transformations, several such
transformations may be appropriate, and we report only one of them, usually the
most significant. A reported relative decrease of, say, 50%, does mean, however,
that there was a substantial relative decline in abundance of about one-half. The
estimated size of relative increases can be particularly variable when they are large,
and for this reason increases greater than 100% are described simply as greater than

100%.

For many species that occurred fairly frequently in samples, we are not able
to apply statistical tests for one reason or another, or a test was applied but the
observed change Was not statistically significant. For these species we have asked
whether there was a change in relative abundance at SONGS - and designated the

result as a "tendency” to increase or decrease. Notice that it is éxtremely unlikely
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that the difference between Impact and Control in the After period would be
precisely the same as that in the Before period; i.e., there is bound to be a change,
however small. If the plant has no general effect, we would expect increases and
decreases to be about equally common among such changes and, if this were the
case, we would conclude that none of the changes was related to the plant. A
general tendency for decreases, however, would alert us to widespread plant effects
that we were failing to pick up by our other statistical analyses. (For a few species,
the actual direction of change depends upon the statistical transformation used, and

these species are ignored.)

Finally, a relative reduction in abundance near SONGS can occur in several
ways, and does not always indicate that the absolute abundance near SONGS was
actually lower than before the plant began operating. Abundance at Control can
increase, decrease or stay the same from Before to After. A reduction in relative
abundance at SONGS can then>resu1t from abundance there increasing less than at

Control, or decreasing when Control did not, or decreasing more than at Control.

Three main factors influence our ability to detect a change in abundance.
The first is how big the change was. But "big" only has meaning relative to how
variable the differences between Control and Impact were within the Before and
After periods: the more variable the differences, the larger the change must be to
be detected. Thus, the second factor is variability. The third is how many times the
species was sampled: we will more easily detect a given amount of change, at a given
level of variation, if the species has been sampled more times. Three important

points follow.
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(1) Firm conclusions about whether or not there has been an effect have
been reached mainly for the most abundant and the most frequently-occurring
species. (2) Thus, although we héve not been able to draw individual conclﬁsions
for the many rare and infrequent species, our conclusions do embrace the majority
of the individuals. If we sampled for an indefinite period of time, and took an
unlimited number of samples, we would eventually be able to draw firm conclusions
for virtually every species. (3) However, once many samples have been taken, there
is a rapidly diminishing return on further samf)ling. For example, in order to halve
the size of the SONGS effects we can detect, we would need to quadruple the
number of samples; eventually, even huge increases in sampling yield only small

decreases in the minimum effect we could detect.

* The next section (Section II) presents the results program by program.
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SECTIONIL
DETAILED RESULTS




Chapter 6

EFFECTS OF SONGS UNITS 2 AND 3
ON THE PHYSICAL ENVIRONMENT*

Summary

The main effects of SONGS on the physical environment are as follows. (1)

The average offshore displacement of plume water is estimated to be 2000 to 3000

feet beyond the end of the diffusers. (2) Water discharged from SONGS is quickly

- diluted. Dye studies at Unit 3 showed relative dye concentrations of 13% at 150 feet

downcurrent from the diffuser, 10% ai 1200 feet, and 4% at 3300 feet. Over the
long term the plume concentration is estimated to fall to about 1.5% at a point on
the shoreline 2 km downcoast, and to about 0.5% at 7 km upcoast or 11 km
downcoast from SONGS. (3) The average light intensity in the San Onofre kelp
bed (SOK) was reduced by about 25% on days when the current was downcoast.
Overall, the reduction of light in SOK was 6% to 16%. (4) There was an increase
of 48% in the accumulation rate of seston (suspended particles) that fall into open- |
tube traps near the bottom in SOK at 400 meters compared to 1400 meters from the

diffusers.
Introduction

The biological results presented in other chapters are mostly self-standing

statistical results that do not provide or dépend on any physical explanations of how

* ) '
Drs. John Reitzel, Rusty Erdman and Hany Elwany, and Mr. Karel Zabloudil (Eco-Systems
Management, Inc.) carried out the scientific studies of the physical environment on which this chapter
is based. Drs. John Reitzel and Hany Elwany prepared the Contractor’s Final Report. The
Technical Report (L) to the CCC was prepared by Dr. John Reitzel.
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the biological changes were brought about. The information reported here on the
effects of SONGS on the physical environment is useful in providing explanations or
showing the reasonableness of biological results, or conversely in drawing attention

to results that are not well explained by the physical effects of SONGS.

As described in Chapter 4, SONGS Units 2 and 3 togethef take in about 100
cubic meters per second of seawater, heat this watér by 19°F in the power plant, and
discharge it through diffusers with lines of jets pointing offshore, which entrain
about ten times as much ambient water and carry it offshore in the discharge plume.
The high ratio of entrainment to discharge produces a high dilution of the water
heated in SONGS to meet the California thermal standard, which limits
temperature rise in the sea to 4°F beyond 1000 feet (305 m) from the discharge.
The price of this high dilution is the large seaward flow of about 1000 cubic meters

| per second (23 billion gallons or 70,000 acre-feet per day) of discharged and
entrained water at a speed on the ofder of 10 centimeters per second (about 5 miles
per day). This flow carries entrained particles some distance offshore, altering their

natural distribution in the waters around SONGS.

The potential environmental impacts of SONGS are of two main kinds: (1)
rnortality of organisms that are drawn into the intakes of SONGS, and (2) changes

in underwater light, turbidity, sedimentation, and nutrients due to SONGS

alteration of natural flow patterns.

To give the background for discussing these physical effects, we begin with a

more detailed description of the SONGS cooling system and its effects on water

flow off San Onofre.
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Water flows induced by SONGS

The operation of SONGS alters the pattern of water movement near the
plant by taking in a large volume of water and discharging it through diffusers. The
layout of the intakes andb diffusers of SONGS, relative to the shore and the cobble
beds that provide kelp habitat, is shown in Figure 6.1. Each of SONGS Units 2 and
3 draws in 52 cubic meters per second at an intake about 950 m from shore in water
aBout 10 m deep. This water -enters the intake at an average speed of 53
centimeters per second; at a distance of 30 m from the intake, in the absence of
current, the speed of water toward the intake has fallen off to about 3 centimeters
per second and is approximately the same at all depths in the water column [TR L:
3.0]. Each diffuser carries 63 jets with ports 0.5 m in diameter 2.2 m above the
bottom, directed offshore with a tilt of 20° upward, and alternately 25° upcoast and
25° downcoast. Each jet discharges 0.8 cubic meters of water per second at an initial

velocity of 4 meters per second.

The idealized plume trajectories in Figure 6.2 show how the plume moves
directly offshore in very weak currents, but is increasingly turned downcurrent with
increasing speed of the natural longshore current [TR L: 3-.0].‘ These drawings are
taken from dye-photographs aﬁd temperature maps for steady longshore flows in a
laboratory tank model, and represent idealized plumes when the water is not
stratified. Actual plumes may be distorted by fluctuations and eddies in the current,
and are often partly diverted around kelp beds by the frictional drag of kelp inside
the beds, but the model plumes still give a good overall fepresehtation of actual

plumes observed in the field.
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The motion in an actual plume crossing San Onofre kelp bed is illustrated by
Figure 6.3, which shows the trajectories of a number of dye-patches released in the
- plume over a time when the longshore current outside the plume varied in the range
8 to 12 centimeters per second downcoast; the dots on the trajectories are at half-
hour intervals. Patches #9 and #15 in particular show how the kelp diverted the

flow around the upcoast end of the bed.

The idealized plume trajectory of Figure 6.2, for a current of 13 céntimeters
per second, moves somewhat more than 700 m offshore before the plume loses its
identity by mixing into the sea. The dye-patches #14 and #15 in Figure 6.3,
launched near the inshore diffuser, also moved about 700 m offshore (one through
and one around the kelp bed), as did water at the plume front directly offshore from
the outer diffuser. Plume water will move farther offshore in slower currents, and
' since the actual current is less than 13 centimeters per second for 80% of the time

[TR L: 3.2.3], we can take 700 m (about 2000 feet) or so as a rough lower estimate

for the average offshore displacement of plume water. A reasonable overall

estimate of the average offshore displacement of plume water is 2000 to 3000 feet.

In isolated laboratory jets, the discharge velocity is diluted in about the same

way as other properties of the dischérged water. The real SONGS jets, however, are

decelerated because they push up a hill of water on the surface and lose momentum

by climbing this hill. Both in the tank and in the field, the maximum offshore

velocities observed in the plume are 20 centimeters per second or less, rather than

the 40 centimeters per second or so that would be expected from a tenfold dilution

of the original velocity of 4 meters per second [TR L: 3.2.1).
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- This momentum loss, and further losses or gains due to buoyancy spreading,
prevent any precise estimation of how much water SONGS drives beyond any given
distance from the outer end of the diffusers, but we do have some useful evidence
on this question. Figure 6.4 shows the joint distributions of hourly longshore and
on-offshore currents (that is, "current roses") at stations around SONGS for all of
1985. Station 20, S00 m beyond the diffusers, shows a distinct lobe of offshore
velocities up to 20 centimeters per second that recur at times when the longshore
current reverses and the plume swings past the station (i.e., it is moving straight
dffshore). In contrast, Station 02, 1.7 km beyond the diffusers, shows no sign of

offshore velocity due to the plume.

The seaward flow of about 1000 cubic meters per second that is carried away
from SONGS in the plume has to be replaced by an equal make-up flow toward
SONGS, or else the neighbbrhood of SONGS would soon run dry. It can be
calculated that this water will flow towards the diffusers from all directions and all

depths in the water column [TR L: 3.2.3]. The make-up flow will bring water from

offshore to the neighborhood of SONGS, which can potentially alter the charact'erv

of nearshore water off San Onofre, relative to nearshore water at other places on

the coast, as discussed below.

The dye-patches A to D in Figure 6.3 clearly show the shoreward component
of the make-up flow near the diffusers on the upcurrent side; patch #16, which did
not move for four hours, locates a point where the inward make-up flow just
matched the outward flow in a narrow region between separate plumes from Unit 2
and Unit 3. The stations 01 and 19 in Figure 6.4, on oppoéite sides of the diffusers,

show that the shoreward component of the flow when either station is upcurrent
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from the diffusers is a persisting long-term effect and not simply a happenstance on

the day of the dye-study.

Dilution of the plume with distance from SONGS

The concentration of plume water at various distances downstream from
SONGS is relevant to a number of issues. For example, it affects the extent to
which mortality of plankton and other organisms in the intake water is reflected in

the density of local populations.

Dilution was studied (1) in a laboratory tank with model diffusers, (2) by

measuring the dilution of dye at various distances, and (3) by calculations based on
measurements of water movement by current meters. In the laboratory, a jet will
entrain and mix about -10 times _the discharge flow in the first 20 port diameters
along its axis (i.e., within 10 m if the port opening is 0.5 meters), 20 times in the first
-40 diameters, and so on. Entrainment by the SONGS jets is limited because the
discharged water rises to the surface and mixes with water from other jeté to form a
plume, but the jets still accomplish high dilutions. A study with dye injected into the
intake of Unit 3 showed relative dye concentrations of 13% at 50 meters
downcurrent from the diffuser, 10% at 400 metérs, 6% at 650 meters, and 4% at
1100 meters, with an ambient longshore current of about 7 centimeters per second
[TR L: 3.1]; this field observation agrees well with a hydraulic tank model of the

SONGS system at about the same current speed.

The tank model confirms the theoretical expectation that dilution will

increase with the speed of the natural current across the diffusers. Minimum -
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dilution near the model diffusers is 8- to 10-fold in currents of 5 centimefers per
second or less, which occur 45% of the time off San Onofre, 13-fold at a current
speed of 13 centimeters per second or less, occurring 80% of the time, and greater
than 20-fold in currents exceeding 26 centimeters per second, which occur less than

3% of the time [TR L: 3.1].

Dilution of the plume at longer ranges depends on the capacity of the natural
currents and turbulence to disperse parcels of water and suspended particles. This
capacity, which is called diffusivity, is an important characteristic of the local
environment that does much to determine its response to SONGS. Diffusivity can
only be measured accurately by a long series of direct observations of the dispersion
of drifting objects or dye-patches, but the long-term average diffusivity can be

roughly estimated from the statistics of long current records [TR L: 2.4].

With very high diffusivity, the kilﬁng of plankton by SONGS might have no
detectable éffect on population density because the effect is rapidly diluted; with
low diffusivity, it might reduce the density severely over several square miles around
the diffusers. Such density change:s due to SONGS will fall off with distance in
about the same way as the concentration of a tracer, such as dye, discharged from
the diffusers. Figure 6.5 is a map of the average long-term long-range relative
concentration of a tracer released by SONGS, from approximate calculations using
long-term current statistics from San Onofre [TR L: 3.24]. (Dilution is the
reciprocal of concentration.) This map indicates that long-term average depletions
of plankton and concentration of effluents will fall off to about 1.5% of their
original values at a point on the shoreline about 2 km downcoast from the diffusers,

and to about 0.5% of the original values at 9 km distance upcoast or downcoast from
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this point. The pattern is shifted downcoast by the long-term average current of 3

centimeters per second downcoast.
Underwater light intensity

Light intensity or irradiance in the sea falls off by a fraction with each meter
of depth. This fraction is called the extinction; the larger the extinction, the smaller
the irradiance at any depth. The normal variations of extinction in the nearshore
waters off San Onofre make the irradiance at the bottom in 14 m depth vary above
and below 1% of the surface irradiance, so the normally évailable light in the San
Onofre kelp bed is somewhat marginal for dependable recruitment and growth of

small new kelp plants on the bottom [TR L: 2.2].

We have found by e;(periment that extinction in the nearshore waters off San
Onofre increases in a predictable way with the total concentration of suspended
particles in the water [TR L: 2.2}; other than plankton, these particles are fiﬁe
mineral grains which come immediately from bottom sediments resuspended by

waves, and originally from stream runoff and coastal erosion.

The average concentration of suspended particles is less in waters more
distant from shore, both because these waters are further from the original source
and because waves disturb the bottom less in deeper water. Since the SONGS
discharge carries nearshore water seaward and over the San Onofre kelp bed some
of the time, it is reasonable to expect that SONGS may increase the average

extinction in the kelp beds to some extent. On the other hand, the make-up flow
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discussed above draws some water to the diffusers from offshore, which may

decrease the local average extinction.

The overall net result of these opposite effects has been measured by two
kinds of statistical studies of irradiance near the bottom at stations in the San
Onofre kelp bed downcoast from the diffusers. The first kind of study was a set of
BACIP tests. These estimated SONGS-induced changes by comparing the
irradiance levels observed after SONGS began operating to what they would have
been had SONGS never operated. The latter levels were estimated using (a) the
levels observed at the same time at the control station in the San Mateo kelp bed 5
km upcoast, and (b) the historical differences between the San Mateo levels and
those in the San Onofre kelp bed as measured before SONGS began operating.
These BACIP studies showed that avefage light intensity at the bottom was
significantly reduced by about 25% on days when the kelp stations were down-
current from the diffusers; it may have iﬁcreased by a somewhat smaller percentage

on days when the current was upcoast, but this effect was not significant [TRL: 5.1].

Longshore currents move downcoast 60% of the time, so the average effect
of SONGS over all days at stations in SOK (downcoast of the diffusers) was a net
reduction of light. The net reduction will be about 6% if the positive effect of the
make-up water is real and as large as the negative effect of the plume, and will be
16% if the effect of the make-up water is actually zero [TR L: 1.2.2, 5.2]. Because
the upcurrent increase was not significant, we take an overall decrease of 16% to be
the best estimate. The effect of light reduction on the kelp upcoast of the diffusers
will be different from that downcoast of the diffusers because of the asymmetry of

the longshore currents. Upcoast of the diffuser, the plume-induced decrease in light
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would happen only 40% of the time while any make-up water increase would occur
60% of the time. The average bottom irradiance upcoast would be increased by 6%
if the make-up water effect were real and equal to the negative effect of the plume,
and it would be decreased by 12% if the make-up water effect were zero. These
results show that biological effects due to changes of irradiance or concentration of
suspended particles can reasonably be expected to be different on opposite sides of

the diffusers.

. As noted above,Athe irradiance changes found by BACIP tests are relative to
what irradiance would have been at the kelp stations if SONGS had never operated.
We made another set of statistical tests comparing irradiahce between stations in
the plume of SONGS and counterpart stations in "ambient" water on the other side
of the diffusers at the same time. Near-bottom irradiance at the plurné stations
averaged about 18% less than at the ambient stations at the same time [TR L: 5.1].
This reduction is larger than the overall reductions found by the BACIP tests,
probably because the water at the ambient stations was indeed somewhat clarified

by admixture of offshore water brought in by the make-up flow.
Suspended particles and sedimentation

The rate at which sediment accumulates in open-tube traps set out in the sea
is roughly proportional to the concentration of suspended particles in the water
times the settling-rate of the particles. Thus these traps will give a useful relative
measure of particle concentrations at different places if the settling-rates of the
particles are about the same. A BACIP test of accumulation-rates in traps just

above the bottom, which compared stations in the San Onofre kelp bed 400 m and
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1400 m downcoast from the diffusers, showed a statistically significant increase of
48% at the nearer station after SONGS began operation during 1983 [TR L: 6.3;
TR B: 4.3.3]. This result establishes a physical basis for any biological effects
attributable to changes in the flux of suspended particles near the bottom, such as

burial, abrasion or dislodgement of small new kelp plants and other organisms.

Additional evidence of an increase in suspended particles due to SONGS
comes from measurements of the extinction of light, which is largely caused by
suspended particles in the water (TR L: 2.2). We compared extinction between a
set of stations in SOK, downcoast from the diffusers, and another set upcoast from
the diffusers. On days when the current carried the plume the same way, either
upcoast or downcoast, during all the daylight hours, extinction in the bottom 2 m of
the water column was signiﬁcanﬂy greéter at stations downcurrent from the diffusers

than it was at upcurrent stations at the same time (TR L: 6.3).

- The deposition or erosion of bottom sedifnents at different places depends
on the shifting local balance between particles settling to the bottom out of the
water and the resuspension and dispersal of particles on the bottom by waves and
currents. SONGS may alter this balance and produce localized deposition or
erosion. This possibility is the subject of a separate study by MRC, and the evidence
bearing on this question is presented in Final Technical Report B: Anomalous

sediments in the San Onofre kelp bed.

SONGS’ plume is likely to increase the rate at which organic material
reaches the ocean bottom.” Among the particles in SONGS’ plume are the remains

of plankton and other organisms taken into the intakes. Zooplankton alone
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contributes 1400 tons (dry weight) (Chapter 12); phytoplankton is typically more
abundant than zooplankton, and the total amount might be about 10,000 tons (dry
weight) each year. The smaller organic partié:les can go several kilometers in either
direction before settling to the b'ottom. Calculations in Technical Report L show
that it is reasonable to infer that organic matter falling from the plume will increase
the productivity of organisms living on soft benthos in the areas near SONGS

sampled by the MRC [TR L: Appendix E}.
Nutrients and Upwelling

Marine plants need nutrients ‘as well as light, and- obtain them from
chemicals dissolved in the sea. The most important nutrients, exemplified by
nitrogen, are often in short supply in waters off San Onofre that are naturally
warmér than about 57°F [TR L: 2.1]. Nearshore waters shallower than 45 feet are
usually above 57°F, and the supply of nutrients to these waters depends to a large
exfent on events called upwellings, in which colder and richer water rises from

greater depths to replace nearshore surface water that is displaced offshore.

The make-up flow toward the SONGS’ diffusers brings some deeper water
upward and shoreward, and is a potential source of artificial upwelling that might
improve the local nutrient supply. Since nutrient concentrations are closely related
to temperature in southern California, we were able to test this possibility with
BACIP tests on MRC’s records of bottom temperature at stations in the San Onofre
and San Mateo kelp beds. The single result that was statistically reliable showed a
very small increase of no statistical or physical significance, so there is no evidence

that SONGS generally alters local nutrient concentrations [TR L: 6.2]. At times of
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natural upwelling, however, the upward transport of water by the SONGS jets may
somewhat increase the nutrients directly available to the kelp canopy on the surface;
since the plume water is artificially heated, this possibility cannot be tested from

temperature records, but would need measurement of nutrient concentrations.

The opposite of an upwelling is a downwelling, in which the nearshore zone
is filled with a thick wedge of warm nutrient-poor surface water driven onshore.
The El Nino years 1982-1984 were a time of persistent massive downwelling, with
large increases in water temperature and severe depletion of nutrients in the
nearshore zone. The effects on marine er were so drastic that they could have

affected the results of MRC’s BACIP tes\ts if they were not similar at both impact

‘and control sites. Records of bottom temperature, which were not significantly

affected by SONGS, show however that the physical effects of El Nino were
substantially uniform in the region studied by MRC [TR L: 2.2]. El Nino raised the
mean bottom temperature at 14 m depth by 3.1°F in the San Onofre kelp bed and by
3.2°F in the San Mateo kelp bed (5 km upcoast). The temperature fluctuations at
these places and at the Barn kelp bed (10 km downcoast) were all highly correlated,
having 83 to 94% of their variations in common. Temperature rise is the most
evident physical feature of El Nino conditions, and shows no evidence of non-

uniformity great enough to affect BACIP tests.
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Temperature

The object of using diffusers to achieve a high degree of dilution was to meet
the State thermal standards. SONGS’ compliance with thermal standards has been
verified by a two-year record of hourly temperature differences between water in

the plume and ambient water on the other side of the diffusers [TR L: 6.0].
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Chapter 7

EFFECTS OF SONGS ON GIANT KELP
IN THE SAN ONOFRE KELP BED*

Summary

The MRC’s studies of giant kelp in the San Onofre kelp bed (SOK) and in
the San Mateo kelp bed (SMK; the Control area) have included sampling of the
natural populations, field experiments, and field and laboratory studies of the
influence of physical factors on the survival and development of Kkelp.
Concomitantly, the effects of the SONGS discharge plume on the physical

environment in the SONGS’ area were analyzed.

In recent years, there has beeri a general increase in the abundance of kelp in
northern San Diego County. However, the increase was much less at SOK than it
would have been in the absence of SONGS. SONGS’ operation caused a reduction
in thé area covered by kelp at\ moderate to high density in SOK, relative to SMK, of
about 60 percent (80 hectares), and resulted in a similar percentage relative
reduction in the density of kelp. The effect was greatest in the offshore half of the

bed, especially upcoast. These are substantial impacts on a valuable local kelp bed.

SONGS affected kelp by increasing turbidity in SOK. The plant withdraws

turbid nearshore water and discharges it over the kelp bed. It also entrains bottom

* Drs. Tom Dean and Larry Deysher (Marine Science Institute, UCSB) headed the team of scientists
who carried out most of the studies of kelp on behalf of the MRC. Contributing studies were also
done by Drs. John Dixon and Stephen Schroeter (University of Southern California), and by Dr. John
Reitzel and Mr. Karel Zabloudil (Eco-M). Drs. T. Dean, S. Schroeter and J. Dixon prepared the
Contractors’ Final Reports. The Technical Report (K) to the CCC was prepared by Drs. James
Bence (UCSB) and Stephen Schroeter, with assistance from Drs. John Dixon and Tom Dean.
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water, which is often turbid, and adds it to the plume. The discharge plume then
frequently moves this turbid water towards the surface, offshore, and downcoast
over the kelp bed. The increased turbidity suppresses develop;rlent of the
microscopic stages of kelp, probably by increasing the flux of suspended particles

and by reducing light levels near the ocean floor.
Introduction

Adult giant kelp plants (Macrocystis pyrifera) are anchored by holdfasts to
hard substrate on the ocean ﬂo.or and have fronds that reach the ocean’s surface.
They occur in water up to 100 feet deep in kelp forests or "beds." Other smaller
species of algae also grow in kelp beds, but giant kelp provides most of the three-
dimensional structure. Kelp itself is a valuable commercial resource, and kelp
forests are productive habitats that shelter hundreds of species of plants, fish and
invertebrates, including sea urchins, kelp bass, and other species which are

harvested by commerecial or sports fishermen (Chapters 8 and 9).

At the start of the MRC study there were 3 kelp beds in the area: San
Onofre (SOK), San Mateo (SMK), and Barn (BK) (Figure 7.1). SOK is about 2 km
offshore and largely south (0.5 to 2 km) of the diffusers ahd in 1980 covered about
140 hectares (346 acres), of which 80 hectares was dense canopy. SMK is about 4.5
km north of SONGS and BK is 11 km south.‘ Barn kelp went extinct in 1980
| (probably as a result of sand invasion following an unusually severe period of coastal
erosion and run-off) and reappeared by early 1987. SOK and SMK are unusual in

San Diego County in that their substrates consist largely of boulders, cobbles, and
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coarse sand, with SOK substrate having a rather lower profile (less relief) than

SMK.

Kelp Life History, and Expected Effects of SONGS on Kelp in SOK

The details of kelp’s complicated life history (Figure 7.2) bear on the
‘expected effects of the operation of SONGS. Adults, whose fronds can be seen
floating on th¢ ocean surface, produce millions of microscopic spores that usually do -
not travel far before landing on the ocean floor (although during storms they may be
transported up to several kilometers). Here they turn into sessile microscopic
séxﬁal stages: male or female individuals attached to the bottom that reproduce
sexually to produce a microscopic asexual plant (called a microscopic sporophyte).
This tiny plant grows by absorbing light, and nutrients frorﬁ the surrounding water.
It can first be seen in the field by the naked eye when it haé developed a single blade
(rather like a leaf). This is called the "blade-stége." It typically ranges from 2.5 cm
to 40 cm tall, i.e., from 1 to 15 inches. As the plant grows it becomes structurally
more complex and from the time it has two blades until it is 1 meter tall it is called a
"juvenile." Between this stage and the aduit (i.e., reproductive) stage, which occurs
at about 10 meters long, the plant is called a subadult. The entire process from
spore to adult takes, on average, about a year in the San Onofre area. The median
adult life span is also about a year in this area, so local kelp beds need to be

replaced by recruitment of new adults every few years.

The microscopic sexual stages often reach densities of several million per
square meter, but only about one in 10 million survives to become an adult plant. -

By the microscopic spor‘ophyte stage, the number may be reduced to 10,000 or fewer
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Figure 7.2. Diagram of life-history of giant kelp.
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per square meter. Five to 50 per square meter would be considered a high density
of blade-stage plants, which provide the first visible sign of successful reproduction.
Once a cohort of plants is about 1 meter tall, 0.5 per square meter would be
considered a high density [TR K: Figure 11]. Finally, over the period of MRC
studies, the average density of adult plants has generally been less than 10 per 100

square meters in the kelp forests in the San Onofre area [TR K: Figure 7].

Although adult piants produce spores for most of the year, sexual
reproduction requires adequate light and nutrients at the ocean bottom over a
period of at least 10 days, a condition that typically occurs for limited periods
between January and May, and occasionally in the fall. In addition, adequate light is
required for survival and growth of the resulting tiny plants and the concentrétion of

particles that could result in abrasion or smothering must not be too high.

Large numbers of the blade-stage need to be produced to yield significant
replenishment of the adult population, because of the high mortality rate of these
small plants. In southern California, such abundant production does not occur every
year, in part because the physical conditions in the general area are not appropriate
for long enough, and in part because locally high densities of adult plants suppress
light levels on the ocean floor. During our studies, small plants appeared in
substantial numbers at SMK (the Control) only in 1978, 1981, 1983, 1986 and 1987
[TR K: Figure 11].

At the time of permitiing, the Commission was concerned to minimize the
effects of SONGS Units 2 and 3 on San Onofre kelp bed. The Permit therefore

contained the following condition:
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No diffuser port shall be located within 1,900 feet of the area where
the kelp bed to the south of the diffusers is likely to expand. This area
shall be determined by a marine biologist of the State Department of
Fish and Game or the U.S. Bureau of Sport Fisheries and Wildlife
prior to July 1, 1974. (Condition C) |

In addition, Finding and Declaration C.6 states that "Substantial harm to the kelp
bed could occur through excessive heat or turbidity. Condition C will insure that the

effects of Units 2 and 3 on the kelp beds are not substantial."

In its 1980 Predictions report to the Commission, the MRC predicted that
increaséd turbidity would be the major impact of SONGS on the kelp bed, and
stated that the microscopic stages were the most likely to be affected. On the basis
of oceanographic studies the Committee predicted that light at the bottom in SOK
might be reduced during criticél. periods by as much as 40 percent, owing to
increased turbidity from SONGS’ plume. The MRC predicted that fhis would
reduce the size of SOK by suppressing the recruitment of new adults. The effect

was expected to be most severe in the offshore portion of the bed.
Approaches to Detecting SONGS’ Effects on Kelp

The standard approach in most MRC studies has been to compare an Impact
station near SONGS with a more distant Control station, in both the Before and
After periods, to determine whether there was a change in the difference between
the stations during the After period when the new generating units were operating

(BACIP - Chapter 5). This approach was applied to kelp. However, it was
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récognized early on that kelp poéed a special problem for this sort of approach
because, although the sizes of different kelp beds in an area tend to fluctuate in
synchrony, individual beds can show individual variation over short periods. For
example, Barn kelp bed disappeared in 1980. Thus, while a BACIP result (i.e., a
significant change in the difference between SOK and its control bed) would
implicate SONGS, the MRC felt any such claim would be stronger if the mechanism

by which the effect occurred could be documented.

In fact, although there was a possibility that SMK would show different
dynamics from SOK, and would therefore be a poor _control, this was not the case.
Based on side-scanning SONAR records, the areas covered by kelp in the two beds
tracked each other reasonably-well in the period before SONGS began operating

(Figure,7._3). This is not surprising since the two beds are on similar cobble bottoms

(unlike Barn kelp bed), are in the same depth of water, and are close to each other.

The kelp program comprised a mixture of approaches. (1) Three methods
were used to measure the extent and density of kelp in SOK and its control, SMK.
(a) From 1978 until 1986 the number of plants was counted 4 times per year on a
number of fixed transects in SOK (eventually 20 transects) and starting in 1981 in
SMK (4 tranéects). Individual plants on transécts were also marked and followed to
determine survival. This method provides data for a BACIP type of analysis. (b)
By 1982 the MRC had developed a new method of using doWn—looking SONAR to
~ count plants on a grid spread over the entire bed. Down-looking SONAR yields two
types of information: the area covered by kelp, and the density of plants (number
per 100 m2) on hard substrate. This proéedure was done twice per year from 1982

till 1986 by the MRC, and since then has been done by Southern California Edison
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Figure 7.3. Area covered by moderate- and high-density kelp, as detected by side-
scan SONAR at San Onofre kelp bed (SOK) and San Mateo kelp bed (SMK).
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Company (SCE). Because Units 2 and 3 had reached about 50 percent of their
After flow volume by late 1982, and there were therefore not enOugil "Before" data
from down-looking SONAR, the results were used to determine whether kelp
abundances at SOK and SMK diverged over time during the operational period. (c)
From 1978 through 1989, the area covered by different broad density categories of
kelp and by different substrate types was estimated using side-scanning SONAR.
While this method does not give as accurate an estimation of density or éover of
kelp as the down-looking SONAR, it provides simultaneous estimapes of kelp

coverage at both SOK and SMK that predate the down-looking SONAR data.

(2) Between 1980 and 1986, usually 4 times per year, searches were made on
two sets of quadrats to determine whether any early stages of kelp (blades and
juveniles) ‘were present. One set was comprised of quadrats located at one or two
stations in each kelp bed used to sample kelp invertebrates (Chapter 9); the
‘quadrats in the other set (begun in 1981) were spread throughout both kelp beds.
Data from these approaches were used in a BACIP type of arialysis, and also

provided evidence concerning mechanisms.

(3) Various experiments were run to separate effects .of SONGS from those

| of other factors (e.g., urchin grazing and substraté ch#nges) and to examine possible
mechanisms of SONGS’ impact: (a) In 1986, a year when small, newly recruited
kelp plants were abundant in the region, cobbles were brought into the laboratory to
check for the presence of microscopic stages. Cobbles from SMK were transplanted
to various places in the kelp beds to measure survival of these microscopic stages at
Impact and Control locations that were chosen because they were free of potential

confounding effects such as grazers and competitors [TR K: 3.2.2]. (b) Microscopic
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stages were "outplanted" on artificial substrates, usually on the bottom and 2 meters
above it, at several stations in SOK and SMK on many occasions between 1977 and
1986 (63 in the case of the sexual stages). The experiments measured the rate at
which microscopic sporophytes were produced from sexual stages, or the rate of
growth of these tiny plahts, and lasted thr<ee or six weeks each [TR K: 3.2.1.1]. (c)
Over the same period juvenile plants were also outplanted in SOK and SMK, and
survivorship and growth recorded over six-week periods. [TR K: 3.2.1.2]. (d) An |
extensive set of experiments was conducted under controlled conditions in the

laboratory to determine how physical factors such as light and nutrients affect the

. performance of the microscopic stages [TR K: 3.3].

(4) Finally, physical and chemical characteristics, including light levels at
varibus'depths, water tempefature (which gi{fes information on nutrient levels), flux
rates of suspended particles, and current speed and direction were measured at
many locations. These measurements were obtained tb help éxplain the results of
the biological studies. They were also designed to measure the effects of the power

plant on the physical and chemical environment near SONGS (Chapter 6).

In analyzing the results, the period before May 1, 1983 was considered pre-
operational, and the subsequent period was considered operational. The operating
characteristics of the power plant during these periods can be seen in Table 7.1 and

Figure 4.3.
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Table 7.1

Average flow volume and power production (as a percent of maximum
possible) for "Before” (January 1, 1978 - April 30, 1983) and "After”
(May'1, 1983 - April 30, 1989) periods.

PERIOD FLOW VOLUME % POWER PRODUCTION
OFUNITS2 & 3 OFUNITS2 & 3
(MILLION OF CUBIC
METERS PER DAY)
Before 1.0 04
After ' 74 60.2
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Results
Distribution and Density of Adult Kelp Plants

The last few years have been exceptionally good for kelp populations in San
Diego County. The abundance of giaﬁt kelp plants has increased at most kelp beds,
including those near SONGS. However, the increase at SOK was much less than
expected based on comparisons with control populations. Both the area covered by
kelp plants at SOK and the density of plants on hard substrate declined in the After
period relative to kelp in SMK [TR K: 4.1.1].

Kelp exists at various densities on hard substrate, and in estimating coverage
the MRC distinguished between all areas with plénts, and those with more than 4
plants per 100-square meters. Areas with less than about 4 plants per 100 m?
include places where kelp is very sparse, and it is better to concentrate'on areas of

moderate to high density (i.e., more than 4 per 100 m?).

4 The relative decline in area of kelp in SOK is well-documented by the down-
looking SONAR surveys, which show a statistically significant decline at SOK
relative to SMK over time, both in the total area covered and in that covered by
more than 4 plahts per 100 m2 (Figure 7.4). The average area covered by moderate

to high density kelp at SOK is estimated to have declined by about 60 percent,

- relative to SMK, from the period 1982-1983 to the period December 1986-February

1988. This is a reduction of about 80 hectares (200 acres), éorresponding to a total

of 59,000 plants lost from the average standing stock in SOK. These estimates.take
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top panels show the total areas covered by kelp (A) and that covered by kelp at

moderate to high densities (B). The lower panels show the difference between SOK and

SMK (i.e. SOK-SMK).
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into account the amount of available substrate in the two kelp beds, which increased

in SMK but remained constant in SOK [TR K: 4.1.1].

It is worth considering Figure 7.4 in some detail since it illustrates the
importance of evaluating changes in SOK relative to what they would have been in
the absence of SONGS, i.e., as they are predicted by changes in SMK. The figure
shows, first, the areas in both beds that contain any kelp plants at all, even if they

are very sparse (Figure 7.4A). Notice that the area covered by kelp in SOK was

initially three times greater than that in SMK. By February 1988, the area covered

by kelp in SMK had increased threefold. This was an excellent time for kelp.
throughout the region; kelp had appeared in areas from which it had been absent
for many years. The area in SOK also increased at this time - to its 1982 level; but .
this area is much lesé than the expected increase as predicted by the control bed.
Figure 7.4C shows the change in area covered by kelp at SOK relative to that at
SMK; i.e., it shows the difference between the areas at SOK and SMK. This
difference declined from 100 hectares to almost zero over the period.

Figur¢ 7.4B shows the changes that occurred in the area covered by 4 or more plants
per 100 square meters. In this case too, SOK began with a greater coverage than
SMK, but ended with a smaller coverage. Although down-looking SONAR data
were not taken early enough in the Before period for us to carry out a formal
BACIP statistical test, Figure 7.4D illustrates the change in relative coverage at
SOK. The SONAR data show that the decline was most severe in the upcoast,
offshore quadrant of the bed. In that area the decline was 80 percent compared to

about a 50 percent decline in the downcoast, offshore quadrant. The SONAR data

also show that kelp recovered after 1986 in the inshore portion of the bed (Figure

7.5).




