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EXECUTIVE SUMMARY

In response to the Energy Faciiity43ite,Eva1uation Council Resolution (EFSEC)
No. 166 dated March 24, 1980, Washington Public Power Supply System has

" conducted an evaluation of the aquatic monitoring program in support of

WNP-2. The review was quantitative in its assessment of historical

- pre-operational data and qualitative in its assessment of the value of future

operational phase monitoring. This report summarizes the 1974-1980 data base
for each monitoring program component (e.g. fish, benthos), identifies the
adequacy of the data for baseline purposes, considers the potential for future
operational phase impacts, and proposes a work scope for future operational
phase monitoring.

Significant conclusions of this review are that:
1) An adequate preoperational baseline has been established.

2) Some_phéses of the preoperationallprogram (e.g. periphyton) héye a
reasonable chance for detecting operational impacts, should they occur,
whereas other components (e.g. phytoplankton and finfish) do not-.

3) A continued but modified form of monitoring of periphyton,benthos, fish
and water quality are necessary for operational impact assessment
(Table 1.1).

As a result of the above conclusions the Supply System is recommehding

a) continuation of the periphyton, benthos, fish, and Wateriquality monitoring
programs, b) addition of thermal plume, toxicity and intake studies as
required by the U.S. Army Corps. of Engineers, National Marine Fisheries
Service (NMFS) and National Pollution Discharge Elimination System (NPDES)
permits, énd c) deletion of the phytoplankton and zooplankton monitoring
programs.

The Supply System plans to 1n1t1ate the proposed operat1ona] mon1tor1ng
program pr1or to fuel load of WNP-2.

1-1



It is propqsed that the results of the operational monitoring programs be
presented annually to the regulatory agencies, and aspects of the program
terminated at 1 to 3 years after operation if no significant impacts are
detected. -

1.0 INTRODUCTION

The'passage of the National Environmental Policy Act of 1969 (NEPA) and of
Public Law 92-500 in 1972 (FWPCA) provided regulatory ageneies-the authority
to impose effluent limitations on facilities such as WNP-2. The environmental
impacts‘assoeiated with the construction and operation of WNP-2 were
considered by EFSEC during the hearing pfocess. Extensive preoperational
studies were mandated'by the Site Certification Agreement (SCA) and the NPDES
permit. '

The SCA recognized the need for flexibility in the deSign'ot the monitoring
program and established conditions under which the program may be modified.

In order to fully evaluate the design of existing environmental programs, it
is'necessary-to have an in-depth understanding of the answers to the questions
discussed below.

A)_ What are the cred1tab1e primary 1nteract1ons* between the p]ant and the

env1ronment? ExampIes of creditable primary 1nteract1ons include thermal
enrichment of the receiving water and impingement of fish. Primary
impacts -at well designed power plants are few in number.

B) What are the cred1tab1e secondary and tert1ary 1nteract1ons between a
plant’ and the env1ronment7 ‘Most power plant 1mpacts on an area's b1o1ogy
-resu]t from secondary or tertiary 1nteract1ons Two hypothet]ca1 '
examp1es of such 1nteract1ons are o ‘

“*Creditable interactions are those interactions which-a reasonable and
informed scientist/engineer believes exist or, alternatively, that- the
possibility of}such an interaction is not totally unrealistic.

1-2
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1) Chemicals in too]ing tower drift change the soil chemistry (primary
_effect). This results in a change in the composition of the plant
Spécies present (secondary effect) which, in turn, causes a
different group of vertebrates to dominate (tertiary effect). The
area which may be so affected is clearly limited.

2)  An increase in river temperature as a result of cooling tower
blowdown causes the concentration of phytoplankton and organisms in
all higher trophic levels to increase. |

An example of a secondary interaction which is not creditable is the

effect of a pH increase from 6.6 to 6.7 on a species which maintains
healthy populations in a pH range of 6.0 to 7.5.

Are creditable interactions béneficia1 or harmful to the environment? A
nearly universal assumption is that all power plant impacté'argw
detrimental to the environment. This assumption is incorrect. Certainly
the loss of ichthyoplankton is a negative effect which must be:"
minimized. On the other hand, thermal enrichment may promote growth and
survival of young fish during many months of the year.

The answer to this question may not be known. If it is not known, then a
field and/or laboratory program must be considered.

What was the stated purpose of each program? As a result of experimental

design or lack of analysis in reports, the answer to this is not always
obvious. ’ '

What is the magﬁitude of-hypothesized change which may be detected by the
field program? Perhaps the weakest 1ink in environmental programs 1is
that statistical differences in some population parameters are not
detectable through time even if there is a moderate to large alteration.
One of the principal culprits is the inherent temporal and spatial
inhomogeneity present in environmental'data, It is ndf‘uncommon for
programs to require .an order of magnitude change in the real world in

~order to detect "statistically significant differences".



If Tndicator,organjsms are uti1ized in_order to make}"before and after"
comparisons, do they possess any of the following undesirable
characteristics? ' '

1) Are they known to be or likely to be cyclic in abundance?

2) Are they known to be or likely to be insensitive to creditable plant
induced environmental changes?

3) Is their biology so poorly understood that a competent biologist
- might reasonably be unable to segregate plant induced population
changes from changes resulting from other causes?

In response to EFSEC Resolution No. 166, the Supply System has recently
considered many of the above guestions and conducted an extensive
statistical review of the WNP-2 precperational aquatic monitoring
program. This report summarizes that review and provides recommendations
for continued operational phase monitoring.

1-4



TABLE 1.1 WNP-2 OPERATIONAL MONITORING PROGRAM

SUB_PROGRAM {.OCATIONS SAMPLE AND COLLECTION FREQUENCY TYPE OF ANALYSIS PROGRAM DURATION °
I. PERIPHYTON
PHASE 1 »
Core 1,7E,7M,74,8 Quarterly 4 replicates/sample Total organic matter At least 3 years
HE,1IM, 11K ' _ »
Gradient la,1b,7h-7f 2/ Quarter * 4 replicates/sample Total organic matter At least 3 years
PHASE I1 o
Core 1,7E,7M,74,8 Quarterly 4 replicates/sample Density and species composition *
TE, 1R, 11W _
Gradient la,1b,7b-7f 2/ Quarter 4 replicates/sample Density and species composition * -
I1. BENTHIC MACROFAUNA 1,7€,7M4,74,8 Quarterly 3 replicates/sample Density, biomass and species At least 3 years
TIE,1IM, 110 composition .
III. FISH
priftt Control, Plume Twice, Spring 1984 .200-300 fish per drift Record delayed mortality One year
: Once, Summer-Fall 1984 box through 24 hours
Entrainment’ WNP-2 Intake Weekly, April-June 2 -12 hour samples per Density and species composition One year
Basin 1984 : 24 hour period )
Impingement+ HWNP-2 Intakes Monthly, March- one/time Density and species composition One year
(NMFS-requirement) November : .
Beach Seine' . Upstream of Weekly, April-June 2 replicates/time Density and species composition One year

WNP-2 Intake 1984

’ ~ ~ ~ ~ —~ i L= -~ —~ -~ -
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WNP-2 OPERATIONAL MONITORING PROGRAM

Page 2
SUB_PROGRAM LOCATIONS SAMPLE AND COLLECTION FREQUENCY . TYPE QF ANALYSIS : PROGRAM DURATION
IV. OTHER STUDIES v .
Thernial Plume Discharge and Twice, Summer-Fall One/time ’ Isotherms ' : One year
Monitoring.ﬁerial Control Areas 1984 ‘
0verflights Upstream and _
Downstreéam
Ground Truth‘ing+ Discharge and Twice, Summer-Fall One/time Isotherms One year
Control Areas ° 1984 ’ :
Upstream and
Downs tream ) , :
Toxicity : Use Cooling Quarterly 96 hr, LC50 One year
(NPDES Peimit Tower Water in:
requirement) Static Bioassay
(EQF Lab)
V. WATER .QUALITY _
20 Different -upstream of Monthly, except continuous for discharge Mean, standard deviation, " At least two years
parameters intake flow, temperature, pH .+ range :
{Site Certifica- . -discharge
tion Agreement =-300' downstream
Requirement) of discharge v
-~ 1700' down-
stream of
discharge

NMFS - National Marine Fisheries Service

NPDES - National Pollution Discharge Elimtnation System Permit

* - Depends upon results of Phase I program

Programs commence at fuel load(presently September 1983) unless otherwise specified

o
]

¢ - Fish provided by Department of Fisheries
WNP-2 must be at z 75% load

+
[
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2.0 PHYTOPLANKTON

2.1 HISTORICAL SUMMARY

Phytoplankton samples were collected from the Columbia River near WNP-2
from September 1974 through March 1980 (1-6). Study objectives included:
1) determination of spécies composition, density, relative and séasoha]
abundance, primary productivity and pigment analysis; 2) collection of
preoperétiona]Idata for future assessment of potentia1 opérationa1 impacts.

Phytoplankton samples were collected with either a 6 liter Van Dorn water

bottle or a 10.4 liter plastic pail. Samples were collected from three

depths (surface, mid, bottom), September 1974 through December 1976 and dup-
Ticate surface samples only January 1977 through March 1980. Frequency of
sample collection was twice in 1974, sixAtimes in 1975, quarterly in 1976, and
monthly January 1977 through March 1980. Station 1 was sampled from September
1974 through March 1980 (Figure 2.1). Stations 2 through 4 were sampled from
September 1974 through December 1975. Additional sampling was performed at
stations 8 and 11 from March through August 1978. '

2.2 TECHNICAL SUMMARY

2.2.1 Relative Abundance and Density

Over 150 phytoplankton taxa were observed in samples collected from Septembér
1974 through March 1980 (Table 2.1; 6, 7). Percent abundance is reported for
station 1 because it was consistently sampled from 1974 through 1980. Diatoms
(Chrysophyta; Bacillariophyceae) dominated the collections with respect to
density and number of species. The dominant genera‘observed were Cxc1ote1]a;
Stephanodiscus, Melosira, Asterionella, Fragilaria, and Synedra (Figure 2.2).
Asterionella was the dominant genera during late winter and spring 1975

through 1978, while Stephanodiscus assumed this position in 1979 and 1980.
Summer samples were co-dominated by Synedra, Melosira, Asterionelia,

Cyclotella, Fragilaria, or Stephanodiscus. - Dominance of the fall samples

varied, common genera included Cyc]ote]ia,’Asterione11a, Ankistrodesmus, and

Stephanodiscus.



Phytoplankton densities at sample station 1 from September 1974 through March
1980 ranged from less than 0.1 x 106 units/liter in the winter to greater
than 17.0. X 106 units/liter in the spring (Figure 2.3). A density increase
in the fall was also observed from 1977-1979, when samples were collected
month]y.

The null hypothesis of no year or Season affects on density‘was tested with a
two-way analysis of variance (ANOVA). Prior to analysis the data was log 10
transformed to help in meeting the assumptions for the ANOVA. - The analysis
was perfbrmed on the most complete and consistent data set - Station 1 from
January 1977 through December 1979. Seasons were defined as: 1) December,
January, February = Winter; 2) March, April, May = Spring; 3) June, July,
August = Summer; 4) September, October, November = Fall.

The null hypothesis of‘ no year or season effect on density was rejected at
the 0.0l level (Table 2.2). Duncan's multiple range test (DMRT) was used

to idenfify‘yeers or seasons which differed significant]y..vDuncén's test
indicates that there were two year groups, 1977 and 1978, and 1979 (Table
2.3). Three seasonal groupings were identified by the DMRT: Wintér-Fall,
Fall-Summer, and Summer-Spring (Table 2.4). In 1974-1975,‘stations 1-4 were
sampled at surface, mid and bottom depths. The null hypothesis of no station
or depth affects on density was tested with a fwo-way ANOVA and not rejected
(Table 2.5).

From March through August 1978, stations 1, 8 and 11 were sampled. In

an effort to 1dent1fy any stat1on or date d1fferences a two-way ANOVA was
emp1oyed The null hypothe31s of no date affect on density was rejected at
the 0.01 Ievel wh11e the no stat1on effect was not rejected (Table 2.6).
Duncan S test indicates f1ve date groups with on]y April and July densities-
"be1ng s1m11ar at the 0.05 level (Tab]e 2.7).

2.2.2 Primary Productivity and Pigment Analysis ‘

Primary produetivity (1 e., mg/carbon 14/1/hr) was measured on 12 dates
from 1974 through 1976 (7, F1gure 2.4). Peak product1v1ty generally
. occurred in the summer or fall and minima occurred in the winter.
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Productivity ranged from 0.042 to .less than 0.001 mg'14C/2/hr (Table 2.8).
Generally, productivity was higher at the surface than at mid and bottom
depths (Table 2.8). The difference in productivity observed with:depth are
probably attributable to light attenuation rather than phytoplankton strat-
ification (1). ANQOVA and DMRT were used to test differences in average pro-
ductivity among stations. No significant differences (p < 0.05) were observed
(1, Table 2.9). This indicates that for each sample date there was no sta-
tistically detectable cross- or downstream variation in phytoplankton pro-
ductivity. Similar conclusions were reached following stud1es near the
Hanford Generat1ng Project (8)

Pigment analysis (i.e., chlorophyll a) was measured from September 1974
through March 1980. Chlorophyll a ranged from 0.4 mg/m3 in March 1975

to 26.4 mg/m3 in May 1979 (Figure 2.3). Generally, chlorophyll a concen-
trations peaked in late spring-early summer and were lowest in late fall-early
winter. Peak chlorophyll and density values generally occurred at the same
time, except in the Summer 1975 and 1978 and Spring 1979. On these three
occasions the peaks varied by one month and this difference is probably b
attributable to the size of the dominant phytop]anktoniorganism (i.e.,
single-celled diatoms produce less chlorophyll per unit biomass than the
larger filamentous colonial forms : 6,7). |

A two-factor ANOVA was used to test the hypothesis of no differences in chlo-
rophy1l a between years and seasons. The date set and seasons were defined as
for densfty. Year and season effects were found to be significant (<= .01:
Table 2.10). Differences in chlorophyll a between years and seasons were
examined using DMRT. Two year groups were identified (Table 2.11) and it
appears that the chlorophyll a concentration in 1978-1979) was higher than in
1977. Two seasonal groupings were identified by the DMRT: WintérQFa11'and
Spring-Summer (Table 2.12). | - /

In 1974-1975 and 1978, stations 1-4-and-1, 8 and 11, respecfive1y;"were“
sampled. A two-factor ANOVA was used to the hypotheses of no differences in
chlorophyll a between stations and months. For both data sets (i.e., 1974#:
1975 and 1978) station effect was insignificant, wheréas month effect was



significant at < = O.1»(Tab1es 2.13 and 2.14). Differences in chlorophyll
- 2 between months were examined using DMRT. In 1974 and 1975 all months
were significantly different from each other, while in 1978 there were -

3 month]y‘subsets (March; July and April; and April, AUgust, June and May:
Table 2.15).' The results suggest that stations are not different for a
particular sampling period, but that significant differences exist between
sampling periods. | ’

In 1974-1976, stations 1-4 were sampled at surface, mid and bottomvdepths.
The null hypothesis of no station or depth effect on ch]orophy]]_é was tested
with a two-way ANOVA and not rejected (Table 2.16). The similarity in chlo-
rophyll a concentration at various depths indicates the river near WNP-2 is
vertica]]y well mixed. '

2.3 POTENTIAL ENVIRONMENTAL IMPACTS

Phytoplankton could potentially be impacted by WNP-2 via, 1) the withdrawal of
river water at the intake and 2) the cooling tower discharge.

A1l phytoplankton which are drawn into the intake structure may be lost
from the aquatic ecosystem. This loss will be small in comparison to the
total population of these organisms in the Columbia River. It is estimated
that ‘the maximum intake water withdrawal (i.e., 55'¢fs) will be less than
0.15% of the river volume at the lowest regulated river flow of 36,000 cfs.

Pro1onged'exposures'to elevated temperatures and chemical concentrations have
been‘repdrted to affect the growth rate survival and species compoSition of
phytoplankton (9-11). However, the time interval in which phytoplankton will
be in the WNP;ZIdischangé»p1ume is too brief to cause signifiéant change.
DUring low river flow and a 13.9c delta temperature at the point of WNP-2
blowdown, the time intervals in which organisms would be exposed to tempera-
tures of 2.8 and 1l.4c above ambient would be approximately 5 and 35 seconds,
respectively. These delta temperatures and exposure periods are below those
reported to have measurable effects (9-16).
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With the exception of residual chlorine, the resultant concentration of
chemicals in.the river after initial mixing will be at a level at which no -
measurab]eAchanges or detrimental effects have been reported (17, 18). The
fresh water quality criteria for total residual chlorine (TRC) is 0.002 mg/?
(19). Thé TRC Timitation imposed on WNP-2 is a daily maximum of 0.1 mg/f.
Discharges of residual chlorine from WNP-2 are expected to have no measurable
impact on the plankton and aquatic invertebrates entrained in the river drift,
in that maximum exposures to a concentration gradient of 0.1 to 0.002 ppm will
be for an interval of approximately one minute, and then only when passage
coincides with the centerline of the plume durﬁhg periods of low flow (20).

3.4 PROPOSED OPERATIONAL MONITORING PROGRAM AND RATIONALE

A. Monitoring Program
No additional phytoplankton studies are recommended.
B. Rationale

There were no commercially important, rare, or endangered species of
phytoplankton observed in samples collected near WNP-2 from 1974-1980.

Plants, primarily algae, are the primary form of autochthonous production in -
most aquatic ecosystems. Algae populations occur in rivers as phytoplankton
and periphyton. In fast flowing streams or rivers like the Columbia near

WNP-2, periphyton is the major form of autochthonous production (21). The .

food chain base in the Columbia River near WNP 2 probably consists of detr1tus |
and periphyton, not phytoplankton. Therefore, it can be concluded that phy-
toplankton probably do not constitute the food chain base support1ng the
indigenous populations of fish, and wildlife.

A diverse assemblage of algae, usually diatoms, dominates the autotrophic
component of riverine systems. Attached algae usually dominate the micro- -

floral populations in rivers, such as the Columbia. Where current velocities

are strong, such as the Columbia River near WNP-2, phytoplankton productivity
is probably insignificant (21). Comparisons of benthic and planktonic algae
product1v1ty indicates the benthic microflora may be more product1ve in the
Co1umb1a River (7).



