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tailrace monitoring is not included in the Rocky Reach 401, it is included in this report, as
it seemed prudent that the report include all annual TDG monitoring conducted by Chelan PUD.
The final report can be found at the following link:
ftp://relicensingftp:relicensingftp987!@ftp.chelanpud.org/Relicensing.

Chelan PUD received comments on two review drafts of the report. Those comments have been
addressed throughout the body of the document, as well as in Appendix F, Response to
Comments.

If you have any questions, please do not hesitate to contact me.
Thank you,

Waikele Hampton
509-661-4627
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ABSTRACT

The Public Utility District No. 1 of Chelan County (Chelan PUD) monitored total dissolved gas (TDG) at
Rocky Reach and Rock Island projects from April 1 through August 31, 2009. The primary objective of
this monitoring program was to compare the state water quality TDG numeric criteria to the values
observed at the Rocky Reach and Rock Island projects throughout the duration of the 2009 fish passage
season (April 1 — August 31). Additionally, Chelan PUD obtained TDG data from Grant County PUD to
track TDG levels in the Wanapum Dam forebay. Data analysis showed that water coming into the Rocky
Reach forebay from upstream exceeded Washington State water quality criteria on 5 days. TDG exceeded
the modified Washington State water quality TDG criteria on 0 days in the Rocky Reach tailrace, Rock
Island forebay, and Rock Island tailrace during this monitoring period. Numeric criteria were exceeded
on 16 days (using the standard 12-hr rolling average method), and 14 days (using a method that eliminates

the double-counting issue) in the Wanapum forebay.
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1. INTRODUCTION

1.1 Project Description

The Columbia River watershed lies east of the Cascade Mountains and west of the Rocky Mountains and
encompasses parts of British Columbia, Idaho, Montana, Nevada, Oregon and Washington. Rocky Reach
and Rock Island projects are located in mid-Washington State on the mainstem of the Columbia River
(Figure 1). The study area involved 59 river miles (RM), from the forebay of Rocky Reach Project (RM
474) downstream to the forebay of Wanapum Project (RM 415). This included the 21 RM between Rocky
Reach and Rock Island dams and 38 RM between Rock Island and Wanapum dams.

1.1.1 Rocky Reach
The powerhouse at Rocky Reach Project contains a total of 11 vertical axis-generating units and is

situated on the west half of the river parallel to the flow (Figure 2). The spillway at Rocky Reach houses
12 individually opening 170-ton tainter gates arranged on the east half of the river, perpendicular to the
river flow. The normal maximum reservoir water surface elevation is 707 ft. with an average tailrace
water surface elevation of 618 ft., providing a gross head of 89 ft. The depth of the stilling basin

immediately downstream of the project is approximately 40 ft. at average tailwater elevation.

In 2003, Chelan PUD began operation of the Juvenile Bypass System (JBS), which continues to be the
primary juvenile fish survival tool at Rocky Reach Project. Testing completed during the first year of
operation assisted Chelan PUD in determining the guidance efficiency of the JBS and estimate the level
of spill necessary to meet the Rocky Reach Habitat Conservation Plan (RRHCP) survival standards. Due
to the success of the JBS, Chelan PUD was able to eliminate fish spill for yearling Chinook and steelhead
(generally mid-April to early-June) and was able to reduce spill for summer (generally mid-June to
mid/late August) Chinook in 2007 and 2008, and continued this spill regime in 2009. The most efficient
use of voluntary fish survival spill at Rocky Reach will be to supplement the effectiveness of the JBS,

when needed, to reach survival goals of the RRHCP.

The fish spill program at Rocky Reach was managed to maximize fish passage, meet HCP requirements,

minimize voluntary spill, and still stay within the terms of the State TDG fish spill water quality criteria.

Voluntary spill levels were managed in real time as detailed in the TDG Operational Plan (Appendix A)
for the Rocky Reach Project. When Project operators observed instantaneous TDG levels that exceeded

the criteria as set forth in the Plan, spill was reduced and TDG levels monitored.
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1.1.2 Rock Island

Rock Island Project consists of two separate powerhouses connected by a spillway. There are a total of

18 generating units; ten vertical axis Kaplan and Nagler turbines in the first powerhouse on the east shore,
and eight horizontal axis bulb turbine generators in the second powerhouse on the west side of the river
(Figure 3). The spillway is 1,184 ft. long and houses 31 spillgates divided by a center adult fishway. The
east spillway contains a total of 14 gates, arranged perpendicularly to the river flow. The west spillway
has 17 gates, situated at a slight angle to the river flow. Spillways are either 33 or 55 feet deep and have
two or three spillgates stacked in the gate slot. Lifting one or more of these crest gates regulates spill
volume. Each gate is 30 feet wide by 11 or 22 feet high. A total of nine gates have been modified or
constructed to provide relatively low volume (1,850 or 2,500 cubic feet per second (cfs)) surface spill for
fish bypass. The normal maximum reservoir elevation of Rock Island Project is 613 ft. with a tailrace
elevation of 572 ft. and a head of 41 ft. Tailrace bathymetry below Rock Island is complex and ranges in
elevation from approximately 580 ft. below bays 21-23 to approximately 520 ft. below Bay 1.

Chelan PUD has developed and installed two flow deflector ramps at Rock Island Dam. One was
designed for and installed in a deep spillway bay (Bay 29) in 2000. The second was designed for and
installed in a shallow spillway bay (Bay 16) in 2001. The designs for these deflectors were tailored for the
use of the notched gate systems at the Rock Island Project. The main objectives for the designs were to
reduce the uptake of TDG per total volume of water and to safely pass downstream migrants during the
fish spill season. During the 2009 spill season, only the deflector in Bay 16 was utilized, as the deflector

in Bay 29 was damaged during the 2005 season and was later removed and has not been replaced.

Additionally, Chelan PUD designed and installed a single bay Over/Under gate between 2004 and 2006.
Testing of the gate indicated a reduction in TDG uptake by 8.5 to 13.5% points, as compared to the
existing notched gate method, and by an additional 2.5 to 4.5 % points as compared to deflectors. Fish
passage survival tests performed indicated that overall survival was between 99% and 100%. Because the
original Over/Under gate was successful at reducing TDG and maintaining fish survival, Chelan PUD
made the decision to have three in place prior to the initiation of the 2007 spill season and these were
utilized in 2008 and again in 20009.

Operating under a spill regime of 20% of the daily average river flow through 2006, the Rock Island HCP
(RIHCP) survival standards for spring plan species have been met at Rock Island. Due to the success of
the survival studies thus far, Chelan PUD began testing powerhouse optimization in 2007, resulting in

spring voluntary (fish) spill being reduced to 10% of the daily average river flow. Chelan PUD continued
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the powerhouse optimization test in 2008 and 2009. Summer spill remains at 20% of the daily average

river flow.

The fish spill program at Rock Island was managed to maximize fish passage, meet HCP requirements,

minimize voluntary spill, and still stay within the terms of the State TDG fish spill water quality criteria.

Voluntary spill levels were managed in real time as detailed in the TDG Operational Plan (Appendix A)
for the project. When Project operators observed instantaneous TDG levels that exceeded the criteria as

set forth in the Plan, spill was reduced and TDG levels monitored.

1.2 Fixed Monitoring Site (FMS) Locations

At all sampling locations discussed below, TDG measurements were recorded throughout the monitoring
season at 15-minute intervals, enabling plant operators to adjust spill volumes to maintain gas levels to
reduce the likelihood of exceeding the TDG criteria. These 15-minute intervals were averaged into
hourly readings for use in compiling daily and 12-hour averages. All hourly data were forwarded to
Chelan PUD headquarters building and then onto the US Army Corps of Engineers Reservoir Control
Center and posted at their site on the World Wide Web.