10- | /

= \. /‘\ /
N A A\A
O
2 \
e / /
Tt
e Q
o I
14 A—A SMK
o—@® SOK OFFSHORE
05 T ‘l B 1] 1 I | T

1982 1983 1984 1985 1986 1987 1988

B

104 | ; /.

\E / \//\

Plants per 100 m2
o/
>

./‘ a—a SMK

e——@ SOK INSHORE
1982 1983 1984 1985 1986 1987 1988

ceovecsenlaeceeae el

Figure 7.5. The number of adult and subadult plants per 100 square meters of hard
substrate in SMK and SOK oftshore (A), and in SMK and SOK inshore (B), as detected by
down-looking SONAR. Note logarithmic scale.
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Counts of plants on transects were primarily designed to provide estimates of
mortality and recruitment, but also give good relative estimates of density. Transect

locations were not chosen randomly, cover a small area, and include counts of

somewhat smaller plants, on average, than dowh-looking SONAR. Therefore, one

should not expect the absolute estimates of bed-wide density to be the same as those
obtained from the wide-spread SONAR samples. It is encouraging that the two
methods give nearly identical estimates of relative change between SOK and SMK.
From the transect data, we estimate a statistically significant reduction in kelp
density of SOK of about 60 percent, averaged over the period 1983-1986, relative to
that in SMK (Table 7.2, Figure 7.6) Notice that the density of kelp in Figure 7.6 is
graphed on a logarithmic scale, each unit on the Y-axis represented a 10-fold
difference in density. Thus, in late 1984, the density in SOK was about 30 times

lower than in SMK.

Table 7.2

Percent relative change in three aspects of the kelp population in
SOK, relative to SMK, between the Before (1981-1983) and After
(1983-1986) periods, as detected by counts of adult and subadult kelp
plants on fixed transects in the two kelp forests. (Based on TR K:
Tables 9 & 10)

% RELATIVE CHANGE

Density -64.0

Production of new plants -84.0

Mortality ‘ -11.7
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The reduction of kelp in SOK, relative to the control bed, provides evidence
of an effect of SONGS. It might be argued that the observed effects were all or in
part the result of confounding factors such as changes in substrate, grazing, or
competition with other algae. However, there are several lines of evidence that
argue against the presence of confounding effects. (1) Estimates of chaﬁge in area
covered by 4 or more plants/100 m? were adjusted for changes in substrate at SOK
and SMK. (2) Our estimates exclude the period from March 1984 to April 1986, in
order to avoid using samples from the period that might have been affected by the
failure of recruitment during the 1983-1984 El Nino. This is in spite of the fact that
losses observed in 1984 may have been caused by an interaction of SONGS and El

Nino. (3) The abundances of potential grazers and competitors were monitored at

_the same time the kelp was studied (Chapter 9). There is no evidence of any

differential increases of grazers and competitors in SOK during the after period. (4)
During 1986, recruitment was monitored at additional sites where competing algae
and urchins were removed. The pattern of recruitment in these additional sites
(fewer recruits in SOK than SMK) was indistinguishable from that at the other sites
in the bed. (5) Cobbles transferred to SOK and SMK in 1986 indicated poorer
recruitment of kelp at SOK even though substrate type was controlled, grazing was-

pre\}ented, and competitors were removed [TR K: 4.2.1].
Causes of Reduction of Adult Kelp in SOK

~ The reduction in relative density of adult plants in SOK was largely caused by
a markedly reduced rate of production of new adult plants, relative to SMK, and not
by an increase in the death rate of existing adults in SOK. While some increase in

adult mortality was observed at inshore SOK during the El Nino in 1983-84 [TR K:
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Table 10], most of the losses can be attributed to the lack of replacement of adults.
Plants continued to die off at about the same rate in SOK as in SMK after SONGS

began operation (Table 7.2). This’is the pattern predicted by the MRC in 1980.

The failure of adult recruitment was caused by a severe and statistiéally

significant reduction in the production of small plants (i.e., those just visible to the

naked eye, and up to about 1 meter tall) in SOK in the After period. SOK produced.

about 75 percent fewer than expécted, which resulted in a very low density of young
plants within SOK during this period (Figure 7.7). Again, the scale in the figure is
logarithmic; so production in SMK on some occasions was about a hundred times

greater than in SOK.

These results show that depletion of the adult kelp population in SOK must

have been caused by suppression  of the microscopic stages. There are three

' micros‘copic stages: spores produced by adult kelp plants, sexual individuals, and

the sporophytés that they produce and that grow into visible plants. The evidence
Strongly implies that there was adequate settlement of spores [TR K: 4.2.1], but
either the microscopic sexual stage failed to produce adequate numbers of
microscopic sporophytes, or these in turn survived poorly to the smallest visible

stage, or both processes operated.

SONGS’ effect on the microscopic stages is shown by the results of
experimental "outplahts." Survival of sporophytes arising from outplanted sexual
stages was significantly lower in the After period. In addition, there was a more
severe reduction in sporophyte production the longer the discharge plume was over

the outplant station [TR K: Table 15].
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in SOK and SMK as detected by counts in a grid of quadrats spread throughout each
bed. Notice the logarithmic scale.
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Effects on-naturally-occurring microscopic stages were investigated in 1986,
when .large numbers of sexual stages were.seen in the area by February.
Microscopic sexual stages were abundant on cobbles in both SOK and SMK

between early February and May 1986. Although their abundance in the beds

* varied from one area to another, the. point to be noticed is that they were plentiful

everywhere (Table 7.3). In spite of the abundance of these sexual stageé in the
upcoast half of SOK, no microscopic sporophytes were seen there in May, when this

stage was abundant both in SMK and in tfle downcoast portion of SOK (Table 7.3).

Poorer survival of microscopic sporophytes-at upcoast SOK probably also
contributed to the subsequent low production of small plants and hence adults, as
shown by the following experimént. Cobbles were taken from SMK at a time when

microscopic sporophytes were abundant there, and were transplanted to the four

SOK quadrants and to SMK. Survival in SOK (measured by the number still

present after eight weeks in the field) was less than half that in SMK, was lowest at
the upcoast SOK stations, and the differences among stations were significantly

different [TR K: Table 16].

Finally, an experiment in 1986 suggested that lower survival of the smallest
visible plants at SOK also contributed to the poor prodliction of new adults.
Cobbles from SMK with very small visible plants on them were transferred to the
two inshore.and the upcoast offshore quadrants of SOK as well as to SMK itself.
Suwival was lower in SOK than in SMK [TR K: Table 26}.

In summary, the population of adult kelp plants declined at SOK relative to

that in SMK in the After period because production of new adults to replace those
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Table 7.3

Mean densities of gametophytes and sporophytes on cobbles during periods of peak-
abundance in 1986. Based on Table 17, Schroeter et al. (Effects of the operation on
SONGS Units 2 & 3 on patterns of kelp recruitment in the San Onofre kelp forest.
Final Report submitted to the MRC. 1988), [TR K: Table 12]. The mean values
for irradiance, seston flux, and temperature are for the period 27 Feb 86 to 8 May
86. The irradiance value for SOKU35 is from the period 31 Mar 86 to 8 May 86,
since data prior to 31 Mar 86 were missing. Based on Tables 18-21, Schroeter et al.
(1988), [TR K: Table 13].

AVERAGE NUMBER OF MICROSCOPIC IRRADIANCE  SESTON FLUX

STAGES/100 cM2 ' (E/M2/D) (MM/D)
STATIONS _ _ . S :
- . SEXUAL STAGES _ RESULTING SPOROPHYTES
10APR1986 . - - 08MAY1986
'SMK45 42 . =m0 08 55
SOK Upcoast ' 1,682 A 0 - 0.58 123

SOK Downcoast’ 623 79 o - 1.01 79

' | | - | 123




dying was much poorer at SOK. Settlement of spores at SOK probably was not
lower than at SMK [TR K: 4.2.1]. Instead, the resulting microscopic sexual stages
were less successful in producing microséopic sporophytes at SOK, and fewer of
those that were produced in SOK survived to become small plants. In 1986, these
effects were more marked at the upcoast station of SOK. In addition, there is
evidence that small plants survived more poorly in SOK in 1986 [TR K: 4.2.3].
These results confirm the earlier prediction that the operation of SONGS would
cause substantial reductions in the SOK kelp population by suppressing

development of the microscopic stages essential for the production of new adults.
Mechanisms by which SONGS Affects Kelp

The MRC expected the increased turbidity in SOK to affect kelp by
suppressing the development and survival of the microscopic stages, as has occurred.
The Committee thought the main agent would be a redﬁction in light reaching the
ocean floor, where the microscopic stages develop. SONGS redﬁced the light
reaching the bottom in SOK in the After period by about 26 percent duringv periods
when the plume was moving towards the bed, and the net reduction, regardless of
current direction, was about 16 percent (Chapter 6). Thus the effects on kelp
abundance were associated with a general reduction in light, which in turn was

associated with the presence of SONGS’ plume.

Although lower kelp abundance and poorer performance of microscopic
stages are in general correlated with low light levels, seston flux near the bottom
also played a role, and may even have been more important than the reduction in

irradiance [TR K: Tables 14, 19 & 21]. (Seston is the term for particles in the water
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that contribute to turbidity, and "flux" is the amount of material passing through a

- region per unit time.) Decreases in light and increases in seston flux are correlated

[TR K: Table A3], and it is difficult to separate their effects; for example, the
outplant experiments using microscopic stages on both artificial and natural
substrates showed that performance was lower when light levels were lower and
seston flux was higher [TR K: 4.2.2,4.2.3, 4.2.4]. However, (1) the effect of seston
flux on the survival of outplanted sporophytes was statistically stronger than that of
light, and when the effect of seston flux was taken into account, no additional effect
of low light was observed; and (2) the lower survival of very small plants on
transplanted cobbles at SOK (inshore) in 1986 was correlated with higher seston
flux at these stations but not with light levels. . It is also known that burial by
sediments in the laboratory reduces survival of microscopic sexual stages. Seston
flux increased by 48% in the upcoast po;tiqn of the bed (Chapter 6), and is likely to
have increased in the downcoast portion as well: analysis of extinction (a measure
of the fraction of light passing through a given depth of water) in the bottom 2 m
indicates that this increased throughout SOK when the plume was over a station.
The concéntration of seston is highly correlated with extinction, so this is strong
evidence that the concentration of seston increased near the bottom throughout

SOK [TR L: 2.2].
SONGS’ Operation and the Recovery of Kelp in Inshore SOK
Through the end of 1986, kelp was reduced throughout the bed, as shown by

down-looking SONAR surveys (Figure 7.5) and transect counts (Figure 7.6).

However, the down-looking SONAR surveys show that the inshore portion
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recovered after 1986, while the reduction in the offshore portion was maintained to

the end of the sampling period in 1989 (Figure 7.5).

The MRC predicted that effects would be greater offshore, because the
diffusers push water in that direction. But we do not know why the apparent effect

inshore appeared and then disappeared.

Three hypotheses to explain the inshore results are as follows. (1) Light is
normally more suitable for kelp inshore, so a given change caused by SONGS is less
likely to push light below the threshold that must be met for the adult population to
be. replenished. SONGS will reduce production of new kelp inshore only in years

when these ambient conditions are poorer. (2) SONGS has less effect on light

inshore, because the plume is less often there. Again, this suggests that SONGS will -

suppress recruitment inshore only in years when ambient conditions are poorer. A
combination of hypotheses 1 and 2 is also a possibility. (3) Inshore and offshore
may not be very different, either naturally or with respect to SONGS’ plume.
.Instead, the different patterns in inshore and offshore kelp in SOK may simply
reflect short-term differences in production of new plants that will average out-over

many years.

There iS, however, evidence that the recovery of the inshore portion in 1987
has a yet different explanation: the shut-down of SONGS Unit 3 early in the year.
The new plants were first detected as subadults in September. Knowledge of
physical conditions at the end of 1986 and in early 1987, and of maximal growth
rates ever observed in the area, tell us that these plants must have passed through

the crucial microscopic sexual stages about the last 3 weeks of January 1987, and
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this time lies squarely in the period when Unit 3 (whose diffuser is inshore) did not

pump water (beginning of January till the end of February 1987) [TR K: Figure 16].

Unit 3 was also shut down for four months in 1988 (30 April - 30 August).
While we lack the detailed data to match the likelihood of kelp recruitment with the
shﬁt-down period in 1988, it is not unreasonable to conjecture that such a long shut-
down may have increased the recruitment and survival of young kelp in the inshore
portions of SOK. The continued recovery of kelp inshore through 1988 could also
reflect the fact that the period 1987 - 1988 was exceptionally good for kelp
throughout the region, and that SONGS’ effect inshore was therefore less marked,

in line with hypotheses 1 or 2.
Conclusions

SONGS’ operation has led to a reduction of about 60 percent (80 hectares)
in the area covered by moderate to high density kelp in SOK, and to an equal
reduction in kelp density. This is an ecologically substantial impact on a local kelp

bed.

During banner years for kelp, as in 1988, SONGS will slow population
growth. During years when conditions are particularly inhospitable, there will be
very little recruitment anywhere and SOK and the other kelp beds will probably
decline at about the same rate, since SONGS does not appear to affect adult
mortality. However, during marginal years for kelp, recovery would be expected at
SMK, whereas SOK would be expected to continue to decline. As a result, we

predict that SOK will have less kelp, on average, than before the operation of Units
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2 and 3, and during periods of successive poor or marginal years could be driven

near local extinction.

The major process by which SONGS has had this effect is an increase in
turbidity in SOK, which arises from the intake of inshore turbid water and from
secondary entrainment of a turbid layer near the ocean floor in the region of the
diffusers. The increased turbidity sﬁppresses development of the microscopic stages
of kelp, probably through increased seston flux and reduced light levels near the

bottom.
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Chapter 8

KELP BED FISH* -
Summary

The abundance of fish in San Onofre kelp bed (SOK) was reduced, relative
to that in the control kelp bed (San Mateo kelp bed - SMK), during the two
Operational years in which samples were taken (1985 and 1986). Here as elsewhere
in this report a reduction at Impact (SOK) relative to Control (SMK) implies that

the abundance at SOK is lower than it would have been had SONGS not operated.

Fish living close to the cobble bottom of the kelp bed (bottom fish) declined
in abundance by 70% and in biomass by 73% relative to the control populations.

These are substantial declines.

- While there are indications that fish living in the water column showed a
relative decline in abundance (17%) and in biomass (33%), the declines are not
statistically significant. One species of fish in the water column - senorita - showed a

substantial relative increase in the Operational period.

The decline in the relative abundance of fish in SOK was associated with,
and presumably in part caused by, a concurrent 70% relative decline in the area
covered by kelp in SOK in 1985-86. It appears, though, that other alterations in the

kelp bed environment associated with SONGS’ plume also played a role, since fish

* Drs. Edward DeMartini, Ralph Larson and Larry Allen carried out the scientific studies on kelp-bed
fish on which this report is based. Dr. E. DeMartini prepared the Contractor’s Final Report. The
Technical Report (J) to the CCC was prepared by Dr. Jon Kastendiek and Mr. Keith Parker.
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abundances declined in areas where kelp density did not. The MRC concludes that

the reduction in fish in SOK was caused by the plant’s operation. |

The reduction in relative abundance of fish in the bed translates into a loss of
about 200,000 fish weighing about 28 tons that would have been present in the

absence of SONGS. The absolute losses are thus also substantial.
Introduction

Forests of giant kelp (kelp beds) provide food and shelter for a diverse
assemblage of fish species. Among the 40 species of fish sampled during MRC
studies of kelp beds near SONGS, a few (kelp perch and giant kelp fish) are

particularly associated with kelp, while others (e.g., kelp bass, senorita, halfmoon,

rock wrasse and California sheéphead) are associated with reefs in general [TR J:

3.1]. Other fish common in the general area are also observéd in and near kelp beds
(e.g., northern anchovy and jack mackerel). Some species (e.g., kelp bass) that as

adults occur also on reefs without kelp, appear to favor kelp beds as a nursery

during their first year of life; and for fish in the bed in general, the kelp is thought to
provide a refuge and enhance production. In addition, many kelp-bed fish are

important sportfish species, such as kelp bass and California sheephead. A list of

species commonly found in the two kelp beds near SONGS is in Table 8.1.

While many species of fish occur throughout the water column, i.e., both
close to the bottom and up in the midwater, most species are found more often in
one or the other of these habitats. For example, California sheephead, rock wrasse,

barred sand bass and black seaperch are found almost entirely just above the hard
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Table 8.1

Common fish species inhabiting the San Onofre kelp bed in the
Before and After periods. Fish species are listed in order of
abundance within each habitat and sampling period. Species in bold
were common both close to the bottom and up in the water column.

¢ - o m es en e

BOTTOM SPECIES
Before _ After
white seaperch senorita
kelp bass rock wrasse
black perch ; kelp bass
California sheephead . black perch
jack mackerel v barred sand bass
black croaker . pile perch
senorita white seaperch
_ barred sand bass California sheephead
pile perch rubberlip seaperch
, ' ~ rainbow seaperch o - Jjack mackerel
\l WATER-COLUMN SPECIES
' Before After
'I " senorita senorita
jack mackerel salema
g ) kelp perch kelp bass
: kelp bass , halfmoon
silversides spp. kelp perch
. halfmoon : : Jjack mackerel
' white seaperch pacific barracuda

silversides spp.

-y
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substrate while others (e.g., halfmoon and kelp perch) occur mainly up in-the water

column,

No claims were made concerning expected effects on fish in the San Onofre
kelp bed (SOK) during the Public Hearings on the Permit. In its 1980 report to the
CCC the MRC noted that losses of kelp-bed fish would depend upon the extent to
which the kelp itself was reduced, and gave a range of losses of up to 9 tons per year.
The greatest reduction in fish abundance in SOK was expected to occur in the
upcoast/offshore quadrant of the kelp bed, because the turbid plumes of Units 2

and 3 were expected to reduce the density of kelp in that area.
_ Sampling Design and Methods

As in other programs, the MRC estimated the effects of SONGS on the
abundance of kelp-bed fish in SOK relative to that in a Control bed (San Mateo
kelp bed - SMK; Chapter 7 describes the general ecology of these two kelp beds.)
However, a major object of the program was to estimate the actual number and
* biomass of fish lost or gained at SOK as a consequence of SONGS’ operation. ‘This
task required a series of calculations whose details are sequestered in an appendix

at the end of this chapter.

Two types of sampling were done, corresponding to the two habitats found in
the bed. "Water-column" fish were sampled by divers swimming along transects in
the mid-water and recording with cine camera all fish in the camera’s view.

"Bottom" fish were sampled by divers swimming along transects close to the bottom
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and counting all the fish seen in a band 3 meters wide and 1.5 meters deep [TR J:

2.1].

All sampling was done between October and December, when visibility is
most consistently high. "Before" samples were taken in 1980 and 1981, "After"

samples in 1985 and 1986 [TR J: Appendix A].

There was a general decline from the Before to the After period in the
density of many species of fish, and an increase in some others, in both SOK and
SMK. The decreases were primarily in "cold-water" species, i.e., those that are close
to the southern end of their geographical range (e.g., the several species of sea
perches); the increases were in southerly "warm-water" species (e.g., rock wrasse)
[TRJ: 3.1]. The changes were almost certainly caused by the El Nino condition of
1982-84. Fortunately, the BACIP sampling design allowed us to detect SONGS’

effects against this large general change in the fish community.

As noted above, we distinguish between fish found near the bottom and
those found in the water-column. The former occur both where kelp grows and
where there is hard substrate but no kelp. They were about 2.5 times more

abundant in kelp than out of it. "Water-column" fish, on the other hand are

| essentially absent from transects lacking kelp.
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'Changes in the Relative Abundance of Fish in SOK
Bottom Fish

We estimate that the total number of bottom fish in SOK relative to that in
SMK declined by 70% in the After period. The estimated relative decline in
biomass was 73% [TR J: 3.3.2]. As always, these estimates are not precise: the
losses could be half as much or slightly more, but they are the best estimates

available. They are statistically significant and represent substantial reductions.

Declines in abundance were indicated in nine of the ten bottom species
tested (Table 8.2). Due to the uncertainties associated with the variables used to

make the abundance estimates, these changes were not statistically significant.

The one species that increased in abundance was the senorita. This fish, the

_most abundant in SOK, responded differently from the fish as a whole. Non-
senorita species, as a group, showed a‘statistically significant decline in abundance
of 82% whereas the felative abundance of senorita actually increased by over 100%

(Table 822).

The observed reduction in the abundance of bottom fish was associated with,
and presumably in part caused by, a decrease in kelp at SOK. Over the two
Operational years in which kelp-bed fish were surveyed (1985 and 1986) SONGS’
operatibn reduced the area in SOK covered by kelp by about 70%, and also reduced
the density of plants where they occurred, especially in the upcoast/offshore portion

of the bed (Chapter 7).
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Table 8.2

Estimated percent change in numbers and biomass of kelp bed fish at
SOK, relative to SMK. YOY = young-of-the-year.

i
»
, l\

NUMBERS BIOMASS
{l\ % CHANGE % CHANGE
‘ BOTTOM FISH
senorita >100 -
rock wrasse -19 -
‘ kelp bass -68 -
o YOY kelp bass -74 -
, black perch -93 -
' |\ barred sand bass =77 -
/ pile perch -43 -
. white seapearch -72 -
B California sheephead -73 -
R rainbow seaperch -88 -
Non-Senorita -82 =76
Total =70 -73
L,'\
, WATER-COLUMN FISH
| '/ senorita 25 -
o kelp bass -79 -
l‘, YOY kelp bass -72 -
| halfmoon : 57 -
kelp perch -70 -
giant kelpfish -74 -
' white seaperch >100 -
. pile seaperch =77 -
~" Non-senorita -6 -36
Total -17 -33
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In some species of bottom fish there were also changes in density per unit of
kelp (i.e., per kelp plant) at SOK relative to SMK. Black seaperch, barred sand
bass, and California sheephead showed statistically significant declines in number
per unit of kelp in both the upcoast and downcoast porﬁons of the kélp forest, and
in general there was a tendency for the number per unit of kelp to decrease in the
upcoast half of the bed nearer the diffusers (Table 8.3). These declines in fish
den51ty may be associated with changes in the benthic environment in SOK other
' than changes in the abundance and distribution of kelp, such as the reductions in
large invertebrates (Chapter 9) and the increase in the flux of particles (Chapter 6).
Note that senorita was again different, and increased in relative density in areas with

kelp (Table 8.3).
Water-Covlumn Fish

Smaller declines were seen in water-column species. Taken as a whole, these
declined 17% in abundance and 33% in biomass [TR J: 3.3.3]. Most of the
individual species also showed a tendency to decline in relative abundance (Table
8.2). However, neither the collective nor the individual results are statistically

significant.

Two species in the water column - senorita and halfmoon - showed large and
significant increases in density per unit of kelp, and other species also tended to
increase, especially at the downcoast station (Table 8.3) This may represent
"crowding" of the fish population into the habitat available to it, but it is also

possible that there is an increase in the density of food particles in areas with kelp as
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Table 8.3

Percent change in density of kelp bed fish per unit of kelp in SOK
relative to the control site. Changes in species with numerical values
were statistically significant (P<0.05), the others were not. The
indicated direction of change, i = increase, d = decrease, is presented
for those species where the change was not statistically significant.
Results listed under "SOKU" are from the upcoast station, those
listed under "SOKD" are from the downcoast station, and those under
- "SOK" apply to the bed as a whole. YOY = young-of-the-year.

SOK SOKU SOKD
BOTTOM FISH
senorita >100 >100 >100
black seaperch -76 -85 -74
barred sand bass o -60 -74 -43
California sheephead -59 - -46 -70
rainbow seaperch d -68 - =59
rock wrasse Ci ~ i i -
kelp bass d -d d
YOY kelp bass i d i
pile perch i d 1
white seaperch d d 1
WATER-COLUMN FISH
senorita >100 >100 >100
halfmoon >100 >100 >100
, giant kelpfish 67 42 85
/ kelp perch 1 -25 86
.’ kelp bass d d 1
YOY kelp bass i d 1
« white seaperch i i i
'/ pile seaperch i d i
v l\
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a result of SONGS discharge plume. If it is merely a concentration of fish, it is
possible that the density will eventually decline, leading to larger losses over the
whole bed than were observed to 1986. There is a suggestion in the results of a
greater tendency to declines in density closer to the diffusers, in the upcoast portion

of the bed, as was seen also in bottom fish (Table 8.3).
Changes in Absolute Numbers and Biomass of Fish

Using the calculations outlined in the appendix below, the MRC estimates
that SOK in the After period had almost 200,000 fewer bottom fish than it would
~ have had in the absence of SONGS. (The expected number of fish was estimated to
be 275,000.) [TR J: 3.5] The missing fish represent a total weight of 28 U.S. tons.

Thus the reductions are substantial in absolute terms.
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APPENDIX METHODS OF ESTIMATING SONGS’ EFFECTS
ON KELP-BED FISH

A major goél of the kelp-bed fish program was to estimate the number and

biomass of fish lost in SOK as a consequence of the operation of SONGS, if any

such losses occurred. This goal is additional to the standard goal of this and other

programs, where we were trying to measure the proportionate reduction at an
Impact station relative to a Control station. This additional goal, plus several

aspects of the ecology of fish in SOK, led to a different approach in this program.

First, SONGS’ effects were expected to vary systematically from one part of
the bed to another; in particular, we expected the most severe effects on kelp to
occur in the ﬁpcoast half of the bed, which is closer to the diffusers. One Impact
station was therefore set up in the upcoast section of the bed, the other in the

downcoast section. The Control station was in SMK [TR J: 2.1].

Second, kelp density varies from place to place in SOK, and fish density
varies with kelp density. An estimate of numbers lost therefore needs to take

account of these two factors.

| Third, although we expected SONGS’ to affect SOK fish by altering the
distribution and density of kelp, it was also possible that SONGS would alter fish
density independent of kelp density, and indeed this occurred. Therefore we
needed to detect changes in the number of fish per kelp plant in SOK relafive to

those in SMK.
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These difficulties were surmounted by calculating the number of fish lost,
using a series of direct and indirect estimates of effects. The procedure was first to
calculate the proportionate effect of SONGS, and then to transform this into an

estimate of actual numbers of fish lost or gained. There are three steps.

(1) An index of abundance was calculated for each of four situations: for
both beds (SOK and SMK) in the Before period, and fqr both beds in the After
period [TR J: 2.2.1.1]. In each case, the index was calculated as follows. (a) Areas
in the bed were divided into those with 4 or more kelp plants per 100 m? -
designated "kelp" areas, and those with fewer than 4 per 100 m? - designated
"kelpless" areas. (Side-scanning SONAR cannot detect kelp in the lower density
range and classifies such areas as having no kelp.) (b) The number of fish in "kelp"
areas was estimated from transects that had not changed in kelp density between
Before and After (so we could remove the effects of changing kelp density.) (c)

The number in "kelpless" areas was estimated by multiplying estimate (b) by a

fraction, f, which is the known abundance on transects without kelp as a fraction of

that on transects with kelp. (d) The total number of fish fn; say, "kelp" areas in
SOK in the After period was estimated by multiplying the number of fish per cubic
meter of water in "kelp" transects by the volume of watef in SOK containing 4 or
more plants per 100 m2. (¢) The total number of fish in SOK in the After was

calculated by repeating step (d) for "kelpless" areas and adding the answer to (d).
This calculation is an index, rather than an estimate of actual abundance,

because the actual average density of kelp plants in a given bed in a given period

was less than 10 per 100 m2, whereas fish density was estimated on transects with an
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average of 10 plants per 100 m2. However, the index is proportional to actual

abundance.

The indexes are designated:
SMK, Before = SMK,
SMK; After = SMK,.
SOK, Before = SOK,

SOK, After = SOK,

(2) From (1) we calculate the proportionate reduction (or increase) in
abundance at SOK. This is the ratio of the index for fish in SOK in the After period

divided by the index that would have been there in the absence of SONGS.

The index that would have been obtained in SOK in the After period in the
absence of SONGS is calculated by multiplying the index for SOK in the Before
(SOK,) by the observed change in SMK (the Control); i.e., we assume that in the

 absence of SONGS, SOK would have changed in the same way that SMK did. This

observed change is simply SMK,/SMK,. Thus the proportionate effect on the index

of abundance at SOK, owing to SONGS, is

S = SOK./[SOKy(SMK,/SMKy)]
= SOK.SMK,/[SOKsSMK].

(3) Finally, we convert the proportionate effect into an absolute number of
fish by correcting for the fact that the density of kelp in SOK in the After period,
averaged across the whole bed, was not equal to the average density on sample

transects. This was done in two stages. (a) First we estimated the actual number of
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fish in SOK in the After period. Fish in SOK in the After period were sampled on
transects containing different kelp densities, and a relationship (regression) was
established between local kelp density and local fish density. This (linear)
relationship allows calculation of the number of fish per cubic meter in an area with
the average density of kelp plants found in the whole bed. The total number of fish
in the bed is then simply this number per cubic meter times the volume of water in
the kelp bed. We designate this observed number as O. (b) The actual number of
fish lost or gained in the bed is then the number éxpected minus the number
observed. The number expected is O/S, the observed number divided by the

proportionate effect of SONGS. So the number lost is (O/S) - O.

For example, if the calculations using the index in steps (a) and (b) tell us
that SOK has only 75% of the fish it wouid ‘have had in the absence of SONGS (i.e.,
S = 0.75), and if the actual number of fish in SOK were 1000 in the After period,
| then the expected number is 1000/0.75 = 1333. The number lost due to SONGS
would then be 1333 - 1000 = 333.
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Chapter 9

INVERTEBRATES ON HARD SUBSTRATES IN KELP BEDS*

B

Summary

The operation of SONGS Units 2 and 3 has caused declines in the

abundance of invertebrates inhabiting the San Onofre kelp bed (SOK). Declines

were observed mainly in snails. However, many other groups could not be sampled

or tested for a variety of reasons, and it is likely that declines are widespread in

these groups. The decreases in abundance were associated with an increased flow

-

of particles from SONGS’ turbid plume and cover of new fine sediments.

Within SOK, the abundance of a broad range of invertebrates was reduced in

areas containing patches of néw fine sediment compared to areas without the new

.

- e -;QG

sediment. However, the cover of the new sediment cannot by itself account for the

large declines observed in abundances at SOK relative to the control kelp bed.

Introduction

Hard-bottom habitats such as reef outcrops and rocks, including those

-

supporting kelp beds, are inhabited by hundreds of species of animals and plants.

Among the common invertebrates are clams, abalones, snails, sea urchins, sea stars

-

and sea cucumbers. The large-invertebrate fauna of the San Onofre kelp bed is

\
L
=

* Drs. Stephen Schroeter, John Dixon and Jon Kastendiek (University of Southern California) carried
out the scientific studies of invertebrates on hard substrates on which this chapter is based. Drs.
Stephen Schroeter and John Dixon prepared the Contractor’s Final Report. The Technical Report
(F) to the CCC was prepared by Drs. James Bence, Stephen Schroeter and Mr. Richard Smith.
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typical of that found in other southern California kelp beds. The 37 species sampled
- in this program were chosen to represent the community of over 100 species of large
invertebrates that inhabit the bed [TR F: Table 4]. A more detailed account of the

results is presented in Final Technical Report F: Kelp Forest Invertebrates.

Patches of fine sediment appeared on some sampling areas and reduced the
abundance of invertebrates there. The sediments will be the subject of a separate
report, which will aim to détermine whether they are caused by SONGS or are
natural [TR B]. That report will also describe their effects on a group of smaller
invertebrates, such as bryozoans and some sponges, that form a "turf’ on many hard
substrates. The present chapter describes the effect of the sediments on the large

invertebrates.

Testimony présented at the 1973;Pub1ic Hearings on the Permit suggested
that SONGS might have a large effect on the benthic stages of some large
invertebrates by causing substantial losses in their planktonic stages, via entrainment
and offshore trénsport (Chapter 2). The Permit itself, however, makes no reference

to expected effects on benthic stages of large invertebrates.
Sampling and Analysis

MRC sampled a diverse group of large benthic invertebrates that are typical
of kelp beds in southern California. The species chosen can be counted easily and
reliably by divers in the field under conditions of poor visibility. Several of the
species, such as sea ufchins, have been shown to influence the structure and

dynamics of kelp forest communities. Some groups of potential interest, such as
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lobsters and abalone, were not monitored because they are rare and/or hard to
sample. Of the 37 species that were counted, 20 were sufficiently common to be
analyzed (Table 9.1) [TR F: Table 4]. Some of the species that were too rare or
variable in abundance to be analyzed indi\;idually were included by analyzing five
groups of pooled species: (1) all snails, (2) muricid snails, (3) non-muricid snails, (4)

sea urchins, and (5) sessile invertebrates.

All three kelp beds in the San Onofre area were sampled. MRC intended to
use the invertebrate communities in both the San Mateo (SMK) and Barn (BK)
kelp beds as Control sites for that in SOK (Figure 9.1). However, kelp at BK
disappeared in 1980, so San Mateo was designated as the Control. Two Impact
stations in SOK were sampled (Figure 9.2): one was in the upcoast section of thé
bed, 500 meters downcoast of the diffusers (Near Impact), the other in the

downcoaét section of the bed, 1500 meters downcoast of the diffusers (Far Impact).

- Both stations were in water 14 m deep (Figure 9.3), as was the Control site in the

San Mateo kelp forest, 4-5 kilometers upcoast of SONGS.

Large invertebrates pose special sampling problems. First, they are relatively
uncommon and their habitat at San Onofre (rocks) is vulnerable to disturbance.
The animals therefore need to be counted, but not removed, with minimal

disruption of the habitat. This requires visual counts by divers.

The main datum of interest is the average abundance at a site on a given
survey. The sampling strategy was to sample as large an area as was logistically
feasible in such a way as to get the best possible estimate of the mean abundance.

Therefore a uniform grid of quadrats was placed over each sampling site. Counts of
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Table 9.1

Percent change at Impact Stations.

Percent changes in abundance at the Near Impact (SOKU) and Far Impact (SOKD) sites relative to the values
at the control site, SMK. No result (NR) indicates all densities were zero at the test stations. "No test” means
that no test could be done since the data did not meet the test’s assumptions. * indicates a significant result
occurred but is not thought to be a SONGS’ effect [TR F: Table 8].
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SPECIES/ % CHANGE STATISTICAL
GROUP NEAR IMPACT . FARIMPACT RESULT
Snails -84.0 -713.2 significant
‘Non-muricid snails -809 -68.3 nearly significant
Astraea undosa 855 -68.2 no test
Calliostoma spp. -58.9 199 significant
Conus californicus -90.8 -81.0 significant
Crassispira semiinflata -82.0 -60.1 no test
Cypraea spadicea -85.5 -55.9 no test
Kelletia kelletii -63.5 -51.8 significant
Mitra idae -70.5 -35.0 nearly significant
Nassarius spp. -36.3 (NR) no test
Ophiodermella inermis -323 -68.6 significant
Tegula aureotincta -93.2 (NR) no test
Muricid snails -86.2 -749 significant
Maxwellia ggmma -88.9 61.1 significant
Murexiella santarosana -86.3 -62.8 nearly significant
Pteropurpura festiva -84.2 -73.6 not signiﬁcant
Sea Urchins -51.2 259 significant
Lytechinus anamesus 158 -40.:1 ) significant
Strongylocentrotus purpuratus 0.7 476 significant™®
Sea cucumbers
Parastichopus parvimensis 833 1344 significant
Sessile invertebrates 36.9 92.3 - no test
Muricea califomica 318.0 590.6 no test
Muricea fruticosa 58.8 370.8 no test
Styela montereyensis | 429 -95.2 no test
Tethya aurantia 169 85.1 no test
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Figure 9.1. Monitoring stations for large invertebrates living on hard substrate.

The enclosed rectangles are the approximate boundaries of the three kelp forest
studied. San Onofre kelp forest (SOK), San Mateo kelp forest (SMK), and Barn
kelp forest (BARN). The intakes for Units 1, 2 and 3 are denoted by circles, the

Unit 1 discharge by a triangle, and the discharge pipes of Units 2 and 3 are the -
labeled lines in SOK.
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Figure 9.3. The area with hard substrate at San Mateo kelp forest is outlined in
the upper panel, and the depth contours in the bed are shown in the lower panel.
Large benthic invertebrates were sampled regularly at the site indicated by a star.
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large invertebrates were made on 10 occasions before Units 2 and 3 began
commercial operation and on 8 occasions afterwards [TR F: 2.2]. The data were
analyzed using the BACIP approach, modified to take‘ account of the special
features of the large invertebrate sampling program, namely the two Impact

¢
stations.