No nuisance species were observed in significant numbers in the 1974-1980
samples.. Heated water from up to nine p1utonium'production reactors has
been added since 1944 to the Hanford Reach of the Columbia River at various
times with accumulative volumes and at's much greater than those projected
for WNP-2. No nuisance blooms of algée have been reoorted'foﬁ this area of
the river. .The small 1ncrementa1»temoerature increase in the river as a
result of WNP-2 operation cannot reasonably be expected to cause a shift in
the algal species composition. Therma]ly‘induced, species shiftsoof algae
to nusiance populations norma]1y occur at temperatures above that expected
to occur downstream from WNP-2. For example, diatoms normally predominate
at temperatures from 18 to 25%C, green algae from 30 to 35°C, and blue-
green algae above 35°C (22).. “

The average and maximum river flows entrained by the WNP-2 intake pumps are
.05% and .15% respectively. Assuming homogeneous phytoplankton distribution
in the river, .05-.15% of the phytoplankton population could potentially be
affected by the WNP-2 intake structure. Assuming 100% phytoplankton loss,

detection of such jmpacts is believed to be impractical.
)

Phytoplankton populations passively moving downstream may be ént?ained in the :

discharge plume. The relative portion of the Columbia River receiving heated
water from WNP-2 operations is small. The width of the>0.6c AT isotherm in
the WNP-2 discharge plume is less than 2% of the cross sectional area of the
Columbia River at low river flow (23). There is no mechanism operating at
WNP-2 that would substantially alter the biomass or relative abundance of
Columbia River phytoplankton. Given the rapid popu1ation cyc]ing'(short
replacement time) of algae, any loss of cells or productivity can be ex-"
pected to be naturally m1t1gated 1n a short time and the Toss would not
persist downstream.» ‘

Garton and Harkins (24) state that phytoplankton are essential in most aquatic

systems, but due to the high vafiabi]ity in numbers and species Composition,
it is very difficult to arrive at valid conclusions using phytoplankton data
unless samples are. taken 1n greater numbers and with more frequency than will
be usua]ly pract1ca1
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Based upon the information presented above, the Co]umbfa River near WNP-2
should be considered a low potentiallimpact éhea for phytoplankton. The NRC
(25) staff has stated thatAthey.are not concerned about the entrainment and/or
impingement of plankton and benthic drift during operation of the WNP-2 in-
take. 1In addition, the NRC staff judges there will be no significant thermal
plume impacts on aquatic biota (25).
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TABLE 2.1

Phytoplankton Taxa observed in samples collected

through'March 1980 (6, 7)-

CHRYSOPHYTA (BACILLARIOPHYCEAE)
Asterionella formosa.
Achnanthes lewisiana
A. 1ancéo]ata

. minutissima

. trinadis

. exigua

. linearis

cleveii

deflexa

lanceolata omissa
Amphora perpusilla

A. ovalis
Amphipleura sp.

" Amphiprora sp.

A. pergalli
Amphipleura pellucida
Cymatopleura solea
Campylodiscus sp.
Caloneis sp.

p SR U~ S

Caloneis ventricosa v. (? subundulata)

C.. amphisbaena -
C. Tewisii

C. hyalina
Cymbella tumida

C. naviculiformis
Cymbella sp.

C. turgid

sinuata'
cistula

minuta

OO OO
e« & &

mexicana

2 -10

crotonensis
. construens
. capucina

M nm m ™™
[ ]

. leprostauron .
Frustulia sp.
F. rhomboides
F.‘vu1garis
Gomphonema sp.
G. parvulum

G. subclavatum
. 0livacedides
truncatum
ventricosum
olivaceum
olivaceum v. calcurea

geminatum
Gyrosigma sp.
Gyrosigma spencerii
Hannaea arcus

H. arcus v. amphioxys
Hantzschia amphioxys
Melosira spp. |
. ambigua

. granulata

. grahu]ata v. angust
italica

varians

distans v. a]pigena

2222 Z=

americana

Meridion sp.

M. circulare
Navicula spp.
N. seminuloides
N. minima

near WNP-2, September 1974

IR
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O

'S o

~

SO

~

o

o
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CHRYSOPHYTA (BACILLARIOPHYCEAE)
(continued)

. affinis

prostrata

. muelleri

. microcephala
Cymbe]]onitzschia diluviana -

OOy OO
L]

Cyclotella spp.
pseudostelligera
kutzingiana

. meneghiniana
glomerata

.

. comta
comensis

bodanica
. satelligera
atomas

O OO OO OO0 OO OO0
L]

. ocellata

Dinobryon. divergens

Denticula sp

Diatoma sp.

D. vulgare

D. atenue v. tenue

D. hiemale v. (? mesodon)
Dipionmeis elliptica

D. puella

D. smithil v. dilatata

D. oculata ° |

Epitahemia spp.

E. turgida

E. sorex

Eunotia sp.

E. pectinalis

Fragilaria leptostauron v. dubla
F. vaucheriue v. vaucheriae -

F. 1eptostauron v. leptostauron
F. construens v. venter '

2.- 11

2 =
L ] L ] L ] L] ) L] L] L ] ) - . (] .

=z Z2 2 2 2 2 2 2
L I ) ¢« e L]

N. tripunctata

N. cryptocephala
. cryptocephala v. venota
. mutica '
. arvensis

N

N

N

N. pupula
N. reinhardtii

N. pseudoreinhardtii
N. radiosa

viridula

=z
.

peregrina
decussis
menisculus v. up.
capitata
cascadensis
bacillum
vitabunda

minuscula
infirmata
circumtexta
bacillum Ehr. v. bacillum .
cincta

latens

mutica v. cohnii
N. mutica v. tropica
Nedium dubium

N. spp.

N. affine v. humerus
Nitzschia latens

. paleacea

silica

. palea

dissipata
innominata

. perminuta
allansoni
frustulum



CHRYSOPHYTA_(BACILLARIOPHYCEAE)
(continued)

=
L ]

‘osmophila
obsoleta
linearais -

intermissa
acicularis
amphibia

oregona
fonticola
bacota f. Tin.
recta

. angustata
holsatica
graci]is
stagnorum
lauenbergiana
amphioxides
N. sigmoidea

N. subacicularis

. . .

Z =2 22 EE2E 2R =2 Z
N .

= =2 =
e e

N. accomodata

N. demota

N. hungarica

N. subpunctata

N. vermicularis

N. serpenticula

N. sigma v. diminuta

N. pexrtyi sp.

» OpephOra sp.

PinhU]aria sp. _
Pinnularia subcapitata v. paucisatriata
P. borealis '
Rhoicosphenia curvata
Rhopalodia gibba

Rhizosolenia eriensis .

- Surirella spp.

S. linearis

2 - 12

CHRYSOPHYTA (BACILLARIOPHYCEAE)

(continued)

S. angustata
Synedra spp.
. capitata.
ulna

.

. ulna v. chaseana
acus

‘delicatissima

rumpens _
vaucheriae
parasitica
mazamaensis

cyclopum
pulchella
radians -

. socia
Stephanodiscus sp.

[T T % B ¥ B 7 B 7 R Vo R e B Ve B 7 N 7 B ¥ B ¥ I 7 |
L I ] [ I

S. astraea

S. astrae v. min.

S. hantzschii

S. dubius

Stauroneis kriegeri
Tabellaria fenestrata
T. flocculosa

- CHRYSOPHYTA (CHRYSOPHYCEAE)

- Chrysococcus refescens

Cadosiga
Kephyrion spirale
K. asper '

- K. ovale

K. gracilis
Mallomonas alpina
Mallomonas tonsurata
Ochromonas-1ike

Rhizochrisis

~
i

N

{

M

M

.‘Al
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N’

A4

A4

N’

A g
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CHLOROPHYTA

Ankistrodeémus falcatus
Actinastrum sp.
Asterococcus sp.
Botryococcué sp.
Crueicigehia quadrata
Cosmarium sp.
C#adophora sp.
C1ostefium acutum

C. sp. '

C. gracile

Dictyosphaerium ehrenbergianum

Eudorina sp.

E. elegans

Golenkinia sp.
Kirchneriella obesa
Lagerheimia sp.
Mougeotia

Odcystis pusilla’

0. lacustria
Pandorina morum
Pediastrum boryanum
P. tetras

P. duplex

Spirogyra sp.
Stigeoclonium spp.
Staurastram paradoxum
S. sp.

Scenedesmus quadicadua
. abundans
acuminatus

.

Tongus

. Sp.
denticulatus

dimorphus
. acutiformis
.opoliensis

w »n B BV B v n m
* e

Schroederia judayi
S. setigera

Sphaerocystis schroeteri

Se]anastrum.minutum

CHLOROPHYTA
" (continued)

S. sp.

Tetradesmus sp..

Tetraspora lacustris. lemm.
Treubaria triappendiculata:
T. sp.

Ulothrix zonata

Zygnema sp.

CYANOPHYTA

Anacystis cyanea

A. montana

Anabaena sp.
Arthrosphira jenneri
A. brevis
Chroococcus sp.
Calothrix parietina

Dactylococcopsis sp.

Entophysalis rivularis
Lyngbya sp.

L. limnetica
Marssonniella sp.
Oscillatoria spp.

0. planctonica

0. limnetica

0. Tutea

Oedogonium sp.
Spirulina sp.
Schizothrix calcicola

S. sp.

S fragilis
S. friesii
Plectonema sp.



RHODOPHYTA
~ Audouinello voilacea
PYROPHYTA

Ceratium hirundinella
Cryptomonas erosa
Glenodinium sp.
Rhodomonas minuta

R. lacustris

2 - 14
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TNUHAQ ANDVA: PHYTORLAMKTON DERN BTATiUNl 1977-1979 BY YEAR 8EaSB

FILE (CREATION DATE = O7/R%2/32)

SUBFILE MONAME

oh W o R % R W O AN LLY 818
DEMN
BY YEAR
SEAS0N

KL S R T R O - SRS R S N S SIS I - I )

SOURCE OF VARIATION

MAIN EFFECTS
YEAR
GEASON

2-WaY INTERACTIONS
YEAR SEASON

EXPLAINED
RESIDUAL

TOTAL

36 CASES WERE PROCESSED.

D F.‘

SuUM OF
SQUARES

30, 449
12. 858
17. 592

O CABLS ¢ 0.0 PCT) WERE MISSING.

AR

DF

LI

N o

E

5@

&
b
]

TABLE 2.2

¥ K

ME AN
UARE

. 090
429
. 864

. 641
. é441

E-3 L.

f‘ﬂ o

11.
11,
10.

o E W

*

=

309
939
509

. 048
3.048

. 403

51

o0 jeNe R

S

# # # ok

GNIF
oF F
. 000
000
000

. 023
. 023

. 000



OMEWAY ANOVA: PHYTOPLANKTOM DEM STATIOMI V8 YEARS 1977-1979 : 14:00: 38 07/29/82 P

CFILE . (CREATION DATE = 07/29/82)
SUBF ILE NONAME TAB'LE 2.3

. .__. e e e e e ,,.‘..- - __ e e e e e e e = P NME WA Y i men e e wem e e wer ame ewe wma aem e e wmt me e o

VARLABLE  DEN
BY VARIABLE YEAR

MULTIPLE RANGE TEST
C DUNCAN PROCEDURE '
RANGES FOR THE O. 050 LEVEL -
2,868 3. 02

THE RARNGES ABOVE ARE TABLE RANGES. THE WYALUE ACTUALLY COMPARED WITH MEAN{J)--MEAN(I) IS, .
' 0. 7820 #® RANGE # GAORT(1/7M(I) 4 1/NGJ))

HOMOGENEDUS SURSETS — {SUBSETS OF GROUPS, WHOSE HIGHEST AND LOWEST MEANS DO NOT DIFFER BY MORE THAN
SIGNIFICANT RANGE FOR A SUBSET OF THAT SI1Z2E)
SUBGET 1

GROUR GRPTF7 GRP78

MEAN 7.0424 7. 12834
SUBGET 2

GROUP GRP Y

MizAN §. 3610

M ' [ { (
7~ ™ {

~ ~ > a
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OMEWAY ANOVAT PHYTOPLAMKTUN DEN STATIONL V& SEAGONS 1977-1979 S laroRi2i 07/29/82 P
FILE (CREATION DATE = 07/29/42) € Y

BUBFILE  NONAME TABLE 7.

..... T LT T ) T 1 B S N B N Y T T — e e

VAaRIABLLE  DEN
BY VARIABLE &EASON

MULTIPLE RANGE TEST

DUNCAM PROCEDURE

RANGES FOR THE 0. 0350 LEYEL -~
.88 3.03 313

THE RANGES ABOVE ARE TABLE RANGES. THE VALUE aACTUALLY COMPARED WITH MEAN(J)-MEAN(I) IG5 .
' 0. 7461 # RANGE & SQRT{1/NCI) + 1/NGJ))

HOMOGENEOQUS SBURSETS (BUBSETS OF GROUPS, WHOSE HIGHEST AND LOWEST MEANS DO NOT DIFFER BY MORE THAN
\ ' SIGNIFICANT RANGE FOR A SUBSET OF THAT SIZED

SUBSET 1 {Winker) (Eatl)

GROWUP GRPO1 GRPO4
MEAN 69019 72842

SUBSET. 2 (Fc;\\’\ ( Surmer)

GROUP CRPO4 ‘ CRPO3
FE AL 7. 554 7. 3588

GUBSET 3 (¢  (Sering)

GROUR GRPO3 GRPO2
MEAR ' 7. 85348 8. 3844



TNDNAY ANOVA: PHYTOPLANKTON DEN BY STATION DEPTH : Sfbﬁleu3'14+; Vank- 19718

FILE (CREATION DATE = 06/16/82)

SUBF ILE NONAME

# 4 # % ¥ % ¥ # ¥ ¥ ANALYSI1IS a
DEN
BY STATION
DEPTH

F

VARIANGCE# # # % # # % # # #

TRBLE 2.§

*'*****b********%*************************

. | - SUM OF
SDURCE OF VARIATION SQUARES

v MAIN EFFECTS ~ @72297.750

% STATION . B69887. 125

_ DEPTH 2410. 641

2-WAY INTERACTIONS 199591. 500

STATION DEPTH 199591. 449

~ EXPLAINED | 1071904. 000

RESIDUAL 153827968. 000

TOTAL ' 154899872. 000

96 CASES WERE PROCESSED.
0 CASES ( 0.0 PCT) WERE MISSING.

D

=

o0 NWG

11

84

95

MEAN
SQUARE

174459.
289962
1205.

33263.
33265.

974435.
1831285.

1630524,

931
375
320

290
242

813

250

750

O 00 00O

F

. 0995
. 158
. 001

. 018
. 018

. 053

SIGNIF
OF F

(o R o R o)

-

. 993
. 924
. 999

. 000
. 000

. 000
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TWOWAY ANOVA: PHYTOPLANKTON DEN BY STATION DATE

F

FILE (CREATION DATE = 04/17/82)
 SUBFILE NONAME
% % % % % # # # # * ANALYSIS 0O
DEN
- BY STATION
DATE

.
-

STAYT10uS

4, 8,u

s vang

TABLE 2.6

VARIANCE # # # % % # % # # #

***************************************&

L » SUM OF
SOURCE OF VARIATION SGUARES
MAIN EFFECTS : 14045142. 000

STATION 129614. 063
DATE - : 13915528. 000
2-WAY INTERACTIONS 397772. 000
STATION DATE - 397772. 313
EXPLAINED 14442914, 000
RESIDUAL o 822006. 000
TOTAL 15264920. 000

36 CASES WERE PROCESSED.
O CASES ( 0.0 PCT) WERE MISSING.

DF

10
10

17

18

35

MEAN

54

2004448.
64807.
2783109.

39777.
39777.

849583.
43667.

434140.

UARE
790
031
199
227
125
Q00

563

500

43.
. 419
60.

18.

F

937

943

. 871
. 871

604

SIGNIF

o oo ©00

OF F
000
268
000

. 574
574

. 000



ONEWAY ANOVA: DEN VS DATE 1978 . 14:14: 44 046/17/82 PAGE 3

FILE (CREATION DATE = 06/17/82) ’ - R

SUBFILE  NONAME TABLE 2. 5

T I eI I ONEMWAY - == -~~~ - ——— - R I i
VARIABLE DEN , _ : ?

BY VARIABLE DATE
MULTIPLE RANGE TEST

DUNCAN PROCEDURE
RANGES FOR THE 0. 050 LEVEL -

2,89 3.03 3.13 3.20 9.2% -
THE RANGES ABOVE ARE TABLE RANGES. THE VALUE ACTUALLY COMPARED WITH MEAN(J)-MEAN(I) 18.. : : , D
0.0968 * RANGE # SGRT(1/N(1) + 1/N(J)) _ _
HOMOGENEOUS SUBSETS  (SUBSETS OF GROUPS, WHOSE HIGHEST AND LOWEST MEANS DO NOT DIFFER. BY MORE THAN THE SHORTEST >
, : ' SIGNIFICANT RANCGE FOR A BUBSET OF THAT S1ZE) : .

¥

SUBSET 1 _

GROUP  GRPO1 (MARCH) : : _ )

MEAN 6. 5954 ' '

““““““““ )

SUBSET 2

GROUP CRPO& L AVEVST) - . : )

MEAN 7. 2047 :

"""""" ]

SUBSET 3

GROUP erro5 (3WY)  grroz LAPRIL) i . )

MEAN 7.3743 . 7.3946

_________________ s

SUBSET 4 :

GROUP crPo4’ (Fune) : : , . »

- MEAN  7.6718

__________ )

SUBSET 9

GROUP CRPOD L MAY) o )

MEAN. 7. 9082

: _ ol
o o ' - ™ - ™ O O O
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TABLE 2.8

Analysis of Variance Among Depths for Each Date and Station for
" Columbia River Primary Productivity Rates (mg C/&/hr) for Each Station
near WNP-1, 2 and 4 (1-3).

A4

ot .
. 3

from other depths at this station on this date.

--  Not Sampled
S - Surface

M -- Mid

3 - Bottom .

e : Station
Date . Depth 1 2 3 4
" September 25, 1974 S .0258 .0184 .0305* .,0135
, M .0248 .0191 .0198* .0172
B .0013* .0015* .0015* .0016
December 4, 1974 S .0041*  .0042* .0052* .0040*
: M .0019 .0020 .0013 .0007
B .0008 .0011* .0011* ,0009
March 11, 1975 S .0020 .0037 .0026*  .0008*
M .0048 .0052 .0056* .0041*
B .0024 .0031 .0014*  ,0027*
June 17, 1975 S ".0248% 0220 .0192*  .0234*
M .0039 .0067 .0042*  .0055*
‘B .0016 .0023* .0028 .0030*
July 15, 1975 S .0254*  ,0304* .0319* ,0300*
M .0020 .0042 L0056 - .0050
B .0026 .0005 .0044 .0016
August 21, 1975 S .0238* ,0254* .0264* .0277*
M .0040 .0045 .0060 ~ .0067
B .0017 .0023 .0015 .0037
September 16, 1975 S .0292*  .0256* .0272*  .0283*
M .0046 .0062 .0030 .0046
B .0019 .0046 .0051 .0024
December 16, 1975 S .0020 .0032 .0019*  ,0032*
M .0003 .0004 .0009 .0006
B .0011 .0008 . 0020 .0005
March 29, 1976 S .0265 - - --
. M .0285 - -- --
B .0040 - -- --
June 14, 1976 S .0337 - - --
. M .0157 - - -
B .0149° - - -
September 21, 1976 S .0420* -- -- --
M .0186* -- - --
B .0012+ - - -
December 7, 1976 S .0018 - - --
M .0017 - -~ --
8 . 0021 -- -- --
*Significantly different at the 0.05 level of probability from means of samples



TABLE 2.9

Duncan's Mu]tipie Range Test Among Stations (Values are Averages of 3 Depths)

of Carbon-14 Primary Productivity Rates (mg C/2/hr) for Columbia River
Phytoplankton Samples Taken near WNP-1 2 and 4 (1).

