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Chief Executive Officer/Manager;
WILLIAM C. DOBBINS

Commissioners:
MICHAEL DONEEN
T. JAMES DAVIS

soie e ORIGINAL

Public Utility District No.1 of Dougias County

1151 Vailey Mall Parkway + East Wenaichee, Washington 988024497 - 509/884-7191 « FAX509/884-0553
April 26, 2001

Mr. David P. Boergers

Federal Energy Regulatory Commission
888 1% Street N.E. ﬂj
Washington, D.C. 20426 Om
Wells Hydroelectric Project — FERC No. 214944

Annual Report — Fish Settlement Agreement

Subject:

Dear Mr. Boergers:

In accordance with paragraph E of the order approving the Settlement Agreement issued January 24,
1991, Public Utility District No. 1 of Douglas County submits the enclosed annual report of
activities related to this Settlement Agreement. A copy of the January 24, 1991 order is enclosed for
your reference.

As directed by the order the annual report addresses activities during the previous year. This annual
report covers activities performed in 2000 and those planned for 2001.

Robert W. Clubb, Ph.D.
Chief of Environmental & Regulatory Services
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Report to
the Federal Energy Regulatory Commission
of activities under the Long-Term Settlement Agreement
between Fisheries Agencies and Tribes
and Public Utility District No. 1
of Douglas County
for the 2000 calendar year

Wells Hydroelectric Project
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Foreword

On January 24, 1991, the Federal Energy Regulatory Commission approved a Settlement
Agreement to resolve anadromous fish issues for the Wells Hydroelectric Project on the Columbia River in
Washington State. The Agreement was a product of negotiations with state and federal fisheries
agencies and tribes on the operations of the Weils Project (No. 2149). The F.E.R.C. directed that the
licensee of the Wells Project has certain reporting responsibilities. This document is intended to fulfill
portion (E)(d) of the Order requiring an annual report to be filed by April 30. This is the eleventh annual
report under the Agreement and will cover the period between January 1 to December 31, 2000.
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Report to
the Federal Energy Regulatory Commission
of activities under the Long-Term Settlement Agreement
between Fisheries Agencies and Tribes
and Public Utility District No. 1
of Douglas County
for the 2000 calendar year

{1) Development of Studies, Plans and Evaluations

The Public Utility District No. 1 of Douglas County (District) worked closely with fisheries agencies
and tribes to carry out various studies and obligations specified in the Settlement Agreement. These
included various monitoring studies and operation plans.

1.1 Annual Bypass System Operations Plan for 2000

The Settlement Agreement calls for the District to provide an Annual Bypass System Operational
Plan to members of the Wells Coordinating Committee (WCC) by December each year. The District
submitted the 2000 plan in November 1999 to the WCC for review. The spring and summer migrations of
juvenile salmonids in the Columbia River are monitored by hydroacoustics along with in-turbine fyke
netting at Wells Dam. The Annual Bypass System Operational Plan was approved for the 2000 season
(Appendix A).

The Bypass Team decides on bypass cperations at Wells during both spring and summer
migration periods. Representatives from the agencies, tribes and District make up the team (Agreement
IL.F_3). Brian Cates (US Fish and Wildlife Service; USFWS), Jerry Marco (Colville Confederated Tribes;
CCT) and Rick Klinge for the District (00-3) were the 2000 Bypass Team members.

1.2 Project Survival Studies

The Settlement Agreement specified that the District, in consultation with the Joint Fisheries
Parties (JFP), will develop a study of juvenile survival associated with Wells Dam (Agreement IV,C,5).
Results from this work wouid adjust compensation levels of the hatchery programs and determine the
ultimate success of the juvenile bypass system. The District supplied plans for a 2000 study in 1999. The
2000 survival study plan was approved by the Committee in November 1999 (99-9). The plan called for a
release of 30,000 PIT tagged steelhead at Pateros and 30,000 tagged steelhead immediately downstream
of the Wells Dam tailrace (Appendix B)

Plans for a 2001 Chinook Survival Study were discussed that would assess reservoir survival
rates for fish releases into the Methow and Okanogan rivers using summer chinook yearlings (00-1;
Appendix C). The complexity of the holding and releases of the Okanogan River group required an
extended lead time and early approval by the Committee. There was discussion whether or not summer
chinook yearlings were an appropriate surrogate for spring chinook. A comparison of summer chinook
yearling and spring chinook yearling survival through common river reaches showed no difference (00-1).
Data from studies in the Snake River showed comparable survival estimates between steelhead and
yearling chinook release groups. Data from Winthrop spring chinook and coho. Wells summer chinook
and Welis steelhead also showed similar survival (00-02). There was discussion about survival studies
beyond 2001. There was interest in seeing studies under as many different environmental conditions as
possible (00-1). Douglas wanted to establish No Net Impact (NNI), a key element in the Wells Habitat



Conservation Plan, from the survival studies before 2003 (00-1). Also, there was discussion about the
issue of cumulative effects from multiple dam passage that needed to be looked at (00-9). A study plan
for a 2001 chinook survival study was approved by the WCC on February 25 (01-2). Further details of the
chinook study were discussed in June (00-08).

Based on the results of the 2000 study, Bob Dach with National Marine Fisheries Service (NMFS)
felt an additional study with either steelhead or yearling chinook was not needed for the Wells Project, but
wouid rather see efforts concentrated on sub-yearling chinook and sockeye (00-10). While the 2001
study had Committee approval, Dach believed it would likely not contribute any meaningful information. A
question arose about what difference would be needed in survival from the Okanogan River to Pateros in
order for the average survival estimate for the project to below the negotiated HCP survival leveis. It was
demonstrated that survival would have to be nearly 25% less than fish traveling from the confluence of the
Methow to below Wells Dam (00-10). In subsequent WCC meetings, it was again felt that a study in 2001
with yearling chinook was not needed. A sockeye study through the mid-Columbia reach was discussed.
Project specific mortality could not be determined, as fish would not be released in a rigorous paired
release-recapture design (treatment and control) (00-11; Appendix D). Rod Woodin with the Washington
Department of Fish and Wildlife and Bob Dach expressed comfort that Wells Dam had demonstrated it
could meet survival criterion developed through the HCP negotiations for yearling chinook and steelhead
(00-11). Information to date seemed sufficient to meet both the HCP and Wells Settiement Agreement
requirements (00-11). Additional testing on the Okanogan River with sockeye and subyearling chinook
could be done in the future,

1.3 Adult Radio Telemetry Studies

An adult radio telemetry study in the lower river planned for 2000 would provide tagged steelhead
adults that could be assessed during passage at mid-Columbia projects in 2000. It was uncertain that
with the extensive juvenile tracking scheduled for 2000 that telemetry equipment would be free to set up in
ladders for an adult study (00-1). Possibly, if not at the dams, some effort to track tags to spawning
grounds could be made. It was determined that insufficient numbers of radio-tagged steelhead would
show up at Wells to be worth the effort (00-3).

NMFS approached the District about a steelhead telemetry study for 2001 (00-10). There was
discussion about availability of equipment during months when juvenile studies were being conducted.
Also the need for planning so not to have code or frequency overlaps. There was discussion about the
need to track radio tagged steelhead to the spawning grounds and follow kelts back to the Columbia River
(00-12). A plan for a mid-Columbia adult steelhead telemetry study was being discussed at the end of
the calendar year.

1.4 Qkanagan Sockeye Habitat Study

Since 1998, the District has worked with the Okanagan Basin Technical Working Group
(OBTWG) comprised of Federal, Provincial and First Nations fisheries managers to develop several
options that could shift the District's sockeye mitigation to an ecosystem approach in BC. In a February
2000 Ietter to the District, the OBTWG outlined six measures to be funded in 2000 “to effectively boost
sockeye production and meet requirements for a multi-species ecosystem approach over an extended
period of time" (Appendix E). This letter was forwarded to the WCC for review. The Colville Tribes
requested a much larger process in the mid-Columbia be pursued for sockeye that shouid include a
hatchery component (00-2). The District suggested that the proposals submitted by the OBTWG
represented measures that had the best likelihood of success. Continuation of operating the Cassimer
Bar Hatchery Program in addition to the Canadian effort would in effect double the District's expense and
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mitigation obligation for sockeye. The Colville Tribes was not supportive of eliminating the Cassimer Bar
Program to move to Canada (00-2). Additional information from the OBTWG was requested on spawning
channel evaluation methods, and possible Canadian based hatcheries and or egg boxes. A meeting
between the WCC and OBTWG was scheduled for April 5, 2000. At the meeting, the Canadian fisheries
parties explained their position in pursuing the path outlined in their ietter. The WCC was concerned
about how the current program would be shifted into Canada and wanted to know what the District was
proposing through a transition period. The District responded that it had no intentions of funding multiple
paths to meet it's sockeye obligation; thus if a channel or other options were constructed, the program at
Cassimer Bar would be phased out {(00-5). There was discussion about the time frame of events. The
District requested WCC support of the Canadian package to research six potential areas of activity to
meet the mitigation responsibility for sockeye of the District. The WCC gave their support to the Canadian
initiative, thouigh they wanted to keep open as many options open as possibie (00-7). There was concern
that action in British Columbia to meet the District's sockeye obligation could trigger catch allocation
formulas of the Pacific Salmon Treaty (00-11).

1.5 Okanogan Sockeye Pilot Program

Since 1991, there have been several strategies tried for replacing unavoidable losses of sockeye
smolts at Wells Dam. Initially, fingerlings reared at Cassimer Bar Hatchery were released into the south
basin of Osoyoos Lake. The Cassimer Bar program also released yearling sockeye into the lower
Okanogan River and pre-smolts were released in the fall in Osoyoos Lake. Adult sampling over many
years have yielded very few records of fish from these efforts. Because of the lack of success of the
program (adults on the spawning grounds with the natural population), options have been pursued in
British Columbia.

The District proposed to not collect sockeye broodstock in 2000 and to suspend sockeye activity
at Cassimer Bar after the 1999 broodyear fingerlings have been released (00-2). The Colville Tribe was
not supportive of this proposed action and felt a comprehensive sockeye effort needed to include a
hatchery component. A broodstock protocol was developed by the Colville Tribes and distributed to the
WCC (00-8). The proposal called for collecting 140 adult sockeye at Wells Dam in 2000 (Appendix F).

1.6 Spring Chinock Broodstock Collection Protocal

The Washington Department of Fish and Wildlife (WDFW) distributed their annual run forecast for
2000 (01-1). Forecasts for all salmon were much stronger than recent years. A broodstock collection
document was circulated in March (Appendix G). In May, a conflict became evident between WDFW's
Section 10 Permit and the Biological Opinion Issues for the Wells Dam Operations {00-07). The Section
10 Permit allowed for broodstock collection by passive trapping for 24 hours a day, three days a week;
while the Biological Opinion allowed for active trapping for 16 hours a day, three days a week. WODF&W
personnel had experienced some problems in the past when they trapped for less than 24 hours and then
closed off the trap. Those problems were corrected which should allow for 16 hour trapping. Scale
samples from spring chinook that have an adipose fin were inspected for hatchery patterns, possibly
inferring an Entiat Hatchery fish. These fish were returned to the Columbia below Wells Dam. When the
run did not materializing as predicted, additional trapping of spring chinook was proposed on the east
ladder (00-06). The Columbia River Intertribai Fisheries Commission (CRITFC) and Yakama Nation (YN)
were concerned, not so much with allowing additional trapping effort, but with the disposition of surplus
broodstock from the Winthrop National Fish Hatchery. The Tribes wanted to see these fish spawn
naturally in the Methow River. The WCC agreed with extending the trapping to add the east ladder, for
three days per week, 16 hours a day and to extend the trapping period one week to July 5 (00-06).



1.7 Dissolved Gas Monitoring

The District used the identical system for reporting Total Dissolved Gas (TDG) for both the
forebay and tailwater at Wells as the previous year. An automated system provided data on the hour to
the Corps of Engineers. Early in the year, the system had communication problems with the Corps of
Engineer’s system (00-7).

1.8 Avian Predation

Because of concern about the impacts of bird predation on both steethead and salmon, WDFW
proposed to research means to relocate these bird populations (00-8). Information indicated that 10-20%
of the mid-Columbia production was lost to terns (00-09). A new tern colony was also discovered at
Potholes reservoir where numerous PiT-tags were recovered from mid-Columbia survival studies. There
was discussion about the possibility of a mid-Columbia avian predation study. A proposal was submitted
to the three PUD's for possible funding from Chris Thompson of WDFW (00-9). WDFW later decided to
seek funding through the Salmon Recovery Board (00-10).

1.9 Bull Trout Study

A study to better understand movement and effect of large hydroelectric dams on migratory
behavior of Bull Trout in the mid-Columbia was proposed for 2001 (00-09). Trapping of Bull Trout at Wells
during spring chinook tapping was part of the study plan. With the forecast of large numbers of spring
chinook returning to the Columbia in 2001, trapping of spring chinook broodstock would likely occur in the
tributaries (00-12). Coordination of trapping Bull Trout for placement of radio tags would be worked out
early in 2001, The bull trout study plan is included in Appendix H.