In October 1985, long-lasting patches of fine and eventually compact

sediment covered areas of hard substrate in SOK [TR B]. Their effects on the large .

invertebrates are evaluated in this chapter by comparing densities in quadrats

containing the sediment with those in quadrats from which it was absent.
Changes in abundance of invertebrates

The majority of invertebrates for which tests were possible, both as individual
species and pooled groups, are snails (Table 9.1) [TR F: Tables 8 & 9]. However,
tests were also possible in two species of sea urchins and a sea cucumber. Sea stars
and red sea urchins were sampled but SONGS’ effects on them could not be
evaluated because populations in SOK suffered different rates of mortality from
disease (sea stars) and fishing (urchins) than did those at the Control site. This

mortality may be confounded with, and therefore obscure, differences that might

have been caused by SONGS. We can evaluate the effects of fine sediments on sea

stars because this does not involve comparisons with populations in the other beds.

Effects were detected in large invertebrates in most cases in which tests could
be run, and the great majority were declines in density at Impact sites relative to

Control [TR F: Table 8]. Larger declines were observed nearer the diffusers, at the
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Near Impact site. Changes were strongly implied in 10 (67%) of the 15 species or
groups in which statistical tests were possible (Table 9.1) [TR F: Table 8]. All but
two of these effects were declines in density at SOK relative to SMK. Declines were

particﬁlarly marked in the snails: considering both impact sites, 29 of 30 changes

‘were declines averaging about 80% at the Near Impact and about 60% at the Far

Impact [TR F: Table 8]. The declines were statistically significant or nearly so in
each snail group (total, muricids, and non-muricids), as well as for 5 of the 11
individual species [TR F: Table 11]. There was a significant decline in relative
abundance of white sea urchins (Lytechinus anamesus), the effect again being
greater near the diffusers (76%) than at the Far Impact site (40%) [TR F: Table 8].
A sea cucumber increased in relative abundance at SONGS. The remaining species

for which a test was possible, the purple sea urchin, also increased. However, this

- change is unlikely to be caused by S.ONGS because the increase was bigger (50%) at

the Far Impact site than closer to the diffusers (less than 1%).

There was a significant increase in the flux of particleé through SOK after
SONGS 'began operating (Chapter 6) [TR B], and we would expect such an increase
to have negative effects on most of the large invertebrate species. The observed
increase in a sea cucumber, which is a deposit-feeder, may have been caused byb an

increased flow of organic particles at SOK [TR F: Table 8].
Effects of Fine Sediments

It is likely that the fine sediment degrades the environment for most hard-
bottom species since it covers hard substrate. After the new sediment appeared in

SOK the abundance of all groups studiedvdeclined in quadrats with new sediment
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present compared with those not affected by it (Table 9.2), although the difference
was statistically significant in only half of the groups. The relative declines in the
affected quadrats were typically less than 50%. In addition, declines were larger in
sea urchins, sea stars, and sessile invertebrates, and smaller in snails, and there was
little sediment at the Far Impact site [TR F: Table 11}. For thesé reasons declines
in areas with new sediment cannot aione account for the observed declines in large
invertebrates at SOK relative to SMK. This is especially the case for effects at the

Far Impact station.

If the new sediments are caused by SONGS, these results indicate that the
plant had effects other than those identified in Table 9.1. For example, we found no
. evidence for a relative decline in sessile invertebrates near SONGS, yet this group
was reduced in density by the new sediments (Table 9.2). Again, for reasons
discussed above we were not able to estimate reductions in density of sea stars in
SOK, relative to the Control site; however, this group also seems to be reduced in

density by the new sediments.

- The reductions observed in the abundance of large invertebrates in SOK are
_consistent with other observed effects of SONGS on the bottom environment
(Chapters 7 and 8). These are associated with an increased flow of particles caused

by the turbid plume [TR F: Table 10].
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Table 9.2

Percent change in abundance attributable to new sediments at

the Near Impact station.

GROUP % CHANGE STATISTICAL
RESULT
Snails 127 not significant
Non-muricid snails -6.4 not significant.
~ Muricid snails -20.7 not significant
Sea urchins ‘ -36.0 si@iﬁ@t
Sea stars -56.4 significant
Sessile invertebrates -41.6 significant
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Chapter 10

PROJECTED BIGHT-WIDE REDUCTION
IN ADULT FISH STOCKS*

Summary

SONGS kills several billion immature fish (eggs, larvae and juvenile fish)
each year. (1) The immediate (short-term) effect of these losses is to reduce the
number of new adults recruited into the adult population each year. (2) The long-
term effect is to change, and probably reduce, the average size of the adult

population itself, the "stock size," over many years.

The amount by which the stock is reduced (effect (2)) depends on the extent
to which surviving individuals in the various stages of the life cycle do better
("compensate") at lower densities: i.e., live longer, grow faster, or produce more
eggs. This is not known quantitatively for any population, and there -are no data
available for estimating it. In theory, perfect compensation is possible and adult

stocks would not decline. We believe this is unlikely.

(1) With respect to short-term losses, we project significant reductions in
adult recruitment as a result of SONGS operation. We express these losses as the
reduction in the rate at which new adults enter the population in the Southern

California Bight.

* The Technical Report (D) to the CCC was prepared by Mr. Keith Parker and Dr. Edward
DeMartini. The Technical Report (M) to the CCC was prepared by Drs. Roger Nisbet, William
Murdoch, and Allan Stewart-Oaten. '
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T"he largest projected loss, 13%, is in queenfish, which is the most abundant
nearshore species in the area and important in the diet of sport and commercial fish
species. The projection for white croaker is 6%. (Low, middle and high projections
were made for these two species, and these are the middle and most likely

projections.) Most other species suffer smaller losses (Table 10.1).

If the effect were to be spread over a smaller area than the Bight, the
maximum potential proportionafe loss would be correspondingly greater. For
example, it would be equivalent to 100% of the new adult production of queenfish
within about 60 km of SONGS, and to 100% of the new adult production of white
croaker within about 30 km of SONGS.

(2) The long-term losges, expressed as a percent reduction in the average
" population in the Southern California Bight, are projected to lie between zero and
the projected recruitment loss. Thus queenfish are projected to be reduced in
population by between 0% and 13%. (Since queenfish is a "fodder fish", we expect
much of this reduction to appear as a reduction in the abundance of predator
species that feed on it.) Because individuals tend to grow faster when populations
decline, the reduction in biomass should be smaller than the reduction in

abundance, though we cannot estimate the difference.

We stress that, while we believe the projections are as good as can be made
with the available data, they are qualitatively inferior to the estimates the MRC has
made concerning SONGS’ effects on other species. We are not able to give direct
estimates of either short- or long-term reduction for any species. The figures we

give are extrapolations supported by sampling data and models, but not by direct
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TABLE 10.1

Estimated reduction in adult recruitment and adult standing stock in the
Southern California Bight as a result of SONGS’ operation.

Each number in this table is both (a) the projected short-term loss (percentage reduction
in the annual recruitment of adults to the fish stock in the Southern California Bight) and
(b) the projected long-term percent reduction in average abundance of adult standing stock
in the Bight, caused by entrapment of immatures by SONGS. Each number is the middle
projection for short-term losses, and is probably a higher rather than a lower estimate of
the long-term reduction. S denotes sport fishery, € denotes commercial fishery, * indicates
species suffering relatively high loss rates.

COMMON NAME PERCENT

TAXA WHOSE JUVENILES ARE ENTRAPPED

* Queenfish

* White croaker S

* California grunion S

* Black croaker S

* California corbina S

* Jacksmelt
Salema
Kelp and barred sand bass S
Northern anchovy ©

[y
COoOoWRANOW

N
=

TAXA WHOSE JUVENILES ARE NOT ENTRAPPED

COMMON NAME _ PERCENT

* Giant kelpfish

* Kelpfish (unid.)
Cheekspot goby
Reef finspot
Arrow goby
Diamond turbot $
Shadow goby
California clingfish
Blenny (unid.)
California halibut $ ¢
Hornyhead turbot

- Pacific mackerel ©

COLLPNNNNWWLNO
— = S R R A0 OO0
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measurements of the reductions. The models necessarily make assumptions about
fish population dynamics, and adequate data do not exist to test these assumptions.
Even very similar models can lead to quite different projections, and this is a major
reason why we have provided a range of possible effects rather than a single best

estimate. Such uncertainties are generic to fisheries biology.
Introduction

SONGS takes in and kills fish eggs, larvae and juveniles. Some of these
individuals would have survived to become adult fish had they not been killed in the
plant. The purposes of this chapter are to estimate (1) the short-term reduction in
the rate at which new adults enter the population, and (2) the likely effects of these
losses upon the sizes of the fish populations averaged over time, i.e., the 'long-term

reduction in the standing stock.

It is important to stress at the outset that our estimates of these effects are
much less certain than are our estimates of other SONGS effects. Indeed, we prefer

to call these numbers "projections” rather than "estimates”.

The difference is not merely a matter of greater variability or less precision.
The projections of potential fish losses are qualitatively different because crucial
components of both the short-term and the long-term projections are based not on
data but on assumptions. These are plausible assumptions about unobserved
natural processes, and we try to justify them in some detail; but other assumptions

can lead to different projections.
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The projected short-term losses due to SONGS-induced mortality of
immature fish are expressed as the percentage reduction in the rate at which new
adults are recruited to the population: "adult equivalent losses." To translate these
short-term losses into projectéd effects on the adult population we need to consider
how the fish population might respond, which is the issue of "compensation.” This is

discussed briefly in the next section.
Compensation and Long-term Effects

- Unfortunately, unlike all other potential effects of SONGS examined by the
MRC, direct Sampling will not measure the long-term reduction of adult fish stocks
as a result of the short-term losses. Because the immature stages of most fishes
move a great deal, any effects on these species will be spread out over a large area,
probably the entire Southern California Bight. Consequently there is no "Control"
area with which the Impact area can be compared; and even a major effect will be

so diluted that the change will be indistinguishable from natural variation.

Thus the only way for us to assess the effects of the killing of the immature
stages is to try to convert the projected short-term changes in recruitment ratés into
changes in the population size, by means of models. But these models cannot avoid
making key assumptions about some natural processes whose operation is almost

completely unknown.

Collectively, these processes are called "compensation.” If there were no
compensation, then rates of birth, death, growth, etc., would be the same regardless

of the density of the population. Then, in a population not already expanding, any
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" decrease in the birth rate or increase in the death rate would lead to a decline that
would continue until the population was extinct. Obviously this typically does not
happen: many fish populations have supported large fishing industries without

going extinct.

Birth and death rates do change when population densify changes. In
particular, if an external source Ireduce_s the birth rate or increases the death rate,
the resulting decline in the population will usually lead to a secondary increase in
the birth rate and/or a decrease in the death rate. Eventually the population will
reach a new equilibrium, at which positive rate changes, caused by the decreased
population, match (compensate for) the negative rate change caused by the external
source. This compensation can arise in several ways, the most obvious being that
some limiting resource, such as food or shelter, may become more freely available

when the population is reduced.

It is clear that compensation frequently occurs, and the mechanisms by which
it might acf are well understood in a qualitative and general sense. What is almost
completely unknown iS the quantitative and particular information needed to assess
. potential SONGS effects on particular marine fish populations. For a particular
population, we dé not know how to determine the value of the new equilibrium
abundance that will be maintained in response to the added mortality from SONGS.

(Extinction is a possibility, but we think it extremely unlikely.)

An additional complication is that some of the most heavily affected species
are fodder fish for larger predators, many of which are sport or commercial species.

Losses in fodder fish recruitment are likely to appear partly as a reduction in the
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abuhdance of the predator.species that eat them, to an extent depending on such
factors as the predator’s ability to compensate or to vary its diet. Thus the actual
losses in queenfish (a fodder fish) across the Bight seem likely to be smaller, and
losses in sport and commercial species to be larger, than would be expected on the
basis of immature entrapment alone.

Our projections of long-term reductions depend heavily on our assumptions

concerning compensation. These are discussed in the next section.
Assumptions and methods of calculating projections
Short-term Effects

The number of new adults recruited into the population each year depends in
part on the number of adults already there, since it is their reproduction that leads
to the new adults. The short-term effect of SONGS-induced mortality on immature
fish will be a change in the rate at which new adults are recruited, i.e., a change in
the ratio of the number of new adult recruits to the number of adults aiready

present.

The Size of the Affected Population

The number already present in a population depends, of course, on what we
choose to designate as "the population,” i.e., on the size of the area over which the
losses are spread. Because eggs and larvae are transported by water movements,

losses are expected to be spread over all or most of the interbreeding population.
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The area covered by this population varies among species and is usually not known
precisely. This report is made clearer by using a single area for all species, and we
chose this area to be the Southetn California Bight (the area between Point

Conception and Cabo Colnett in northern Baja California).

The Bight is a cbnvenient natural feature, and although some affected
species extend further, the larvae killed by SONGS will almost all have been born
inside the Bight and the losses are unlikely to be significant outside it. The choice is
mainly one of convenience: if we had chosen a larger or smaller area, the
- percentage losses would be smaller or larger respectively, but would give the same

values when converted into numbers of adults lost in any given year.

Calculation of Losses

To project adult equivalent losses for a ‘species we need to know (a) the
fraction of the bight-wide population of each immature stage that is entrapped each
day by SONGS, and (b) the number of days each stage lasts. The losses for each

stage are then combined, following the methods described in Technical Report D.

Calculation of (a) is the more difficult problem. We assume that eggs and
larvae cannot actively avoid SONGS intake if they are in water being taken into the
plant. The fraction entrapped each day iS the number taken in by SONGS per day,
divided by the total number in that stage in the Bight. The number entrapped per
day is the estimated density of the stage in the water taken in by SONGS, which
comes from the nearshore region, times the volume of water taken in per day. The

total number of the stage in the Bight is estimated by multiplying the density of the
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stage in a meter-wide strip of water extending from the shore to the outer limits of

- the stage’s offshore distribution, by the number of such strips in the Bight (500,000).

The density of the immature stage in these two regions - the nearshore withdrawal
zone and the wider offshore zone - is estimated from MRC’s extensive sampling

program k(Chapter 13).

Estimation of entrapment rates of juvenile fish is much more problematical
in some species: we do not have reliable estimates of their density, and juveniles
can avoid entrapment to an unknown degree. Of the 21 species for which there are
adequate data on eggs and larvae, 12 do not occur as juveniles near SONGS’ intakes
and are only rarely éntrapped as juveniles; thus no estimate of juvenile losses is

needed for these species.

For two of the remaining ym;ne species (white croaker and queenfish), there
are good estimates of the entrapment rates of the oldest larval stage and of the
youngest adult fish (one-year olds). It seems reasonable to assume that, in
vulnerability and availability, early juveniles are like late larvae, and late juveniles
are like young adults. Entrapment rates for juveniles between these ages are likely
to decline with length since (i) swimming speed, and thus the ability to resist
withdrawal into the intakes, increases, and (ii) the preferred habitat becomes more
like that of the adults, which is further from the power plant than is the habitat of

late larvae.

There are many different mathematical functions that could describe the

. decline in entrapment rate as fish size increases, all fitting the above basic

description. We have no data allowing us to choose among these functions, but the
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juvenile stage is so long and important that different functions lead to very different
projected losses. We have dealt with this by giving "high", "middle" and "low"

-~

projections. The details are presented in Technical Report D.

No estimate of juvénile losses is possible for the remaining species whose
juveniles are entrapped, because we do not have estimates of the entrapment rates
of their adults. The juveniles of these species, however, are much less susceptible to
entrapment, relative to their larval stages, than are queenfish, because they move

away from the intake depth and nearer to the bottom.
. Long-term Losses

As noted in the Introduction, there is almost certain to be compensation.
What is not at all certain are the mechanisms by which, or the stage in which,
compensation will occur, or the amount of decline needed for compensation to
balance the additional mortality caused by SONGS. Failure to answer such
questions have dogged all efforts to estimate the effects upon adult marine fish

stocks of human activities that kill early stages.

To determine how the addition of SONGS-induced mortality on immatures

is likely to affect adult abundance of fish populations showing one or other of a
number of compensating mechanisms, we examined several simple models of fish
population dynamics (Technical Report M). These simple médels are not meant to
portray the dynamics of fish in accurate detail, though fish populations probably

behave in broadly the way described by the models. We looked at four types of
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compensatory mechanisms. The first three relate to species that are not mainly food

for other species.

Case 1. Responses by adults. (a) Adults experience higher fecundity at lower

“adult density. (b) Adult survival may increase when there are fewer adults..

Case 2. Response by immatures to adult density. (a) Cannibalism of
immatures by adults decreases as adult density decreases. (b) Survival of immatures

is higher at lower adult density (e.g., each egg may be larger).

Case 3. Response by immatures to immature density. (a) SONGS imposes

substantial mortality on both the planktonic and the juvenile stages, and both stages

survive better at lower densities. (b) SONGS imposes substantial mortality on the .

planktonic stages but not on the late juveniles; however, the late juveniles can
compensate for this early mortality by surviving better at lower densities. (c)
Cannibalism of planktonic stages by juveniles decreases as juvenile density

decreases.

Case 4. Predation by other species. This case differs from the other three in

that the affected species is fodder fish, i.e., it is a major prey item for a predator

(eg., a sport/cdmmercial) species. Our main concern here is whether SONGS-

induced mortality affects the average long-term abundance of the fodder fish or of

the predatory fish.

We also considered the case where several of these mechanisms operate

together.
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Case 3(b) requires particular comment. In this case, the adult stock can show
no change ("perfect’ compensation) or can even increase ("overcompensation”). A
hypothetical example of perfect compensation is a species in which each adult must
have a "home" (e.g., a shelter) in order to survive and reproduée. If there is a fixed
number of homes, then juveniles in excess of this number are superfluous: they
cannot become adults because there will be no homes for them. Thus a power plant
that kills juveniles will have no effect on the adult populafion provided enough

juveniles survive to fill the homes.

Over-compensation could occur if, when the early stages are too numerous,
they deplete the food supply so that they later starve. If an external souréc kills
some of the early stage individuals, the increased success of the survivors may lead

to larger numbers reaching adulthood.

However, these results seem unlikely because the mechanisms that could
produce perfect dr overcompensation probably do not occur in the fish species in
question. The scanty evidence available suggests that species like those we are
concerned with can increase their fecundity, perhaps the survival of the larval stages,
and possibly the survival of adults, when their adult abundances are lowered. But
this means that a reduced adult population is a pre-condition for compensation to
operate. Thus compensation cannot lead to an unchanged or increased number of

adults [TR M: 34].
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Projected short- and long-term losses
Short-term Losses

Table 10.1 presents the estimated percent reductions in the rate at which new
adults are recruited to the Bight-Wide populations of fish. In the case of queenfish

and white croaker these are the middle of low, middle and high projections.

The largest percentage reduction is in queenfish, and is about 13%; the low
projection is 10% and the high projection is 17%. Iri'white croaker the low and
middle projections are 6% and the high projection is 8%. In seven species the
reduction is around 5% (white croaker, black croaker, California corbina, California
grunion, giant kelpfish, unidentified kelpfish, and jacksmelt). Seven species have
losses of less than 1%, including se{/eral such as northern anchovy, kelp and barred

sand bass, halibut, and Pacific mackerel that have minute losses (Table 10.1).

Some perspecﬁve on these losses can be gained from the following
considerations. First, the most valuable sport/commercial species, the halibut, is
hardly affected because its immatures are rarely entrapped. This holds true also for
Pacific mackerel, another commercial species. Second, the species with the greatest
potential losses, queenfish, is not a sport or commercial species, though it is an

important source of food for species that are. Third, several species with

moderately high adult-equivalent losses (in the 5-7% range) are mainly fodder fish-

but are also fished for sport.
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Long-term Effects: Projected Changes in Fish Stocks

The projected effects of these short-losses on standing stocks of adult fish in
the Bight were calculated using the models summarized above. Except for Case
3(b), the models all providé the same qualitative answer: compensation does not
prevent the abundance of adult fish from declining to a lower average level except under
unlikely conditions. Case 3(b) does allow the standing stock to stay the same
("perfect” compensation) or even to increase ("overéompensation"), but there is no

evidence that it can occur in the species affected by SONGS.

The models cannot give detailed insight into how much the average
abundance in the Bight will be lowered. 'However, quite reasonable assumptions
lead to a reduction in ﬁverage abundance by a propbrtion equal to the additional
mortality imposed by SONGS (thus each number in Table 10.1 is a préjection of
both short-term and long-term losses). That is, if SONGS Kkills 10% of the
immatures, there could be a reduction of 10% in the affected population.
Reasonable assumptions, however, would also allow the percent decrease in average
abundance to be gréater or less than 10%. There is thus a great deal of uncertainty in
the projections of Table 10.1 since different populations have different compensatory

abilities.

When more than one compensatory mechanism is operating (especially if
one compensation is via adult survival), the same reasonable assumptions suggest
that the reduction could be about half of the reduction when only one mechanism

operates. Thus, if SONGS kills 10% of the immatures, there could be a reduction of
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5% in the affected population. The percentages in Table 10.1 are therefore likely to

be higher rather lower than the actual reductions.

In the special case of "fodder fish", such as queenfish, that are major food
items for piscivorous sport/commercial species, it is likely that the SONGS-induced
mortality on immatures will lead to a decrease in the production of adults available
to the sport/commercial species. This will in turn "transfer" much or most of the
potential reduction in the adult population from the fodder fish to the
sport/commercial species. The extent of this transfer will depend on the
importance of the fodder fish to the sport/commercial species in question. Too
little is known about the diets of these species, and their flexibility in using other
options, for us to make numerical projections. This difficulty is especially marked
for queehﬁsh, which is almost entirely a fodder fish, but it also applies to white
croaker and sport/commercial species, which are eaten by piscivorous fish but are
also sportfish species. In acknowledgement of the absence of good information on
this subject, Table 10.1 presents losses without any allowance for a transfer to other

species.

The percent reduction in biomass is likely to be smaller than the reduction in
abundance, since individual adults-are likely to grow bigger in a reduced population.

We have not attempted to estimate the reduction in biomass.
Overall Conclusions

SONGS-induced mortality on immature fish has the potential to have

ecologically significant effects on the standing stock of some species in the Southern
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California Bight, particularly white croaker and queenfish. The immature mortality
could lead to reductions of a few percent to around 10% in the adult populations of
these fish in the Southern California Bight. In the case of white croaker, for

example, a 5% reduction would represent about 3 million fish and 300 tons.

Reductions in abundance could be lower than these projections. However, it
seems most probable that some effects will occur, and the assumptions leading to

these projections are not unreasonable.

A similar degree of uncertainty pervades the evaluation of almost any single
human action that causes mortality or reduced reproduction or growth of marine
fish. Yet the cumulative result of such actions over the past several decades has
been the decline of many fish populations in the California Bight. For this reason
the MRC believes, in spite of the uncertainty concerning the populational effects of
deaths of immature fish in SONGS, that we should proceed on the assumption that

“the losses are only partially compensated, and that there are significant reductions

in standing stocks of several species.
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Chapter 11

LOCAL FISH POPULATIONS*
Introduction

MRC sampled the three major fish communities in the SONGS area: fish
living up in the water column ("midwater fish"), those living on or close to the sandy
bottom ("bottom fish"), and those associated with kelp beds. This report discusses
the first two communities; the kelp bed fish are discussed in Chapter 8. Readers
wishing a more detailed account of the results than is presented here should turn to

the Interim Technical Report: 3. Midwater and Bottom Fish.

Little mention was made in the public hearings of the likely effects of
SONGS on the local fish fauna, other than the fact that large amounts of fish would
be taken into the plant. The Permit also discussed intake losses and estimated they

would be between 14 and 70 tons per year. The uncertainty in these figures mainly

reflected the fact that the design of Units 2 and 3 included a new and untested Fish

Return System intended to return fish live to the ocean. No mention was made in
the hearings or Permit of the possible effects of these losses upon the local

abundance of fish. )

It'is by no means self-evident that reductions in local fish abundance should

occur as a result of intake losses. Midwater fish are mobile, and immigration might

* Drs. Ed DeMartini, Ralph Larson and Larry Allen carried out the scientific studies of fish
populations on which this report is based. Dr. DeMartini prepared the Contractor’s Final Report.
The Interim Technical Report (3) to the CCC was prepared by Dr. Jon Kastendiek and Mr. Keith
Parker. Drs. Susan Swarbrick and Richard Ambrose prepared the Technical Report (C) to the CCC.
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spread the effect of local losses. Indeed, the major outside expert on assessing
effects of power plants on fish populations advised that we would not be able to

detect local effects on these populations.

The MRC (in its 1980 report to the CCC: Predictions of the Effects of San
Onofre Nuclear Generating Station, and Recommendations) predicted that there
would be a local reduction in the abundance of young queenfish, an abundant

midwater species.

MRC thought it possible that SONGS might increase the abundance of some
bottom fish in the area. The plant was expected to increase the organic matter
reaching the bottom, largély through the conversion into detritus of organisms taken
into the plant, and hence to increase the populations of detritus-feeding species,
upon which the fish feed. Since bottom fish are thought to be more sedentary than
midwater species it seemed possible that we might see a local increase in their

density, since gains would not be completely dissipated through emigration.
The Fish Fauna

Sixty six species of fish were sampled during the two years of Before and
three years of After midwater sampling [ITR 3: Appendix C]. These included all of
the abundant species in the area. Among the ten most common species only the
northern anchovy is a major commercial resource, although Pacific mackerel, Pacific
barracuda and white croaker are sport fish. The remainder of the abundant
midwater fish are typically small schooling species that are important as food for

larger sport and commercial species. The two most abundant species are northern
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anchovy (63%) and queenfish (16%), which together account for about 79% of all
fish caught in midwater sampling [ITR 3: Table 5]. The queenfish and white
croakers found in the midwater are generally younger individuals; older and larger
members of these species are found close to the bottom, where they are sampled as
bottom fish. These two species are nearshore fish while the anchovy is widespread

and is also abundant in offshore waters.

The midwater fish assemblage changes between MRC’s shallow-water (5-10
m) and deep-water (11-16 m) stations [ITR 3: 7]. Although anchovy dominates in
abundance and queenfish and white croaker are common at both depthé, larger
pelagic predatory fish, such as Pacific mackerel and jack mackerel, become

relatively common only in the deeper water.

It is in the bottom fish community that we find many species of sport and
commercial fish such as halibut, turbot, and sanddabs, together with the larger
bottom-orient_ed individuals of white croaker and queenfish. Sixty-eight species of
bottom fish were sampled over the two-year Before and three-year After sampling

programs [ITR 3: Appendix F].
Intake Losses

We estimate that SONGS takes in at least 5.9 million fish (45 tons) per year.
Of these, we estimate that at least 21 fons die in the plant [TR C: 3.3]. These
estimates were made duriﬁg a period (1983-86) when the abundance of most species
in the SONGS area (except anchovy) were reduced below their previous level. If

fish numbers over the long term are similar to the preoperational levels, the
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estimated annual intake increases to about 121 tons and the weight killed in the
plant increases to about 57 tons per year [TR C: 4.2]. Eighty-four species of fish
were taken into the plant between May 1983 and August 1986 [TR C: Table 8].

The minimum estimated annual losses are summarized in Table 11.1 [TR C: 3.3 &

4.2].
Table 11.1
Estimated annual intaké losses (in tons) at SONGS.
ENTRAPPED KILLED
1983-86 ' Unitl 4.6 4.6
Units2 & 3 40.6 16.5
Total 452 21.1
Long term total 122 57
The basis for these minimum estimates of losses due to SONGS is outlined
below. ‘

The minimum estimate of total intake (entrapment) of fish by SONGS, 45
tons, is based on sampling at Units 2 and 3 during the 1983-1986 period. During

that period, we estimate that these two Units entrapped 5.6 million fish (almost 41

tons) each year, of which over 4 million were anchovy.
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Our estimate of intake of fish at Units 2 and 3 is equal to the sum of our
estimates of the numbers of fish impinged on the screens that prevent their entry
into the cooling system, those that are diverted before they reach the screens to the
Fish Return System (FRS), and those killed in heat treatments. Some small fish will
pass through the screens, which have a mesh size of 3/8", in Units 2 and 3. While
these fish may be numerous, they are not likely to increase substantially the

estimated weight of fish killed [TR C: 4.1].

Two steps were taken in estimating entrapment at Unit 1 [TR C: 2.3.2).
Because the larger-mesh screens at Unit 1 allow more small fish to pass through,
entrapment at Unit 1 of northern anchovy, queenfish and white croaker, the three
most abundant small speciés, was estimated from their entrapment at Units 2 and 3.

Entrapment of all other species was estimated from their entrapment at Unit 1.

Our minimum estimate of 21 tons of fish killed assumed that all fish (4.6

tons) that enter Unit 1 will be killed (since there is no Fish Return System for that

- Unit), but takes into account the fact that some of the fish diverted by the Fish -

Return System of Units 2 and 3 will survive. The fraction surviving transport
through the FRS varies from species to species, and large fish generally survive
transit better than small fish. Queenfish and white croaker, two small species of
interest, survive entrapment quite poorly (68% and 48% respectively) [TR C: Table
17]. All together, we estimate that 16.5 tons out of the 41 tons of fish taken in by
Units 2 and 3 are killed [TR C: 3.3].

The intense El Nino episode of 1982-84 depressed the abundance of many

fish species in the general area over much of the 1983-86 sampling period, and
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intake rates were therefore lower than can be expected over the long term. If we
assume that the abundance of fish in the SONGS area will in general reach its
preoperational level, total intake should increase to about 121 tons and total losses

in the plant to about 56 tons [TR C: 4.2].

If the average pumping rates were to increase on average in the future, the

rate of entrapment could also be expected to increase.

The bulk of fish entrapped by Units 2 and 3 (97% by number, 54% by
weight) are anchovy, queenfish and white croaker [TR C: Table 11], which are the
three most abundant species in the midwater. These small species are at much
greater risk of entrapment than are larger, stronger-swimming, predatory, pelagic
fish, such as the mackerels, which are at low risk aﬁd are only rarely entrapped.
Among entrapped species, small individuals are at greater risk, and make up the

great majority of those taken into the plant.

It is not known whether fish that survive transport through the Fish Return
System of Units 2 and 3 are thereafter more susceptible than other fish to mortality
factors in the ocean. However, it has been observed that some individuals were
eaten by predatory fish as they came out of the system, and predatory fish have been
seen congregating near the exit port. It is not possible to estimate what fraction of

the fish suffer increased mortality as a result of their sojourn in SONGS.

Some perspective on the estimated annual losses can be gained by using
white croaker as an example, since it is a commercial and sport fish species. Each

year SONGS has taken in and killed about 130,000 white croaker, with a total

176




]
»
"
'
C
C
1
i
!
L 2
i
F
[
i
C
.

weight of about 1 ton [TR C: Table 11]. Taking El Nino into account yields an

estimate of around 350,000 individuals. These are, however, very small fish and,

under natural mortality rates, would have yielded about 175,000 mature individuals

(i.e., one year olds) and about 33,000 3.5 year-olds, which is the average age of fish
when they are caught. These 33,000 fish would weigh about 3.5 tons. For
comparison, over the last 8 years the average annual catch of this species in
southern California has been 150 tons by the commercial fishery and 350 tons by the

sport fishery.
Changes in Local Density of Midwater Fish

The MRC sampling program was based on the possibility of a local negative
effect on midwater fish, via losses in the plant, although we could not predict its

extent. Lampara net samples were taken at three distances from SONGS: "Near-

Impact,” which was within 1 km of the intakes, "Far-Impact" at 1.5-3 km south of the

intakes (i.e;, just south of San Onofre kelp bed), and Control at 18-19 km south of
SONGS. At each station, samples were taken in shallow (between a depth of 5 m
and 10 m) and deep (at 11-16 m) water (Figure 11.1). There are thus four Impact
stations: a Near and a Far in both shallow and deep water; and there are therefore
four comparisons that can be made between Impact and Control stations (two for

the shallow stations and two for the deep stations).

There were substantial reductions in the relative abundance of two midwater
fish species near SONGS (Table 11.2), and evidence that reductions might be
widespread among other speéies in this group of fish. It is useful to separate the

results into three groups.
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Figure 11.1. Chart of the general San Onofre area. Noted are the locations of the lampara
seine stations. Bottom contours and sampling depth are noted in meters below MLLW. .
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Table 11.2.

Statistically significant (and nearly significant) changes in density of

, I midwater and bottom fish at SONGS in association with operation of Units
‘ 2 and 3.
NC indicates no statistical change could be detected. Last column shows the percentage
contributed by each species or group (by number) to total fish abundance in each habitat.
It is given simply to indicate the general abundance of the species affected.
SPECIES OR % RELATIVE CHANGE
GROUP SHALLOW DEEP
: % OF
: 1km 2-3km 1 km 2-3 km TOTAL
' ’ A. Midwater Fish
l Queenfish 61 (-34) -50" 70 16
| White croaker 63 (-36) NC NC 3
. Silversides NC +>100 - NC NC 5
(3 species)
» ' B. Bottom Fish v
SHALLOW . DEEP
. l White croaker o NC ‘ +>100 28
Queenfish (+80) +>100 12
l Longfin sanddab +>100 - NC 7
. Lizardfish ’ +>100 +37 1
Fantail sole NC +39 : 1
l . Speckled sanddab -40 C NC 7
Hornyhead turbot -20 NC 2
' Bigmouth sole NC ' 62 1
- . .
| ' Total weight ' +57 ‘ +>100

No statistical test is possible for this change, but the result can be accepted because of the large decrease even further from
the plant. ' '

Note: Increases of more than 100% are indicated by + >100.

-l
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First, there are three species for which statistically reliable conclusions can
be reached. Among these, two common nearshore species, queenfish and white
croaker, were markedly reduced in relative density. In shallow water the"queentfish
and white croaker declined by about 60% withiﬁ 1 km of SONGS, and by about
35% out to 1.5-3 km from SONGS. In deep Vwater, queenfish were reduced by 50%-
70%, out to 1.5-3 km from the plant [ITR 3: 12-16]. There was no statistically
significant change in the abundance of the third species, the anchovy, which is the
most common species in the SONGS area. Decreases in anéhovy of 40%-60%
(depending on the sampling station) would have been detected statistically had they
occurred. Disregarding statistical considerations, three stations saw increases in
relative abundance of this species, and the fourth saw a relative decrease [ITR 3:

11-12, Table 6].

Second, one species group, the silversides, showed a large relative increase
(more than 100%) in density at one station - shallow water at 1.5-3 km from SONGS

[ITR 3: 17].

Third, a group of six additional species were common enough for us to
measure "tendencies" to change in relative abundance at one or more of the four
Impact statiohs, although the individual changes cannot be tested statiStically. This
group consists of three predatory pelagic species (jack and Pacific mackerel and
Pacific barracuda), salema, and walleye and white seaperch. These species showed
‘mostly relative declines at the stations where they occurred. Adding the relative
increases and decreases shown by these species to those shown by the four species
discussed in detail above, there were 29 relative decreases and only 8 relative

increases in this group of midwater fish at the various sampling stations TR 3:
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Table 5]. This is a statistically significant imbalance of decreases over increases.
These species, combined, constitute 94% of the fish caught in lampara samples.

There is thus a general pattern of relative decreases near SONGS.

Losses in the plant no doubt contribute to the local declines in queenfish and
white croaker. These two species are the most at risk to entrapment and the poorest
survivors once entrapped. Calculations suggest, however, that losses of adult fish in

the plant cannot account for much of the observed local declines (see below).
Changes in Local Density of Bottom Fish

Trawl samples for bottom fish were taken at two Impact stations (one in
shallbw and onevin deep water) within 1.5 km of SONGS, and at two Control
stations (one in shallow and one in _deep watér) 17-20 km south of the plant. The
shallow stations were at the 18 meter depth and the deep stations were at the 30
meter depth, to bracket zones where the discharge plume might have its impact

(Figure 11.2). Several bottom species were also sampled by lampara net.

Among bottom fish, there was a general tendency for relative abundance to
increase near SONGS. Eight individual species, including queenfish and white
croaker, showed changes in relative density near SONGS that were statistically
significant (or nearly so); five showed increases, three decreases (Table 11.2) [ITR
3: 22, Table 11]. The total weight of bbttom fish increased relative to the control,

by
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Figure 11.2. Chart of the general San Onofre area. Noted are the locations of the benthic traw
stations. Bottom contours and sampling depth are noted in meters below MLLW.
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about 60% in shallow water and more than 100% in deep water! (Table 11.2) [ITR
3: Table 11].

An additional 16 species occurred often enough at one or more stations that
we can measure tendencies to change in relative abundance. These include four

species (halibut, corbina, bat ray and cuskeel) that also occurred frequently in

~ lampara samples. Adding these changes to those observed in the eight species

discussed above, there were 36 relative increases and 16 relative decreases, a
statistically significant imbalance of increases over decreases. The 24 species in this

combined group constitute 97% of the fish caught in trawls [ITR 3: 29, Table 9-11].