Date‘

September 25, 1974
December 4, 1974
March 11, 1975
June 17, 1975
~July 15, 1975
August 21, 1976
September ‘16, 1975

*Similarity of means of indicated by underlining.

0.05 level of probability.

Station

Dunéan's Multiple

Range Test for Com-

2 - 22

.0118

1 2 3 4 _ parison of Means*
.0173  .0130 .0172 .0108 1 3 2 4
.0023  .0024 .0025 .0019 3 2 1 4
.0030  .0040  .0032 .0025 2 3 1 4
.0100 .0103 ~ .0087 .0l06 4 2 1 3
.0100 .0117 .0140 0122 3 4 2 1
.0098  .0107 .0113  .0127 4 3 2 1
0119 .0121  .0117 2 1 3 4

Differences are significant at

M M M M

~
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CEWAY ANV PHYTO CHLORG & BY YEAR, SEASOM: 1977-1979
L (CREATION DATE = 07/89,80) :

; kY - 0
SUMETLE  HORNARE , TABLE 24

WoHoaE % d 3 36w # o 8 M A LY S TY 0 Voa oD oA MG E # R R s o BN B
REP
BY YEAR
SEASON
SO I S SR SO L O S R I N FE SO N TR S S S < S R S R O R T T R N S I T S

BUM OF MEANM BIGNIF
SOURCE OF VARTAT 1O SAUARES DF SAUARE F oF F
537 33194 0. 000

95 210140 0. 000
973 41230 0,000

&t 637 1
13, 769

E S G713

AN
WONR

{

ot

-
3

Ca21s 3,218 0008
1. 216 do1a 0,000

.23
.73

[
s

FEebaY  TNTERACT LONS
YiTAR SEAGON

~
G\
s

EAPLATRID &30 11 G342 1a Ba4 00000
FESG TIRUAL 22, 082 &0 0,378
TOT AL PSR 71 1. 205

WERE FROCESGED.
{00 PCTY HERE MISSING.
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LAY AMOVA PHYTOCHLORD & STATION | YEARS 197719772 1851003 COTSESSBS P
FaLE COREAT 0N L)..TL w QYT 585) . .
LG R PN TAB LE 2.1l

PN

i mee e wer amn e e e e e aam e e e e eme e e e e e D] [.“:" [ S R T e e e e e e

MR ESagE REP
By WMARIADBLLE  YEAR

FULTIPLE RAMSE TEST

0. 080 LEVEL -

CHE RAMEES aB0OVE aRE TaBLE RANCES.  THE ValUE ACTUALLY COMPARED WITH MEAN{J)-MEANCI) 185, .
O 754 % HANGE & DOGRTOL/NCIY + 1/NGO))

HOROGEMEOUS SURSETS (SUBSETS OF GROURS, WHOSE HICHEST AND LOWEST MEANS DO MOT DIFFER BY MORE THAM
v . CHIGNIFICANT RANGE FOR. A BUBSET OF THAT SI7R) .

Cielr 7o

NIRRT PRI AR
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HHEAY S ANV GTATION AND SHOMTH COMPARTE

PLLE (CREATION DATE

SUBE LLE PMUAPE

PR I T

SULRCE (4 VaRIAaTFON

Mt BEFFECTS
STATION
SIOMTH

SEewkay TRITERACT LUNS

STATLOMN  SPHINTH
AP LA TNERD
PES TDUM.

TUTAL:

UL

FOPROCEST

X
oy

A0
POT Y WEHE

= QS/eE/

FL K A )

Gl
- Gal

b3,
0.
53,

0.
Q.

MI SR

NS

32)

Vak 1T ANMNEC i!\-s'«-'%- # K W o® OB OF % B

TABLE 2.13

M OF

AkizE

730
020

ST

11é
1id

oo oW R OH O OH R ¥ K B 'h EI R - S
_ PME AN SIGNIF
OF SQUARE F OF F

S 3731209, 860 0. 000
- 00 Tgas S B

N O
N O W

24 0. DO&

154 0. 004

14307 » 0. 289
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= GES GED WEm W (IN WE IS GIA W WM WO W e =S .

SRIE T STATION AMD SHOMTH CONPARTSOME g ‘a1 g i

PR {OREATTION DATE = Q6/2%/708)
SUBFLLE PRSI

ANAL Y &1 85 0OF MV ARIAMCOCE®S®®®R @ & % 8 & % & %

TARBLE 2 .14
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. BENTON COUNTY.

L. WNP-1 & 4 INTAKE
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FIGURE 2.1

Columbia River near WNP 1, 2 and 4
Site (RM 352). Numbers indicate
sampling stations. The river flow is
from north to south.
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3.0 ZOOPLANKTON

3.1 HISTORICAL SUMMARY

Zodp]ankton samples were collected from the Columbia River near WNP-2
from December 1974 through March 1980(1'6). Study objectives included:
1) determination of species composition, density, and relative and sea-

sonal abundance; and 2) collect preoperational data for future assessments
of potential operational impacts. '

A 153 micron mesh net with a 0.3 meter diametér mouth and a 5:1 length to
diameter ratio was used to take duplicate stepped oblique zooplankton
tows. Samples were taken once in 1974, six times in 1975, quarterly in
1976 and once each month from January 1977 tﬁrough March 1980(7). Tows
were,taken at Stations 1, 2, 3, 5 and 6 from December 1974 through Decem-
ber 1975 (Figure 3.1). Station 1 was sdmp]ed from March 1976 through
March 1980. Tows were also made at Stations 8 and 11 from March through
August 1978. '

3.2 TECHNICAL SUMMARY

'Fifty-eight zooplankton taxa were observed in samples collected from

December 1974 through March 1980 (Table 3.1: 6, 7). Seasonal relative
abundance was dominated by Bosmina, Cyclops and Diaptomus (Figure 3.2:
6, 7). Bosmina dominated the July through September samples except in
1976 and percent relative abundance ranged from 41.8 to 78.5. Benerally,
Cyclops dominated the spring and early summer samples. Percent relative

abundance ranged from 0.6 to 79.6. Diaptomus generally predominated in
the winter and early spring, and percent relative abundance during this
time ranged'from 4.1 to 57.3. Rotifera dominated the late winter and.
éar]y spring 1977 samples.

3-1



Average numbers of zooplankton ber cubic meter (no/m3) ranged from less
than 10 in December 1974 to 4702 in August 1977. Zooplankton densities
generally followed a trend of winter minimums and late spring and early
summer maximums (Figure 3.3). In 1977 and 1979 maximum values occurred
in August. The dramatic density increase found in the summer of 1977 was
probably,inf1uenced by extremely low river discharges that year. The
1977 mean river flow (cfs) at Priest Rapids was 84,530 compared to a
range from 113,200 to 145,900 in the years 1974-1978 (8-12). Reduced
flows can result ‘in higher plankton densities by increasing residence
time of the water, permitting more production, and decreasing the export
of plankton (13).

The null hypothesis of no year or season effects was tésted_with a two-
way ANOVA. The analysis was performed on the largest available consis-
tent data set - station 1 from 1977 through 1979. Seasons were defined
as: 1) December, January, February = Winter; 2) March, April, May =
Spring; 3) June, July, August = Summer; 4) September, October, November =
Fall. Duncans multiple range test was used to identify years or seasons
which differed significantly.

The null hypothesis of no year effect was rejected at the 0.05 level while
that for seasons was rejectéd at the 0.01 level (Table 3.2). Duncan's
test indicates that there are two seasonal groupings: Fall-winter and
spring-summer (Table 3.3). Duncans test was not sufficiently sensitive

to identify which years were statistically different from the others.

In 1974, 1975iand 1978 Stations 1-3, 1-3 and 5-6, and 1, 8 and 11 respec--
tively were sampled. In an effort to ideﬁtify any station differences a

- one way ANOVA test was performed. .Tables 3.4 through 3.6 show that the
~stations were not significantly different at the five percent level. The
results suggest that the'sample stations are quite similar ingregard to
zooplankton density. a
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3.3 POTENTIAL‘ENVIRONMENTAL IMPACTS

Zooplankton could potentially be impacted by WNP-Z_via, 1)‘the withdrawaT
of river water at the intake and 2) the theérmal cdmponent of the cooling
tower discharge.

A11 zooplankton which are drawn into the intake structure may be lost
from the aguatic ecosystem. This loss will be small in comparison'to'the
total population of these organisms in the Columbia River. It is esti-
mated that the maximum intake water withdrawal (i.e. 55 cfs) will be less
than 0.15% of the river volume at the lowest regulated river flow of
36,000 cfs. | | |

Prolonged exposures to elevated temperaturés have been reported to‘affect |
the growth rate survival and spécies composition of zoob1ankton in the
area of thermal discharges (14-18), however, the time interval in which
zooplankton will be in the WNP-2 thermal plume is too brief to cause
significant change. During Tow river flow and a 13.9c delta temperaturé
at the point of WNP-2 blowdown, the time intervals in’whﬁch organisms

~ would be exposed to temperatures of 2.8 and 1.4c above ambient would be

approximately 5 and 35‘secondé, respectively. These‘délta temperature;

and exposure periods are below those reported to have measurable effects
(19-21). ' - o

3.4 PROPOSED QPERAfIONAL MQNITORING PRbGRAM AND RATIQNALE
A. Monitoring Program

N§ additional éoop1ankton studies are rgtommended.'
B. Rationale

There are no commercially important, rare, or endangered species of
zooplankton observed in samples collected near WNP-2 from 1974-1980.
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The most common fish species near WNP -2 are opportunistic feeders
and utiljze zooplankton only on occassion. Macroscopic and micro-

scopic analysis of gut contents from fish collected near WNP-2 from

1974 throughL1977 indicate zooplankton are a minor component of the -

diet for.thé more common fish in the Coiumbia'River_(S—S)f

The average and maximum river flows entrained by the WNP-2 intake
pumps are .05% and .15% respectively. Assuming homogéneous zoo-
plankton distribution in the river, .05-.15% of.the zooplankton
population could potentially be affected by the WNP-2 intake struc-
ture. - Assuming ]OO% zooplankton loss, detection of such impacts is
believed to be impractical. | ’

Zooplankton populations passively moving downstream may be entrained in
the discharge plume. The relative portion of the Columbia River receijv-
ing heated water from wNP-Z operdtions is small. The width of the 0.6c¢

isotherm in the WNP-2 discharge plume is less than 2% of the cross
sectional area of the Columbia River af fow river flow (22).

Garton and Harkins (23) state that zooplankton are essential in most
aquatic systems, but due to the high variability in numbers and species .
composition, it is very difficult to arrive at valid conclusions using
zooplankton data unless samples are taken in greater numbers and:With
more frequency than will be usually practical. In addition, fhey state
that in a body of flowing water, the zooplankton at any spot are ]argé1y
the product of upstream conditions and not of conditions at the point of
sampling. They conclude that zooplankton data at potential sites of heat
discharges into flowing waters are of dubious worth.

~ Based upon the information presented above the Co]umbia'River near.wNP—le

should be considered a low potential impact area for zooplankton. The
"NRC (24) staff has stated that they are not concerned about the entrain-

ment and/or impingement of plankton and benthic drift during operation of.

the WNP-2 intake. In addition, the NRC staff judgesthere will be no
significant‘thermal plume impacts on aquatic biota (24).
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Table 3.1 Taxanomic categories of Columbia River zooplankton collected
near WNP-2 from December 1974 through March 1980 (6, 7).

Coelenterata
Hydra spp.

Bryozoa
Ectoprocta :
Paludicellidae

Paludicella articulata .

Annelida
Oligochaeta
Hirudinea

Aschelminthes
. Nematoda .
Rotifera

Brachionidae
Kellicottia longispina
Kellicottia spp.
Keratella cochlearis
Keratella spp.
K. quadrata spp.
Brachionus spp.
Euchlanis spp.

Lecanidae
Lecane spp.

Synchaetidae
Synchaeta spp.
Polyarthra sp.

Testudinellidae
Testudinella spp.

Arthropoda
Tardigrada
Crustacea
Cladocera
Leptodoridae .
Leptodora kindtii
Sididae
Sida crystallina
Latona spp.
Diaphanosoma spp.
Daphnidae
. Daphnia spp.
Ceriodaphnia spp.
Bosminidae
Bosmina spp.

Bosmina longirostris
Macrothricidae

Macrothrix spp.

Ilyocryptus spp.
Chydoridae

Pleuroxus spp.

Alona. spp.

Chydorus spp.
Eurycercinae

Ostracoda
Copepoda
Cycolpoid copepodid
Copepoda nauplii
Calanoida
Temoridae
Epischura spp.
Temoridae copepodid
Diaptomidae
Diaptomus spp.
D. ashlandi
Cyclopoida
Cyclopidae
Cyclops spp.
Bicuspidatus thomasi
-Harpacticoida
Amphipoda
Acari
Insecta
Plecoptera
Collembola
Ephemeroptera
Trichoptera
Rhyacophilidae
Hydropsychidae
Diptera
Chironomidae
Simyliidae
: Simulium sp.
Platyhelminthes
Turbellaria
: - Dugesia sp.
Protozoa
Vorticella sp.
Arachnida
Hydracarina
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4.0 PERIPHYTON

4.1 HISTORICAL SUMMARY

Periphyton samples were collected from the Columbia River in the vicinity
of WNP-2 from March 1977 through March 1980 (1-6). Study objectives
included: 1) determination of species compdsition, density, and relative
abundance; and 2) collection of preoperational data for future '
assessments of potential operational impacts.

Eight stations were sampled on a quarterly basis over the study period
(Figure 4.1). Most stations were sampled regularly, but only station
eight was sampled on all collection dates.

Stations were situated such that one was 200m upstream of the WNP-2
cooling system intake, six others were spaced over the Tength and breadth
of the expected area of the discharge plume, and another was 310m
downstream of the discharge beyond the plume.

Samples were collected using glass slide diatometers emplaced and
retrieved by scuba divers (1). Four variables were measured from these
samples: 1) density (taxonomic abundance), 2) dry weight, 3) total
organic matter (TOM), and 4) chlorophyll a (1).

4.2 TECHNICAL SUMMARY

4.2.1 Species Composition and Abundance

'The periphyton community composition was determined from density data.

Unfortunately different powers of magnification were used for microscopic
identification-befbre and after August 1978, rendering these two periods
not directly comparable (6). '



From March 1977 through June 1978, 39 genera and 3 groups identifiable
only to a higher taxon were encountered on diatometers (Table 4.1). In
terms of relative abundance diatoms  predominated, and small pennate
diatoms were the most abundant single group, comprising from 21 to

67 percent of the total density on four of six collection dates. Other
common forms during this time period were Melosira spp., Gomphonema sps.,
Cyclotella spp., Cymbella spp., and Cocconeis sppﬁ (Table 4.1).

From August 1978 through March 1980 at least 162 taxa, including 155
identifiable to species were encountered (Table 4.2). Once again diatoms
were dominant in most cases, with the blue-green algae Schizothrixlég.and
Plectonema sp.being the only other occasionally numerous forms. On June
of 1979 Schizothrix sp. was numerically dominant.

Dominant species for each of the sampies'taken‘from August 1978 through
March 1980 were as follows: the centric diatom Cyclotella glomerata
(August 1978); the diatoms Achnanthes sinutissima and Cocconeis.
placentula (December 1978); the diatom Gomphonemé olivaceum (March 1979);
the filamentous blue-green Schizothrix #2 (June 1979); Cocconeis
placentula (September 1979); the diatom Achnanthes deflexa (December
'1979); and the diatoms Gomphonema olivaceoides, Nitzchia frustulum and
Stephanodiscus hantzschii (March 1980). . '

Typical planktonic forms were observed together with the benthic
microflora (attached algae or periphyton) and often at high density.
This occurred especially in . June 1979 and March 1980 when the planktonic
centric diatoms Stephanodiscus hantzschii and Me]osira italica and the

planktonic colonial diatoms Asterionella formosa and Fragilaria
crotonesis were dominant or very abundant. -The- planktonic- centric diatom
Cyclotella glomerata was dominant in August 1978. During their periods
of greatest abundance these planktonic forms sedimented out of solution

onto the bottom and constituted a larger proportion of the microflora on
the slides than at other times of the year when phytoplankton densities
were low. |
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Average total densities of periphyton ranged from 648 ceHs/cm2

(Station 11M, June 1978) to 1,796,817,ce]1-s/cm2 (station 8, March
1979). Values were typically between 100,000 and'l,SOO,OOOece11s/cm2.

The general seasonal trend was a summer low with a shring_or winter peak
in abundance (Figure 4.2). This pattern persisted for all seasons at
station eight, the only location sampled on every collection date,. but
was less consistent for other stations. Stations 8 and 11W were depicted
because they were frequently sampled and followed patterne representativé
of all stations. ' '

A three factor ANQVA was used to test the hypotheses that there were-no
differences in density between years, seasons, and stations. Seasons |
were defined as: December, January, February = winter; March, April,
May = spring; June, July, August = summer; September, October, November
= fall. Three collection dates, March and June 1977, and December 1979
were excluded from the analysis because of insufficient sampling. The
data were log transformed (10910 (x)) to better meet the assumptions
of the ANOVA.

A1l three main effects were found to be significant. Year and season
effects were significant at the 1 percent level of <, and the station
effect was significant at the 5 percent level (Table 4.3). Differences
between stations on individual sampling dates were evaluated via DMRT.
These comparisons show significant differences between -statijons (<=.05)
on several occasions (Table 4.4). Some relationships occurred '
repeatedly: for instance, the mean density at station 11E was lowest or
next to lTowest of all stations six of the eleven times it was sémp]ed;
and the mean density at station eight was the highest of all stations on
six of thirteen collection dates. However,-chahges in relative.station
ranks followed no discernible pattern and reasons for the observed
differences are unclear. The lack of statistically significant
differences in most comparisons reflects that variability within stations
often exceeded variability between stations.



4.2.2 Periphyton Biomass

Per1phyton biomass was measured in. terms of total organic matter -
(TOM, g/m ) and chlorophyll g.(mg/m ). Dry weight was used only
to calculate TOM.

Values of TOM ranged from 0.13 g/m’ (station 11M, June 1978) to

26.7 g/m2 (station 11W, September 1977). The general seasonal

pattern was a-summer low with peak values occurring during fall and
winter (Figure 4.3). Unlike density, spring values of TOM also tended
to be low. : ’

A three factor ANOVA was used to test the hypotheses that there were no
differences in TOM between years, éeasons, and stations. Seasons were
defined as for density, and once again, March 1977, June 1977, and
December 1979 were excluded due to insufficient sampling.

Year and season effects were found to be significant (¢=.01), but station
was not (Table 4.5). A two factor ANOVA grouping stations by sampling
date allowed a more powerful test of station differences, however, and
when this ana]ys1s was performed this effect was also significant ( 5.05)
(Table 4.5).