1.10 2001 Bypass Qperational Plan

The District submitted to the WCC a Bypass Operational Plan for 2001, as per Section II.F.1 of
the Settlement Agreement, on November 28, 2000. The plan outlined scheduled hatchery releases above
Wells Dam and anticipated the starting and completion date of bypass operations (Appendix 1).

(2) Results of Studies, Evaluations and Monitoring Efforts

2.1 Operation of the Juvenile Bypass

Hydroacoustic sampling was started on March 15 to help collect background index levels of
activity prior to the spring migration. The juvenile bypass was initiated on April 12 after a large number of
hatchery released fish reached Wells Dam. Typically, hatchery managers who have fish rearing sites
above Wells Dam will call the District as they release fish in the spring. This allows for initiation of bypass
operations as the fish arrive at Wells. In 2000, one facility did not alert the District of their actions and the
fish arrived without the benefit of the bypass. The following morning, when reviewing hydroacoustic
information, it became evident that fish were at the project in large numbers. The bypass operations were
started immediately. The juvenile bypass was operated for 63 days for the spring migration and 80 days
for the summer migration. It was estimated the bypass operated during 96% of the juvenite migration. A
total of 2.34 million acre feet (MAF) of water was used for operation of the bypass (Appendix J). In 2000,
forced spill occurred during 6.0 % of the bypass operation.



2.2 Sockeye Pilot Program

Sockeye production from 1999 broodstock was held in the Cassimer Bar Hatchery at the
beginning of the calendar year. The fish were selected from parents that had a low propensity for
Bacterial Kidney Disease (BKD) (ELISA testing). There were 73,261 fish at 11 grams released into
Osoyoos Lake from September 27 to 30, or a total of 1,800 pounds of production.

Collection of 2000 brood sockeye started on July 10 at Wells Dam with a collection goal of 140
adults. The entire brood goal was reached in two days of collection. The extremely strong returning run
of Okanogan sockeye required very little time or effort to reach brood objective. There were 140,188
green eggs spawned from the program. Of these, 9,791 died before "eye-up” and 5,224 were transferred
to NMFS for genetic analysis of the population. The balance of 125,203 was transferred to the Wells
Hatchery to be placed on chilled water (39° F) until hatched and returned to Cassimer Bar Hatchery as fry
after the calendar year.

2.3 Dissolved Gas Monitoring

Flows in the Columbia River from January through June of 2000 were at 97% of average at Grand
Coulee Dam. Monitoring of total dissolved gas at Wells showed a range of 12-hour daily high values from
101.8% to 113.2% in the forebay and 102.2% to 125.4% in the tailrace (Appendix K). The operation of the
bypass had little to no effect on TDG, even though 6.1% and 6.5% of the river was dedicated to bypass
operations in the spring and summer respectively. Spill beyond bypass flow showed that there was
approximately a 1% increase in tailwater TDG with every 4% of river that was spilled.

2.4 Spring Chinook Salmon Hatchery

The spring release of 1998 brood smolts was a total of 435,000 Methow River composite
population released at 20 fpp and 179,000 Twisp River population released at 17 fpp. Total pounds of
spring chinook released for this brood year was 32,280 pounds.

The 99 brood-year production by December 2000 had 180,878 fish at 14 fpp for the Methow
Composite population and 67,702 fish at 17 fpp for the Twisp popuiation. These fish will be released in
the spring of 2001 from acclimation ponds in the Methow and Twisp. Discussions between NMFS and
WDFW came to an agreement not to release fish from the composite population from the Chewuch ponds
in 2001. There was concern with the high percentage of Carson stock parents that made up the '99
population (Memo from L. Brown 25 May 2000).

2000 year brood collection efforts at Wells Dam in June resulted in 291 adults and 42 jacks being
collected (00-8). in addition 71 adults and 14 jacks with both adipose present fins and hatchery growth
patterns scales were returned to the Columbia River below Wells Dam. Collection at Wells was
suspended because of the large number of volunteers to both the State and Federal hatcheries in the
Methow Basin (00-8). At the time of spawning, adults are killed and gametes are removed and held
separately until the coded wire tag (CWT) could be removed and read. Gametes were retained at Methow
only when corresponding CWT identify the fish as being from the Methow Composite population
(combination of both Methow and Chewuch basin parents) or from the Twisp population. Also, adipose
present adults that did not show a hatchery scale pattern were retained as part of the composite
population. In 2000, 515,757 eggs were taken, of which 18,292 were lost from fertilization to “eye-up”
and 229,806 were transferred to the Winthrop Hatchery, leaving 267,659 eggs on station. The average
fecundity for the season was 3,500 eggs.



2.5 Survival Study

Information from the 1999 Steelhead Survival Study indicated that survival from Pateros to the
Wells tailrace was 94.3%. Results from the 1998 study indicated that chinook survival was in excess of
95%. The 1999 study also showed that between 10 to 12% of the Wells steelhead production are
subjected to tern predation on Rice Island in the lower Columbia River (00-7). Additional survival study
steelhead were eaten by terns and gulls at other mid-Columbia and lower Columbia River bird colonies.

In the spring of 1999, the District conducted a side-by-side comparison of behavior and survival of
radio-tagged and PIT tagged steelhead. The comparison was facilitated through the release of 269 radio
tagged and 10,035 PIT tagged steelhead. The release site was located 42 miles upstream of Wells Dam
in the Okanogan River. Radio tag survival from Crazy Rapids to the forebay of Rocky Reach Dam
averaged 0.822. PIT tag survival from Crazy Rapids to the tailrace of Rocky Reach Dam averaged 0.878
(Appendix L). The radio-tag survival technique provides a considerable reduction in sample size over
PIT-tag release recapture techniques. However, a lack of demonstrated precision, substantially higher
study costs and a bias still impedes the application of radio-tag mark recapture technique at Wells Dam.

The 2000 survival study released steelhead during April and May. Fish traveled to McNary Dam
in five days and to John Day Dam in seven days (00-7). The study called for 10 replicates with an
additional five releases if fish were available. A high recovery rate at collector dams would help improve
study precision (00-08). Because of a high rate of tag shed discovered in release groups 11 through 13,
groups 14 and 15 were used to understand the tag shedding issue. Fish health through release group 10
was fine. Fish held later (groups 11-15) were emaciated and had very low fat levels. Subsequently, it
was discovered that fish had not been fed for over 40 days (00-08). A final draft report was out at the end
of the year (Appendix M).

2.6 1999 Adult Steelhead Ladder Passage Study

In 1999, the mid-Columbia PUD's funded research to follow passage of steeihead adults from
below Priest Rapids Dam through the mid-Columbia projects and into tributaries. Tagging started on July
13 and continued through October. By November, 151 steelhead had passed Wells Dam with tracking
into the Methow and Okanogan rivers. Radio tags provided information on reservoir and tributary
movement well into the summer of 2000 (00-1, 00-7, 00-12). Median passage time for Wells Dam was 12
hours. Broodstock collection traps in ladders added 23 hours (35 hours total) to passage times at Wells
{(00-12). Karl English with LGL reported that steelhead were moving at a greater rate in the Columbia
River that in the Fraser or Skeena systems in British Columbia (00-12). Fallback ranged from 1 to 3.5%.
Of the fish detected at each of the mid-Columbia dams, 81% were observed on the spawning grounds.
Tag duplication with the 2000 juvenile studies in the mid-Columbia complicated data interpretation
particularly related to the assessment of steelhead kelting rates. (Appendix N).

2.7 East Ladder Trap Issues

The Columbia River Intertribal Fisheries Commission collected scales from sockeye at Wells Dam
as a means to verify their scale analysis from sampling at Bonneville Dam. The Okanogan and
Wenatchee populations migrate past Bonneville at the same time. Fresh water scale patterns between
these two populations allow for stock separation. Part of the collection has been through broodstock for
the Cassimer Bar Program. Dr. Jeff Fryer proposed to collect scales from 300 sockeye that were
intercepted during sockeye and summer chinook broodstock efforts on the east ladder. The WCC
approved the sampling of up to 300 adult sockeye for scales (WCC minutes July 11, 2000).



During the week of July 17 — 21, maintenance of the sorting paddie on the East Ladder Trap
inadvertently left the paddle in a position that would route fish that were using the sorting flume into an
empty live box. This caused a ioss of 92 sockeye and 9 chinook jacks. There was discussion among the
WCC how to assure that this would not occur again (00-9). While the operations at the dam have daily
walk through of the ladders, there is no inspection of trapping facilities that are operated exclusively by
State Fisheries personnel. Maintenance of the traps is performed by the mechanics at the dam. They
will coordinate their maintenance activities with the hatchery staff to make sure trap operations will not
harm fish,

2.8 2000 Pikeminnow Removal Program

Douglas PUD contracted to have Pikeminnow (Ptychochelius oregonesis) remaved from the
Wells taifrace and reservoir in 2000. Both long-line and sport gear were used. Between May 18 and
September 30, there were 11,646 Pikeminnows over ten inches removed and 692 less than ten inches
removed (Appendix O). The tailrace area had the highest catch per unit of effort (CPUE 3.09) followed by
the lower reservoir (3.13) and Okanogan River (1.15).

(3) Outline of Action Taken Toward Fulfillment of the Settiement Agreement

3.1 Methow Spring Chinook Fagcility

The Settlement Agreement calls for a hatchery based compensation program for spring chinook
composed of adult collection sites; a central hatchery facility for incubation, early rearing, and adult
holding, and acclimation facilities for final rearing and release (Agreement IV). During 2000, hatchery
personnel reared and released progeny from aduits that returned in 1998.

The Settlement Agreement calls for evaluation of the hatchery program. Several aspects of the
hatchery were evaluated.

3.2 Cassimer Bar Sockeye Hatchery

The Settlement Agreement calls for a pilot effort to culture Okanogan sockeye for three years at
8,000 pounds of production {IV.A.3.(a)(2)) with an evaluation to gauge the success of the program. Brood
have been collected since 1993 at Wells Dam. Information on culture of sockeye at the Cassimer Bar
facility was collected by the CCT.

3.3 Contract for Professional Services in Implementing the Settlement Agreement.

During 2000, the District contracted with Mike Erho to serve as chairman for the Wells Coordi-
nating Committee. Mr. Erho also serves as chairman for the Mid-Columbia Coordinating Committee and
Rock Island Coordinating Committee. The District also contracted with Dr. Skalski to provide statistical
evaluation of methods and studies.

3.4 Juvenile and Adult Fish Passage Operations at Wells Dam

During 2000, the juvenile bypass system operated as per conditions outlined in the Settlement
Agreement (I1,C,D,and F). The bypass team recommended operations based upon information from
hydroacoustics and fyke net samples at Wells.



The ladders operated during the year at the criteria established by the fisheries agencies and
tribes (Agreement lll. B; C; D; E; F). Annual maintenance was performed to both ladders outside of the
fish passage times.

3.5 Steelhead Production at Wells Hatchery

The Settlement Agreement specified that the District will fund additional steelhead compensation
of 30,000 pounds at 6 fish per pound after 1991 (1V.3.a), bringing the total obligation to 80,000 pounds.
Records from the Wells Hatchery showed that 622,230 steelhead at 6 fish per pound or 102,632 pounds
were liberated in 2000.

3.6 Other Actions Toward Fulfillment of the Settlement Agreement

The District funded evaluations and studies that are part of the District's responsibility in the
Settlement Agreement. These were described in Sections 2 and 3.

4) Explanation of Alternatives Chosen

4.1 Wells Ladder Operating Criteria

Information from telemetry studies of adult passage in 1992 and 1993 conducted by NMFS
suggested a study to evaluate passage through the side entrance to both east and west fish ladders. In
1997,1998 and 1999 additional telemetry studies tested passage with the side gates opened and side
gates closed to determine if there was a change in total project passage time between treatment and
control side gate operations. Opened side gates showed a net loss of fish once they entered the
attraction chamber of the fish ladders, thus increasing the total average passage time. Tests with summer
chinook showed by closing the side gates at Wells, passage time was cut in half (00-8). A
recommendation to modify ladder operations was presented to the JFP (Appendix P). There was
discussion about the need for further evaluation of passage times. The WCC agreed to the change in
ladder operations immediately and to discuss a follow-up evaluation in 2001 (00-8).

4.2 Sockeye Pilot Program

The District worked with the WCC and OBTWG to move the sockeye mitigation program currently
at Cassimer Bar to British Columbia. The District believes that the highest probabitity of success to
mitigate for unavoidable sockeye losses at Wells Dam lay with measures as close to the spawning area
as possible. A workshop (April 5, Vancouver, BC) allowed the WCC to hear from Canadian fisheries
parties about various research options to address sockeye mitigation in BC. A series of draft reports were
provided to the WCC at the end of the year (Appendix S).

(5) Chronology of compliance for 2000

Items (3) and (4) above contain chronology of compliance in 2000. Documentation that the Joint
Fisheries Parties were consulted prior to implementation of changes is provided in the minutes of the
Wells Coordinating Committee. These records are included as Appendix Q.



