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SUMMARY

The study of mysid shrimps in the vicinity of SONGS addressed three basic

questions: Is the abundance of mysids sftanged in the vicinity of the Plant? Are

nearshore mysids moved offshore by the discharge waters? What is the average

annual loss of mysids to intake withdrawal? The results of the study can be

summarized as follows:

Abundance Changes

There is no evidence that reductions in the local populations of mysids have

occurred at the Impact sampling site (2-3 km downcoast from Units 2 and 3). The

once-predicted decline of 50Vo did not occur. In fact, tlere is strong evidence of an

inctease in the numbers of trvo species of mysids, Mysidopsis inrti and Neomysis

I(adiakensis. There is also weaker evidence of an increase among mysids species in

general.

While tle occurrence of these changes at the Impact site in the After periods

suggests that SONGS is responsible, the mechanism by which the operation of the

Plant results in these changes is not known. It is possible that local mysid

populations have increased in response to added food, in the form of the large

amounts of organic material, remains of animals and plants withdrawn into SONGS,

discharged with the cooling water.



Distributional Changes

One potential effect that was of concern was the offshore displacement of

nearshore mysids. There is no evidence that such movement, which occurs as

discharge water is moved offshore, is sufficient to cause a significant change in the

cross-shelf distribution of the mysid species at the Impact site.

Intake Loss

We estimate that SONGS has withdrawn an average of approximately 6.5

billion mysids per year. This is equivalent to approximateLy t4 US tons of mysids

per year. These estimates are based on the average pumping rate that has occurred

during the operational period.
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I.O INTRODUCTION

Mysids are small, shrimp-like crustaceans that are characteristic inhabitants

of nearshore waters in southern California. The interest in the potential effects of

the San Onofre Nuclear Generating Station (SONGS) on mysids stems from tle fact

that they represent a group of organisms, the hlpoplanli:ton, which, while closely

associated with the sea floor, regularly move up into the water column where they

become an important food source for local fish (Barnett et aL I987a). Near

SONGS, mysids are the most abundant of the groups of small crustaceans, including

amphipods, isopods, ffid cumaceans, which comprise this epibenthic plankton.

Since mysids are distributed throughout the water column at night (Clutter L969), it

was e4pected that large numbers of them would be withdrawn into SONGS with the

cooling water and killed and that these losses might adversely affect local

populations. Marine Ecological Consultants, Inc. (MEC) was awarded the contract

to conduct the MRC study of mysids, which began in 1976 and was completed in

1987.

The first phase of the study (I976-t979) was designed to gather basic

information on the distribution and life-histories of local mysid species. Cross-shelf

distributions and diurnal movements in the water column were described. Rates of

growth and reproduction were estimated. In addition, density estimates were made

at locations at various distances downcoast from the Unit 1 intake and discharge.

Mysid samples were also collected from the intake riser itself and from within the

plant before the water entered the condensers of the cooling system (Clutter L977,

1978; Bernstein and Gleye 1931). This information was used to estimate intake

mortality for Unit L and to estimate the effects of the Unit on the size and age-



structure of local mysid populations. This information was then used to predict the

effects of the operation of Units 2 and3 (MEC L979; Bernstein 1980).

Although the estimates of intake mortality at Unit 1 were substantial (9"8

metric tons per year), the sampling program did not produce compelling evidence of

a depression in mysid abundance attributable to intake loss (Murdoch et al. 1980).

However, in view of the much larger volumes of water that the new units would

withdraw, the contractor predicted that there would be at least a 50Vo depression in

nearshore mysid abundance in the area up to 10 km downstream of the plant and

that an effect of such a magnitude would be detected with a reasonable sampling

program (Bernstein 1980).

The subsequent monitoring program (conducted from 1979 to 1.987) was

designed to answer the following questions:

(1) Does the operation of Units 2 and 3 cause a detectable reduction in the

abundance of mysids within several kilometers of the discharge structures?

(2) Are nearshore mysids moved offshore, into presumably unsuitable

habitats, with the water entrained by the discharge from the diffusers?

(3) How many mysids are killed each year by withdrawal into the cooling

svstem of Units 2 and3?
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L.1 Natural History of Mysids

Mysids are small cnrstaceans that look like shrimp. The species found along

the coast of San Diego County rang€ in size from about 5 mm to 20 mm in length as

adults. The species that are the subject of this study live in areas of fine sand. Some

individuals can be found on the substrate, but most are found svrimming in swarms

in the water above the substrate.

The distribution of mysids in the water column varies markedly from day to

night. During the day, essentially all individuals remain within about 1. m of the

bottom. At night, many of these epibenthic mysids move upward in the water

column and become part of the plankton.

Most mysids feed on small particles which they filter from currents tley

produce with specialized appendages. However, they are also capable of grasping

and feeding on larger food items. During the day, they filter detritus just above the

bottom. From sunset until sunrise, they feed primarily on small plankton

throughout the water column.

The sexes are separate in mysids and breeding occurs throughout the year.

krval development takes place in the female's marsupium or brood pouch (hence

the common name, opossum shrimp). Brood-size increases with body size but

averages around 1.0. The young are released as juveniles after 7 to L2 days. Both

brood development and subsequent gowth to sexual maturity are functions of

temperature. During the warm sunrmer months mysids reach sexual maturity in 26

or Z7 days, whereas in winter this requires 50 to 55 days. The median age of



immatures is 30 days, whereas that of adults is 60 days. For additional detail on

natural history see Clutter (1977) and Bernstein and Gleye (1981), and references

therein.

The description of the mysid species found in the sfudy area is given in

Section 3.1 below.
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2.0 METIIODS

2.1 Sampling Locations

Mysids were sampled within an Impact area 2.5 to 3.5 km doumcoast from

the discharge structure of Unit 1, and at a control area t7.5 to 18.5 km doumcoast

(Figure 1; note that the sampling locations are approximately 0.5 km closer to the

Unit 3 diffuser). The location of the Impact site was chosen based on three

considerations: (1) It was well vrithin the area where effects on mysids were

erpected. (z)ltwas located in the area nearest to the diffusers where soft substrate

was continuous across tle depth strata sampled. Closer to the diffrrsers the

sampling transects would have had to cross the cobble and rock substrate of the San

Onofre Kelp Bed. (3) Because the prevailing direction of the longshore current is

downcoast, the Impact site was located at a place that would be "downcturent" of

SONGS a majority of the time.

Separate tou/s, or samples, were taken within each of six depth strata along

three transects in both Impact and Control areas. The actual longshore position of

the transec'ts was generally based on shore sightings, and could vary by several

hundred meters from survey to survey. The three fiansects within an area were

generally about 500 m apart. The depths of the strata sampled along each transect

were:6- 8 q 8-L2r;-L2 - 15 m, L5 -?3m,?3 -30q and30'37 m. The transects

ran from approximately 0.4 km to approximately 4.4 km from shore.

5



2.2 SamplingTechniques

Mysids were sampled with an epibenthic sled during daylight hours because

an estimated 99 percent of mysids are within 1 m of the bottom at this time (Barnett

et aI t987a). The sled had two ski-like nurners and a steel frame with a 1-m2

opening to which a net with a mesh size of 0.33 mm was attached (Figure 2). The

sled was launched, towed along the bottom, and recovered while the boat was

underway at a speed of about L m/sec. The volume of water sampled was measured

by flow meters attached to the sled. The contents of the net were collected,

preserved in formalin and transported to a laboratory for sorting and analysis. In

the laboratory the samples were subdivided and the animals were identified to

species. The se:q developmental stage and female reproductive condition were also

recorded. The three developmental stages were juvenile, immature and adult"

Juveniles were individuals which had not yet developed sex characteristics.

Immatures were those whose sex could be determined but lacked the sex

characteristics of the adult male or female.

A more extensive discussion of field and laboratory protocols and of

procedures used for quality control is contained in MEC's Final Report (Barnett er

aL 1987a 1987b). Some pertinent details of the field methods not described

elsewhere are presented below in Appendix H.

23 Sampling Schedule

Samples were collected on 1,9 surveys during the preoperational (Before)

period. Sixteen of these were collected from October t979 to August 1980. The
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remaining three samples were collected from June to December 1981. Sampling

stopped in August 1980 because Unit 2 was expected to begin operation in the near

future. However, significant operation of the two new Units did not occur until late

t982. The period during which the new units underwent testing (1981-1983) was

designated an "interim period" during which samples were not expected to be

representative of either Before or After conditions. By chance, however, neither

unit was operating during the last half of 1981 and surveys conducted during that

time were added to the collection of Before samples used in the analyses of plant

effects. The operational (After) samples were collected on 17 surveys during the

period December 1983 to September 1986. The dates of the surveys are listed in

Appendix A

The number of pumps operating and the percent of ma:cimum power

generated by each Unit on the day of each cruise is presented as an index of the

potential impact of SONGS in the Before and After periods (Appendix A). We also

present the daily averages for the 30 days prior to each cnrise (Appendix B). We

present the former because we e4pect the losses due to intake withdrawal to be

instantaneous in their effect and the latter because the number of mysids, which

have a generation time of one to two months and are more sedentary than other

plankton, in an area at a given time is probably determined by environmental

conditions in the previous months.

By either measure, there was a clear difference between the Before and

After periods. Units 2 and 3 produced an average of 68Vo of maximum power on

the day of each of the cruises during the After period and at least four, and more

often seven or eight, pumps were operating (Appendix A). They produced an
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average of. 65Vo of maximum power and had an average of 6.8 pumps operating

during the 30 days before each of the sampling dates (Appendix B). In contrast,

during the Before period no power was generated althougb one or two pumps were

occasionally operating.

Unit 1, whose power production and circulating water volume is

approximately one-fifth of Units 2 and 3 combined, was operating during both

periods. The average number of Unit 1. pumps running on the sampling dates and

the 30 days preceding them in the Before was 1.5 (of trvo) and 1.0 in the After. The

average power production was approximately 50Vo in the Before and 30Vo in the

After (Appendices A and B).

2.4 Analytical Methods

2.4.L Changes in Average Density

The variate used in the analysis was the weighted, cross-shelf mean density

(number/m3). Weighted mean density (d) was calculated as follows:

3n
d= 1

3 i=1 j=l  Volumei

where i refers to transect and j refers to depth stratum. The weighting is necessary

because the depth strata are of very different volumes. Note that the density is that

in the one meter of the water immediately above the substrate, and not that found

throughout the entire water column.
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Although some species occur at all depths, many are restricted in their

distribution (Section 3.L). If density at a given depth stratum was always less than

0.05/mr at both the Impact and Control areas, the stratum was not used in the

analysis. Also, if no individuals of a particular species or growth stage were sampled

at both the Control or Impact site, the survey was dropped for that group.

