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Background

The Energy Facility Site Evaluation Council (EFSEC) reissued National Pollutant Discharge
Elimination System (NPDES) Permit No. WA002515-1 to Energy Northwest (EN) for the
Columbia Generating Station (CGS) on September 30, 2014. A second amendment was
later made to the NPDES Permit on March 19, 2019 (see Reference 1). Permit Condition
S12.B.1 required EN to prepare documentation of the proposed fish entrainment
characterization study design and submit the study plan to EFSEC for approval by November
1, 2015. On October 15, 2015, EN submitted the draft entrainment characterization study
plan to EFSEC and outlined a two-year monitoring study in which samples of entrained fish
would be taken weekly mid-March through mid-June (the risk window for early juvenile
Chinook salmon) and biweekly from July through September (see Reference 2). On June 22,
2016, EFSEC approved the entrainment characterization study plan (see Reference 3).
Condition S12B.2.b of the NPDES permit requires CGS to submit the characterization study’s
final report to EFSEC by May 1, 2019.

On March 10, 2019, the National Marine Fisheries Service (NMFS) issued a Biological
Opinion pursuant to section 7(a)(2) of the Endangered Species Act as part of the Columbia
Generating Station’s licensing renewal process by the U.S. Nuclear Regulatory Commission
(NRC). On March 23, 2017, the NRC transmitted the Biological Opinion to Energy Northwest
(see Reference 3). Condition 2.9.4.4.b of the Biological Opinion requires EN to provide a
copy of the final entrainment study report to the NMFS and the NRC.

Energy Northwest began the fish entrainment characterization study in the spring of 2017, but
ran into mechanical issues associated with the operation of the fish cages. The fish cages
would not meet the capture and fish retention requirement outlined in the study plan. To
address this issue, EN personnel spent a number of months over the course of 2017 studying
the operation of the fish cages, engineered cage retrofits, and conducted successful trials to
ensure that fish capture and retention efficiency was adequate for both cages. Throughout
2017 EN had a number of conversations with EFSEC discussing the issues the facility was
experiencing with the fish cages and on January 17, 2018, EN requested an updated study
schedule (see Reference 5). On November 19, 2018, EFSEC approved EN'’s request to
delay the start of the two-year study until the spring of 2018. EFSEC required an interim
status report to be submitted by May 1, 2019 and the final report to be submitted by May 1,
2020 (see Reference 6). The interim report was submitted to EFSEC on February 7, 2019
(see Reference 7).

Final Results

Attached is the final fish entrainment characterization study report. The report was prepared
by Anchor QEA and underwent third-party external review by experts in biological monitoring

and Columbia River aquatic ecology in accordance with the U.S. Environmental Protection
Agency Peer Review Guidelines.

Very few fish were entrained over the entire two-year study period. A total of four fish were
entrained in 754 hours of monitoring, suggesting the Columbia Generating Station’s impact to
the fish populations in the Hanford Reach of the Columbia River are minute. Capture
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efficiency testing of the entrainment cages was consistently high, providing confidence in the
fish entrainment monitoring methods throughout the study period. A well-planned fish
entrainment monitoring study design was implemented and multiple potential contributing
environmental and CGS operational factors were monitored that showed that the data
collected in this study are representative of typical operating conditions, and thus, actual fish
entrainment. In addition, the results of this two-year fish entrainment monitoring study are
consistent with earlier observations report by Mudge et al. in 1981. Low water elevation was
previously identified as a factor that could increase the risk of entrainment, however direct
observations did not support this assumption, as no fish were entrained during periods of
lowest flows in late August and September. Chinook salmon fry are one of the most
vulnerable species owing to their abundance in the Hanford Reach during a relatively short
period of the year. At least one, and potentially two, Chinook salmon fry were entrained
during this study period, yet this represents a minute proportion of the total population rearing
and migrating in the area of the Columbia Generating Station’s river water intake structures.

Certification

| certify under penalty of law, that this document and all attachments were prepared under my
direction or supervision in accordance with a system designed to assure that qualified
personnel gathered and evaluated the information submitted. Based on my inquiry of the
person or persons who manage the system or those persons directly responsible for
gathering information, the information submitted is, to the best of my knowledge and belief,
true, accurate and complete. | am aware that there are significant penalties for submitting
false information, including the possibility of fine and imprisonment for knowing violations.

If you require any additional information regarding this report, please contact WK Whitehead
at (509) 377-8794.