(8 Schedule of Activities for 2001

The following schedule of activities is planned for 2001

Dec. (00)
January
March 1
March 1
March 1
March 15
April 1
April 15
May 1
October
on going
on going

Develop Annual Bypass System Operation Plan between District, Agencies and Tribes
Meeting with District, Agencies and Tribes on adult passage concerns

Annual Bypass System Operation Plan finalized

Determine Bypass Team members for bypass season

Develop Annual Passage Monitoring Plan between District, Agencies and Tribes
Begin monitoring juvenile migration via hydroacoustics

Bypass barriers in place

Anticipated start of the juvenile migration

Start coilecting spring chinook broodstock at Wells Dam

Production Plan annual review between District, Agencies and Tribes

Planning sockeye mitigative strategies

Planning for operations and protocols of the Methow River Spring Chinook Facilities

{7) Minutes of Meetings

7.1 Minutes of the Wells Coordinating Committee for 2000

The Wells Project was removed from the mid-Columbia proceedings on January 24, 1991 as the
Settlement Agreement between the fisheries agencies and tribes was approved by F.E.R.C. Minutes
from the meetings of the WCC for 2000 are attached as Appendix Q.
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Appendix A

Annual Bypass Operation Plan, Year 2000




WELLS HYDROELECTRIC PROJECT
JUVENILE BYPASS SYSTEM OPERATIONS PLAN
for the 2000 Bypass Season

The Wells Long Term Settlement Agreement (I1.F.1) specifies that Douglas PUD will submit an Annual
Qperations Plan for the bypass to the Wells Coordinating Committee by December prior to the spring
migration. This plan will be reviewed and approved by the Committee by March 1.

The Bypass System
The PUD will install five bypass barriers in spill gates of the Wells Project. The bypass will operate per
criteria in the Settiement Agreement (il.C, E).

Operation Criteria
The operation criteria includes operation of the bypass in partnership with adjacent turbine units, the
amount of water required for bypass operation and criteria for full bypass system operation.

Bypass Qperations Timing Criteria
The bypass will be in place from two weeks before predicted start of the migration until two weeks after
the migration is complete.

Projected Hatchery Releases above Wells Dam
Estimated hatchery releases for 2000 above Wells Dam are as follows:;

Facility Species No. in thousands Dates

Winthrop (USFWS) Spr. Chinook 380 4/15
Methow (WDFW) Spr. Chinook 450 415
Cariton (WDFW) Sum. Chinook 206 4115
Similkameen (WDFW)  Sum. Chinook 284 4/15
Wells (WDFW) Sum, Steelhead 655 4/20
Winthrop (USFWS) Sum. Steelhead 105 5/01
Winthrop (USFWS) Coho 200 5/15
Cassimer Bar (CCT) Sockeye 200 10/15

Starting Dates and Ending Dates

Bypass barriers will be in place between March 15 and September 15. Hydroacoustic sampling will start
on March 15 and be collected until August 29. Fyke netting will be done between March 15 to either April
10 or the start of the Bypass, which ever occurs first and again from August 15 through 31.

The bypass team will decided the start and end of bypass operation. Hydroacoustics and fyke net
information at Wells will be used to show the start and completion of the spring and summer migrations.
Preseason dates for bypass operation for spring and summer migration are April 10 through May 30 and
July 1 through August 15.

(3/22/00)

¢ ‘\Data Files\bypass\bypass00
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WELLS DAM STEELHEAD SURVIVAL STUDY
2000

STUDY PROPOSAL

Submitted: September 20, 1999

Modified: November 5, 1999

Shane Bickford
Fisheries Biologist
Public Utility District No. 1 of Dougias County



INTRODUCTION

The 1990 Wells Settlement Agreement and the proposed Wells Habitat
Conservation Plan both require the Public Utility District No. 1 of Douglas County to
conduct juvenile survival studies at the Wells Hydroelectric Project. The results of these
studies will guide the implementation of future mitigative strategies for juvenile saimonids
migrating through the Wells Project. The proposed Wells HCP agreement requires three
years of survival studies to be conducted in order to determine the survival of plan species.

Results from the 1998 Wells survival study indicated that yearling hatchery chinook
migrating from the mouth of the Methow River (Pateros) through and to 1,000 feet beiow

Wells Dam averaged 0.997 (SE =(.015) in 1998 (Bickford et al., 1999a). A similar PIT-
tag survival study was conducted in 1999 with yearling summer steelhead. The primary
objective of the 1999 survival study was to estimate the relative survival of yearling
steelhead smolts migrating from the mouth of the Methow River through and to 1,000 feet

below Wells Dam. Steelhead survival averaged 0.943 (SE =0.016) in 1999 (Bickford et
al,, 1999b Draft).

The second objective of the 1999 survival study was to evaluate the feasibility of
conducting paired PIT-tag survival studies in the Okanogan River. Problems encountered
during 1999 included significant difficulty in handling and transporting fish to the
Okanogan release site without incurring higher rates of pre-release stress relative to the
Pateros and tailrace release groups. Sources of additional stress included longer
transportation distances, different barge loading techniques and modified release protocols.
Future survival studies in the Okanogan River will need to reduce these sources of bias.
Particular issues to be addressed include improving river access, reducing pre-release
stress, streamlining loading techniques and developing on-site acclimation prior to release.
Additional challenges include modifying the existing transportation and release techniques
at Pateros and in the tailrace to match those to be developed for the Okanogan River. This
would include the development of on-site acclimation at all three release sites (Okanogan,
Pateros and tailrace).

Unfortunately, construction of on-site acclimation sites at all three release locations
cannot be competed in time for the survival study scheduled for 2000. Until on-site
acclimation facilities can be established, the District proposes to study summer steelhead
survival from the Methow River through and to the tailrace of Wells Dam. Estimates of
survival generated from Pateros to the tailrace represent survival through the lower
reservoir, forebay, Wells Dam and Wells tailrace for 100% of the naturally produced
steelhead smolts and 85% of the composite (hatchery and natural) steelhead smolts passing
Wells Dam. No weighting scenario is proposed for steelhead survival estimates generated
from survival studies conducted in 2000.

Following the development of on-site acclimation in the summer of 2000, the
District proposes to conduct a yearling chinook survival study in 2001. If the survival
estimates from this study are sufficiently precise, the resultant survival estimates would be
weighted at 75% Pateros/tailrace and 25% Okanogan/Pateros/Tailrace.



METHODS

Estimation Methodology

Survival estimates generated for the 2000 juvenile survival study will be based
upon the single and paired single release-recapture model (Cormack, 1964; Jolly, 1965;
Seber, 1965; Burnham et al., 1987). This particular release-recapture methodology has
been successfully used to estimate project specific survival for juvenile chinook and
steethead passing through Snake and Mid-Columbia river dams. Chinook and steelhead
survival studies based upon the Single release-recapture model were successtully
implemented at the Wells Dam during the 1998 and 1999 spring outmigration (Bickford et
al., 1999a; Bickford et al., 1999b Drafi).

Collection, tagging, handling and release methodologies employed during the 2000
survival study will be identical to techniques utilized during the 1998 and 1999 survival
studies. Steelhead smolts intended for tagging will be collected as they volitionally exit the
earthen rearing ponds at the Wells Fish Hatchery. Collection efforts are anticipated to
commence on April 20, 2000. Tagging wili commence on April 24, 2000. Tagged fish will
be released starting on April 26, 2000 and will be continue until at least May 14, 2000 (10
replicates). If additional steelhead continue to volitionally emigrate from the hatchery
rearing ponds, the 2000 survival study will continue to mark and release fish until May 26,
2000 (15 replicates).

Precision Objectives

The primary objective of the 2000 survival study will be to estimate the survival of
summer steelhead passing from the mouth of the Methow River to below Welis Dam at the
specified precision level * 0.05, 95% of the time (ie., £=0.05, a=10.05).

Sample Size

To accommodate the needs for this study, additional hatchery summer steelhead
production was provided to compensate for the lost productivity associated with handling,
tagging and release locations. These additional fish are being reared at the Wells Fish
Hatchery. Goals of this study include the collection, tagging and release of at least 20.200
steelhead smolts at Pateros and 20,200 steelhead smolts in the Wells tailrace. Depending
upon fish availability beyond May 14, 2000, up to 10,100 additional steelhead will be
releases at each of the two release sites. At the Pateros and Wells tailrace release sites 10-
15 replicate releases of PIT-tagged fish will take place. The study plan calls for a replicate
release of fish at the primary release sites every other day until at least 10 replicates and as
many as 15 replicate releases have been completed.

Study Animals

Yearling summer steelhead raised at the Wells Fish Hatchery (WFH) are the
preferred stock for this study. Steelhead used for this study need to be representative of
normal sized steelhead smolts. Steelhead less than 160 mm in fork length will not be
tagged for use in the 2000 survival study to ensure that only migratory steelhead (smolts)
are tagged. Steelhead smolts will be collected from the steethead production at large as
they volitionally exit the earthen rearing ponds at the WFH.



Tagging

Study animals will be PIT-tagged at the WFH facility. Tagging will take place in a
manner similar to Bickford et al. (1999) and Prentice et al. (1987). ISO 134 kHz PIT-tags
will be the utilized during the 2000 survival investigation.

Release Strategies

PIT-tagged fish will be released approximately 36 hours after being PIT-tagged at
the Wells Fish Hatchery. Release sites and sample sizes for the proposed 2000 survival
study can be found in Figure | and 2. The Methow and Wells tailrace release groups are
referred to as the treatment and control (T & C) release groups, respectively. The treatment
and control release groups will consist of 2,020 fish per replicate and between 10-15
replicates. The maximum number of steelhead released for the development of survival
estimates through Wells Dam is 60,600 fish. To allow PIT-tagged fish to travel together
through Wells Dam, the Pateros releases will occur 4-6 hours before the tailrace release
group. Similar release strategies in 1998 and 1999 have resulted in almost identical
passage distribution and timing at downstream dams.

Preliminary, release site and sample size information for a 2001 chinook survival
study can be found in Figure 3.

SUMMARY

The 1990 Settlement Agreement and the proposed Wells HCP require Douglas
County PUD to conduct survival studies on juvenile salmonid migrants passing through the
Wells Hydroelectric Project. Results from survival studies in 1998 and 1999 indicate that
PIT-tag survival studies are viable and accurate tools in assessing juvenile fish survival
through Welis Dam. Hatchery steelhead migrants will be collected as they volitionally exit
the earthen rearing ponds at the Wells Fish Hatchery. Tagging will take place at the Wells
Fish Hatchery and fish will be released at one site above and one site below the dam. At
least 40,400 and as many as 60,600 PIT-tagged steelhead will be released at two locations
in order to estimate survival from Pateros to 1,000 feet below Wells.

Survival estimates generated from the 2000 steelhead survival study are expected to
have a precision level of + 0.05, 95% of the time (ie., €= 0.05, o= 0.05). Information
related to the physiology and travel time of Wells Fish Hatchery steelhead will also be
generated from this study.

The District’s intent is to conduct a chinook survival study in 2001. The 2001
yearling chinook survival study will assess survival from Okanogan to Pateros and from
Pateros to the Wells tailrace. On-site acclimation will be utilized to ensure that pre-release
handling conditions are equalized for all three release locations proposed for study in 2001.
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Figure 1 Steelhead release sites, 2000,

Minimum Sample Size = 40,400 fish

5

Woells Dam tailrace
T 20,200 steelhead




Figure 2 : Steelhead release sites, 2000.
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Figure 3 . Chinook release sites, 2001.
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INTRODUCTION

The 1990 Welis Settlement Agreement and the proposed Wells Habitat
Conservation Plan both require the Public Utility District No. 1 of Douglas County to
conduct juvenile survival studies at the Wells Hydroelectric Project. The results of these
studies will guide the implementation of future mitigative strategies for juvenile
salmonids migrating through the Wells Project.

Results from the 1998 Wells survival study indicated that yearling hatchery
chinook migrating from the mouth of the Methow River (Pateros) through and to 1,000

feet below Wells Dam averaged 0.997 (SE' =0.015) in 1998 (Bickford et al., 1999). A
similar PIT-tag survival study was conducted in 1999 with yearling summer steelhead.

Steelhead survival averaged 0.943 (SE =0.016) in 1999 (Bickford et al., 2000). A
second steelhead survival study will be conducted at Wells Dam in the spring of 2000.

In addition to these three survival studies, the District is proposing a forth survival
study. The proposed 2001 survival study would attempt to assess the survival of yeariing
chinook migrating from the Okanogan River to Pateros and from Pateros to the tailrace of
Wells Dam. A third component of survivai, from Okanogan to the tailrace of Wells Dam,
may also be generated from data collected during 2001.

The 2001 survival study is being proposed early so that the District may properly
prepare acclimation and release facilities prior to the spring of 2001. The sooner the
2001 study plan can be approved the higher the probability of success.

An important element of the 2001 survival study plan is the need for component
survival estimates to be weighted according to the proportion of yearling chinook
produced in the Okanogan and Methow river drainages. If the survival estimates from
this study are sufficiently precise, the component survival estimates would be weighted at
75% (Pateros-Tailrace) and 25% (Okanogan-Pateros-x-Pateros-Tailrace). Justification for
the chinook production ratios can be found in Table 1.