A mean cross-shelf density was determined for the Impact and Control

locations on each sampling survey. These datawere then analyzed using the Before-

After-Control-Impact-Pairs (BACIP) design (see Interim Technical Report 2 for a

discussion of the rationale and design of the BACIP test procedure). The density at

the control site was subtracted from the density at the impact site for each survey

date. The average difference between sites in the preoperational period was then

compared to the average difference in the operational period with a t-test.

The data were log transformed before deltas were calculated. Since there

were instances of zero density, a constant was added before taking logs. The tests of

assumptions and the t-test were run for a range of constants (0.01 - 100 in multiples

of 10). The results presented below are those based on the transformation

associated vrith the lowest alpha level of the test. We recognize that selecting in this

manner may overestimate the occurrence of significant test results. However, by

following this procedure we feel that all potentially affected species will receive

further consideration.

It is also important to note that the reported estimate of percent relative

change is based on the geometric means associated with the log transformation used

in the BACIP test procedure, and not on the arithmetic means of the abundances



observed at the various locations and periods. We therefore present the geometric

means in the discussion of the results for each ta:ron (below). The arithmetic means

are presented in Table L.

We calculate the percent relative change in the following manner:

The difference between preoperational and operational deltas, symbolically

AA , based on log transformations, is equal to

(log(t*s*U) - log(t*k-U)) - (log(U) - log(k*U)).

U is abundance at SONGS in the Before period. k is the multiplier relating

Control abundance to Impact abundance (location effect). If Impact and Control

were of equal abundance in the preoperational period, k would have been 1. t is the

multiplier due to changes in time, from preoperational to operational periods. t is

the same for both Impact and Control. s is the multiplier due to SONGS operation

and only affects Impact. For example, if there were a 50Vo dectine s would equal

0.5. In the preceding equation" U and factors k and t cancel out"

Thus,

u = log(s).

Back-calculating s from the AA , the relative percent change is given by

(antilog(AA)-1) x 100.
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In many cases, the estimate of percent relative change is not precise.

Because zero abundances occru at times, a small constant is added to the log

transformation. Estimates of percent relative change can be sensitive to the

constant chosen, particularly in those species whose suwey-by-survey data have a

high proportion of zeros at either Impact or Control location. Also note the

asymmetry in the reported percent increases and decreases. While a doubling is a

l00Vo increase, a hatving is a 50Vo decrease. Increases can exceed LNVo, but

decreases cannot. (Percent changes are translated into "factors" or "folds" in

Appendix C).

In a few instances, tlere were significant serial correlations in the deltas in

the Before period. In these cases, the t statistic was calculated usrng autoregressive

erTors.

2.4.2 Changes in Cross-Shelf Distribution

One of the predicted effects of SONGS was to entrain nearshore waters

containing mysids and push them offshore. This was predicted to have a deleterious

effect on those species which only occur in the shallow, nearshore environment. If

SONGS moves large numbers of animals from shallow, nearshore to deeper,

offshore waters, how would this be reflected in the cross-shelf distribution of mysid

populations? The answer to this question depends partly on the fate of the mysids

transported offshore. If they die very quickly and are eaten or sink onto the bottom,

they won't be sampled. For species which normally are restricted to shallow water,

this might result in a decrease in local population density but no change in

distribution. For species which occur at all depths, a decrease in abundance in

11
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shallow water might be detected as an increase in the proportion of the total

population found in the offshore zones" A similar change in the relative abundance

of nearshore species would occur if the individuals which were shunted offshore

lived long enough to be sampled.

For purposes of analysis, the transects were divided into an inshore segment

(6-15 m in depth) and an offshore segment (15-37 m in depth). The 15 m isobath is

near the offshore end of the diffusers and also seems to be a natural break in the

distribution of mysid species (Section 3.1). The proportion of the population (of all

species and developmental stages) in the offshore segment was calculated at the

Control and Impact sites for both Before and After periods.

Changes in distribution were analyzed using the procedure developed for the

plankton (Interim Technical Report 4: Plankton). The abundances in the inshore

and offshore segments were calculated, the data were log transformed, and the

inshore abundance was subtracted from the offshore value. The number thus

obtained is an expression of the offshore abundance as a proportion of the inshore

population. The control values were then subtracted from the impact values to

obtain the deltas that were used in a BACIP analysis. Because the various life-

stages of a species may have different depth distributions, all individual life-stages,

as well as the combined life-stages of a species, were tested for SONGS' effects.

2.5 Intake Loss

The number of mysids killed by being drawn through the power plant in the

cooling waters was calculated by multiplying the"volume of water withdrawn by the
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estimated concentration of mysids in the withdrawn water. The actual withdrawal

loss during the operation period of the mysid study (1983-1986) was estimated. In

additiorU the long-ter& average annual loss to intake withdrawal was estimated by

averaging mysid densities over the period 1979 to 1986.

The following formula was used to calculate quarterly intake losses for each

species:

I-OSS = (DLx VOL) x (0.16 DEN) + ((l-DL) x VOL) x (0.64 DEN)

where: DL = Quarterty average proportion of
davlieht hours

VOL = Qriarierly total volume pumped
DEN = Quarterly average mysid density

Daylight hours were calculated from surface irradiance. Periods with values

greater than 0.05 Einsteins/mz/day were considered daytime. Volume of circulated

waters was calculated from records of the number of pumps operating. Mysid

density was estimated from the samples taken in the 8 m to L2 m depth stratum.

Samples from both the Impact and Control locations were used to estimate

densities. Numbers were converted to weights using the average weight of an

individual of each species and life-stage (Appendix D).

Losses were calculated quarterly because both intake volume and mysid

densities varied seasonally. During the After period there were two quarters in

which there were no samples. For these quarters, the mysid density was estimated

by averaging the densities from the immediately previous and subsequent quafters.

t
L3



For the calculation of the long-terrq annual average iniake loss, quarter$ averages

were calculated using samples from all years.

The concentration of mysids in the withdrawn water is an estimate based on

assumptions concerning the source of the water entering the intakes, knowledge of

mysid behavior, and est'mates of mysid abundance near the bottom based on

sarrrples taken several kilometers downcoast from tle intake structures" The

assumptions are:

1. The intakes draw water from the entire water column and are not

vertically selective. Reitzel (1935) concluded that the Units 2 and 3 intakes would

exclude thin surface and bottom layers only on rare occasions.

2" Mysid loss is independent of current speed"

3. All the withdrawn water is taken from the area between the 8 m and 1.2 m

depth contours. The intakes draw water from only about 250 m away even at very

slow currents (2 cm/seg Reitzel 1985). The intakes for Units 2 arfi3 are about 970

m offshore. The 8 m - L2 m depth sfiatum extends from 550 m to 1550 m offshore.

4. The estimated concentration of mysids in the 8 m - L2 m stratum is

representative of the concentration in the intake waters, with the following caveats:

a. Mysids are able to orient themselves visually during daylight hours and, by

swimming against currents, maintain station. Therefore few mysids are withdrawn

during the day. Samples collected from within the power plant indicate that the
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number of mysids in cooling waters rises from near zero at sunset to a peak around

midnight and then falls again towards sunrise (Clutter L977). Making the

assumption that the peak abundances at midnight represefi l00Vo of the mysids in

the water column, Clutter calculated that, averaged over the nighttime hours, the

proportion of the mysids in the water column withdrawn was 64Vo.

b. Clutter (L977), on the basis of an unknown number of daytime samples,

concluded that the daytime density of mysids in withdrawn water was less tharr SVo

the density at night. Bernstein (1980), based on one day's sampling, estimated that

the density of mysids in the withdrawn water in daytime was 27Vo of that at night.

We have used the average of these two estimates,l6Vo.

5. All mysids withdrawn in cooling waters are killed. A comparison of

samples taken near the intake riser of Unit 1 with those taken from the discharged

waters, indicated tbatlgVo of mysids survive the passage through the cooling system

(Bernstein 1980). Laboratory experiments suggest that more than half of those

survivors will later die from the residual effects of temperature shock (Bernstein

1980). In addition, there will probably be some residual mortality from physical

buffeting.

15



3.0 RESULTS

3.1 Mysid Abundances and Distributions

Nine species of mysids were routinely caught over soft substrates in shallow

water (<37 m in depth) in the vicinity of San Onofre. The species are ranked by

their mean cross-shelf densities (per mr) at both Control and Impact locations in the

Before and After periods in Table 1. The mean cross-shelf densities of the various

life-stages of these species are presented in Appendix E.

Metamysidopsis elongata was the most common mysid throughout the study

period, accounting for approximately 48Vo of all mysids sampled. Its mean cross-

shelf density within one meter of the bottom varied, depending on location and

period, from 11.6/m3 to 30.0/ma. Only one other species, Acanthomysis macropsis,

had a density greater than 10/m3 at any location or time. At the other end of t.he

scale, two species, Neomysis rayii andAcanthomysis nephrophthalma, never exceeded

l/ma in density at any location. The five species that were intermediate in density

werc Mysidopsis cathengelae, M" intii, Neonrysis kadiakercis, Holmesimysis costata,

and Acanthomysis dartisiL Six other species, Archaeomysis maculata, Cubanomysis

mysteriosa, Mysidella ameicana, Pseudomma arnericana, P. califomica artd Siriella

pacifica, occurred in fewer than LIVo of the samples and are not considered in this

report.

The nine common species tend to occur in distinct depth zones.

Acanthomysis dwisii, Holmesimysis costata, Mysidopsis cathengelae, and Neomysis

rayii arc nearshore species which are absent or rare in water deeper than 15 m. The

I
I
I
I
t
I
I
l
I
I
I
I
t
I
I
I
I
I
I

t6



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
t
I

cross-shelf species, Acanthomysis macropsis, Metarnysidopsis elongata and Mysidopsis

intii, ocanr at all depths sampled. Finally, two offshore species, Acwtthomysis

nephrophthalma and Neomysis l(adiakensis, are uncommon in water shallower than

15 n The cross-shelf distributions of the species and their life-stages are presented

in Appendix F.

3.2 Changes in Relative Density

A number of mysid species glanged in abundance in the study area from the

Before to the After period. Acanthontysis davisii, A. nephrophthalma, Holmesimysis

costata, and Neontysis rayiiwere less abundant during the After then they were in the

Before (Table 1). In contrast, Mysidopsis cathengelae, Acanthomysis macropsis, and

the adult and juvenile stages of. Metamysidopsis elongata were more abundant in the

After period than they were in the Before period (Table 1; Appendix E).

While changes in mean density occurred from Before to After, the BACIP

results indicate that only a few of these changes were more pronounced near

SONGS relative to the Control location. The results of the BACIP test for changes

in density are presented in Table 2. This table presents the results by species (all

life-stages combined) and the combined ta(on, Total Mysids. Only trvo species,

when all fife-stages were combined, displayed significant (p<0.05) results indicative

of a SONGS effect.