Sincerely,
26/02/20 12:32:04 -08:00

Khounnala, Shannon E. , Environme..eesi8H

Shannon E. Khounnala
Environmental and Regulatory Programs Manager

SEK/np

Attachment:  Final CGS Entrainment Study Report 2_18 2020.pdf

CcC: Ami Moon — EFSEC
Ellie Ott — Ecology
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Executive Summary

Energy Northwest's Columbia Generating Station (CGS) is located adjacent to the Columbia River
near river mile (RM) 352 (river kilometer 566) approximately 5 miles upstream of the city limits of
Richland, Washington. The Columbia River at the CGS site is a migratory pathway for salmonids that
reproduce and rear in the upstream reaches and the Hanford Reach (the reach of river extending
from the CGS vicinity to upstream Priest Rapids Dam at RM 397.1). The Hanford Reach is heavily used
for spawning and rearing by fall-run Chinook salmon (Oncorhynchus tshawytscha) and is also
spawning and rearing habitat for steelhead (O. mykiss).

A reissuance of National Pollutant Discharge Elimination System (NPDES) Permit No. WA002515-1
for Energy Northwest's CGS was published in 2014 by the Washington State Energy Facility Site
Evaluation Council. During consultation for the reissuance of the NPDES permit, questions were
raised about whether the two 42-inch- (107-centimeter [cm])-diameter cylindrical T-screen intake
units currently used to withdraw water from the Columbia River would impinge or entrain fish. To
address concerns regarding fish entrainment, NPDES Condition S12.B was included in the permit
requiring CGS to prepare an entrainment characterization plan that includes 2 years of fish
entrainment monitoring. A Draft Entrainment Characterization Study Plan for the Columbia
Generating Station, Richland, Washington (Study Plan; Coutant 2014; Appendix A) was developed to
guide the implementation of the fish entrainment study. The Study Plan directed the implementation
of entrainment sampling paired with monitoring of physical conditions associated with the intakes to
provide additional indirect lines of evidence of entrainment and impingement risk.

In addition, the Study Plan directed that a review of existing literature be developed to identify fish
species and life stages at risk of entrainment or impingement. This Historical Fish Occurrence
Literature Review of the Hanford Reach is briefly summarized in this interim report with the full
literature review attached as Appendix E.

The risk of fish impingement associated with the intake screens was monitored per the Study Plan. Of
particular interest were any risks posed to downstream-migrating juvenile salmonids. Energy
Northwest contracted Alden Research Laboratory, Inc., to analyze the physical flow patterns (i.e.,
velocity and pressure fields) around the intake screens using 3D computational fluid dynamics (CFD)
modeling reported in Computational Fluid Dynamics Analysis of Perforated Intake Screens at
Columbia Generating Station (Alden 2018). Results of the modeling showed that a bow wave forms at
the upstream end of the cylindrical intake screens, which could hydraulically deflect fish and
stimulate the fish's behavior to avoid the intake screens. Thus, there is low likelihood of impingement
in nearly all river flow and direction cases evaluated due to the generally high ratio of tangential
(sweeping) flow to normal (approach) flow toward the screen pores in the boundary layer very near
the screen.
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Based on the Historical Fish Occurrence Literature Review on entrainment risk and the CFD modeling,
a conservative assumption is that some risk exists for some species, even though the CGS intake was
designed to bypass most fish. Periods of higher risk of encountering the intake occur when the most
vulnerable species are present in highest abundance from March through September. Though
hydraulic bypass of fish is facilitated by sweeping velocities that exceed approach velocity year-
round, risk of encountering the intake may increase when river flows are more oblique to the intake
orientation (Alden 2018), and late in the year when intake submergence depths may fail to meet
National Marine Fisheries Service criteria of greater than one screen radius, or 1.75 ft.

This report describes the results of two seasons of the fish entrainment monitoring from mid-March
to mid-September in 2018 and 2019. The methodology used to conduct the 2-year fish entrainment
study is described in this report, with details provided in the Sampling and Analysis Protocol
(Appendix B).

Fish entrainment sampling was conducted weekly from early April in 2018 and mid-March in 2019 to
June and approximately every other week from July through mid-September in both years. Variances
from the planned schedule occurred due to high river conditions during late May and early June
2018 that prohibited routine entrainment sampling and postponed one capture efficiency test to late
June 2018. In 2018, a planned outage prevented sampling from occurring from mid-May to mid-June
2019, and an unplanned safety review required the cancellation of a single routine entrainment event
in late August 2019. A total of thirty (30) fish entrainment sampling events occurred over the two-
year time period; fifteen (15) in 2018 and fifteen (15) in 2019. A total of six (6) capture efficiency tests
were successfully conducted on each pair of fish entrainment cages; three (3) in 2018 and three (3) in
2019.

Across all 30 fish entrainment sampling events observed fish entrainment was extremely low. Over a
total of 754 hours of sampling conducted during the 2 study years, a total of four fish were entrained
and retrieved from the sampling cages. These included a fall-run Chinook salmon fry recovered on
May 3, 2018; a Pacific lamprey (Lampetra tridentata) ammocoete recovered on June 22, 2018; an
unidentifiable salmonid fry recovered on March 21, 2019; and an adult torrent sculpin (Cottus rhotheus)
recovered on April 4, 2019. Capture efficiency testing confirmed that fish retention by the cages was
high (greater than 0.8) over a 24-hour sampling period.