The Okanogan-Tailrace survival estimate, if sufficiently precise, could be
substituted for the (Okanogan-Pateros-x-Pateros-Tailrace) survival estimate for use in the
weighting schedule.

METHODS

Study Animals
Yearling summer chinook raised at the Wells Fish Hatchery (WFH) are the

preferred stock for this study. Chinook smolts will be collected and PIT-tagged in March
and will be held in muitiple concrete raceways until they are ready for transport to final
release and acclimation facilities.

Estimation Methodology

Survival estimates generated for the 2001 juvenile survival study will be based
upon the single release-recapture and the paired release-recapture models (Cormack,
1964; Jolly, 1965; Seber, 1965; Burnham et al., 1987). This particular release-recapture
methodology has been successtully used to estimate project specific survival for juvenile
chinook and steelhead passing through Snake and Mid-Columbia river dams. More



specifically, chinook and steethead survival studies, based upon the paired single release-
recapture model, were successfully implemented at Wells Dam during 1998 and 1999
(Bickford et al., 1999; Bickford et al., 2000 Draf?).

Precision Objectives

The primary objective of the 2001 survival study will be to estimate the survival
of yearling chinook passing from the mouth of the Methow River to below Wells Dam
and from the Okanogan River to Pateros at the specified precision level +0.05, 95% of
the time (ie., £=0.05, a=10.05).

The secondary objective of the 2001 survival study will be to estimate, pending
validation of all release-recapture assumptions, chinook survival from the Okanogan
River to below Wells Dam at the specified precision level +0.05, 95% of the time (ie.,
e=0.05, a=0.05).

Sample Size
To accommaodate the needs for this study, additional hatchery yearling chinook

production will be provided at the Wells Fish Hatchery to compensate for losses resuiting
from the handling, tagging and release of fish during this study. Goals of this study
include the collection, tagging and release of 33,000 chinook smolts at Pateros, 33,000
chinook smolts in the Wells tailrace and 33,000 chinook smolts in the Okanogan River.
The study plan calls for a replicate release of fish at the three primary release sites every
other day until 10 replicate releases have been completed (Figure 1).

Tagging

Study animals destine for the three release sites will be tagged at the WFH. Fish
collection, tagging, recovery and releases will take place in a manner similar to Bickford
et al. (1999) and Prentice et al. (1987). ISO 134 kHz PIT-tags will be the utilized during
the 2001 survival investigation. Tagging will take place in March 2001.



Release Strategies
Release sites and sample sizes for the proposed 2001 survival study can be found

in Figure 2 and Figure 3. Each of the ten replicate release groups at each release site will
contain approximately 3,300 fish. The maximum number of chinook released for the
development of component survival estimates through Wells Dam wiil be 99,000 fish.

Release Strategy: Okanogan

Day #1 - Fish collected and transported to release site (50 minute trip).
Day #2 - Fish allowed to recovery (46-hours) after transportation.

Day #3 - Continue recovery process.

Day #4 - Fish released.

Day #5 - Okanogan fish swim to Pateros in time for Pateros release.

Release Strategy: Pateros

Day #2 - Fish collected and transported to release site (50 minute trip).
Day #3 - Fish aliowed to recover (46-hours) after transportation.

Day #4 - Continue recovery process.

Day #5 - Fish released.

Day #6 - Pateros fish swim to tailrace in time for tailrace release.

Release Strategy: Tailrace

Day #3 - Fish collected and transported to release site (50 minute trip).
Day #4 - Fish allowed to recover {(46-hours) after transportation.

Day #5 - Continue recovery process.

Day #6 - Fish released.

SUMMARY

The 1990 Settlement Agreement and the proposed Wells HCP require Douglas
County PUD to conduct survival studies on juvenile salmonid migrating through the
Wells Hydroelectric Project. Results from survival studies in 1998 and 1999 indicate that
PIT-tag survival studies are viable and accurate tools in assessing juvenile fish survival
through Wells Dam. Hatchery chinook will be collected and PIT-tagged at the Wells
Fish Hatchery prior to the beginning of the study. Tagging will take place at the Wells
Fish Hatchery. PIT-tagged fish will be released at two sites above and one site below
Wells Dam. As many as 99.000 PIT-tagged chinook will be released in order to estimate
survival from the Okanogan River to Pateros, from Pateros to 1,000 feet below Wells.
Additionally, a survival estimate from the Okanogan River to the tailrace of Wells Dam
may also be estimated from fish released during this study.

Survival estimates generated from the 2001 chinook survival study are expected
to have a precision level of £ 0.05, 95% of the time (ie., £=0.05, o= 0.05). Information
related to the physiology and travel time of Wells Fish Hatchery chinook will also be
collected from PIT-tagged chinook in 2001.




Figure 1. Number of replicate release groups of specified release sizes
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Figure 2. Schematic of release sites and PIT-tag detection facilities used for the
2001 Wells Dam Survival Study (Parameters that will be estimated
from the release-recapture data are indicated).
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_ Figure 3: Wells Chinook Survival Study, 2001
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Table 1: Production calculation for yearling chinook upstream of Wells Dam.

Methow Yearling Chinook 1998 run-sizes

Winthrop National Fish Hatchery 320,000
Carlton Acclimation Pond 400,000
Methow Fish Hatchery 371.306
SUB-TOTAL 1,090,306
— Wild yearling chinock (LaVoy, 1995) 279.400
SUB-TOTAL 1,369,706
Okanogan Yearling Chinook 1998 run-sizes
Similkameen Acclimation Pond 450,000
Wild Yearling Chinook Assumed 0
SUB-TOTAL 450,000
GRAND TOTAL 1,820,706

Percentage Yearling Chinook originating from Okanogan - (0.2472) ~ 25%*

* Based upon 1998 hatchery planting records, production estimates in Mullan et al. (1992),
Chapman et al. (1995) and LaVoy (1995) a 25% weighting for Okanogan River chinook
can be supported. Table 1 represents the numbers of yearling hatchery fish planted into
the Methow and Okanogan river systems in 1998. Estimates of natural spring chinook
production in the Methow River were derived by taking the 25 year average (1975 — 1994)
number of natural spring chinook adults produced by the Methow River (1,397) and
dividing this number by the average observed smolt-to-adult survival (0.005) (LaVoy,
1995). From this, an estimate of the average number of natural spring chinook smolts can
be derived (279,400).
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INTRODUCTION

The Public Utility District No. 1 of Douglas County has completed three years of
precise survival studies at the Wells Hydroelectric Project. Results from the 1998, 1999
and 2000 survival studies indicate that yearling chinook and steelhead survival through the
Wells pool and dam is sufficiently high to meet the No Net Impact conditions of the
proposed Wells Habitat Conservation Plan.

Survival for yearling chinook migrating from the mouth of the Methow River
(Pateros) through and to 1,000 feet below Wells Dam averaged 0.997 (SE=0.015) in 1998
(Bickford et al., 1999). Similar PIT-tag survival studies were conducted in 1999 and 2000

with yearling summer steethead. Steelhead survival averaged 0.943 (SE=0.016) in 1999
and 0.946 ( SE = 0.015) in 2000 (Bickford et al., 2000a; Bickford et al.2000b Draf?).

Survival estimate from Douglas and Fish Passage Center PIT-tag release groups
were compiled and compared to determine if significant differences in survival exist
between stocks and between release years. Survival for yearling spring chinook, yearling
summer chinook, yearling Methow run-of-river chinook, yearling steelhead and yearling
coho have been assessed through a common section of river (Rocky Reach to McNary)
(Table 1). To date, survival through this section of river has been very consistent between-
stocks and between-years studied.

Based upon the results of Wells project and Mid-Columbia reach survival studies,
the Wells Coordinating Committee has initiated discussion related to future survival
studies at Wells Dam. The Wells Coodinating Committee approved a 2001 project survival
study with yearling summer chinook during the spring of 2000. However based upon the
results collected to date (1998-2000), additional yearling chinook project survival studies
may not be required at the Wells Project. Instead, uncertainty associated with sockeye
survival could be reduced through a single site release of yearling sockeye at Zosel Dam.
Surrogacy survival studies would focus on comparing the relative reach survival of
yearling spring and summer chinook and yearling coho with the reach survival of wild

yearling sockeye.



Table 1. Summary of reach survival estimates from Rocky Reach tailrace to McNary Dam.
Weighted averages reported for yearling chinook, steelhead and coho for the years 1998-

2000.

Species Source Year 5 SE (§ ) 95% C.I.
Steelhead Douglas Hatchery 1999 0.686 0.010 0.666 ~ 0.706
Steeihead Douglas Hatchery 2000 0.656 0.011 0.634 - 0.678
i;‘;;‘g"éh'siﬁggf r?‘t)eliglas run-of- 1998 0720 0084  0.555-0885
Summer Douglas Hatchery 1998 0.659 0.040 0.581 - 0.737
Chinook
Coho Winthrop Hatchery 2000 0.715 0.123 0.474 - 0.956
Summer Douglas Hatchery 2000 0.731 0.063 0.608 - 0.854
Chinook
Spring Chinook  Winthrop Hatchery 1998 0.720 0.091 0.542 - 0.898
Spring Chinook ~ Winthrop Hatchery 1999 0.727 0.053 0.623 - 0.831
Spring Chinook ~ Winthrop Hatchery 2000 0.692 0.088 0.520 - 0.864




METHODS

Estimation Methodology

Comparative survival estimates generated from the proposed 2001 juvenile survival
study would be based upon the Single release-recapture model (Cormack, 1964; Jolly,
1965; Seber, 1965; Burnham et al., 1987). This particular release-recapture methodology
has been successfully used to precisely estimate survival for juvenile chinook, steelhead
and coho passing through Snake and Mid-Columbia river dams. Chinook and steelhead
survival studies based upon the Single release-recapture model were successfully
implemented at Wells Dam during the spring of 1998, 1999 and 2000 (Bickford et al.,
1999; Bickford et al., 2000; Bickford et al. 2000b Draf?). Results from these studies
indicate that survival through Wells Dam is consistently high for yearling chinook and

steelhead.

Precision Objectives
The primary objective of the proposed 2001 comparison studies would be to

estimate the survival of various surrogate stocks of fish passing from the Taiirace of Rocky
Reach to the tailrace of McNary Dam at the minimum specified precision level £ 0.05,

90% of the time (i.e., €= 0.05, a= 0.10).

Sample Size
To accommodate the needs for the original 2001 yearling project survival study,

additional yearling chinook were raised at the Wells Fish Hatchery to compensate for the
lost productivity associated with handling, tagging and release of hatchery fish. Goals of
the proposed comparison studies include the collection, tagging and release of muitiple
groups of yearling chinook and sockeye in order to compare survivai through a common
section of river. Anticipated sample size requirements vary between stocks based upon
anticipated capture and survival rates at downstream dams. A summary of preliminary

species-specific sample size estimates can be found 1n Table 2.



Table 2. Sample size estimates for different stocks of fish migrating through the Mid-
Columbia River in 2001.

Preliminary | Replicate | Total | Reach Survival
Species Age Origin | Replicate Size | (Range) Fish Comparison
Su. Chinook Yearling WFH 3.000 5-10 15K -30K | RRHt to MCNt
Sockeye Yearling Wild 2,000-4,000 7-10 14K - 40K | RRHtto MCNt
Sp. Chinook* Yearling WNFH 2,500 3 7.5K RRHt to MCNt
Coho** Yearling | WNFH 2,000 4 8K RRHt to MCNt

* Fish scheduled to be marked by the Fish Passage Center — contact person: Larry Basham.
* Fish proposed io be marked by the Yakama Indian Nation in 2001.

Study Animals
Possible Collection, Tagging and Release Strategies

Yearling summer chinook smoits would be collected in February, tagged in March
and released in April at Pateros. Wild sockeye smolts would be collected at Zosel Dam in
May. These fish would be tagged one day after collection and released back into the
Okanogan River within two days. Release sites were selected to provide returning adults
access to suitable spawning habitat and to minimize handling mortality.

Collection, tagging, handling and release methodologies employed during the 2001
survival study will be similar to techniques utilized during the 1998, 1999 and 2000
survival studies. Fish stocks selected for comparison within 2001 would include yearling
hatchery summer chinook, yearling hatchery spring chinook and yearling wild sockeye. In
addition, if a proposed release of coho takes place from Winthrop in 2001 a comparison of
coho survival could also be included in the comparison study objectives. The proposed
between-year reach survival comparison will also include historical survival estimates of
summer steelhead (1999-2000). Winthrop yearling spring chinook are scheduled to be
PIT-tagged by the Fish Passage Center and as such the tagging and release of these fish is
outside the scope of this proposal. A summary of proposed release sites and stocks of fish
that could be compared under this proposal can be found in Table 2.

All PIT-tagging will take place in a manner similar to Prentice et al. (1987) and
Bickford et al. (1999). ISO 134.2 kHz PIT-tags will be the tag utilized during the 2001

comparative survival investigation.




Table 2. Proposed fish stocks and release sites for the 2001 Comparison Survival Study.