L7



32.1 Mysidopsis intii

The BACIP results indicate that the abundance of this species increased in

the Impact area relative to the change observed at the Control site after the onset of

plant operation. This relatively common species ranked second in abundance

during the Before period and third during the After. It accounted for L6.8Vo (at

Control) and,16.6Vo (at Impact) of all mysids during the Before period and 5"5Vo at

both Control and Impact during the after period. It was found along the entire

length of the cross-shelf transect. The geometric mean abundances, percent relative

change and alpha level of the test on all life-stages combined were:

I
I
I
I
t
I
I
I
I
I
I
I
I
I
I
t
I
I
t

Before
After

Impact

4.47
2.L0

Control

4.83
1.05

Vo change

116 0.004

The complete BACIP results and a plot of the deltas through time for this

species (and the others discussed below) are presented in Appendix G.

322 Neomysis lcadiakewis

The BACIP results indicate that the abundance of this species increased in

the Impact area relative to the change observed at the Control site. This

moderately common species ranked third in abundance during the Before period

and fifth during the After. It accounted for lt.OVo (at both Control and Impact) of

all mysids during the Before period and 3.7Vo (at Control) and 4.8Vo (at Impact)

during the after period. This species is found predominantly in the offshore portion
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of the cross-shelf transect. The geometric mean abundances, percent relative

change and alpha level of the test on all life-stages combined were:

Before
After

Impact

1.88
t.94

Control

2.6L
1.20

Vo change

r20

P

0.010

Note that the preoperational deltas were serially correlated. A significant P

value ( < 0.05) remained after correcting with second order autoregression.

323 Other taxa

While no other species displayed significant results, the indicated change in

abundance (the sign of the percent relative change, Table 2) suggest that the six

otler species, Acanthomysis dattisii, A. macropsis, A. nephrophthalma,

Metamysidopsis elongata" Mysidopsis cathengelae, and Neomysis rayii were tending

towards relative increases Only one species, Holmesimysis costata, tended towards

a relative decrease. The eight-to-one predominance of indicated increases

(disregarding statistical significance) is itself statistically significant (p<0.05,

binomial test).

The tendency for the mysids as a group to increase in the Impact area is also

suggested by the BACIP analysis on all mysids combined (Table 2). While the P

value of the test was 0.10, the indicated change in abundance was an relative

increase of507o.

19



BACIP analyses were also performed on individual life-stages of each mysid

species and the results are summat'wed in Table 3. The adult (p<0.01), immature

b=0.0a) and juvenile (p=9.93) stages of. Neomysis l(adiakensis displayed relative

increases at the Impact site. Adult (p<0.01), juvenile (p=0.02) and immature

@<0.01) Mysidopsis intii all displayed relative increases. Only one other life-stage

displayed a significant (p<0.05) change. Adult Mysidopsis cathengelae increased 8Vo

@=0.0aD. One other test result with an alpha level of 0.05<p<0.1 occurred.

Juvenile Neomysis rayii increased by 45Vo (p=9.085, Mann-Whitney U test).

When the directions of relative change are considered independent of

significance level, 17 life-stages of the various species'indicated an increase in

relative abundance and six a decrease. The direction of the lsmaining four life-

stages could not be determined.

There were no significant (p<0.05) trends with time in the After deltas

observed among the mysid species or their individual life-stages.

32.4 BACIP on samples sorted by current direction

The preceding BACIP analyses test whether the abundance of mysids has

changed at the Impact site relative to Control independent of the prevailing current

conditions on the sampling dates. To test whether these results were biased against

detecting Plant effects compared to samples taken only when the prevailing

longshore current direction places the Impact site "downstream" of the diffusers, we

sorted the surveys in both Before and After periods by current direction and
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performed BACIP tests on the two sets of surveys. The results are summarized in

AppendixJ.

Because sample sizes are decreased when sorted by current direction, the

pou/er of the test is reduced and the lack of significant (p<0.05) test results is not

surprising. However, as a test for bias, the direction of the indicated changes are

telling. Under "plume" conditions (downcoast directed longshore currents), the

indicated shanges in relative abundance are positive for all species. Under "non-

plume" conditions, there were 6 indicated relative increases and 3 relative

decreases. These results argue strongly that any adverse effect of plant operation

associated with current direction was not obscured by using data from all sampling

dates in the preceding BACIP tests (Sections 3.2.1-3.2.3).

33 Changes in Cross-Shelf Distribution

Bernstein (1980) predicted that nearshore mysids would be pushed offshore

by the discharge waters of the Unit 2 and 3 diffusers. There is no evidence that this

has occurred. Although the proportion of individuals found offshore changed for

several species during the course of the study (Table 4), the changes were generally

similar at both of the study sites. In no case was the BACIP test result significant

(p<0.05) which would have indicated a relative change in distribution at the Impact

site.

21.



3.4 Intake Loss

The estimated average annual loss during the After period to the operation

of Unit 1 was 1.05 x 10e mysids (weighting 2.3 metric tons) and 8.1.2 x 10e mysids

(weighting 16.4 metric tons) to Units 2 and 3 combined (Table 5). Using the

available pre-operational data as well, the estimated long-term annual average loss

was somewhat smaller, 0.87 x 10e mysids (1.7 metric tons) to Unit 1 and 5.83 x 1tr

mysids (11.3 metric tons) to Units 2 and3 (Table 6).

I
I
I
I
I
I
I
t
I
I
T
I
I
I
I
t
I
t
I

22



I
I
I
T
I
I
I
I
I
I
I
I
I
I
I
l
I
I
t

4.0 DISCUSSION

The obserred patterns in mysid abundances and distributions as affected by

the operation of SONGS Units 2 and 3 are quite different from those which were

predicted in 1980 (Murdoch et al. 1980; Bernstein 1980). The predicted 50Vo

reduction in mysid density within several kilometers of the of the plant was not

observed. In fact, the results of the study suggest that relative increases in mysid

density, not decreases, result from the operation of SONGS.

However, it is indisputable that SONGS takes in and kills large numbers of

mysids. The estimated loss per annum to withdrawal into Units 2 and 3 is

approximately 6.5 billion mysids whose total weight is 13 metric tons. These

numbers are also somewhat different from those predicted in 1980. At that time,

the predicted loss was approximately 23 billion mysids weighting an aggregate 46

metric tons. A number of factors account for the difference between the two

estimates. The early prediction incorporated the maximum intake volume in the

calculation. The estimate presented in this report is based on the average pumping

rates from mid-1983 to mid-1987 (approximately 77Vo). At ma:rimum pumping

rates, the current estimated intake loss would be approximately 2l metric tons. The

early prediction was based on mysid density estimates made in-plant at Unit L

during 1979 only. Therefore, this estimate did not incorporate year-to-year

variation in the mysid abundances, which can be pronounced. Use of inplant

samples may also overestimate the intake loss. Clutter (1977) compared samples

taken simultaneously close to the intakes of Unit 1 and within the plant and found

that mysid densities were higher in the samples taken in the plant. He speculated

that the mysids were "concentrated" by some unknown mechanism in the plant.
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The prediction that intake losses would contribute to reductions in local

mysid populations was, in part, based on the expected effects of the discharge waters

on the receiving waters. Studies of the actions of the discharge waters have revised

some of the early expectations. Any changes in local population densities due to

Units 2 arfi 3 intake losses would come about by mixing ambient water containing

mysids with the cooling waters which have been filtered of mysids. The present

estimate of the magnitude of this dilution three kilometers from the diffusers is 40

parts ambient to one part cooling water (Ecosystems 1987). This would cause about

a 2.5 percent reduction in local populations. The volume of receiving water

entrained (displaced in the course of mixing with the discharged water) is about 10

times that discharged. If all the mysids in the entrained water were also killed (and

there is no evidence of entrainment mortality) the mix at the impact site would be

four parts ambient to one part plume water, resulting in a 20 percent decrease in

mysid densities. The dilution volumes are based on samples taken from a discharge

plume present only in upper portion of the water column. If the discharged waters

were distributed throughout the water column so as to affect the bottom 1. m where

mysids are sampled, then the ratio of ambient to cooling water would be much

larger and the expected reduction in mysid densities much smaller. Therefore,

based on these recent dilution estimates, the expected declines due to dilution alone

would be small.

Another factor that would counteract the intake losses would be immigration

of mysids into the Impact area. In making the early predictions, the potential effects

of immigration were essentially ignored. Although we have no data concerning

rates, immigration into the area" by either actively swimming into the area or

passively drifting in with currents, may be sufficient to overcome the losses due to
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intake withdrawal. For example, a reduction in the concentration of mysids would

not be expected if make-up water, water drawn into the Impact area to replace

water withdrawn and discharged by the plant, contains mysids at ambient

concentrations.

The relative increases observed at the Impact site in the populations of

Mysidopsis intii, Neomysis kadiakensis. and the tendencies towards increases in other

mysid species are unexpected in light of the predictions. However, there are

plausible mechanisms that may account for these increases. One is an increase in

the food supply to the mysid populations. Tons of particulate organic material, dead

mysids and plankton, are discharged each month in the cooling waters. This may

increase the flux of organic particles at the Impact site. Since mysids are known to

feed on detrital material (Cannon and Manton 1927; Tattersall and Tattersall 1951;

Pechen-Fineko and Pavlovskaya t975; Mauchline 1980), this added food might

increase both survival and reproductive success.

Barnett et aL (I987a) present evidence that suggests that reproductive

success of mysids may be enhanced in the Impact area. They found the proportion

of reproductive females in the populations of.Acanthomysis macropsis and Neomysis

lcadiadercis increased at the Impact area relative to the Control area. The increase

in the proportion of reproductive females may be related to the increase in relative

abundance at the Impact site shown by the latter species.

Increases in mysids may be linked to other changes in the marine biota near

SONGS. Fish prey on mysids (e. g. Clarke l97L; Quast 1971, Hobson and Chess

1976; Bernstein and Gleye 1981). The relative increase in mysids may, in part,



account for the relative increases seen in the abundance of benthic fish at the

Impact site in the After period. White croaker, queenfish, longfin sanddab and

fantail sole are benthic species whose abundance increased in the After period near

the plant. The aggregate biomass of the bottom fish also increased (Interim

Technical Report 3: Midwater and Bottom Fish).

Furthermore, it is thought that mysids are representative of other groups of

hypoplankton not sampled: amphipods, isopods, and cumaceans. If these

populations have increased as the mysids have, they would also contribute to an

increase in available food to local fish populations.

It was also thought in 1980 (Murdoch a aL 1980) that nearshore mysids

might be pushed offshore with the seaward flow of discharge water. While there

was no evidence that such a movement would adversely affect the individual, there

was concern that if these offshore waters were unsuitable habitat or that, once

displaced, the mysid could not return to its area of origrn, such movement would be

deleterious. However, the test for distributional shifts failed to find evidence of

significant offshore movement.