Forebay FMS were located at fixed sites on the upstream face of Rocky Reach and Rock Island projects
(Figures 2 and 3, respectively). A dissolved gas probe (Minisonde) developed by Hydrolab, Inc. was
lowered down a conduit secured to the upstream face of each project and submerged to a depth of

approximately 15 ft.

Tailrace monitoring stations were located downstream of both projects. The Rocky Reach monitoring
station was located approximately one third of a mile downstream of the spillway on the juvenile fish
bypass outfall (Figure 2), as required by the 401 Water Quality Certification (Ecology, April 4, 2006).
This location was chosen because it was the most feasible location near the end of the aerated zone, which
is the compliance point for the Mid-Columbia TDG TMDL. There is not a bridge or other structure
downriver of Rock Island Project to which a monitoring station can be attached. For this reason, Chelan
PUD developed a monitoring station about 1.5 miles downriver from the project on the eastern shoreline
(Figure 4). Representativeness of the site is summarized in the Total Maximum Daily Load for Total
Dissolved Gas in the Mid-Columbia River and Lake Roosevelt Submittal Report (2004):

The representativeness of TDG readings at the tailwater FMS can vary according to
spillway and powerhouse operations. Since spill flows tend to hug the east bank, the river
is not fully mixed at the tailwater FMS. Operation of the Second Powerhouse will tend to
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push higher TDG flows into the east bank. However, First Powerhouse flows can have
the opposite effect, pushing higher TDG flows towards the middle of the channel so that
FMS readings reflect forebay TDG levels carried by powerhouse flows.

Either a Hydrolab Minisonde or Datasonde4 was deployed at each tailrace site. The units were

submerged approximately 15 ft. below the surface using a 3/8-inch weighted wire cable.

1.3 Regulatory Framework
1.3.1 Washington State Department of Ecology (Ecology) Water Quality Numeric Criteria

The Washington State water quality numeric criterion for TDG is set at 110% of saturation at the water
surface barometric pressure, with a special condition for spill for fish passage. This special fish passage
criterion states that TDG must not exceed an average of 120% saturation in the tailrace and 115%
saturation in the forebay of the next downstream projects. These average TDG saturation levels are based
on the average of the 12 highest consecutive hourly measurements in a 24-hour day. The TDG levels shall
not exceed an average 125% for more than one hour in a 24-hour day in the tailrace.

The amount of control that Chelan PUD has over TDG supersaturation in the Columbia River is limited to
control of spill at the Rocky Reach and Rock Island projects. In high flow years, river flows regularly
exceed the hydroelectric capacity of projects located on the mainstem Columbia, forcing large volumes of
water to be spilled throughout the basin. Meekin and Allen (1974) noted that supersaturated waters do
not completely equilibrate in transit through the downstream reservoirs. In many years, TDG levels
arriving at the Rocky Reach forebay exceed the 110% TDG criteria and even the 115% fish passage
exemption due to spill at upstream projects. When TDG levels arrive at the Rocky Reach forebay
exceeding the 115% forebay criterion, the Chelan PUD projects may not be able to meet the TDG criteria
for the tailrace or the forebay of the next project.

1.3.2 Daily TDG Compliance Value Calculation

Chelan PUD calculated TDG levels for compliance with the numeric criteria as per an April 2, 2008
memo from Chris Maynard (former Hydropower Coordinator with Ecology), which reads:

“Beginning during the 2008 spill season, the operators should use the following method to
average and report the 12 consecutive hourly highest (12-C high) TDG reading in a day:
Method: Use a rolling average to measure 12 consecutive hours. The highest 12 hour
average in 24 hours is reported on the calendar day (ending at midnight) of the final
measurement.
» The first averaging period of each calendar day begins with the first hourly
measurement at 0100 hrs. This hour is averaged with the previous day’s last
hourly measurements.
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» Each subsequent hourly measure is averaged with the previous 11 hours
until there are 24 averages for the day.

» From the 24 hour averages, the highest average is reported for the calendar

> Roundd?ﬁg 12 hour average to nearest whole number.”
Using a rolling average that begins at 0100 hrs results in counting the hours 1400 through 2359 twice — in
the average calculations on the day they occur AND on the next reporting day. As a result, a TDG water
quality criterion exceedance may be indicated on two separate days based on the same group of hours.
Consider a spill event beginning at 1300 hrs on a Tuesday and continuing through 0100 hrs on
Wednesday. Suppose TDG values during those hours of spill were 125% and 100% for all remaining
hours. Under this situation, 12-C High values would be 125% for both days despite daily averages
equaling 112% and 101%, respectively. In other words, Wednesday would be deemed out of compliance
despite having only one hour above the standard (since the 0100 hrs moving average includes the 11

previous hours of high spill occurring on Tuesday).

This “double-counting” of some of the hourly TDG values could potentially lead to critical management
decisions that alter operational or physical characteristics of a particular hydroelectric project. Because
there was no established methodology prior to the 2009 monitoring season to address this “double
counting” issue, Chelan PUD followed the below methodology to address such:

1. Calculate a moving average for each hour, including that hour and the previous eleven
consecutive hours (which may or may not include the previous calendar day), resulting in a
12-hour moving average, with trailing values, associated with each daily hour.

2. Review the data to determine if there is an exceedance (12-C High > 120%).

3. When it appears an exceedance is a result of the influence of high hourly TDG levels from
the previous day, filter the data set to exclude the first twelve 12-hr rolling averages of that
day when an exceedance was noted.

4. Tabulate the resulting data set to reflect the maximum value observed on each specific
calendar date. In other words, the greatest moving average value (including the previous
eleven hours) observed through the last twelve hours of each day should be reported.

5. Count the total number of resulting values that exceed 120%. This should be reported as a
number of days and as a proportion of total days observed (e.g., X days above 120% =+ total
number of days measured = XX.X % days of exceedance).

Use of the above methodology allowed for the monitoring of consecutive hours while eliminating “double
counting”. In the abovementioned example, only one day, not two, would have violated compliance under

this method.
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Chelan PUD understands and appreciates the need for consistency throughout the basin in regards to
compliance monitoring and reporting and will modify or replace the methodology described above at such

time as Ecology provides an approved method.
1.4 2009 Gas Abatement Plan (GAP) Requirements
Following is information that summarizes monitoring requirements as per the approved 2009 Gas

Abatement Plans for Rocky Reach and Rock Island.

1.4.1 Operational

Operational gas abatement measures proposed at both projects were limited to the operational spill
programs (Rocky Reach, See Section 2.3.1.1), continuing powerhouse optimization studies (Rocky Reach
and Rock Island), and continuing use of the Over/Under gates (Rock Island).

As stated in the Rocky Reach and Rock Island Gas Abatement Plans, Chelan PUD was to manage spill
toward meeting water quality criteria for TDG during all flows below 7Q10 levels, but only to the extent
consistent with meeting the passage and survival standards sets forth in the HCPs, as follows:

a. Minimize voluntary spill,

b. During fish passage, manage voluntary spill levels in real time in an effort to continue meeting
TDG numeric criteria,

c. Minimize spill, to the extent possible, by scheduling maintenance based on predicted flows.

1.4.2 Structural

No structural gas abatement measures were proposed for either project in 2009, as Chelan PUD continues
to conduct RRHCP and RIHCP survival studies. For the studies to be considered valid, the studies need to
take place during average flow conditions and normal project operating conditions consistent with the
approved study design. This means project operations; including spill levels and configurations, as well
as the overall project structure (such as spillway structures), need to remain constant during the survival

studies.