Average adjusted entrainment rates and total fish entrained each year were calculated at the end of
the second year of study following the methods outlined in the Sampling and Analysis Protocol
(Appendix B). Total Seasonal Entrainment (TSE) was estimated to be a small fraction of overall fish
populations, and the variation associated with the estimates was high because of the small number
of fish entrained during sampling events and a conservative approach taken to estimate confidence
limits. In 2018, the overall TSE for all species was estimated to be 24 fish with a confidence interval
with at least 90% confidence (Clso) estimated to be = 0 to 212 fish. In 2019, the overall TSE for all
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species was estimated to be 24 fish with a confidence interval with at least 90% confidence (Clso)
estimated to be = 0 to 213 fish. TSE for pacific lamprey was 12 fish based on observations in 2018
(Cloo = 0 to 153) and for torrent sculpin TSE was 12 fish based on observations in 2019 (Clso = 0 to
150). For Chinook salmon fry, TSE was also 12 fish per season (Cleo = 0 to 150). Based on the
estimated abundance of pre-smolts in the Hanford Reach each year (WDFW 2019), the resulting
maximum impact to the Hanford Reach fall-run Chinook salmon stock was estimated to be 0.00011%
(Clgo= 0 to 0.0014%) of the pre-smolts in 2018 and 0.00015% (Clso = O to 0.00187%) of the pre-
smolts in 2019.

The Study Plan also calls for studies to demonstrate whether clogging of the two Columbia River
water intake structure screens occurs due to debris and any associated fish impingement. The two
CGS intake structures were visually inspected in situ using underwater video on individual days in
September 2018 and October 2019. Algae biofouling was noted in each event where greater than
50% of the screen area was covered by algae or other debris. However, no fish were observed in the
vicinity of the intake structures during the video imaging and no impingement of fish or shellfish was
observed during any event. These observations were consistent with similar observations in 2016 and
2017 that showed an increase in the amount of biological growth on the intakes between early to

late summer, but no evidence of fish impingement.

Clogging of screen openings can cause a short-term draw down of water level in the Tower Make-Up
System (TMU) pumphouse, observed as a differential in water elevation between the Columbia River
at the intake screens and water elevation within the TMU. Monitoring of hourly water elevations
indicated that differentials were variable during the 2018 fish entrainment monitoring period and
corresponded closely with the pattern of increasing and decreasing make-up water flow, suggesting
that head differential was closely related to changes in pump flow volume. There was no evidence in
the hourly head differential data to suggest any blockage of the intake structure screens occurred
during the study period.

Debris entrained in the sampling cages during fish entrainment testing in 2018 and 2019 was
routinely monitored. Debris type and volume varied throughout the season and included algae
clumps, sediment, aquatic insect larvae, and “sponge-like” material. In general, light to medium
amounts of debris were observed during the sampling.

Columbia River flow, water temperature, and meteorological data during the 2018 and 2019 field
seasons are summarized in this report along with CGS operational data.

Study results show that fish entrainment by the CGS intakes was extremely rare. Entrainment of
salmonids was a primary concern prior to study implementation, yet during 754 hours of monitoring
that spanned the typical salmonid emergence period, just two fall-run Chinook salmon (one
confirmed Chinook salmon, and one presumed to be a Chinook salmon) and no steelhead were
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entrained. Expanded estimates of total entrainment across the study season indicated TSE would
have a minute effect on fall-run Chinook salmon at the stock level. Entrainment of other small-
bodied fishes, including larval lamprey, was another topic of concern, yet only one lamprey
ammocoete and one torrent sculpin were observed. It is notable that factors that can increase fish
entrainment risk, particularly the low water levels above the intake screens in late August and
September, did not appear to increase the frequency of fish entrainment events. Biofouling of the
intake screens occurred but had no observed effect on intake screen flow in ways that increased the
risk of entrainment or impingement to fish. Generally, so few fish were entrained that the
occurrences did not appear related to a specific environmental or operating condition in a way that
informs assumptions about specific risk factors or that could be used to predict future entrainment
events. Based on these observations, the CGS intakes pose extremely low risk of entrainment and
impingement to fish that reside in the Hanford Reach and to the endangered salmonids from
upstream populations that migrate through the Hanford Reach.
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1 Introduction

Energy Northwest's Columbia Generating Station (CGS) is a boiling-water nuclear power plant located
in south-central Washington State in Benton Country, approximately 5 miles upstream of the
Richland, Washington city limits, that became operational in December 1984. The CGS is located
adjacent to the Columbia River near river mile (RM) 352 (river kilometer [RKM] 566) and withdraws
make-up water for its closed-cycle cooling system (cooling tower). The Columbia River at the CGS
site is a migratory pathway for salmonids that reproduce and rear in the upstream reaches. The
Hanford Reach (the reach of river extending from the CGS vicinity to upstream Priest Rapids Dam at
RM 397.1) is heavily used by spawning fall-run Chinook salmon (Oncorhynchus tshawytscha) and
some steelhead (O. mykiss).