The lack of the predicted distributional shifts probably results from a number

of factors. One is that the extent of the offshore movement of the discharge was

probably overestimated when the prediction were made. Most of the water that

encounters the discharge plume is displaced an average of approximately 700 m

seaward of the point at which it encounters the discharge plume (Final Technical

Report L). Therefore, a relatively small proportion of water is pushed much beyond

the offshore end of the Unit 2 diffuser and few individuals of those species found
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predominantly shoreward of the 15 m isobath (the approximate depth at the

offshore end of the Unit 2 diffuser) are pushed seaward of this depth.

Another factor that may contribute to the absence of distributional shifts is

the ability of the mysids to either actively resist offshore movement or move

shoreward once displaced. There is evidence that cross-shelf movement by mysids

does occur. I-arge numbers of adult female Metamysisdopsis elongata, brooding

youn& have been observed on occasion in the portion of the transect shoreward of

their normal occurrence (L. Gleye, pers. comm.). Gleye speculates that the females

may move into shallow water to release their young. However, the abitity of mysids

to resist passive movement by water currents remains insufficiently known to

estimate the time necessary or the probability of their successful return to their

point of origin.
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TABLE 1.

RANKS OF MEAI{ DENSITIES OF MYSID SPECIES. The mean density (per m3 of the bottom
one meter of the water column) and standard error, number of sutreys and the percentage of
total mysids are prcsented for each species.

Vo oFToTeL

IMPACT LOCATION..BEFORE PERIOD

L ' MAanrysidopsis elongata

2 Mysidopsis intii

3 Acanthomysis rnacropsis

4 Holmesilnysis costata

5 Neomysis kadiakensis

6 Acanthomysis davisii

7 Mysidopsis cathengelac

8 Neomysis rayii

9 Acanthomysis nephropthalma

Total mysids

tL.62

5.48

3.75

3.68

3.62

2.62

0.89

0.72

0.69

33.07

35"r

t6.6

tL3

1L.1

11"0

7.9

2.7

2.2

2.r

100.0

2.26

0.78

0.n
L.07

0.99

0.4

0.31

0.m
0.1:}

4.79

L9

T9

L9

L9

19

L9

t9

L9

L9

L9
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MEAN S.E. N Vo oFToTeL

IMPACT I-OCATION.-AFTER PERIOD

1

2

3

4

5

6

7

8

9

Metarnysidopsis elongata

Acanthomysis macropsis

Mysidop sis c athenge lae

Mysidopsis intii

Neornysis kadiakensis

Holmesimysis costata

Acanthomysis nephropthalma

Acanthomysis davisii

Neomysis rayii

Total mysids

30.04

17.80

4.L3

3.29

2.K

1.73

031

0.09

0.06

59.7t

10.04

5.67

2.03

0.90

0.58

0.36

0.08

0.03

0.02

t7.94

50.3

29.8

6.9

5.5

4.8

L.9

05

0.2

0.1

100.0

L7

L7

t7

t7

17

t7

17

T7

L7

r7
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TABLE L (Continued). nexrs oF MEAN DENSnES oF MYSID SPEcIES.

S.E. N VooFToTet

I
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CONTROL LOCATION-.BEFORE PERIOD

L Metomysidopsis elongata

2 Mysidopsis intii

3 Neomysis kadiakensis

4 Acanthomysis macropsis

5 Acanthomysis dovisii

6 Acanthomysis nephropthalma

7 Neomysis rayii

8 Holmesimysis costato.

9 Mysidopsis cathengelae

Total mysids

L7.87

6.26

4.W

3.L9

2.74

0.95

0.91

0.76

0.47

87.24

4{t.0

16.8

11.0

8.6

7.4

2.6

2.4

2.0

7.2

100.0

4.U

0.!)6

0.94

0.55

0.54

0.?5

0.2L

0.r2

0.15

4.n

19

t9

19

19

19

L9

19

L9

L9

L9

S.E. N Vo orToret

CONTROL LOCATION--AFTER PERIOD

L Metarnysidopsis elongata

2 Aconihomysis macropsis

3 Mysidopsis cathengelae

4 Mysidapsis intii

5 Neomysis kadiakensis

6 Acanthonrysis nephropthalma

7 Holmesimysis costata

8 Acanthontysis davisii

9 Neomysis rayii

Total mysids

2L.65

9.2r

2.%

2.W

L.39

0.35

0.24

0.08

0.02

37.37

57.9

24.6

6.3

).)

3.7

0.9

0.6

0.2

0.1

100.0

3.9L

1.85

0.91

0.62

0.2r

0.L4

0.07

0.05

0.02

7.m

L7

L7

l7

t7

L7

17

L7

t7

L7

t7



TABLE 2

SIIMMARY OF BACIP TEST FOR CIIANGES IN ABIINDAiICE. Atl life stages are comblned within
each taxon. Results prrcsented are those associated with the transformation with the lowest type I error.
The indicated direction of change, i=increaser d=decrease, is presented for those species where P>0.05.

TAXA TRANSFoRI{ATIoN P > t % CrnNae

Mysidopsis
intii

Neomysis
kadiakensis

Acanthomysis
dcvisii

Acanthomysis
macropsis

Acanthomysis
nephrophthalma

Holmesimysis
costata

Metarnysidopsis
elongata

Mysidopsis
cathengelae

Neomysis
rayii

Total nysids

I-oe(x)

Loe(x)

Los(X+0.01)

Los(X+0.01)

Log(x+0.01)

Irg(X+0.1)

Los(X+0.1)

Log(x+0.01)

I-og(x+0.1)

Ioe(x)

0.19

0.004

0.0101

i

i

i

d

i

I

i

0.102

tL6Vo

l?:6Vo

fiVo

t
I
I
t
t
t
I
I
T
I
I
I
t
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1 Preoperational deltas were serially correlated.
autoregression.

2 Preoperational deltas were serially correlated.
autoregression.

Significant (P<0.05) results remained after correcting with second order

P value in table is value obtained after correcting with second order
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TABLE 3

SI'MMARY OF BACIP TEST FOR CHANGES IN ABTJNDANCE AMONG THE LIFE
STAGES OF THE MYSID SPECIES. For those species whose test result had an alpha level
of (0.01, the transfomation associated with the lowest alpha (unless Log X passed
assumption tests), the P value and the percent relative change are presented. For those tam
whose P value >0.10, the lndicated direction of change (i=incrcase, d=decrcaser
?=uncertain) is presented.

SAGE TRANSFoRI\,IATIoN P CHANGB

l
T
I
I
t
I
t
t
I
I
t
t
I
t
t
I
I
I
I

NEARSHORE SPECIES

Acanthotrtysis
dovisii

Holmesimysis
costata

Mysidopsis
cathengelae

Neomysis
r@i

Adult
Immature
Juvenile

Adult
lmmature
Juvenile

Adult
ImmatUre
Juvenile

Adult
Immature
Juvenile

Log (X+1)

Log (X+.1)

0.045
tt

{t

*
*

0.0851

d
I

i

d
d
d

8Vo
i
d

?
d

45Vo

SPEcIES STAGE TRANSFORMATION CTIANGE

CROSS.SHEI.F SPECIES

Acanthomysis
macropsis

Metamysidapsis
elongata

Mysidopsis
intii

Adult
Immature
Juvenile

Adult
Immature
Juvenile

Adult
Immature
Juvenile

Log (x)
Log (x)

Los (x+.1))

L09Vo
93Vo
lSLVo

0.004
0.020
0.009



TABLE 3. (Continued) suunaanv oF BAcrp rEsr FoR cHANGES rN ABUNDANcE AMoNG
THE LIFE STAGES OF THE MYSID SPECIES.

STAGE TRANSFoRMATION CHANGE

OFFSHORE SPECIES

Acanthontysis
nephrophihalma

Neomysis
kadiakewis

Adult
Tmmnfgsg

Juvenile

Adult
Immature
Juvenile

Log (x+.1)
I-og (X+"1)
I'g (x+1)

I
I
I
I
I
t
I
t

?
2
i

LDVo
83Vo
5SVo

*
*
t*

0.003
0.038
0.0L4

1 Mann-WhitneyU test
2 Preoperational deltas were serially correlated. Significant (p<0.05) results remained after correcting with
second order autoregressive errors.
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TABLE 4

AVERAGE PERCENT OF MYSID POPUI,ATIONS IN fiIE OFFSHORE AREA (> 15 M).

SONGS
BEFoRE

x (sE)

CONTROL
AFTER

x (sE)STAGE
BEFoRE

x (sE)
AFTER

x (sE)

NEARSHORE SPECIES

L4 (14)
0 (0)
4 (4)

0 (0)
0 (0)
0 (0)

0 (0)
1 (1)
0 (0)

6 (3)
3Q)
2 (r)

0 (0)
0 (0)
0 (0)

0 (0)
0 (0)
0 (0)

0 (0)
0 (0)
3Q)

0 (0)
0 (0)
6 (6)

0 (0)
0 (0)
0 (0)

1 (0)
1 (1)
0 (0)

0 (0)
0 (0)

2L (13)

4 (3)
4 (3)
3 (1)

0 (0)
0 (0)
0 (0)

0 (0)
0 (0)
0 (0)

0 (0)
2Q)
8 (5)

Adult
Immature
Juvenile

Adult
Immature
Juvenile

Adult
Immature
Juvenile

Adult
Immature
Juvenile

t
Acanthomysis

t 

dortisii

Holmesimvsis

I 
costata

I 
w:ffi::**

0 (0)
0 (.)

13 (13)
I weo,ry,*

t
SONGS CONTROL

AFTER
x (sE)I sPEcrEs STAGE

BEFORE
x (sE)

AFTER
x (sE)

BEFoRE
x (sE)

l
CROSS-SHEIf' SPECIES

s7 (8)
% (8)
s (2)

51 A
2s (5)
6 (6)

s8 (7)
s7 a)
s2 (8)

s6 (7) 6L (6)
4r (8) % (6)
8 (3) 11 (3)

4s (8) 33 (5)
2e (7) 18 (4)
o (0) 0 (0)

58 (s) se (4)
s7 (6) 40 (5)
60 (e) 2s (4)

€a)
%a
8 (3)

38 (6)
Le (4)
3Q)

s7 (4)
42 (s)
t7 (6)

Adult
Immature
Juvenile

Adult
Immature
Juvenile

Adult
Immature
Juvenile

I Aconthomysis

I 

macropsis

Metanrysidopsis

I 
etongata

| 
*';:;!'*

I
I



TABLE 4. (Continued) evenecE nERcENT oF MysrD popur-ATloNs IN THE oFFSHoRE
AREA (> 15 -).

t
I
I
t

SONGS CONTROL
BEFoRE AffER

x (sE) x (sE)SPECIES Sf,AGE
BEFoRE

x (sE)
AFTER

x (sE)

OFFSHORE SPECIES

Acanthomysis
nephrcphthalma

Neomysis
kadiakensis

Adult
Immature
Juvenile

Adult
Immature
Juvenile

100 (0)
100 (0)
100 (0)

100 (0)
100 (0)
e2 (t

100 (0)
100 (0)
e8 (2)

v3 (3)
n, (3)
72 (6)

100 (0)
100 (0)
ee (1)

e (0)
e (1)
8e (5)

100 (0)
100 (0)
100 (0)

e8 (1)
e6 a)
88 (4)

I
t
I
I
t
I
I
I
T
t
t
I
t
T
I
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t
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TABLE 5

ESTIMAIED LOSS DUE TO SONGS OPERATIONS DURING THE OPERATIONAL PERIOD.
Biomass is in kilograms.