1.4.3 Monitoring

As required by issuance of a TDG exemption for the Rocky Reach and Rock Island projects, Chelan PUD
was to continue to implement physical and biological monitoring programs during the juvenile fish
migration season. Activities include fisheries management activities, participation in water quality

forums, collection of TDG data during the migration season, and collection of biological monitoring data.
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Details of these monitoring requirements can be found in Appendix B for Rocky Reach, and Appendix C

for Rock Island.

2. OPERATIONS

2.1 Description of 2009 Fish-Spill Season Flow Characteristics

Historic (10-yr average, 1999-2008) flows during spring (April 1 — June 9) and summer (June 10 —
August 31) at Rocky Reach and Rock Island, as compared to 2009 flows are shown in the table below.

Table 1. 2009 river flows compared to 10-yr average flows (in kcfs).

10-yr ave flows (1999-2008) 2009 flows % of 10-yr average
Spring
Rocky Reach 126.48 118.57 93.75
Rock Island 132.19 124.66 94.13
Summer
Rocky Reach 124.72 100.21 80.35
Rock Island 129.01 102.97 79.82

2.2 Spill Configurations
2.2.1 Rocky Reach
The spillgate pattern employed at Rocky Reach was originally designed to provide proper conditions in

the tailrace to prevent delay of adult salmon and steelhead finding the entrances to the upstream fishway.
This spillgate pattern, referred to as the “standard” spill pattern, uses spillgates 2-8 opened at different
settings in order to create an inverted “V” of aerated water and water velocities projecting downstream
from the spillway. Radio telemetry studies of adult salmon and steelhead have shown that this flow
pattern prevents fish from being lead away from the fishway entrances by false attraction to spillway
flows and, when properly shaped, prevents cross currents from confusing fish and creating a hydraulic
barrier in the vicinity of fishway entrances. This standard spill pattern has also been shown to be
successful for juvenile fish passage spill (juvenile survival is very near 100% using this pattern). Gates 9-

12 are used only in high flow conditions when gates 2-8 cannot pass enough water.

The spill level that is set for fish passage is subject to real-time modification to meet TDG standards, in
accordance with a real-time operational plan. The Project operators are instructed to monitor the tailrace
TDG level and reduce spill if TDG levels specified in the TDG Operational Plan (Appendix A) are

exceeded. The operators at the Rock Island Hydroelectric Project are also instructed to inform the
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operators at Rocky Reach when the Rock Island forebay TDG level exceeds 115%. Since implementation

of this plan, TDG exceedances in the Rocky Reach tailrace have been reduced.

The standard spill pattern was not deviated from in 2009 at Rocky Reach.

2.2.2 Rock Island

The standard spill pattern for fish spill at Rock Island first utilizes the three Over/Under gates (31, 32,
30), then with increased spill, followed by the notched gates (1, 26, 16, 18, 24, 29), and finally the full
gates (20, 17, 19, 22, 25 and 21).

The spill level that is set for fish passage is subject to real-time modification to meet TDG standards, in
accordance with a real-time operational plan. The Project operators are instructed to monitor the tailrace
TDG level and reduce spill if TDG levels specified in the TDG Operational Plan (Appendix A) are
exceeded. Additionally, the Rock Island operators are also instructed to inform the operators at Rocky
Reach when the Rock Island forebay TDG level exceeds 115%. Since implementation of this plan, TDG

exceedances in the Rock Island tailrace have been reduced.

The standard spill pattern was not deviated from in 2009 at Rock Island.

2.3 Fish Spill Program

As part of the HCPs for the Rocky Reach and Rock Island Hydroelectric Projects, Chelan PUD is
required to meet survival standards for fish migrating through the projects. Juvenile dam passage survival
is a key component of project survival. Chelan PUD uses a different combination of tools to facilitate
fish passage at the Rocky Reach and Rock Island Projects because of each project’s unique features. At
Rocky Reach, passage is facilitated by the new $112 million juvenile fish bypass system (JBS), which is
the primary method to increase juvenile dam passage survival. The efficiency of the JBS has reduced the
amount and duration of spill at certain phases of the migration season, thereby reducing TDG levels. At
Rock Island, spill is still the preferred method of moving fish past the project, with most of the spill being

passed through the modified “notched” spill gates.

The spill regimes implemented by Chelan PUD at each project are dictated by the timing of each species
of fish migration. In the spring (generally mid-April to early- June), yearling Chinook, steelhead and
sockeye migrate past the projects, while sub-yearling Chinook migrate during the summer (generally mid-

June to mid/late-August).
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2.3.1 Fish Spill Quantities and Duration

Spill scenarios can be divided into two categories: fish spill and non-fish spill. Generally speaking, fish

spill is considered voluntary and non-fish spill is considered involuntary. Non-fish/involuntary spill
scenarios are, but are not limited to:

Flow in excess of hydraulic capacity
Plant load rejection spill

Immediate replacement spill
Maintenance spill

Error in communication spill

Definitions of these spills can be found in the 2009 Rocky Reach and Rock Island Gas Abatement Plans.

In 2009, spill events between April 1 and August 31 were predominately voluntary spill events for fish
passage; however, there were some non-fish/involuntary spill events at both projects. Of the water spilled
at Rocky Reach, 7.5% was involuntary spill (primarily due to spill past units), while 92.5% was voluntary

spill. At Rock Island, .31% of water spilled was involuntary spill and 99.69% was voluntary spill for fish.

Tables 2 and 3 below show spill levels for different purposes at Rocky Reach and Rock Island in 20009.

Table 2. Average monthly total flow, spill, and percent of total flow spilled for different purposes at
Rocky Reach, April 1 — August 31, 2009.

Spill Purpose
Average | Average | Misc Fish Spill Other

Flow Spill Flow Spill % of | % of Total | Spill % of % of Total

(Kcfs) (Kcfs) | (Kcfs) | (Kcfs) flow Spill (Kcfs) flow Spill
April 108.17 0.72 0.43 0 0 0 0.72 0.67 100
May 119.32 0 0.07 0 0 0 0 0.00 0
June 144.47 9.7 0.43 8.61 5.9 88.76 1.09 0.75 11.24
July 102.34 8.66 0.43 8.65 8.5 99.88 0.01 0.01 0.12
August 74.2 5.41 0.43 5.39 7.3 99.63 0.02 0.03 0.37
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Table 3. Average monthly total flow, spill, and percent of total flow spilled for different purposes at
Rock Island, April 1 - August 31, 2009.

Spill Purpose
Average | Average | Misc Fish Spill Other

Flow Spill Flow Spill %of | %ofTotal | Spill % of % of Total

(Kcfs) (Kcfs) | (Kcfs) | (Kcfs) flow Spill (Kcfs) flow Spill
April 111.07 6.39 1.5 6.39 5.8 100 0 0 0
May 126.28 13.75 1.5 13.68 10.8 99.49 0.07 0.06 0.51
June 152.38 25.14 1.5 25.07 16.5 99.72 0.07 0.05 0.28
July 103.85 20.9 15 20.84 20.1 99.71 0.05 0.05 0.29
August 74.18 8.27 1.5 8.24 11.1 99.64 0.03 0.04 0.36

The following sections describe in detail the voluntary fish spill quantities and durations at Rocky Reach

and Rock Island.

2.3.1.1 Rocky Reach
During the spring of 2009, Chelan PUD operated the juvenile fish bypass system exclusively with no

voluntary spill for yearling Chinook and steelhead passage. For sockeye, Chelan PUD conducted a
survival study testing alternative day/night tagged fish release methods. During this study the powerhouse
operated under normal fish bypass operations, with no Project spill. The test was to evaluate the
experimental differences between day time and night time releases for tagged juvenile sockeye smolts,
and the effects on Project survival for both groups of fish. This test included running the turbine units in
best efficiency mode for power production to evaluate the differences in route-specific survival and

Project survival with all available river flow passing through turbines.