Seasonal patterns for chlorophyll a were not consistent over the duration .

of the study period (Figure 4.4): prior to August 1978 levels were
re]at1ve1y high and ‘stable, ranging from 68 mg/m (station 8, March
1977) to 129. mg/m (station 8, June 1978) but from August 1978 through
March 1980 chlorophyll a levels. f1uctuated seasonally, ranging from 1.7
mg/m (station 7M, June 1979) to 120 mg/m (station 7M, March. 1980).
Seasonal f1uctuat1ons over the Tatter period closely paralleled those of
dens1ty, i.e. rising from a summer low to a spring high.

A three factor ANOVA was used to test the hypotheses that there were no
differences in chlorophyll a between years, seasons, and stations.+The
season definitions and the sampling dates were the same as those used for
the periphyton density and TOM analysis.
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Year and.season effects were significant (=<=.01) for chlorophyll a, but
station was not (Table 4.6). As for TOM, the station effect was shown to
be significant (=.05) when tested via two way ANOVA, with stations
grouped by sampling dates (Table 4.6). -

Differences in TOM and chlorophyll a between individual stations were
examined using DMRT. "On several dates significant differences were
detected between stations for both measures of biomass (Table 4.7),

and as with density station‘eight frequently ranked high for TOM and
chlorophyll a. Most differences were not significant though, and changes
in relative rank followed no discernible pattern. |

The concordance of fluctuations in periphyton density, TOM, and
chlorophyll a was examined via correlation analysis. The 5 percent
Tevel of significance was applied unless otherwise stated. Over all
samples (all- stations and dates) there were low but significant
correlations between density and chlorophyll a (r=.291), and TOM and
chlorophyll a (r=.226), but the correlation between density and TOM was
not significant (r=.081). g

Because chlorophyll a seasonal patterns differed markedly before and
after August 1978, correlations were also performed with these periods-
as separate data sets. When treated as such, the correlation between
density and chlorophyll "a" was not significant for the earlier period -
(r=.04), but was highly significant (x=.01) for the latter. (r=.771).
Between TOM and chlorophyll a the correlation was significant and
negative before August 1978 (r=.366), but not significant after
(r=.155). Correlations between density and TOM were not significant

in either case (r=.128, r=.280, respectively).

The variability of the TOM and chlorophyll a sampling methods was

- compared by way of coefficients of variation (CV=S/x) calculated from

replicate measurements. The coefficients of variation were similar for



both methods,_with mean values being .23 and .21 for TOM and chlorophyl1
a, respectively. A Mann-Whitney U test showed that these values were not
significant]y different (=.05).

4.3 POTENTIAL ENVIRONMENTAL IMPACTS

Periphyton could potentially be impacted by the thermal and chemical
components of the cooling tower discharge.' During preoperational
sampling, diatoms have dominated the benthic microflora in the area of
the WNP-2 discharge due to favorable environmental conditiohs, including
water temperatures-less than 30°C(7);

Elevated water temperatures may result in increased biomass, reduced
species diversity, or changed species composition (7-10), but changes,
if .any, are expected to be small. A study of the thermal tolerance of
Columbia River periphyton found that an increase of as much as 10%
above ambient river temperatures significantly changed (increased)
biomass only during a short period in winter, with the domination of
diatoms persisting (9). Due to the rapid dilution of discharge water in
the mixing zone, thermal conditions that could measurably affect the
natural periphyton community will be experienced only in the immediate
vicinity of the outfall within the 1.4°C isotherm. Even under extreme
conditions (river flow 36,000 cfs, blowdown = 4000 gpm) this zone is
expected to extend less than 20 feet- downstream of the discharge (11).

With the exception of residual chlorine, the resultant conéentration of
chemicals in the river after initial mixing will be at a level at which
no measurable changes or detrimental effects have been reported (13, 14).
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Intermittent discharges of residual chlorine will have rapid dilution
and be reduced further by the chlorine demand of the water. During
periods of low flow, an effluent concentration of 0.1 ppm would be
diluted to 0.01 ppm approx1mate1y 15 feet downstream from the point of
discharge; wh11e Jevels. of . approx1mate]y 0. 01 ppm -would oceur in an area
represented by the 1.4°C isotherm and Jess than 0.002 ppm in an area
outside of the 0.28°C isotherm (12). . '

The tolerance of aquatic organisms to chlorine is species specific,

with the effective concentration causing mortality or detrimental effects
somewhat dependent on the chemical forms; and markedly affected by the
duration of the exposure. |

Intermittent residual chlorine concentrations of 0.1 ppm may have an
algistatic effect on periphyton (15, 16) in the immediate vicinity of
the outfall, i.e., within an area 15 feet below the discharge, with the
actual area affected debending upon the persistence of'résidua1 chlorine
in the blowdown.

4.4 PROPOSED OPERATIONAL MONITORING PROGRAM AND RATIONALE

Periphyton will continue to be studied as an indicator of environmental

quality near WNP-2 for several reasons. It forms a vital link in the

aquatic food chain and is sensitive to thermal and chemical discharges-.
Because periphyton is attached to the substrate, any impact that occurs
tends to be largest at its source, making its cause more easily identifi-
able. Also, tﬁe@variabi1ity'of periphyton samples taken during the
preoperational phase at WNP-2 is low enough to indicate that it will be a
suitable environmental indicator.

It is extremely important to the success of an environmental monitoring
program to maintain consistent methods and to'have data over an equal
time span for preoperational and operational periods (17-19). Therefore,

_the basic periphyton monitoring program (core program) will be continued

with sampling schedules, Tocations, and methods mostly the same as in



the past (Table 4.8); The only changes in this program will be to
discontinue measuring periphyton chlorophyll a; and to initially

analyze periphyton samples only for biomass (TOM). There are several
reasons for discontinuing chlorophyll a: biomass will already be measured
as TOM; chlorophyll a levels are affected by many variables that are not
easily measured or controlled; and, inconsistencies in past chlorophyll
a data make its interpretation difficult. If a significant impact is
suspected, further analysis for densities and species composition can be
performed on preserved samples. Neither of these changes will impair the
ability of the program to detect significant impacts.‘

Periphyton studies will begin at fuel load and will be conducted for
three years during the operation of WNP-2. This will allow enough time
to account for yearly variability in the biota and physical conditions,
and will provide a data set that is balanced in terms of time for
preoperational and operational periods. If no significant impact has
been detected within three years, the study will be terminated.

Because the impact of WNP-2 on thegaquatic environment is expected to

be small, the core periphyton program is not likely to delimit its
extent very precisely. To accomplish this, a supplemental study will

be conducted close to the cooling tower discharge where any detectable
impact is most likely to occur. A string of periphyton’stations.will be
established at 6.1m intervals along the center-line of the discharge '
plume, extending downstream 30.5m ffom the discharge port (Figure 4.5).
These stations will be exposed to a gradient of thermal and chemical
conditions resulting from the spreading and mixing'of‘the discharge
plume. Two control stations, also 6.1lm apart, will be established at
location 1, upstream of the discharge. Sampling and analysis methods
will bé the same as for the rest of the periphyton program, but samples
will be collected every 6 weeks to provide a larger sample size and more
thorough seasonal coverage (Table 4.8). '
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Sampling will begin at fuel load and continue for three years during the
plant operational phase: if no'significant impact has been detected in
that time, the study will be terminated.
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TABLE 4.1

Columbia Rever Benthic Microflora from Glass Slides Collected near WNP-1,
2, and 4 (RM 352) in 1977 and 1978.

Chrysophyta | Small pennate diatoms

Amphipleura sp. Stephanodiscus spp.

*Amphora sp.

Asterionella sp.

Caloneis sp.
Cocconeis sp.
Cyclotella spp.

Cymatopleura sp.

Cymbella spp.

. Diatoma sp.
Dinobryon sp.
Diploneis sp.
Epithemia spp.
Fragilaria spp.
Frustulia sp.
Gomphonema spbp.
Gyrosigma sp.
Hannaea sp.
Melosira spp.
Navicula spp.
Nitzschia spp.

Rhizosolenia sp.
*Rhoicosphenia sp.

Rhopalodia sp.

© **Hantzschia spp.

Synedra spp.
Surirella sp.
Tabellaria sp

Chlorophyta

Ankistrodesmus sp.

Closterium sp.
Cosmarium sp.
Pediastrum spp.
Scenedesmus spp.
Staurastrum sp.

Stigeoclonium sp.

Treubaria sp.

Cyanophyta
Anabaena sp.

Plectonema sp.

Unknown bluegreen

*Not observed in 1977 phytoplankton collections (Tables 2.3).

**Observed in 1978 periphyton collection only.
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TABLE 4.2

Columbia River benthic microflora collected in the vicjnity of WNP-1, 2,
and 4, August 1978 to March 1980.* )

ALGAL DIVISION/SPECIES

CHRYSOPHYTA (BACILLARIOPHYCEAE)

Melosira ambiqua

Melosira granulata

Melosira granulata v. anqust.
Melosira italica

© Melosira varians

Melosira distans v. alpigena

Stephanodiscus astraea

Stephanodiscus astraea v. min.

Stephanodiscus hantzschii
Stephanodiscus dubius

Cyclotella ste]ligera'

Cyclotella pseudosfe]]igera

Cyclotella kutzingiana

Cyclotella meneghiniana .

Cyclotella glomerata

Cyclotella comta

Cyclotella comensis

Tabellaria fenestrata
Diatoma tenue /

Diatoma vulgare

'Asterione11a fqrmosa

Opephora martyi

Fragilaria crotonensis

Fragilaria construens:

Fragilaria capucina

Fragilaria 1eptostaukon

- Fragilaria vaucheriae

4 - 13

Hannaea arcus

Hannaea arcus v. amphioxys

Synedra ulna

Synedra ulna v. chaseana
Synedra acus o

Synedra delicatissima

- Synedra rumpens

Synedra vaucheriae

Synedra parasitica

Synedra mazamaensis

Synedra cyclopum

Synedra pulchella

Synedra radians

Cocconeis Qjacentu1a'

Achnanthes lewisiana

Achnanthes 1anceb1ata

~ Achnanthes minutissima

Achnanthes exigua

Achnanthes linearis

Achnanthes flexella

Achnanthes cleveii

Achnanthes deflexa
Achnanthes pergalli

Rhoicosphenia curvata

Funotia pectinalis

Diploneis smithii v. dilatata

Diploneis oculata

Navicula seminuloides

" Navicula minima

Navicula tripunctata

Navicula cryptocephala




CHRYSOPHYTA (BACILLARIOPHYCEAE)

Navicula

(cond't)

cryptocephala v. veneta

Navicula

mutica

Navicula

arvensis

Navicula

pupula

Navicula

reinhardtii

Navicula

pseudoreinhardti{

Navicula

radiosa

Navicula

viridula

Navicula

peregrina -

Navicula

decussis

Navicula

menisculus v. up.

Navicula

capitata

Navicula

cascadensis

Navicula

bacillum

Navicula

vitabunda

Navicula

minuscula

Navicula

infirmata

Caloneis

hyalina

Pinnularia borealis

Amphipleura pellucida

Gomphonema parvulum

Gomphonema subclavatum

Gomphonema olivaceoides

Gomphonema truncatum

Gomphonema ventricosum

Gomphonema olivaceum

Gomphonema olivaceum v. calcarea

Cymbella

turquidula

Cymbe]la
Cymbella

sinuata
cistula

- Cymbella

minuta

Cymbella

mexicana

Cymbella

affinis
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Qymbe11a prostraté-
Cymbella muelleri -
Cymbella microcephala

Amphora perpusilla

Amphora ovalis

Epithemia sorex
Epithemia turgida
Rhopalodia gibba

Hantzschia amphioxys

Cymbellonitzschia diluviana

Nitzschia latens

Nitzschia paleacea
Nitzschia silica

Nitzschia palea
Nitzschia dissipata

Nitzschia innominata

Nitzschia perminuta

’ .Nitzschia allansoni

Nitzschia frustulum

Nitzschia stagnorum

Nitzschia osmophila

Nitzschia obsoleta

Nitzschia linearis

Nitzschia 1auéhbergiana

Nitzschia amphioxides

Nitzschia sighoidea

Nitzschia acicularis

Nitzschia subacicularis

Nitzschia amphibia

Nitzschia oregona

Nitzschia accomodata

Nitzschia fonticola

Nitzschia demota

Nitzschia bacata f. 1lin.

Nitzschia recta

'Nitzschia Rl
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CHRYSOPHYTA-(BACILLARIOPHYCEAE)
(cond't)

Nitzschia hungarica

Nitzschia angustata

Nitzschia subpunctata
Nitzschia vermicularis

Nitzschia serpenticula

Nitzschia sigma v. diminuta

Nitzschia holsatica

Nitzschia gracilis

Cymatopleura solea

Surirella Tinearis

Surirella angustata \
Chrysophyte statospore #11
Chrysophyte  statospore #1

CHLOROPHYTA:

Ankistrodesmus falcatus

Scenedesmus quadricauda

Scenedesmus abundans

Scenedesmus acuminatus

Scenedesmus longus

Schroederia judayi

Chlorella

U]othrix zonata

Stigeoclonium R1

CYANOPHYTA:

Anacystis cyanea

‘Anacystis montana

Entophysalis rivularis

Oscillatoria lutea

Lyngbya Timnetica
Oscillatoria limnetica

Arthrospira jenneri

Arthrospira brevis

Schizothrix calcicola
Schizothrix #2
Schizothrix fragilis

Schizothrix friesii

Calothrix parietina

RHODOPHYTA:

Audouinella violacea -

PYRROPHYTA:

Rhodomonas minuta

~

* Numbered genera indicate particular species which were identified to genera,.-.. -
but which could not be identified to specieé. These speties_have been . -
measured, drawn and photographed for future identification. .Chrysophyte
statospores were given numbers to differentiate the forms observed.
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TABLE 4.3

Three way ANOVA on periphyton density data. The data was log ten

transformed prior to analysis.

Analysis of Variance

DENSITY
BY STATION

YEAR

SEASON

SOURCE OF VARIATION
Main Effects

Station

Year

Season
EXPLAINED

RES IDUAL

TOTAL

SUM OF
SQUARES  DF
40.610 13

2.208
7.008
31.182 3
40.610 13
17.449 129
58.059 142

4 -~ 16

MEAN
SQUARE

3.124
0.315
2.336
10.394
3.124

0.135

0.409

23.004

2.332
17.269
76.841

23.094

SIGNIF
OF F

0.000

0.028 -

0.000
0.000

©0.000
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TABLE 4.4

Periphyton density: Homogeneous subsets bf_ stations as determined by Duncans
Multiple Range Test (DMRT). Connecting lines indicate no significant difference
between means (<< =.05).

Mo/ Yr | Station

3/77 | 8 M

6/77 o8 1

9/77 o 1M 7M 11E 8 W 1 11
12/77 M1 7M  7E 1M 11E 1W 8
3/78 LE 7w 110 7M 1M 8 7 1
6/78 - 1M 7E 7w 8 11E 11

8/78 o 1M 7E 1M 1IE 1M 8

3/79 10 1M M 7E 10 8

6/79 1 1M 1M JE W 1 M 8
9/79 M_1E 1W 1 1M JE 8 7W
12/79 ' o HE  7E 1M 8 1 1M M 7
3/80 W 11E 1M 1l 7E 1 M 8
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TABLE 4.5A-B

Two and three way ANOVA on periphyton TOM data.’

Three Way
Analysis of_Variance
ASH
BY STATION
YEAR
SEASON
- ? UM OF MEAN SIGNIF
SOURCE OF VARIATION . SQUARES DF SQUARE F OF F.
Main Effects 5487 .557 13 422.120 - 32.433  0.000
Station 122.455 7 17.494 1.344 0.233
Year 2873.648 3 957.883 17.269 0.000
Season 1101.534 3 367.178 73.598 0.000
EXPLAINED 5487.557 13 422.120 32.433 0.000
RES IDUAL 1952.254 150 13.015
TOTAL 7439.811 163 45.643
Two Way
Analysis of Variance
ASH
BY STATION
SPERIOD
SUM OF : MEAN SIGNIF
SOURCE OF VARIATION SQUARES DF SQUARE F OF F
~ Main Effects 1143.684 10  114.368  207.005 0.000
Station 4,020 1 4.020. 7.277 0.013
Speriod 956.541 9 106.282 192.370 0.000
2-Way Interactions 12.293 6 - 2.049 3.708 0.011
Station Speriod 12.193 6 2.049 3.708 - 0.011
EXPLAINED - 1155.977 16 72.249  130.769 0.000
RESIDUAL. 12.155 22 0.552
. TOTAL 1168.132 38 30.740
4 - 18
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TABLE 4.6A-B

Two and three way ANOVA on periphyton Chlorophyll "A® data.

Three Way

~ Analysis of Variance

|

CHLORO
BY STATION
YEAR
SEASON
SWM OF MEAN SIGNIF
SOURCE OF VARIATION SQUARES DF _SQUARE F OF F
Main Effects 119938.938 13 9226.070 15.023  0.000
Station 4584.588 7 654.941 1.066 0.389
Year 72504.016 3 24168.004 39.353 0.000
Season 43051.555 3 14350.518 23.367 0.000
EXPLAINED 119938.938 13 9226.070 15.023  0.000
RES IDUAL 77995.938 127 614.141
TOTAL 197934.875 140 1413.820
Two Way
Analysis of Variance
CHLORO
BY STATION
SPERIOD
‘ SUM OF MEAN SIGNIF
SOURCE OF VARIATION SQUARES - DF SQUARE F OF F
Main Effects 152519.250 16 - 9532.453 39.841 0.000
Station 6280.200 7 897.171  3.750 0.002
Speriod - 146259.000 9 16251.000 67.921 0.000
2-Way Interactions 29384.,906 57 515.525 2.155 0.001
Station Speriod 29384.914 57 515.525 2.155 0.001 -
EXPLAINED 181904.156 73 2491.837 10.415 0.000
RESIDUAL '16030.719 . 67 239.264
TOTAL 1413.820

197934.875 140
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TABLE 4.7

Homogeneous subsets of stations as determined by Duncans Multiple Range Test. Underlined groups are not
significantly different (oc=.05). Means are ordered from left to right, smallest to largest.

DATE oM | CHLOROPHYLL A

3/17 M g . 8 M

9/77 8 1 - 8 . 1 |

12/77 W 8 7M1 1M 11E 1IW W LW 1M 7W 8  11E 1

3/78 11M 1 7E 8 . W ™ 11E  11W . 7M 7E T 11IM 11W 8 11E 7W 1 .
6/78 W 1 7E 1M W 1 M 8 8 M 1 7E- 1M 7w 1 11E
8/78 . 1M ™ 7E 11W 8 .llE 11IM 7w 11w 7E 8

12/78 M 11E 7E 1M 1 11W 8 M 11E 1M 7E 1IW 1 8

3/79  7E UE 1M M 1 8 | 76 116 7M 1IM 110 8

6/79 UM 1 7M 7E 1 W 11E 8 | M_7E_W 8 1M 1 11E 1MW
9/79 M_7E 11E 8 LW 1 W 1M CHE M 1M T 8 7E W 1l
12/79 1 76 M M 8 1M 1l 1IE E 1M 8 7E 1M 1 W M

3/80 11M 7E  7w 11E 1 11W ™ 8 MW 7E 1M 1E 1 1 8 M

4 - 20



' N~

-\

Description of sal
organic matter.