Concurrent MRC studies of animals living in soft bottoms show that the
density of some groups increased near SONGS relative to Control sites (Chapter
14). The increase in the abundance of some fish species may be related to the
increase in this type of food.

Comparison‘ of gains and losses among local fish populations

Technical Report N presents calculations converting the above estimated

- relative percent losses (in the water column) and gains (on the bottom) of queenfish

and white croaker into estimates of weight lost or gained. However, we do not
present these calculations here because the assumptions needed to make these
estimates are too uncertain to produce reliable estimates of the weight of fish lost

and gained in the two habitats.

1 Dr. Fay doubts that SONGS has an effect at a depth of 30 m.
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Chapter 12

PLANKTON*
Zooplankton
Zooplankton are small animals that drift in the water. They feed mainly

upon the tiny plants - the phytoplankton - that are the basis of the marine food web

(although some zooplankton feed on other zooplankton). In turn, zooplankton are

fed upon by fish and other organisms that ultimately support most of the sport and

commercial fish species in the oceans.

The zooplankton may be subdivided into three groups: 1) those that spend - |
all their lives as plankton (holoplanktori), 2) the early stages of species (such as

barnacles and clams) whose adult stages live on the ocean floor (rneroplahkton),

- and 3) the larvae of many fish species. The last group is sufficiently important that

it was studied in a separate program (see Chapter 13); the first two groups are
discussed together here. A more detailed account of the results (including those for

phytoplanktbn) is given in the Interim Technical Report: 4. Plankton.

- As noted in Chapter 2, experts at the public hearings predicted severe and
widespread declines in the abundance of zooplankton, and especially of
meroplankton, mainly because of their possible transport offshbre by SONGS’
discharge plurﬁe. This concern was the major motivation for the creation of the

MRC. In a report to the CCC (Predictions of the Effects bf San Onofre Nuclear

* Dr. Arthur Barnett (Marine Ecological Consultants) carried out the scientific studies of plankton on
which this report is based, and also prepared the Contractor’s Final Report. The Interim Technical
Report 4 to the CCC was prepared by Dr. Jon Kastendiek and Mr. Keith Parker.
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Generating Station, and Recommendations (1980)), the MRC concluded that the
evidence was not adequate to make firm predictions that such adverse changes in

-

abundance would occur.

The zooplankton were sampled at an Impact site 0.3 km north of the Unit 2
diffuser, and at a Control site 12 km south of the plant (Figure 12.1). Samples were
taken using the BACIP design at Impact and Control both in the Before and After

periods (Chapter 5).

The zooplankton were sampled over a 5-year period before Units 2 and 3
became operational, and for three years afterwards [ITR 4: Appendix C]. During
the operational period we concentrated samples into those periods when SONGS
was operating well above its average level, so if an effect were to occur we shoﬁld be

| mbre_likely to catch it.

)

Intake Losses

We estimate that abcut 1350 tons dry weight of zooplankton are taken into
the intakes each year. This total is made up of 1000 tons of the zooplankton groups
analyzed in our samples, plus an estimated 350 tons of very s‘mall individuals - the
‘microzooplankton, which we do not sample [ITR 4: 20-21, Appendix K]. The latter
estimate is based on results of sampling for this group in the nearshore near La
Jolla. The 1000 tons estimate matches the MRC 1980 prediction. Although this is a
large loss, it is clearly not sufficient to cause a-local depression in the zooplankton,

as we discuss below.
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Figure 12.1. Locations of stations sampled for plankton.




Changes in Abundance!

Contrary to expectations, the plant appears to have increased the local
abundance of meroplankton, and to have had no effect on the remaining

zooplankton - the holoplankton.

The abundance of meroplankton (which comprise about 6% of the
zooplankton) increased‘at SONGS relative to Control by about 60% on average
(Table 12.1) [ITR 4: 12-13). Within meroplankton, the three subgroups examined
tended to increase (Table 12.1). Our confidence that these increases are SONGS

effects is increased by the fact that they remain when we examine data only from

dates, both before and after operation, when the plume was passing over the Impact.

area, and sometimes disappear when the plume was moving in the opposite (south)

direction.

Table 12.1

Statistically significant, (or nearly significant), changes in abundance of
zooplankton at SONGS relative to the Control site in the operational period. The
second column gives the percentage that each group contributes to the total
zooplankton abundance. ' ‘

SPECIES OR GROUP N ‘RELATIVE % CHANGE % OF TOTAL
Meroplankton ' +64 6.3
Barnacle nauplii +>100 04
Bryozoan larvae (+38) 24
Unidentified meroplankton (+68) v 35

1 Dr. Fay does not agree with the conclusions in this section.
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The holoplankton constitute the remaining 94% of the zooplankton [ITR 4:
13]. SONGS had no effect on the holoplankton as a group. This result was
independent of the direction of the current. Eighteen species or species groups of
holoplankton were studied individually, and statistically significant changes were

observed in one uncommon genus of holoplankton (Evadne) [ITR 4: Table 2]. The

changes seen in this genus may be unrelated to the plant’s operation and are

discussed in Interim Technical Report 4.

No other species showed statistically significant changes, although nine
showed a tendency towards a relative increase and three showed a tendency towards
a relative decrease [ITR 4: Table 2]. Early predictions were for a greater than 50%
local decline in abundance of zooplankton populations; but for the holoplankton as
a gr.oup' and the meroplankton as a group, we can state with statistical confidence
that a 50% decline did not occur. The same can be said, individually, for a set of 12

species and species groups {ITR 4: Appendix J].
Reasons for the Absence of a Reduction in Zooplankton

As noted in Chapter 2, the primary motivation for the creation of the MRC
was a concern that severe and widespread reductions in zooplankton abundance
would occur as a result of SONGS’ operation, and that this in turn would result in a
nearshore marine "desert." The results discussed above show that in fact no
substantiél changes have occurred in the zoopiankton, and we provide here the

likely reasons why this is so.

189




Two mechanisms by which SONGS might reduce the zooplanktoﬁ were
envisaged at the original hearings. The first was direct killing of zooplankton taken
into the plant. It is now clear that this is not a feasible mechanism for producing
local Adepressions. For example, under typical conditions, a sample of seawater
taken from the discharge plume about 1 mile downstream of the plant will consist
almost entirely of unaffected water; only about one-fortieth of the sample will have
passed through the plant. If we think of the plant as removing all organisms from
the water that passes through it, thus diluting the éoncentration of organisms in the
area, the dilution is thus only a few percent one mile downstream. No feasible
sampling program would be likely to detect such a reduction amidst natural

variation.

The- second and major mechanism by which SONGS was expected to reduce
zooplankton abundance was by transporting them offshore to an inhospitable
environment where they would die. There are now two reasons for believing that
this is not a cause for concern. Firét, the zooplankton data were examined to see
whether the distribution shifted offshore in the diffuser zone and beyond it (such a
shift would not prove there was transport, but it would be consistent with it). In fact,
the only changes observed were in the opposite direction; i.e., they were increases in
the diffuser zone relative to the zone just offshore. Second, studies of the plume
(Chapter 6) show that the movement of water offshore is less than was expected;

thus plankton do not appear to have been transported to unsuitable habitat.

Similar arguments should apply to fish larvae, and this is a reason that we
have difficulty in explaining the effects that were observed in a small fraction of

these species (Chapter 13).
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Phytoplankton?

The MRC also looked for effects on the phytoplankton (the single-celled
plants that are the basis of much of the life in the oceans), by measuring the
concentration of the piant pigment, chlorophyll, in sea water. This study used the
BACIP design, and the sampling stations were the same as for zooplankton. There
is good evidence that SONGS has not reduced the local abundance of

phytoplankton: no statistically significant change was detected [ITR 4: 16] and,

- ignoring statistical considerations, there was an increase in relative concentration

near SONGS [ITR 4: H-27].

2 Dr. Fay does not agree with the conclusions on phytoplankton.
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Chapter 13

FISH LARVAE*

A more detailed account of the results concerning the local effects on fish
larvae and eggs can be found in the Interim Technical Report: 5. Fish Larvae and

Eggs.

Most species of marine fish release sperm and eggs into the water, the eggs
are fertilized, and the young stages drift in the water column with other plankton. A
small supply of yolk sustains these larvae initially, but they gradually develop and
begin to feed actively on other planktonic organisms. After one to three months
they develop to a stage at which they look llike very small adults, and can actively

swim, at which time they are no longer considered plankton.

Fish larvae drift through the SONGS area and are sucked into the plant with
other planktonic organisms. During the Permit Hearings and in the Permit, fish
larvae were included (in passing) with other zodplankton as being especially
vulnerable to the operation of the plant. Offshore transport and consequent death,
in addition to losses via passage through the plant, were again the mechanisms that
were expected to lead to severe and widespread declines in fish larval abundance

around SONGS (Chapter 2).

* Dr. Arthur Barnett, Mr. William Watson and Ms. Susan Watts (Marine Ecological Consultants)
carried out the scientific studies on fish larvae on which this report is based and prepared the
Contractor’s Final Report. The Interim Technical Report (5) to the CCC was prepared by Dr. Jon
Kastendiek and Mr. Keith Parker.
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Fish larvae were sampled in the BACIP design (Chapter 5), both Before and
After SONGS became operational, along roughly 5-kilometer onshore/offshore
transects at an Impact station 1-3 km south of SONGS and a Control station 18.5

km south of SONGS (Figure 13.1).

Fish larvae are the only group in this report that present major difficulties of
interpretation. MRC originally intended to sample this group only to determine
losses in the intakes, and to determine the group’s onshore/offshore distribution.
By 1979, however, it appeared possible to monitor the fish larvae in a standard
BACIP program, with the constraint that most of the Before samples would be
taken in a single year (1980). This constraint contributes to the difficulties of
interpretation discussed below, since we cannot investigate annual variation in the
Before period. The After samples were collected over a three-year period (1983-

86).
We caution that the following énalyses concern only local changes in
observed relative abundance of fish larvae at SONGS and Control stations. In

Chapter 10 we discuss a potentially more serious effect, namely the consequences of

larval mortality upon adult fish populations in the SONGS area and beyond.
Intake Losses

SONGS takes in over 4 billion fish larvae per year [ITR 5: 29]. The

potential consequences of these losses for adult fish are discussed in Chapter 10.
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Changes in Abundance

There was no general deep depression in fish larval abundance at SONGS of
the _SOrt predicted by some experts during the Permit Hearings in 1973-74. A few
significant changes were observed among the 85 species and species groupé for
which BACIP analysis was done; some were increases, others were decreases [ITR

5: Table 2].

For statistical reasons, we cannot analyze the fish larvae as a single unit, as
we did for the other zéoplankton groups. However, two large groups can be
analyzed: anchovy larvae, and all the remaining -164 species, or species-groups,
combined. The major effect observed was a 30% decline in the relative abundance
of anchovy larvae, which account for a little over half of the individuals sampled
(Table 13.1) [ITR S: Appendix H]. This effect remains when we examine data only
from dates on which the plume passed over the Impact sampling station, but
disappears when we examine déta from "non-plume" dates, lending credence to the
claim that it is caused by SONGS [ITR 5: Appendix I]. Anchovy eggs, by contrast,
showed a statistically significant increase of more than 100% in relative abundance
near SONGS (Table 13.1). This change is seen whether the current is going north
or south. While anchovy larvae declined at SONGS relative to Control, all species
other than anchovy, combined as a group, did not change in density after SONGS

began operation [ITR 5: 12].
Three species, in addition to anchovy, showed statistically significant
changes: two increased (by about 70% and over 100%) and one decreased (by

40%); of these, white croaker (67% relative increase) comprise about a tenth of the
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~ Table 13.1

Statistically significant, and nearly significant, changes in abundance
of fish larvae and eggs at SONGS relative to the Control site in the
operational period.

TAXON ' RELATIVE % OF TOTAL

% CHANGE FISH LARVAE

Significant changes
Northern anchovy -30 . 56

White croaker +67 10 }
California grunion ~ +>100 _ 0.1

Arrow goby ‘ -40 0.2

Anchovy eggs - | +>100

Near significant changes

Jacksmelt V -46 0.2
California corbina +>100 0.3
Reef finspot -65 0.1
Northern lampfish +>100 - | 0.5

* During a two-month period of high density, the relative decrease is estimated to be almost 50%.
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fish larvae, while the other species are uncommon near SONGS [ITR 5: 13-15].
Thus a total of four species (including anchovy) showed statistically significant
effects. Another four species showed almost significant changes: two decreased and

two increased (Table 13.1) [ITR 5: 15-18].

These results show no tendency for decreases to outnumber increases, and
“this pattern is general. First, among the remaining species and species groups
(which did not show significant changes), 64 could be evaluated for a tendency
towards either an increase or a decrease. For 41 of them the tendency was towards
an increase at SONGS, and for 23 it was towards a decrease. The preponderance of

increases is itself statistically significant [ITR 5: Table 2].

Second, for a total of 16 species, which together comprise 92% of the fish
larvae in samples, we can confidently state that none declined in relative abundance
at SONGS by as much as 50% [ITR 5: Appendix J]. There was thus no general

tendency for substantial declines in fish larvae.
Causes of Changes in Abundance

The larval fish results pose difficulties of interpretation: the results are
mixed, and we do not know the mechanisms involved. It is difficult to see how
SONGS could have reduced the abundance of anchovy larvae by as much as 30%,
and yet simultaneously increased anchovy eggs by more than 100% (Table 13.1).
With respect to mechanisms, the dilution of discharged water by ambient water is
estimated to be about 40 to 1 in the Impact sampling area, so intake losses alone

cannot account for the 30% (1 in 3) decline in anchovy larvae [ITR 5: 32]. The
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decline in anchovy larvae also cannot be explained by offshore transport because
this species is abundant to great distances offshore. A number of possible
mechanisms for the anchovy reduction are discussed in the Interim Technical Report;
none seem convincing. Nevertheless, the relative declines that were observed in
four species persist when data from only "plume" dates were examined, and
sometimes disappear on non-plume days, which gives support to the claim that these -

declines are induced by SONGS.
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Chapter 14

EFFECTS OF SONGS ON SOFT BENTHOS*
Summary

Widespread increases in the abundance of animals living in and on soft
sediments of the ocean floor (the benthos) occurred near SONGS. Increases in
speéies feeding in the sediments extend to about 1 km downcoast from the plant.
The abundance of species feeding on and just above the surface of the sediments is
increased out to 3 km in many cases. Increases related to the plant may have
occurred out to 6 km in a few cases. The benthos near SONGS continued to
increase in abundance over the sampling period. Organic material falling from
SONGS’ discharge plume onto the soft sediments may cause these changes in the

benthos.

The benthos was sampled at two depths: at § meters (25 feet), which is the
depth of water where the intakes are sited, and at the 18-meter (60-foot) depth,
which is where SONGS’ discharge plume is often present. The effects were more
marked in the deeper stations; there the increases were more widespread among
different groups of the benthos and occurred over a larger distance downcoast from
the plant. A few decreases were observed at this depth within 1 km downcoast of

the diffusers, but these appear to be temporary.

* Dr. Arthur Barnett, Mr. Laurence Lovell, Dr. Thomas Johnson and Ms. Karen Green (Marine
Ecological Consultants) carried out the scientific studies of soft benthos on which this report is based,
and also prepared the Contractor’s Final Report. The Technical Report (I) to the CCC was prepared
by Dr. Jon Kastendiek and Mr. Keith Parker. '
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These changes are substantial, but they are not adverse. They provide a
possible explanation for the observed increase in the abundance of bottom-dwelling

fish near SONGS (Chapter 11).

Introduction

The ocean floor in the SONGS’ region is an extensive shelf of soft sediments

(coarse to fine sands) that is interrupted only occasionally by areas of hard
substrate. The invertebrate animals living in and on these soft sediments, known
collectively as the soft benthos, are a major food source for benthic fish such as
turbot. The MRC studies identified over 600 species of such invertebrates, the most
common groups being worms (polychaetes) and crustaceans [TR I: Appendix J].

The great majority of these species were very rare in the samples.

The fate of organisms on the bottom was a major concern in the Public
Hearings on the Permit in 1973. It §vas predicted that the plant would create an
extensive inshore "desert" by killing the planktonic larvae of benthic organisms, thus
drastically reducing recruitment of these species to the bottom in the SONGS’
region (Chapter 3). In 1980, by contrast, the MRC predicted that SONGS’
operation might increase the abundance of the soft benthos by converting
pianktonic organisms taken into the plant into an increase in the organic material
on the bottom. In Chapter 12 we noted that indeed each year SONGS takes in and

kills 1400 tons dry weight of zooplankton, and probably more of phytoplankton.

The soft benthos is of particular interest because it has the potential to

record the spatial extent of SONGS’ cumulative effects. First, the animals in the
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soft sediments are relatively sedentary and remain in an area for long periods, so
SONGS’ local effects on this community can be expected to persist, rather than
being dissipated as they are in the case of the plankton. Second, the bottom and the
soft benthos are continuous and rather uniform over large aréas, thus making
alterations to the existing fauna relatively easy to detect along a grid of stations

downstream from SONGS.
Sampling Methods and Tests for Effects of SONGS

With these expectations in mind, the soft benthos was sampled at six stations
located along each of two lines stretching downcoast from the plant (Figure 14.1).
One line was in 18 meters of water, the depth just seaward of the end of the Unit 2 |
diffuser, where the pl{lme was éxpected to occur frequently. The other line was in 8
meters of water, which is the deptil of the intake. The stations were at 400, 800,

1600, 3000, 6400 and 9100 meters from SONGS’ diffusers.

Divers sampled the soft benthos by taking cores of sediment at each of the
stations on 16 occasions between November 1979 and June 1981 in the Before
period and on 30 occasions between June 1984 and December 1986 in the After
period. Sampling in the After period was beguh about a year after the plant had
reached its operational level, to allow cumulative effects on the benthos to manifest

themselves. Animals in the cores were identified and counted in the laboratory.

‘Cores were also taken to provide measurements of physical (e.g., grain size) and

chemical (e.g., the amount of organic material) properties of the sediments. It was

hoped that these measures would provide a record of the spatial extent of SONGS
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effects on the sediments and would also help explain any changes seen in the

benthos.

We tested for effects of SONGS on various groups of organisms (Table 14.1).
First, organisms were placed into taxonomic groups: all worms, all crustacea, and all
molluscs (which were mostly clams). Almost all crustacean species feed at the
surface of the soft sediments, while among worms and molluscs some species feed
on or just above the surface of the sediments and othefs feed within the sediments.
Second, we also placed organisms into ecological groups defined by their mode of
life, for example surface-feeders (which includes gpecies feeding at and just above
the surface), subsurface-feeders, sessile deposit-feeders, motile deposit-feeders, and
so on. There were 19 mutually exclusive ecological groups, but here we concentrate
on the larger categoﬁes. Third, some individual species were analyzed. Finally, the
abundance, biomass and numbers of species of all the benthos_iaken together were

analyzed.

Because we have a grid of stations at each depth rather than only one Impact
and one Control station, we used a modification of the BACIP approach. The two
most distant stations, at about 6 and 9 kilometers from the plant, were treated as
Control stations; the observations from the two stations were averaged to provide a
single Control observation. This leaves four Impact stations at which we might
detect a SONGS’ effect, the furthest being about 3 km from the plant. The analyses
compared the observation from each Impact station, to the Control observation, and
also compared the four Impact observations, as a group, to the Control. Using this
approach, (1) a statistically significant effect at any one of the Impact stations will be

detected. (2) A statistically significant effect at any Impact station leads to the
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Statistically significant effects of SONGS on the

Table 3, 4, 9 & 10]

Table 14.1

soft benthos [TR I:

GROUP 18 METER DEPTH 8 METER DEPTH
CHANGE IN CHANGE IN CHANGE IN CHANGE IN
RELATIVE RELATIVE RELATIVE RELATIVE
ABUNDANCE ABUNDANCE , ABUNDANCE ABUNDANCE
AT SONGS AT SONGS AT SONGS AT SONGS
OVER TIME OVER TIME
Total benthos Increase Increase Decrease Increase
All worms (polychaetes) Increase Increase Decrease Increase
All crustaceans Increase Increase Increase -
All molluscs Increase -- -- --
All surface feeders Increase Increase Decrease Increase
All subsurface feeders Increase Increase -- Increase
206
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conclusion that there was an effect, and (3) a statistically significant effect on the

Impact stations as a group can be detected, if it occurs, even if the effect at each
station is not statistically significant. This analysis was performed on ecological
groups and species only if they occurred a sufficient number of times in the Before
and After periods. Nineteen ecological groups met the criterion, as did 19 of the

600 or so species.

By examining the pattern of effects with distance from the plant, we can
estimate the spatial extent of SONGS’ impact on the environment. In some groups
of organisms SONGS’ effect extends to the 3 km Impact station. In these cases we
repeated the analysis, this time setting the 9 km station as the Control and including

the 6 km station among the Impact stations.

We alsd examined a much larger group of individual species for changes in
frequency of occurrence close to SONGS relative to Control. 'We made this
comparison to test for effects on species that were less common than tﬁose tested
fdr changes in abundance. The Impact location &hosen for comparison with the
distant Control location (9100 m downcoast) was the site closest (400 m) downcoast
from the diffusers because we expected any potential SONGS effect to be most
apparent there. Forty-six species were tested at the 8 meter depth, and 85 were
tested from the 18 meter depth. These species, which include those tested for
changes in abundance, account for over 95% of the total benthos at both depths [TR

I: Appendix J].

As in other parts of the community near SONGS, the El Nino condition of

1982-84 had a marked effect on the abundance of many benthic species, so that the
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corhmunity along the entire sampling grid changed markedly between the Before

and After periods.

Changes in Relative Abundance at Impact vs. Control Stations

18 Meter (60 Foot) Depth

There have been substantial increases in density at Impact relative to Control
stations along the 18 meter line throughout the soft benthos community. All the
major taxonomic and ecological groups; and the benthos as a Whole ("total benthos")
increased (Table 14.1). Five of the seven individual species that showed a

statistically significant change‘in abundance at this depth increased (Table 14.2).

The number of species found per sample also increased at this depth [TR I .

Table 6].

At 18 meters there was no increase in the biomass (weight) of organisms,
even though increases in abundance were so widespread [TR I: 3.2.2.3]. This may
be because the. biomass of the animals in samples was highly variable, in part
because occasional large individuals had a large influence on the results.
Alternatively (or additionally) there may now be more, but smaller, organisms in the
benthos at Impact stations at this depth. Such a change would be consistent with an
increase in production (turnover rate) of the populations and with greater
harvesting of this productivity by organisms that feed upon them. In turn this
provides a possible explanation for the observed increase in benthic fish (Chapter

11).
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Table 14.2

Number of species in the soft benthos showing statistically significant
effects of SONGS [TR I: Tables 1,2, 6,7, 15 & 16]

NUMBER OF SPECIES SHOWING CHANGE

18 METER DEPTH 8 METER DEPTH
INCREASE DECREASE INDETERMINATE* INCREASE DECREASE
.Change in Relative 5 - 1 _ 1 2 0
Abundance at SONGS
Change in Relative . .
Frequency of Occurrence 18 2 -- 7 3
at SONGS
Change in Relative
Abundance at SONGS 7 1 0 3 1

over time

* Species that increased at one Impact location and decreased at another.

209




8 Meter (25 Foot) Depth

The tendency within groups at this depth was for decreases at Impact sites
relative to Control, but as will be seen below, these effects are generally restricted in
space and they are not persisting. Total benthos, all worms and all surface-feeders
decreased; all crustaceans increvased; and all molluscs and all subsurface-feeders did
not change (Table 14.1). The 'only two individual species showing a significant
change both increased in abundance (Table 14.2), and there were increases in two

_ minor ecological groups [TR I: Table 3].

Changes in Relative Frequency of Occurrence
at Impact vs. Control Stations

The number of times a given species was present in the Before and After
samples at either the 400 meter Impact station or the Control station was calculated
for 46 species at the 8 meter depth and 85 at the 18 meter depth. These analyses
confirm the pattern of relative increases at the 18 meter depth seen in the
abundance results discussed above, and they show mainly relative increases at the 8
meter depth. At the 18 meter depth, 18 species were found relatively more
frequently near SONGS in the After period than in the Before, while only two were
found relatively less frequently (Table 14.2). Fewer changes were found at eight
meters. At this depth seven species increased in relative frequency of occurrence at
SONGS and three decreased (Table 14.2). Only one of these species was seen at
both stations in the Before period but only at Control in the After period [TR I

3.4.1].
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Changes in Effects over Time

The changes in relative abundance presented earlier come from averaging
the abundance at each station over the entire After sampling period. However, we
expected that the effects themselves might change with time as material from
SONGS’ plume continued to affect conditions on the bottom, and we therefore

analyzed for changes over time in the After period.

The change is positive at both the 8 and 18 meter depths; that is, the
organisms at the Impact stations are becoming more abundant over time relative to
the Control. At the 18 meter depth, only molluscs among the major taxonomic and
ecological groups failed to increase through time (Table 14.1). Thus the pattern is
very widespread in the benthic community at this depth. In almost all cases the
increases were occurring at all Impact stations [TR I: Appendix G]. A possible
explanation for the increases over time is a continuing accumulation of materials

from the plume.

A pattern of increases over time at Impact relative to Control also prevailed
at the 8 meter depth (Table 14.1). The benthos as a whole, worms as a whole, and
surface- and subsurface-feeders as a whole all showed increases over time. The
positive trends in the benthos as a whole, in all worms, and in all surface-feeders as
a group, are particularly important. These groups all showed reductions in density
at Impact relative to Control when the results were averaged over the After period,
and the changes in time show that these reductions are terhporary. SONGS’ effects
on the community at the 8 meter depth are changing over time towards the pattern

of general increases seen at 18 meters.
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The facts that the decreases at 8 meters are restricted to within a kilometer
downcoast of the diffusers, and that they are disappearing over time, suggest that
they may have been a response to a temporary condition. One possible cause is the
release of SONGS’ lay-down pad in December 1984 to January 1985 (sampling was
done between June 1984 and December 1986) [TR L: 2.3].

Spatial Extent of Changes in Abundance

18 Meter Depth

As noted above, at this depth there was a broad pattern of increases at

Impact relative to Control. Statistically significant increases occurred at all stations

out to 3 km downcoast of the plant, but they tended to be more frequent at the two

stations within 1 km of the plant than at the more distant stations (Table 14.3).

There seem to be two patterns. Groups that feed to a large extent beneath -

the surface (all subsurface-feeders, molluscs and worms) show no effects beyond 1
km from the plant, while effects beyond 1 km appear in surface-feeders and
cnistacea, which also commonly feed at the surface (Table 14.3). The sizes of the
observed changes lend support to this generalization. The relative increase in
abundance declines in the first set of organisms (Figure 14.2a), whereas the relative

increase in abundance remains high out to 3 km in surface-feeders and crustacea

(Figure 14.2b).

A possible explanation for the different patterns is that the subsurface-

feeders are affected mainly by heavier particles that fall out of SONGS’ discharge
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Spatial extent of SONGS’ effects on the soft benthos [TR I: Table 3 & 9].
-- means no change.

Table 14.3

DISTANCE DOWNCOAST FROM SONGS (METERS)

GROUP 400 800 1600 3000

18 meters

. Total benthos Increase Increase -- Increase
All worms (polychaetes) Increase Increase - -
All crustaceans -- Increase Increase Increase
All molluscs Increase Increase -- --
All surfaée feeders - Increase - Increase
All subsurface feeders -- Increase -- -
8 meters
Total bentﬁos Decrease Decrease -- --
All worms (polychaetes) Decrease Decreaée - —
All crustaceans -- -- Increase Increase
All molluscs - -- - -
All surface feeders Decrease Decrease -- -
All subsurfz_icc feeders - - -- -
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plume earlier, while the surface-feeders are more influenced by lighter particles that

fall out of the plume over a larger distance downcurrent.

8 Meter Depth

No decreases were observed farther than 1 km downcoast from the diffusers
(Table 14.3). Thus, whatever negative effect SONGS had on the benthos at this
depth cannot be detected beyond 1 km. Figure 14.3 shows the same pattern in the
size of the relative decreases in abundance. Once again, the crustacea increased out

to3km.

Some increases have been observed at both depths as far as 3 km downcoast
of the diffusers (Table 14.3). Increases at 3 km were detected in a total of 12
individual species or ecological groupS, ten at the 18 meter depth and two at the 8
meter depth [TR I: Table 11]. To determine if increases ever extend to the next
station downcoast, at 6 km, the analyses were repeated:on these 12 cases, except
that this time the 6 km station was treated as an'Impact station and the 9 km station

was treated as the Control.

Three species or groups (two at 18 meters and one at 8 meters) increased
significantly in relative abundance at 6 km [TR I: Table 11]. These three effects,
from among the 38 species and mutually-exclusive ecological groups are too few to
provide ‘a reliable claim that SONGS has éffects 'on the surface at a distance of 6 km
downcoast, but it is possible that such an effect occurs on a small fraction of the

biota.
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Possible Mechanisms Causing SONGS’ Effects

A reasonable explanation for the observed increases in the benthos is an
increase in the supply of organic material reaching the bottom. The MRC has not

made measurements of the rate of supply of organic material at the bottom above

soft sediments, but the plume probably adds several thousand tons (dry weight) to

the bottom area near SONGS (Chapter 6).

A variety of measurements were made on cores taken from the soft
sediments at the sampling stations in an attempt to find correlations between the
abundance of organisms and various attributes of their environment that might be

affected by SONGS. Although many such correlations occur, especially at the 18

meter depth where there is a more consistent pattern of effects on organisms, the

correlations are weak and do not, in a statistical sense "explain" much of the
difference between Impact and Control. The main features of the sediments that
are related to changes in abundance of organisms are the relative proportions of
various sizes of grains, and faétors associated with the amount of organic content of
the sediments and hence with their potential as a source of food [TR I: Tables 12-

14],

The weakness of the correlations between organisms and our measures of
environmental condiﬁons may mean that the physical/chemical measurements have
missed SONGS’ effects on the sediments. One possibility, for example, is tflat the
cores penetrated deeper ihto the sediment than have SONGS’ effects; this might
blur any real correlations between sediment characteristics and the abundance of

various species. However, in retrospect, it appears that we could not have expected
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to detect some of the effects. For example, the benthos can be expected to consume
additional organic material as it arrives, turning it into higher benthos productivity
and leaving the standing amount of organic material in the sediments little changed
(as was observed). Thus, the increases in surface-feeders may have been caused by
an increase in the flux of food materials just at or above the surface of the

sediments, which would not change the sediments themselves.
Conclusions

SONGS has had a perilasive effect on the soft benthos out to 3 km downcoast
of the diffusers. The effects are most frequent and extensive at a depth of 18
meters, which is the region where the discharge plume commonly occurs [TR L].
However, there are also effects in shallower water, at the 8 meter depth, some of

which extend to 3 km.

The majority of effects are increases in the abundance of organisms living on
and in the soft sediments. The decreases in abundance are almost entirely in the
shallow water stations, are restricted to within 1 km of the diffusers, may have been
caused by a temporary release of sand, and are disappearing over time. A possible
explanation for the increases is an increase in organic matter deriving from the

discharge plume. Although these effects are substantial, they are not adverse effects.
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Chapter 15

EFFECTS OF SONGS ON MYSIDS*

Summary

SONGS takes in and kills about 6.5 billion mysids (14 tons) per year. In spite
of these losses, SONGS actually causes an increase in the relative abundance of

mysids at the Impact sampling site, 2 - 3 km downcoast of the diffusers.
Introduction

A group of small "semi-planktonic" crustacea typically spend the daylight
hours swarming just above the ocean floor, making occasional forays into the
substrate, but at night move up into the water column to become part of the
plankton. They are an important part of the diet of local midwater fish, such as
queenfish, and of benthic fish such as sanddabs. Mysids are the most abundant
members of these semiplanktonic organisms, and for this reason the MRC éhose
them to represent this group. Mysids, shrimp-like animals up to about an inch long,

are omnivores, feeding on small live animals, plants and detritus.

© Mysids were 'e'x’pec.ieid‘ to show more markedly any negative effects that
SONGS might have on planktonic organisms. In éon_trast to zooplankton proper,

mysids can orient by sight in daylight and, by swimming against the current, can

* Dr. Arthur Barnett, Ms. Linda Gleye and Dr. Thomas Johnson (Marine Ecological Consultants)
carried out the scientific studies of mysids on which this report is based, and also prepared the
Contractor’s Final Report. The Technical Report (G) to the CCC was prepared by Drs. Jon
Kastendiek and John Dixon. ) - ' T :
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maintain their position to some extent. They can therefore remain in an area much
longer than zooplankton, and thus SONGS might have a cumulative, rather than
only an instantaneous, effect on local mysid populations. In addition, mysid
populations turn over much more slowly than most species of zooplankton and
would likely take longer to recover from reductions in their density. The mysid
populations near SONGS thus appeared to have a greater likelihood than

zooplankton of showing reductions in density.

Unlike zooplankton, however, mysids are also affected by conditions on and
close to the ocean floor. Thus it is also possible that they will show effects related to
those found in organisms living in soft bottoms, a group that showed increases in

abundance (Chapter 14).

(Not .all mysid species live mainly near the ocean floor; for example several
species are tightly associated with kelp canopy and others occur both there and near
soft bottoms. The MRC investigated the possibility of studying mysids in kelp, but
found too much spatial variability in mysid abundance for this to be feasible. The

results in this chapter refer only to semiplanktdnic species.)

Mysids were not singled dut for comment in the Public Hearings on the
Perrrﬁt. In the 1980 Predictions Report to the CCC, the MRC was not able to make
firm predictions about effects on mysids. The Report indicated that reductions of
up to 50% might occur within several km of .'SONGS as a consequence of intake
losses and offshore transport. This prediction was based in part on a model of

ocean currents in the SONGS area that has since been shown to be wrong: it
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underestimated the amount of mixing that occurs, and thus overestimated the extent
to which a reduction in density would be manifest.

Mysids were sampled in the daytime, when they are mainly concentrated just
above thé bottom, using a sled pulled along the bottom [TR G: 2.2]. Sampling was
done under a BACIP design. The Impact site was placed at 2 to 3 km south of
SONGS’ diffusers, for two reasons. First, earlier sampling élong a gradient
extending downcoast from SONGS Unit 1 showed that mysids were more abundant
closer to the plant, probably asa consequence of enriched bottom sediments [MRC
Doc. 80-04-(1)]. Thus it appeared that SONGS might increase the abundance of
mysids close to the plant, and that we would rieed to sample some distance
downcoast to detect any negative effects that might occur. This conclusion was
reinforced by predictions of the scientists working on this group that the most severe
reduction in density would occur about 3 km south of the plant. Second, mysids
could not in any case be sampled on the bottom closer than about 2 km from the
plant because of the presence close to SONGS of hard bottom north of the plant
and the kelp bed south of the plant. The Control aréa was 17.5 to 18.5 km south of
SONGS (Figure 15.1).

The Before samples were taken between October 1979 and December 1981,
and mostly before August 1980. The After samples were taken between December
1983 and Septernbér 1986 [TR G: Appendix A]. As in the case of the zooplankton,
samples were concentrated during operational days when the plant was operating
well above its average level; in addition, the operational level was well ébove

average during the 30-day periods preceding sampling days (Table 15.1).
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Table 15.1

Operational levels of SONGS Units 2 and 3 during sampling of

mysids and on average.

NUMBER OF PUMPS % POWER
OPERATING PRODUCTION
A. "BEFORE" PERIOD
Average for period
(July 79 - Dec 81) 0.30 0
Average on sampling days 0.31 0
Average on 30-day
periods preceding sampling 0.36 0
B. "AFTER" PERIOD
Average for period :
(July 83 - Oct 86) 6.1 56.2
Average on sampling days 6.8 67.7
Average on 30-day
periods preceding sampling 6.8 65.4
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Intake Losses

Mysids are less vulnerable to being taken in by SONGS in the day when they
are capable of a limited degree of avoidance behavior. Our estimate of intake
losses takes this into account by assuming that 64% of those in the water column
near SONGS are taken into the plant at night, and only 16% in the daylight hours
[TR G: 2.5]. We estimate that SONGS has withdrawn and killed about 6.5 billion
mysids per year, which is equivalent to approximately 14 tons of mysids [TR G: 3.4,

Table 5].

These intake _losses' are significantly lower than those predicted by the MRC
in 1980 (50;60 tons). The difference arises because the early estimate was based on
a small number of samples with atypically high densities of myéids taken inside the
plant, rather than from the ocean, and on the use of a maximum rather than the

average intake rate [TR G: 34].
Changes in Abundance

Overall there was a tendency in the After period for mysids near SONGS to

increase in abundance relative to those at the Control station.