To meet RRHCP survival standards for sub-yearling Chinook, Chelan PUD had a target spill level of 9%
of daily average river flow at Rocky Reach for a duration covering 95% of their outmigration during the
summer of 2009. The summer spill program for sub-yearling Chinook began on June 10 and initially
ended on August 14. Due to an increase in fish counts following termination of fish spill, spill was
reinitiated on August 19, ending for the season on August 31. Total spill for the summer spill program

amounted to 9.06% of the daily average river flow.

2.3.1.2 Rock Island
Spill through modified gates remains the primary fish passage measure used to meet RIHCP survival
standards at Rock Island Project. In 2009, Chelan PUD conducted a third RIHCP Project Survival study

for juvenile yearling Chinook, sockeye, and steelhead at a 10% Project spill level. Spring spill of 10%
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began on April 17 and was continued through June 9. Total spill for the spring fish spill season amounted

to 10.01% of the daily average river flow.

Rock Island fish spill increased to 20% upon onset of the summer outmigration of sub-yearling Chinook.
Summer spill commenced on June 10 and continued through August 17. Total spill for the summer fish

spill season amounted to 19.96% of the daily average river flow.

Spring and summer spill covered 95% of the juvenile outmigration for steelhead, sockeye, yearling and
sub-yearling Chinook.

3. IMPLEMENTATION RESULTS
3.1 Fisheries Management

3.1.1 Fish Passage Efficiencies

A fish passage efficiency study was conducted for sockeye salmon at Rocky Reach in 2009. The study
report has not yet been finalized, but preliminary results show a 65.07% fish passage efficiency (fish
passing through the Rocky Reach juvenile fish bypass system) during the daytime, and a 32.19% passage
efficiency at night. Survival through the Rocky Reach surface collector and bypass system for both day

and night was estimated to be 99.68% for all sockeye.

3.1.2 Survival Studies

Both the Rocky Reach and Rock Island HCPs include an overall project survival goal for adult and
juvenile fish of 91%. However, biologists agree that at this time adult fish survival cannot be conclusively
measured for each species covered by the plan. To compensate for the scientific unknowns, the HCPs set
even higher standards for juvenile survival at each project— 95% juvenile dam passage survival and 93%
juvenile project survival throughout the Project (i.e.,1,000 feet below the tailrace of the upstream dam to
1,000 feet below the tailrace of the project dam). Juvenile passage survival is the major component of the
HCPs, but since the Projects are so distinct, different methods have been and will continue to be used at

each dam to meet the survival goals set forth in the HCPs.

3.1.2.1 Rocky Reach

During the spring of 2009 Chelan PUD conducted a survival test to evaluate the experimental differences

between day time and night time releases for tagged juvenile sockeye smolts and the effect on Project

survival for both groups with no project spill.
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Results of the 2009 survival study showed a Project Survival of 95.45% (SE=0.0118) for combined day
and night sockeye releases from below Wells Dam. Project Survival for day time releases of sockeye was

estimated to be 95.07%, while project survival for night time releases was estimated at 95.92%

3.1.2.2 Rock Island

Chelan PUD planned to conduct a survival study on yearling Chinook, steelhead, and sockeye during the

spring of 2009. However, due to acoustic tag battery life issues, the yearling Chinook and steelhead
survival studies were discontinued in May. The sockeye test to measure passage survival through the
Rock Island Project continued as planned. Results of the test follow.

Rock Island Project Survival for juvenile sockeye in 2009 was estimated to be 94.57% (SE=0.159) with
the project spilling 10% of the day average river flow for the spring juvenile outmigration period.

3.2 Biological Monitoring (GBT)

As part of the Fish Passage Center’s Smolt Monitoring Program, yearling and sub-yearling Chinook
salmon and steelhead were examined for evidence of gas bubble trauma (GBT) at Rock Island Dam
between April 23 and July 30, 2009. Each week a random sample of up to 100 fish composed of both
yearling Chinook salmon and steelhead were examined in April and May two days per week. In June,
when the sub-yearling Chinook salmon collection was greater than the yearling collection, the sample was
changed to up to 100 sub-yearling Chinook salmon examined two days per week. Examinations followed
Fish Passage Center (FPC) standardized procedure as outlined by FPC (2004).

A total of 2,090 yearling Chinook, sub-yearling Chinook, and steelhead were examined for GBT, with

0.6% showing external signs.

3.3 Water Quality Forums

Chelan PUD participated in (via conference call) the Corps’s year-end TDG Monitoring and
Quality Assurance/Quality Control (QA/QC) meeting, at which presentations were made from
the various agencies conducting TDG (and other water quality) monitoring within the Columbia
River Basin. Topics included data completeness, quality, calibration results, new or improved
monitoring methods, etc. Agencies presenting at this meeting included the USGS, Corps, other
mid-Columbia River PUDs, and private consultants.
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Chelan PUD has regularly attended the Transboundary Gas Group Meeting since early in its history and is
currently the Co-Chair of the group. This year’s agenda included discussions on the history and evolution
of the group, Oregon and Washington States’ modification of TDG monitoring and tracking requirements,
how exceedances are measured in various jurisdictions, Chief Joseph deflector spill test, Spokane River
FERC License and efforts to mitigate TDG at Long Lake Dam, TDG study related to the new Wanapum
Dam fish bypass system, and an update on the TDG study at Boundary Dam.

3.4 Physical Monitoring (TDG)

3.4.1 Overview

TDG in the forebays and tailraces of Rocky Reach and Rock Island projects, as well as the forebay of
Wanapum Project, varied throughout the spring and summer of 2009. Figures 5 and 6 show the average
of the 12 highest consecutive hourly readings from each 24-hr period during the fish spill season from
each fixed monitoring site. This variation was due in part to changing spill volumes at the projects. At
Rocky Reach and Rock Island, 96.09% and 99.71% of spill, respectively, from April 1 to August 31,
2009 was voluntary for fish passage. Tables 2 and 3 outline the percentage and type of voluntary and
involuntary spill from April 1 to August 31, 2009 at both Rocky Reach and Rock Island. Monthly
average spills at Rocky Reach ranged from 0.00 to 9.88 thousand cubic feet per second (kcfs) and from
6.47 to 25.17 kcfs at Rock Island (Table 3). Minimum and maximum daily average spills at Rocky Reach
varied from 0 to 37.13 kcfs and from 0 to 33.46 kcfs at Rock Island Project.

During the 2009 spill season (including voluntary and involuntary spill) monthly average TDG levels
decreased an average of 0.2% (range: decrease of 0.5% to an increase of 0.5%) from the Rocky Reach
forebay to the Rock Island forebay. Between the forebays of Rock Island and Wanapum projects, TDG
gas levels increased an average of 1.0% (range: decrease of 0.9% to an increase of 2.9%). A summary of

this data can be found in Table 4 below.
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Table 4. Average TDG levels (based on 12- highest consecutive hours) and changes in TDG between the
forebays of Rocky Reach, Rock Island, and Wanapum projects, April 1 — August 31, 2009.

Forebay TDG % Saturation Change in TDG % Saturation
Rocky Reach to | Rock Island to
Rocky Reach Rock Island Wanapum Rock Island Wanapum

April 107.0 107.5 106.6 0.5 -0.9
May 110.1 109.6 1125 -0.5 2.9
June 112.0 111.6 113.3 -0.4 1.6
July 114.0 113.4 115.2 -0.6 1.7
August 109.7 109.9 109.6 0.2 -0.3
Average 110.6 110.4 111.4 -0.2 1.0

Table 5 below provides a summary of total flow spilled, percent river flow spilled, and change in TDG

from forebay to tailrace at Rocky Reach and Rock Dams during the 2009 spill season.