I sPEcrEs STAGE NUMBER Brotuass

UNTTS 2&3----

NUMBER BIOIVTASS

I
NEARSHORE SPECIES

I *ffiK*

n Hotmesimysis
costata

t Mysidopsis
cathengelae

t Neomys.is
rayu

I

Adult
Immature
Juvenile

Adult
Immature
Juvenile

Adult
Tmmature
Juvenile

Adult
Immature
Juvenile

2.76xIN
4.00x1d
2.89(1d

4.02'I(Lo7
$1xL0'
4.4ttd07

3.14x107
8.47xldl
L37x1d

3.09x1d
6.ljlxlOa
5.08dd

2.04xL0
2A0xL07
1.6Ox107

2.60dd
2.86{d
2glJff

3.26YJG
s.37dd
1.61d0e

2.6Sx1ff
738x1d
2.58x107

L20
37
24

1,459
)v)
239

3,845
l,7U
3,4Y

111
5

ffi

L6
6
4

D6
M
6

%9
180
2y2

13
0

35

T
t SPECIES STAGE NUMBER BIoMASS

uNrrs 2 &.3 ------

NUMBER BIOMASS

I 
cRoss-sIrELF sPEcrEs
Aconthomysis

I macropsis
-
I

Metarnysidopsis

I 
etonsata

Mysidopsis

I 
intii

Adult
Immature
Juvenile

Adult
Immature
Juvenile

Adult
Immature
Juvenile

L61x1d
2.74xLG
s.18fld

438x1d
5.8CI(1d
330dd

3.TlxI07
1.56x1"07
4.69xL6

r392
4W

1,431

L,L78
4L
25L

6
8
3

9.6k1d
1.66x10e
5.50d0e

3.03x10e
3.83x10e
4.g}-h}e

2.4,llx108
1.24fld
4.yhro1

8,n2
2,W
9,619

8,16
2,9n
3,67

495
67
n

I
I
I



TABLE 5. ESTIMATED LOSS DUE TO SONGS OPERATIONS DURING THE OPERATIONAL PERIOD.

SPECIES STAGE

uNrT 1---------------

NUMBER BTOUESS

uNrrs 2&3 ---*--

NUMBER BTOUaSS

OFFSHORE SPECIES

Acanthomysis
nephrophthalma

Neomysis
kadiakensis

Other Species

Total
AnnualAverage

Adult
Immature
Juvenile

Adult
Immature
Juvenile

Adult
Immature
Juvenile

0.00rdd
0.00dd
0.OOx1d

0"00x1d
0.0o,(1d
8.40dd

0.O0rild
2"?0:r1d
T.4hLG

3"19(10e
1.06x10e

0.00dd
0.00x1d
0.00rdd

0.00x1d
0.00x1d
135x1d

0.0CIdd
1,4x1d
8.Zrdd

2"47x10ro
8.23x10e

0
0
0

0
0
1

0
3

\m

49,gg0
L6,630

0
0
0

0
0
0

0
L

381

t
t
I
I
t
t
t
t
T
l6,863

2,738

t
I
I
I
I
I
I
I
I
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TABLE 6

ESTIMATED LONG.TERM ANNUAL INTAKE LOSS.
Biomass is in kilograms.

SPECIES STAGE NUMBER BIoMAss NTJMBER BIot\,tAss

I 
NEARSHORE SPECIES

Acanthomysis

t 
davisii

Holmesimvsis

I 
costat;

| 
*lff)f*,*

I Neo,ry;s

Adult
Immature
Juvenile

Adult
Tmmature
Juvenile

Adult
ImmSfglg

Juvenile

Adult
Immature
Juvenile

3.6?j/ltc6
L.?llxL0'
t.9?xLf

L.4?|IlL0'
2.?AxlC'
L.6axtf

1.04x107
2.g}Jil
4.9&d07

5.?jrx]-:6
2.c'jfJf
6.25xL6

2.fixL}7
7.70xL07
1.21x108

9.15x107
1.47d08
1.06x108

6.8xL07
L79x1d
3.3&d08

3.38x106
1,.3Ox106
3.51x107

2L
19
29

80
23
T7

Ln
62
106

22
1

43

l:}5
118
184

5L4
150
108

754
382
703

139
9

24L

t
l
I

SPECIES STAGE

uNrrs 2 &3 ----

NUMBER BIOIT{ASS NUMBER BIOMASS

CROSS-SHELF SPECIES

I Acanthomysis
tnacropsts

I Metamysidapsis
, elongata

I
Mysidopsis

t 
intii

Adult
Immature
Juvenile

Adult
Immature
Juvenile

Adult
Immature
Juvenile

l.74xlf
3.53x107
7.tuLc8

1.05xLd
L64x1d
139x1d

1.47xLil
1.5&107
L.lTxLf

1.17x108
2.8x108
8.82x108

6.75x108
1.01x10e
1.01x10e

9.81x107
L07dd
8.71x107

1,014
4?n
L5,44

L,815
765
765

r99
58
47

150
62
2L3

283
L25
106

30
8
6

T
I



TABLE 6. (Continued) nsrnrrereo LoNG-TERM ANNUAL TNTAKE Loss.

I
T

STAGE

UNTTS 2&3--_-

NUMBER

OFFSHORE SPECIES

Acanthomysis
nephrophthalma

Neomysis
kadiakensis

Other Species

TOTAL

Adult
Immature
Juvenile

Adult
Tmmature
Juvenile

Adult
Immature
Juvenile

0.00x1d
0.oCIdd
L2k1d

L15x1d
5.06dd
4.7SxLC5

LJ4xLd-
s.s6x1d
6.19d07

s.7k1d

0
0
0

0
0
3

0
0

167

1,699 LL,?ffi

I
I
I
T
t
t
t

0.0Ox100
0.00x1d
S.S0rdd

8.6hL(
436dd
4.05x106

L07dd
3.73x1d
4.28x108

5.83x10e

0
0
1

4
3
?a

0
1

1,151

I
t
t
t
l
t
I
I
t
t
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Figure 1: Locations of monitoring transects sampled for mysids.
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Figure 2: Configuration of the gear used to sample mysids.
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APPENDIX A

OPERATION OF SONGS UNITS 2 AND 3 ON MYSID SAMPLING DATES

PREOPERATIONAL OPERATIONAL

7o POWERDATE

090cfi9
23o,CTI9
06NOV79
20NOV79
03DEC79
fiDE,et9
17JAN8O
27FEB80
BMARSO
12APR8O
25APR80
OSMAY8O
22rdAY80
17JUN8O
03JU180
OTAUG8O
1UUN81
22SEP81
07DEC81

MEAN

% POWER

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0

PUMPS*

0.0
0.0
0.0
0.0
0.0
0.0
0.1
0.1
0.0
1.0
0.0
1.0
0.9
0"7
1.0
0.0
1.0
0.0
0.0

0.31

DATE

07DEC83
20N,!AR84
12IUN&$
NAUGU
25SEP84
28DEC84
O4APR85
O7MAY85
15JUN85
22JUIA5
02sEP85
OsFE886
rIMAR36
O5MAY86
O5JUN86
10JUL86
08sEP86

PUMPS*

4.0
8.0
6.0
8.0
8.0
4.0
5.0
8.0
8.0
8.0
8.0
8.0
6.0
4.0
7.0
7.9
8.0

25
100
50
50
100
50
t7
100
93
TI
78
100
35
50
€
61
97

67.7 6.10

* Maximum number of pumps is 8; flow rate for each pump is 207,000 gallons per minute.
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APPENDIX A. (Continued). OPERATION OF SONGS UNTI 1 ON MYSID SAMPLING
DATES.

PREOPERATIONAL

t
I
T
T
I
t
l
t
T
1
I
I
I
t
I
I
I
t
t

0"0
1.0
0.4
0.0
0.0
2.0
2.0
1_.1.
2.0
2"0
2.0
0.0
0"0
1.0
1.0
2.0
1.0

1.03

DATE

wocf79
23o,cjn9
06NOV79
20NOV79
03DEg/9
L7DEC79
17JAN8O
2ifFEB80
13IvIAR80
12APR8O
25APR8O
OSMAY8O
2MLY80
17JUN8O
OAIULSO
OTAUGSO
11JUN81
22SEP81
07DEC81

MEAN

% POWER

n
n
99
96
v2
88
70
95
94
0
0
0
0
0
0
0
0
0
80

47.7

PUMPS,I

L.9
t.7
L.9
1.9
1"9
1.0
1.8
2.A
2.0
1.0
0"0
0.0
1.0
2.0
L.7
0.0
2.0
2"0
2.0

L.45

DATE

07DEC83
2OlvIAR84
12IUN84
nAVG84
25SEP&[
28DEC84
O4APR85
07t\4AY85
6ruN85
z2JVt.8,5
02sEP85
OsFEB85
T}T,IAR86
05N{AY86
05ruN86
1O'UIJ6
08sEP86

OPERATIONAL

7o POWER PUMPS*

0
0
0
0
0
93
88
0
87
87
59
0
0
0
0
0
0

4.4

* Maximum number of pumps is 2; flowrate for each pump is 160,000 gallons per minute.

A-2



I
I
T
I
I
I
I
I
t
I
t
I
I
I

APPENDIX B

AVERAGE OPERATION OF SONGS UNITS 2 AND 3 FOR 30 DAYS
PRIOR TO MYSID SAMPLING DATES.