Study . Statio

TABLE 4.8

mpling effort for the core and gradient studies. TOM is total

Variables to be Measured

Sampling Replicates/
ns Frequency Phase 1 ~ Phase 2* Sample

Core 1

7€
™

W
11E
11M
11W

Gradient la
1b

| 7a

7b

/c

7d

7e

7f

* Phase 2 may be

 Quarterly TOM 'Density & 4
_ Species
Composition

conducted if a significant impact is suggested by Phase 1.
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Figure 4.1 Location of sampling stations in the Columbia River.
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Flgure 4.2 Perlphyton density at Stations 8 and 11W from March 1977 through March 1980.
Samples were not collected at Station 11W in March or June 1977, or December

1978.
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through March 1980. Samples were not collected at Station 11W on March or June

1977, or December 1978.
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‘ Figure 4.5 Diagramatic representation of the station arrangement for
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the supplemental periphyton study (not drawn to scale).
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5.0 BENTHIC MACROFAUNA

5.1 HISTORICAL SUMMARY

o
.
N

Benthic macrofauna were sampled in the vicinity of WNP-2 from September
1974 through March 1980 (1-6). Study objectives included: 1) determina-
tiqn of species composition, -density, and relative abundance; and 2)
collection of preoperational data for future assessment of potential
operational impacts.

A number of stations were sampled through the years, but only eight were
sampled consistently: stations 1, 7M and 8 from September 1974 through
June 1977, and these stations as well as stations 7E, 7W, 11E, 11M, and
11W, thereafter (Figure 4.1).

Samples were collected in October and December of 1974, March, June,
July, September and October of 1975, and quarterly for the duration of
the study..

From September 1974 through March 1975 the benthic macrofauna were

“sampled via “grabs“'of substrate gravel and ringold material collected

by scuba divers. From June through December 1975 grab sampling was
continued and supplemented by rock filled basket samplers emplaced and
retrieved by scuba divers (1). The grab samp]ing.was discontinued in
April 1976 and baskets only were used from that date on.

Two variables were measured from benthic macrofauné samples:

1) density (taxonomic abundance); and 2) dry weight (biomass). Density
data was collected during all years of the preoperational program (1974-
1980), whereas biomass was measured from August 1978 through.March 1980.

TECHNICAL SUMMARY

Because of infrequent and irregular sampling at other stations the
following analysis will be Timited to stations 1, 7€, 7M, 7W, 8, 11E,
11M, and 11W. It will also be limited to the basket samples for.similar

"reasons. This approach is considered to be valid because populations of
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benthic organisms from baskets are similar to those from natural
substrates in the Columbia River near WNP-2, and baskets provide a
standard basis for the quantification of operational impacts (6).

5.2.1 Species Composition

,The benthic macrofauna community composition was‘determined from
density and biomass data. Unfortunately, identification was car-
- ried to different levels before and after August 1978, rendering
these two periods not directly comparable.

From Sebtember 1975 through June 1978, 18 taxonomic groups were

encountered (Table 5.1). Trichoptera and Chironomidae (Diptera)

- larvae were dominant during this period, comprising from 1 to 99%
and 1 to 96% of total numbers, respectively. Combined percent-

ages for these groups ranged from 62% to 99% of the total, except

in June 1975 when Simulids (Diptera) were especially abundant.

Trichoptera (Hydropsychidae) and Chironomidae also dominated the
period from September 1978.through March 1980 when a total of 32
taxa were identified (Table 5.2). . Other major taxa which occas-
sionally accounted for more than 10% of totaT’denéity included
Simulidae and Lythoglyphus sp. (Gastropoda).

In terms of biomass' the fauna was generally dominated by Hydro-
psychidae, with other major  contributors be1ng zthog]zghus,
Limnaea, Chironomidae, and Simulidae..

5.2.2 Density

Seasonal patterns for total density are shown in Figure 5.1.
Density values were generally 1ow in the spring and summer,band
high in the fall and winter, ranging from 699 organisms/m2

_ (station 8, July 1975) to 120,432 organisms/m2 (station 8,

5-2.
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5.2.3 .

September .1976). Stationﬁ'l,'7M, and 8 are depicted because they
were sampled consistently and were representative of all stations.

A three factor ANOVA on log (X + 1) transformed data was used’
to test the hypotheses that there were no differences in density
between years,,seasons,'or ;tations._iThe'seasons were the same

.as for other»ahalyses in this report. The year and season ef-

fects were highly significant (€= ,01), but the station effect
was not (Table 5.3). A two factor ANOVA grouping stations by
sampling date allowed a more powerfu1'tést of station differ-
ences, however,.énd_when this analysis was performed this effect

was also highly significant (Table 5.3). The significant

interaction of stations, and seasons is reflective of frequent -
changes in the relative ranks of stations.

Between station differences were analyzed using DMRT on log

(X + 1) transformed data. From June 1975 to June 1977 when 8
only stations 1, 7M, and 8 were Sampled, station 8 consistently
ranked the highest (Table 5.4). Differences between stations
were frequently not statistically significant, however. From
September 1977 through March 1980 when all 8 regular stations
were sampled stations 11W and 7W frequently ranked high, amd
stations 1 and 8 were usually among the mid-ranks. Station 7M
still often ranked low. Once again, differences between stations
were frequently not significant and not consistent through time,
indicatﬁng that variability between stations is often no greater
than the variability within stations. ‘

BIOMASS

Mean total biomass ranged from 3.67 g/m2 (Station'7M, March
1979) to 236.67 g/m’ (Station 11E, September 1979). Biomass
levels followed a seasonal pattern similar to densitysu- Tow
dUring‘spring, and higher in the fall and winter (Figure 5.2).

5.3
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Biomass was also relatively high during June (summer) 1979, and
relatively Tow during August (fall) 1979, but because of the few
years of sampling ii-is not know whether these occurrences fit
the usual pattern. | '

A three factor ANOVA on log (X + 1) transformed data Was used to
test for differences in bioméssvbetween'years; seasons, and sta-
tions (seaéons were defined as for density). A1l three main ef-
fects were found to be'highly significant (p < .01; Table 5.5).

Differences between seasons (all years and stations grouped
~ together) and stations (on individual sampling dates) were ex-
amined via DMRT on log (X + 1) transformed data. A1l seasons

were significantly different and the order of ranking was winter,

fall, summer, spring, from highest to lowest. Results of the
comparisons between stations were not as simple. Stations 1

and 8 were frequently. low, but comparisons between stations were
frequently not significant and relative rankings were not
consistent over time (Table 5.6). This indicates that for
biomass as for density, between station variability was often no
greater than within station variability. '

5.3 POTENTIAL ENVIRONMENTAL IMPACTS

Benthic .macrofauna could potentially be impacted by WNP-2 from: 1) the
,wiyhdrawal»of river water at the intake; and 2) the thermal and chemical
components of the éoo]ing tower discharge. '

A11 benthic drift which enters the intake structure is Tike1y to be
lost from the ecosystem, but this Toss will be small in .comparison to
the total ‘benthic invertebrate population in the Columbia River. It is
estimated that the maximum intake water withdrawal will 'be Tess than

. 0.15% of the river volume even at the lowest regulated river flow of
36,000 cfs. Assuming a homogeneous distribution of organisms, at most
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 0.15% of the benthfc drift will be drawn into the intake structure. At

average flows and withdrawl rates, the proportion of drifting organisims
removed would be approximately .05%.

The effects of the cooling towér-discharge on the benthic macrofauna are
also expected to be negligible. The upper temperature limits of the ma-

~ jority of benthic invertebrates occuring in the Columbia River near WNP-2

appear to range from 29°C to 33°C with tolerance somewhat dependent.

on species, stage of development, and acclimation temperature (7).

Coutant (8) found that for most Columbia River benthic invertebrates,
temperature increases less than the lethal Timit resulted in increased
rates of growth and development. Under normal conditions discharge
temperatures will be well below the above mentioned lethal 1imits. Even
under the most extreme conditions effluent temperatures are not expected
to exceed 28°C at the point of discharge, and dilution of the discharge: -

water in the mixing zone will rapidly lower its temperature to ambient
levels (9).

With the exception of residual ch]oriné, the resultant concentration of
chemicals in the river after initial mixing'w111 be at a Tevel at which
no detrimental effects in benthic communities have been reported (10,
11). Intermittent discharges of residual chlorine will have rapid
dilution and be reduced further by the chlorine demand of'the water.
During peribds of Tow flow, an effluent concentration of 0.1 ppm would be
diluted to 0.02 ppm approximately 15 feet downstream from the point of
discharge, while levels would be approximately 0.01 ppm in an area
represented by the 1.4°C isotherm and less than 0.002 ppm in an area
outside of the 0.28°C isotherm (9). |

The tolerance of aquatic organisms to chlorine is species specific,

with the effective concentration causing mortality or detrimental

effects somewhat dependent on the chemical form, .and markedly affected
by the duration of the exposure. Discharges of residual chlorine from
WNP-2 are expected to have no measuréb]e impact on the aquatic inver-

tebrates ehtrained'in the stream drift, in that maximum exposures to a
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concentration gradient of 0.1 to 0.002 ppm will be for an interval of
dpproximately one minute, and then only when passage coincides with the
centerline of the plume during periods of Tow flow. Intermittent resi-
dual chlorine concentrations of 0.1 ppm may have a lethal effect on
sensitive sessile benthic organisms in the immediate vicinity of the
outfall, i.e., within an area-15 feet below the discharge (9). The
actual area affected will depend upon the,persistence‘of residual chlor-
ine in the blowdown. Such losses would be expected to have a negligible
impact on the river population, and cause no measurable change in the
composition or abundance of food organisms for fish. The abundance of
benthic organisms is known to naturally fluctuate widely, and is limited
.in areas of the main channel due to turbulent flow.

PROPOSED OPERATIONAL‘MONITORING PROGRAM AND RATIONALE

Benthic macrofaUna studies will be continued during the operational phase .

of WNP-2. Benthic invertebrates form an jmportant part of the food chain
supporting juvenile salmonids and other fish, and many are relatively im-
mobile and thus could be exposed to plant discharges for extended periods
of time. No major impact to the benthic macrofauna from plant. operations
is expected, but because of their importance to the aquatic ecosystem as
a whole, this group of organisms should continue to be moh%tdred.

To maintain consistence with the preoperational program, sampling
methods, schedules, and locations will be kept the same during the -
operational phase. That is, basket samples will be collected quarterly
at eight stations (1, 7E, 7M, 7W, 8, 11E, 11M, 11W) to provide data on

benthic macrofauna density, species composition, and biomassw Studies

will commence prior to WNP-2 fuel load and continue for three years
during the operation of WNP-2.

. 5-6
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TABLE 5.1

Taxonomic groups en'c‘ountered in the benthic macrofauna from
~ September 1975 through June 1978.
(from basket samples taken at stations 1, 7E, 7M, 7W, 8, 11E, 11M, and 11W).

GAMMARUS
PACIFASTICUS
ARACHNIDA

HYDRA

DUGESIA

NEMATODA
OLIGOCHAETA
EPHEMEROPTERA LARVAE
TRICHOPTERA
TRICHOPTERA PUPAE
TRICHOPTERA LARVAE
CHIRONOMIDAE PUPAE
CHIRONOMIDAE LARVAE
SIMULIDAE PUPAE
SIMULIDAE LARVAE
ODONATA LARVAE
HEMIPTERA LARVAE
LEPIDOPTERA
PYRALIDAE LARVAE
PHYSA

FISHEROLA NUTTALI
SPONGILLA LACUSTRIS
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Taxonomic groups encountered in the benthic macrofauna from

TABLE 5.2

September 1978 through March 1980.

(from basket samples taken at stations 1, 7E, 7M, 7W, 8 11E, 1IM, and 11W).

DAPHNIA

HYDRACARINA
HYGROBATIDAE
HYDRACHNIDAE
TURBELLARIA

DUGESIA

CURA

NEMATODA
OLIGOCHAETA
HIRUDINEA

BAETIDAE NYMPH
TRICHOPTERA ADULT
 TRICHOPTERA PUPAE
TRICHOPTERA LARVAE
HYDROPSYCHIDAE PUPAE
HYDROPSYCHIDAE LARVA
LEPTOCERIDAE PUPAE

LEPTOCERIDAE LARVAE --
RHYACOPHYLIDAE LARVAE

HYDROPTILIDAE PUPAE

HYDROPTILIDAE LARVAE -

PSYCHOMYIIDAE LARVAE

N

- 5-10

PSYCHOMYTIDAE PUPAE
GLOSSOSOMATIDAE LARVAE
GLOSSOSOMATIDAE PUPAE
DIPTERA ADULT
CHIRONOMIDAE PUPAE
CHIRONOMIDAE ADULT
CHIRONOMIDAE LARVAE
SIMULIDAE PUPAE
SIMULIDAE LARVAE
SIMULIDAE ADULT
COLEOPTERA ADULT
ELMIDAE ADULT

ELMIDAE LARVAE
HEMIPTERA ADULT
CORIXIDAE NYMPH
PYRALIDAE LARVAE
MOLLUSCA

PHYSA

LIMNAEA

FISHEROLA SP.
PARAPHOLYX
FLUMINCOLA
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TABLE 5.3

" Two and three way ANOVA on benthic macrofauna density data.

The data was log (X + 1) transformed prior to analysis.

THREE WAY
DENSTITY
BY STATION
YEAR
SEASON
| SUM OF MEAN SIGNIF
SOURCE OF VARIATION SQUARES DF  SQUARE F OF F
Main Effects 59.727 13 4.594  66.484  0.000
Station 0.969 -7 0.138 2.002  0.056
Year 3.449 3 1.150  16.638  0.000
Season 40.408 3 13.469 194.911  0.000
EXPLAINED 59.727 13 4.594  66.484  0.000
RESIDUAL 15.065 218  0.069
TOTAL 74.792 231  0.324
WO WAY
DENSTTY
BY STATION
SPERTOD
SUM OF MEAN SIGNIF.
SOURCE OF VARIATION SQUARES DF  SQUARE F OF F
Main Effects 66.517 17  3.913 139.847 0.000
Station 1.026 7 0.147 5.237  0.000
Speriod 65.540 10  6.554  234.246  0.000
2_WAY INTERACTIONS 4.190 68  0.062 2.202  0.000
Station Speriod 4.190 68 0.062  2.202  0.000
EXPLAINED 70.707 85  0.832  29.731  0.000
RESTIDUAL 4.085 146  0.028
TOTAL 74.792 231 0.324
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Month/Year

6/75
- 7/75
9/75
10/75
12/75
4/76
6/76 -
9/76
12/76
3/77
6/77
9/77

12/77

3/78
6/78
8/78
12/78
3/79

6/79

9/79
12779
3/80

TABLE 5.4

Homogeneous Subsets of Stations as Determined By DMRT

on Log (X +1) Transformed Benthic Macrofauna Density Data

Connecting lines indicate no significant difference
(<= .05). The order is from low to high, left to
 right. :

m__ 8
1 ™ 8
™M 1- 8
1 ™ 8
™M 1 8
1 8
™M 1 8
™ 1 8
1 ™ 8
1 ™ 8
™m 8 1
8 11E 7E M 1M 1 W 1IN
™ __7E 8 1 Mo 1M 1 1IE

1€ 1M 1 7E 1 8 ™o M

M 8 1 1M 7E W

1 1M M 11E7E 8 W 1

JE- M W 8 11E 1 1M 11W

M 1E 1 7E1IM MW 10 8
M1M 1 7E 8 11E M 1IW
W 7E 1w 8  1E 1 ™ 1IM

7E01 1M M ™M 11 - 8 11W
1M M w1 LE 76 8 1M
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Three way ANGVA on benthic macrofauna biomass data.

TABLE 5.5

The data was log (X + 1) transformed prior to analysis.

THREE WAY
BTOMASS
BY STATION
YEAR
SEASON
SUM OF ME AN SIGNIF
SOURCE OF VARIATION SQUARES DF  SQUARE F OF F
Main Effects 46.747 12 3.896  52.498  0.000
Station 2.660 7  0.380  5.120 0.000
Year 1.028 -2  0.514  6.925 0.001
Season 25.532 3 8.511 114.694 0.000
EXPLAINED 46.747 12 3.896 52.498  0.000
RESIDUAL 11.428 154  0.074
TOTAL 58.174 166  0.350
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TABLE 5.6

Homogeneous Subsets of Stations from DMRT on Log (X + 1)
Transformed Benthic Macrofauna Biomass Data
Connecting lines indicate groups that are not
significantly different (<= .05). Order is low
to high rank, left to right

Month/Year Hombgeneous Subsets
8/78 1 8 11M ™M TE 11€ ™ 1lW

12/78 I W 7E ME M 11W 1M
3/79 ™ 1 11 7E W 1M 8 11W
6/79 M 1M 1 8  1If 7E W 11N
9/79 8 1 7E 1 W 7™ 1M 11E

12/79 8 11M 7E 1 ™M 1M ™ 11E
3/80 - M8 M 1 1 1w o 7E W
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6.0 FISH

6.1 HISTORICAL SUMMARY

6.2

~Fishes, primarily salmonids, represent the most important aquatic organisms-

in the Columbia River in ‘terms of their commercial and recreational value.
Fish communities in the Columbia River near WNP-2 were studied during the
period‘September 1974-March 1980 (1-6).

: . AN
The ‘objectives of these fish studies were:

a) Collect preoperational data for future assessments of potential opera-
tional impacts (e.g. cooling tower blowdown),

b) Determine the species composition, seasonal abundance and distribution
in the study area,

c) Determine community characteristics, which include food habits,agé-
growth patterns, species length-weight relationships, and incidence of
external parasites. ' ' '

Sample techniques used consistently ‘included beach seining, hoop netting,
gill netting, and electroshocking. Numerous sample gear, samp1e-1ocations
and frequencies were employed 1974-1976, whereas, from 1977-1980, sample
locations (Figure 6.1) techniques and samp1e frequencies (Table 6.1) were -
more consistent. Fish captured were identified, enumerated,imeasured,
weighed and sexed. Scale and stomach samples were collected from selected
species. Additional data on length-weight relationships, spawning condi-
tion and parasites was obtained for some species at the site.. '

TECHNICAL SUMMARY -

General-

A total of 37 species representing 12 families were.collected from

.. September 1974 through March 1980 at the site (Table 6.2). Chinook_sa]mon
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(Oncorhynchus tshawytscha) numerically comprised approximately 44% of all
fish caught by all collecting methods during this study (Table 6.3). Other
common sbecies were redside shiner (Richardsonjus balteatus) 11.3%, large-
scale sucker (Catostomus macrocheilus) 8.8%, northern squawfish (Ptycho-
cheilus oregonensis) 6.9%, peamouth chub (My]ochei1us caurinus) 6.7%, and

. other sucker species (Catostomus spp. and,Catostomus columbianus) 6.7%. .
A11 other species individually comprised less than 5% of the total catch.