On September 30, 2014, the Washington State Energy Facility Site Evaluation Council (EFSEC)
published a reissuance of National Pollutant Discharge Elimination System (NPDES) Permit No.
WAO002515-1 for Energy Northwest's CGS. The final permit, effective November 1, 2014, with a
second amendment effective March 19, 2019 was the result of consultations between EFSEC and
interested agencies, including the Washington Department of Ecology, Region 10 of the U.S.
Environmental Protection Agency, and the National Marine Fisheries Service (NMFS). The March 2019
amendment allowed for improvements to control biological growth in the cooling towers and did
not change the fish entrainment and impingement conditions of the permit. Concerns were raised by
NMFS and Washington Department of Fish and Wildlife (WDFW) about potential entrainment and
impingement of fish by the two 42-inch (1.07 m) diameter cylindrical T-screen intake units currently
used to withdraw water from the Columbia River for CGS operations. The existing screens use a
design developed prior to the formal development of NMFS engineering design criteria (NMFS 2011)
and NMFS and WDFW were especially concerned about the potential risk to Endangered Species Act
(ESA)-listed and non-listed salmonids.

To address NMFS's and WDFW's concerns regarding fish entrainment, NPDES Condition S12.B was
included in the final permit that became effective on November 1, 2014, requiring CGS to prepare an
entrainment characterization study design and submit it to EFSEC for approval by November 1, 2015.
The Draft Entrainment Characterization Study Plan for the Columbia Generating Station, Richland,
Washington (Study Plan, Appendix A) was submitted to EFSEC in October 2015 and approved by
EFSEC in June 2016. The approved Study Plan described the general methods for a 2-year fish
entrainment monitoring study using entrainment cages specifically built for monitoring the intakes
and maintained in place within the CGS Tower Make-Up (TMU) pumphouse since the facility was
initially constructed. In addition, the Study Plan also outlined the need for a review of existing
literature to identify fish species and life stages at risk of entrainment or impingement. The Historical
Fish Occurrence Literature Review of the Hanford Reach is briefly summarized in this report with the
full review attached as Appendix E.
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The fish entrainment monitoring study was scheduled to begin in spring 2017 and to be completed
in fall 2018. As per NPDES Condition S12.B the final report was to be submitted to EFSEC by May 1,
2019. Due to unforeseen mechanical problems with the fish entrainment cages, fish retention in the
cages (capture efficiency) was low and the start of the study was delayed 1 year to allow for
mechanical improvements to be made. In 2017, EFSEC was informed of the delay and CGS staff spent
several months throughout 2017 and early 2018 retrofitting the sampling equipment to ensure that
capture efficiency rates of 80% or better were attained for both sampling cages. In January 2018,
Energy Northwest requested from EFSEC that the fish entrainment schedule be updated to initiate
the study in the spring 2018 and complete the study in the fall 2019, with the final study report to be
submitted by May 1, 2020. EFSEC approved the updated entrainment study schedule in November
2018, with the stipulation that an interim report be submitted by May 1, 2019 (EFSEC 2018). The
interim report, submitted to EFSEC on February 7, 2019, described the results for the first year of the
fish entrainment study, based on data collected from March 11, 2018, through September 15, 2018
(Anchor QEA 2019, CGS correspondence no. GO2-19-035).

To satisfy requirements stipulated by NMFS’ Biological Opinion on the Columbia Generating Station
and incorporated into NPDES permit requirements, Energy Northwest agreed to investigate the risks
of fish impingement associated with the water intake structures by analyzing hydraulic conditions
around the intake screens (NMFS 2017, NPDES Permit No. WA002515-1 Condition S12.B). Of
particular interest are the risks posed to downstream-migrating juvenile salmonids. Energy
Northwest contracted Alden Research Laboratory, Inc,, to analyze the physical flow patterns (i.e.,
velocity and pressure fields) around the intake screens using 3D computational fluid dynamics (CFD)
modeling. The modeling allows for interferences to be made about fish interaction with the intake
structures based on the modeled velocity and pressure fields and known fish responses from
published scientific literature. The modelling effort used a two-phased analysis in which the first
phase focused on simulating larger-scale (e.g., the whole intake screen) dynamics around the intake
structures, and the second phase focused on simulating smaller-scale (e.g., individual fish size)
dynamics in the turbulent boundary layer over the holes of perforated screen areas. The two phases
are referred to as “global” and “near-field” models, respectively. The global model supports the
hypothesis that the bow wave at the upstream end of the cylindrical intake screens could provide
pressure and velocity changes that hydraulically divert fish away from the screen and stimulate
screen avoidance behavior by the fish. The global model results also showed that at times of the year
when the tangential (sweeping) flow of the river is more oblique, the boundary layer is compressed
to within a few inches of the screen on the up-current face and expands the boundary layer on the
leeward face to a few feet where the layer blends with the wake region.