PREOPERATIONAL

7o POWER PUMPS*

OPERATIONAL

7o POWER PUMPS*DATE

090cT79
?3,AtrIg
06NOV79
20NOV79
03DEC79
LTDECIg
17JAN8O
27T'E880
r}MARSO
12APR8O
25APR80
OSMAYSO
22MAY8O
17JUN8O
O3JUIJO
OTAUGSO
1XIUN81
22SEP81
07DEC81

MEAN

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0

0.00
0.00
0.00
0.00
0.00
0.00
0.03
0.10
0.08
0.72
0.87
0.76
0.72
0.90
0.90
0.87
0.91
0.00
0.00

036

DATE

07DEC83
2ordAR84
12JUN84
zTAUG8/-
25SEP84
28DEC84
O4APR85
07t\,lAY85
6JLTN85
22Jvw'
02sEP85
O5FEB86
13MAR86
O5MAY86
O5JUN86
lOJUIJ6
08sEP85

45
70
81
67
96
37
2t
59
94
78
74
75
6
46
50
83
89

5.42
7.42
7.L6
7.55
8.00
3.68
6.58
7.55
8.00
8.00
8.00
7.52
6.81
4.00
4.83
7.79
7.8

6.8265.4

t
I
I
J
t

* Maximum number of pnmps is 8; flow rate for each plmp is 207,000 gallons per minute.
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APPENDIX B. (Continued). AVERAGE OPERATION OF SONGS UNIT 1 DURING THE 30
DAYS PRIOR TO MYSID SAMPLING DATES.

I
I
I
t
t
t
I
l
T
I
t
I
I
I
T
I
I
I
I

1.04

PREOPERATIONAL

7o POWER PUMPS*

OPERATIONAL

% POWER PUMPS*DATE

090cT79
u,OgI:Ig
06NOV79
20NOV79
6DEC?9
L7DEC79
17JAN8O
27FEB80
T}MAR8O
12APR80
5APR80
08r,tAY80
22I\,TAY8O
17JUN8O
(BJUIJO
OTAUG8O
1UUN81
22SEP81
07DEC8r.

MEAN

67
93
97
81
80
91
88
53
89
83
45
6
0
0
0
0
0
32
80

51.8

1.86
1.87
1.87
1.88
1.97
1.81_
1.87
t.24
L.94
1.90
L25
0.42
0.16
aJ3
L.26
0.83
1../m
t.96
1.95

1.zE

0
0
0
0
0
80
80
70
u
84
54
0
0
0
0
0
60

n.4

L.6r
L"6
0j43
0"00
0.00
1.08
7.y3
t"72
1.98
1.90
1.59
0"15
0.00
0.07
0.53
1.58
t"72

DATE

07DEC83
20I{AR84
12IUN84
27AUG84
Z5SEP84
28DECA4
O4APR85
071{AY85
15JUN85
nJfn-&s
02sEP85
OsFEB86
l:}I\{AR86
O5MAY86
O5JUN86
10IUr-85
O85EP86

* Ma,rimum number of pumps is 2; flowrate for each pump is about 160,000 gallons per minute.
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APPENDIX C

CONVERSION OF PERCENT REI"ATIVE CHANGE INTO
FACTORS OF CIIANGE

7o DECREASE

-r0%

-20Vo

-30Vo

-40Vo

-5IVo

-60Vo

-7IVo

-80Vo

-90Vo

7o INCREASE

LL%

25Vo

43Vo

67Vo

l00Vo

15IVo

233Vo

400Vo

900Vo

FACTOR OF CHANGE

1..L

L.3

L.4

L.7

2.0

2.5

3.3

5.0

10.0

I
t
I
t
I
I
I
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APPENDIX D

AVERAGE WEIGHTS fiN MILLIGRAM$ OF IVTYSIDS
USED IN INTAKE LOSS ESTIMATES

JIIVENILE AND IMN,'ATURE

Mysidopsis
intii

Neomysis
kadiakensis

Acanthomysis
dovisii

Holmesirnysis
coEtata

Mysidopsis
cathengelac

Neomysis
rayti

Acanthomysis
macropsis

Metamysidopsis
elongata

Acanthomysis
nephrophthalma

2.03

4r.25

5.87

5.62

11.78

4t.?5

8.&

2.69

5.62

0.54

6.88

L.53

1.02

2.13

6.88

L.75

0.76

L.m
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APPENDIX E

MEAN DENSITIES OF THE LIFE.STAGES OF TIIE MYSID SPECIES

For each life-stage of each species the mean density (per m3 of the bottom one meter of

the water column) and the standard error of the mean are given for each location (Control and

Impact) and each period (Preoperational and Operational). Sample sizes were L9 for the

preoperational period; 17 for the operational period.
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APPENDIX F

CROSS.SHELF DISTRIBUTIONS
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APPENDIX G

BACIP Results

For each of the taxa listed below (which are discussed in the text) \Me present

the following, the detailed results of the BACIP test, a figure of the survey-by-survey

deltas (with the mean delta for each period indicated by a horizontal line), and a

figure of the survey-by-survey density data.
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G-L2 I
STJMI.'ARY OF BACI TEST

Neomysis  kadiakensis STAGE ALL

I
I

TRANSFOR},IATION I

NT.JMBER OF I TEST FOR I TEST FOR
oBSERVATIONSIADDITTVITYI SERIAL
BEFORE IAFTERI P-LEVEL I CORRET.ATTON

TRENDS TEST I
P.LEVEL I

BEFOREI AFTERI

LoG (X+0 .  O l  )
Loc  (X+0 .  1 )
Loc (x+0 )
Loc (X+ 1)
Loc (x+ 10 )
LOG (X+ 100 )
NOTRANSFORM

19
19
19
19
19
19
L9

L7
L7
L7
L7
L7
L7
L7

P
P
P
P
P
P
P

< =
< =
< =
< =
< =
< =

0.302
o.342
o "297
0"490
o .647
o "749
o.776

0.05
0 .05
0 .05
0 .05
0 .05
0 .05
0 .05

|  0 .285
1o .266
|  0 .288
1o.237
I  0 .303
|  0 .353
I  0 .363

I  0 .288  |
O :295
0 .287
o .377
0 .567
0 .637
o .647

I
I
I
I
T
il
I
I
I

I
I

TRANSFORI'IATION I

MEAN DENSITY I
BEFORE I AFTER IPERCENT

soNcs I coNTRoL I SONGS I CONTROL I CHANGE

srGNrFrcANcE I
TESTS I

r  lz  I
Loc(X+0.01) 1"  88

L .94
1 .88
2 .29
3  .09
3 .54
3  .62

z  "62
2  "66
2 .6L
2 .94
3 .62
4 .A2
4 .09

1 .  95
L"99
L .94
2 .24
2 .67
2 .83
2 .85

L .20
L"22
1 .20
L .29
t_ .  37
1 .40
1 .  40

L24 .3
Lt4 .6
L25.6

69 .5
15 .9

L .9
zo7 .5

Loc (x+0 "  1 )
Loc (X+ 0 )
Loc (X+ 1)
Loc (x+ 10 )
LoG (X+ 100 )
NOTRANSFORM

0.01010 .017
0 .00910"015
0 .010  I  0 .017
0 .009  |  0 .013
0 .021  |  0 .019
0.03s lo .o24
0.039 lo  "o24
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c- l  5

SUMI.,TARY OF BACI TEST

Neomysis  kadiakensis STAGE ADULT

TRANSFOR}'IATION

NUMBER OF I TEST FOR I TEST FOR I TRENDS TEST I
oBSERVATIONSlADDrTrVrryl SERTAL I P-LEVEL I
BEFORE IAFTERI P-LEVEL I CORRELATTONI BETORE I ArrERl

LoG (X+0.0 I )
Loc  (X+0 .  l )
Loc (X+0 )
LOG (X+ 1)
LOG (X+ 10 )
LoG (X+ 100 )
NOTRANSFORM

19
19
19
19
19
19
19

L7
L7
L7
17
L7
L7
L7

0.7L2
o .457
0 .750
o.o47
0.001
0 .000
0 .000

0 .05
0 .0s
0 .05
0"05
0 .05
0 .05
0 .05

0 .022
0 .028
0 .021
0 .088
0 .205
0 .244
0 .250

0 .365
0 .448
0 .353
0 .  653
0 .788
0 .810
0 .813

lp
lp
lp
lp
lp
lp
lp

MEAN DENSITY
BEFORE I AFTER

soNcs I CoNTROLI SONGS I CONTROLTRA}ISFORMATION

I
I
I
I
I
I
I
l
t
t
l
I
I
t
T
I
I
l
t

I SIGNTFTCANCE I
PERCENTI TESTS I

clrANGEl T I Z I

LoG (X+0.01)
Loc  (X+0 .  1 )
Loc (X+0 )
Loc (x+ 1)
Loc (X+ 10 )
LOG (X+ 100 )
NOTRANSFORM

0.34
0 .37
0 .33
4 .47
0 .52
0 .53
0 .53

0 .57
0 .  61
0 .56
4 .76
0 .  93
0 .97
0 .  98

0 .45
0 .48
0 .45
0 .58
0 .65
0  .67
o  .67

0 .28
0 .30
0 .28
0 .33
0 .35
0 .35
0 .35

t66 .7
L22 .O
L74.9
42.  s
6.9
0 .8

827 .L

0 .004
0 .003
0 .004
0 .005
0 .009
0 .011
0 .011

0 .007
0 .005
0 .007
0 .009
0 .009
0 .009
0 .009
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c -L7

SI'M},IARY OF BACI TEST

Neomysis kadj-akensis STAGE IM}4ATURE

t I
I

TRANSFORI'IATION I

NT,JMBER OF I TEST FOR
oBSERVATIONS I ADDTTMTY
BEFOREIAFTERI P-LEVEL

TEST FOR I TRENDS TEST I
SERTAL I P-LEVEL I

CoRRELATTON IBEFORE I AFTERI

t
l

LOG (X+0.  01)
Loc (X+0 .  1)
LoG (X+0 )
Loc  (X+ 1)
LoG (x+ 10 )
LoG (X+ 100 )
NOTRANSFORM

19
I9
19
19
19
19
19

L7
L7
L7
L7
L7
17
L7

0.  701
o .790
0 .  689
0 .832
0 .418
0 .321
0 .309

>  0 .05
<=  0 .05
>  0 .05
<=  0 "05
<=  0 .05
<=  0 .05
<=  0 .05

0.L27
0 .093
0 .  134
0 .079
0 .099
0 .  105
0 .  106

0 .436
a .477
0 .432
o .682
0 .862
0 .897
0 .  901

P
P
P
P
P
P
P

t
t
t

I
I

TRANSFORMATION I

MEAN DENSITY I ISTGNIFICANCEI
BEFORE I AFTER IPERCENTI TESTS I

soNcs lcoNTRoL lsoNcs lcoNTRoL lcnANGEl  T  I  z  I

t
I

Loc(x+0 .01)
LoG (x+0 .  1 )
Loc (X+0 )
Loc  (X+1)
Loc (x+ 10 )
LoG (X+ 100 )
NOTRANSFORM

o.47
o.52
o.46
0 .67
0.81
0.84
0.85

0"69
0 .  73
0 .58
0 .89
L .O7
1.  11
L .L2

0 .  73
o .77
0 .  73
0 .92
1 .04
1 .07
1 .07

0 .53
0 .  s5
0 .53
0 .61
0 .65
0 .65
0 .65

100 .2
82 .7

LOz.9
35 .4
6 .2
o.7

I 78 "9

o.044
0 .038
0 .045
0 .032
0 .030
0 .030
0 .030

0 .043  I
0 .0311
0 .039  |
o.a24l
0.023  |
0 .023  |
0 .023  I
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c-L 9