Because of sampling variability, only two species out of nine analyzed showed
a statistically significant change in density at SONGS relative to the Control station
(Table 15.2). Both species, accounting togethér for about 19% of the total mysids,
showed approximately a doubling in relative abundance at SONGS. In seven other

species we could determine the direction of change in relative abundance, and six
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Table 15.2
_ l Changes in abundance of mysids at SONGS relative to the Control site in
-the operational period.

l Changes in the first two species were statistically significant (P < 0.05), the others were not.
The indicated direction of change, i = increase, d = decrease, is presented for those species
where no statistically significant change was observed. The second column gives the

l percentage that each species contributes to the total mysid abundance.

' TAXON RELATIVE % CHANGE % OF TOTAL

I Mysidopsis :

intii +116 111

I Neomysis .

kadiakensis +126 7.6
: Acanthomysis
' davisii , i 39
Acanthomysis _
' - macropsis v 1 18.6
Acanthomysis ,
' nephrophthalama i 1.5
B Holmesimysis
' costata _ d 39
Metamysidopsis
' elongata : i - 478
L l Mysidopsis
’ cathengelae i - 43
: I Neomysis
: rayii i ' 13
l Total Mysids i 100.0




out of the seven tended towards a relative increase in abundance at SONGS, as did
the mysids taken as a whole, although none of these results were statistically
sigm’ﬁcant (Table 15.2) [TR G: 3.2.1,3.2.2, 3.2.3, Tables 1 & 2]. Thus, of the nine
species examined, eight showed either a significant increase or a tendency to

increase, which is a statistically significant imbalance of increases over decreases.

There was no evidence of losses from offshore transport. The distribution of
mysids along a transect from nearshore to offshore was measured. Major offshoré
transport and subsequent mortality could be expected to change this distribution,
however it did not change from the Before to the After period at SONGS relative to

Control [TR G: 3.2.3, Table 3].

The tendéncy for mysids to increase in relative abundance near SONGS is
consistent with observed increases in other species associated with soft bottoms
(Chzipters 11 and 14). A possible explanation is an increase in organic material
from SONGS’ plume, but the reduction in midwater fish (Chapter 11), some of

which feed on mysids, may also play a role in mysid increases.
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Chapter 16

SAND CRABS*
Summary

In contrast with all other groups of organisms studied by the MRC, it has
been suggested that SONGS Unit 1 has had substantial adverse effects on sand
crabs that extend for about 10 miles from the plant. Because Unit 1 began
commercial operation in 1968, it has therefore not been possible to use the BACIP

approach, which requires sampling before the plant begins operation.

Sand crabs at beaches near SONGS have often been different in some
respects from those at more distant beaches: they have usually been smaller, and

egg development has been observed to be less successful on some surveys, beginning

- in 1981. Poorer egg development has been seen in a very large area around SONGS

and has extended at least 12 km (8 miles) upcoast of the plant. In other regards
(e.g., total abundance and propbrtion reproductive), however, sand 'crabs near
SONGS have not been different from those at more distant beaches.

We conclude that these spatial patterns most likely reflect differences in the
physical characteristics of the beaches near and far from SONGS and are not
related to the operation of thé plant.! The beaches in the SONGS area have a high

proportion of cobble and a correspondingly low proportion of sand. The MRC

Dr. Arthur Barnett (Marine Ecological Consultants) was the Principal Investigator for most of the
studies on sand crabs, with assistance from Ms. Karen Green and Ms. Linda Gleye. Contributing
studies were also done by Ms. Janet Auyong (1976-77) and Dr. Adrian Wenner (1980-82). Dr. James
Bence prepared the Contractor’s Final Report and the Technical Report (A) to the CCC.

1 Dr. Fay does not agree with the conclusions reached in this chapter.
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failed to find evidence that the biology of sand crabs is related to the level of

operation of the plant, or to the release of metals or radionuclides by SONGS.

Introduction

Readers looking for a more detailed analysis of the data on sand crabs -

should go to Technical Report A, on which this account is based.

The sand crab program has differed from other MRC studies in several
respects, two of which are most important. First, possible effects were detected in
1976-78, while only Uﬁit 1 was operating [TR‘A]. At least for these effects, there
was therefore no chance to employ the BACIP approach, which entails sampling at
Control and Impact stations before the plant turns on. Second, for at least some of
the time it has not been cfear precisely which aspects of crab biology might require
analysis, or over what geographic areas-and by what mechanisms SONGS might be
affecting sand crabs, so that different aspects of crabs and their environment have
been studied at different times and in different ways. In this .Introducti.on we
describe briefly the natural history of sand crabs, the measurements taken, and the

history of the program.

It will be important throughout to bear in mind the difference between
"location effects" and "SONGS effects." The former are differences’ in various
aspects ofvsand crabs between beaches near and far from SONGS. They cannot be
considered "SONGS’ effects," however, without further evidence implicating the

plant.
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Sand Crab Biology

Sand crabs are usually found in the top few inches of sand in the intertidal
zone. They feed by straining food particles from the wave wash. Females reproduce
in summer, carrying their eggs attached to their appendages. A given female may
have one to four clutches between April and October. The embryos develop into
larvae and then hatch into the plankton and return to beaches the following spring
and summer. The population on the beach peaks in spring [TR A: 1.1].
Overwintering crabs (mostly females). appear to mové to subtidal sand areas over

winter.

Sand crabs are difficult organisms to study and sample. They are buried and
are very patchily distributed, so that many samples taken on a beach purely at
random may find no or few crabs. Furthermore, a patch of beach that contains
thousands of crabs one day may have none or few the next. It is especially difficult
to estimate their abundance within a well-defined fixed area on a particular beach;
indee‘d, the 1983 MRC study is the only case we knbw of where this was done

systematically.

Some aspects of sand crab biology have been studied by a number of authors,
including the fraction of crabs falling into various sizes classes, or the fraction of
females bearing eggs. It is also known that these characteristics vary among beaches
in response to natural factors such as latitude, food supply, water temperature, and
physical aspects of the beach environment. They also vary from month to month
and from year to year on particular beaches, again in response to variation in

natural factors.
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The sand crab characteristics examined by MRC at one time or another
include: total abundance (density), aspects of the size digtribution including the
abundance of larger size classes, individual growth, fraction of females carrying
clutches of eggs (fraction reproductive), fraction of females with completely spent

clutches, and fraction of females with partially-spent clutches.

The abundance and size aspects are self-explanatory, as is the fraction
reproductive; a word is needed on the other measures. When the eggs have
hatched, the spent shells remain until they are sloughed off. There may be nothing
intrinsically "unhealthy" about a "spent clutch,” since it may indicate merely that the
female has recently reproduced. Nor is there necessarily anything suspect about
samples that have a very high fraction of females with completely spent clutches,
since breeding on a beach may be synchrom'zéd. In addition, the MRC found good
evidence that spent clutches remain on females for extended periods at the end of

the breeding season (around September) [TR A: D-16]. Nevertheless, if some

populations persistently exhibit throughout the season relatively high fractions of

females with spent clutches, it strongly suggests that their reproduction is less
successful than that of populations elsewhere. Finally, in 1983 it was noticed that
some females on some beaches had a mixture of egg cases that were spent and
others that were intact. Since all eggs in a clutch develop synchronously under
natural conditions, the spent eggs may have been released too soon, and such
"partially-spent" clutches may indicate that something is interfering with egg

development.
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History of MRC Sand Crab Studies

Evidence that sand crabs might be smaller within a few km of SONGS
became available from a study done between 1976 and 1978, before Units 2 and 3
began operatidn, at five beaches within 6.5 km of SONGS, and at several others
more than 15 km from the plant. Additional studies were done in 1980 and 1981,
samples coming from a few beaches between Goleta in the north and La Jolla in the
south. Evidence that the development of eggs might be interrupted over a large
area was first reported in 1982, based on data collected in 1981 at the original five
beaches and at several more distant sites in southern California. That report also
stated that somé crabs collected in 1980 at a beach 6.5 km north of SONGS showed
evidence of interrupted egg development, although quantitative data on this
characteristic was not recorded at the time [TR A: 1.3]. The MRC did not have
adequate information, however, on several key issues such as: the aspects of crab
biology in which spatial differences occurred; how far any such location effects
might extend from SONGS; whether crabs on beaches close to SONGS or in the
general SONGS area were statistically different from those on other southern
California beaches in general; whether any differences that might exist could be tied
to the operation of SONGS or might be related to natural variation in the beach
environments; and what the mechanism(s) might be by which SONGS could cause

such location effects.

The MRC therefore commissioned a new study over a large spatial scale in
1983, and followed this up with studies relating to specific topics in 1984 and 1986.

The 1983 study sampled crabs at the original five beaches near SONGS, at several

other more distant beaches in the SONGS area, and at a number of other beaches




in southern California. In an attempt to get at possible causes of any spatial
patterns that might appear, measurements also were taken of a number of physical
and chemical characteristics of the beaches and their sediments, including the
concentrations of eight metals, which were also measured in sand crab tissue. The
1984 study looked at the question of synchronized reproduction in crabs. The 1986
study measured metals and radionuclides in crabs at many beaches within 20 km of
the plant. Various aspects of sand crab biology, as discussed in the previous section,

were measured in these studies.

In 1985 the MRC began a systematic reanalysis of the data collected, and
analyzed to a greater or lesser extent, by the different contractors who had collected
them. In the presentation to follow we discuss the entire corpus of results rather

than dealing with each separate study in turn.

Results

Location effects

MRC looked for a location effect in two ways [TR A: 2.2.2]. First, beaches
were divided into Near, i.e., those out to 6.5 km (north or south) of SONGS, and
Far, i.e., those more distant. (This analysis was also repeated using a 12 km "Near"
zone. The results are qualitatively the same [TR A: 2.2.2.1 & Appendix F] so we do
not refer again to that analysis.) Second, considering SONGS as a potential point-
source of some disturbance, we asked if effects declined with distance from SONGS.
Here only beaches within 20 km of SONGS were analyzed since it is very unlikely

that any effect could operate or be detectable beyond that distance.
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A summary of the patterns found in the various surveys is as follows (Table
16.1 [TR A: Table 1)]). First; sand crabs near SONGS are in many respects
indistinguishable from those living elsewhere. In particular, there was no consistent
tendency for sand crabs to be less abundant near SONGS than farther way, nor for
the fraction of females reproductive to be smaller near SONGS. For example, the
fraction of females bearing eggs was higher near SONGS in 1977, lower near
SONGS in 1983, and not consiétently different from the fraction elsewhere in 1980,
1981 and 1986.

Second, the following differences were observed.

(a) Sand crabs often were smaller at two beaches north of SONGS - 0.4 and
1.5 km north - than at other beaches near SONGS (Figure 16.1a and b), and in
addition the minimum size of females that carried eggs was at times lower at these
two beaches (Figure 16.1c). This pattern did not always occur, and in one year the
smallest (female) crabs in the SONGS’ area were at the beach 6.5 km south of the
plant. Crabs on beaches in the general SONGS area (i.e., within 6 br 12 km from
the plant) typically have not been smaller than those from elsewhere in southern

California (Figure 16.1) [TR A: iv, 3.1.2, 3.1.3].

(b) In three years out of four (1981, 1982, and 1983, but not 1986), the

fraction of females whose eggs were completely spent was greater in a wide zone

around SONGS than at more distant beaches in southern California [TR A: iv,
3.1.5.2]. When data were available and the pattern occurred (1982 and 1983), the
zone extended at least 12 km north and south of SONGS (Figure 16.2a). Within
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Summary of location effects, for each study, and overall. \5 indicates lower values near SONGS

Table 16.1

(suggesting that sand crab performance was poorer near SONGS),

SONGS, NDP indicates no distinct pattern, and -- indicates no data were available. Larger, solid
symbols indicate more clear cut results. Patterns are evaluated for trends among SONGS beaches
(i.e., within 20 km of SONGS) and for differences between Near (within 6.5 km) and Far beaches.

indicates higher values near

1976-1978 1980 1981 1983 1986 OVERALL

Catch per Among SONGS Beaches * - - NDP NDP | '
unit effort v .
of larger
crabs ‘ | .

Near vs. Far -- -- -- NDP v

(June only, '

Average Among SONGS Beaches ¢ NDP ¢ NDP - ¢ .
maximum
size of l
crabs

Near vs. Far . NDP NDP NDP NDP .- NDP

Among SONGS Beaches ‘ - -- -- - -- '
Growth
rate ‘

Near vs. Far -- -- -- -- --

Among SONGS Beaches # NDP * ‘ NDP NDP
Fraction , '
with
eges |

Near vs. Far * NDP v * NDP NDP l
Fraction Among SONGS Beaches - - NDP * NDP NDP
without l
spent egg
masses * * ¢

Near vs. Far -- -- NDP .
Fraction Among SONGS Beaches - - - * NDP | l
with v
complete
egg clutches * |

Near vs. Far - -- - NDP v
Minimum Among SONGS Beaches ‘ NDP ¢ # - * l
size
when
reproductive » ’

- Near vs. Far NDP NDP NDP NDP -- NDP

Source: Final Technical Report A. Sand Crabs, Table 1. Note, names of some variables have been changed from their form in that table.
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Figure 16.1:

Mean maximum female (a) and male (b) size, and mean
minimum size of reproduction (c). Results are plotted as
a percentage of the value at the station 0.4 km north of
SONGS, which is indicated by a diamond. Resuits are
the mean (plus or minus one standard error of the mean)
at each beach within 20 km of SONGS and at La Jolla (65
km south of SONGS). Data used in these plots are
analysed in Technical Report A, Volume |, Sections 3.1.3

and 3.1.6.
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Figure 16.2:

Fraction of female crabs with spent (a) and partially
spent (b) eggs. Results are plotted as in Fig. 1. Data
used in these plots are analysed in Technical Fieport A,

Volume I, Sections 3.1.5.2 and 3.1.5.3.
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SONGS beaches, however, the effect generally does not become more severe nearer
the plant; indeed, a statistically significant opposite pattern prevailed in 1981. Crabs
from the beaches at 0.4 and 1.5 km north were typically not "worse" than at other

SONGS beaches.

(¢) In one year (1983), the fraction of females with partially spent egg
clutches was significantly higher at beaches within 6.5 km of SONGS than at those
further from the plant [TR A: 3.1.5.3]. The fraction partially spent also decreased
significantly with distance from the plant within SONGS beaches [TR A: 3.1.5.3],
because of low values downcoast of SONGS (Figure 16.2b). These patterns were
seen in the other year (1986) when. this variable was measured, in one size class of

crabs (Figure 16.2b), but not in the other [TR A: 3.1.5.3].

Thus, we conclude there are location effects in some aspects of sand crab
biology. Although there are location effects, the biology of sand crabs near San

Onofre is not qualitatively unique; the differences are, rather, quantitative.
Relation between location effects and level of SONGS’ operation

Although concerns eventually focused on metals as a potential cause of the
location effects, at first there was simply a general concern that something about the
plant’s activities affected sand crabs. The most obvious way to test this hypothesis is
fo determine whether the severity of the effects is reléted to the degree of operation

of the plant.
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Analyses of the data show that there was no relationship between the level of
SONGS’ activity (as measured by volume of water pumped) and the severity of
location effects on crabs (e.g., the amount by which crabs near SONGS are smaller
than those further away) [TR A: 3.2]. Of 21 such correlations, only two were
statistically significant and in both cases (one relating to crab size, the other to spent
eggs) crabs at SONGS did relatively better the higher the plant’s pumping rate was.
In the first case, female crabs were larger when Units 2 and 3 pumped more water;
this is mainly because crabs were smaller at the Impact site in 1976-78, before Units
2 and 3 had begun operating. In the second case, the spent condition was less

prevalent-at the Impact site when Unit 1 was pumping at a higher rate.
Metals and Sand Crabs

As work on sand crabs progressed, two potential mechanisms were
emphasized: (1) SONGS releases metals (eventually, it was hypothesized, chromium
in particular) and these cause the observed location effects in sand crabs, and (2)

SONGS releases radidnuclides with the same effect.

Unlike the general contention that something related to SONGS affects
crabs, the metal hypothesis does not require that SONGS has its worst effects when
it is most actively pumping. Indeed, it has been suggested that SONGS effects on
sand crabs are likely to be greater, nor when the plant is in full operation, but when
it is beginning operation again after having been offline for some time. The
argument here is (a) that metals accumulate in the plant when it is non-operational,
due to corrosion, and are flushed into the environment in a large pulse when the

plant begins pumping again, and/or (b) that systems in the plant requiring
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chromated coolant are drained at such times, and the coolant is replaced. Thus
these are the times when spills of chromated coolant could occur (SCE states that

this has never occurred [TR E: Appendix E}).

We deal first with metals. The postulated mechanism requires that three

conditions be satisfied:

(1) concentrations of metals in the environment or in sand crabs near

SONGS are substantially higher than those at control beaches;

(2) SONGS produces enough metals to increase substantially their

concentrations in the SONGS area;

(3) the location effects in sand crabs are associated with substantially

higher concentrations of metals.

, \ Three main sources provide information on possible gradients of metals iﬁ
the environment north and south of the plant. First, the MRC measured sand crab
biology and eight' metals in beach sediments and in sand crabs at many beaches in
July and August 1983. Initial analyses suggested the concentrations of three of these
metals (chromium, manganese and iron) might be in higher concentrations in crabs
nezir SONGS, so their concentrations, and those of radionuclides, were measured in
sand crab tissues in a third survey in August 1986. Wenner (1988) also reported
concentrations of metals in sand crabs collected in 1982 from a few beaches near

SONGS and elsewhere.
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The best source of information on concentrations of metals near SONGS in
fact comes, not from sand crabs, but from various studies using mussels, which are a
standard organism used to detect metal pollution in the ocean. Data on mussels are
available from three studies. In a 1977 MRC study, mussels were hung directly in
the discharge plume of Unit 1 on two occasions, once for two and once for four
months, at various distances north and south of the plant. This study overlapped, in
part, the 1976-78 sand crab study. MRC also hung mussels upcoast and downcoast
of the discharges of Units 2 and 3 in 1986-87, for 5 months. Finally, State Mussel
Watch had a single station in the SONGS discharge plume for 4.9 months during
1985.

- We next examine each of the above required conditions in turn.
Concentrations of metals near SONGS and at control beaches
A summary of the findings is as follows. There is no evidence that metal

concentrations are consistently and substantially higher in the SONGS area. On the

contrary, there is good evidence that the area is typically low in metals. There is

~ evidence that manganese is somewhat higher at two beaches immediately upcoast of

SONGS (0.4 and 1.5 km north), compared with beaches immediately downcoast of
the plant. In the one case where metal concentrations were measured at sites
between 1.5 and 6.5 km north of SONGS, the highest concentrations were found
near the outfall of San Mateo Creek (4.5 km north of SONGS) [TR E: Summary].

Details follow.

245




The mussel data all show that the concentrations of metals, including
chromium, in the SONGS area have been low in comparison with the
concentrations considered high by State Mussel Watch [TR E]. The chromium and
manganese concentrations from MRC’s 1986 mussel outplants are included in

Figures 16.3a - 16.3d.

There was also no consistent pattern for metals to be in higher
concentrations in beach sediments or sand crab tissues neér SONGS (Figure 16.3a
and 16.3c) [TR A: 33.1, Appendix B]. In the sediments the only statistically
significant relationship was that chromium was lower at beaches nearer the plant

[TR A: B-10].

In sand crab tissues, chromium was once significantly higher at beaches
within 6.5 km of SONGS than at more distang beaches, but there was not a
consistent pattern either across categories of crabs or through time [TR A: 3.3.1].
Furthermore, the values at the beaches close to SONGS were not high on an
absolute scale (Figure 16.3bvii). On one occasion (August 1983) chromium (and
iron) were relatively very high in one category of female crabs at the beach 0.4 km
north of SONGS (Figure 16.3bvi). However, the other category of females had low
values of these two metals at that beach, and had even higher values of chromium
(and iron) at the beach 12 km north of the plant (Figure 16.3bv) [TR A: B-12].
Only 2 out of 27 analyses of metals in sand crab tissues in 1983 and 1986 indicate

higher concentration of metals within 6.5 km of SONGS in comparison with more

distant beaches [TR A: B-11 & B-14]. High concentrations of zinc, nickel,

manganese and iron repofted near SONGS in 1982 appear to be restricted to a very

narrow range of beaches north of SONGS [TR E; see also following paragraphs].
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Figure 16.3:

Chromium (a, b) and manganese (c, d) concentrations in
tissues of sand crabs (i-vii) and mussels (viii) from
beaches within 20 km of SONGS. Where available,
concentrations at La Jolla (65 km south of SONGS) are
also plotted. Data are plotted for all cases where at least

one station was located upcoast (north) of SONGS. Data

used in these plots are analysed in Technical Report A, /

Volume |, séction 3.3.1 and Appendix B (sand crabs);

and Technical Report E, Section 3 (mussels).
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There is quite consistent evidence that manganese was at high concentrations
at the beaches 0.4 and 1.5 km north of the plant, relative to beaches immediately

downcoast of SONGS (Figures 16.3c and 16.3d) [TR E]. The pattern can be seen,

for example, in the 1986 mussel data, in which concentrations were high also at the

beach 4.5 km north of the plant; concentrations became progressively lower at the

- beaches immediately south of the plant (Figure 16.3dviii; a similar pattern can be

seen in chromium, Figure 16.3bviii). High values for manganese were often seen
also in sand crabs from the two beaches immediately north of SONGS, relative to
those from beaches immediately downcoast of the plant or from the beach at 6.5 km
north (Figures 16.3c and 16.3d) [TR E]. Again, these values were not absolutely

high - higher values occurred at other beaches in the area.

Manganese was in general at higher concentrations in the SONGS region
than at La Jolla (Figures 16.3c and 16.3d). However, in State Mussel Watch studies,
high manganese concentrations are seen in areas north (Dana Point) and south
(Oceanside): In addition, the -concentrations of manganese are not high in
comparison with those considered high by State Mussel Watch (compare the values
in Figure 16.3d with 35.9 ppm dry weight: 15% of resident California mussel
populations sampled by State Mussel Watch have manganese concentrations above

35.9) [TR E].

What is the probable source of the generally relatively high values of
manganese immediately north of SONGS? It is not likely to be SONGS. First,
there is no evidence that SONGS emits significant amounts of manganese (SONGS
releases small quantities of radioactive manganese, but this arises from the decay of

other radioactive elements, not from stable manganese). Second, if SONGS were
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the source, maximum concentrations would be expected south of the plant, since the
longshore currents move in this direction more than 60% of the time [TR L]. The
most likely source of this metal is San Mateo Creek, which enters the ocean 4.5 km
north of the plant; the highest values of manganese between 6.5 km north and 6.5
km south of the plant tended to occur at the station nearest the creek on the
downcoast side, and the concentration declined for several kilometers with distance

southward (e.g., Figures 16.3¢ and 16.3d).

We showed above that the intensity of reproductive disruption is not related
to SONGS’ pumping rate. A possible response to this result is to argue that the
plant produces metals mainly in brief periods when it is turned on after having been

offline for an extended period. This hypothesis predicts that reproductive effects

should be associated particularly with such events. The effects might appear

immediately, or with a time lag, but they should appear sporadically in time. To the

contrary, however, spent and partially spent clutches occur throughout periods when.

the plant has been operating continuously for long periods.

SONGS as a source of metals

A detailed analysis of évidence relating to SONGS as a source of metal
pollutants is presented in Final Technical Report E. The Sand Crab Technical Report
(A) also calculates an upper bound on the releases of chromium from the systems
chromated to inhibit corrosion within SONGS. The highest calculated releases of
chromium from the chromated systems would not lead to detectable changes of
chromium concentrations in seawater in the SONGS area. The Technical Report

concludes that there would need to be a large but unrecognized source of chromium
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at SONGS for the power plant to increase appreciably chromium concentrations in
the environment. The Metals and Radiation Technical Report (E) reviews the
available data and concludes there is no evidence for substantial elevation of
chromium concentrations in the environment near SONGS (see also Chaptér 17).
Concentrations of some metals, particularly manganese, are sometimes higher north
of the plant than at other nearby locations, suggesting that San Mateo Creek is a

source.

Sand crab biology and chromium in tissues

It is noted above that the concentrations of metals in the environment and in
crab and mussel tissues near SONGS typically are similar to those found at other
beaches that are distant from the plant and are not near known sources of
pollutants. It also appears that SONGS is not a significant source of metals.
Chromium, however, has been the major focus of concern as the most likely metal
that might be released by SONGS into the oceans in significant quantitiés; this
metal was occasionally in higher concentrations in crabs near SONGS thah at more
distant beaches, and high concentrations of chromium have been shown to reduce
brood size in a marine worm in the laboratory. We therefore examined thé

relationship between sand crab biology and tissue concentrations of chromium.

' We caution that, perhaps surprisingly, there is little relationship between the
concentration of any particular metal in the sediments and its concentration in the
tissues of sand crabs from that environment [TR A: B-18]. For example, Cabrillo
beach (in Los Angeles harbor) is highly polluted and metals were 10 times more

abundant in its sediments than at other beaches, yet metal concentrations were not
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especially high in sand crab tissues from that beach. In addition, concentrations in
tissue vary greatly among different classes (e.g., reproductive categories) of crabs
taken from the same beach. It thus seems that concentrations of metal in crab

tissues may not be a reliable indicator of the exposure level.

There is no consistent relationship between sand crab biology and chromium
in the tissues, across either space and or time. First, sand crab biology at a beach on
a particular date was typically not related to the concentration of chromium in the
tissues of these crabs [TR A: B-19 & B-20]. In 1983 and 1986, in 7 of 41 cases, sand
crab biology was related to chromium concentrations, but the relationships were not
consistent. For example, in August 1986 for one category of crabs, the fraction
reproductive increased with chromium concentration, while in another the fraction
reproductive decreased with chromium concentration. The same kind of reversal
between categorieé was seen for spent clutches in this month. In 1986 there were no
significant correlations between sand crab biology and chromium concentrations in
the tissues, yet this was the only survey in which we found a significantly higher
concentration of chromium in crabs over the stretch of beaches near SONGS (TR

A: 33.1).

The lack of an association between location effects in crabs and chromium is
especially striking across years. In 1982 and 1983, chromium concentrations in crab
tissues were not raised in the general SONGS area, yet these two years provide the
best evidence that egg development is sometimes disrupted (high fraction of females
with completely spent clutches) over a large area near SONGS (Figure 16.2). By
contrast, 1986 is the only year in which there was evidence that chromium in crab

tissues was relatively high in a range of beaches near SONGS, but the fraction of
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females with spent clutches was not different near SONGS from elsewhere in that

year.

No work has been done, that we know of, that relates sand crab physiology
with the concentration of metals in the tissues. As noted above, however, this
problem has been studied in marine worms. Negative effects were not found until
the worms were chronically exposed to the most toxic form of chromium at
concentrations that led to tissue concentrations 9 times the highest concentrations

seen in sand crabs near SONGS.

Crabs typically are small at the beaches at 0.4 and 1.5 km north of the plant,
and manganese also tends to be high there relative to other nearby beaches. We do
not believé, however, that manganese causes the crabs to be small. The manganese
concentrations are not absolutely high, and large crabs are found where manganese
concentrations are higher. Thus we do not believe that manganese is the cause of

the observed differences in crabs.
Sand Crabs and Radiation

In 1986, samples of sand crabs from ovér 20 locations within 20 km north and
south of SONGS were analyzed for tissue concentrations of radioactive isotopes.
Detectable concentrations of the radioactive isotopes of manganese and cobalt were
found in crabs at beaches more than 10 km from the plant. There is no known local
source of these isotopes other than SONGS. In general, plant-related radionuclides
were more often at detectable concentrations in sand crabs collected nearer to and

downcoast of SONGS. However, they were not detected at a number of beaches
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that were closer to the plant than the farthest beaches where they were detected.
This suggests that the radioactive isotopes at these more distant beaches may have

been carried there by sand crabs rather than directly in SONGS’ discharge water.

The internal radiation activity levels received by crabs from these
radionuclide concentrations is less than one millionth of the minimum rate that has
ever been shown to have even a sublethal effecf on a marine invertebrate. Indeed,
the rates are well within natural background variation [TR A: B-27]. The
concentrations are similar to those found in other organisms sampled and analyzed
by SCE to comply with NRC regulations for monitoring the environment near

SONGS.

There is thus no basis for. suspecting that radioactive substances released

from SONGS can account for any observed location effects in sand crabs.
Sand crabs and variation in the natural environment

The most likely explanation for the location effects in sand crabs is variation
in the natural beach environment. Our explanation cannot be complete, in part
because too little is known about sand crab biology, and in part because the MRC

mandate did not include studies of basic biology for its own sake.

Clues to the probable causes of the location effects come mainly from the

1983 and 1986 studies. Overall, beaches made up of coarser materials (cobble and

gravel rather than sand), which also tend to be steeply sloping beaches, are "poor"

sand crab beaches, and they tend to be prevalent in the SONGS area (Figure 16.4)
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[TR A: 3.3.2 & Appendix C]. Statistical analyses show that, in 1983, key attributes
of the crabs (such as abundance, fraction with spent eggs, fraction with partially
spent clutches) could be explained by the natural physical/chemical environment.
These aspects of crab biology tended to be "worse" on beaches with a high fraction
of cobble and/or coarse sediment, and that were steeper. These physical features
also tended to be associated with smaller crabs. Again, the fraction partially spent
was higher on beaches with more cobble. In this year the crabs were categorized
into only two size classes and all samples were of the qualitative type. Thus we were

less able to evaluate the effects of cobble and substrate on crab size in that year.

Although no truly comparable data exist from before Unit 1 became
operational in 1968, samples of crabs were taken in the area at various times
beginning iﬁ 1963. These samples consistently shbw a marked absence of large
individuals, suggesting the absence of large crabs near SONGS is a nétural

characteristic of the local beaches, rather than a result of SONGS [TR A: C-17).
Sand crabs in a broader perspective

Two types of location effects have been seen in sand crabs.

1. Size Effects

Large crabs tend to be absolutely or relatively rarer on beaches at 0.4 and 1.5
km north of SONGS. This pattern was first noticed while only Unit 1 was in
operation, and there has been no detectable tendency for the extent of the effect to

increase as Units 2 and 3 have come on line.
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MRC reported, in 1978, on extensive studies on a diverse group of organisms
around Unit 1. Few effects were detected, and of those that were, none extended
beyond about half a mile from SONGS. There was probably a change in the size
composition of queenfish (which is taken into the intakes in large numbers) out to
about 0.5 km. Organisms living on the soft bottom were altered out to 200 meters,
an area affected by back-flushing of organic débris from the plant during heat-

treatments.

Effects detected in two studies are particularly relevant. First, mussels were
hung directly in the discharge plume of Unit 1 for periods of two and four months in
1976-77. At the end of the four-month experiment, reductions in growth of mussels
were detected as far as 800 meters downcoast and 400 meters upcoast of the plant
(the asymmetry being consistent with the generally southward flow of the currents).

No reductions occurred at 1600 meters from the plant, or beyond. The most likely

cause of the reduced growth is the high concentration of seston in the plume [TR E].

Second, juvenile kelp plants were transplanted into the discharge plume of
Unit 1in 1979. The currents flowed mainly upcoast during this experiment. Effects,
including fouling of blades and loss of blades and fronds, were found out to 300 m
upcoast of Unit 1, but not beyond; one other effect (on the growing tips) was found
out to 600 m upcoast. No effects were detected at the next-most distant upcoast

station (4000 m).

In both of these cases, the organisms were exposed over long periods to
concentrations of discharge materials much higher than those that would reach the

intertidal environment of sand crabs, yet effects in the northward direction extended
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no further than 600 meters. Sand crabs, of course, might stay in one location for
long periods, and they might be much more sensitive than, say, mussels to
environmental disturbance. But the observations on mussels and kelp certainly do
not make it more probable that the variation in size of crabs is attributable to the
plant, or that effects of the plant should be as or more marked to the north than to

the south.
2. Reproductive effects

The location effects on "spent eggs" have typically extended for at least 12 km
north and south of SONGS, and perhaps for 20 km in either direction. The very
extent of these effects, in the context of other findings from MRC studies, ’argueé
strongly against their being related to SONGS’ operation. There are other powerful

reasons for re'j'ecting SONGS as the cause.

The spent egg condition was reportedly seen at one beach (6.5 km north) in
July 1980, but was first estimated quantitativefy in 1981. It has been suggested that
this was a disruption of egg development.that had not previously occurred, and the
implication is that it was caused by the onset of pumping by Unit 2 in 1980. In
addition to the reasons elaborated in earlier parts of this chapter, others that make

this an extremely unlikely explanation are as follows.

(1) The spent egg condition has been observed in sand crabs from relatively
uhpolluted beaches far from SONGS (e.g., at La Jolla, 65 km south of SONGS). It

is most unlikely that this is a new phenomenon created by the plant. It is more
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likely that it was not observed before 1980 because no one had looked for it. The

same is true for the partially-spent condition.

(2) We noted above that effects from Unit 1 operation have not been
detectable beyond about half a mile from SONGS, even on organisms hung for long
periods in the discharge plume. It is therefore hard to see how it could have effects
on the beach out to 12 or 20 km. It is also hard to conceive that Unit 2 could have
had environmental effects extending at least 12 km and perhaps 20 km, at the low
pumping rates of 1980 and 1981 (Figure 16.5). The case against Units 2 and 3
having distant effects onshore is, indeed, even stronger than fhat for Unit 1. These
units were designed speciﬁcally to move their discharge offshore. That they do so is
the reason we detect effects in the San Onofre Kelp Bed (Chapters 7 - 9). Typically,
discharge water from these units makes up less than 1% of the water reaching the
- beach within 10 km of SONGS, and the concentration falls with distance from the

plant (Chapter 6).

(3) The location effects detected in sand crabs are most evident to the north
(ie., upcoast) of the plant. Yet the nearshore currents, and SONGS’ discharge
plumes, flow to the south more than 60% of the time. Clearly, effects should be
more prevalent to the south, ahd where we have an estimate of effects in other
organisms in both directions, this is the case. Mussels were hung in the discharge
plume of Units 2 and 3 for five months in 1986 and provide insight into the spatial
scale of SONGS’ effects. Growth was reduced in mussels near SONGS, but the
effect was seen only at the two stations within 0.5 km downcoast of the plant and was
not detectable at stations 5 km downcoast and 0.5, 4.5 and 5 km upcoast of the

plant.
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Figure 16.5. Average volumes of seawater discharged from SONGS. In each pair of yearly
histograms, the first is the mean daily volume pumped between February 1 and May 31
(spring), and the second is the mean daily volume pumped between June 1 and September 30
(summer).



The reproduction of the mussels was not affected by proximity to the plant

(or by the concentration of metals in the tissues).
Conclusions

Sand crabs near SONGS are different in some respects from those more
distant frorh the plant. The evidence strongly supports the conclusion that the large-
scale location effects on reproduction are not caused by SONGS. It seems most
likely that the patterns reflect differences among beaches that are unrelated to the

operation of SONGS, although the actual mechanisms are not known.

The evidence also indicates that SONGS is not responsible for the 'sfnaller
sizes of crabs at beaches 0.4 and 1.5 km north of SONGS, which are most probably
due to the physical characteristics of these beaches. However, because these
beaches are so close to the plant, it is not possible, with the available evidence, to
rule out completely the possibility of a SONGS effect.

The overall conclusion reached in this report differs from'those reached in
some reports and publications of Dr. Adrian Wenner, which are based in part on
data collected by Dr. Wenner in 1980-81 for the MRC. Reasons for the differing

conclusions are discussed in Technical Report A: Discussion.
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Chapter 17

METALS AND RADIATION*
Summary

There is good evidence that the concentrations of metals in the SONGS area
are low relative to other areas along the coast and are similar to those at "clean"
reference beaches. There is no evidence that SONGS releases metals at rates that
would raise significantly the concentrations in the surrounding environment. There
is no good evidence that metals released by SONGS (or deriving from any other

source) have caused detectable ecological effects on the marine biota near SONGS.

SONGS does release radionuclides into the environment at rates sufficient to
lead to déiectablre, bﬁt extremely low, concentrations in organisms and, occasionally,
in nearby sediments. These concentrations do not raise the radiation dose rates
received by the organisms substantially above the background level and are far
below the levels known to cause physiological impairment. There is no good

evidence that radionuclides released by SONGS have caused detectable ecological

~effects on the marine biota near SONGS.

Introduction

A more detailed presentation of the material in this chapter is in Technical

Report E, on which this account is based.

* The data on which this report is based are from numerous sources including MRC-sponsored studies,
SCE reports, State Mussel Watch data and the published literature. Dr. James Bence and Mr. Mark
Schildhauer prepared the Technical Report (E) to the CCC.
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The large quantities of seawater passed through SONGS receive both
radioactive and non-radioactive effluents from a variety of sources, including metals
from erosion and corrosion of metal-containing structures in the plant. Federal and
state water-quality monitoring programs include procedures aimed at either
measuring the levels of such materials released by SONGS into the marine
environment or determining whether the plant is increasing their concentration

above acceptable levels in the environment.