In terms of impingement risk, this translates to the highest potential impingement risk associated
with the up-current face of the upstream screen and the leeward face of the downstream screen due
to high approach velocity and low sweeping velocity, respectively. However, the near-field model
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suggests low likelihood of entrainment or impingement in nearly all of the multiple model-input
scenarios analyzed due to the generally high ratio of tangential (sweeping) flow in the boundary
layer to normal (approach) flow toward the screen pores and low approach velocities through the
pores over most of the screen area for most river conditions. Non-uniformity in through-screen flow
resulting in regions of concentrated inflow along the screen produced some minor exceedances of
near-field approach velocity thresholds given in NMFS guidelines (NMFS 2011). For additional
details, see the report entitled, “Computational Fluid Dynamics Analysis of Perforated Intake Screens
at Columbia Generating Station” (Alden 2018).

This Fish Entrainment Characterization Report satisfies Task 5 of the Study Plan to report the results
of actual fish entrainment and debris sampling conducted at CGS in 2018 and 2019, including
operations, flow, and other environmental data associated with field monitoring, per the
requirements of NPDES Permit Condition S12.B.2.b, implemented as Tasks 2 and 3 of the Study Plan.

This report also includes excerpts of the Historical Fish Occurrence Literature Review (Anchor QEA
2018) to identify fish species and life stages at risk of entrainment or impingement. Findings of the
literature review are summarized in Section 2.1 and the complete review is included in Appendix E.

All environmental, fish entrainment, capture efficiency, and debris impingement data that were
collected or calculated as part of the Fish Entrainment Characterization study were provided to
Energy Northwest as digital files, retained in the CGS Environmental & Regulatory Programs
Reference Library under Fish Entrainment Study (Task 4 of the Study Plan, Data Summaries and
Analyses).

1.1 Site Description

The study was conducted at the CGS Tower Make-Up (TMU) water pumphouse building, located at
RKM 566 (RM 352) on the Columbia River, approximately 300 ft (91 m) shoreward of the river's
normal high-water mark. The general layout of the pumphouse, intake pipes, and intake screens is
depicted in Figures 1 and 2.

The pumphouse contains three (3) make-up water pumps that withdraw from the pumphouse well.
Two pumps are typically in operation. Water is gravity-fed from the Columbia River to the
pumphouse well located in the TMU pumphouse through two river water intake structures and two
36-inch (91-cm)-diameter buried pipes that extend 900 ft (274 m) from the pumphouse to the river
channel. Water is then pumped from the pumphouse well by the 800-horsepower make-up water
pumps designed to each supply 12,500 gallons per minute (gpm) (0.79 cubic meters per second
[m3/s] or 9 million gallons per day [MGD]) or half the system capacity at design head. Two pumps
can supply make-up water to the plant with a withdrawal capacity of 25,000 gpm (1.58 m3/s or 36
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MGD) but during normal operating periods, the average make-up-water withdrawal is about 17,000
gpm (1.1 m3/s or 24.48 MGD). Actual withdrawal rates vary seasonally and hourly.

An intake structure is located in the river at the end of each of the 36-inch diameter buried pipes.
The pipes make a 90-degree, upward bend and extend slightly above the surface of the riverbed
(Figure 1). Attached to each of the pipes is a 30-ft (9-m)-long, cylindrical screen housing mounted
above the riverbed and approximately parallel to the river flow. Each cylinder is composed of two
intake screens each 6.5- (2-m)-long and mounted upstream and downstream of a central chamber
attached to the buried pipe. Solid cones cap each end of the dual-screen structure. The screens
consist of an outer and inner sleeve of perforated pipe. The outer sleeve (forming the wall of the
cylinder) is 42 inches (107 centimeters) in diameter with 0.375-inch (9.5-millimeter [mm]) holes
comprising 40% of the surface area. The inner sleeve is a 36-inch (91-cm)-diameter cylinder with
0.75-inch (19-mm) holes comprising 7% of the surface area. The double-sleeve intake screens are
designed to distribute water flow into the structure evenly along its outer surface.