SIJMMARY OF BACI TEST

Neomysis kadiakensis STAGE JWENILE

I
I

TRANSFORT{ATTON I

NUMBER OF I TEST FOR
oBSERVATTONS I ADDTTTVTTY
BEFOREIAFTERI P-LEVEL

TEST FOR
SERIAL

CORREI.ATION

TRENDS TEST I
P-LEVEL I

BEFOREI AFTERI

LoG (X+0 .  01 )
Loc  (x+0 .  1 )
LoG (x+0 )
Loc  (X+ 1)
Loc (x+ 10 )
LoG (X+ 100 )
NOTRANSFORM

L9
L9
L9
T9
19
L9
L9

L7
L7
L7
L7
L7
L7
L7

P
P
P
P
P
P
P

< =
< =
< =
< =
< =
< =
< =

0.193
0 .211
0 .  190
o .203
0 .078
o .042
0 .038

0 .05
0.0s
0.05
0 .05
0 .05
0 .05
0 .05

o.944
o "994
0.934
0.905
0.957
o.977
o.979

0.  102
0 .  145
0 .097
0 .305
0 .427
0 .451
0 .455

STGNIFTCANCE I
TESTS I

r lz l

J
I
t
T
I
t
t
I
t
I
I
t
T
I
t
I
I
I

MEAN DENSITY I
BEFORE I AFTER I PERCENT

soNcs I coNTRoLl SoNGS I CONTROL I CHANGE

I
I

TRANSFORMATION I

LoG (X+0 .  01 )
Loc (x+0.  1)
LOc (X+0 )
Loc (X+ 1)
Loc (x+ 10 )
LoG (x+ 100 )
NOTRANSFORM

0.94
1 .03
0 .93
1 .  37
L .94
2 .20
2 .24

1 .191
L  "24
1 .  18
L .49
1 .84
1 .  98
2 .OO

0.s7 |
0 .64 |
0 .  s61
0.86  |
1 .06  I
1 .101
1 .  111

o .25
0 .30
o .26
0 .36
0 .39
0 .39
0 .39

165 .8
L22 .7
L74 .8
43  ,6

5 .6
0 .5

74 .2

0 .013
0 .013
0 .014
0 .033
0 .L94
0 .  36s
0 .399

0 .017  I
0 .017
0 .017
0 .023
o .062
0 .062
0 .062

t



3 c-.2o' I

I
I
I
t
I
t
I
I
I
I
t
T
t
T
I
I
t
I

ID
ql
J
:l
P)

(D
cl
z
l:

a
ct
J
f
l)

nc,z
t )

>
' ' r=
d l €

! o
o

!q

o ltJ
za
b 3

tr
c,

o , "
rn l!

fo
; r !

= l O
o
J
3
l"

vl

@z
F2

oqt
J
3
F)

o
ql
z
1?

o
J
3
F"

F
J C } O O O O C ) O O ( ) O c r O ( ) O ( ) s {
t t t t r t i r i i i t i l
o

J

zo
H
F

E
llJ
(L
o

x 
xx

J

z
o
H
F

G
tlJ
TL
o
trl(r
(I

*
x:r

Eq
Fl
Er
sF^
F F O

RFr
ur lS'cs O
v)ao
d o J
F Zq)oz

toF' c sU l<
h l<>u5srrHh'frsE
8,5
Ed
q)

=



t
I
I
I
t
t
I
t
t
J
l
T
t
t
l
I
I
I
I

G-2L

Il/ eomys'is k udiukensts
ADU LT

ro
=

E
lrJ
EI
=
=

5

4

5

2

1

o
. J A N 7 9 . J A N 8 O  J A N E l .JAN82 .JAN85

CONTROL

.JAN84 JAN85 JAN86 .JAN67

SONGS

IMMATURE

rO
=

E
td
EEI
=
=

7

6

5

4

5

2

1

o

7

6

5

1

3

2

1

o
. rAN79 .JAN8O ,JAN81 ,rAN82 .JAN85

CONTROL

.JAN84 .JAN85 .JAN86 .'AN87

SONGS

JUVENILE

1 1
1 0

f o g
= E
\ . 7
! 4 6
E 5
= 4
=s

2
1
o
J

1 1
1 0

9
a
7
6
5
+
3
2
1
o

AN79 JANEO JAN81  . JAN82  JAN85  JAN84  JAN85  JAN86  JAN87

- CONTROL SONGS

PREOPERAT I ONAL I N T E R I M OPERAT I ONAL

PREOPERAT I ONAL I N T E R I M OPERAT I ONAL

PREOPERAT I  ONAL I N T E R I M OPERAT I  ONAL



c-22

SUM},IARY OF BACI TEST

Mysidopsis  cathengelae STAGE ADULT

TRANSFORI'IATION

NUMBER OF I TEST FOR I TEST FoR I TRENDS TEST I
oBSERVATTONSIADDTTTVTTYI SERTAL I p-LEVEL I
BEFORE I ATTERI P-LEVEL I CORRET.ATION I BEFORE I AFTERI

LOG (X+0  .  01 ) L7
L7
13
t7
L7
L7
L7

L7
L7
15
L7
L7
L7
L7

0.877
0 .844
0 .  998
0 .523
0 .436
o .425
o .424

0"05
0 .05
0"05
0 .05
0 .05
0"05
0 .05

0 .553
0 .  530
o .476
0 .818
0 .849
0.8s2
0"852

o .478
0 .336
0 .516
0 .213
0 .  149
0 .  146
0 .  146

P
P
P
P
P
P
P

LOc(X+0.1 )
Loc (X+0 )
LOc (X+ 1)
LOc (x+ 10 )
LoG (X+ 100 )
NOTRANSFORT.I

I
I

TRANSFORI.IATION I

MEAI{DENSITY I  ISIGNTFTCANCEI
BEFORE I AFTER IPERCENTI TESTS I

soNcslcoNTRoLlsoNcslcoNTRoLlct {ANcEl  T I  z  I

t
I
I
t
I
t
T
I
T
I
I
T
T
t
I
I
I
I
I

LoG (X+O "  01)
Loc  (X+0 .  1 )
Loc (x+0 )
Loc (X+ 1)
Loc(X+ 10 )
LoG(X+ 100 )
NOTRANSFORM

0"0s
0"07
0 .07
0 .08
0 .09
0 .09
0 .09

0 .04
0 .05
0"06
0 .08
0 .08
0 .08
0 .08

0"17
0 .23
o .2L
o.32
0.  39
0 .41
0  .41

0 .  11
0 .  15
0"14
0 .22
o.27
0.28
0 .28

35 .  I
22  "3
21.5

7  "6
L ,2
0"1

44 .6

0 .  360
0 .166
o .629
0 .045
0 .035
0 .038
0 .038

0 .352
0"203
0 .549
0 .  139
0 .  148
0 .  139
0 .  139
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Mysids were sampled at two locations - an Impact site about 3 lan downcoast
from the'diffusers and b Control site about 18 km^ downcoast. At each location
three, approximately 4-km transects were established perpendicular to the shore and
aboui 5b0 m apart-(Fizure 1). The transects were not^marked, but were located
using shore sitings <ir ltre mini-ranger navigational device. The mini-ranger was
usedabout half tf'e time. On those SccasionIwhen shore sitings were used, iominal
coordinates were entered in the data base (these records can-be identified because
the beeinnine and endine MRC X-coordinates are identical). Durine the course of
the stu-cly thiactual longihore location of the origrn of a transect could uaryby Lto2
km, beciuse of practicfr constraints (e.g., the prEsence of obstacles such ds gill nets
or anchored boats).

Each transect was divided into six depth strata: 6 - 8 m, 8 - 12 m,12 - 15 rn"
15 - 23 m, ?3 - 30 rn, and 30 - 37 m. Mysids were sampled within each stratum with
an epiberithic sled to which a net with i 1-sq m opening was attached. The 6 - 8 m
depth stratum was the most difficult to samj:le. Very-often there was a danger of
breaking waves close to shore. However, whbn conditions were good, samples were
taken in depths less than 6 m. When there were large swells, the tow began in
deeper water.

Clogging by phytoplankton was a frequent problem, particularly during the
summer. Ff,ytdphni<ton, 

^and 
occasionally sedimen'ts, would fitt tle porbs of thE net

such tlat waier could not flow through. The net then acted as a se-a anchor rather
than a sampling device. The problJm was addressed in several ways. In August
1,980, tows 2 thiough 6 were st^arted at the mid-point of the stratum'and contiriued
for S'minutes. In iune 1985, 2 to 4 short tows *ere made in each stratum and the
data combined on the data sheets as though it had been a single tow. Tows were
always repeated if the boat crew thought tlie net was so clogged'or fult of sand that
the sample was bad.

The clogging problem was potentially serious because it resulted in poor
estimates of thEnoiuine of water sbmpled. 

-Althoueh 
the meter in the net mbuth

underestimated the length of the tow when the net das clogged, it was probably the
best estimate of the volume of water sampled and was always used when the net
appeared clogged. If there was evidence fhat the meter was-fouled with kelp, the
reaOing from--an external meter was substituted. Fortunately, since clo-gging
occurred during both the Before and After periods and when it occurred, it did so at
both the Impac-t and Control sites. there is no evidence that bias was introduced into
the mysid density estimates.

The beginning and ending points of a tow, or transect segment, were
determined bylepth,"not coordinaTes'. The sled was towed straight offshore. Only a
few of the tows Odviated more than 30 degrees from the MRC Y--a:ris and most were
within 20 degrees.

The sled was towed at the surface during the approach to a transect segment.
When the desired depth was reached, the boaf captain would give the signal to pay
out cable. Speed of about L m/sec or 2 knots was maintained. When the captain
saw the sled descend, he recorded the depth and mini-ranger coordinates. The tow
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then continued until the ending depth was reached. At that time, the captain would
signal the deck crew to begin #ncning in the sled and would againrecor^d the depth
ano nuru-ranger cooromates.

The sled weiehed about 300 pounds and so dropped nearlv verticallv to the
bottom as the cable-was payed out. 