As expected, edach of the gear types employed during the study was'se1ective
for different fish species and size groups. Beach-seine catches generally
consisted of small, shore-oriented fishes such as chinook salmon, mountain
whitefish, redside shiner, northern squawfish, peamouth chub, minnows, and
suckers (Table 6.4). Twenty-four different speciés were captured in beach
seines.

The boat electrofishing catch was represented by 16 species and composed
primarily of larger-sized fishes. Mountain whitefish, largescale sucker
and bridgelip sucker were particularly prominent in the catch (Table 6.4).
The collection of larger fish was probably attributable to sample statijons
being located offshore.

Twenty-seven species were captured in gi11'hets: The catch was dominated
by chiselmouth, northern squawfish, peamouth chub, largescale suéker,
bridgelip suckeb, and redside shiner (Tab1e 6.4).. The net mesh-sizes
favored capture of large individuals, although smaller membérs of several
species'wére.co11ected in the small-meshed end panels.

‘A total of 24 species were collected in hoop nets, with the catch composed .

principally of northern squawfish, redside shiner, bluegill, smallmouth

bass, and'ye11ow perch (Table 6.4). Numbers captured were generally very

Tow compared to the other gear types and considering the overnight sampling
duration. - ' '

6-2



B

Beach seine catch data for the commonly collected species, chinook salmon,

redside shiner and northern squawfish are presented in Figures 6.2 through
6.4. Moyement of chinook salmbnffry through the Hanford Reach occufred
from late April to early July, with the peak movement occurring‘in late May
1977-1979 (Figure 6.2). Length frequency histograms support that the fish
are fry (Figure 6.5). ’ : ' '

The 1977 through 1979 data sét was most consistent in regérd»to.samp1e
Tocation and frequency and thus was used for the beach seine, hoop net and
gill net analyses. In order to stab]fze»variances, the observations were
transformed prior to analysis using the logarithmic (x+1) transformation.

Beach Seine

The null hypothesis of no year, station, or month effects on the beach
seine catch per unit effort (CPUE:) was tested with a three way ANQVA
individually for chinook salmon, redside shiner and northern squawfish..
For chinook salmon, the null hypothesis of no station or month effect
was rejected at the 0.01 1eve1 while that for year was not (eC= 0.05)

. (Table 6.5) Duncans Multiple Range Test (DMRT) indicates that there are

four month groups and not unexpectedly mean CPUE was highesf in May (Table
6.6). The DMRT was not sufficientjy sensitive to identify which stations
were;statistica11y different from the others. The three way ANOVA for
redside shiner showed no station or year differences, while the month
effect was significant at the 0.01 level (Table 6.5). The DMRT showed the
mean CPUE for redside shiner to be highest in September -and August (Table
6.6). For northern squawfish the null hypothesis of no station or month
effect on CPUE was rejected at the 0.01 level while that for year was pot
rejected ( o< =.0.05:, Table 6.5). The DMRT showed the mean monthTy:CPUE to
be highest in Aqgust‘(fab]e 6.6). This corresponds well with the expected
timing of juvenile recruitment, since the peak in spawning océﬂrs in

early July in Washington (7). In addition, the DMRT showed the higheét
catch at station 1 and all other stations to be similar (Tab]e‘6.6)L'
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Hoop Net

The null hypothesis of no station, year or month effects on. the hoop net
CPUE was tested with a three way ANOVA individually for northern squawfish,
redside shiner and bluegill. For northern squawfish and bluegill the null
“hypothesis of no station, year or month effect was rejected at the 0.01
level, whereas it was not rejected for redside shiner (Table 6. 5) The

DMRT results for northern squawfish indicate that the 1977 CPUE was higher

than 1979, similarly the August month]y values appear higher than the other
months, however neither of these results are significant at the 0.05 level
(Table 6.6). CPUE at station 4 was significantly higher than at either of
the other three sample ]bcations. Bluegill DMRT results (TabTe 6.6) re-
flect that the CPUE in 1979 was higher than other years and that station 4
CPUE was higher than the other stations. Neither of the aforementioned
results were s1gn1f1cant at the.0.05 Tevel, but it is obvious that.
September catches were significantly d1fferent from the other months (Table
6.6). The results of these analyses are not surprising considering the
genera11y low CPUE found with hoop nets during the preoperational studies.

Gill Net

The effect of station, year and month on gill net CPUE‘wasetested with .
a tﬁkee way ANOVA individually for largescale sucker, heamduth chub,
northern squawfish, bridge1ip sucker, chise]mouth‘and redside shiner.
. At the.O 01 level, year effect on g111 net CPUE was not s1gn1f1cant
’except for reds1de shiner and ch1se1mouth (Tab]e 6.5). The DMRT showed
that redside shiner and chiselmouth CPUE was h1ghest in 1978 and 1977
respect1ve1y (Table 6 6) - Month effect on gill net CPUE was s1gn1f1cant at
the 0.01 level on]y for redside shiner and northern squawf1sh (Tab]e 6.5).
Statlon effect on. g111 net CPUE was s1gn1f1cant1y d1fferent for all species
except peds1de §h1ner (Tab]e_6.5). For all species except redside shiner
the DMRT showed that station 4 CPUE was highest (Table 6.6). Station 4 is
located downriver .and cross-river from the‘intake and discharge struttures.
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In summary the ANOVA;and DMRT results indicate that for all species, except
for redside shiner collected by beach seine and gill net, the CPUE between
stations was different. Beach seine station 1 and gi11 net and hoop net
stat1on 4 a11 located downstream of the d1scharge had the h1ghest mean

'CPUEs. A1l other samp11ng stations for a particular gear type had similar

CPUE values.

Age_and‘gnowth information was determined for ‘species that met the fol-
Towing eriteria: 1) frequently collected and sampie size was adequate,

2) adequate distribution of length and ége classes, and 3) reliability
of aging by scale annulus count. Mountain whitefish,'chise1mouth, north-
ern squawfish, redside shiner and peamouth chub age and growth information
is presented in-Figure 6.6. Age-growth data for these species were gen-
erally similar to those reported in other studies (8-11).

In addition, representative seasonal 1ength-we1ght relationships were de-
rived for sample populations of several species in the study area (Tab]e
6.7). In all cases, ordinate intercepts were near the origin. Values for
the regression line slopes ranged between 2.12 and 4.03, approxwmat1ng iso-
metric growth conditions (slope = 3). Correlations (r values) were also
uniformly high, being below 0.9 in only two instances. ’

Food items identified from stomach analysis inc]uded‘1arva1 and.pupa1
aquatic insects (mainly caddisflies and midges), molluscs, zooplankton,
small fishes, a1gae; and detnitus.: The ktnds and_abundence of macroin-
vertebrates in diets were generally reflective of the cpmmunity composition
identified in benthic macrofauna'samp1ing. Seasonal f00d habit infpnmation
for common species is discussed in detail in the Annual Report (176).

Most species of fish had few externa1 panasites.' Chinbok.éajmon,;monntain
whitefish,‘bridgelip sucken, carp, redside shiner, dnd'peamouthJchub each
nad 1es§ than 10 percent ﬁnfestation The mean number of paras1tes per
fish for these species ranged from 0.001 to 0. 163



6.3

Further information on selected species (e.g. chinook salmon, rainbow

trout) ié presented in the Annual Reports (1-6). Specific data include
life history information, temporal and spatial distribution, age-growth
relationships, food habits, migration/movement patterns, and population
estimates. |

POTENTIAL ENVIRONMENTAL IMPACTS

" Fish could potentially be impacted by WNP-2 via, 1) the withdrawal of

river water at the intake and 2) the cooling tower diScharge.

The effects qfkthe intake structure upon aquatiC‘biotic populations

are exbectéd to be ihsigniffcant. Because the veioéity of Water across
the face of the intake is several times faster than the intake velocity,
impingement has never been detected and is not considered possible. Es-

sentially all of the drifting fish fry or larvae which are drawn into the

jntake structure will be killed. This loss, however, will be so slight

in comparison to the total populations of these organisms in the river
water passing the site that the loss will not significantly affect the ‘
ecosystem. It is estimated that the maximum river water withdrawal will be
1éss than 0.15% of the-rivef-Vo]ume,-at the lowest regulated flow of 36,000
cfs. '

Sport and commercial fish species,which may be affected are the whitefish

'(Prosbpium>williamsqhi), steelhead trout (Salmo gairdneri, American shad

(Alosa sapidissima)vand sé]mon_(On;orhynchus'sp.). The whitefish deposit

adhesive eggs, thus only the drifting larvae may>encountér the 1intake
structure. thehiTe'salmonids (e.qg., chinook fry) emerging from the gravel
upstream from the intake.structure may also be vulnerable to 1mp1ngemeht-or
entraiﬁmeht} again, howevef; the fact that such afsma11.voﬂume'is‘wjthdrawn
renders the fota]'impact minimal. The fact that most youdg sa]mon pass
throdgh“the'area of the intake structure during the spring‘runoff when
flows are high and the velocity greater than.3 fps further decreases their
relative susceptibility to impingement or entrainment. In addition, most
downstream migrant O-age chinook salmon are found near shore (12) and thus
not susceptible.to impact at the offshore .intake structure.
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The WNP-2 intake struCture was inspected for fish impingement in December
1978 and May - December, 1979 by consultants and by SUpp]y System divers in
the summers 1980-1982. During the inspections no impinged fish were
observed on the 1ntake screens.(

F1sh entrainment sampling and co11ect1on eff1c1ency test1ng at WNP-2 was
performed May 1979 through May 1980. Analysis of 69 entrainment samples
revealed no fish eggs or fish larvae.(G) During these tests the makeup
water pumps were operated in a manner that approximated plant operating
conditions. Further discussion of potential impingement/entrainment im-
pacts is presented in Section 7.2 of this report. '

As a result of cooling-tower blowdown, heated water will be discharged
into the Columbia River with the temperature differential at the point of
discharge approximately 9.5% to 14°C during the months of January to

June and approximately 4. 59 to 6.7°C during the months of July through
December. The maximum blowdown rate will be 14.5 cfs and the max1mum
temperature of the effluent 28°¢.

The effluent will be rapidly diluted in the initial mixing zone, with

the thermal increment decreased by a factor of 5 within 15 feet, and by

a factor of 10 within approximately 100 feet downstream of the outfall.
Full vertical mixing will occur within 200 to 300 feet of the outfall
during periods of minimum Ticensed flow, with the temperature differ-
ential reduced by a factor of approximately 50. Dur1ng the most extreme
conditidhs (i.e., a blowdown of 14.5 cfs and the maximum temperature.
differential of 14°C at the point of dwscharge during minimum licensed
flow) the thermal increment in the river will be less than 0. 11°C above
the receiving water temperature 750 feet downstream and less than 0. 006° C
above ambient after complete mixing in. the river.  The 1n1t1a] mixing zone
will be located in the main channel approximately 280 feet from the west
shoreline, durﬁng periods of Tow flow. Temperature differehtia1s_greater
than 1.4% and O. 28°C will occupy approxﬁmate1y 4 and 7%, respectively,

of the cross-sectional area of the main channel dur1ng per1ods of m1n1mum
11censed flow and a d1scharge thermal 1ncrement of 14°C
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Temperature, through'both direct and indirect action, is: one of the im-
portant parameters inf]uencihgfthe fishery resources in the Columbia
River. The anadromous fish, partiéu]ar]y the sa]monids,'are‘the moSt
economically important species: A review on the té]erance and thermal
requirements of fish(13) indicates'that in the Hanford - reach of the river
salmonids are the species most sensitive to and d1rect1y affected by
thermal discharges. '

The Hanford reach of the Columbia River is used extensivé]y as a spawning
and rearing area by chinook salmon and steelhead trbut, as well as a major
migration route for other adult and juvenile salmonids. The thermal plume
from the discharge of cooling tower blowdown does not intersect with any

(14)

reported spawning areas..

The nearest chinook and steelhead spawning areas are apbroximate1y'3/4 mile
downstream and the thermal increment (0.03°C) in the river at this point

. is expected to have no measurable effect on -spawning or on the growth and
development of egg and larval stages.

During movement in the main channel, juvenile salmonids could be invol-
untarily carried through the effluent plume, with their 80wnstream velocity
assumed to be essentially that of ‘the riverflow, e.g., 219 to'approximate1y
6.0 fps, during minimum and average flow rates. g

During May through September the temperature of the receﬁving water will be
above the salmonids upper incipient lethal temperature (21.1°C) at the
point of discharge. However, these temperature differentials would be re-
duced by 80% within 15 ft of the outfall, and at minimum flow the tempera-
~ture of the receiving water would be within the zone of thermal tbierance
for juvenile salmonids after a time interval of 5 sec frpm.the'point‘of
discharge. During worst-case conditions (periodS‘of‘low;f1ow and an am-
bient river temperature of 20. 2°C) and a maximUm eff]uenf temperature of
28° C, temperatures above the ultimate 1nc1p1ent lethal temperature or
greater than 21. 8°C in the receiving water wou]d pers1st for an interval
of approximately 5 sec downstream of the outfall. Temperatures also would
be less than that reported as the upper incipient lethal temperature after
an interval of approximately 35 sec.
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Although juveni]é salmonids could encounter potentia11y,1etha1 températures
if their route of passage coincided with the area.df initial mixing, it
seems unlikely that the thermal discharges as a result of the operation of
the WNP-2 Plant will have any measurab]e impact. This is because the tem-
peratures and duration of exposure are less than those reported to have any
direct lethal or sublethal effects. As previously noted, most juvenile
chinook salmon migrate close to shore which further reduces the possibility

.of impact.

During periods of migration, aduit.anadromous fish would be expected to
avoid the thermal plume and the potentially lethal temperatures associated
with the areas of initial mixing. Ambient water temperatures which exceed
21.3%C are reported to impede or block adult salmonid migration.(IS)

The thermal increment is expected to be approximately 1.4°C above maximum
ambient temperatures (20.2 to 21.3°C), 15 ft downstream of .the outfall.
During the periods of peak adult salmonid migration, the maximum cross-
sectional area of the river which would be expected to evoke an avoidance
response is less than 7% of the main channel during worst-case conditions,
and assures free passage of adult migrants. Temperatures between 10.1 and
21.39C were reported to cause no avoidance or blockage of migration near
the confluence of the Snake and Columbia Rivers, whereas when the ambient
temperatures exceed 21.3% migration preference was-in the Jowest tem-

perature zone.(ls’ 16)

In a study on the Hanford reach of the river,
adult salmonid demonstrated a general preference for migration along the
eastern shoreline (across the river from WNP-2 outfall) from Priest Rapids
Dam downstream to Rich]and.(17) The. study also indicatéd that the ther-
mal discharges from the early Hanford reactors had no significant effects

on migration.

"Cold shock" is an additional concern at some nuclear power stdtions
utilizing natural bodies of water as cooling sources.. Cold shock problems
stem from the sudden cessation of thermal discharge upon plant shutdown,
since the thermal plume issuing from power piant acts as an attractant to
aqguatic organisms, particularly fishes. Thése organisms reside in the
artifically heated waters for long periods, becoming acclimated to the
elevated temperatures and, in fact, dependent on them for survival. Fish

e
=
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mortalities have occurred at a few plants following shutdowns and much

effort has recently gone into devising ways to eliminate these fish kills. lC

Cold shock is never expected to occur at WNP-2 because of its Tocation on a

swiftly flowing reach of the Columbia River. 'For fish to become acclimated

to the warmer temperatures of the p]unie they would have to occupy these l

waters for several days, which is not expected to happenvin'the strong _ C
- river currents. Fishvpopulations downsteam from the mixing zone, i.e., l ’

where the river has become thermally homogeneous, will experience ‘

temperatures that are essentially natural. '

i

6.4 PROPOSED OPERATIONAL MONITORING PROGRAM AND RATIONALE

A. Monitoring Program

It is fecommended that the fisheries program consist of drift studies
through the thermal ph]me, concurrent beach seine -and entrainment:

studies, and the bioassays required in the _NPDES permit. . (See Section I
7.2 for further information on the later two programs.) Both the
drift and beach seine-entrainment studies would be performed during
one spring outmigration peﬁod after the plant reached at least 75%
load. In addition, draft studies would be performed in summer/fall
time period. Follow-on (e:g., distribution) studiés would be con-
sidered if the results warranted.

@)

Entrainment studies would consist of weekly 24 hour samples during the
months of April, May and June In addition, outm1grat1ng salmonid fry
‘would be collected week]y at one 1ocat1on near the 1ntake structures
by beach seine.

O

‘Dumng the spring and summer/faﬂ time pemods, Juvenﬂe salmonids

" collected by beach seine or provided by the Department of Fisheries
would be placed in live boxes and drifted through e1ther~the plume or
alongside the plume to provide for a control. A1l fish would then be
held for 24 hours to assess de]ayed mortahty - 1f any The drift

tests wou]d be performed three times.

m
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Rationale

The WNP-2 preoperational fishery program was typical of those per-
formed over the last decade by the electric utility industry. During
that decade, much was learned about the nature of thermal power plant
impacts on fishery resources.  In-general, these studies have not
proven useful in quantitatively assessing impacts. For example, one
of the most exhaustive fishery studies conducted was on striped bass
in the Hudson River. After more than 10 years, studying up to 100
miles of river at an annual cost z $1,000,000 there were no conclusive
results in spite of high entrainment and impingement numbers.

The creditable impacts associated with WNP-2 are entrainment and ther-
mal and chemical stress. Each of these potential impacts is addressed
by a phase of the proposed program. Together, they will provide in-
formation on whether or not there is any added mortality compoﬁent to
outmigrating salmonids. ' -
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TABLE 6.1 .

Fish sampling frequency by gear from January' 1977 through March 1980 in the
Co1um_b1'a River near the WNP-1, 2 and 4 intake and discharge sites. (D = day,
N = night, 0 = overnight, NS = riot scheduled.)

i

BEACH

HOOP-

GILL BOAT

~ MONTH SEINING NETTING NETTING ELECTROFISHING
January 1977 = NS o+ + NS
February D + .+ NS
March D + + D
April D,D + + D
May 0,0 0,0 + D
June D.D 0,0 + D
July D 0 0 D
August D 0 0 D
September D 0 0 . D,D,N
October D 0 0 NS
November D NS 0. NS
December NS NS - 0 NS
January 1978 NS NS 0 NS
February | D NS 0 D(a_)
March D,D NS 0 p,0(2)
April D,D NS 0,0 p,0(2)
May D,D 0,0 0,0 p,n{2)
June D,D . 0,0 0o p,pla)
July D,D 0 0 p,0(2)
August D 0 0 p(a)
September D 0 0 D,N,D,N
October D 0 0 D,N,D,N
‘November NS NS 0 NS
December NS NS 0 NS
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MONTH
January 1979
February
March
April

May

June

July
August
September
October

- November

December

January 1980
February
March

TABLE 6.1

“(continued)

HOOP-

GILL

. NS

-~ *Boat engine failure prevented sampling.