Table 5. Rocky Reach and Rock Island projects: Average of total volume spilled (voluntary and
involuntary), percent total river flow spilled, and change in percent TDG from forebay to tailrace, April 1
— August 31, 2009.

Rocky Reach Rock Island

Average

Volume Percent Total Change in Average Percent Change in

Spilled River Flow Percent Volume Total River Percent
Month (Kcfs) Spilled TDG Spilled (Kcfs) | Flow Spilled TDG
April 0.72 0.70 -1.8 6.39 5.75 1.3
May 0.00 0.00 -2.2 13.75 10.89 2.7
June 9.70 6.70 0.02 25.14 16.50 3.4
July 8.66 8.46 -1.1 20.90 20.13 3.8
August 541 7.29 -0.3 8.27 11.15 2.7
Average 4.90 4.63 -1.1 14.89 12.88 2.8

The extensive nature of the hourly data makes presentation of the complete data set in this report
impractical. Hourly data can be obtained upon request from Chelan PUD or can be accessed at the

following internet site: http://www.nwd-wc.usace.army.mil/report/tdg.htm.

Regression analysis was used to evaluate the relationship between the change in TDG levels from forebay
to tailrace and the total volume spilled at both Rocky Reach and Rock Island projects, as well as from the

tailrace of each project to the forebay of the next downstream project. Hourly flow and TDG data were
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grouped by spill season (spring: April 1 —June 9, summer: June 10 — August 31, based on fish run-
timing). These results were examined to identify any correlation between project operations and spill

related TDG fluctuations from the forebay to the tailrace.

Data analysis showed that water coming into the Rocky Reach forebay from upstream exceeded
Washington State water quality criteria on 5 days (3.3% of the total number of days observed). TDG
exceeded the modified Washington State TDG fish spill water quality criteria on 0 days in the Rocky
Reach tailrace, Rock Island forebay, and Rock Island tailrace during this monitoring period. Numeric
criteria were exceeded on 16 days (10.6% of the total number of days observed) (using the standard 12-hr
rolling average method), and 14 days (using the revised method that eliminates the double-counting issue)
in the Wanapum forebay (Grant County PUD). Wanapum Dam Project operations and tailrace
compliance were not impacted by the elevated TDG levels in the Project forebay (Hendrick, personal

communication).

3.4.2 Data evaluation and analyses (QA/QC)

TDG levels from both the forebay and the tailrace of Rocky Reach and Rock Island projects were

obtained every fifteen minutes and the hourly averages of these readings were recorded in the head-
quarters computer from April 1 to August 31, 2009. Hourly TDG data from Rocky Reach and Rock
Island projects was averaged and the daily averages are presented in Appendix D. A comparison was
made to determine what percentage of all possible data (hourly readings at all FMS) was collected
throughout the monitoring season. Prior to the start of fish spill-season, software and hardware upgrades
were completed at each FMS to help increase the FMS system reliability. Throughout the 2009
monitoring season (April 1 - August 31), 100% of all possible data were collected at the Rocky Reach
forebay and tailrace FMS and the Rock Island forebay FMS. At the Rock Island tailrace FMS, 97.4% of

all possible data were collected.

Chelan PUD entered into a Professional Services Agreement with Columbia Basin Environmental to
perform monthly calibrations and equipment maintenance. Quality Assurance/Quality Control measures
were accomplished through training in instrument maintenance, operation, and factory prescribed
calibration methods. A detailed log was maintained for all work done on the monitoring equipment,
including monthly maintenance, calibration, exchange of instruments, and any other pertinent
information. Redundant measurements with a mobile instrument to verify the accuracy of the in-situ
instruments were conducted during the monthly calibrations. Calibration reports are included as Appendix
E.
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3.4.3 Spring 2009

There was no spill during the spring at Rocky Reach Dam in 2009. The spring spill program was

conducted from April 17 to June 9 at Rock Island Dam. The following data represents voluntary and
involuntary spill events beginning April 1, continuing to June 9 at both projects. Data presented in the

following are based on the daily average of the 12 highest consecutive hours.

3.4.3.1 Rocky Reach

From April 1 to June 9, 2009, TDG levels in the Rocky Reach forebay averaged 108.9% and ranged from
103.9% to 112.3%. TDG levels in the tailrace averaged 106.8% and ranged from 102.8% to 110.5%.
The average (based on the 12 highest consecutive hours) change in percent TDG from the forebay to the

tailrace was a decrease of 2.1%, ranging from a decrease of 3.7% to an increase of 1.9%. A summary of
this data can be found in Table 6 below. Because minimal water was spilled (and none for fish purposes)
during the spring at Rocky Reach, a regression analysis to determine a relationship between the change in
percent TDG between the forebay and tailrace and total volume spilled was not conducted.

3.4.3.2 Rock Island
From April 1 to June 9, 2009, TDG levels in the Rock Island forebay averaged 108.8% and ranged from
104.5% to 112.0%. TDG levels in the tailrace averaged 110.9% and ranged from 103.9% to 114.0%.

The average (based on the 12 highest consecutive hours) change in percent TDG from the forebay to the

tailrace was an increase of 2.1%, ranging from a decrease of 1.5% to an increase 5.1%. A summary of
this data can be found in Table 6 below. Regression analysis showed a moderate relationship between the

change in TDG and total volume spilled (r*=.6976, Figure 9).

3.4.3.3 Wanapum Forebay

From April 1 to June 9, 2009, TDG levels in the Wanapum forebay averaged 110.0% and ranged from
102.7% to 115.2%.
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Table 6. Average spring (April 1 —June 9) TDG levels (based on the 12-highest consecutive hours) in
forebay and tailrace of Rocky Reach and Rock Island and forebay of Wanapum.

Rocky Reach (spill
Rocky Reach events only) Rock Island Wanapum

Average | Range | Average | Range | Average | Range | Average | Range
Forebay 103.9 - 103.9- 1045 - 102.7 -
TDG 108.9 112.3 107.15 109.4 108.8 112 110.0 115.2
Tailrace 102.8 - 105- 103.9 -
TDG 106.8 110.5 106.3 108.9 110.9 114
Change
(FB to TR) -2.1 -3.7-19 | -084 | -26-19 2.1 -15-5.1

3.4.3.3 Change in TDG from Tailraces to Forebays

As stated above, from April 1 to June 9, 2009, TDG levels in the Rocky Reach tailrace averaged 106.8%
(range: 102.8% to 110.5%), and averaged 108.8% (range: 104.5% to 112.0%) in the Rock Island forebay.
This amounts to an average increase in TDG of 2% (range: 0.2% to 3.8%) between the Rocky Reach

tailrace and the Rock Island forebay. Regression analysis showed a weak relationship between the change
in TDG and total volume spilled (r*=.0166, Figure 10).

As stated above, Rock Island tailrace TDG levels averaged 110.9% (range: 103.9% to 114.0%).
Wanapum forebay TDG levels averaged 110.0% (range: 102.7% to 115.2%). The resulting average
change in TDG levels between the Rock Island tailrace and Wanapum forebay was a decrease of 0.5%
(range: -5.4% to 5.5%). Regression analysis showed a weak relationship between the change in TDG and

total volume spilled (r*=.0165, Figure 11).

Table 7. Change in percent TDG between tailraces and forebays in spring (April 1 —June 9), 2009.