The pumphouse building has three levels: a ground level where entry is gained and the pumps are
housed, a first underground level, and a second, lower underground level where sampling occurs,
referred to here as the “Sampling Platform” (Figure 2). Fish are removed from the entrainment
sampling cages on the sampling platform. Two identical sampling cages are suspended in the
pumphouse well in front of the sluice gates at the terminal end of the 36-inch diameter buried pipes
leading from the intake structures in the river (Figures 1 and 2) (Mudge et al. 1981). Each cage is
approximately 5.8 ft (1.5 m) long, 5 ft (1.52 m) high, and 3.5 ft (1.07 m) wide. Each cage has an 11.5-
square-foot (1.07-square-meter) door for coupling with the 36-inch intake pipe openings. The cages
have an aluminum frame and door, while the remainder is made of woven stainless-steel wire mesh
with 2.0-mm square openings. Initial investigations in 2017 identified gaps between the cage door
openings and the sluice gates at the end of intake pipes, allowing fish to escape the cages. The cages
were retrofitted with engineered inserts that extend out from the cage doors to bridge the gap
between the cage doors and the sluice gates on the intake pipe outlets. The inserts were needed to
provide a close seal with the sluice gate on the incoming pipe from the river (Figure 3). Inserts are
configured to rest inside the cage doors while they are being lowered or raised. Each cage insert is
equipped with brushes around the outer edge of the insert that adjoin to the uneven surface of the
sluice gate when the insert is extended.

The cages are lowered individually approximately 35 ft (10.7 m) into the water of the pumphouse
well using electric winches to the sampling position in direct alignment with the sluice gates of the
intake pipes. As the cage nears the intake pipe sluice gates the cage door abuts against a fixed stop-
block that causes the door to automatically open as the body of the cage continues to descend into
position. Once cages are in position at the termination of the intake pipes and cage doors are fully
open, the inserts are immediately extended by manually pulling a cable attached to the insert,
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bridging the gap between the cage doors and sluice gates with stiff brushes that conform to the
shape of the sluice gate openings (Figure 3). A separate cable is used to retract the cage insert
immediately prior to closing the doors and raising the cage to the surface. As the cage is raised from
the vault, the cage door automatically closes.

1.2  Objectives

The overall objective of this study was to broadly characterize entrainment and impingement risk
posed by the CGS intake screens to all fish, and to further address specific concerns about the
potential impact on Columbia River salmon and steelhead. The 9.5-mm (0.375-inch) openings of the
outer screens of the CGS intake structures are potentially large enough to entrain early life stages of
several fish species, including fall-run Chinook salmon and Pacific lamprey (Anchor QEA 2018;
Appendix E). Variable environmental conditions in the Columbia River and CGS operations may
influence fish entrainment and impingement. River velocity and elevation, water temperature, CGS
make-up flow, and debris on the intake screen have been identified as key factors that may affect
whether fish present are entrained or impinged. The ways in which these factors affect entrainment
or impingement is likely to change over the year with variability in river flow, water temperature, CGS
make-up water flow, as well as seasonal change in fish presence, habitat uses, and debris.

The Study Plan specifies four specific tasks that were implemented to meet the overall study
objective:

1. Study Plan Task 1: A literature review on the historical fish occurrence was prepared to
summarize the large body of existing work on Hanford Reach fish populations and assumptions
about the risk of entrainment posed by the CGS intakes.

2. Study Plan Task 2: The primary objective of the fish entrainment study was to quantify fish
entrainment through the CGS intake screens over 2 years of monitoring in association with the
changing environmental conditions and make-up water flow at the intake.

3. Study Plan Task 3: In addition, potential fish and debris impingement on the intake screens was
evaluated by monitoring water surface level differential between the Columbia River and the
CGS pumphouse for abnormalities that could indicate clogging of the intake screens. The
interpretation of these data was informed by direct visual observations of the screen surface
with video monitoring carried out by Energy Northwest.

4. Study Plan Task 4: The routine fish entrainment results, capture efficiency results, and
environmental monitoring data were used to quantify a seasonal fish entrainment estimate, and

to expand to an estimated impact to the Hanford Reach fall-run Chinook salmon population.

1.3 Contributing Organizations and Personnel

This report and literature review have undergone third-party external review by experts in biological
monitoring and Columbia River fish in accordance with the U.S. Environmental Protection Agency
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Peer Review Guidelines (EPA 2006). The reviewers were Dr. Charles C. Coutant, retired from a career
with Pacific Northwest National Laboratory in Richland, Washington, and Oak Ridge National
Laboratory in Oak Ridge, Tennessee, and author of the Study Plan and expert in biological effects of
power plants on salmon in the Hanford Reach; Dr. Lyman L. McDonald, an internationally recognized
biometrician with long tenure of membership on the Northwest Power and Conservation Council’s
Independent Scientific Advisory Board for the Columbia River Basin Fish and Wildlife Program and
founder of Western EcoSystems Technology (WEST) Inc. Environmental and Statistical Consultants;
and Dr. Jared Studyvin, a research biometrician also of WEST Inc.