Collection Release | Reach Survival
Species Age Disposition Site Site Comparison
Su. Chinook Yearling WFH Hatchery Pateros RRHt 1o MCNt
Sockeye Yearling Wild Zosel Dam Zosel RRHt to MCNt
Sp. Chinook Yearling WNFH Hatchery Winthrop RRHt to MCNt
Coho Yearling WNFH Hatchery Winthrop RRH1 to MCNt

Comparative Statistics

The concept of surrogacy survival tests proposed in this study plan require the

establishment of Tolerance Intervals or what has been termed Decision Criteria. Tolerance

Intervals, as proposed, would be used to quantitatively determine whether or not

differences in survival exist between estimates of survival. As an example, survival

between sockeye and yearling chinook (spring and summer) could be tested within a year

(2001). A second set of Tolerance Intervals would be used to determine whether the

existing (1998-2000) survival information for yearling spring chinook, yearling summer

chinook, yearling Methow run-of-river chinook, yearling summer steelhead and yearling

coho fits with the 2001 survival estimates for yearling spring chinook, yearling summer

chinook, yearling sockeye and yearling coho (if coho are released). The primary null

hypothesis of the experiment would be to determine if the reach survival for PIT-tagged

sockeye in 2001 is similar to or higher than the reach survival estimates for other species

of PIT-tagged fish studied to date. Tolerance Interval would provide the framework for

testing the following two hypotheses. The primary null hypothesis would read as follows:

H  :Sockeye survival is greater than or equal to yearling chinook, sieelhead

and coho survival.

H_ : Sockeye survival is lower than yearling chinook, steelhead and coho

survival.




A second set of null hypotheses could be used to investigate within-year survival
differences between stocks of fish tagged (yearling spring and yearling summer chinook,
yearling coho and yearling sockeye). As an exampie a secondary type hypothesis might

state:

H , :Sockeye survival tn 2001 is greater than or equal to yearling chinook

survival in 2001.
H_, : Sockeye survival in 2001 is less than yearling chinook survival in

2001.

A multitude of additional within and between-year null hypotheses could be tested with the

data derived from the proposed 2001 comparative survival study.



SUMMARY

Results from survival studies in 1998, 1999 and 2000 indicate that PIT-tag survival
studies are viable and accurate tools for assessing juvenile fish survival through individual
dams and through common reaches of the Mid-Columbia River. Fish stocks that have
been compared to date include yearling hatchery summer chinook, yearling hatchery spring
chinook, yearling Methow run-of-river chinook, yearling hatchery steelhead and yearling
hatchery coho. The proposed 2001 comparison study would attempt to add yearling wild
sockeye to the list of fish stocks with documented survival through the Mid-Columbia
River.

Sufficient numbers and replicates of fish would be released in 2001 to have an
estimated precision of  0.05, 90% of the time (i.e., €= 0.05, o= 0.10) about each stocks
reach survival estimate. Additional information gained from the proposed research would
include indices of physiology, estimates of capture at downstream dams and median travel
times for the selected species of interest.

In order to implement Comparative Survival Studies in 2001, the Weils

Coordinating Committee must unanimously support the “Comparison Study Concept” by

October 16, 2000. If this or an alternative study plan is not approved by October 16", the

District will abandon the “Comparison Study Concept” and will pursue the 2001 Yeatling
Chinook Project Survival Study that has already been approved by the Wells Coordinating
Committee.

The WCC must also agree to accept the 1998, 1999 and 2000 survival study results
for determining survival as defined in the Wells Long-term Settlement Agreement and the
proposed Wells HCP. The committee must also agree that the average of the three years of
survival studies conducted at Wells Dam wiil be used to determine the District’s initial
contribution to the Tributary Habitat Fund under the HCP. The committee will also need
to agrees that the Weils Project has met the survival standards required for Phase I1I of the

HCP.
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April 24, 2001

Shane Bickford

PUD No. 1 of Douglas County
1151 Valley Mall Parkway

East Wenatchee, WA 98802

Dear Shane,

RE: Tolerance Limits for a Sockeye Survival Study

Tolerance limits attempt to put an upper and lower bound on values in a
population distribution. In other words, what is the range of possible values that
could be generated by a statistical population? These tolerance intervals focus on
the individual values within the population and not their critical tendency. The
tolerance limits have a three-point entry; they are:

1. n, the number of observations used in constructing the tolerance
intervals

2. P, the proportion of the population bracketed by the interval
estimate (e.g., 90, 95, or 99% of the population)

3. «, the probability that the interval estimate does not include the
true proportion P (e.g., 0.10, 0.05, 0.01)

The tolerance interval is then calculated as

xt Ka‘rr.P "5

where
X =sample mean,
s = standard deviation of the original observations.

Critical values of K were obtained from tables presented in Zwillinger and
Kokoska (2000).

1325 TOURTH AVENLUE « SEATTLE, WA - 98101-23409
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Table 1 presents alternative tolerance intervals for various values of « and P.

o P Ti
0.10 0.90 0.6090 - 0.7795
0.95 0.5953 - 0.7933
0.99 0.5588 - 0.8298
0.05 0.90 0.5928 - 0.7957
0.95 0.5766 - 0.8120
0.99 0.5330 - 0.8555
0.01 0.90 0.5615 - 0.8271
0.95 0.5401 - 0.8484
0.99 0.4832 - 0.9054

For example, a 90% TI (i.e., P =0.90) identifies the 5% smallest and 95% largest
individual values in the statistical population. Calculations were based on seven
mean seasonal survival estimates for steelhead and chincok salmon and assuming
comparison with a mean seasonal survival for sockeye in 2001.

Literature Cited

Zwillinger, D., and S. Kokoska. 2000. Standard probability and statistics tables
and formulae. Chapman and Hall/CRC. New York, NY. 554 pp.

Sincerely,

John R. Skalski
Professor of Biological Statistics



N 2001-2002 Sockeye Survival Study
Decision Tree

2001 Sockeye Survival Estimate is - -

— Higher than yearling
survival within-a-year

‘— Sockeye survival at Wells
is assumed to be similar to
species studied to date.

— Same as yearling
survival within-a-year

|— Sockeye survival at Wells

species studied to date.

‘— Lower than yearling
survival within-a-year

- 1

is assumed to be similar to

\- Equal or Higher than yearling I— Lower than yearling

survival between-years

2002
Resolve confounded

- results with a second sockeye
surrogacy test

survival between-years

— 2002
Confirm results with a
second sockeye surrogacy test
— Or conduct a project specific
sockeye survival study at Wells
when technology allows for a
precise/accurate study




Appendix E

Letter from Okanagan Basin Technical Working Group on

Year 2000 Projects




Rick Klinge

Public Utility District No. 1 of Douglas County
1151 Valley Mall Parkway

East Wenatchee, WA 98802

USA

Dear Mr. Klinge:

The Okanagan Basin Technical Working Group (OBTWG) is a coordinating body
responsible for the Okanagan River watershed with membership from the British
Columbia Ministry of Environment, Lands and Parks, Okanagan Nation Fisheries
Commission, and Fisheries and Oceans Canada.

OBTWG met in Penticton, British Columbia on February 8/9, 2000 to discuss mitigative
options outlined in the report entitled “ Fisheries Habitat in the Okanagan River — Phase
2- Investigation of Selected Options”. Representatives from the Province of British
Columbia ~ Water Management Branch were also in attendance.

OBTWG reached consensus on a package of Optionswebelievcwillet‘fectively boost
sockeye producﬁoninmiswmhedwhﬂemeeﬁnsrequiremems for a multi-species
ecosystemappmachovuanmdedpeﬁodofﬁme. The ecosystcm approach is the type
we have consistently supported in this very important initiative.

In selecting our preferred options, we considered costs and benefits and consequently
climinated options such as the hypolimaetic siphon and set back dyking. We were also
mindful of the specific needs of your agency and consequently set aside some of our
broader interests for the restoration of tributary streams, the procurement of water
licences, and the inventory of water diversions and screening.

The package we are recommending addresses our respective interests and the needs of
fish It includes the following options (not in order of priority):

o Trap, mark, transport and recover sockeye salmon on 2n experimental basis (possibly
using radiotelemetry and/or other techniques) to investigate the sources of aduit
sockeye losses during migration between Wells Dam and the spawning grounds, and
possible mitigative strategies;

o Conduct assessments and analyses to identify viable options to fine tune flow releases
10 reduce negative impacts on habitat and spawning adults, incubating eggs and pre-

emergent fry;

o Construct a spawning channel;
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) Rmzporﬁonsofthcﬂoodcomlchmnelmamotcnnuralsnte.'ghiSWiu
include construction of two “Newbwry' riffles (pending regulatory Teview), restoration
of ope or more oxbows, and revegetation of sh-eambg_nks, _

The OBTWG suggests tha.tthwoptionsbepwsuedasasinglepachsetoﬁtwithom

ueosystmappmachtothisiniﬁnﬁve. Howcwr,wealso;ppreciatcthn:fmd:erworkmay
not feasible or cost effective, and may not sufficicntly benefit

fish

We recommend that this year’s work includs feasibility studies as follows (not in order of

priority):

» Assembly, review, analysis, and synthesis of existing data relevant to identifying
mechanism(s) that influence survival of sockeye adults between Wells Dam and the
spawning grounds;

o Investigation of the feasibility ofcmpioyinganexpeﬁmemﬂltrapandmnspon
program in Year 2001 to identify specific migratoty loss “ bottlenecks™. Subsequedt
work would be directed to reducing the impacts of factors causing these
“hottlenecks™ where possible;

e« Evaluation of factors and techniques which would allow improved regulation of river
flows to reduce negative 1mpacts oo sockeye and other specics;

e Evaluation of spawning chanpel for possible construction in Years 2001 / 2002,
e Design of an oxbow restoration plan for possible construction in Year 2001;

o Design a revegetation program andsetupagmwingpmgramforplugsto be planted
in Year 2001;

e Construction of 2 ‘Newbury’ riffles in August 2000 ( pending regulatory review).

be revicwed to estimate costs, detemine dssxgnrequiremcms.andidenﬁfypotential fish
production benefits associated with the package of options under consideration. Final
discussions would then be held with all appropriste parties in this initiative to determine
which options to pursue further.

At this point in ime the OBTWG suggests that the DC PUD consider our suggestions and
indicate whether you agree with this approach. Once we reccive confirmation of your
agreement we will supply you with a more detailed description of cach of the facets of
the work we have suggested for the Year 2000,



02/18/00 1Z:30 rAd vy vvi svve

We appreciate the oppomnﬂtyofworldngwithyou on this excitingpu'ogmnandlook
forward to your reply.

Steve Matthews - MOELP
Byron Louis - ONFC
Howie Wright — ONFC
Mike Flym — DFO

Kim Hyatt - DFO

Keith Bolton — DFO

Bill Green — CCRITFC

c.c. Blair Hammond - British Columbia Conservation Foundation
Brian Symonds — MOELP — Water Management



Appendix F

Cassimer Bar Broodstock Collection Protocol, 2000




ATTACHMENT A
2000 Okanogan Sockeye Saimon Broodstock Protocol

Introduction

The protocol outlined beiow describes a procedure for collecting aduit sockeye saimon at
Wells Dam for meeting hatchery production requirements at the Cassimer Bar Sockeye Hatchery
operated by the Colville Tribal Fish and Wiidiife Department. Trapping operations will be
conducted at the eastbank fishway trap and will be coordinated with WDFW's summer chinook
broodstock collection operations. Currently, trapping for summer chinook begins in late June and
continues through late August. The window for sockeye trapping fits well within this period.

Program Goal

The 2000 program goal is to rear 80,000 sub-yearling sockeye for release into Osoyoos
Lake in the fall (October) of 2001. In order to meet this levej of production based on past hatchery
program results, 112,000 sockeye eggs will be required. This estimate assumes a 72% survival
from egg to release, a fecundity rate of 2,000 eggs per female, a 1:1 male to female sex ratio and
a pre-spawning mortality rate of 20%. Based on these assumptions, 140 adult sockeye need to

be collected for this year's program, :
Broodstock Collection Plan

Sockeye salmon will be collected over a four-week time frame this year in order to reduce
impacts to adult summaer chinook. Trapping will be conducted within the mid-80" percentite of the
run at large. Daily ladder counts at Wells Dam indicate the run entry pattern for the mid-80"
percentile occurs during a 40-day period between July 8™ and August 16™. Trapping will occur
during this window or in a manner that is proportional to weekly passage at the dam if the run
pattern significantly changes. Broodstock collection will paralle! the relative strength of weekly
returns as much as possible through the collection period. Some modifications may be required in
weekly quotas in the event of poor or truncated runs.

Collections will be made in concert with the summer chinook broodstock collection
program operated by WDFW as much as possible. Currently this program traps two-days a week,
therefore it is anticipated that eight/twelve total trapping days will be conducted during the four
week sockeye broodstock cotlection period.