In response to suggestions that various metals and radionuclides might be
having effects on some organisms (mainly sand crabs), the Committee carried out
several studies. Metal concentrations and radionuclide activity levels were
measured at various times in marine organisms and sediments collected near
SONGS and elsewhere. Estimates were also made of potential releases of metals in
SONGS’ effluents, based on knowledge of plant structure, operation, and chemical

inputs. (The MRC did not make direct measurements of chemical or radionuclide

discharges to the ocean, nor did it determine the total amount of metals entering

and leaving the plant.) Finally, we have also reviewed information from other

sources, including that collected as part of federal and state monitoring programs.

The results of MRC field work in relation to metals and radiation were

presented in Chapter 16, and we present only a summary here.
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Metals

(1) Evidence from studies of sediments and tissues of organisms

The State Mussel Watch (SMW) program has used mussels to monitor the

quality of California coastal waters since 1977. In 1985-86 they measured metal

concentrations in mussels suspended in SONGS’ discharge plume.  The

concentrations near the plant were similar to those found at relatively "clean," i.e.,
unpolluted sites, along the coast, including those at the Channel Islands, and were
lower than concentrations in the source material collected at Bodega Head [TR E:
2.0]. Concentrations at SONGS were lower, for eight of the nine metals assessed,
than those at the beach at Oceanside - a reference station specifically sitéd "away
from known sources of pollution." (Although this site was intended to represent
clean, unpolluted conditions, it is just south of Oceanside harbor, where '1evels of

copper and zinc were relatively high in 1985-86. However, these metals were not

‘elevated.at the Oceanside beach site.) State Mussel Watch discontinued the San -

Onofre station in 1986 because the levels were so low.

The MRC also hung mussels in SONGS’ discharge plume and other sites in
1976-77 and 1986, on the latter occasion placing mussels upcoast as well as
downcoast of SONGS [TR E: 3.0]. Metal concentrations in mussels at SONGS
were in general agreement with those determined by State Mussel Watch (even
though a different species of mussel was used). Some of the chromium values in
1976 were lower than any ever recd.rded by SMW. Values for manganese (which is
not a particularly toxic metal, and for which we have been able to find no evidence

of significant production by SONGS) were somewhat high at SONGS in 1986, but
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even higher levels were found at this time at the two SMW stations substantially

north and south of the plant.

The muésel data thus show that the San Onofre site has been an area of low
inetal concentrations relative to other areas along the coast in the years when data
were taken. MRC’s mussel data also show gradients of decreasing metal
éoncentrations that originate upcoast of SONGS at the mouth of San Mateo Creek,
and it appears that the creek may be the source of somewhat higher metal

concentrations in this immediate vicinity.

Extensive data were collected by MRC on metals in sand crabs in 1983 and
1986 [TR A; TR E: 4.0]. Metal concentrations in sand crabs were not generally
higher near SONGS than elsewhere. There is no work that we know of that
investigates the concentrations of metals needed to impair the physioldgy of sand
crabs. Concentrations of chromium found in crabs were one-ninth of the Jowest
concentration of that metal at which an effect (reduced brood size) was seen in a
marine worm. Local concentrations again peaked south of San Mateo Creek but
north of SQNGS, suggesting (given the predominant downcoast current-flow) that

the creek was a source of modest local increases in some metal concentrations.
(2) Evidence from concentrations in sediments and seawater

Concentrations of metals in seawater and marine sediments near San Onofre
and elsewhere have been measured by Southern California Coastal Water Research
Project (SCCWRP) and Southern California Edison Company (SCE), and the MRC

has measured metal concentrations in sand from beaches near and far from
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SONGS. The results of these sampling programs show that metal concentrations in
the vicinity of SONGS are low in comparison with other sites in southern California.
In addition, they do not suggest that there has been a substantial increase in metal
concentrations specific to sites near SONGS since Units 2 and 3 have come on line

[TR E: 5.1].

The reference surveys done by SCCWRP show that the concentrations of
seven metals in marine sediments at the 30 m and 60 m depths near SONGS are
representative of those found at "uncontaminated" mainland shelf sites [TR E: 5.4].
Metal concentrations found at San Onofre in these studies were also similar to those

found at control sites to the immediate north and south.

Both the SCE measures of metals in sediments .at 15 m depth and in
seawater, and MRC studies of beach sediments [TR E: 5.4] fail to implicate
SONGS as a major source of metals. MRC examined metal concentrations in an
extensive set of sediment samples from beaches near and more distant from
SONGS.! In general, metal concentrations i_n sediments were low at beaches near
SONGS relative to other beaches. The concentrations observed in the receiving
waters during the period that Units 2 and 3 have been operating (1985 - 1987) have
at all times when measured been well below current conservative estimates of

chronic toxicity.

The routine operation of SONGS appears to involve the addition of non-
hazardous concentrations of metals-to the local marine environment [TR E: 6.0].

Metal concentrations in samples of SONGS’ discharges are usually well within limits

1 Dr. Fay believes the "weak acid extraction” technique used in these studies was inadequate.
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set in'SONGS’ NPDES permit [TR E: 6.1]. - Higher concentrations of various
metals do occasionally occur. Owing to the sparseness of the sampling regime,
however, it is not possible to determine whether these elevated levels reflect rare
and intermittent events, sampling variability, or high concentrations in the effluents
for longer periods [TR E: 6.1]. These different possibilities lead to quite different
conclusions regarding the extent of metallic emissions from SONGS, and they
cannot currently be distinguished based on the effluent sampling data alone.
Episodic releases of corrosion products may be expected to occur during
maintenance periods, during start-up and testing, or during periods when the plant is
changing the level of power production. Other information suggests that the
occasional high values do not lead to substantial increases in metal concentrations
in the receiving waters or sediments (see above). The relatively low metal
concentrations in mussels and sediments suggest that SONGS probably does not
release high concentrations for long periods, since mussels and sediments integrate

metals over time.

The concentrations of metals in the combined discharges of Units 2 and 3 are
sampled by SCE, and reported to the Regional Water Quality Control Board, only
every six months. This is too infrequent to provide a clear picture of release rates.
More frequent sampling or continual placement of musseis in the discharge plume

would provide more reliable monitoring.
(3) Estimates of potential release rates by SONGS

There has been particular concern over the levels of chromium discharges by

SONGS because preliminary research indicated that there might be an association
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between unusual patterns in egg production among sand crabs living on beaches
near the station, and high_ concentrations of chromium in the tissues of specimens
from those same areas (Chapter 16). The MRC sponsored two studies that used
information on the chemical ’and mechanical aspects of SONGS’ operation to

estimate the station’s potential metallic emissions into the ocean [TR E: 6.3].

These reports encountered difficulties in estimating accurately the likely
release rates of chromium and other metals. In particular, estimates were not made

of releases rates from corrosion and erosion of metallic surfaces and from surfaces

"painted with chromium-based paints.

The two studies did not uncover sources of metals large enough to lead to
significant contamination of the receiving waters or to chronic violations of effluent
limitations established in SONGS’ pernlits. Liberal estimates of mass emission
discharges of chromium from systems chromated to inhibit corrosion amount to less
than two metric tons per year [TR E: 6.1]. This level of release is far below the
effluent limitation requirement specified in the National Pollutant Discharge
Elimination System permits for SONGS Units 1, 2, and 3, and would not result in
significant increases in the concentration of chromium in the local marine
environment. The effluent limits are based on measured toxicity levels [TR E: 5.5],
so that these chromium discharges are not expected to affect adversely the local
marine biota. For SONGS to cause a substantial increase in chromium

concentration in the local environment, a much larger source of the metal is needed

~ and, although we cannot rule out this possibility, there is no evidence that such a

source exists. Other evidence points firmly to the conclusion that SONGS is not a

source of ecologically significant levels of metals.
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Radiation

The burden of radionuclides was measured in sand crabs taken from 27
beaches spread over a 40 km region centered around SONGS. Several radioactive
isotopes that could only have come from SONGS were found in these organisms.
The activity from these artificial sources was far below that due to naturally-
occurring radioactivity. The internal radiation activity levels experienced received
by these organisms from these radionuclides are within background radiation levels
and are about one millionth of the rates required to cause sublethal effects [TR E:

7.0].

These studies confirm those conducted over the lifetime of SONGS’
operation by the NRC: the concentrations of radionculides in the marine
environment that arise from the operation of SONGS are extremely low and are far

below those that would produce ecological effects.

The presence in the environment, or in organisms, of radionuclides released
by SONGS, but not by other sources in the area, can provide a way of determining
either that the discharge plume has been in the area, or that the materials or

organisms were at one time exposed to the discharge plume.
Conclusions

There is no good evidence that metals or radionuclides released by SONGS
(or deriving from any other source) have caused detectable ecological effects on the

marine biota near SONGS. There is good evidence that the concentrations of
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metals in the SONGS area are low relative to other areas along the coast and are
similar to those at "clean" reference beaches. There is no evidence that SONGS
releases metals at rates that would raise significantly the concentrations in the

surrounding environment.

SONGS does release radionuclides into the environment at rates sufficient to
lead to detectable, but extremely low, concentrations in nearby organisms and,
occasionally, in nearby sediments. The internal radiation activity levels in local
organisms are raised only slightly above the background level and are far below the

levels known to cause physiological impairment.

| It is of course in principle not possible to establish that pollutants produced
by SONGS have no ecological effects on the marine biota. It is always possible to

hypothesize the existence of another pollutant or another mode of action by known

‘pollutants, and exploring each of these possibilities in turn would be a potentially

endless process. For example, to our knowledge no work has been done to establish
that metals and radionuclides at levels far below toxic concentrations do not operate
synergistically to cause physiological impairment. There is no evidence supporting
such a hypothesis. Nevertheless, the work needed to examine it rigorously would

take years to accomplish.

Eventually a judgement has to be made on the basis of available evidence
that further exploration of ad hoc hypotheses about pollutants is not defensible.
The .Committee’s judgement is that that point has been reached. The observed
ecological effects are well-explained by the known physical consequences of

SONGS’ operation. An explanation of the observed effects does not require the
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existence of so-far-undetected pollutants, or of unsubstantiated modes of action of
pollutants whose - concentrations have already been determined to be below the

levels needed to cause ecological damage.

A T W
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Chapter 18

WATER QUALITY COMPLIANCE*

The State Water Quality Control Board (State Board) is responsible for
monitoring the quality of ocean waters along the coast of California. The State
Board is divided into Regional Boards which write the National Pollutant Discharge
Elimination System (NPDES) permits that regulate sources of effluents discharged
to the ocean in their regions. The San Diego Regional Board is responsible for
writing the NPDES permits for SONGS Units 1, 2 and 3. When writing the permits,
the Regional Board considers regulations from a number of federal and state
agencies and plans, such as the Environmental Protection Agency and the California

State Ocean Plan. -

The NPDES permits include a program for monitoring the water quality of
the effluent, and the ocean waters surrounding the discharge outfall (receiving
water). The program includes studies to monitor physical characteristics of the
water, such as temperature, turbidity and the concentration of metals, and biological
characteristics, such as the abundances of marine plants and animals. The résults of
the studies are submitted by SCE to the Regional Board each year. In the annual
report, SCE must determine whether SONGS is in compliance with the NPDES
permit issued by the Regional Board which incorporates conditions to ensure

compliance with water quality regulations.

In the 1974 permit for SONGS, issued by the California Coastal Commission

to SCE and San Diego Gas and Electric, the MRC is instructed to compare the

* Dr. Susan Swarbrick prepared the Technical Report (O) to the CCC.
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results of MRC studies with NPDES permit limitations to determine whether

SONGS is in compliance with water quality regulations. We have reviewed the
MRC Technical Reports to the Coastal Commission and extracted the results that
pertain to the water quality regulations. The MRC has collected data that relate to
regulations for temperature, irradiance, metais and marine organisms, in the
receiving water (Table 18.1). (The determination of compliance for sediments

depends on the results of an ongoing study).
MRC results applied to water quality regulations
Temperature

Results of MRC studies indicate that SONGS is in compliance with
regulations for water temperature. The NPDES permits state that the discharge of
heated effluent from SONGS can not increase the temperature of the surrounding
water by rnore‘ than 4°F either at the ocean bottom, or at the ocean surface more
than 1,000 ft from the discharge lines for more than half a tidal cycle (about 6
hours). The results of MRC studies found that the water temperature at the
bottom, 1,600 ft downcoast of the diffusers (the bottom station closest to the 1,000 ft
limit), was less than 1°F warmer than the temperature at reference stations located
4,200 ft downcoast of SONGS and at SMK. The temperature of the water near the
surface at the impact station (about 1,200 ft from the diffusers) was never more than
4°F higher than the 'near¥surface temperature at the reference sites for more than 3

hours at a stretch. This is well within the regulation.
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Table 18.1

Summary of SONGS’ compliance with water quality regulations in

the NPDES permiits.
REGULATION MRC FINDING COMPLIANCE
D.1.a Increases in natural water Maximum increase in YES
temperature shall not exceed 4°F temperature was about 1°F
at the ocean surface 1000 ft beyond
the diffusers or at the bottom.
D.1.c.3 Natural light levels shall Irradiance was NO
not be reduced outside the zone of reduced by 6 - 16%
initial dilution. outside the ZID
B.4.c The discharge shall not contain No evidence for accumula- YES

substances (metals) that accumulate to
toxic levels in marine life.

and
D.1.d.4 Concentrations of metals shall
not increase to levels that would ad-
versely affect marine life

D.1.c.2 Changes in the rate of deposition
of sediments should not adversely affect
marine life.

D.1l.e.1 SONGS shall not have adverse
effects on marine organisms.

tion of metals due to SONGS

awaits completion of sediment studies

1. reductions in local popula-
tions of midwater fish

2. reductions in kelp, fish
‘and invertebrates in SOK

" NO
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Metals

MRC studies suggest that SONGS is in compliance with regulations for
metals. The NPﬁES permit prohibits the release of metals from the power plant at
rates that would increase local concentrations to toxic levels. The MRC found no
evidence to indicate that concentrations of metals in the tissues of marine organisms
or in beach sediments near SONGS were higher than levels at "clean" sites along the
coast and at the Channel Islands. Local increases occurred near the mouth of San

Mateo creek which suggests that the runoff from the creek is a source of metals.

Natural Light

MRC results suggest that SONGS is not in compliance with regulations that
govern natural light 1eve1§ in the receiving water. The NPDES permit states that the
operation of the power plant should not cause a decrease in the level of natural light
that pepetrates the water outside of the zone where the initial mixing of discharged
and receiving water occurs. MRC used irradiance to measure light levels.
Irradiance is a measure of the amount of light that travels through fhe water column
to a specified depth. The light is used by kelp and other algae for photosynthesis.
When light levels are too low, plants can not produce the energy needed to meet
metabolic demands or reproduce. A comparison of irradiance at the bottom in
SOK relative to a reference site in SMK found that natural light was reduced when
the plume of turbid water from the diffusers travelled downcoast, over SOK. When
the plume travelled upcoast, the water at SOK was slightly clearer. If periods of
decreased irradiance are averaged with periods of increased irradiance, the level of

natural light at the bottom downcoast from the power plant was 6 - 16% lower than
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it would have been in the absence of SONGS, and thus is not in compliance with the

NPDES regulation.
Marine life

The results of MRC studies suggest that-SONGS is not in compliance with
regulations for plants and animals in the ocean near SONGS. The NPDES
regulations for power plant effects on marine life prohibit the degradation of
populations of vertebrates, invertebrates and plants. Degradation is defined as a
statistically significant difference in characteristics such as the abundance of
organisms in the water near SONGS compared to reference sites. MRC studies
found significant reductions in populations of giant kelp, kelp-bed invertebrates and

fish, and midwater fish.
Comﬁarison of MRC results and NPDES monitoring studies

The NPDES permits for SONGS Units 2 and 3 require thth a discussion of
compliance with NPDES conditions is included in the annual report on the results
of monitoring studies done during the previous year. Each year, SCE has concluded
that SONGS is in compliance with all the NPDES permit conditions as determined

through analysis of monitoring data required by the permit. The results of MRC

- studies suggest that SONGS is not in compliance with NPDES permit regulations

for natural light and marine life in the receiving water.

We have reviewed the annual reports of the NPDES monitoring program,

and found that the results of the monitoring studies and the MRC results differ with
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respect to compliance because (1) populations that declined in MRC studies were
not monitored in the NPDES program, (2) sampling methods were different, and (3)
the analytical approaches used to determine if adverse effects occurred were

different.

(1) The NPDES permit does not require studies of midwater fish, kelp-bed
invert_ébrates or kelp-bed fish (although SCE sampled sea stars and urchins, and
conducted a short-term special study of kelp-bed fish). MRC found a decline in

these populations near SONGS.

(2) The sampling design for monitoring natural light levels was different in
the NPDES and MRC studies. The NPDES study measured light transmissivity only
6 times per year from 1964 to 1981, and only 4 times per year since mid-1985. The
MRC study measured irradiance continuously for at least 175 days before Units 2
~ and 3 began full operations and for more than 1,000 days after they were fully
operational. Current direction was measured at the same time in the MRC study so
that the position of the discharge plume with respect to the irradiance stations could
be included in the analysis. Thus the MRC study had many more samples on which
to base conclusions, and could subtract out the variability caused by changes in the

position of the turbid plume.‘

(3) The NPDES permit requires that the effect of SONGS on the marine
environment should be determined by comparing stations near SONGS (impact)
with reference stations (control). Comparisons of impact and control stations in
NPDES monitoring studies were generally qualitative. Temporal changes in the

mean abundances of populations or the mean values of physical characteristics at
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impact and control stations were described, and often related to natural events such
as storms. The conclusion reached in these studies was that spatial and temporal
\?ariability is naturally large, and that changes caused by natural phenomena are

much greater than any effects caused by the operation of the power plant.

In MRC studies, statistical tests were used to compare impact and control
sites. The method used most often was the Before-After/Control-Impact Pairs
(BACIP) design. The reasoning behind this design acknowledges that natural
temporal and spatial variability may be large. Natural fluctuations are subtracted
out by comparing the average difference between impact and control sites in the
Before period, with the average difference in the After period. Using this method,
MRC has been able to isolate the effect of SONGS from the background variability

caused by natural phenomena.
Recommended additions to the NPDES monitoi‘ing program

As a result of the comparison of differences in the results of MRC and

NPDES studies, we have formulated a set of suggestions for changes in the NPDES

monitoring program (Table 18.2). The intent of these recommendations is to focus
the monitoring studies on the biological and physical characteristics that will most
likely be affected in the future, and to increase the likelihood that studies will detect

effects, if they occur.

Midwater fish, kelp-bed fish and kelp-bed invertebrates should be monitored
regularly to assess whether SONGS-induced effects diminish or accumulate through

time.
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Table 18.2
Recommended additions to the NPDES monitoring program for
SONGS Units 2 and 3. :
~ STUDY RECOMMENDATION
Turbidity measure irradiance instead of transmissivity

Marine Biota

Sampling design
and analyses

measure currents at the "irradiance" stations
sample continuously

survey midwater fish
survey macroinvertebrates and fish in kelp beds,
as well as kelp

impact and control sites should be compared
using statistical analyses
utilize a Before-After/Control-Impact Pairs design
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We suggest that natural light levels should be measured continuously using
irradiance instead of transmissivity, because irradiance is a more direct measure of
the light available to plants for photosynthesis. As a beam of light travels directly
down through the water column, light is lost from the beam when it is _either
absorbed, or deflected (scattered light) by particles in the water. Absorbed light is
not available to plants, but scattered light can be used for photosynthesis.
Transmissivity measures the loss of light from absorption and scattering, while
Madi@ce measures the loss of only absorbed light. Since light intensity measured
using irradiance includes both direct and scattered light, it is a better measure of the

light available for photosynthesis.

Currents should also be measured continuously at the stations established for
continuous irradiance measurements so that the position of the turbid discharge

plume can be taken into account when testing for a SONGS’ effect.

The‘regulations require that compliance should be determined by statistical
tests of differences between impact and control sites, but the permits do not discuss
the statistical approach that should be used. We suggest that the permits should
include specific guidelines for sampling designs and statistical procedures. The
BACIP design has been successful in detecting effects in MRC studies and we
suggest that the NPDES permits adopt this approach, or some other quantitative -
approach that allows for and largely eliminates temporal and spatial variation,

whenever possible.
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SECTION V.,
RECOMMENDATIONS




Chapter 19

BASIS FOR RECOMMENDATIONS ON
PREVENTION AND MITIGATION*

Introduction

This chapter discusses the basis for the MRC’s mitigation recommendations.
First, we briefly list'the results of the MRC’s study, since these indicate the impacts
to be mitigated. Second, we discuss the Permit and CCC guidelines that have
governed our approach. Finally, we present two options for mitigating the effects of

SONGS.
Results

The operation of SONGS' has affécted organisms through two main
mechanisms: (1) killing organisms, especially immature and adult fish, that are
taken into the plant with the cooling water, and (2) creating a sometimes turbid
plume that affects the kelp, fish and invertebrates in 'the San Onofre kelp bed

(SOK). The findings are discussed in detail in the other sections of this report.

Substantial adverse effects are inferred for a number of populations of fish
throughout the Southern California Bight. In addition, substantial adverse effects
have been measured in (1) a rénge of organisms in the San Onofre kelp bed,
including giant kelp, several fish species, and invertebrates that 1i§e on the rocky

bottom in the bed, and (2) a number of populations of fish near SONGS.

* Dr. Richard Ambrose (UCSB) carried out the scientific study of mitigation, prepared the
Contractor’s Final Report, and prepared the Technical Report (H) to the CCC.
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Approach

The MRC’s approach to developihg recommendations has been mandated by
the Permit and subsequent guidelines issued by the CCC. Although we have
considered various laws and policies related to mitigation, our recommendations

have not been constrained or limited by them.

The Permit states that the MRC is responsible for recommending to the
Commission "any changes it believes necessary in the cooling system for Units 2 and

3" (Condition B.4). Condition B.6 provides that:

!_ : Should the study at any time indicate that the project will not comply
| ‘ with the regulatory requirements of State or Federal water quality
| : agencies, or that substantial adverse effects on the marine
environment are likely to occur, or are occurring, through the
| operation of Units 1,"2, and 3, the applicants shall immediately
| . undertake such modifications to the cooling system as may reasonably
| be required to reduce such effects or comply with such regulatory
requirements (which can be made while construction is going on and
could be as extensive as' requiring cooling towers if that is the
~ recommendation). The State Commission shall then further condition

g » the permit accordingly. ‘

In November 1979 the CCC expressed interest in evaluating means of
mitigating adverse effects other than changes to the cooling system, and directed the

MRC as follows:

Mitigation Alternatives to Design Changes. The Commission also

recognizes that operational changes or mitigation measures might
adequately compensate for any marine life damages resulting from
the operation of Units 2 and 3. The Commission, therefore, requests
the MRC to study the feasibility and effects of selected promising
mitigation measures, including construction of an artificial reef, as
suggested by Southern California Edison. ~The MRC should
recommend what measures might be taken to assure there would be
no net adverse effect on the marine environment from operation of
SONGS Units 2 and 3. (Staff Reports 11/9/79, 4/4/80) -

---—-—-\-"-ﬁ—-.-—ﬁ‘—
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The Permit states that the Committee is responsible for "recommending ...
any changes it believes neéessary in the cooling systerh for Units 2 and 3" (Condition
B.4), with.no mention of operational changes or mitigation. Option 1: Changes to
the Cooling System to prevent losses, below, responds to this charge. In Option 2:
Prevention and Mitigation, below, we have considered recommendations in light of
the November 1979 resolution as well as the Permit. We first recommend
techniques for reducing as many of SONGS’ impacts as can reasonably be
accomplished, and then recommend compensation techniques to mitigate the
remaining losses to the point of no net adverse effect. This priority was chosen
because the Permit stresses reduction of impacts; preventing losses is also given
precedence over compensating for lost resources by state and federal resource
agencies. For each mitigation technique, initial and ongoing costs and the amount

of resources mitigated are estimated. However, many of these estimates are rough

at best, and some techniques should not be required until tests determine that they

will substantially reduce the impaéts of SONGS.

Condition B.6 irhplies that recommendations should pass a criterion of
"reasonableness," and although the Commission makes the ultimate judgement of
what is reasonable, the MRC has provided information as well as its own judgement |
on this matter. We do not recommend several technically feasible techniques
because of associated impacts, uncertainty, expense or a combination of factors, all_
of which bear on the "reasonableness” of recommended techniques. In order to help
the Commission to evaluate the reasonableness of different techniques, we have
made general comments about the risks and expenses of each technique; more

detail can be found in Technical Report H.
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Option 1: Changes to the Cooling System

Conditions B.4 and B.6 of the Permit state that, if the MRC finds that
SONGS causes substantial adverse effects on the marine environment, the
Committee is responsible for recommending "such modifications to the cooling

system as may reasonably be required to reduce such effects...".

There are reasons besides the mandate of the Permit to prefer structural
changes as a means of reducing the impacts of SONGS. Structural changes could
~ remove or reduce the mechanisms of impact, thereby insuring that SONGS has the
least possible impact on the marine environment. Such changes not only minimize
the impact a project has on the local ecosystem, they also avoid the problems
associated with trying to (1) estimate the value of resources produced by imperfectly
understood mitigation techniques, and (2) compare the values of dissimilar

resources.

In this section, we address changes to the -cooling system at SONGS that
would reduce the substantial impacts of SONGS. We focus on two changes,

constructing cooling towers and moving the discharge.
Option 1a. Cooling towers

The substantial impacts are directly related to the intake and discharge of a
large volume of water at SONGS; cooling towers could reduce this flow by 90% or
more, thereby substantially reducing all of SONGS’ effects on the marine

environment that the MRC has measured [TR H: 5.1.1].
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Cooling towers present their own suite of problems. Any one of several
different cooling tower designs could be used at SONGS, but all have technical or
environmental problems. One design that seems suited to the San Onofre
environment, dry cooling towers, has never been used at a plant larger than 200
MW, so it is uncertain whether the engineering obstacles of applying this technology

to a 1100 MW scale could be resolved; furthermore, dry cooling towers would be

- expected to decrease plant capacity by 20% [TR H: 5.1]. Wet cooling towers would

also result in a significant decrease in plant capacity. Any decrease in efficiency
would likely increase emissions in the Los Angeles Basin, because fossil fuel power

plants in the Basin would need to operate more to make up the lost power.

Salt water would need to be used for wet cooling towers at San Onofre
because of the scarcity of fresh water, and the resulting salt drift would cause
substantial terrestrial impacts within a few miles of the towers [TR H: 5.1.2].
Although a smaller volume of water would Be discharged from SONGS than with
the pfesent once-through cooling system, the dischérged water would have higher
concentrations of toxic chemicals and other contaminants (which are used as anti-

corrosion materials) [TR H: 5.1.2].

- Retrofitting SONGS for cooling towers would be a complex engineering and
logistical project [TR H: 5.1.3]. SCE would need to acquire the land on which the
cooling towers would be built from either Camp Pendleton or the State Park. There
may not be eqough room to build the towers next to Units 2 and 3; if not, they would
need to be located at least a mile away from the plant on the other side of the
freeway. The intake pipes, which are pointing the wrong way, would need to be

extended in a sweeping circular pipe out and back up the beach. If the towers are
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located across the freeway, the pipes would need to be buried deep beneath the
freeway (the Department of Transportation would have to give permission to tunnel
beneath the freeway) and up fnto the hills, and additional pumps would be needed
to move the water uphill against a head of about 200 feet. The sea cliffs would

probably have to be destroyed no matter where the cooling towers were constructed.

~ Cooling towers are also likely. to affect human safety by increasing the
frequenconf ‘ground-level fogging around San Onofre [TR H: 5.1.2). The cooling
towers would have to be located adjacent to Interstate 5, where weather conditions
that produce a visible plume from the towers would sometimes reduce visibility on
the highway. Although this would probably occur only rarely (according to the 1973
Final Environmenta] Statement for Unit 1, SCE estimated that conditions conducive
to fog would probably occur during 90 hrs/year), the probability of autom(;bile
accidents near SONGS would be slightly higher as a result of constructing cooling

towers.

Finally, cooling towers are expensive, with an estimated cost of about $1
billion for construction [TR H: 5.1.4]. In addition, the decrease in plant capacity

would be expected to cost at least another $1 billion over the life of the plant.

Cooling towers were considered in the Final Environmental Statement for
Units 2 and 3 and by the MRC in its 1980 report to the CCC, and in both cases
rejected as unnecessary for the anticipated level of impacts. None of the recent

information indicates that they would now be a better alternative.
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If cooling towers are required, their environmental impacts would be
substantially different than the impacts measured by the MRC; these impacts should
be monitored even though they would be measurably lower than the presént
impacts. The appropriate monitoring would depend on the specific design
characteristics of the towers; because it is not possible to anticipate these
characteristics, we have not made specific monitoring recommendations for this

option in Chapter 20.

Recommendation: The majority of the Committee (Mechalas and Murdoch)
- recommends rejection of the cooling tower opﬁon because its

technical, environmental and safety disadvantages and high

- costs outweigh its advantages at SONGS. Dr. Fay recommends

- acceptance of Option 1a. -
Option 1b. Moving the discharge

An alternative to cooling towers is to move the discharge so that the plume
does not pass over the San Onofre kelp bed. This would eliminate the impacts on

the kelp bed.

This option has the following disadvantages: (1) Changes to the discharge
system must accommodate the plant’s finely-tuned hydraulic requirements, and this

restricts the distance at which a new discharge could be located [TR H: 4.6.3]. (2)

There would be new impacts on the marine environment, some of which we are not

able to predict [TR H: 4.6]. (3) It would not reduce the adverse effects on fish

populations, which are caused by the entrapment of fish. (4) The exact cost would
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depend on the specific location and design of the new discharge (and would require

a detailed analysis), but would be hundreds of millions of dollars [TR H: 4.6.3].

Recommendation: The MRC recommends rejection of the option of moving the
discharge structures because its considerable technical and
environmental disadvantages and high costs outweigh its

advantages.
Option 2: Prevention and mitigation

The MRC considered other means for reducing impacts and mitigating those
that cannot be prevented. In doing so, the Committee has been guided by the 1979

CCC resolution quoted above.

This section presents techniques that, combined, could be used to
compensate for the resources lost as a result of the operation of SONGS. The goal
of this option is to have no net adverse effect resulting from the operation of

SONGS.

The MRC has evaluated more than 30 different t‘échniques for preventing o_f
mitigating losses due to SONGS (Table 19.1). Unfortunately, most techniques that
have been developed to reduce impacts associated with power plant cooling systems
have never been adequately tested. Fufthermore, most development and testing
have focused on power plants that are much smaller than SONGS and are not
located on the coast of a temperate ocean. It is therefore difficult to evaluate the

feasibility of these techniques at SONGS, and there is uncertainty associated with
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Table 19.1

List of potential techniques for mitigating the effects of SONGS

All techniques, including those that would not be feasible or would not provide adequate mitigation at
SONGS, are included in this list. The most promising techniques are noted by *.

Loss prevention techniques

Structural changes - Intake

Modified travelling screen

(e.g., low-pressure wash, small mesh)

Infiltration bed ‘
Porous dike ‘ .
Barrier systems

Moving intake

Structural changes - Discharge .

Cover diffuser ports with rock

Modify diffuser ports _
-(e.g., increase height/exit diameter,
change discharge angle)

Change to single-port discharge

Relocate discharge ' -
(to shallow water or to deep water,
upcoast or downcoast) :

Convert to closed-cycle cooling system
(cooling ponds, canals or towers)

Nonstructural changes .

*Sonic devices
*Light systems
*Reduce flow/maintain power
*Reschedule flow
Electric fields
Bubble curtains
Water jets '
Modify bottom topography
Reduce flow/reduce power
Modify FRS operations
Modify heat treatment procedures

Compensation techniques

*Construct artificial reef

*Create new kelp bed

*Restore coastal wetland

- Construct fish hatchery

Coastal preservation
Information acquisition
Information dissemination
Water quality improvement
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even the most pronﬁsiﬁg of them. In addition, there have been few attempts to
mitigate nearshore coastal impacts, so there is little precedence or experience for
guidance. The relatively few techniques included in Option 2 are the techniques the
Committee feels are the most likely to be successful with no unacceptable effects;
other potential techniques that are not recommended are discussed in Technical

Report H.

Recommendation: The MRC recommends acceptance of Option 2, which consists
of a possible combination of four different techniques for
reducing or mitigating fish losses and one technique for

mitigating the impacts to the San Onofre kelp bed community.

The detailed recommendations in this section are organized according to two

major categories of losses: fish and kelp forest community.
Fish losses

The MRC recommends a possible combination of four different techniques
~ for mitigating the fish losses: (1) reduce the number of larvae entfained (by
reducing the flow rate at SONGS or other coastal power stations or by scheduling
SONGS so it does not operate during periods of maximum abundance of fish
larvae), (2) construct an artificial reef, (3) restore a wetland, and (4) reduce the in-

plant loss of juvenile and adult fish.

Rescheduling operations and reducing flow would prevent losses of some fish

larvae, but a substantial number of larvae would still be killed. There is no feasible
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technique for replacing all of these larvae in-kind; although some in-kind
replacement would occur on an artificial reef or with wetland restoration, these
techniques would be primarily out-of-kind. An artificial reef or wetland restoration
would also serve as compensation for any in-plant fish losses that cannot be

prevented.

This section discusses each of these techniques. In addition, we recognize
that different combinations of the first three techniques could each result in

complete mitigation, and we present a framework for combining the techniques.

2a. Reschedule operations and reduce flow

These two techniques, considered together because they could be
implemented in a complementary manner, would be used to dec;rease the loss of fish
larvae by reducing the volume of water that flows through SONGS. We present the
techniques in relation to SONGS, but note that an equivalent reduction in
entrainment from lower flow at other SCE coastal stations could be anvacceptable

substitution.

Reschedule operations

The water flow through SONGS is shut off regnlarly for routine maintenance
and refueling. By scheduling downtime during the period of méximum abundance
of fish larvae, the number killed could be reduced substantially. If the 60 days a
Unit is down for refueling and maintenance occurred during March and April, lossés

of fish larvae could be reduced by about 50% [TR H: 6.1.1]. Obviously, more days
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with no flow will give greater savings but higher costs (approximately $4

million/week) to SCE.

Flow could be stopped each year during the period of highest larval
abundance with either a 12-month or a 24-month refueling cycle. There are
technical and financial objections to a 12-month cycle. Although difficult to achieve,

a 24-month cycle, with Units 2 and 3 down in alternate years, would have the

- advantages of fewer manpower or safety conflicts (which would occur if Units 2 and

3 were down at the same time), a lower volume of radioactive wastes, and lower

costs [TR H: 6.1.2].

In spite of the advantages of a 24-month cycle, unexpected interruptions in
the operation of SONGS and other factors will make it difficult to adhere to any set
schedule. In fact, it may be impractical to require SCE to cease operating Units 2 or
3 during any specific period of time. The period scheduled for maintenance and
refueling is subject to a complex suite of factors, many of which are not under SCE’s
control. Nonetheless, larval fish losses can be substantially reduced, at no cost to
SCE, by scheduling SONGS to avoid operations during March and April, and the
adoption of such a policy by SCE should be encouraged. '

Reduce flow
Reducing the rate of water flow through SONGS while operating the plant at
full power would also reduce losses of fish larvae. The flow rate could potentially be

reduced by 33% or more [TR H: 6.2.2]; a 33% flow reduction would maihtain the

thermal standard of <4°F increase at 1000 feet from the diffusers, although a waiver
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would be required to allow an increase across the condenser of 30°F instead of 20°F.
Operating the plant at 67% flow for February through May (and full flow the rest of
the year) would reduce fish larval losses by 15% [TR H: 6.2.1]. (Most of the savings
in February comes from anchovies.) Savings would be somewhat higher for more
months; however, fish larval abundances are not particularly high in October
through January, and higher water temperatures after June would reduce the

efficiency of the turbines and substantially increase costs.

The costs of this technique include over $10 million to retrofit the pumps,
plus annual costs thé.t depend on (1) when flow is reduced and (2) the number of
days with reduced flow [TR H: 6.2.3]. For technical and financial reasons, it might
be best to reduce flow during the months with low ambient water temperatures.
Alternatively, it might be best simply to allow SCE to adjust the flow in response to
ambient conditions and power requirements, as long as the required r_educﬁon in
entrainment was achieved. For the proposed 4-month reduction, the annual costs
would be about $430,000 to $600,000 (based on a net electrical cost of 0.49%-0.6%
[5-7/1100 MW] and differential fuel costs of $4 million/week/Unit; the fuel costs

are keyed to oil prices and will fluctuate accordingly).