^ 
After the sled reached the bottom, additional

cable was released until the scope was three times the expected ma:rimum depth of
the tow. When the predetermined length of cable was out, the cable drurir was
secured and the soeed of the sled woul? increase to that of the boat. When the
ending depth was reached, coordinates were noted and the deck crew began
winching in the sled. However, the sled continued to move along the bottom until
the scope was taken in. Hence, the beginning coordinates would be very close to the
actual beginning of the tow, but the eirding-coordinates were taken bifore the end
of the tow. Thb error was probablv small. Depending on depth, it took between
about 10 and 40 seconds to ?etrieve the sled to the poiit that the how meters were
out of tlte water. If the boat was traveling at 1 m/s-ec then the error would be less
than 60 m.

Numerically, the length of bottom sampled and the volume of water sampled
are equal because-the net o-penine was 1-so m in area. This is an important nurirber
becau'se it is used to calculaie der[ity. The'density, or concentration, of organisms is
calculated as follows:

density = count * (lab voll/lab vol2)/field vol.

where: count = number of organisms in aliquot sampled

lab voll = volume of diluted sample

lab vol2 = volume of aliquot

field vol = volume sampled in the field

The length of bottom sampled was estimated using flow meters. Generally
three flow meters were attached to the sled: one in the mouth of the net, one above
a sled runner and one above the frame. On some cruises onlv the first two meters
were used. The flow meters recorded the number of revolutions of a propeller. The
meters recorded from the moment the sled entered the water until the sled left the
water. Beginning and ending readings were recorded. In order to relate these
numbers to- the ilistance travEled, the meters were calibrated before each cruise.
Each meter was attached to a stick and pulled through the water by walking briskly
(c. 1.8 m/sec) along a pier for 20 meters 

-and 
the number of revolutions noted.

Since the flow meters continuouslv record while thev are moving in the
water. they over-estimate the leneth of bottom sampled. A minimum estimate of
this elcesi is the depth of the witer at the start of'the tow plus the depth of the
water at the end of fhe tow. However, since the sled was tra:veling hori2ontally at
about I m / sec during retrieval, that is an underestimate. To compensate for this,
MEC multiplied the sum of the depths by a constant, 1..L0.
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The length of bottom sampled was estimated as follows:

meters sampled = (Revs/calib) - (C . (D1+D2))

where: Revs = Number of revolutions

= Final meter reading - Initial reading

' Calib = calibration (revolutions/known distance)

C = 1.10

D1 = Depth at beginning of tow

D2 = Depth at end of tow

An independent estimate of the number of meters sampled is the length of
the tow obtained from the mini-ranser readines. The variable "LTOW in the data
bases is obtained bv applvine the "Pvthaeoreln theorem to the MRC X- and Y-
coordinates. This is proUaUty"quite close t6 the actual length of tow.

Both the estimates of the linear meters sampled based on flow meters and
those based on mini-ranger coordinates seem reasoiable and unbiased. Since they
are independent they sh-ould provide a check on one another. One would expeit
them to be verv similar and niehlv correlated. About 50 percent of the tows iave
acnral mini-rarieer readines. 

-Usins 
only these data tG correlation coefficient

between the trvS estimates-is 0.86 aiO ttr6 slope of the line formed by plotting one
estimate aeainst the other is close to uniw. Hbwever. if the difference benveen the
two estimites was large (more than 300 m; or the esiimate from the current meter
was less than 50Vo or m<ire than 200Vo of either the nominal value or the estimate
from the mini-ranger, the data were checked and errors corrected.
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APPENDIX I

COMMENTS ON THE MEC FINAL REPORT ON MYSIDS
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Differences between this report and the report submitted by Marine Ecological
Consultants, Inc.

There are several areas in which the results reported by MEC differ from
those reported herein. Althoush the overall answer is elssentially the same, some of
the BRdIP results are differenlin detail. Also, different approaihes were used both
to estimate intake losses and to test the hypothesis that ihe operation of SONGS
changed the cross-shelf distribution of mysids.

1. BACIP Results. Two chanses were made that affect the BACIP results.
First, several errors in the data weie corrected (Table I-1). The errors were
senerallv due to bad flow meter readinss. If the reading on the meter from the net
inouth #as extreme and different from-the other two mleters, the reading from the
meter on the net frame was substituted. Second, if a species was always absent or
rare (<0.05 / m3) in a depth stratum, the stratum was hot included in the analysis
(Tabl'e I-2). Thede changes account for all differences in BACIP results (when using
dhe same'data transforination), and the small differences in the table of mean
abundances. Most of the differences in the two reports of the BACIP results are
due to selecting different data transformations. 

- 
MEC was opposed to using

transformed data, whereas we believe transforming the data using logarithms is
more appropriate.

MEC also reported significant BACIP results (relative increases at ImpacJ)
from the combined t-axa" "croIs-shelf ta:<a" and "offshore taxa". While we were able
to duplicate these results, we do not report on them because we feel they reflect the
respo-nse of the most common species 6f each group and add little to our assessment
of plant effects.

2. Changes in cross-shelf distribution. It was predicted that one of the
effects of SONG:S Units 2 arrd 3 would be to transport hearshore waters offshore
and, as a result, to move nearshore mysids offshore to an inhospitable habitat where
they would suffer high mortality. In ,5rder to evaluate this hypbthesis, one needs to
kn<iw if there has be?n a relatiie increase in the proportion of the population found
offshore. Chanees in the proportions of the populbtions found iir each of the six
depth strata are-not necesshrily gennane. For'ex^ample, a large, significant increase
in^stratum 1 and a decrease initiata 2 and 3, all of which are iearslore, would be of
no interest in the context of the hypothesis we are interested in testing. Therefore,
we divided the samples into truo drbups, those from less than 15 m and those from
deeper tows, and l6oked for chdirgei ih the proportion of the population in the
offshore area.
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We also think that MEC's use of the MANOVA orocedure is inappropriate
for testine for plant effects. MEC compared mean rankinss of the straturir^derisities
found at ihe Iirpact site in the After o^eriod to those resul-tins from combinine data
from the After/Control, Before/Conirol and Before/Impact-locations. TherEfore,
plant effects are confounded with both location and perioll effects.

3. Estimates of intake losses. The formula used by MEC to estimate intake
losses results in the loss being indirectly proportional to water movement (MEC
used a measure of excursion).-As a resuig'MECs estimates are much smallei than
ours. Also their model is based on the assumption that the risk of being withdrawn
with coolins waters is 1..0 durins the nieht 

^ana 
O.ZS durine the dav.- We think

withdrawaliosses are independeit of lonlshore currents. Fdr our calculations we
used a simple model in which the loss is eqjual to the product of the volume of water
withdrawn-and the estimated concentrati6n of mysitls in the water. The latter is
based on the assumption that the risk of being withdrawn with cooling water is 0.64
during the night an^d 0.t6 during the day. T1ese parameter values 

-are 
based on

early MEC studies (see SectionZ.S of the MRC Report).
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TABLE I.1.

D,{TA. EI{TRIES FOR WHICH FLOW ME1ER READING IVAS CORRECIED
AND MYSID DENSITY REC.4.LCUI,ATED.

Derc

Z2f,vTnYffi
OTAUG80
22SEP81
2OMAR84
29DE.cf,4
07rvIAY85
O7MAY85
08t\4AY85
17JUN85
15JUN85
O5JUN86
O8SEP86
31\4AR83
08DEC83

Dnnm
Srnarurr,r

n2
536
365
7U
L42
429
760
434
437
2y2
958
729
589
235

329
5rA
376

2879
670
m
78L
161
32L
n5
%9

23/.3
1084
26

Tow
Luw

5
3
4
4
t
L
4
6
)
6
3
4
)
L

Om
Meren

RSADrNc

New
Mertn

Reeoruc



TABLE I.2

RECORDS WHICH WERE DELETED BECAUSE TAXON WAS MISSING OR
D(TREMELY RARE (< 0.05/m3).

NulasEvcu MTow
I,INE

I
I
I
I
I
t
I
I
I
I
I
I
I
I
I
I
I
I
I

Taxon

Acanthomysis
doritsii

Acanthotnysis
nephrophthalma

Holmesimysis
costata

Metarnysidapsis
elongata

Mysidopsis
cathengelae

Stnce

Adult
Adult
Immature
fmmature
Juvenile
Juvenile

Adult
Adult
Adult
Adult
IrnmaturE
Immature
Immature
Immature
Juvenile
Juvenile
Juvenile
Juvenile

Adult
Adult
Adult
lmmature
Immature
Immature
Juvenile
Juvenile
Juvenile

Juvenile
Juvenile

Adult
Adult
Adult
Immature
Immature
Juvenile
Juvenile
Juvenile

5
6
5
6
)
6

Berone

0.0000
0.0000
0.0075
0.0000
0.0150
0.0021

fursEs

0.0000
0.0000
0.0000
0.0000
0.0000
0.0m0

0.0000
0.0000
0.0000
0.0094
0.0000
0.0000
0.0000
0"w29
0.0000
0.0000
0.0ft9
0.0035

1 0.0000
2 0.0000
3 0.0000
4 A.Wn
1 0.0000
2 0.0000
3 0.0000
4 0"0294
1 0.0000
2 0.w
3 0.0000
4 0.0098

0.0023
0.0000
0.0000
0.00&+
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000

4
5
6
4
f

6
4
5
6

5
6

4
5
6
5
6
4
5
6

0.0023
0.0000
0.0000
0.0046
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000

0.021'l
0.0000
0.0000
0.0000
0.00m
0.0i262
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
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TABLE I-2. (Continued)

SracB

Adult
Adult
Tmmature
Immature
Juvenile

Adult
Adult
Adult
Immature
Immature
Immature
Juvenile
Juvenile

Nurtreen/cu M
BeroRE Arrnn

Tow
LnveTaxou

Neomysis
kadialccnsis

0.0000
0.00m
0.00m
0.0000
0.m0

0.0000
0.0103
0.02r.0
0.0469
0.m00

Neomysis
royii

0.0019
0.0000
0.0000
0"0039
0.0017
0.0009
0.c0/26
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
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APPENDIX J

SUMMARY OF BACIP TESTS FOR CHANGES IN ABUNDANCE
ON PLUME DATES AND NON.PLUME DATES.

All life stages are combined within each taxon. The indicated
dircction of change, i=increaser d=decrease. ** indicates p<0.05;
. indicates 0.05< p< 0.10

Prur"re NoN-rLulrre

Mysidopsis
intii

Neomysis
kadiakensis

Acanthomysis
dovisii

Acanthomysis
macropsis

Acanthomysis
nephrophthalma

Hobnesirnysis
costata

Metarnysidopsis
elongata

Mysidopsis
cathengelae

Neomysis
rayii

Total mysids

I**

I*

I

[*'r,

I*

[**

D

I

D

I

D

I*

I