Sockeye salmon will be collected in a random fashion and no attempt will be made to
select for a particular size of fish. No marked (hatchery-origin) sockeye will be collected for
broodstock needs. )

The pre-season forecast estimates a beiow average count of sockeye at Bonneville Dam,
but expects the Ckanogan stock to dominate the run. If this forecast is somewhat accurate,
escapement to Wells Dam will exceed 25,000 adult sockeye this year, which is more than
adequate to meet broodstock requirements without adversely impacting the population.



Appendix G
Spring Chinook Broodstock Collection Protocol, 2000




STATE OF WASHINGTON
DEPARTMENT OF FISH AND WILDLIFE

Mid-Columbia Field Office
610 North Mission St. Suite B8 » Wenatchee, WA 98801 ¢ (509) 664-1227 + FAX (509) 662-6606

8 March 2000
To: Joint Fishery Parties / Mid-Columbia Coordinating Committee
From: Larry Brown

Subject: SECOND DRAFT YEAR 2000 UPPER COLUMBIA RIVER SALMON AND
STEELHEAD BROODSTOCK OBJECTIVES AND SITE-BASED
BROODSTOCK COLLECTION PROTOCOLS

Following is a revised draft adult broodstock collection schedule for year 2000, keyed on target
numbers at various collection sites. Comments received on the 16 February draft have been
incorporated. This protocol is necessary to allow adequate time for discussion and operational
planning to achieve the desired hatchery program and species recovery objectives (BAMP 1998).
This adult broodstock collection schedule is to be considered an interim and dynamic hatchery
broodstock collection plan which may be altered following joint fishery party discussions. As
such, there may be significant in-season changes in broodstock numbers, locations, or times,
brought about through continuing co-manager consultation and in-season monitoring of the
anadromous fish runs to the Columbia River above Priest Rapids Dam.

The year 2000 outlook for ESA-listed upper Columbia River spring chinook is encouraging. Low
natural spawning escapements in 1995 and 1996 are projected to be at least partly offset by a
major turnaround (improvement) in smolt survival. Record or near record runs of age-3 spring
chinook (jacks) portends well for the 4 year old adult component in 2000, resulting ina TAC
forecast representing a 347% increase from last year’s run at the mouth of the Columbia River.
Upper Columbia summer chinook and sockeye salmon are expected to be improved by 27% and
74%, respectively, over 1999. The A-run steelhead component, which includes Upper Columbia
stocks, is forecast to increase 19% overall from last year’s run to Bonneville Dam. The Priest
Rapids steelhead forecast indicates a 32% to 51% increase in ESA-listed hatchery and wild

steelhead.

Reference:

Biological Assessment and Management Plan (BAMP). 1998. Mid-Columbia River Hatchery
Program. National Marine Fisheries Service, U. S. Fish and Wildlife Service, Washington
Department of Fish and Wildlife, Confederated Tribes of the Yakama Indian Nation,
Confederated Tribes of the Colville indian Reservation, Confederated Tribes of the Umatilia
Indian Reservation, Chelan County Public Utility District, and Douglas County Public Ulility
District. Mid-Columbia Mainstem Conservation Plan. 176 pp.



Year 2000 Upper Columbia Broodstock Trapping Protocols
Email Distribution List:

Mike Erho, for distribution to Mid-Columbia Coordinating Committee A-list
Robert Koch, NMFS

WDFW
Rod Woodin Heather Bartlett Kris Petersen Cindy LeFleur
Rick Stilwater  Jerry Moore Manuel Farinas Bob Foster
Joe Foster Andrew Murdoch John Easterbrooks =~ Tami Black
Ross Fuller Bruce Sanford Craig Busack Kevin Amos
Art Viola Jon Anderson Jim Ames Andrew Murdoch

Bob Jateff Chariie Snow



The following year 2000 run sizes are forecast for the Columbia River (TAC, various).

Spring Chinock (TAC) 134,600 total run to Bonneville (347% increase from 1999 actual)
$8.900 destined Lo Snake Basin
47,700 destined to Middle Columbia Basins
28,000 destined to Upper Columbia Basins (4,500 wild)

A. Viola, WDFW 28,613 to Rock Island Dain
(Jack to adult regression) 20,716 to Wenatchee Basin
7,897 to above Rocky Reach Dam
L. Brown, WDFW 23,595 1o Priest Rapids Dam (19.8% ESA-listed stocks)
(AAR + SAR methods) 16,120 to Wenatchee Basin

14,464 to Icicle Creek (280 wild)
1,536 wild 10 upper Wenatchee tribs
119 hatchery origin to Chiwawa River
3,102 to Entiat River
481 wild
2,621 to Entiat NFH
4,373 to abave Wells Dam
82 wild
2,002 Winthrop NFH stock (100% station release)

2,289 Methow FH stocks (55% station release)

Summer Chinook (TAC) 33.300 total run to Bonneville (27% increase from 1999 aciual)
7.600 destined to Snake Basin (90% increasc)
25.700 destined to above Priest Rapids (18% increase)

Sockeye (TAC) 31,200 total run to Bonneville (74% increase from 1999 actual)
5.500 destincd to Wenatchee Basin® (bclow replacement)
25.500 destined to Okanogan Basin
168 deslined to Snake Basin
L. Brown. WDFW. alternate for Lk Wenatchee is 0.7% of 1.49 million smolits = 10.430

Steelhead (TAC-Index)  210.000 A-run to Bonneville (19% increase from 1999 index)

L. Brown. WDFW 11,053 to Pricst Rapids Dam (32% incrcase from 1999 actual)
(1s/2s ratio mecthod) 9,304 hatchery origin (84%) (range 5.664-15.030)
1.749 natural origin (16%) (range 1.375-2.554)

L. Brown. WDFW 12,626 to Priest Rapids Dam (51% increase from 1999 actual)
(SAR-+1s/2s mcthod) 10.877 hatchery origin (86%)
1,749 natural origin (14%)




Year 2000 spring chinook forecasting assumptions. L. Brown, WDFW:

98 smolt SAR (4's) 97 smolt SAR (5's)

Methow R hatchery sinolts 0.003 0.0005
Entiat R hatchery simolts 0.006 0.00006
Wenatchee R hatchery smoits 0.007 0.0007
Y2K age 4 adults Y2K age 5 adults
All wild production 2.2(96 redds)8.0 2.2(95 redds)2.0
4/5 ratio = 4.0 8.0 AAR 2.0 AAR

Relati o of V2K olumbia spring chinook _

Age Four Ape Five All Adulis
Hatchery Wild Haichery Wilkd Hatchery Wild Combined
Methow Basin

Methow R 2,640 0 14 40 2,654 40 2,694

Chewuch R 460 0 i 9 460 9 469

Twisp R 385 0 0 18 385 18 403

Basin total ‘ 3,499 67 3.566

Back calculated to arrival at Priest Rapids Dam «2.0.96s/project 4,373
Age Four Age Five All Aduits

Hatchery Wild Hatchery Wild Hatchery Wild Combined
Entiat Basin
2,106 352 120 57 2226 409 2.635

ival at Pri ids Dam @ 0,96 i 3,10
Agc Four Age Five All Adults

Hatchery Wild Hatchery Wild Haichery Wild Combined
Wenatchee Basin

Nason Cr 0 581 0 3l O 612 612
Chiwawa R 105 405 Q0 57 105 462 567
White R 0 211 0 4 0 220 220
Little Wen R 0 53 0 ¢ 0 53 53
Upper Wen R 0 18 0 4 0 22 22
Upper Basin Total ' 105 1.359 1,464

Icicle Cr 11,914 211 636 37 12.550 248 i2.798

Wenatchee Basin Total 12,655 1.607 14,262
Back calculated to arrival at Pricst Rapids Dam (@ 0.96s/project 16,120
Total Y2K upper Columbia spring chinook arriving at Priest Rapids Datn 23.595

Total Y2K upper Columbia spring chinook distributing into sub-basins 20.463




Year 2000 Upper Columbia Broodstock Collection Targets by Species and Program

Spring Chinool

Chiwawa River

Trap Chiwawa spring chinook following BY94 through BY98 schedule
(weir operates 4 days up and 3 days down), anticipating an effective
extraction rate of about 13% of the run. Spring chinook retained will be
transferred to Eastbank hatchery for holding in cool well water, If less than
20 salmon have been collected by 17 August, trapping will be discontinued
and all fish will be released back to the Chiwawa River for natural
spawning. All bull trout trapped at the Chiwawa weir will be transported by
tank truck and released into a resting/recovery pool at least 1.0 km
upstream from the Chiwawa River weir.

Chiwawa spring chinook hatchery program and assumptions:

Nason Creek

White River

Icicle Creek

Entiat River

Methow Basin

R.L. Settlement Program 672,000 yearling smolts

Propagation survival 83% fertilization to release
Fecundity 4,400 eggs per female
Female to male ratio ltol

Pre-spawn survival 97%

Broodstock required 379

Continue collection of BY00 eyed eggs for the captive broodstock. Up to
30 redds will be hydraulically sampled to obtain 50 individuals from each

redd (BAMP 1998).

Continue éollection of BY0O eyed eggs for the captive broodstock. Up to
25 redds will be hydraulically sampled to obtain 40 individuals from each
redd (BAMP 1998).

Leavenworth NFH Trap volunteer returns
Entiat NFH Trap volunteer returns

The forecast spring chinook run to Wells Dam is 3,566 age 4 and 5 adults,
which far exceeds the Mid Columbia Mainstem Conservation Plan’s Tier 3
level of 1,415 fish, above which broodstock collection will be at levels
required for the combined Methow FH and Winthrop NFH composite
Methow stock production (Interim Production Objectives, BAMP 1998).
We will trap approximately 18% of the spring chinook run at Wells Dam
(target 640 fish) and transport them to the Methow and Winthrop
hatcheries for maturation and spawning. Volunteer returns (swim-ins) to
the two hatcheries will be managed as necessary (allowed/disallowed) to
achieve joint composite Methow stock production objectives.




Twisp River Captive Brood: Within the trapped broodstock, there should be
enough identifiable Twisp stock with which to maintain the Twisp captive brood
program. In the event insufficient Twisp broodstock are available, we can augment
any shortfall in BYOO captive brood families (objective is 45 eyed eggs from each of
30 families) by redd sampling in the Twisp River. There should be sufficient natural
escapement to the Twisp River to allow captive brood eyed egg collections with

- minimal impact to overall natural production. Depending on survival and BY9%6
maturation, Twisp stock BY00 eyed eggs may be transferred from captive
brood spawners at the AquaSeed Facility and incorporated into the Twisp stock

- rearing program at Methow FH.

Methow FH spring chinook program (BAMP 1998) and assumptions:
Wells Settlement Progam 738,000 yearling smolts
HCP Modified Program 550,000 yearling smolts

_ Propagation survival 90% fertilization to release
Fecundity 4,200 eggs per female
Female to male ratio lto 1l

_ Pre-spawn survival 95%
Broodstock required 306

Winthrop NFH spring chinook program (BAMP 1998) and assumptions:
G.C. Mitigation Program 800,000 yearling smolts
HCP Modified Program 600,000 yearling smolts

— Propagation survival 90% fertilization to release
Fecundity 4,200 eggs per female
Female to male ratio tol

- Pre-spawn survival 95%
Broodstock required 334

N Summer Chinook
_ Wenatchee Basin  Trap 492 mixed origin, run-at-large (including jacks) summer chinook at
Dryden Dam, representing an extraction rate of 5.4% of a TAC-based

forecast of 9,100 summer chinook returning to the Wenatchee River.

Wenatchee summer chinook stock program and assumptions:

Program 864,000 yearling smolts
— Propagation survival 78% fertilization to release
Fecundity 5,000 eggs per femaie
Female to male ratio ltol

Pre-spawn survival 90%



Methow/Okanogan Trap 556 mixed origin, run-at-large (including jacks) at Wells Dam east
ladder, representing an extraction rate of 4.6% of a TAC-based forecast of

12,200 summer chinook returning upstream of Wells Dam..

Methow/Okanogan (Eastbank) summer chinook program and assumptions:

Program 976,000 yearling smolts
- Propagation survival 78% fertilization to release
Fecundity | 5,000 eggs per female
Femnale to male ratio ltol
- Pre-spawn survival 90%

Wells Hatchery Collect 1,208 run-at-large (including jacks) volunteers to Wells Fish
N Hatchery outfall, (296 for yearling programs and 912 for sub yearling

programs), representing zero impact to upriver runs.

B Wells / Rocky Reach summer chinook programs and assumptions:

Wells program 320,000 yearling smolts

_ 484,000 sub yearlings
Lake Chelan program 100,000 late release sub yearlings
Rocky Reach program 200,000 yearling smolts

450,000 accelerated sub yearlings
628,000 normal sub yearlings

Propagation survival 81% fertilization to 0+ release
— 78% fertilization to 1+ release
Fecundity 5,000 eggs per female
Female to male ratio ltol
- Pre-spawn survival 90%

Sockeye

Wenatchee Basin  Trap 260 from run-at-large at Tumwater Dam, representing an extraction
rate of 4.7% of a TAC forecast of 5,500 Wenatchee sockeye.