In addition to reducing the flow rate through SONGS, SCE might be able to
reduce larval entrainment by reducing the volume of water passing through other
coastal power plants. Studies at SONGS indicate that the thermal effluent from the
plant is of little environmental concern. We believe that the environmental
advantages of reduced flow that can be achieved by havirig a higher condenser
temperature will generally outweigh any potential environmental hazards at coastal

power plants. The greatest environmental protection might result from a waiver of
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thermal standards at SCE’s coastal power plants, since this would minimize the

volume of water pumped through the plants.

Reschedule operations and reduce flow

The most cost-effective means of reducing losses of fish larvae would be to
schedule SONGS so it does not operate when fish larvae are most abundant and to
reduce the flow of water through the plant during a few other mbnths. Of course,
the actual savings in larvae will vary depending on the specific timing implemented;
no flow during March and April and 67% flow during February and May would
reduce larval fish losses by nearly 60% [TR H: 6.3].

No monitoring would be required for rescheduling or réducing the flow rate

through SONGS.

2b. High-relief artificial reef

One way to increase the general production of fish would be to construct an
artificial reef. There are many problems associated with using an artificial reef as
out-of-kind mitigation, stemming from uncertainty about the amount of fish
produced on artificial reefs [TR H: 8.5.2]. Any estimate of the size of reef needed
will be mainly a best guess, and since there is no impact to a specific habitat it is not
possible to come up with compensation ratios. On the positive side, reef design
would not be as constrained as with in-kind mitigation, and in fact the reef should be

built to produce as many fish as possible.

298

NS




L

. . N -l .a
S B — -~ .

The approach we have used for determining the reef size needed to

compensate for the fish losses, described in Technical Report H [TR H: Appendix

D], is to convert the fish losses from biomass of soft-bottom fish to biomass of reef
fish and then calculate the size of reef needed to support that biomass of reef fish.
This approach relies on many rough estimates, since virtually none of the necessary
information is accurately known, and on a judgement about the relative worth of
midwater fodder fish versus a rocky reef community. Using the values described in

Technical Report H, our best estimate is that a 60-ha artificial reef would

compensate for the unavoidable loss of fish.

We consider that monitoring the reef is an integral part of this
recommendation. The physical structure of the reef should be monitored
immediately after construction to verify that it meets the design specifications; if it
does not, additional COﬁstrucﬁon should be required to bring it up to the
specifications. The principal evaluatioﬁ of this technique should take the form of a
comprehensive study of the amount of fish produced on the reef, to be completed
over a period of perhaps five years. Although information from this study should
not be used to require additional mitigation from SCE, it will be extremely valuable

for evaluating future proposals to use artificial reefs as mitigation.

Cost of constructing a high-relief artificial reef is estimated to be $250,000
per ha [TR H: 8.3.4], so the cost of constructing a 60-ha reef would be about $15

million.




2¢. Restore wetland

Coastal wetlands are valuable habitats because‘they'ser've as nurseries for
some marine fish, are productive, and provide habitat for rare and endangered
species. In Southern California, less than 25% of the original Q‘v.gtlands remain and
nearly all of these have been degraded. Wetland restoféﬁon would be an

appropriate means of mitigating the loss of fish larvae caused by SONGS.

Two difficulties with implementing this technique are: (1) Location.
Wetlands in Southern California are in high demand for restoration vand the
alternatives are limited, but SCE owns some property in the Huntington Beach
wetland and there are several other possibiliiies (including the Ballona Wetland)
[TR H: 104.1]. (2) Amount of restoration needed. As with all out-of-kind
techniques, it is difficult to determine the amount of mitigation neéded to achieve

the appropriate amount of compensation [TR H: 10.5]; this is particularly difficult

under the present circumstances, where the impacted resources are tied to a habitat

(open water) that we cannot restore. Furthermore, the amount of restoration

needed will depend on the specific design of the restoration: shallow-water habitats

such as estuaries and embayments will provide more in-kind, and perhaps out-of-
kind, value than most salt marshes, although marsh habitat that supports
endangered species would ‘be especially valuable. While it is impossible to
determine precisely the amount of restoration needed, we propose that, depending
on the particulars, 30 to 60 ha would adequately mitigate for the fish losses; this

calculation is presented in Technical Report H.
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If wetland restoration is chosen to replace losses, the restoration must be
monitored carefully to insure that it is successful. Previous monitoring efforts have
generally evaluated only whether transplanted vegetation grew as expected; this is
not sufficient. Specific criteria for success (i.e., particular hydrological, physical and
biological characteristics that must be realized) and the time frame for their
achievement should be established when the restoration plan is developed. If
monitoring indicates that these objectives have not been accomplished on schedule,
additional efforts should be required to ensure that the best possible effort is made
to establish the target cornmunity.» The monitoring would be completed over a

period of perhaps five years.

The cost of restoring a wetland will vary tremendously depending on the
specific project [TR H: 10.4.2]. The recently completed restoration of 9.7 ha at the

Huntington Beach wetland cost $488,000, or $50,000 per ha. The proposed

restoration of Bataquitos Lagoon (as mitigation for development in the Ports of -

Long Beach and Los Angeles) is expected to cost about §15 million for 160 ha, or
$94,000 per ha. Restoration costs could be higher if the cost of acquiring the land is
unusually high. For example restoring 18 ha in the Huntington Beach wetland
might involve purchasing the land for $250,000/ha and restoring the wetland for

$55,000/ha, for a total cost of $5.5 million, or $305,000 per ha.

For the current best estimate of 30 to 60 ha, the cost of restoration could be

between $3 million and $18 million.




Combined approach to mitigating losses of fish larvae

Different combinations of these three techniques (reducing entrainment,
constructing an artificial reef, and restoring a wetland) could each result in complete

mitigation for the loss of fish larvae.

We suggest that an explicit framework for combining these techniques would
allow SCE to choose its own mix of the three techniques, but would insure that the
‘impact is fully mitigated. This framework is described in more detail in Technical

Report H, with an example provided below.

Our best estimates indicate that either constructing a 60-ha artificial reef or
restoring a 60-ha wetland would completely compensate for the loss of fish lérvae
(This estimate for wetland restoration is used here for illustration purposes; the
actual wetland value will depend on the nature of the restoration proposed.) Based
on these numbers, one ha of artificial reef is worth 100%/ 60= 1.67%, and each ha of
wetland is worth 100%/60=1.67% of the required total. Likewise, each percent

reduction in entrainment losses would be one percent of complete reduction.
Complete mitigation for the fish larval losses would be achieved when the

combination of techniques adds up to 100%. For example, complete mitigation

would be accomplished by the following combination:
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Method ' Relative value
20% reduction in entrainment 20%
24 ha of artificial reef ' 40%
24 ha of restored wetland 40%
TOTAL 100%

By this method of combining techniques, each techm’qﬁe is considered
equally acceptable for mitigation. In fact, there is an advantage to preventing the
entrainment of larvae, since this will reduce the loss of real fish (as opposed to
compensating on the basis of inferred losses) and does not rely on the assumptions
needed to determine the appropriate amount of out-of-kind mitigation. The MRC
strongly supports any effort to reduce the loss of fish larvae, and recommends that
volume of water flowing through SCE’s coastal power plants be reduced as much as

pbssible.

o On the other hand, the Comrr_xittee believes that an artificial reef or wetland
restoration will satisfactorily mitigate any unavoidable fish losses. We have
provided our best estimates for the sizes of these projects that would be needed for
complete mitigation. Although there is a great deal of uncertainty about these
estimates, one factor favors using these techniques: they will continue to produce
resources after SONGS has stopped operating. An artificial reef or wetland

restoration has the potential for actually having a greater long-term resource value

than a prevention technique.




2d. Reduce fish impingement losses

SONGS already employs two effective techniques for reducing midwater fish
losses: velocity caps on the intakes, and the Fish Return System. Although these
two techniques drastically reduce the number of fish entrapped and killed by the

plant, at least 20 metric tons (MT) of fish are still killed each year.

There may be new techniques that could be used to reduce the impingement
of fish, and SCE should be able to choose any technique that they think will
effectively reduce these losses. The MRC has identified two techniques that could
pétentially reduce the impacts of SONGS on midwater fish populations: mercury
lights and sonic devices. Because the effectiveness of these techniques has not been
adequately tested, we recommend that they be tested and their implementation be

required if they will reduce impingement losses by 2 MT/year.

The arrangement of intakes for Units 2 and 3 is suitable for controlled tests
of mercury lights and sonic devices; a system could be operated at one unit, and
entrapment when fhe system is operating compared (using simultaneous 24-hour
samples) to ehtrapment over the same period and flow rate at the other unit. To
control for differences in the species entrapped By the two Units, the test and
control units could alternate between Units 2 and 3 during a series of trials.
Effectiveness should be evaluated in terms of overall fish entrapped and on a
species-by-species basis; both numbers and biomass should be éonsidered. The tests

should be performed during normal operations and during heat treatments.
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Mercury lights

Mercury lights would be used in the Fish Return System chamber to attract
fish out of the screenwell. This could increase the diversion efficiency of the FRS at
all times, but would be particularly important during heat treatments because the
fish killed during heat treatments tend to be the largest and most economically
important of those killed by SONGS {TR C: 3.1.1]. Mercury lights (perhaps in
conjunction with sonic devices) might be able to save up to 2.7 MT of these large
fish per year [TR H: 3.3.3.1). The cost of mercury lights is estimated to be roughly
$100,000.

Mercury lights are recommended because they appear to be a simple and
inexpensive way to reduce losses. But they might not be worth implementing if they
are not effective or do not prove to be simple and inexpensive, so we recommend

that a feasibility study be performed before they are implemented.

Sonic devices

Sonic devices, such as pneumatic guns or "hammers," could be placed in the
screenwell area to increase diversion of fish into the Fish Return System and/or at
the intakes to reduce entrapment of fish [TR H: 3.3.1]. Sonic devices in the
screenwell area are likely to be effective for all species and sizes of fish entrapped,
although large individuals might benefit the most because they are
disproportionately killed during heat treatments. Sonic devices (perhéps in
conjunction with mercury lights) might be able to save up to 3 MT of fish per year.
The cost of sonic devices in the screenwell area is roughly estimated to be about

$100,000 [TR H: 3.3.1.3].
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Sonic devices in the intake would probably be most effective for schooling
fish. Transient schooling species such as northern anchovy would be in the vicinity
of SONGS’ intakes for only a short time, so sonic devices might effectively disperse
these fish away from the intakes without habituation to the devices. If the sonic
devices can reduce the entrapment of schooling fish by 50%, they will save about 54
MT of fish [TR H: 3.2.2.1.1]. The species that would be saved comprise a large
proportion of the number entrapped by SONGS, but they are the smaller and
younger fish of those entrapped and do not contribute much to the weight
entrapped. The cost of sonic devices at the intakes is roughly estimated to be

$300,000 [TR H: 3.3.13].

Kelp forest community impacts

2e. Low-relief artificial reef with kelp

The fraction of the kelp community lost at San Onofre kelp bed should be
replaced by constructing an artificial reef that de‘velops and maintains a kelp bed.
Few artificial reefs have been used for mitigation because there is substantial
uncertainty about the resources they provide [TR H: 8.2]. The safest way to insure
that an artificial reef is adequate for mitigation is to build the reef larger than the
impacted reef, since kelp would probably not cover the entire reef, the density of
kelp might be lower on the artificial reef, and the kelp community on the artificial
reef might not be as productive or diverse as the natural community [TR H: 9.3].
This approach, in which the ratio of created habitat to impacted habitat is greater
than one, has been used extensively in mitigation. A reasonable size for the

artificial reef would be 120 ha.
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In order to insure that the community that develops on the mitigation reef is
as similar as possible to the impacted community at SOK, the physical structure of
the reefs should be as similar as possible to SOK’s [TR H: 8.5.1]. Although SOK
may not be the most productive or diverse kelp bed in Southern California, there
are few kelp beds in which the kelp plants grow on "cobbles" or scattered boulders
as in SOK. The characteristic organisms that live in this habitat would best be
replaced by an artificial reef with a physical structure similar to SOK’s. Ideally, the
substrate itself should mimic SOK, that is, it should consist of cobbles and boulders
identical to those at SOK. However, there is a risk that a low-relief artificial reef
will be more prone to being inundated by sand than a high-relief reef; this risk could
be minimized by using larger rocks and having occasional areas of somewhat higher

relief.

Two difficulties with implementing this technique are: (1) Location. Ideally,
the reef should be located as close as possible to SOK, but if it is too close it also
will be impacted by SONGS [TR H: 9.2.1]. Likely locations for the mitigation reef
include upcoast and downcoast of SMK and several kilometers downcoast of SOK.
(2) Techniques for establishing kelp. Althoﬁgh kelp is now. present on several
artificial reefs, there have been many probléms with establishing kelp on artificial
reefs [TR H: '9.1.2]. Different techniques are available for establishing kelp,
including transplanting adults, transplanting sporophylls, and outplanting juveniles
[TR H: 9;2.2]. These techniques could be employed in an—experimental design
during the first year after construction, with a decision about the technique(s) to be

used in successive years made after their effectiveness has been evaluated.
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Independent monitoring of the artificial reef is an integral aspect of this
recommendation. First, it is essential that giant kelp become established quickly on
the reef and that it persists. Performance criteria can be used to establish a
timetable for giant kelp development. A reasonable timetable would be to establish

giant kelp within 3 years; if monitoring indicates that giant kelp has not been

established on schedule, additional efforts should be required until the target |

community is established. Because the densities of fish and benthic algae and
invertebrates should eventually be similar to the densities that would have occurred
at SOK in the absence of SONGS’ impacts, these organisms also should be

monitored.

The cost of a low-relief artificial reef is estimated to be roughly $62,500 per
ha [TR H: 8.3.4]; the cost of establishing kelp on the artificial reef is estimated to
- be several million dollars [TR H: 9.2.3]. The total cost of cbnstructing a 120-ha

low-relief artificial reef with kelp is estimated to be about $10.5 million.
Summary
"The options considered in this chapter are summarized in Table 19.2. Other
possible techniques for reducing or mitigating losses caused by SONGS may be

proposed in the future. The CCC may wish to consider these alternatives if they

seem appropriate.
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Table 19.2

Options for reducing or mitigating the impacts of SONGS

OPTION TECHNIQUE OBJECTIVE v RECOMMENDATION

1: Changes to cooling system

la Cooling towers Reduce all losses Reject (WM, BM)
' Accept (RF)

2: Prevention and mitigation _ Accept

2a  Reschedule operations! Reduce larval fish losses
Reduce flow! (1-10% reductions in standing
2b  Artificial reef (60 ha)? stocks of some species)
2c  Restore wetland (30 to 60 ha)l "
2d Reduce impingement losses Reduce fish intake losses (21 tons/yr)

2e Artificial reef (120 ha) Replace kelp community losses
(80 ha kelp and associated
invertebrates and fish)

, . 1b Moving discharge ) Reduce discharge losses Reject

1 A combination of these techniques could be used as long as overall result was complete mitigation.
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Chapter 20

FUTURE MONITORING

The MRC recommends three different types of programs for future

monitoring, each of which is motivated by its own set of objectives.

First, the MRC recommends additional monitoring for compliance with
water quality regulations. The MRC’s evaluation of SONGS’ compliance with the
regulatory requirements of State and Federal water quality agencies (Chapter 18)
has led to recommendations for improved water quality monitoring. These
recommendations are intended to focus the existing NPDES monitoring program on
the resources that are most likely to be affected by SONGS. Much of the crucial
information is already being collected by SCE (including data on plant operations,
fish entrapment and diversion, ahd giant kelp), and so no recommendations are

made to duplicate these efforts. It is important that SCE’s data continue to be made

~ available in a timely fashion to whomever does the proposed additional monitoring.

Recommendations for achieving this goal are described in Water Quality

Compliance, below.

- Second, the MRC recommends that mitigation measures be evaluated fo
ensure that the objectives of the recommendations are achieved. Not all mitigation
measures will need an extended period of monitoring, but the progress and success
of complex projects such as wetland restoration or artificial reef construction should
be monitored. In these cases, monitoring can be used to confirm that the projects
are proceeding on schedule and, if necessary, to identify where remedial work might

be needed. In addition, the design and evaluation of techniques for mitigating
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coastal impacts are hindered by the lack of relevant information; careful,
quantitative monitoring of implemented projects will provide information that is
critical for future resource management decisions. Mitigation monitoring would be
needed for the first few years after implementation to evaluate the success of the
technique, after which no additional monitoring would be necessary. Results of the

mitigation monitoring should be reported to the CCC (or its designate).

Finally, the MRC recommends continued monitoring of the effects of
SONGS. The object of this monitoring is to determine (1) whether the magnitude
of an adverse effect detected by the MRC changes because of changes in the plant’s
operations or changing environmental conditions, or (2) whether there are
cumuiative effects that were not detected during the relatively short After period of
the MRC’s studies. Note that most questions about possible changes in the effects
of SONGS can be resolved by the recommended compliance monitoring, and are

included under those recommendations.

In this vchapter, we briefly describe the monitoring recommended for each of
the three types of programs; these recommendations are summarized in Table 20.1.
We have made some suggestions about the information that should be collected or
the frequency of sampling, but we have not designed complete monitoring programs.
It should be noted, however, that the specific design of each program and the
analysis and interpretation of the data will be critical to the successful completion of

the objectives of these recommendations.
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Table 20.1

Summary of Monitoring Recommendations

CATEGORY MONITORING RECOMMENDED FREQUENCY

A. Compliance

Irradiance Measure irfadiance and currents Continuous

Fish Densities of midwater fish 4x/yr

Kelp Community Density of giant kelp adults* 2x/yr
Recruitment of giant kelp* 1x/yr
Densities of large invertebrates 4x 1%t yr, 1x/yr thereafter
Densities of kelp bed fish 1x/yr

B. Mitigation

Low-relief artificial reef

High-relief artificial reef

Wetland

Density and recruitment of giant kelp
Densities of fish, algae & invertebrates

Fish production

Depends on restoration plan; might include:

Densities of fish larvae and adults
Productivity estimates
Physical and chemical measurements

4x/yr 15 3 yrs, 2x/yr thereafter
4x/yr 15t 3 yrs, 2x/yr thereafter

8x/yr for 2 years

6x/yr for 2 yrs

C. Effects

Soft Benthos

Densities of infauna

4x 1%t yr, 1x/yr thereafter

* Already being monitored by SCE at present. -




The recommended compliance monitoring could be easily incorporated into
SCE’s NPDES monitoring program, but the other recommendations do not fit

obviously into an existing program.
Water quality compliance
As a result of differences in the results of MRC and NPDES studies, we have

suggested changes in the NPDES monitoring program. The intent of these

recommendations is to focus the monitoring studies on the physical and biological

characteristics that are most likely to be affected by the operation of SONGS and to

increase the likelihood that studies will detect effects, if they occur. We include
suggestions for additional studies of marine organisms and physical characteristics,
and changes in sampling design and analytical procedures used to determine if the

power plant is in compliance with water quality regulations.

Irradiance

The California Ocean Plan states that reduction of natural light may be

determined by measuring light transmissivity or irradiance. We suggest that

irradiance is better than transmissivity for detecting reductions in natural light

because irradiance is a more direct measure of the light available to plants for

photosynthesis. Downward planar irradiance was used to measure natural light at
depth in MRC studies. The detector measures both direct and scattered light,
counts photons in the photosynthetic band, and is a direct measure of light used by

plants.
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Results of SCE and MRC studies show that natural light levels are highly
variable, and that light must be measured frequently to detect effects. Irradiance
was measured continuously by the MRC at control and impact stations. Currents
were also measured coﬁtinuously at these stations so that the position of the

discharge plume could be included in the analysis.

We recommend that the NPDES monitoring program for SONGS be
amended to replace the quarterly transmissivity samplesi with measurements of
irradiance and currents taken continuously (e.g., every hour). We also recommend
that future sampling stations include the stations used in MRC studies so that data
collected at these sites in the Before period can be used in BACIP analyses. The
continuation of measurements at MRC stations will enhance the ability to detect
long-term trends in natural light levels, if they occur, as the data set is extended

through time.
Fish

Results of MRC studies detected reductions in local populations of midwater
fish, and detected increases in abundance of benthic fish. The NPDES permits

require that only benthic fish be monitored.

The MRC recommends that populations of midwater fish be monitored near

SONGS.




Kelp forest community

Giant kelp

Kelp forests are productive habitats that support a diverse group of algae,
fish and invertebrates. Giant kelp studies are presently included in the NPDES

monitoring program. We believe that continued monitoring of aduli, subadult and

juvenile kelp is particularly important because it is possible that effects that could

not be detected during the few years of the MRC'’s study would become ev1dent with

a longer monitoring period, or the magnitude of the effects might change.

Kelp forest invertebrates and fish

Studies of invertebrates and fish in kelp forests are not required by the
NPDES permit (although SCE contractors did sample fish periodically and counted
sea stars and urchins in kelp transects). However, MRC studies detected reductions

in the abundance of fish and kelp forest invertebrates, as well as kelp.

The Committee recommends that NPDES monitoring studies of kelp forests

include regular samples of large invertebrates and fish, in addition to kelp.

We recommend that large invertebrates be sampled on ‘a broad scale
throughout the San Onofre and San Mateo kelp beds (including the BACI stations
that were sampled by the MRC). Because we are most concerned with long-term
changes, and these invertebrates are long-lived, annual sampling should be

adequate; intensive sampling the first year would serve to firmly establish current
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densities. All of the species sampled by the Kelp Forest Invertebrate Project should

be included.

We recommend that bottom fish be sampled in San Onofre and San Mateo
kelp beds. The same stations and. techniques (diver visual transects) used by the
MRC'’s Fish Program should be used in future monitoring; sampling should occur in
the Fall of each year, after the major recruitment period and when conditions are

most suitable for sampling.

Sampling design and analysis

The California Ocean Plan and NPDES permits for SONGS state that

compliance with many of the receiving water regulations should be determined by
statistical tests of differences for physical and biological characteristics at impact
and reference sites. The permits do not discuss the statistical approach that should

be used.

SCE generally relies on descriptions of temporal and spatial patterns to

determine if there is a SONGS effect, and rarely uses statistical comparisons. It

‘would be extremely difficult to detect SONGS effects, if they occur, using

descriptive comparisons because it would be difficult to separate effects from the
large, natural spatial and temporal variability in the marine environment. The
MRC has used the BACIP design (Chapter 5), which can often detect SONGS

effects in spite of large spatial and temporal variability.
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The BACIP design can only be used if the same impact and control stations
were sampled both before and after SONGS began operating. There may be
ongoing NPDES studies, such as kelp densities, that can use the BACIP design.
However, it may be difficult to meet the BACIP requirerhents for other studies
because few samples were taken in the Before period. In some cases, such as
midwater fish, MRC samples in the Before period could be used if the MRC impact
and control stations are sampled in the future. If there are few or no samples in the
Before period but many samples in the After period, an alternative to BACIP is to
test for a trend in the difference between impéct and control stations through time
(Technical Report K). A significant regression of the difference between the impact
and control stations for each survey, against time, may indicate that an effect had
"accumulated” throﬁgh time. This test must be used with caution because a trend
may be a continuation of a pattern begun before Units 2 and 3 began operating, in

which case the effect might not be caused by SONGS.

We recommend that the NPDES permits should include specific guidelines
for sampling designs and statistical pfocedures. The BACIP approach has been
successful in detecting effects in MRC studies and we suggest that the NPDES
perrriits'adopt this approach whenever possible.

Mitigation

Low-relief artificial reef

The major uncertainty associated with using a low-relief artificial reef to

replace kelp forest resources is whether giant kelp can be successfully established on
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the reef. As noted in Chapter 19, different techniques for establishing kelp could be
evaluated in an experimental design during the first year, with a decision about the
technique(s) to be used in successive years made after their effectiveness has been

evaluated.

We recommend that the artificial reef be monitored (1) to ensure that it is
constructed according to its design Specifications, and (2) to check the progress of
giant kelp on the artificial reef. The physical structure of the reef should be
monitored immediately after construction to verify that it meets the design
specifications; if it does not, additional construction should be required to bring it
up to the specifications. In addition, giant kelp should become established on the
reef within a reasonable period of time, perhaps within three years.. (Specific goals
of area and density would have to be defined.) If monitoring indicates that giant
kelp has not been established on schedule, additional efforts should be required to

ensure that the target community is established.

We recommend that several other sampling programs coincide with the giant
kelp monitoring. If giant kelp does not become quickly established, it will be
important to ideﬁtify the cause(s). Information on the physical conditions
(especially irradiance, currents and temperéture) on the reef during attempts to
establish kelp will be indispensable; sampling the recruitment of giant kelp on the
reef is also recommended. Finally, the densities of fish and benthic algae and
invertebrates should eventually be similar to the densities that would have occurred
at San Onofre kelp bed in the absence of SONGS if the artificial reef is to mitigate

successfully the impacts of SONGS, so these organisms should also be monitored.
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High-relief artificial reef

The two main uncertainties associated with constructing a high-relief
artificial reef as out-of-kind mitigation for fish losses are: (1) the density of fish that
will occur on a large artificial reef, and (2) the amount of fish that will be produced
| by the reef. Both of these uncertainties need to be resolved before the size of reef
néeded to mitigate a particular resource loss can be accurately estimated. At
present, the size of reef recommended as out-of-kind mitigation for SONGS’
impacts is our "best professional judgement" based on all available information; but
there are many uncertainties involved in calculating this estimate; resolving these
uncertainties would be extremely valuable for evaluating future proposals to use

artificial reefs as mitigation.

We recommend thét the high-relief reef be monitored (1) to ensure that it is
constructed according to its design specifications, and (2) to evaluate the amount of
fish produced on the reef. The comprehensive evaluation of fish produced by the
reef, which should inciilde an assesSment of the density and standing stock of fish on
the reef, would be extremely 'valuable for evaluating future proposals to mitigate
éoastal impacts; regardless of the results of the study, the reef and study should

constitute adequate mitigation for the estimated losses.
Wetland
As with using an artificial reef for out-of-kind mitigation, there is uncertainty

about how much wetland vrestor_atibn would be needed to mitigate a particular

impact. In addition, there is uncertainty about the success of wetland restoration
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because few previous restorations have been adequately evaluated. Previous

monitoring efforts throughout the country generally have evaluated only whether

transplanted vegetation grew as expected; this is not sufficient because it does not

reflect the overall biological value (particularly to invertebrates, fish and birds) of

the restored wetland.

We recommend that specific cﬁteria for success (i.e., particular hydrological,
physical and biological characteristics that must be realized) and the time frame for
their achievement be established when the restoration plan is developed, and the
status of the restoration be monitored. Monitoring, which should involve a
compfehensivé evaluation of the restoration project, would have tv_vd goals. First, if
monitoring indicates that the restoration did ndt meet its.design specifiéations or the

specific objectives have not been accomplished on schedule, additional efforts

should be required to ensure that the target community is established. Second,

monitoring should assess whether the anticipated resource value of the restored
wetland was actually achieved. As with artificial reefs, this study woul.d‘be extremely
valuable for evaluating future proposals; regardless of the results of the study, the

restoration and study should constitute adequate mitigation for the estimated losses.
 Effects -
Soft benthos

" SONGS increased the densities of infauna near the plant. Although this is
not considered an adverse effect, the soft benthos sampling employed a gradient

sampling design that could be used as an indicator of the extent of SONGS’ effects.




Future sampling of the soft benthos could determine if the spatial extent of SONGS’

effects increases through time.

We recommend that the soft benthos be sampled at the same stations used
by the MRC, with the addition of a more distant control, to estimate any future
increases in the area affected. Semi-annual sampling would be useful because most
infauna have shorter lifespans than hard-bottom invertebrates; intensive sampling
the first year (perhaps four times) would serve to firmly establish current densities.

The major taxonomic and ecological groups should be sampled.
Anomalous sediments

At this point, the MRC has not made a determination about the link between
SONGS and the anomalous sediments in the San Onofre kelp bed. If SONGS is
linked to these sediments, it will be important to monitor their distribution and
abundance, since they may either continue to accumulate or may disappear. We
would recorﬁmend that the sediments be sampled in San Onofre and San Mateo
kelp beds using the same methods and sites used in 1989, with permanent stakes
added to measure changes in sediment depth. Sampling should be done twice per

year in case there is a seasonal pattern to sediment deposition and erosion.

There have been few long-term marine ecological studies in spite of their
obvious value in understanding the ecology of marine communities. The future
value of the monitoring data will be greatly increased, for both scientific and
coastal-management purposes, if they are recorded and maintained in such a way

that they can be analyzed in conjunction with those already collected by MRC. This
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goal will be facilitated by placing the data into data sets that are comparable in

format to those developed by the MRC.
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APPENDIX 1. .

- CALIFORNIA COASTAL COMMISSION PERMIT 183-73

February 1974

325




This page intentionally left blank.

326




'
.

[

. .

.A 4

. 1 SR
- X ;:V“‘"'“]/&:L( f;‘n_\~
A — U/C/f-\
X 37“- Al ('ALIff‘P“ A ' - lom.w‘ FEAZIN, Caver
CALISOTNIA COASTAL ZONE CONSERVATION COMMISSION. g ¥
53 11AL%ET STRLET. 2ad FLOGR 'y
3aN 124271880, CAUFOANIA 94102 TYASTAL AN
(21%) 527190 : . o ¢ MM/SS,ON
February 28, 1974
PERMIT NJ. 183-73
Southern California Edison Company ' : S
Po O BOX 800 @ : STATE OF Cavus

221, Walnut Crove Avemie @
Rosemzad, Califormia 92770 :

San Diego Cas and Zlectric Cozpary
P. 0. Box 1331 '
San Piego, California 92112

Gentlemen:

On February 20, 1974, by a vote of 10 in favor, 2 ageimst, the Calirormsa
Coastal Zone Come-vat.mn Co"::"*_ss:.on adcpted the resoluticn below that, subgec‘:
to the conditicas ncted below, '*tbor"_::es the constructior of Units 2 and 3
the San Cncfre nuclear generating station, as describsd in youo ap:hca‘:.mn.

Resolution of Acoroval

I. Aperovel of Mediliad Provosal, The Califormniz Coastal Zone Cenmsermbi-~n
Cormissiecn hereby arproves a permit for the proposed development a5 modifisd by the
conditions telow, cn grounds that, as conditicned, Lthe pregosed develspmant ‘.c"_"d
not have army substantial adverse environmental or ecological effects and would he
consistent with the findings, declarations, and c“gef-u.\ms af th= Califgrmiz Coastal
Zone Conservation Act of 1972. :

IT. Cenditions

A. Public Access Around Censiyuection Site

1. The applicants shall provide public access belireen the two pz=tsz
of the San Cnofre Stzbte Esach, around the construcstion site, frem 8 z.m. to éx:.se'-
on Saturdays, Sundays, ar.:'. National Holidays in the months of June, July, Aususs,
and September, beginning in the year 1975 and co*x..:.nu_ng i -ough the con.surz_ga_c;
pericd.

2. The access shall be providad by means of a walkwray no less than §
feet wide. ' :

3. Signs sha_L'L be posted by the applicants at bosth ends of the wallsre
Lo provide reasonsble notice to the public of the e.cxstnnce of the wallkay and of
the days and howrs it will be open.

L. Public use of the walleray may be interrupted for a raxdmen of one
hour per day, with each interruption to last no more than 15 minutes, to 21lc:r tho
movement of construction equipment or workmen. :

_ e N —
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Q.

s .
B. Marine Favircnzant

. 1. Inmediately upon apprcvel of this permit, a comprenensive an
continuing study of the marine environment oifshcore frem San Crofre shall be bezun
to predict, and later to measure, the effects of San Onofre Units 2 and 3 on th
marine enviromment, with erphasis on (a) the effects of the new units on zosplanit
and larval organisms, and (b) cozpliance with the rezulstory raquirements of State
and Fedoral water quality agencies. This study shall be in additisn to any obher
study progracs affecting the marine envircnment, bubl this and other studiss mzy be
comained or otherrise condusied in a manner that will result in the breadest possidls
ccasideration of the effects of Units 1, 2, and 3 on the entire marine emvircazest
iz the vicinity of San Onclre. ' ' )

o
o

2. The study program shall be designed and conducted wdar the
direction of a Review Commiitze ccrsisting of 3 perscns with prefessicnal exgerien
in marins bislcgy and lsowledge of the issues inwvclved; ome to be chosen &7 the =
cants, cne to be chessn by the appsllanis, and one to be chosen by the State Com=s—
sion (to serve at the pleasure of the Commissi n) frea a lizt sucsdtied by the Txac

e
i

a
Director o the State Commissicn (hereinafier raferrsd to'as "staff"). The meshzrs
of the Review Cemmities shall be designated within 30 days of the dale of State
Commissisn action on this permit. If a mexber is not chesen within that pericd,
and the nams transmitted to the staff, thal memoer's place cn the Reviay Committes
shall be procgtly f£illed by a member chosen by the State Cemzissicn in the mammer
provided atove. ) .

3. A1 costs cf the study, including any spesial reviews necessars to
evaluate study dats, shall te torne by the applicarts.
)

: L. The Review Cormdttee shall be resgensible fcr dstermining the
of the study program, reviewing the data collected, interp eting the resuiis cf
studies, and reccrmending to the State Ccmmission any changas it believes neces
in the cooling system for Units 2 and 3. The State Commissicn shall then furthe
condition the permit accordingly. :

o
- e

5. The Review Committee shall make reporis to the State Ccemmdssion af
least semi-zmually as to the status, findings, and recormendations of the studry.
¥ vs

6.{:Should the study at any time indicate that’ th2 project will nct
comply with the regulatory reguirements of State or Federal water quality agencies,
or that substamtial adverse effects on the marine envirormermt are likely to occur,
or are occurring, through the operation of Units 1, 2, and 3,/ the applicants skall
immediately undertake such modifications to the cooling sysfém as may reasonatly be
required to reduce such effecis or comply with such regulatory requiremerts (vhich
can be made while constructicn is going on and could be as extensive as reguiring

cooling towers if that is the recommendation). The State Comzdssion shall then
further condition the permit accordingly. .

7. If at army time the State Commissicn, the Review Comrditee, .and tj
avplicants cannot reach agreemsnt on (a) the scope, form, and methodolozy of the
study:- (b) the results of the study, i.e., vhether the stucdy chows that operation

-_ - .
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Southern C2lifornic Edicen Company .
San Diego Cas and Electric Cempary

5. Compliance with the conditicns in Secticn D, Usze of Project Sile,
sha)l be mcnitcrad and er.ff:rced. by the Commissicn or by its succesIor, ond if there
is no successor, then by the State Parl= and Rscreaticn Corzicsion. :

E. Plant Reliazbilit-r

In order to insure that these wiits will provide a relizble souxce ol
power, particul arly in light of present reliatiliiy pericrmance of nuclear umits in
general, the applicants 11 establizh a reliability crganization. Tnis orgamfzoticz
shall report at a vice presidentizl position which is separate frem, wuwm aq equal leav:
with, vice prasidential pesitions of organizaticns rasncnsitle for e:*.gj:.ee.r;"é, consts
tion, procuTement and operaticn of thsse wnits. This reliahility crzanizabicn shail '
have the authcrity and organizaticnal freadez to (2) idsmtify reliability proslems; (¢ '
jnitiate, recc—mend, or provide solubicns to these proclems; (e) werify implementalics
of scluticns; (d) comtrol fuxther processing, delivery or installation of i:rc‘ale:. itel
wmiil proper dispesitioning of the deficiensy or wnsatisfactory cenditions has bexm a::l

This orgznization shall prepare and file reports with the Califermia Pu=l
Utilities Cermissicaon a gami-anmual basis. Taese seports shzll describe the aeti i
of the relinbility organisation including specific ceasuras igplemerted to insure

reliabiiity of these wmits.

F. Rezional Cor—issicn Conditiens I

n and pot modified 2o
]

b

‘A1l conditions imposed by taze Rezicnal Corxiss
) .. .

Sfand

shall remzin in effect.

G. Acceotanse of Conditions

3

: No consiructicn shall take place wmtil the applicznts have ackmouwladszd
in writing that they understand all tke conditicns irgesed heresin and agree te atids
by 211 of then. . ’

IIT. Findinzs and Declarations. The Commission £inds and declares as follcus:

A. Summarr. Unliks most developments proos ad for the cozstzl zone, th2 ac
. Y, S o e 4 12 2
tion of Units 2 and 3 at Sen Cnofre would have an impact cn a1l 3 parts of zan's it

environment—air, land, and wvater.

The izpact on the air would be beneficial, in that the gsneration of el
tric pover by nuclear mesns wjould not bollute the alr as would the generation of thse
same amount of power by burning fossil fuels. Many of the oil-bwrning poirar tlanis
in the coastal zone, and thus they affect the quality of the coastal environzzant. .

The impact on the land would be adverse, in that about .51 mdle of ccas
pluffs weuld be destroyed., But, as provided by Ccaditicn D 2bove, the most importac:
and meost scenic area of cargrons and bluffs, abouh .31 mile long, wowld be protected '
for the duration of the site easexenc. _ . /

The impact on the offshore ocean waters is not yet sufficiently.lomcum.