The following people and organizations contributed to this Fish Entrainment Characterization Study

and Report.
Table 1
Contributors to the CGS Entrainment Study and Report
Name Organization Role
Author of the Entrainment
Dr. Charles Coutant Coutant Aquatics Characterization Study Plan and
peer reviewer
. . Principal environmental scientist
Kip Whitehead Energy Northwest .
and project manager
Environmental and regulatory
Shannon Khounnala Energy Northwest
program manager
Marshall Schmitt Energy Northwest Technical support
Mechanical Maintenance Department Energy Northwest Fish cage deployment and
retrieval
Fix It Now Department Energy Northwest Cage insert optimization
Greg Jaschke Energy Northwest System% englneer, fish cage
insert design
. Syst i : ti I
Jaime Henle Energy Northwest ystems engineer, operationa
support
Larissa Rohrbach Anchor QEA Senior flsherles scientist and
project manager
Arial Evans Anchor QEA Field technician
Sydney Gonsalves Anchor QEA Scientist, data analyst
Kristi Geris Anchor QEA Field and project coordination
John Ferguson Anchor QEA Principal fisheries scientist, senior
review
WDFW Ringold/Meseberg Hatchery Source for juvenile steelhead
Source for Hanford Reach fall-
WDFW Pasco Field Office, Region 3 run Chinook fry abundance
estimates
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Name Organization Role
Dr. Lyman McDonald West, Inc. Peer statistical review
Dr. Jared Studyvin West, Inc. Peer statistical review
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2 Literature Review

2.1 Study Plan Task 1: Historical Fish Occurrence

Per the Study Plan (Task 1.A.), a Historical Fish Occurrence Literature Review (Anchor QEA 2018) was
prepared that provides a literature review on fish species present in the Hanford Reach, factors that
determine fish entrainment, entrainment risk at CGS, and a review of historical spring river elevations
and discharges.

Species that are at highest risk of encountering the CGS intake were identified (per Study Plan,

Task 1.B.) based on overlapping habitat preference for mid-channel or benthic habitat with river
conditions and fish size. The seasonal presence of the species at highest risk are shown in Figure 4. A
conservative assumption is that some risk exists for these species even though the CGS intake was
designed to bypass most fish. Periods of higher risk of encountering the intake occur when the most
vulnerable species are present in highest abundance from March through September, highlighted in
yellow in Figure 4. Though hydraulic bypass of fish is facilitated by sweeping velocities that exceed
approach velocity year-round, risk of encountering the intake may also increase late in the year when
submergence depths may fail to meet NMFS criteria of greater than one screen radius, or 1.75 ft,
highlighted in orange in Figure 4.

Concerns were raised by NMFS and WDFW about risk of entrainment and impingement to ESA-listed
and non-listed salmonids. Those migrating from upstream spawning and nursery areas include the
upper Columbia River spring Chinook salmon (Endangered), upper Columbia River steelhead
(Threatened), Wenatchee and Okanogan sockeye salmon (O. nerka; not listed), and coho salmon (O.
kisutch; coho salmon are unlisted, but currently a reintroduction effort exists to reverse historical
extirpation from the middle and upper Columbia River Basin). Typically, migratory smolts originating
from the upper Columbia River Basin (upstream of Hanford Reach) are a size that would exclude
them from becoming entrained through the CGS intake screens (greater than 75 mm in length,
correlating with a body depth greater than the 9.5 mm screen pore width; Bell 1990). In addition,
smolts from the upper Columbia River Basin tend to behave in ways that greatly minimize their risk
of impingement: their peak emigration timing is in spring and summer, concurrent with high river
discharge and peak sweeping velocities (shown in Figure 4); they tend to migrate near the surface,
placing them approximately 7 to 12 ft from the intake screens at this time of year; and they would
have burst swimming capacities greater than 2.5 ft per second (fps; Taylor and McPhail 1985), which
greatly exceed the bulk flow approach velocities of 0.07 fps through the CGS intakes. Based on these
biological factors, the risk of entrainment or impingement to migrating smolts from the upper
Columbia River Basin is negligible for the CGS intake structures.

Salmon and steelhead that emerge and rear within the Hanford Reach have higher potential risk due
to their small size and potential exposure to the intake during early development. Hanford Reach
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fall-run Chinook salmon are the salmonid species at highest risk due to their proximity and
abundance near the CGS intakes. Figure 5 shows determining factors of entrainment that are
evaluated individually relative to the biological characteristics of Hanford Reach fall-run Chinook
salmon (discussed in detail in the Historical Occurrence report, Appendix E) to characterize the level
of risk created by each individual factor. The entrainment factors that create the most risk for fall-run
Chinook salmon are their presence in proximity to the intake structure, their habitat preference that
causes them to move away from nearshore areas as they grow, and their small size relative to the
external screen pore size. These characteristics put fall-run Chinook salmon at relatively higher risk in
April and May when large numbers of fry are both small in size and starting to move away from
nearshore areas.