Lake Wenatchee / Eastbank program and assumptions:
R.I. Settlement Program 200,000 fall release sub yearlings

B Propagation survival 79% fertilization to release
Fecundity 2,340 eggs per female

_ Femaie to male ratio ltot
Pre-spawn survivai 85%

Okanogan Basin CCT may trap up to 300 sockeye at Wells East Ladder (Cassimer Bar FH
program), representing an extraction rate of only 1.2% of a TAC forecast
of 25,500 Okanogan sockeye. This program is undergoing review for
possible elimination.



Steelhead

Wenatchee Basin

Trap 208 mixed origin, run-at-large steelhead at Dryden and Tumwater
dams, representing an extraction rate of 5.4% of a Wenatchee River
forecast of +3,850 steefhead in the 2000/2001 cycle. In the event our
steelhead collections run behind schedule, as has been the case due to trap
inefficiency at Dryden, WDFW may capture some adult steelhead from the
mainstem Wenatchee River by hook and line. While hook and line capture
of broodstock is not specifically mentioned in Section 10 Permit #1094,
such activity is consistent with proposed activities in WDFW's Section 10
Direct Take Permit Application (15 August 1997), describing the biological
assessments and basis for the permitted steelhead recovery program.

Eastbank and Turtle Rock (Wenatchee stock) program and assumptions:

Wells Dam

Program 400,000 yearling smolts
Propagation survival 75% fertilization to release
Fecundity 5,400 eggs per female
Female to male ratio ltol
Pre-spawn survival 95%

Trap 395 mixed origin, run-at-large steelhead at Wells Dam west ladder,
representing an extraction rate of 5.7% of a forecast £6,910 steeihead
returning to Wells Dam in the 2000/2001 cycle.

Wells Hatchery Programs and assumptions:

Entiat Basin

Methow R program 280,000 yearling smolts
Okanogan R program 200,000 yearling smolts
WNFH transfer (Methow R) 116,280 eyed eggs for 100,000 smolts
Ringold transfer (Col. R.) 209,303 eyed HxH eggs for 180,000 smoits
Propagation survival 87% fertilization to eyed egg
86% eyed egg to yearling release
75% fertilization to yearling release

Fecundity 5,400 eggs per female
Femaie to male ratio 1tod
Pre-spawn survival 95%

There will be no hatchery supplementation program in the Entiat basin. The
Entiat River has been selected as a steelhead natural production reference
drainage in accordance with the Mid-Columbia Mainstem Conservation
Plan (BAMP 1998) and the WDFW Fisheries Management Conservation
Plan for Upper Columbia River Steelhead {in progress). The Rocky Reach
mitigation objective for the Entiat River (40,000 Wenatchee stock smolts)
has been shifted to the Wenatchee basin to maintain the overall Rocky

Reach mitigation program.



Coho

Wenatchee Basin

YN biologists expect up to 600 adult coho to return to the Wenatchee
River in the year 2000. Development of a local broodstock will depend on
trapping as many of these returning coho as possible during trap operations
at Dryden and Tumwater Dams. YIN evaluations personnel will coordinate
with WDFW hatchery personnel ensure an adequate number of tank trucks
and YIN personnel are present on trapping days to retain and transport for
holding, all coho encountered while trapping efforts target on summer
chinook and steelhead.




Year 2000 Upper Columbia Broodstock Collections and Operations by Trapping Site

Wenatchee Basin

Dryden Dam

Tumwater Dam

Chiwawa Weir

Leavenworth NFH

5 July - 17 Nov 7 days/week Passive operation at right and left
bank 24 hours a day, checked daily.

Summer chinook target 492 mixed origin, run-at-large fish, throughout

the run. Up to 25%.of brood (123 fish) may be taken at Tumwater Dam

after 15 August. Broodstock held and spawned at Eastbank FH.

Steelhead target 208 mixed origin, run-at-large fish, when combined

with Tumwater Dam or hook and line collections. Broodstock held and

spawned at Eastbank FH. '

Coho will be coilected as YIN personnel and trucks are available when the

traps are emptied, primarily after mid-September.

19 July - 17 Nov 3 days/week Active operation 8 hours each day.
Steelhead target 208 mixed origin, run-at-large, when combined with
Dryden Dam or hook and line collections. Hoid and spawn at Eastbank FH.
Up to 123 summer chinook may be taken after 1S August to augment the
Dryden summer chinook collection as necessary.

Sockeye target is 260 mixed origin, run-at-large, after Rock Island Dam
passage peak, but no earlier than 15 July. Hold and spawn sockeye brood
at Lake Wenatchee net pens.

Coho will be collected as YIN personnel and trucks are available when the
traps are emptied, primarily after mid-September.

14 May - 14 Sept 4 days/week Operate weir and trap 24 hours a day
for 4 days up and then 3 days down,
maintaining a consistent schedule to
ensure unimpeded escapement
upstream.

Spring chinook target not to exceed 379 mixed origin, run-at-large

fish. Spring chinook retained will be transferred to Eastbank Hatchery for

holding in cool well water. If less than 20 salmon have been collected by

17 August, trapping will be terminated and all Chiwawa spring

chinook held in captivity will be returned immediately to the

Chiwawa River for natural spawning. :

All bull trout trapped will be transported by tank truck and released into a

quiet water area at least 1.0 km upstream of the weir.

1 June - 31 Aug?  continuous  per USFWS operating standards
Spring chinook volunteer collections, held and spawned at Leavenworth
NFH.



Entiat Basi

Entiat NFH

Methow Basin
Foghorn Dam
Fulton Dam
Twisp Weir

Methow FH

TBD*

Winthrop NFH

TBD*

1 June - 31 Aug? continuous  per USFWS operating standards
Spring chinook volunteer collections, held and spawned at Entiat NFH.

Do not operate in 2000 Brood collection at Wells Dam.
Do not operate in 2000 Brood collection at Wells Dam.
Do not operate in 2000 ~ Brood collection at Wells Dam.
1 June - 25 Sept?  TBD* per WDFW operating standards

Primary spring chinook broodstock (640 fish) for Methow and
Winthrop facilities will be captured at Wells Dam. Adult holding and
spawning will be shared between Methow FH and Winthrop NFH. In-situ
stock separation of Methow Composite, Carson-based Winthrop stock and
stray fish via scales and CWTs during spawning operations. Twisp hatchery
stock adults will be identified by CWT, spawned together, and if there are a
sufficient number of families, will be reared separately at Methow FH until
tagged. Twisp eyed eggs (45 eggs each from up to 30 families) may be
used for captive brood. Chewuch and Methow hatchery stocks and all wild
stocks will be combined into the composite Methow basin stock. Aduits
and/or gametes from all known Winthrop hatchery stock will be transferred

to Winthrop NFH.

Volunteers (swim-ins) may be allowed at one or both of the Methow River
facilities depending on Joint Fishery Parties determinations regarding

phase-out protocols for the Carson-based Winthrop NFH stock. This issue
is still in the discussion phase, and will be determined before the fish arrive.

1 June - 25 Sept? TBD* per USFWS operating standards
Primary spring chinook broodstock (640 fish) for both facilities will be
captured at Wells Dam. Joint protocols described above under Methow

Fish Hatchery.

Volunteers (swim-ins) may be allowed at one or both of the Methow River
facilities depending on Joint Fishery Parties determinations regarding

phase-out protocols for the Carson-based Winthrop NFH stock. This issue
is still in the discussion phase, and will be determined before the fish arrive.



Columbia Ri

Wells Dam
East Ladder

Wells Dam
West Ladder

Wells FH

10 Juily - 30 Aug 3 days/week Active trapping 16 hours a day with
the ladder open to passage at night.

Target is 556 Methow/Okanogan summer chinook from the run at large

for transfer to and holding/spawning at Eastbank FH.

CCT sockeye target may be 300 fish for the Cassimer Bar FH. This

Okanogan sockeye program is currently in review and may be eliminated.

1 May - 5 July 3 days/week Passive trapping 24 hours a day on a

' Monday-Wednesday schedule.
Spring chinook broodstock target is 640 fish (18% of the forecast run
of 3,566 fish at Wells Dam. In a perfect world, 3 days of trap operation
weekly in one of two ladders should intercept about 21% of the run (3 of
14 possible trapping days). In reality, fish passage is seldom randomly or
evenly distributed across all days and passage routes. Therefore in-season
monitoring of trapped and passed (counted) spring chinook will be utilized
to indicate whether in-season adjustments to the trapping protocol (more
or fewer trapping days) are necessary. NMFS has requested that WDFW
consider using in-situ scale examination at the Wells Dam west ladder
to ensure that adipose-present hatchery origin adults (strays) are
excluded from broodstock collections and returned to the river below
Wells Dam. All spring chinook retained will be transported to Methow FH
and Winthrop NFH for maturation and coordinated concurrent spawning.
[n the event the collection falis short at Wells Dam, we still have options
available for managing volunteer swim-ins at the two hatcheries.

10 July - 22 Nov 3 days/week Passive trapping 24 hours a day on a

Monday-Wednesday schedule.
Steethead target is 395 mixed origin fish from the run-at-large, spaced
throughout the summer cycle. The steelhead broodstock will be held and
spawned at Wells FH to satisfy recovery and production requirements for
the Methow and Okanogan River basins, and for Ringold FH.

10 July - 31 Aug continugus  per WDFW operating standards
Summer chinook volunteer collection target is 1,208 salmon, including
jacks, to satisfy Welis FH and Turtle Rock FH programs. There are no
provisions for any “extra” yearling smolts for 2002 survival studies (if any)
in this protocol. Broodstock holding and spawning is at Wells FH. In the
event excess fish are collected, they will be returned to the Columbia River

below Wells Dam.
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PROPOSAL SUMMARY

In our initial study proposal submitted to Chelan PUD in May 2000, we proposed to examine the
effects of operations at Rocky Reach Dam on the distribution, abundance, and movement of bull
trout in the Rocky Reach Project Area. Since the submittal of that proposal, the scope of the
project has expanded to include hydro-projects owned and operated by Grant and Douglas
County PUD’s. In addition to the original scope of work, the study has been modified to include
an assessment of the movements of radio-tagged bull trout through Wanapum, Priest Rapids, and
Wells dams. It will also assess whether or not bull trout use the Wells and Colville hatchery

outfalls as temperature refugia when Columbia River water temperatures increase.

.To meet our objectives, we will use a two-phased approach. First, we will compile and examine
existing information on the relative abundance and distribution of bull trout and their habitat use
in the study area, which includes the Columbia River from the Priest Rapids tailrace to the Chief
Joseph tailrace, and portions of the Wenatchee, Entiat, Methow and Okanogan rivers. This will
include a review of adult counts at fish ladders, incidental catch during northern pikeminnow
removal, captures during operation of the Rocky Reach surface collector and bypass system, and
occurrence of bull trout in other sampling programs (e.g., fyke-net surveys). The second
approach will monitor the movements and migrations of adult bull trout tagged with radio

transmitters.

For the second phase of the study, a total of 40 adult bull trout will be tagged at Rock Island (n =
10), Rocky Reach (n = 20), and Wells dams (n = 10). Fish will not be tagged at either Wanapum
or Priest Rapids dams since historical data show very few fish have been observed in the adult
ladders, where collection would take piace. To assess the movement and migrations of adult bull
trout, all five hydro-projects in the study area will be monitored with telemetry equipment. In
addition, boat and ground surveys will be conducted within the Chelan PUD area of interest (i.e.,
boat and ground surveys from the Rock Island forebay to the Wells tailrace) and aerial surveys of

the entire study area.



We will summarize the results of this work in a report, which will include a description of the
distribution and abundance of bull trout, their habitat use, movements, and migrations. In
addition, we will describe any information we find or collect on bull trout permanence of station,
rearing, and feeding. We will identify data gaps, and, if necessary, offer recommendations to

improve data collection and monitoring protocols.



JUSTIFICATION

On June 10, 1998, the U.S. Fish and Wildlife Service (Service) listed buil trout within the
Columbia River basin as threatened under the Endangered Species Act (ESA) (50 CFR 63(111)).
Later (November 1, 1999), the Service listed buil trout within the coterminous United States as
threatened under the ESA (50 CFR 64(210)). Among other factors, the Service listed dams as a
major factor affecting the distribution and abundance of bull trout. They noted that dams (and
naturai barriers) have isolated population segments resulting in a loss of genetic exchange among

these segments (50 CFR 63(111):31657). Populations are now isolated and disjunct.

Recently, in a letter to the Federal Energy Regulatory Commission (FERC), the Service
requested consultation under Section 7 of the ESA regarding impacts to bull trout resulting from
operations of FERC licensed hydroelectric projects on the Columbia River (letter from Mark G.
Milier, USFWS to Mark Robinson, FERC, dated January 10, 2000). The request for consultation
is based on the impacts associated with facilities owned and operated by Grant, Chelan, and
Douglas PUDs. In its reply to the Service, the FERC noted that there was virtually no

information on bull trout in the mainstem Columbia River.