But, as provided by Conditicn B above, a detailed study of the possidle effects o

Units 1, 2, and 3 on the ocean watess will be wndervaken, with emphasis on the pl

-and larval. forms that are the basis of the occon food ¢chain and thus ‘6L the ocear'
" sport and ccrmercial ficheries. Tne conditions provids for modifying ne plant's
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cooling systcm if the study shows that there are substantiz) adverse effects on t:ze
. offshiore waters.

For these reascns, the Ccrmission finds that, overall, the prcsosed
development would not have a substantizl adverse envircnnmental eflfect and that 2
permit may be aprproved undar the California Coastal Zone Conservation Act of 1572.

B. MNuclear Hazard Net a Factcor in Darizion

The Commission, in reaching icn on this zpplicaticn, has besn
advised by its legal ccoumsel, the Aticrne , that the Fedsral Covernment
appears to have exclusive authority to regalate and comtrTol radiaticn hazawds pos:d
by nuclear power plamts. Accordingly, the Commission exprasses no opimicn and mzi=:
no finding with regard to nuclear safety, and decleres thabt guesticns of nuclear
safety have played no part in its decision.

-

C. MHarine STavireonment

1. Introduction. Althcugh most public atiention has £
pollubion from pewer plants, it appears likely thzt the mest signifs, e
impacts on the.marine eavironment at San Cnofre weild occur throuszh entrzinmen
rerins organises in the plant's cocling system. Water would be drawn throuzh Uniis
and 3 at a razte of 1.6 millicn gallons per mimste, equivalent to a body of wat
about 1 mile square and 11 fest dsep every dey. Vnen Unit 1 is operaling tegeines
writh Units 2 and 3, the amount of water directly entrained will amount %o 1.565 il
galions per minute or acout a squars mile 1L fest d2ep every day. Tne toiel amout
of water affected will undsubtedly be much greater because zbout 2/3 of the hazt
generated by the reacters is dissipated in the ocean (1.5:1CICUSTU per hour freom
Units 2 and 3) and currents may be incuced in the area frem the vast quartities of
water forced through the system. -

ralL

2. Planiton Exirainment. The potentially most significant envircnz:m
effect of the propased project, dasiruction of the nearshore planicton populabi
been the subject of the least reliable studies. Plankion represent ths zain scur:
of fcod for meost organisms in the nearshore eavironment and include the immature
stages of most nearshcre rarine animals such as clams and cwssels and many fish.
Plankton sampling studies were made for the applicants between 1965 and 1971, but
their quality is a matter of dispute, and further information is clezrly needed.

e, =

w .

i

| At issue are two possible effects of the plant's operaticn on pla-

" the massive transporting of vlaniton from nearshcere waters to an offsncre area, ¢
by the cycling of ocean water through tne power plant, and the lkilling of planittez
they are entrained in the plant's cooling system, and afterviard if they are returz:
to the ocean in an unhealthy condition. :

-

. 3. Entrainment and Mortalitwv of Fish Durins Yormal Plant Cosraiion.
. Fich as well as plankton will ce ertrained in the cooling system. Ui not reqoved !
rctummed to the ocean in a healthy cendition, they too will bLe killed. The Atcmiz
- :: - Fnergy Commiscion estimated that between 25,C00 and 142,CC0 lbs. of fish would be
"~ }illed per year from the normal operation of Undts 2 and 3, depending-upon the -
effectiveness of the fich return system. No fish return system is opsrating or
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" charge standards that rust be met by the project. Among toe standax=ds izposed is &
quirement that the terperature of the discharge wacer not evca:d the tesperatuzs of
“receiving” waters by more than 200F. However, duz to the fact thal tne intzka nois
for the cooling system is locafed offshore 2t a degth of 20 fesl and the diffuser z¢

temoeratume of acouwt &°

Southern Colifornia Edfscn Cempany
San Dicgo Cas and Eleciric Cempany
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Q .

p]_;.—u-.\cd for Unit 1 and f:he t ~:.c Energr Co‘..—..issicn has estimated that 30,CC0 los.
of fish per year are being Id1led by that unit. The applicanis contend, on tne ba2sis
in '% 6"x L' Lo madsl th

of small-scale experiments (e.g., use of a flume m2asuring 50
intake strustures thzt are 3,500 feet long) conducted at ansther ge c
that the esz‘ecti*.'eness of the fish returnm system czn be estimated at 7C-€C5. Alth
not conclusive, the results are promising. .

-’

L. Entraimment and Morbaditv of Tisa Turine Yeat Treatment. LEvVery
5 or 6 weeks, the applicants propese to eab thae waier in tre ccoiing syscem to 12577
to remove marine organisms growing within the system. These elevated tempratuses
pepp

wvill B visvtuwally everyoning emtrained within the system. It 1s expacted whzl
between 11,000 and 28,000 los. of fish @2y ba killed per yesw in this gammer 1t
procedure cces nod comply with the general standards establisned by the Stal
Thermal Plan and an excepticn from these standards was reguastad by the 2
An excepticn was granted, dul with a conditica that studies ba conduete r
next 3 years to determine whethar the hest treziment progcsad is the l2ast envis
mentally destructive method of controlling marine growths within the cooling cystern,
or whether the system shouwid te radasigned to permii lower-terjeratuTe or less
frequent treatment. Unkil these studies are corglsted, no finding can be mz
the least dssiructive metnod.
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standards with regas g2 cf heat )

ticn). In issuing 2 permit ab this time, the Cormissicon mek 50 ths

adegquacy of the present prozasal o moes the standards of to t 2Ser Rasouoss

Cont=ol Board or the Fedsral Envircnzental Protection Agency. Tha facis regarding
fandards are as follows:

State znd Federal s

- a. State Standsrds. The State Tharmal Plan adepued ty th
Water Resourcas Control Soard and accerted by EPA establishes minimum toerd

‘-_’ o
ﬂi n
(in ¢

are at degths of 20 o0 LO fest, there m2y be a differsnce in _

betieen the ocean water at the jntake and portions of Lhe diffuser. Bacanse th2
applicants plan to operate tne plant with a 20°F increase in temperatuce acress the
condensaers, the temperature of the ¢iscnarze waters may therefore be 2€°F higher ths
_the receiving waters. Therefore, nd findirg can be mads that the project as propes:
vill meeb the requiremenmts of the State Water Rescurces Ccntrol Board.

Sea b U _

b. Federal Ther—al Standaxds. The 1972 Amencdments to the FTaderal
Water Polluticn Comtrol Act (PL G2=5C0) require effluent itstions "which shz2ll
reciuire the applicatica of thue best practicable control t

able" tc minimize thermal gischarzes. It weuld appaar thas A
of closed—cycle cooling towers, vecause they are presemtly in us
dischiargze, and a consultant Lo EPa has recormended this solution. The pro
at San Onofrec would not us2 this cooling syctem but instead ould use singl

cooling, which does not rinirdize thermal dischargss.

o
b
I

m3y renuire
e, they mini:

- D)
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: . The Federal VWater Pcliution Control Lct deoes contain an e
procedure, provided the discharger can stz that the propezed nin—complying di
will "assure the protection and propagaiicn of a talanced, indizenous posulaiicn cf
shellfish, fish and wildlife in and on ihab body of water" into which the thermal

discharge will occur. ' Although EPA has not yet issued its regulations interzreii-g

the pro":.s:o“s, the AZC consludsd that "the hea:-:l water will result in chamzes in
the spacies ccemzositicn in tha viecinity of the cutfall; but no gener=" ecelcgical
changes are exmactes” (AEC EIS, p. i). Bezardless of \.ne fact thzt "no general
ecclogical changes are e:q:ected' acco"‘*-g wo the A:C, the lenguaze o- the statite
would app;a. to preclude any changes in the characieristics of t‘v* exdsting indigenc

species. If sush an *nue*';.‘:'etatﬂon is zsdogted b" EPA, it would me2an that the pre-

posed ccoling system would not comply with Federal wabter guality stznderds and the
project could not be construsted as prozosed because taers is insufficient asreage

at the propased site for closed-cycle cooling systems, sush as cooling towers or
spray pcnds.

Thus confaormity with the provisions of the Fe
Polluticn Controi Act cannot be definitively resolved wmtil FPA issus
tions.

6. Imcact on Kelo. A kelp bed has re-established its
ef the diffusess of the projsst during the past 2 years
deteriorated, the growth of this bed is of partic s
t
<

(D

3 to e soutn

Because m2y kelc keds n=-

entific valua, It is 2ls0

Ci v
a merin2 resource t at is cemmarcizlly narvas that provides z valuzbiz hzli
h —

able arnd Y, v2sd
for various fish and other marine orgzniszs. Substartial harm to the k-"o cad cculd
cccur through excessive heat cr tnx‘bidi?::.-. Condition C will insu-e that the effsct:

of Units 2 and 3 on the kelp beds are not substantial.

D. Proiect Site

i,

, 1. Bluffs and Carvmns. Althcush motoristis cznnot s22 it from Inter-
state 5, the n“agec site possesses a wiigus beauu_,'. The n ; wisting carmens,
fermed by ercsion, and the tlufis tc..er:::; sre than 1C0 f2et over the sand beach,

combine to create z pzriticularly scenic zrea.

Under the applicaticn before the Cor-::sy-m, ths re 5L mile
of r.H_s uwnique site would ba 1eva.°d for conmstrucktion of Units 2 c.nd 3. Undar
Condition D, bo" ever, construction of Units 2 and 3 will tzke zbout .21 mile cf
the bluffs and the most spectacular part of .the site—the southernmast 31 mile—ri
be praotected for the duration of the site easement. This will allc:y time for the
Comndission and ot ers conceimned about tnis :un::o; tant area to provide for its perma-
protection.

2. Beach Access. Under the applicztion before tha Cormissiocz, about
1,000 fest of the San Onofre beach would be closed to the public during the eutire
6—jea. construstion per*.od nder Condition A, ho"ﬂ"m-, the beach area
completely closed off only until June, 1975, and lateral access around t '
struction site will b2 provided Ly means of a walkway on sumer weekends cnd
holicays for the remainder of the constiruction p,r:x.od, excepe for b:i af
to pcrmt the roveront of construction creds and equ.m...e‘.u. .
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E. Total Exvironmental Effect

_ A finding that this project conforms to thz provisicns of the
California Ccastal Zzone Conservation Act of 1972 reguires considerzbion of tha
positive environmental eifects of the project cn 2ir polliticn along with tha
adverse effects of the project on the oluffs and the wmsertainty of the extent
of its adverse effects cn the marine environzant. A1l th2 cconditions are required
‘to permit a finding thal the project, as condiiicned, conforms to the provisicrs
-of the Act. _ : .

IV. Aclmowledzmant of Conditions

—~de S gt

_ Before any astivity authorizad by the permit is {o take place, you fuct
. retwn to this offics and to the San Diego Coast Regional Commissicn office cepies

- I3

of this sta?e:ent with your signature aclnculedzing that you have received it a=d
understand its contents, .

Yours -very truly, .

N
&
L
i

JOSESH E. PODOVITZ .
Executive Director

Attachment
cc: San Diego Coast Region2l Cormission

The undersigned perziticss acknowledge receint of the Califermia Coastal Zenz
Concervaticn Coziscion Permit No. 183-73, and fully understaznd its contents,
including 211 conditions impesed. |

- - ! - -

Date g For Southern California Edison Ccmpany

Date For San Diego Cas and Electric Compars
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APPENDIX 2.
- STAFF RECOMMENDATION ON RADIOLOGICAL DISCHARGE
MONITORING AND CONDITIONS TO BE ADDED TO PERMIT 183-73 FOR
THE SAN ONOFRE NUCLEAR POWER PLANT ,
- and '
DIRECTION TO THE MRC REGARDING MITIGATION

November 1979
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CALIFORNIA CCASTAL COMMISSION
631 Howard Street, San Francisco 94105 — (415) 5_43-8_555

Novemcer 9, 1979 - 3 NOov 26 1979 =

MARINE Review
COMMITTEE

TO: STATE COMMISSIONERS

FRCM: MICHAEL L. FISCHIR, EXECUTIVE DIRECTCR

SUBJECT: STAFF RECOMMENDATION ON RADIOLOGICAL DISCHARGE MONITCRING AND
: CONDITIONS TO BE ADDED TO PERMIT A 183-73 FOR THE SAN ONQFRE
NUCLZAR POWER PLANT (For Commission consideration at the
November 19-21, 1979 meeting in Los Angeles.)

SYNOPSIS

Following their August 15, 1979 public hearing on the findings of the San Cnofre
Marine Review Committee (MRC), the Commission asked the MRC to evaluate the radio-.-
logical discharge mcnitoring program at the San Cnofre Nuclear Generating Station
(SONGS). The MRC reports the program, conducted by Southern California Edison,

is "grossly inadequate" and "makes it impossible to determine with accuracy the
amounts of radicactive material being released by SONGS." Staff therefore recom—
mends that the Commission inform the Nuclear Regulatory Commission (MRC) of the
inadequacy of the design and implementation of SCE's monitoring program and ask
Hison to immediately develop an independent and accurate monitoring program. If
Tison does not, staff recommends the Commission formally intervene in the NRC
operating license proceedings for SONGS. The NRC has exclusive authority to regu-

- late radiological discharges from nuclear power plants.

Staff also recommends the Commission adopt two new conditions for SONGS that were
recommenced by the MRC: minimal use of chlorine and other biocides in the SONGS
cooling water system and use of non—corrosive titanium alloy in the SCNGS condensers.
Because 1t may be difficult to require major design changes such as cooling towers
or extended diffusers after the units ars licensed and operating, the Commission
should direct the MRC to determine if such changes are warranted prior to the
conclusion of the Nuclear Regulatory Commission's operating license proceedings.

The Commission should also request the MRC to evaluate possible mitigation measures,
including an artificial reef suggested by Edison. The Commission could add such
measures to the SONGS permit in lieu of or in addition to plant design or opera-
tional changes, if the MRC monitoring determines fish, kelp or plankton will be
damaged by operaticn of the SONGS cooling water systems.

Alsc, in response to Commission request, the MRC has focused and reduced its project
research expenditures from a 1979 projected cost of nearly $5 million to 1980
projected cost of $3.2 million.

T
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PURPOSE OF REPCRT

At their meeting of August 15, 1979, the Commission held a public hearing-on

a staff reccmmendation to review the status of the San Cnofre Merine Review
Cormittee (MRC) and the March 1979 Interim Revort of the MRC. In response to
staff's recommendation and to testimony received at the hearing, the Commission
then adopted the following statement:

The Cocmmission requests the MRC to more closely focus its study

and monitoring program on kelp bed effects, effectiveness of the
fish return system and effects of transport to deeper water on
nearshore species and to modify five study program which the staff
evaluation concludes are not likely to develop decision-maicing
information. The MRC should study the ecological effects of
extending the diffusers beycnd the kelp bed. The MRC should also
evaluate the adequacy of Nuclear Regulatory Commission and Califormia
Department of Health monitoring of radiological discharges from the
plant and should evaluate recently published reports. which conclude
such discharges are not a threat to the marine environment. The MRC
is requested to include this evaluation and their recommendations to
the Commission on whether to initiate a radioclogical monitoring
program as part of their revised study program to be submitted to
the Commission.

The attached MRC report entitled, "Radlological Discharges from Nuclear Power - -
Plants - An Evaluation of Present Monitoring at SONGS, of the Zcological Effects

of Radicnuclides, and a Recommendation for an Independent Program of Monitoring",
and the attached letier to the Chairman of the Ccmm1531on on "Future Plans of the
MRC" rnsnona to the above request.

The stalf recommendation which follows includes recommendations frcm the MRC on
radiological monitoring for the San Onofre plant, several conditions cn the opera-
tion of the plant submitted by the Committee and requests for additional analysis
from the MRC which will guide the Commission in maidng further decisions.

i, . e

STAFF RECOMMENDATION

Staff recommends the Ccmmission adopt the following resolution:.

I. Monitoring of Radiological Discharges. The Commission finds that the current
radiological discharges monitoring program being conducted by Southern California
Eison Company at the San (nofre Nuclear Generating Station is grossly inadequate.
The Marine Review Committee created pursuant to the Coastal Zone Conservation
Commission permit for SONGS Units 2 and 3 has determined that the present monitoring
program makes it "impossible to determine with accuracy the amounts of radiocactive
material being released by SONGS" into the marine environment (p. 5, MRC October 9,
1979 report, Radiological Discharges from Nuclear Power Plants).

The emlogical effects of such discharges from nuclear power plants camnot be judged
at this time due to lack of studies on such effects. But the MRC notes that the
doses of such discharges from nuclear power plants are lower than discharges from
other activities such as nuclear fuel reprocessing and hydrogen bomb blasts. Never-
theless, the Commission finds it is important for protection of public health and
safety in addition to protection of the marine environment to accurately determine
the level of radionuclide discharges from SONGS Units 1 and from Units 2 and 3 1f
they become operational.
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Therefore, the Commission hereby resolves:

1. That stafl shall inform the NRC of the inadequacy of the design and imple-
mentation of SCE's radiological monitoring program. .
2. That Southern California Edison should immediately retain a completely
independent contractor, as recommended.by the MRC, to develop and implement an
improved radiological discharge monitoring program that exceeds the Nuclear
Regulatory Commission's minimum standards. The program should reflect the
recommendaticns of the MRC.

3. That if Southern California Hdison does not make such a commitment, the Coastal
Commission will formally intervene in the NRC proceedings on operating licenses for
SONGS Units 2 and 3. The Commission will request the NRC to exert its jurisdic-
tional authority to require a comprehensive and accurate radiological discharge
monitoring program as part of the operating licenses, if they are granted.

4e That if the NRC does not make such a requirement, the Commissicn directs staff
to work with representatives of the Resources Agency and the Department of Health
Services in exploring the feasibility of using the Commission's Coastal Fnergy
Impact Program funds to carry out the independent monitoring program recommended
by the Marine Review Committee.

II. Added P=rmit Conditions - -

Pursuant to the provisicns of Cenditions B-4 and B-~6 of Permit A 183-73, the
Commission hereby adopts the following additional conditions to be added to Per-
mit A 183-73: ' . '

B=9. Chlorine, other oxidants, or blocides shall not be used in the

cooling water system at SCNGS Units 1, 2, and 3, except in the event |
of failure of the physical cleaning system when minimal application
rates of biocides should be used. Such rates should be determined
by the MRC. i e

B-10. Only highly corrosion resistent titanium alloy shall be used
where determined by the MRC to be essential in the condenser system
of SONGS Units 2 and 3, and the existing copper-nickel alloy con-
densers of Units 1 shall be replaced with titanium alloy condenser
tubing.

FINDINGS AND DECLARATIONS:

The Commission finds and declares as follows:

1. Permit A 183-73. Within the terms of this permit granted under Proposition

20, marine life offshore of the San Cnofre Power Plant would be protected by a
continuing surveillance program to be conducted by the independent Marine Review
Committee., That permit also empowered the MRC to design a study program, review
the data collected, interpret the results of the studies, determine if adverse
effects were occurring and recommend to the State Commission any changes it believed
necessary in the cooling system for Units 2 and 3 (Condition B4 and B-3).
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CCMPARISON QF SCE AND MRC rINDINGS:

102}
Q
t

PLANKTON - EFFECTS OF UNIT I

Q .

MRC

No patterns were observed' that could be
reiated to operation of SCNGS Unit 1 (SCE,
Annual Operating Report, 1978, Vol. IV).

The usual distribution is disrupted out

to 500 yards...some species increased
20-fold, a few species reduced by 100-fold.
Mysid shrimps are more abundant at about
200 yards than at stations closer to or
further from the plant (MRC, Interim
Report, 1979).

‘ﬁ‘

FISH = EFFECTS OF UNIT I

The fish community offshore does not appear
to be adversely affected by the discharge
of Unit 1 ccoling water (SCE, Annual
Operating Report, 1978, Vol. IV).

About 75% of the fish entrained by Unit 1
(are queenfish). Although there is no -
detectable difference in the density of thils
fish species near the Plant and elsewhere,
there is a much lower proportion of immature
fish within 500 yards of the plant compared
with other areas (MRC, Interim Report, 1979).

PLANKTON — PREDICTICNS OF EFFECT

SCE, p. viii: It isuilikely that the effect
will be other than local and insignificant
when comparesd to the processes in the
southern California coastal region (SCE
Thermal Zffects Study, 1973).

Mortality will be increased in species that
live largely in a band within 2.5 miles of
shore. This will be equivalent to imposing
an additional 1 - 1C% mortality per day ove"

an area of about 20 square miles during slo
current regimes. The maxdimal rate would be
roughly the same as the natural mortalily -
rate and may be great enough to cause a l
reduction in plankton density around the Plant.
A similar effect may occur with mysid shrimps.
Within a similar-sized arsa, the numbers of
planktonic larvae of benthic animals available'®@
for settlement will also be reduced to a

reater degree than are the other zooplaniton
MRC, Interim Report, 1979). . '

FISH - PREDICTIONS OF EFFECT

SCE, pe. ix: Generating station opera-
tions likely have had no adverse effect on
regional fish communities (SCE Thermal
Effects Study, 1973).

£ the fish return system is ineffective, the '
amount of fishes killed will be almost 5 times
that of Unit 1, which would result in less
equivalent to about 13% of the queenfish livin
along 27 miles of coastline near SONGS. If

part or all of the San Onofre kelp bed is
destroyed, the loss of this habitat will ' l
probably reduce the abundance of certain sport-@
fish in the area. The density of fish larvae
may be reduced in an area at least as large as:
the area of reduction of zooplankton (MRC,
Interim Report, 1979).
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2. MRC Recommencdaticn. Under the authority vested in them by Permit A 183-73
the majority of the MRC forwarded Conditicns B-9 and B-10 to the Ccmmissicn
based on the following resolutions: ' -

a. The MRC recognizes that chlorine has been widely identified as a major cause
of mortality of organisms at power plants employing single pass cooling water
systems. FPurther, recent studies have demonstrated undésirable synergistic inter-
actions among chlorine, heavy metals and marine sediments, and consequent effects
on marine organisms. The MRC is aware that other power plants such as the Calvert
Cliffs Nuclear Facility in Maryland, have operated successfully in marine environ-
ments with pnysical cleaning methods rather than with biocides.

b. The MRC recognizes that a number of coastal power plants employing single pass
cooling water systems have had undesirable effects due to corrosion of tubing and
leaching of heavy metals, such as copper, from the condenser system into the environ-
ment.

3. Protection of Marine Life. Under the Coastal Act, the adverse effects of waste
water discharge and entrainment must be minimized in order to protect the quality
and productivity of coastal waters. Section 30230 states: -

Marine resources shall be maintained, enhanced, and where feasible,
restored. Special protection shall be given to areas and species
of svecial biological or econcmic significance. Uses of the marine
environment shall be carried out in a manner that will sustain the
blological productivity of coastal waters and that will maintain
healthy populations of all specie; of marine organisms adequate for
long-term commercial, recreational, scientific, and educational
purposes.

Section 30231 states in part:

The biological productivity and the quality of coastal waters,
streams, wetlands, estuaries, and lakes appropriate to maintain
ortimm populations of marine organisms and for the protection

of human health shall be maintained and, where feasible, restored
through, among other means, minimizing adverse effects of waste
water discharges and entrainment, ...

The Commission finds that the conditions set forth above are necessary to protect
marine life offshore of the San Onofre plant complex.

ITT. Direction to the Marine Review Committee

Because the MRC was created to.conduct research oriented toward possible actions
by the Commission and, if necessary, to add conditions to the SONGS permit to further
protect the marine environment, the Commission makes the following requests of the
MRC:

1. Major Cooling System Desien Changes. The Commission recognizes the difficulties
in requiring major design changes to SONGS Units 2 and 3 after the NRC grants
operating licenses and the units are generating electricity. Changes such as
requiring cooling towers, extended diffusers or single point discharges could cost
hundreds of millions of dollars and result in wnit shutdown for a period of .time.

341




- the projected 1980 expenditures of $3.2 million. The Commission also requests the .

'
4

-5

The Commission has the authority to impose such changes, however, if recommended
by the MRC after unit operation in order to prevent significant environmental
damage. The MRC has not made such a recommendation to date. In order to -permit
the Commissicn to decide upon the necessity for design changes prior to operation
if possible, the Commission requests the MRC to report to the Ccmmission by June 1,
1980, prior to the completion of NRC operating license hearings, whether the
Commission should consider and impose any major design changes on the cooling water
systems for Units 2 and 3.

v 9
DR

2. Mitization Altermatives to Desimm Changes. The Commission also recognizes

that operational changes or mitigation measures might adequately compensate for

any marine life damages resulting from the operation of Units 2 and 3. The Ccmmis-—
sion, therefore, requests the MRC to study the feasibility and effscts of selected
cromising mitigation measures, including construction of an artificial reef, as
suggested by Southern California Edison. The MRC should recommend what measures
might be taken to assure there would be no net adverse effect on the marine environ-
ment from operation of SONGS Units 2 and 3.

3« MRC Program and Budget. The Commission appreciates the MRC's efforts to focus
and reduce the MRC research program and budget to those subjects given prierity by
the Ccmmission. These subjects include predicting and later measuring effects on
the San Cnoire kelp bed, studying the offshore transport of larvae, and evaluating
the effectiveness of the fish return system. The Commission requests that the MRC
attempt to conduct the mitigation measures research program within the limits of

MRC to work with Ccmmission staff in assessing the need for selected research program
areas where already completed research seems adequate for decision-making purposes
or where the level of effort may not be needed-for decision-malkdng purposes. Areas
to be further assessed include: hard benthos, subtidal soft benthos, zocplankton,
ichthyoplankton, oceanography and data management.

BACKCGROUND AND STAFF ANALYSIS

The California Coastal Zone Conservation Commission established the Marine Review
Ccmmittee (MRC) in 1974 as a condition of Permit A 183-73 for Units 2 and 3 of

the San Cnofre Nuclear Generating Station. The MRC is composed of three scientists:
one appointed by the Commission, ancother by the applicants, Southern California
Edison Company and San Diego Gas & Electric Company, and the third by the appellants,
who are coordinated by the Friends of the Earth. '

The purpose of the MRC is to study the effects of the existing Unit 1 cooling water
system on marine life, to predict and later to monitor the effects of Units 2 and 3,
and to recommend to the Commission new conditions on Unit 2 and 3 cooling system
design and operation to prevent significant damage to marine resources. The same
permit condition enables the Commission to impose new cooling water system require-
ments on the permitee, based on MRC recommendations, at any time.

At their meeting of November 14, 1978, the Commission requested the Maring Review
Committee to prepare an interim report which would begin to reach cgnclu51095 about
the effects of the cooling system of the San Cnofre Nuclear Generating Station and
develop recommendations to protect marine life offshore of the glans: On Ma{?h 12,
1979, the MRC submitted a revort indicating that future monitoring nght con{irm
predictions of damage to the San Oncfre Kelp Bed, ineffectiveness of the fish return
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system, and extensive mortality of small inshore marine organisms that are trans—
ported offshore by the system's diffusers. But the report recommended no design
changes until predictions were confirmed by operational monitoring. The report
suggested that the Commission consider recommending that the MRC evaluate the
current radiological discharge monitoring issue, the added conditicns and the
state of MRC findings on impacts of SONGS on marine life, and the future MRC
research program.

ISSUES

1. Radiological Discharge Monitoring., The acccmpanying MRC regort, "Radiological
Discharges from Nuclear Power Plants' responds to the Commission's August 15, 1978,
request for such an evaluation.

The findings of the MRC (majority) as a result of that investigaticn are highly
critical of the current self-monitoring program being conducted at San Crofre by
SCZ. Accerding to the Committee, because of the inadequacy of the monitoring
program, it is impossible to determine with accuracy the amounts of radiocactive
material being released by SONGS in the merine environment. Further, the annual
reports by SCE to the Nuclear Regulatory Commission (MRC) contain many gross errors.
In particular, the average values are calculated in such a way as to underestimate
many of the concentrations of radicactive materials being discharzed from SCNGS.

o;m

While the MRC criticized the utility for not using their "gcod professional judgment
in the development of the surveillance program", as recommended in the EPA monitoring
program guidelines, they found the basic problem arose with the MRC regulations

~ which do not require adequate replication or independent monitoring. Overall, the
MRC found the present monitoring and reporting of radiological discharges at SONGS
"grossly inadequate," and they telieve that adequate monitoring can be assured cnly
if it is done by an agency that is independent of the power companies. Though a
strong case is made for independent monitoring, the MRC does not feel it should take
over the responsibility for radioclogical monitoring at SONGS. It has been clearly
established that radiation affects the health and survival of individual marine
organisms and studies have indicated that certain species do have nigher concentra-
tions of certain radicnuclides nearer SONGS than further away. However, the main
task of the MRC is not to monitor substances discharged, but to assess the ecological
consequences of the cooling system of SONGS. Although the evidence is sparse, MRC
review of past studies of the ecological effects of radiological discharges suggests

- that such effects are to be expected mainly with high rates of discharge, much higher
than have been measured from nuclear power plants. Therefore, they conclude that the
ecological impacts of radiological discharges from SONGS is probably of less con-
sequence than the ecological impact of other factors which they have been predicting from
past studies. They suggest that if the Coastal Commission or some other State agency
wants to know the probable ecological effects of radionuclides in the marine environ-
ment, it would be better to fund a study that examined an ecosystem subjected to the
highest radionuclide levels that can be found and to combine this with experimental
laboratory radistion studies.

- Recommendation Course of Action

The MRC does offer assistance to the State Department of Health Services, which, they
suggest, is the most logical agency to carry out a complete program of radiological
monitoring. At present, the California Department of Health Services (DOHS) analyzes
some samples, but these are collected by the contractor for the power ccmpanies (SCE
and SDGE) that operate SONGS. To extend the DOHS program to include the collection
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 auditing of nuclear power plant environmental surveillance programs. To date, such

of the samples would be the best way to achieve a completely independent monitoring
program. The MRC reccmmendation that the DCHS expand its program in this way ‘
supports a similar recommendation made in the recent March 1979 State Resdurces '
Agency report "Radiocactive Materials in Califormia™.

As the MRC points out, additional funding would be necessary to support the collecting
itself and to analyze the greater number of samples required for an adequate program.
They have given a preliminary estimate of these costs (attached).

It is important that funding be obtained for such a program. The Rescurces Agency l
in "Radioactive Materials in California'" recommends that the NRC fund expanded State

funding has not been forthcoming from the NRC.

To improve the radioclogical menitoring program staff recommends the Commission adopt

a resolution with a number of stages, after informing the NRC of the program's short-
comings, First, SCE itself should develop a credible, objective and comprehensive
monitoring program along the lines recommended by the MRC. The program should involve
independent review of the design of the program, independent collection and analysis
of samples, and full documentation of methods and results. The program should reflect
prudent and respensible "judgment' well beyond that required by the minimal ZPA
guidelines on establishing such a program. If SCE refuses to develop and fund such

a program, the second step of the reccmmended resolution is for the Commission to
formally intervene in the Nuclear Regulatory Commission's operating license proceedings
on SONGS Units 2 and 3. The objective of the intervention would be for the NRC to -
require a detailed, step-by-step independent monitoring program as part of the
operating licenses for Units 2 and 3, if they are granted. Under federal law the NRC
has sole authority to regulate radionuclide discharges. But the State can monitor

the discharges. So if the NRC does not make more detailed monitoring program require-
ments part of the operating licenses, it seems important enough to accurately know A
what the discharges are to justify Commission consideration of using the limited

Coastal Fnergy Impact Program funds to conduct some independent monitoring. This

would be considered as a last resort because the annual cost would be $200-300,000 ,
for the program suggested by the MRC (attached) ‘I
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to be added to the SONGS permit. Two of the conditions, on minimizing use of chlorine.
and other biocides in the cooling water system and on use of corrosion resistent

titanium alloy in the condenser are included in the staff recommended resolution.

The third MRC recommended condition was: "B-1l1, A thorough and independent study ‘

2. MRC Recommended Conditions. The MRC recommended three conditions to the Ccmmission '

shall be undertaken to evaluate the adequacy of the fish return system's design and
operation and, further, if this new design proves ineffective, appropriate design

changes shall be developed to reduce damage to the fin fish populations.”™ This ;
condition is more appropriate as Commission direction to the MRC rather than as a '
formal condition to add to the permit. The condition does not bind the application

to an action. The MRC can undertake this evaluation task on its own, and the

Commission has indicated it is a high priority. '

3. Major Desizn Changes. The MRC has not recommended that the Commission require
any major design changes to the SONGS ccoling systems at this time. Condition B.6.
of the SONGS permit states:
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Should the study (MRC study) at any time indicate that ...
substantial adverse effects on the marine environment are .
likely to occur, or are occurring, through the operation of -
Units 1, 2, and 3, the applicants shall immediately undextake

such modification to the cocling system as may reasonably be
required to reduce such effects or comply with such regulatory
requirements (which can be made while construction is going on

and could be as extensive as requiring cocoling towers if that

is the recommendation). The State Commission shall then further
condition the permit accordingly. . -

Eecause the MRC has not been abie_to determine whether design changes should be
required at this time, SCE faces a major uncertainty. Design changes such as

~ cooling towers, extending the diffusers hundreds of feet or converting the dis-

charges to single point discharges could cost hundreds of millions of dollars and,

if required after unit operation could result in temporary removal from operation
until the design changes are completed. Staff scenarios of possible "worst case"
damage to fish, kelp and smaller marine organisms based upon MRC vredictions indicate
that there would probably have to be massive unexpected additional damage to marine
life to require cooling towers after Units 2 and 3 begin operating. The fish return
system, the locations of the intake and outfall and the diffusers, however, are '
areas where design changes should be more closely studied.

The NRC operating license proceedings are just beginning and as currently scheduled
will probably end in early fall of 1980. The MRC should provide the Ccmmission with

1ts best scientific judgment prior to the conclusion of those proceedings as to

whether the Commissicn should impose major design changes on the Units 2 and 3
cooling systems. Therefore, staff recommends the Commission direct the MRC to make
that evaluation for submission to the Commission prior to June 1, 1980, " Staff has
deleted a condition recommended in its August 3, 1979 report that would have required
extending the diffusers if the diffusers if the MRC finds 25% oI the San Cnofre kelp
ted is being destroyed. Such a condition is not supported by MRC recommendations at
tals time, and as explained above would be difficult to implement after the plants
begin operating.

he Mitigation Alternatives to Desizn Changes. While there is no disagreement that

there are measurable effects from Unit 1 and there will be effects from the operation .

of Units 2 and 3, both in kind and degree, the controversy arises over the exact
nature and significance of the impacts. As can be seen from the comparison of SCE
conclusions and MRC conclusions on the following chart, there is a clear disagreement
over the significance and the actual existence of impacts. However, the MRC does
indicate that post-operational monitoring could discover kelp, fish and planiton
damage resulting from the cooling water systems. The MRC suggested that possible
conditions to prevent such damage might involve  engineering changes such as extending
the diffusers well beyond the kelp bed or plant operating changes. SCE in its
testimony to the Commission suggested that mitigation measures might be appropriate,
at much less cost, if such damage is predicted with confidence or discovered through
monitoring. The attzched letter from SCE recommends that the Commission direct the
MRC to evaluate promising mitigation measures, particularly the artificial reef
concept that SCE believes may provide a net increase in marine life productivity

in the area. (Some reef designs only attract marine life without increasing overall
productivity.) Staff is recommending the Commission provide such direction to the
MRC, including MRC evaluation of other promising mitigation measures if they can be
identified. The results would provide the Commission with mitigation alternatives
that might be imposed as conditions of the SONGS permit. ‘
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5. Future MRC Research Program and Budget. The MRC responded to the Commission's
August 15, 1979 request "to more closely focus its study and monitoring program
on kelp bed effects, effectiveness of the fish return system and effects of
transport to deeper water on nearshore species'" with the attached letter (October
27, 1979) from Dr. Joe Connell, MRC Chairman to Chairman Dorill Wright. The
projected 1980 expenditures indicate about a one-third reduction in rate of expen-
ditures from the project 1979 rate. Staff has not yet had time to evaluate the
changes or to assess the contractor work programs and budgets in light of the
Commission's direction. The Commission has also requested modification of five
study programs which do not seem likely to develop additional decision-making
information. Therefore, staff intends to evaluate some of the research programs
with the MRC and to report back to the Commission on the evaluation. The programs
include hard and subtidal soft benthos, zooplankton, ichthyoplankton, oceanography
and data management.

Further budget assessments will also be necessary because the recommended research

program on mitigation measures may be quite costly. Staff is recommending the

mitigation research program be conducted within a $3.2 million ceiling because

staff had anticipated in its August 3, 1979 report that MRC expenditures might be

reduced to a rate of about $2 million a year. The revised MRC budget goes.a long

- way in the direction of meeting the Commission's concerns about high cost and lack
of focus of the research program. '
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