?L?cations_not sampled consistently
a

Back pack electrofishing

. BEACH BOAT \
SEINING NETTING NETTING ELECTROFISHING
NS NS 0 NS
D NS 0 NS
D NS 0 D,N,D,N
D,D NS 0,0 D,*,D;N
D,D 0,0 0,0 D,N,*,*
D,D 0,0 0,0 D,N,D,N
D 0 0 D,N,D,N
D 0 0 D,N,D,N
D 0 0 D,N,D,N
D 0 ns(b) D,N,D,N
NS NS NS NS
NS NS NS NS
NS NS NS NS
D NS NS NS
NS D,N,D,N,

(b)Samp1ing discontinued per EFSEC Resolution No. 157 (Reference 18)
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TABLE 6.2

COMPOSITE LIST OF FISH SPECIES BY FAMILY COLLECTED NEAR WNP 2
FROM SEPTEMBER 1974 THROUGH- MARCH 1980

Family . Scientific Name Common’ Name : Sample Method and Time Period*
(a) (b} {c) (d} (e) (hy ()
6N ™ BS Hy i MT Es
Acipenseridae-Sturgeons . Actﬁenser transmontanus White stﬁrgeon 1,2,3,4 1,3,4 - ' 2 . 6
(Richardson) .
Catostomidae-Suckers Catostomus columhiands Bridgelip sucker 1,2,3,4, 1,2,3,4 1,2, 1,2,3— 4,5,6
(Eigenmann & Eigenmann) ~ 5,6 4,5 .
C. Macrocheilus Largescale sucker 1,2,3,4, 1,2;3,4 1,2,3 1,2,3 1,2 4,5,6
‘ (Girard) _ 5,6 4,5 4,5
C. platyrhynchus Mountain sucker 1
(Cope)
Centrarchidae-Bass Lepomis gibbosus Pumpk inseed 2 4 1,2,3,
and Sunfish (Linnaeus) 4,6
L. macrochirus Bluegill 2 L2,  1,2,4, 4
(Raf inesque) . 4,6 5,6
Micropterus dolomieui Smallmouth bass - 1,2,4, 1,3,4 1,3, 2,3,4, 5
(Lacepede) 5,6 4,5 5,6
M. salmoides Largemouth bass 2,56 1,4,5 5.6 4,5
(Lacepede)
Pomoxis nigromaculatus Black crappie 1,2,4, 1,3,4 1(f),. 1,2,4 4
(Leseur) A 5,6 4,2(f) 5,6
Clupeidae-Herrings Alosa sapidissima American shad ) 6 . 1,4 4,6
) (Wilson) o _ \
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TABLE 6.2
(continued)

Family Scientific Name . Common_Name Sample Method and Time Period*
' (a) {b) (c) (d) (e) (h) (1)
| o ™ 8s Hy i NT ES
Cottidae~Sculpins Cottus asper Prickly scuplin 5,6 1,3,4 1,3,4, 1,3,4, 1 4,5
: . {Richardson) 5,6 5,6 :
C. belidingii Piute scuplin 1 4,5
(Eigenmann & Eigenmann) ' '
. C. rhotheus Torrent scuplin 1,3,4, §° 1,2 4,5
(Smith) s . :
C. bairdi ' Mottled scuplin 5,6 5
(Girard) -
Cyprinidae-Minnows Acrocheilus alutaceus Chiselmouth 1,2,3,4, 1,2,3,4 1,2,4 1,2,3, . 4,6,6
and Carp (Agassiz & Pickering) 5,6 4,5,6
' Cyprinus carpio Carp 1,2,3,4, 1,2,3,4 3,4 1,3,4 1 4,5,6
(Linnaeus) _ 5,6 .
Mylocheilus caurinus Peamouth chub 1,2,3,4 1,2,3,4 1,2,3 1,4,5 1 4,5,6
(Richardson) 5,6 4,5,6
Ptychocheilus oregone- Northern squawfish 1,2,3,4 1,2,3,4 1,2,3° 1,2,3 1,2 4,5.6
sis (Richardson) 5,6 4,5,6 4,5,6
Rhinichthys cataractae Longnose dace 1,2,3, 4,5
(Valenciennes) 5
R; osculus Speckled dace 2,3 4
(Girard)
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TABLE 6.2
(continued)
Family Scientific Name Common Name Sample Method and Time Period*
{a) {b) (c} (d) {e) {(h) (1)
) _ G ™ 8S HN n M ES
Cyprinidae-Minnows Richardsonius balteatus- Redside shiner 1,2,3,4 1,2,3,4 1,2,3 1,2,3 4,5,6 A
and Carp (Richardson) 5,6 4,5,6 4,5,6
. (cond't)

Gasterosteidae Gasterosteus aculeatus Three-spined 3,4,5, 3 4,5
Sticklebacks microcephalus (Girard) stickleback 6
Ictalur%dae-Freshwater Ictaturus melas Black bullhead 1 1,6 -
catfishes (Raf inesque)

I. natalis Yellow bullhead 1,2,4 1,3,6

(Leseur) :

1. punctatus Channel catfish 1,2,3,4 1,2,3,4 1

(Raf inesque) - 6

I. nebulosus Brown bulThead 5
Percidae-Perches Perca flavescens Yellow perch 1,2,3,4 1,2,4 1,2,3 1,2,3 1 4,5,6

(Mitchill) 5,6 4,5,6 4,5,6

Stizostedion vitreum vitreum Walleye 1,6

(Mitchill)
Percopsidae-Trout- Percdpsis transmontana Sand roller 1,2,4,6 3 1,2,3 4

perches (Eigenmann & Eignemann) » 4,5,6

Petromyzont idae-Lampreys (g) 2

Entosphenus tridentatus Pacific Yamprey 6
Salmonidae-Salmon, Oncorhynchus kisutch Coho salmon 1,2,3,5, 2,3 3,4,6 ]

) 6

Trout, Whitefish

(Walbaum)
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"Family

Satmonidae-Satmon,
Troup, Whitefish
{contd.)

electroshocker

TABLE 6.2
(continued)
Scientific Name Common Name Sample Method and Time Period*
(a) () (c {d) {e) {(h) (i)
&N ™ 8S HN i HT Es
0. nerka : Sockeye salmon 1,3,4,6 1,3 3 "4
(Walbaum)
0. tshawytscha Chinook salmon 1,2,3,4 1,2,3,4 1,2,3 1,3 4,5,6
{Walbaum) - 5,6 4,5,6
Prosopium williamsoni Mountain whitefish 1,2,3,4 1,2,3,4 1,3,4 1,2 4,6
(Girard) 5,6 5,6
Salmo gairdneri ) Rainbow (Steelhead) 1,2,3,4 1,2,3,4 1,3,6 1,3,4 1 4,5,6
(Richardson) . trout 5,
Salvelinus malma Dolly varden 1,3
Coregonus culpeaformis Lake whftefish 5
(Mitchil)
Time Period
(a) GN = Gill Net 1 = September 1974 through September 1975
(b) TN = Trammel Net 2 = October 1975 through February 1976
(c) BS = Beach Seine 3 = March 1976 through December 1976
(d) HN = Hoop Net 4 = January 1977 through December 1977
(e) TL = Trotline 5 = January 1978 through August 1978
(f) 100 ft. net 6 = August 1978 through March 1980
(g) Observed but not collected
“(h) MT = Minnow Trap
(i) ES =



NUMERICAL ABUNDANCE OF FISH SPECIES COLLECTED BY ALL SAMPLING METHODS NEAR WNP 2
FROM SEPTEMBER 1974 THROUGH MARCH 1980

Species

Oncorhynchus tshawytscha

Mylocheilus caurinus
Catostomus marcocheilus

Ptychocheilus oregonensis
Prosopium williamsoni

Catostomus columbianus
Acrocheilus alutaceus
Richardsonius baTteatus
Cyprinus carpio

Salmo gairdheri

Perca flavescens
Cyprinid fry

Acipenser transmontanus
Rhinichthys cataractae
Catostomus spp.

Pomoxis nigromaculatus
Ictalurus punctatus
Cottus asper
Rhinichthys spp. fry -
Percopsis transmontana

L
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TABLE 6.3

ltiNumber Caught Per Time'Period*

5 -

Total

Percent Relative

47

! 2 -3 4 6 - Abundance
2626 70 4277 3600 3370 1908 15851 44.1
723 156 505 882 55 97 2418 6.7
653 147 299 1383 78 590 3150 8.8
410 90 - 862 639 247 226 2474 6.9
346 18 244 287 51 383 1329 3.7
261 50 153 . 368 38 329 1199 3.3
263 122 129 256 92 381 1243 3.5
' 246 105 2363 793 219 335 4061 11.3
72 - 6 25 50 20 40 213 0.6
58 15 35 93710 16 227 0.6
51 52 17 108 20 21 269 0.7
50 0 30 13 22 0 115 0.3
a4 3 12 0 0 1 60 0.2
36 0 37 24 0 t] 97 0.3
23 0 634 453 104 0 1214 3.4
19 16 0 25 0 14 74 0.2
20 15 0 0 0 Fi 37 0.1
18 0 13 24 116 14 185" 0.5
11 0 0 0 0 0 11 0.1
10 8 11 15 0 3 0.1

U
L
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TABLE 6.3
(continued)
Percent Relative
Species 1 2 3 4 5 6 Total Abundance
Oncorhynchus kisutch 0 10 0 0 20 19 49 0.1
Lepomis macrochirus 0 8 0 27 0 24 59 0.2
* Micropterus dolomieui 0 3 11 20 0 23 57 0.2
Lepomis gibbosus 0 3 0 0 0 5 8 <0.1
Rhinichthys osculsus 0 0 14 0 0 14 <0.1
Cottus sp. 0 0 0 127 172 12 311 0.9
Cottus beldingii 0 0 0 18 0 0 .18 0.1
Cottus rhotheus 0 0 0 15 38" 0 53 0.1
Micropterus salmoides 0 0 0 13 0 2 15 <0.1
“Oncorhynchus nerka 0 0 0 11 0 7 18 0.1
Gasterosteus aculeatus 0 0 0 0 12 9. 21 0.1
Entosphenus tridentatus 0 0 0 0 0 1 1 < 0.1
Alosa sapidissima 0 0 0 0 0 21 21 0.1
~ Ictalurus melas 0 0 0 0 0 . 2 2 < 0.1
Ictalurus néta1is 0 0 0 0 0 7 7 < 0.1
Stizostedion vitreum vitreum 0 -0 0 0 0 2 2 < 0.1
Cottus bairdi . 0 0 0 0 0 1 1 <0.1
Cyprinid and Catostomid fry 0 0 0 0 0 1008 1008 2.8
" 5940 897 - 9671 9244 - 4684 5503 35939 100.0
; Time Period »

*]1 = September 1974 ' through September 1975 4 = January 1977 through December 1977

2- = October 1975 through February 1976 5 = January 1978 through August 1978

3 = March 1976 through December 1976 6 = September 1978 through March 1980

<
B
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TABLE 6.4

Order of Numerical Abundance of Fish Taxa Collected near WNP 2 from January 1977 through December 1979 by Gear Type

1977 : 1978 1979

Species BS GV HN  BES BS 6N AN Bes(a) BS GN AN ges(a)
Oncorhynchus tshawytscha 3150 19 0 10 3178 14 0 7 1872 11 0 2
- Catostomus macrochei1us' 369 106 . 4 776 2 74 2 99 0 115 0 349
Mylocheilus caurinus 71 521 1 22 25 5 1 1(233)®) 84 o 7
Richardsonius balteatus 555 62 40 0 307 136 17 2 30(175)®) 46 1
Ptychocheilus oregonensis 388 104 45 16 104 81 26 0 74(1374)(b) 109 0
Catostomus spp. 399 0o 0 1 % 0 0 0 0 0 0
Catostomus columbianus 17 67 4 228 0 36 3 40 0 57 0 225
Prosopium williamsoni - 216 1 0 60 44 7 0 44 7 9 0 280
Acrocheilus alutaceus ' 1 237 3 8 0 137 6 6 0 302 2 19
Cottus sp. . 3 0 0 0 43 0 0 6 6 0 0 0
- Perca flavescens 70 24 3 0 5 7 3 2 4 1 1 0
‘Salmo gairdneri 0 60 1 20 0 11 0 0 1 7 0 6
Cyprinus carpio 7 1 12 0 27 0 17 0 3 -0 37 0 0
Lepomis macrochirus Y 0 8 0 1 0. 2 0 1 0 21 0
Pomoxis nigromaculatus 20 2 1 0 0 3 8 0 - 0 2 1 0
Cottus asper 4 0 9 0 5 1 7 0 2 2 10 0
Rhihichthys cataractae 0 0 0 2 0 0 0 0 0 -0 0 0
Micropterus dolomieui 0 3 9 4 0 1 2 0 0: 7 13 0
Cottus beldingii 0 0 0 0 0 0 0 0 0 0 o0 0
Percopsis transmontana 0 2 11 0 0 2 0 0 0 0 1 0

6-22
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Species

Cottus rhotheus
Micropterus salmoides
Cyprinid fry
Oncorhynchus nerka
Oncorhynchus kisutch
‘Gasterosteus aculeatus
Ictalurus punctatus
Ictalurus natalis
Lepomis gibbosus
Cottus bairdi

Stizostedium vitreum vitreum

Ictalurus melas

Alosa sapidissima

Acipenser transmontanus

Entosphenus tridentatus
’ “ TOTALS

(a)No boat electroshocking

(b) Numbers in parenthesis are additional fish collected in nonstandard catch.

BS  GN AN BES

1 0 0 0
10 0 0 0
13 0 0 0

0 4 0 7

0 0 0 0

0 o 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0o 0 0

0 0 0 0

6005 755 139 1160

January through August 1978

KEY: BS - Beach Seine

HN - Hoop Net

GN - Gill Net

TABLE 6.4
(continued)
1978
BS TGN AN
7 0 0 0
0 1 0 0
19 0 0 0
0 0 0 0
0 30 0 0
8 0 0 0
0 1 0 0
0 0 1 0
0 0 2 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
_0 0 0o _o
3841 584 84 210

6-23

BES(a)

1979
BS GN HN  Bes(a
o 0 0 0
o o 1 0
o 0 0 0
0 70 0
1 8 0 0
8 0 0 0
o 1 0 0
O 0 6 0
o o0 2 0
1 0 o0 0
o 2 0 0
o o 2 0
o 4 0 17
O 0 0 1
0o 0o o 1
2017 - 811 71 911

BES - Boat Electroshocker
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TABLE 6.5

Thrée Factor ANOVA Results for Ln(X+1l) Transformed Columbia River Catch Per Unit

Effort Data, (1977 to 1979).

Sampling Significance of F v
Species Method Stations Years Months
. Chinook beach .012 .333 .000
salmon , seine '
Largescale sucker gill net .000 .786 .030
Bridgelip sucker gill net .000 .365 - .045
Peamouth chub gill net .000 .036 .126
Redside beach .288 .160 .000
shiner seine
hoop net .026 .024 .039
gill net .414 .012 .006
Northern beach .000 .425 .005
squawfish seine
hoop net .000 - .003 .000
gill net .000 .210 .001
Bluegill hoop net .000 .000 .000
Chiselmouth gill net .000 .090 .027
6-24



Duncan's Multiple

Species
Chinook
salmon

Largescale sucker
Bridgelip sucker
Peamouth chub

Redside
shiner

TABLE 6.6

Range Results for Ln{X-1) transformed Columbia River Catch Per Unit Effort Data, 1977 to 1979.

Duncan's Multiple Range Test(a)

Sampling
Method Years Months Stations
beach - feb. Aug. Oct. Nov. Jul. Mar. 3 65 4 2
seine Nov, Jul. Mar. Apr.
Apr.. June
May
gill net --- --- 312 4
gill net --- ~—= 1 3 2 4
gill net --- --- 1 2 3 4
beach --- Feb. Mar. Oct. Apr. Jun. May Jul. ~--
seine Sep. Aug.
hoop net --- --- -—-
~ gill net 9 77 Jan. Mar. Apr. Dec. Nov. Feb. Oct. Aug.- Jun. Sep. Jul.
77 78 Nov. Feb. Oct. Aug. Jun. Sep. Jul. May .-

6-25
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TABLE 6.6
(continued)
Duncans Multiple Range Testd
Sampling . :
Species Method Years Months o . - Stations
Northern A beach --- Nov. Mar. Feb Apr. May Jun. Jul. Oct. Sep.. i Co 3 526 41
squawfish seine ) Sep. Aﬁg.
hoop net 79 78 77 Oct. Jul. May Jun. Sep. Aug.' . : 2. 1 3 4
' gill net -—- Jan. Feb. Dec. Mar. Nov. Oct. Apr. May Aug. Sep.
Nov. Oct. Apr. May Aug. Sep. dJun. Jul. 1.2 3 4
Bluegill hoop net . 78 77 79 May Jul. Jun. Oct. Aug. ) 1 2 3 4
Sep.
Chiselmouth gill net 18 719 77 - 3 2 1 4

(3) - No value 1nd1cates lack of significance (=< 0.01) with three-factor ANOVA where underlining occurs values without the same underline
.were signiflcantly different at the 5 percent level; arranged in increasing order from left to right.

6-26
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1979 Spring
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Parameters of length-weight relationships based on regression analysis for several common fish species collected near

WNP-1, 2 and 4 by season.

Year Season1 .Species

Chiselmouth
Northern §quawfish

Redside shiner
Redside shiner
Chinook salmon
Mountain whitefish
Largescale sucker
1978 Winter -Coho salmon
Coho salmon
Mountain whitefish
Largescale sucker
Largescale sucker
Bridgelip sucker
Chiselmouth
Chiselmouth
Northern squawfish
Peamouth chub

TABLE 6.7.

6-27

Upstream/ Sample

. Downstream Size
Downstream 18
Downstream 13
Downstream 7
~Upstream 13
Upstream 8
Upstream 10
Upstream 9
Downstream 11
Downstream 11
Upstream 28
Downstream 7
Upstream 18
Downstream 14
Downstream 16
Upstream 10
Downstream 24
Upstream 14

Intercept
(x10-3)

1.83
 2.48
3.72
'5.03
1.07
1.12
©1.38

0.23

0.23
0.24
36.74
90.45
0.57
55.35
2,06
1.70
1.7

N N NN W NN

Slope

2.
.86
.81
.75
.03
.99
.95

N W NN

N

N W
.

85

.78

.85
.42
.27
.14
.36
.92
.94
.93

.975
.998
.990
.971
.998
.999
.985

.990

.990
. 966
.945
.805
.981
.797
.995
.962
991

\J
-



lYear
1979 -

Season!