Change Change
RRTR | RIFB | (TR to FB) RITR | WanFB | (TR toFB)
average | 106.8 108.8 2.0 110.9 110 0.5
min 102.8 104.5 0.2 103.9 102.7 -0.5
max 110.5 112.0 3.8 114.0 115.2 5.5

3.4.4 Summer 2009

The 2009 summer fish spill at Rocky Reach was conducted from June 10 to August 31 and at Rock Island

from June 10 to August17. The following data represents voluntary and involuntary spill events
beginning June 10, continuing through August 31. Data presented in the following is based on the daily

average of the 12 highest consecutive hours.
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3.4.4.1 Rocky Reach
From June 10 to August 31, 2009, TDG levels in the forebay of Rocky Reach Project averaged 112.0%,
ranging from 106.9% to 116.9%. TDG levels in the tailrace averaged 111.7%, and ranged from 104.6%

to 115.5%. The average (based on the 12 highest consecutive hours) change in percent TDG between the

forebay and tailrace was a decrease of 0.3%, ranging from a decrease of 3.8% to an increase of 3.5%. A
summary of this data can be found in Table 8 below. Regression analysis showed a weak correlation
between the change in percent TDG and total volume spilled (r’= 0.217 Figure 12).

3.4.4.2 Rock Island

From June 10 to August 31, 2009, TDG levels in the forebay of Rock Island Project averaged 111.8% and
ranged from 107.3% to 114.9%. The readings in the tailrace averaged 115.2% and ranged from 107.4%
to 119.3%. The average (based on the 12 highest consecutive hours) change in TDG from the forebay to

the tailrace averaged an increase 3.4% with a range from a decrease of 0.3% to an increase of 6.6%. A
summary of this data can be found in Table 8 below. Regression analysis shows a weak correlation
between the change in percent TDG from the forebay to the tailrace and total volume spilled (r’= 0.3731)
(Figure 13).

3.4.4.3 Wanapum Forebay

From June 10 to August 31, 2009, TDG levels in the Wanapum forebay averaged 112.6 and ranged from
105.5% to 119.3%.

Table 8. Average summer (June 10 — August 31) TDG levels (based on 12-highest consecutive hours) in
forebay and tailrace of Rocky Reach and Rock Island and forebay of Wanapum.

Rocky Reach Rock Island Wanapum
Average Range Average Range Average Range
Forebay TDG 112 106.9 - 116.9 111.8 107.3-114.9 112.6 105.5-119.3
Tailrace TDG 111.7 104.6 - 1155 115.2 107.4-119.3
Change (FBto TR) -0.3 -3.8-35 3.4 -0.3-6.6

3.4.4.3 Change in TDG from Tailraces to Forebays

As stated above, from June 10 to August 31, 2009, TDG levels in the Rocky Reach tailrace averaged
111.7% (range: 104.6% to 115.5%), and averaged 111.8% (range: 107.3% to 114.9%) in the Rock Island

forebay. This amounts to an average increase in TDG of 0 .1% (range: -3.3% to 2.7%) between the Rocky
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Reach tailrace and the Rock Island forebay. Regression analysis showed a moderate negative relationship

between the change in TDG and total volume spilled (r’=.4275, Figure 14).

During this same time, Rock Island tailrace TDG levels averaged 115.2% (range: 107.4% to 119.3%).
Wanapum forebay TDG levels averaged 112.6% (range: 105.5% to 119.3%). The resulting average
change in TDG levels between the Rock Island tailrace and Wanapum forebay was a decrease of 2.6%
(range: -9.2% to 2.7%). Regression analysis showed a weak relationship between the change in TDG and
total volume spilled (r*=.0322, Figure 15).

Table 9. Change in percent TDG between tailraces and forebays in summer (June 10 — August 31), 2009.

Change Change
RRTR | RIFB | (TR to FB) RITR | WanFB | (TR to FB)
average | 111.7 111.8 0.1 115.2 112.6 -2.6
min 104.6 107.3 -3.3 107.4 105.5 -9.2
max 115.5 114.9 2.7 119.3 119.3 2.7

4. DISCUSSIONS OF TOTAL DISSOLVED GAS ABATEMENT MEASURES

4.1 Operational

Due to the success of the juvenile fish bypass system at Rocky Reach and survival studies at both
projects, Chelan PUD has been able to reduce spill at both Rocky Reach and Rock Island for at least a

portion of the spill season, thereby reducing the generation of total dissolved in the project waters.

4.1.1 Rocky Reach
Chelan PUD continues to operate Rocky Reach under Phase | of the HCP for yearling Chinook, which

requires survival studies be conducted during representative flow conditions and specified project
operating conditions consistent with the approved study design. No significant changes can be made to
operations until the end of Phase | unless an operation is identified and approved by the HCP CC that can
increase survival during the Phase | juvenile testing. The actual year in which operational changes can be
made is dependent upon reaching Phase 111 Standards Achieved (93% survival average during 3 years of
Phase | juvenile testing). At the completion of Phase | (for yearling Chinook, steelhead, and sockeye),
Chelan PUD will implement spill levels that were tested and shown to achieve the necessary 93%
juvenile project survival goal. It is at this time Chelan PUD will be able to determine what gas abatement

measures are feasible and necessary to meet water quality requirements and HCP survival standards.

December 2009 Final Gas Abatement Report 19



A study was conducted in 2003 to determine the bypass efficiency for yearling Chinook, steelhead, and
sockeye. Based on the results from that study, and consistent with section 5.4a of the Rocky Reach HCP,
spill was eliminated for yearling Chinook and steelhead and set at 24% for sockeye for Phase | testing.
While steelhead have met the HCP juvenile project survival standard of 93%, sockeye and yearling
Chinook have not. Chelan anticipates completing the third Phase I survival study for yearling Chinook in
2011, and conducting survival testing for juvenile sockeye 2011-2013.Spill may be reduced or eliminated
in the future if studies show that it is not needed to reach the juvenile survival standards of the HCP.

In 2009, Chelan PUD operated the juvenile fish bypass (JFB) for yearling Chinook and steelhead with no
Project spill. For sockeye, Chelan PUD conducted a survival study (Phase Il Additional Tools) to test the
effects of alternative day/night tagged fish releases on survival estimates. During this study, the
powerhouse operated under normal fish bypass operations, with no Project spill. The goal of this study
was to determine if there is a negative bias in survival estimates (study fails to estimate true run-of-river
smolt survival due to a faulty methodology) by releasing acoustic-tagged fish during midday only when
sight dependent avian and piscivorous predators are most active. Chelan PUD has released its study fish
only during the day throughout all previous years’ survival studies. Recent research has shown that a

large number of juveniles migrate past the dam at night.

4.1.2 Rock Island

After meeting the HCP juvenile survival standards for all spring migrating species under a 20% spring
spill regime in 2006, Chelan PUD in spring 2007 implemented a spill reduction study resulting in spring
(voluntary) fish spill being reduced to 10% of the daily average river flow. This commenced a second

round of HCP Phase | survival studies under the new operational regime.

Because Chelan PUD is operating Rock Island under a second round of Phase | of the HCP for yearling
Chinook, steelhead, and sockeye, survival studies must be conducted during representative flow
conditions and normal project operating conditions consistent with the approved study design. No
significant changes can be made to operations until the end of Phase | 10% spill survival testing. The
actual year in which changes can be made is dependent upon the meeting survival standards in Phase |
studies. At the completion of Phase I (for yearling Chinook, steelhead, and sockeye), if successful,
Chelan PUD would continue a 10% Project spill level during the spring to ensure the Project survival goal
is maintained. It is at this time Chelan PUD will be able to rely on this spill reduction as an achieved gas

abatement measure to meet water quality requirements and HCP survival standards.
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4.2 Structural

At Rock Island Dam, Chelan PUD utilized the Over/Under spill gates during 2009 fish spill operations.
Before additional Over/Under gates are constructed, or other structural changes are made, Chelan PUD
will operate under the existing structural configuration over the course of the next several years (to
include the remainder of Phase I survival testing) to determine the impact on TDG abatement resulting

from the three existing Over/Under gates.

No structural modifications were made or utilized at Rocky Reach Dam in 20009.