Extreme low water elevations are one factor that can increase risk of fish entrainment. Historical
water elevations during the March to June emergence period of juvenile Chinook salmon were
evaluated to assess when this risk has been elevated in the past (per Study Plan, Task 1.C). Risk may
increase if water levels are lower than one screen radius above the intake screen (NMFS 2011), a
depth of 21 inches or 343.05 ft (104.56 m) mean sea level for the CGS intake. A critical minimum flow
to protect salmon is maintained each year by agreements that apply to operation of Priest Rapids Dam,
to provide water elevations that keep salmon redds submerged and minimize the magnitude of flow
fluctuations during the rearing period within the Hanford Reach (Grant PUD 2004). Modeled river
elevation at the CGS intake site from March 1976 to January 2016 (Niehus et al. 2014; Perkins et al.
2018) encompasses the periods prior to implementation of the Vernita Bar Settlement Agreement
(VBSA) in 1984, after implementation of the VBSA, and after initial application of the Hanford Reach
Fall Chinook Protection Program Agreement (HRFCPPA) in 1999. Figure 6 displays the number of low
water events and event duration in hours for each of these three historical periods. Extreme low
water elevations occurred more frequently prior to the VBSA (52 events in 9 years compared to

54 events in 32 years). However, the mean duration of such events is highest in the post-HRFCPPA
period. Low-flow events lasted on average 24.1 hours during the 1999 to 2015 period. In 2001 and
2002, five events exceeded 40 hours, with one event lasting longer than 80 hours. It is notable that
the HRFCPPA was not finalized until 2004, and since then, there has only been one extreme low-flow
event of short duration (2 hours) in 2015. Since implementation of the HRFCPPA, the lowest flows in
the Hanford Reach typically occur in September and October, a time of year when most fall-Chinook
salmon fry have out-migrated from the Hanford Reach, and any that remain are likely to have grown
to a size that exceeds the CGS intake pore width (Dauble et al. 1989).

Entrainment factors that effectively minimize the risk to fall-run Chinook salmon are facilitated by
orientation of the intake in a relatively high-velocity, mid-channel location, parallel to flow that
creates sweeping velocities that exceeds maximum approach velocity by a factor of 10. It can also be
assumed that fall-run Chinook salmon can effectively avoid entrainment given their ability to sense
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rapid changes in acceleration and burst swimming capacity that also exceeds maximum approach
velocity by a factor of 10.
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3 Sampling and Analysis Methods

The Sampling and Analysis Protocol (SAP; Appendix B) provides detailed descriptions of the
mobilization, communication, sample collection, sample processing and identification, data
management, Quality Assurance and Quality Control procedures and documentation, and health and
safety protocols associated with the entrainment monitoring and other sampling conducted at CGS
in 2018 and 2019. Further details for safe and effective handing of sampled fish are described in
Tower Make-Up System (TMU) Fish Cages — Operational Considerations (EN 2018). A short summary of
the sampling methods used is provided in the following sections.

3.1 Task 2: Fish Entrainment Sampling

Fish entrainment sampling incorporated three components used to estimate overall fish entrainment
rates: routine fish entrainment monitoring, capture efficiency testing of entrainment cages, and ancillary
data collection to identify environmental or operational conditions associated with fish entrainment.

3.1.1 Task 2.A. Routine Fish Entrainment

Routine fish entrainment sampling involved intercepting and capturing entrained fish over a 24-hour
sampling period using specially designed cages located at the end of the two submerged intake
pipes within the CGS pumphouse (Figures 1 through 3). Sampling was carried out weekly from mid-
March through mid-June and every-other-weekfrom July through September in each of 2 years
(2018 and 2019) when intake pumps were operating at 60% of capacity or greater.

The Study Plan states that if more than 20 individual fish were captured during a routine sampling
session, contingency sampling is required, consisting of immediate redeployment of the sampling
cages for two sequential 12-hour “day” and “night” periods to monitor any diel variation in
entrainment. Due to low numbers of fish entrained in any one event, no contingency sampling
events were required.

3.1.2 Task 2.B. Capture Efficiency Testing

The efficacy of the sampling cages for capturing and retaining fish (capture efficiency) was estimated
and used as a correction factor to develop adjusted entrainment rate estimates. The minimum
requirement for capture efficiency is 0.80, per the SAP (Anchor QEA 2018).

Capture efficiency was evaluated using juvenile hatchery fish of similar size to wild Hanford Reach
Chinook salmon fry in three trials conducted each sampling year (six total trials in 2018 and 2019).
Hatchery-reared juvenile steelhead (O. mykiss) were obtained from Ringold/Meseberg Hatchery in
Mesa, Washington, and transported to the CGS pumphouse. The appropriate Fish Transport
Applications were obtai