Summer

: 2
am EE o

Species
Chinook salmon

Chinook salmon
Sockeye salmon

Largescale sucker

Largescale. sucker
Bridgelip sucker
Bridgelip sucker

"Chiselmouth

Chiselmouth

Northern squawfish

Redside shiner
Redside shiner
Peamouth chub
Peamouth chub
Yellow perch
Mountain whitefish

. 9O D D © o o
O S Y N BE aE S Aw EE Ean e

6-28

TABLE 6.7
(continued)
Upstream/ Sample
Downstream? Size
~ Downstream 5
| Upstream 10

Downstream
Downstream

Upstream 19
Downstream 10
'Upstream 16
Downstream 22
Upstream 7
Downstream: 33
Upstream 18
Downstream 9
Downstream 32
Upstream

Downstream

Upstream 32

Intercept
" (x10-9)  Slope
3.86 2.82
4.87 2.80
2.16 2.89
0.16 3.32
0.35 3.18
1.27 2.97
1.07 3.00
1.68 2.97
2.75 2.48
73.15 2.28
3.42 2.40
123.68 2.16
18.90 2.49
25.08 2.45
8.80 2.62
17.26 2.52

.999

.958
.999
.983
.977
.968
.968
.992
.973
.995
.997
.999
.996
.968
.989
.996
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Year

1979

1980

Seasonl

Fall

Winter

~

Species
Mountain whitefish
Largescale sucker
Bridge]ip sucker
Chiselmouth
Northern squawfish
Northern squawfish
Peamouth chub
Bluegill
Bluegill
Smalimouth bass
Smallmouth bass
American shad

Mountain whitefish
Bridgelip sucker
Largescale sucker

1Fa1]:; September, October, November

Winter:
Spring:
Summper:

December, January, February
March, April, May
dune, July, August

TABLE 6.7
(continued)
~ Upstream/ Sample
Downstream Size
Upstream 32
Upstream 16
Upstream 16
Upstream 9
Downstream 15
Upstream 9
Downstream 6
Downstream 5
Upstream 5
Downstream 8
Upstream 6
Upstream 15
Upstream 8
Upstream 5
Upstream 8

2Captured upstream or downstream relative to the WNP-2 intake strictures.

Intercept
(x10-°) Slope
2.04 2.90
3.24 2.82
59.84 2.35
1.14 3.04
50.33 2.36
24.37 2.47
92.51 2.22
171.55 2.12
0.08 3.72
1.29 3.06
0.06 3.70
0.01 4.03
100.55 2.20
5.17 2.76
1.38 2.96

.983

.986
.949
.992
.999
.997
.954 -
.934
.987
.997
.972
.981

.936
.984
.987

L/
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BS: BEACH SEINE
HN: HOOP NET

GN: GILL NET

EF: ELECTROSHOCK

FIGURE 6.1

Location of fish sampling stations

in the Columbia River near WNP-2.
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FIGURE 6.2
CATCH PER UNIT EFFORT FOR CHINOOK SALMON -
COLLECTED IN BEACH SEINES NEAR WNP-2,
’ JANUARY 1977-MARCH 1980.
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FIGURE 6.3
CATCH PER UNIT EFFORT FOR REDSIDE SHINER
: _ - COLLECTED IN BEACH SEINES NEAR WNP-2,
26 : . - JANUARY 1977-MARCH 1980.
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FIGURE 6.4
CATCH PER UNIT EFFORT FOR NORTHERN
SQUAWFISH COLLECTED IN BEACH SEINES NEAR
WNP-2, JANUARY 1977-MARCH 1980.
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LENGTH-FREQUENCY OF CHINOOK SALMON FRY
s (ONCORHYNCHUS TSHAWYTCHA) COLLECTED IN
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7.0 OTHER AQUATIC.PROGRAMS

7.1 HISTORICAL AND TECHNICAL SUMMARY

EFSEC Resolution No. 132 dated January 23, 1978, revised the WNP-2 monitoring
v program(l). Page 9, Section IV.D of the revised program required other
aquatic programs, specifically:

"A study of the effects of operating the intake and discharge
systems will be undertake? 30 meet the reguirements of the
Corps of Engineers permit 2). This study will be V
coordinated with the National Marine Fisheries Service and
other fisheries agencies."
The discharge monitoring program required by Special Condition bb of the Army

Corp permit will be performed during operation and is presented in Section 7.2.

The intake monitoring program required by Special Conditions.w and x of the
Army Corps permit was performed May 1979 through May 1980. Prior to
performance of the intake study, the goals and monitoring program design were
submitted for review and comment to the National Marine Fisheries Service
(NMFS), Washington Department of Fisheries (WDF), Washington Game Department
(WGD) and U.S. Fish and Wildlife Service. Concurrence on program goals and
design was reached in the winter of 1979 and tests initiated in May 1979.

The conclusion of these tests were:

1. Intake F]ow Field

Velocity and direction measurements ahd patterns were similar over the
different flow rates and pumping conditions tested. Decreased
velocities, less than 0.6 m/sec, near the intakes represented only a
small proportion, 28-38 m3, of the volume of water flowing past .this
portion of the river. ‘ '
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7.2

Intake Structure Inspections

Inspections of intake structures by scuba observation revealed no
incidents of fish impingement, damage or other irregularities. Minor
accumulations ofvdebris, some algal periphyton and sponges were noted on
and around the structures. “ ' '

Intake Entrainment

Entrainment sampling during a period when chinook salmon fry were
abundant in the river failed to produce any evidence of entrainment.

Sampling efficiency data indicated approximately 80 percent of entrained

fish can be expected to be retained in the entrainment sémp]ing cages
during a 12-hour sampling period. The efficiency test data indicate
entrainment is not likely to be a problem at WNP-2 with the present
intake design and placement, and that a 12-hour sampling interval using
the -existing samb]ing devices is adequate to measure entrainment.

Detailed information on methodd]ogy and results are presented in
references 3 and 4.

Special condition G.26 of the National Pollution Discharée Elimination

System (NPDES) permit for WNP -2 requires performance of 96 hour toxicity'

tests of discharge water using salmonids as the test organisms(5).
Test protocol and schedule will be established with EFSEC prior to WNP-2

- operation. - Emphasis will be placed on addressing:the imbacts of

chlorination during these tests. The results of the tests will be used
in establishing long-term chlorination procedures for WNP-2.

PROPOSED OPERATIONAL MONITORING PROGRAM AND RATIONALE

Monitoring Program

It is recommended that weekly, 24 hour éntrainment samples ‘be collected
during the months of April, May and Jdune.
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The entrainment studies would be performed during one' spring
out-migration after the plant has reached at least 75% load. If the
results of these studies warrant;further studies will be proposed. 1In
addition, the intake screens will be examined monthly March through
November during the first year of plant operation.

The discharge structure and river sampling locations both up and
downstream will be monitored for the chemical and physical parameters in
the water quality monitoring program, Section 8.2.

A two-phase thermal plume mapping program is proposed. One phase would
map the surface temperatures using aerial infra-red photographic
techniques. The other phase of the program will use direct measurement
techniques to measure surface and subsurface temperatures. Efforts will
be made to have the two study phases coincide and test performance at a
time when'p1ant thermal load is maximum, and ambient river temperature is
high and river flow is low. During these studies river and discharge
flow and river velocity will be measured.

. Rationale

The therma1'p1umé mapping and toxicity tests will provide information
needed for operational impact assessment of the WNP-2 discharge. In
addition, these programs will meet regulatory requirements imposed by
EFSEC and NMFS. '

The intake structures will be examined month1y,(weather and river
conditions permitting) , March through November, during the first year of
operation to insure . that debris is not accumulating on“the'scréens and
that fish impingement is not occurring. '

The entrainment monitoring addresses one of the creditable impacts

associated with WNP-2. .However, the following 'is still very relevant to
impingement -and entrainment- impact for WNP-2: -.

7-3



Under normal WNP-2 operation water intake withdrawal will be 35 cfs
and the maximum water withdrawal-possible is 55 cfs. Under worse
case conditions the lowest regulated river flow passing the WNP-2
intake will be 36,000 cfs. Thus under these worse case conditions

"~ the WNP-2 intake will entrain from .05 to .15% of the passing river

flow. Assuming homogeneous juvenile fish distribution in the river,
.05-.15% of this population could potentially be effected by the

- WNP-2 intake structure.

Because the current vector down the screens (ambient'river flow)
will always be more than 10 times as great as the current vector
going into the screens, it is not considered possible to impinge
fish or debris on the screen surface.

The NRC staff (6) made the following statements in regard to WNP-2
impingement and entrainment monitoring:

"Impingement

The applicant has calculated that under maximum operating
conditions, water velocity at the intake system/river interface will
be 0.15 m/s (0.5 fps) at the l1-cm (3/8-in) holes in the pipes and

- about 0.03 m/s (0.1 fps) at a distance of 2.5 cm (1 in) from the

pipes (ER-OL, Sec. 5.1.2.2). The staff finds these values to be
within the representative range for such intake systems.

Larger fish, including.large juveniles, can swim at speeds greater
than the approach velocities discussed above. For example, young

- sockeye and coho-salmon may swim at speeds of from five to seven

" body lengths per second (Refs. 17, 18); thus, a 4-cm (1.5-in) fish

is capable of swimming at least 0.2 m/s (0.7 ft/s). Juvenile

“chinook, coho, and sockeye salmon spawned above Priest Rapids Dam

will arrive at the intake site as large juveniles, and the
hatchery-reared salmon and steelhead trout released to the river by
the state will also be large juveniles. Thus, these juveniles
should be able to escape impingement.

7-4
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Out-migration of Hanford-area chinook juveniles occurs during
periods of moderate to high river discharge during late spring and
early summer when both flow rate past the intake and river volume
available -for migration will be greater than during periods of lower

flow. Therefore, the probability of fish impingement will be lower

during periods of out-migration compared to other times. For this
reason, the staff believes that impingement impacts will not be
serious during out-migration periods;

The staff also expects that large juvenile and adult fishes will not
be vulnerable to impingement on the WNP-2 intake structures. This
conclusion is based on a consideration of fish swimming speeds
discussed above and 1is 'supported by results of intake inspection
studies conducted by the applicant in December 1978 and May through

.December 1979 (Ref. 19), which showed that no fish were impinged

during the inspection periods. During this test, the velocities at
the intakes were maintained at near operational levels.

Entrainment

Naturally spawned salmon juveniles, newly .emergent from their gravel
spawning redds (nests), may be vulnerable to entrainment through the
1-cm (3/8-in) intake pores. _The potential for newly emerged
juveniles to become entrained by the WNP-2 intakes will depend upon
the distribution and habitat preference -of the salmon juveniles,
discharge rates of the Columbia River, and makeup water withdrawal
rates. Although movement in the WNP-2 area of chinook juveniles
spawned in the Hanford area is not well known, -the fish are thought
to be.more common in nearshore areas than in midstream (Ref. 20). _
If this is the case, and because the intake structure is located in
midstream, entrainment impacts would be reduced.
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Under maximum operating conditions, about 0.8 m3/s (12,500 gpm) of
water would be withdrawn from the river at each intake; this would
be twice the volume withdrawn under normal operating conditions, but
still less than 0.2% of the lowest regulated river discharge of 1020
m3/s (36,000 cfs). If it is.assumed that all emergent salmonids
would be at their smallest size and evenly distributed throughout .
the river upstream of the intakes, then the proportion. of the young
fish population that would be entrained would be equal to the
proportion of the river discharge that was withdrawn. Thus, under
such conditions, about 0.2% of the young salmonids, a negligible
fraction, would be entrajned. From 1961 to 1975, the number of
‘redds between Priest Rapids Dam and the site ranged from 728 to 4508
per year for fall chinook (ER-OL, Table 2.2-2). (The number of
redds is proportional to the number of adult spawning salmon.) If,
in a hypothetical situation, the number of rgdds was decreased by
WNP-2 intake operation by 0.2% (representing a loss of returning
year classes), the number of redds lost would range from about one
(in a year when 728 redds were present) to nine (when 4508 redds
were present). From 1961 to 1975, an average of 2391 redds was
observed per year, with a standard deviation of + 1249 redds. Thus,
the maximum postulated effects of WNP-2 presented here are two to
three orders of magnitude less than variations in salmon numbers
caused by other factors. '

The staff is not concerned about the entrainment and/or impingement

of plankton and benthic drift during operation of the WNP-2 intake

(emphasis added). Even if all of such organisms in the makeup water

perished, the impacts would be short-lived because of the rapid
reproductive rate of many plankton, the suspension of benthic algae,
and the recruitment of upstream benthic drift.

Based on the above, the staff concludes that entrainment effects
will be so small as to-be immeasurable except by direct monitoring
of the WNP-2 intake water. This conclusion is supported by data ..«
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from an entrainment study conducted by thé'app1icant. From May 1979
through May 1980, when pumps were operated nearly at plant operation

levels, no fish eggs or larvae were found in 69 samples of makeup
water (Ref. 19)."
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8.0 WATER QUALITY

8.1 HISTORICAL AND TECHNICAL SUMMARY

The Site Certification Agreement for WNP-2, Attachment 1, Section V, page 9
requires no preoperational water quality monitoring program (1). The basis
for no further work was that numerous studies have been conducted for approxi-
mately 37 years in connection with the Hanford Site activities concerning the
physical and chemical characteristics of the Columbia River in the vicinity of
WNP-2. These studies included both general observations and detailed analyses
of the effects on the river of effluents . from the plutonium production reac-
tors. These reports which were reviewed, evaluated, and summarized by Becker
and Waddel (2), and Neitzel (3) provide an accurate and comprehensive histori-
cal picture of the river. ‘

In an effort to update site specific data, water quality studies were per-
formed from July 1980 through June 1981. Water chemistry samples were col-
lected upstream of the WNP-2 intake and analyzed weekly for alkalinity, cad-
mium, chromium, copper, hardness, iron, lead, mercury, nickel, dissolved oxy-
gen, pH and zinc. 1In addition samples were measured monthly for ammonia-
nitrogen, barium, boron, calcium, chloride, cobalt, color, floride, magnesium,
manganese, nitrate-nitrogen, total organic nitrogen, oil and grease, total
phosphorus, orthophosphorus, potassium, sett]eab]e.matter, sodium, total dis-
solved solids, total suspended solids, specific conductance, sulfate and tur-
bidity. In most cases the methods of analysis were in accord with Environ-
mental Protection Agency Procedures (4).

Table 8.1 summarizes the resultsvof the 1980-1981 water quality study per-
formed upstream of WNP-2. The results of this study are in good agreement

with earlier studies.

8.2 PROPOSED OPERATIONAL MONITORING PROGRAM

Q

Table 8.2 presents the recommended operational program, which includes
sample parameters, locations and frequencies.
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TABLE 8.1

COLUMBIA RIVER WATER QUALITY
UPSTREAM OF WNP-2 INTAKE STRUCTURE: 1980-1981

Parameter.

Alkalinity, mg/1 as CaCO3
Aluminum, mg/1

Ammonia, wug/l1 as N
Antimony, mg/1

Arsenic, wug/l

Barium, mg/1

Beryllium, ug/]

Boron, mg/1

Bromide, mg/1

Cadmium, Total, ug/1
Cadmium, Dissolved, wug/l
Calcium, mg/1

Carbon, Total Organic, mg/1
Chemical Oxygen Demand, mg/1
Chloride, mg/1

Chromium, Total, ug/1
Chromium, Dissolved, ug/]
Cobalt, ug/1

Color, PCU

Copper, Total, wug/1
Copper, Dissolved, ug/]l
Cyanide, ug/1

Fluoride, mg/1

Hardness, mg/1 as CaCO3
Iron, Total, wug/1

Iron, Dissolved, ug/1
Lead, Total, wug/]

No. Of
Data Points Average
52 59.2
1 0.15
12 10.1
1 0.15
1 1
12 0.1
1 3.0
12 0.01
1 0.14
52 0.53
39 0.42
12 - 18.5
1 2
1 5
12 1.0
52 0.78
37 0.5 .
12 - 1.5
.12 12.5
52 .5
44 2.0
1 2.0
12 0.17
52. - . 68.6
52 . _ 55.7
47 18.1
8

52 L.

ppm
Range
53-64

5-28

0.1-8.4
0.1-6.8
16.2-20.4

1.0-1.8
0.5-2.6
0.5-1.6
1-11
5-25
1-16
1-7
0.13-0.29
56-80
27-140
1-50
1-24



TABLE 8.1 (Contd.)

Parameter

Lead, Dissolved ug/1
Magnesium, mg/1
Manganese, wug/1
Mercury, Total, ug/!
Mercury, Dissolved, wug/]
- Molybdenum, ug/1
Nickel, Total, wug/]l
Nickel, Dissolved, ug/l
Nitrate, wug/1 as N
Nitrogen, Total Organic, mg/]
0i1 & Grease, mg

Oxygen, Dissolved, mg/1
pH

Phenol, ug/1
Phosphorus, Total, ug/1l
Phosphorus, Ortho, ug/1
Potassium, mg/1
“Selenium, wug/1

Silica, mg/1 as 5102
Silver, ug/1

Sodium, mg/1

Solids, Total Dissolved, mg/1 |

Solids, Total Suspended, mg/]
Specific Conductance,
Sulfate, mg/1
Sulfide, mg/]
Thallium, wug/1

Tin, ug/1

mho/cm

Titanium, ug/1

No. Of
Data Points
50
12
12
52
50
1
52
39
12
12
12
51
50
1
12
12
12
1
10
1
12
12
12
12
12

1
1
1
1

Average

= o= N O O W
N O O
~N

129.

0~
&~
U

N O B DO
~
N

93.

140.
12.

30.

£0.5-0.5

Range

TR |
3.2-4.9 20
© 6-15 ' l
0.2-4.1
0.2-1.0

110-290 -

T 1-6
8.7-13
7.4-8.4

- I@
14-44

6-38
0.52-0.91

1-10 . \ ll
1-3.4 y

1.9-6.2 llﬁ
1.2-2.4 II
54-131
1-10
122-169 l
8.9-16.7 l



Parameter
Turbidity, ?TU
Zinc, Total, wug/1
Zinc, Dissolved, ug/1

Note:

For averaging purposes,
assumed to be that value divided by two.
metals data exceeded the corresponding total metals values.

judged to be in error “and were not 1nc1uded in determination of the range and
average figures above.

TABLE 8.1 (Contd.)

No. Of
Data Points
12
52
47

Average

2.5
19.0
13.7

PP
Range
0.46-12
5-47
5-39

data reported as less than some value was

In a few instances,

the dissolved
These data were
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Measured Items -

Quantity (flow)
Temperature
Dissolved Oxygen
pH

Turbidity

-Total Alkalinity

Filterable Residue
(Total Dissolved Solid)
Nonfilterable Residue
(Suspended Solids)
Conductivity

Iron (Total)

Copper (Total) -
Nickel (Total)

“-Zinc (Total)

Sulfate
NHgq+ Nitrogen
NO3- Nitrogen

Ortho Phosphorus
Total Phosphorus
0il1 and Grease

" Chlorine, Total Residual

Hardness

- Symbols Key

Continuous
Monthly
Quarterly
D

DOoO=EXO
nonouon

TABLE 8.2

OPERATIONAL WATER QUALITY MONITQRING PROGRAM

WNP -2
Station 1* Discharge Station 11*
- c -
M C M
M - M
M C M
M - M
M M M
M M M
M M M
M M M
M M M
M M M
M M M
M M M
M M M
M M M
M M M
M M M
M M M
M M M
T~ D M
M M M

*Refer to Figure 2.1 for station location

+ Samples will be collected if wells are

aily, when chlorine is added being used for drinking water

Station 8%
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