5. CONCLUSIONS

No exceedances of the TDG criterion were observed in the Rocky Reach tailrace, Rock Island forebay, or
Rock Island tailrace in 2009. However, like previous years, there were a number of days (14 if using
established methodology, 16 if using revised methodology to eliminate double counting) in 2009 that the
Wanapum Project forebay exceeded the State water quality criteria, while the Rock Island tailrace
remained within compliance levels of TDG saturation. This is not clearly understood but could be a result
of increased TDG pressure associated with increased temperatures and minimal TDG dissipation between

the projects.

While TDG levels generally decreased from the forebay of Rocky Reach to the forebay of Rock Island, a
consistent increase in the TDG levels between the forebays of Rock Island and Wanapum dams was
observed throughout the 2009 monitoring season. As has been observed in previous years, there were
instances in 2009 when the Wanapum Dam forebay was out of compliance (>115%) with the State water
quality standards, while the Rock Island tailrace remained within the accepted levels of TDG saturation.
The mechanism that is causing this is not clearly understood, but could be a result of increased pressure
associated with increased temperatures and minimal dissipation between Rock Island and Wanapum
dams. As the reservoirs above Rocky Reach, Rock Island, and Wanapum dams are generally well mixed
due to the projects’ run-of-the-river nature, and generally no stratification occurs in the reservoirs, water
temperature changes little with depth. However, water temperature increases slightly moving downstream
between projects due to radiant heating. With each degree increase in temperature, there have been
observed increases in TDG of nearly 3% (J. Carrol, pers. comm.). This increase occurs due to the laws of
partial pressure associated with temperature increases. Because the reach between Rock Island and
Wanapum dams is nearly two times the length of the reach between Rocky Reach and Rock Island dams,

there is an increased time of exposure to radiant heating, and therefore a likelihood of increased heating.
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This may, in part, explain the overall limited dissipation of TDG as the water flowed from the Rock

Island tailrace to the Wanapum forebay.

Evaluation of the TDG data shows that TDG levels generally increased from the forebay to the tailrace at
both Rocky Reach and Rock Island projects. Generally, there was an increase in TDG levels as the
volume of water spilled increased. The increase in TDG levels with respect to the volume of water
spilled was more pronounced between the Rock Island forebay and tailrace than between the Rocky
Reach forebay and tailrace, as has been observed in previous years.

The extent of compliance with State water quality criteria was due in part to the fish spill programs at
Rocky Reach and Rock Island. The fish spill programs at both projects were managed to maximize fish
passage, meet HCP requirements, minimize voluntary spill, and still stay within the terms of the State fish
spill water quality criteria. Additionally, voluntary spill levels at both projects were managed in real time
as detailed in the TDG Operational Plan for each project. When Project operators observed instantaneous
TDG levels that exceeded the criteria as set forth in the Plans, spill was reduced and TDG levels

monitored, which also played a role in the minimization of TDG production at the projects.
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Figure 1. Location of Rocky Reach and Rock Island Hydroelectric Projects on the Columbia River.
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Figure 4. Location oftalrace fixed monitoring station below Rock Island Project.
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Figure 6. Daily average TDG (based on the 12 highest consecutive hours)
forebay and tailrace of Rock Island Dam during the 2009 fish spill season.




Percent Change in TDG

Percent Change in TDG

mmm Delta TDG

—— Total Volume Spilled

2
1
0
-1
-2 il I
CLE g |
3 L U |
| ‘
) ‘ ‘ ‘ ”|
s JULN |
- © Te) N (<] ©0 ™ o ~ (82 o ~ < - @ n N (2] N (o] © N
F$ $ 2 8 83 2 8 8 3 2 33T R I Y83 T I 283
< < < [Te) [Te) [Te) © © © ~ ~ ~ [oo] o] ©
Date
Figure 7. Total volume spilled to percent change in TDG from forebay to tailrace at Rocky
Reach Project, April 1 - Aug 31, 2009.
8
EE Delta TDG
7,,
—&— Total Volume Spilled T
6
5
4 ‘
| l
3 | '
) |
1 -
0
-1
2
-
=

4/1
4/8
4/15
4/22
4/29
5/6
5/13
5/20
5/27
6/3

6/10

N~
=
~
©

Date

6/24

®
~ d
~

7122

7129
8/5
8/12

8/19

8/26

Figure 8. Total volume spilled to percent change in TDG from forebay to tailrace at Rock

Island Project, April 1- Aug 31, 2009.
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Figure 9. Total volume spilled to percent change in TDG from forebay to tailrace at Rock Island
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2009 Rocky Reach Operational Plan
for Total Dissolved Gas During Fish Spill Season
April 1 — August 31

(All spill between these dates is subject to the actions contained in this plan.)

Protocol

1. If tailrace TDG average is greater than 120% for the 6-hour average
e reduce spill by 3 kcfs
monitor for 1 hour
if the 6-hr average TDG >120%, reduce spill by another 2 kcfs
monitor for 1 hour
continue reducing spill by 2 kcfs until 6-hr average TDG is less than 120% for one full hour
if after reducing spill to control TDG levels, TDG drops below 118% for one full hour,
increase spill by 2 kcfs and monitor **

2. Iftailrace TDG is greater than 125% for 1 hr
o follow protocol outlined above, but instead, use one-hour TDG levels of 125% as the metric
e continue until TDG is less than 125% for 1 hr and until the 6-hr average TDG <120%

If you receive a call from RI advising that the RI forebay is out of compliance (greater than 115%) and
the RR forebay is 115% or less, reduce spill by 3 kcfs. Two hours after reducing spill, call Rl to
determine what the RI forebay gas levels are. If still above 115%, reduce spill another 2 kcfs.  If after
reducing spill for this reason, the Rock Island forebay drops to less than 113%, Rock Island will call
again and advise. At this point, increase back to the hourly spill volume target by increasing spill in the
reverse order it was decreased. For example, if to bring the RI forebay back into compliance, it was
necessary to reduce spill by a total of 5 kcfs, begin by increasing spill by 2 kcfs, wait two hours, and call
RI to determine what the forebay TDG levels are. If TDG is still below 115%, increase spill by 3 kcfs
(back to the target volume in this case). This will allow for a ramping effect, rather than an open/shut
effect which could bump the Rock Island forebay TDG levels back out of compliance (>115%).

** Note: It will not be necessary to monitor for one full hour after re-opening if it appears that TDG is
approaching the upper threshold, rather, the procedure will repeat upon reaching the threshold. It is
anticipated that in time, the operators will “get a feel” for how much change in TDG will occur as a result
of opening or closing gates and it will be possible to hold the TDG around 118% or 119% or so. Once the
operators have this down, instead of closing a gate entirely, it may only be necessary to close partially,
and visa versa for the opening process.
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Protocol

2009 Rock Island Operational Plan

for Total Dissolved Gas During Fish Spill Season
April 1 — August 31

(All spill between these dates is subject to the actions contained in this plan.)

1. If tailrace TDG average is greater than 120% for the 6-hour average

monitor for 2 hours, re-check 6-hour average

if TDG >120% for 6-hr average, shift spill from gate 20 to 27

monitor for 2 hours, re-check 6-hour average

if TDG >120% for 6-hr average, open gate 20 and close 2 notched gates (closure order is listed
below)

monitor for 2 hrs; re-check 6-hour average

if TDG >120% for 6-hr average, close two more notched gates

if after closing gates to control TDG levels, the TDG 1-hr average drops below 118%,
reopen notched gates in the reverse order of closure

2. If tailrace TDG is greater than 125% for 1 hr

follow protocol outlined above, but instead, use one-hour TDG levels of 125% as the metric

continue until TDG is less than 125% for 1 hr and until the 6-hr average TDG <120%

3. If forebay TDG exceeds 115% for greater than one hour, call Rocky Reach and
advise that the RI forebay is out of compliance. Rocky Reach will then reduce spill, but only if the
RR forebay TDG is 115% or less. Once RI forebay TDG levels reduce to 113% call RR again so that
they may return to previous spill operations.

4. Order of notched gate closure: 29, 24, 18, 16
If we have to close any more gates than this, we have a big problem that we will need to be addressed
by means other than continuing to reduce spill.

** Note: It will not be necessary to monitor for one full hour after re-opening if it appears that TDG is
approaching the upper threshold, rather, the procedure will repeat upon reaching the threshold. It is
anticipated that in time, the operators will “get a feel” for how much change in TDG will occur as a result
of opening or closing gates and it will be possible to hold the TDG around 118% or 119% or so. Once the
operators have this down, instead of closing a gate entirely, it may only be necessary to close partially,
and visa versa for the opening process.
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1. INTRODUCTION

This Gas Abatement Plan (GAP) is being submitted to Washington State Department of Ecology
as a condition of the 2006 Special Fish Passage Exemption (WAC 173-201A-200(1)(f)). Chelan
County Public Utility District (Chelan PUD) respectfully submits this plan with the goal of
receiving a waiver commencing with the 2009 fish spill season.

1.1 Total Dissolved Gas

Research has shown that releasing water through spillways is a safe and effective means of
passing downstream migrating salmonids past some hydroelectric projects. However,
monitoring has shown that in doing so there may be adverse effects to water quality, specifically
supersaturation of river water with atmospheric gases. The spilled water carries atmospheric
gases to the depths of the river where increased hydrostatic pressure supersaturates the water
with those gases.

Many variables contribute to the saturation levels of TDG, including, but not limited to, existing
forebay gas concentrations, spill flow rates, tailwater depths, air entrainment, spill plunge depths,
entrainment flows, and temperature of the water.

1.1.1 Total Dissolved Gas and Impacts to Aquatic Life

A potential consequence of total dissolved gas (TDG) supersaturation to fish and other aquatic
species is a condition known as gas bubble trauma (GBT) (Jensen et al., 1986). GBT isa
physically induced condition caused by pressure dis-equilibrium between liquid and gas phases
(Jensen et al., 1986), which can result in tissue lesions (i.e., blood emboli and emphysema of
fish), causing physiological dysfunction (Bouck, 1980). Although it has been shown that TDG
levels of 110% can result in GBT when fish are held in shallow water, there is little evidence that
TDG levels of 110% are detrimental to juvenile salmonids migrating through the mainstem of
the Columbia River (Meekin and Turner 1974, Bouck et al., 1976; Weitkamp and Katz, 1980 and
Bernard, 1993). The severity of GBT is related to the degree of TDG saturation relative to the
depth where fish reside and the exposure time at a given concentration.

1.1.2 Washington State Numeric Water Quality Criteria

The Washington State water quality numeric criterion states TDG measurements shall not exceed
110 percent at any point of measurement in any state water body. However, WAC 173-201A-
200(2)(F)(ii) provides a special fish passage criteria for TDG to aid fish passage over
hydroelectric dams when consistent with a WDOE approved gas abatement plan:

“The TDG criteria may be adjusted to aid fish passage over hydroelectric dams when
consistent with a department approved gas abatement plan. This plan must be
accompanied by fisheries management and physical and biological monitoring plans.
The elevated TDG levels are intended to allow increased fish passage without causing
more harm to fish populations than caused by turbine fish passage. The following special
fish passage exemptions for the Snake and Columbia rivers apply when spilling water at
dams is necessary to aid fish passage:

1. TDG must not exceed an average of one hundred fifteen percent as measured in
the forebays of the next downstream dams and must not exceed an average of one
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hundred twenty percent as measured in the tailraces of each dam (these averages
are measured as an average of the twelve highest consecutive hourly readings in
any one day, relative to atmospheric pressure); and

2. A maximum TDG one hour average of one hundred twenty-five percent must
not be exceeded during spillage for fish passage. ”

1.2 Habitat Conservation Plan

More than fifteen years ago, Chelan PUD began to assess how it should respond to a changing
regulatory environment that was increasingly affecting operation of Rocky Reach and Rock
Island Hydroelectric Projects on the Columbia River. Chelan PUD has since developed two
Habitat Conservation Plans (HCP) for anadromous fish in cooperation with federal and state
regulatory agencies and Tribes. The HCPs were developed to conserve and protect all
anadromous fish species over the long term, and to support ongoing compliance with the ESA
while allowing continued operation of the Project. All measures proposed in the HCPs are
intended to minimize and mitigate impacts to the Plan species, to the “maximum extent
practicable” as required by the Endangered Species Act. Measures that promote fish passage
survivability include spills and modified spills that generate TDG during the outmigration of
juvenile fish. The plans commit Chelan PUD to a 50-year program to ensure our hydro projects
have "no-net-impact” on mid-Columbia salmon and steelhead runs.

The HCPs began by implementing the “Phase | Plan to Achieve the Performance Standards”.
Assessment (survival) studies have been conducted over the last three years to determine the
survival rates of plan species. For the studies to be considered valid, the studies needed to take
place during average flow conditions and normal project operating conditions consistent with the
approved study design. This means project operations; including spill levels and configurations,
as well as the overall project structure (such as spillway structures), need to remain constant
during the survival studies. If Chelan PUD finds feasible gas abatement methods during these
studies, implementation of those methods will be considered following Phase I.

2. GOALS AND OBJECTIVES

The purpose of this TDG Abatement Plan is to outline the long-term plan for enhancing water
quality at Rocky Reach Dam. This plan will identify Chelan PUD’s steps to meet the state of
Washington’s Department of Ecology (DOE) TDG requirements at Rocky Reach.

The initial goal of this schedule is to identify measures that will aid Chelan PUD in improving
water quality. However, Chelan PUD’s long-term goal is to choose reasonable and feasible
measures that do not conflict with other natural resource protection goals (i.e. anadromous fish
passage) and have a measurable biological benefit.

Flexibility will be necessary in the following schedule due to unknown factors, including levels
of success in the Project’s permanent fish bypass system, success of Habitat Conservation Plan
survival studies, and river conditions.
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This Gas Abatement Plan summarizes the Rocky Reach Project, associated facilities and water
management, discusses Rocky Reach Project spill scenarios and defines the measures associated
with Chelan PUD’s monitoring program during spill operations in support of juvenile fish
passage, and provides a summary of past TDG activities and a future schedule of Rocky Reach
Project TDG compliance activities.

3. ROCKY REACH PROJECT

3.1 Project Description

Rocky Reach Dam is owned and operated by Chelan County Public Utility District No. 1. The
project is located on the Columbia River at river mile 474, about 7 miles upstream of the city of
Wenatchee. Construction of the dam and powerhouse began in 1956 and the project was
completed and put into production in 1961. The impounding structures are a mass of reinforced
concrete consisting of a forebay wall section about 460 feet long, a combined intake and
powerhouse section 1,088 feet long, a non-overflow center dam spillway that is 740 feet long
consisting of 12 bays, each controlled by a 50 foot wide, 58 foot high radial gate. A 2,000-foot
sub-surface cutoff consisting of a grout curtain and a compacted impervious barrier limits
seepage through a terrace forming the east bank.

The forebay wall consists of mass concrete gravity blocks of various heights, with a maximum
height of 118 feet. The service bay connects the forebay wall to the powerhouse. The
powerhouse consists of 11 units, each 86 feet wide and approximately 200 feet long. The 11
turbines provide the total nameplate generating capacity of 1,213 MW and a total hydraulic
capacity of 217.5 thousand cubic feet per second (kcfs).

A permanent bypass system was installed at the Project from September 2002 to March 2003,
and has been in 