Because bull trout within the mid-Columbia River area are listed under the ESA (50 CFR
63(111):31651), and they may be affected by the operation of hydro-projects owned and operated
by Grant, Chelan and Douglas PUD’s, we believe that an extensive and intensive evaluation of
the status of bull trout in the project area is necessary. Curently, little is known about the life-
history characteristics (e.g., movements, distribution, habitat use, etc.) of bull trout in the project
area. Therefore, in order to assess the operational effects of hydroelectric projects in the project
area on bull trout, we will compile and examine existing information and conduct field studies.
To the extent possible, we will use existing information to describe life-history characteristics of
bull trout in the project area. We will supplement this information with field studies (radio
telemetry). Although this work will focus on bull trout in the project area, we will also review

and incorporate relevant studies outside the project area.



OBJECTIVES

The purpose of this study is to assess the effects of the operation of the Chelan, Douglas, and
Grant PUD hydroelectric projects on buil trout in the project area. Our specific objectives of this

study are to:

’ Describe the distribution and relative abundance of bull trout and their habitat

use in the project area.

] Describe the movements and migrations of bull trout in the project area.
¢ [dentify missing information or data gaps.
¢ If possible, relate (correlate) distribution, abundance, habitat use, and movements with

operation of the PUD hydroelectric projects.

STUDY AREA

For the purposes of the expanded study, the project area will include the segment of the
Columbia River from the Priest Rapids Tailrace (RM 397.1) to the tailrace of Chief Joseph Dam
(RM 545.1). In addition, important bull trout rearing basins (i.e., Wenatchee, Entiat, Methow

and Okanogan basins) would be included in the study area.

APPROACH

In this study we propose to assess the effects of operations of hydroelectric facilities on bull trout
in the project area. We divided this study into two major phases. The first is to compile and
examine existing information on bull trout in the project area. We will also review relevant

information from areas outside the project area. Under the second phase we will perform two



important tasks. First, we will work with the PUDs in designing and developing an
effective/efficient trap for the capture of migrant bull trout at Rock Island and Rocky Reach
dams. Second, we will monitor the movement and migration of radio-tagged bull trout with

fixed and mobile receivers.

At this time, it is unknown to what extent BioAnalysts, Inc. will be involved with the Chelan
PUD juvenile survival study in 2001. Likewise, at this time Grant PUD has not committed to
conducting a juvenile survival study in 2001. The outcome of both of these events will
ultimately affect how the field portion of the bull trout study is implemented, as weil as the
overall cost of the project. Due to this uncertainty, we will describe how the field research will
be conducted and provide a budget for the scenario that appears most likely at this time, which
assumes that BioAnalysts will be involved with the Chelan juvenile survival evaluation in 2001
and Grant PUD will conduct a survival study at their projects. Below, we describe these phases

in more detail.

PHASE |: Review of Existing Information

We propose to compile and examine all available information collected on bull trout in the
project area. We will search all available databases and reports for the occurrence of buil trout in
the project area. The search will cover dam passage records, surface collection reports, fyke net
studies, angler surveys, and northern pikeminnow removal work. We will also review snorkel,
electrofishing, and cyanide work and trapping studies conducted in tributaries to the project area.
In addition, we will review historical studies for information on the occurrence of bull trout in

the basin.

Although the work described above focuses on the Chelan, Douglas, and Grant PUD
hydroelectric project areas, we will also review relevant studies conducted outside the region.
For example, researchers have studied adult bull trout movements in the Clark Fork, Flathead,

Green, Salmon, McKenzie, and other river systems. These studies will provide general
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background on bull trout migration patterns and habitat use. In addition, we will describe general
life-history characteristics of bull trout based on information collected within and outside the
project area. These sources will help us better understand the effects of hydroelectric project

operations on bull trout.

Phase lI: Field Studies

Under this phase of the study we will work with the PUD’s to develop an efficient trap for the
capture of migrant bull trout at Rock Island and Rocky Reach dams. We will then capture and
surgically implant radio tags in adult bull trout. Both fixed and mobile (air, boat, and ground)

receivers will monitor the movements of tagged trout.

Fish Capture Alternatives

The current strategy is to collect and radio-tag ten adult bull trout at Rock Island Dam, twenty at
Rocky Reach, and ten at Wells Dam. Presently, these projects are not equipped with facilities to
adequately collect bull trout without harming or harassing non-target species. It is possible that
alternative methods could be used to capture bull trout. For example, alternative methods could
include incidental catch of bull trout during the northern pikeminnow removal program (use of
angling methods), intentional catch of bull trout using traditional angling methods, and incidental
catch of adult buil trout within juvenile collection facilities at all three projects. While two of the
three methods are currently being implemented (operation of the juvenile traps and the northern
pikeminnow removal program), it is unlikely that the three programs collectively would provide
the desired number of test fish. Therefore, we propose that the best option to collect adult bull
trout in adequate numbers without unduly harming other species is to install new collection

facilities.

At Welis Dam, it appears that bull trout are caught incidentally in sufficient numbers during

brood stock collection for hatchery operations to meet the tagging objective at that project.
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Therefore, there may be no need to install a collection facility at Wells Dam. For the purpose of
developing the attached budget, we have assumed that the Chelan PUD will be largely
responsible for designing, constructing, and testing trapping facilities. We also assume that they

(and Douglas PUD) will provide the personnel to man all collection facilities.

Tag Description

We propose to use a digitally-encoded transmitter developed by Lotek Engineering. The tag
(model MCFT-3EM) is 11 mm in diameter, 49 mm in length, and weighs 4.3 grams in water and
8.9 grams in air. The Study Plan identifies a criterion of 2 percent for the ratio of tag to body
weight (in air) as being acceptable (Winter 1983). However, more recent literature suggests that
a radio tag that is as much as 5 to 10 percent of the fishes body weight will not adversely affect
fish behavior (Adams et al. 1998). Accepting the more conservative approach (say, 2-5%) will

allow tagging of fish as small as 178 grams.

Although the model MCFT-3EM may be the tag of choice, other digitally-encoded transmitters
may provide more useful information. Lotek Engineering is currently testing a radio transmitter
that is 11mm in diameter and 57 mm in length that not only produces a signal allowing
identification of unique fish, but also transmits depth and temperature data. These data would
allow us to better describe the habitat use and energetics of adult bull trout in the project area.
However, at this time it is unclear whether the prototype tag will be compatible with the
firmware currently installed in the receivers. Should the prototype tag be incompatible, depth
and temperature data would not be coilected at the hydroprojects, but would be gathered at the

tributary sites. We intend to investigate further the most appropriate tags to use in this study.

Surgical Techniques

We will conduct surgical implantation at existing tagging and holding facilities at Wells, Rocky

Reach, and Rock Island dams. These tagging facilities are close to potential capture sites and
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offer convenient holding. In addition, we have used them successfully to tag numerous juvenile
steelhead and chinook salmon in recent and ongoing survival studies (Stevenson et al. 2000).
However, we are prepared to surgically implant tags at alternate, remote sites (tributaries) with
the aid of a mobile surgical kit. Because the capture of bull trout in the project area may be a rare
event, we will have a surgical team on call at all times. BioAnalysts has both the experience and

local personnel to conduct this procedure on short notice.

With bull trout in hand, we will surgically implant radio tags into the body cavity using methods
described in Summerfelt and Smith (1990). At this time we are considering the use of staples
rather than sutures for closing the incision. A recent study indicates that staples have a lower rate
of epidermal infection and abdominal bloating than sutures (Swanberg et al. 1999). We see the
advantage of stainless steel staples in a long-term radio-telemetry study such as this one.

Tag implantation will proceed by placing sedated fish in a V-shaped cradle supplied with
anesthetic. We will make a half-inch incision placed just off the mid-ventral line anterior to the
pelvic fins for tag insertion. A cannula inserted into the body cavity through the incision will be
used to insert the tag so that the antenna trails posterior to the pelvic fins. Several drops of Oxtet
© brand oxytetracycline will be placed in the body cavity to prevent infection. We will then use
veterinary tissue glue and two to three sutures or staples to close and seal the incision. We will
place fish in a holding tank for recovery. After recovery, the fish will be transported back to the

site of capture and released.

Fish Monitoring

To assess the movement of tagged bull trout within the study area, we will implement multiple-
telemetry techniques throughout the study period. Below we describe in more detail the

telemetry systems and methods.

Fixed Telemetry Systems
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Chelan PUD - Currently, both Rocky Reach and Rock Island dams are equipped with radio
telemetry systems to evaluate survival of juvenile steelhead and chinook. Chelan PUD intends to
conduct the juvenile survival study in 2001. Since these telemetry systems will be in operation,
they can also be used to monitor bull trout movements (assuming both juvenile and bull trout
tags are on the same frequency range). At both Rocky Reach and Rock Island dams, dual
systems monitor the major passage routes (i.e., powerhouses and spillways). These systems
consist of both aerial antenna systems with 3- or 4-element Yagi antennas and underwater
antenna systems with either dipole or turnstile antennas. At other locations (i.e., surface
collectors, dewatering structures, adult ladder exits, video flumes, and the juvenile bypass
facilities), single aerial or underwater systems detect migrating juvenile salmonids (Stevenson et
al. 2000). In addition, aerial antennas monitor the tailrace to confirm project passage.
Collectively, these systems would allow determination of when bull trout enter the tailrace area,
when they exit the adult ladder, and the extent of fallback. In addition to the systems described at
Rocky Reach and Rock Island dams, three transects monitored down-river from Rock Island
Dam (approximately 20 to 25 miles downstream of the project) would allow detection of

downstream migrants.

The systems described above require a total of 33 receivers and 18 DSP units, which exceed the
numbers owned by the PUD. Therefore, to conduct the juvenile survival study, additional
receivers have been rented in the past. Since this is a requirement of the juvenile survival study,
the number and cost of these receivers will not be included in our budget. However, to monitor
the tributary sites (the Wenatchee and Entiat rivers), two additional receivers will be required. It
will be the responsibility of the PUD to purchase or rent the two additional receivers. Should the
units be purchased, the cost will be approximately $10,500 per unit. Rental costs will be a

function of the source and availability.

In the original study proposal, we suggested that if Chelan PUD wishes to examine ladder
movement at Rocky Reach and Rock Island dams in greater detail, the adult ladders could be

monitored similarly as in 1997. However, since such as system would require as many as 7 to 10
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SRX/DSP units, and potentially more (to achieve the same level of resolution as in 1997), we

recommend reserving such detailed evaluations for subsequent years, after the initial data have

been gathered.

In addition to the systems at Rocky Reach and Rock Island dams, we propose to set up fixed-
telemetry sites on the Wenatchee and Entiat rivers near their confluences with the Columbia
River. These sites either existed previously or are still in use. Re-establishment of these sites

will require little work.

Grant PUD -~ Grant PUD’s interest in the bull trout study is to assess whether bull trout migrate
through their projects (Wanapum and Priest Rapids dams). At this time they have not committed
to conducting a juvenile survival study in 2001, However, if they decide to conduct a survival
study, we would simply include the bull trout channel(s) into the frequency table of the SRX
units. Our analytical team would then query the database to see if bull trout were detected at the
projects. On the other hand, if Grant decides not to conduct a juvenile survival study, we would
need to install basic aerial systems in the forebay and tailrace of each project. Since Grant

currently owns all of the necessary equipment, the only cost would be associated with setup.

Douglas PUD - Douglas PUD’s interest in the bull trout study is two-fold: (1) examine the
migration of bull trout through Wells Dam and (2) document whether bull trout use the Colville
and Wells hatchery outfalls as temperature refugia during periods of high Columbia River water
temperatures. Douglas PUD currently has no interest in conducting other telemetry studies.
Therefore, telemetry systems needed to meet their interests will be new. We will install
telemetry systems in the tailrace and forebay of Wells dam and in the Colville and Wells hatchery
outfalls. In addition to the systems identified above, we propose to set up fixed-telemetry sites
on the Methow (about RM 6.5, at the tail-end of Black Canyon) and Okanogan (about RM 7.2,
across from the Crazy Rapids pumping station} rivers near their confluences with the Columbia

River. These sites have been used in past telemetry studies by Douglas PUD.
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Aerial Surveys

Fixed sites located within the tributaries will assess when individual bull trout enter those
waterways. We will use information gathered at those sites to guide aerial surveys, which will
track individual trout. We propose as many as two fixed-wing surveys per month during the
study period (for a minimum of one year). The surveys will encompass the entire study area (i.e.,
from Priest Rapids Dam to the Chief Joseph tailrace, and the four tributaries). If data indicate
little movement by bull trout during non-spawning periods, aerial surveys may be reduced to one

per month. Aerial surveys will be conducted using either 3 or 4-clement Yagi antennas mounted

to the aircraft struts.
Boat Surveys

Monthly boat surveys (both day and night) will be used to supplement aerial surveys. Surveys
will be conducted in the Rocky Reach and Rock Island pools using a powerboat. As with the

aerial surveys, either 3- or 4-element Yagi antennas will be used to track bull trout.

Ground Surveys
In addition to aerial and boat surveys, we will conduct monthly ground surveys (which may

include vehicle, raft, or foot surveys) within the four tributaries and at Rocky Reach and Rock

Isiand dams. As with the other surveys, we will use either 3- or 4-element Yagi antennas to

conduct the surveys.
Movement Patterns

Bull trout behavior in the project area will be compiled based on individual fish and then
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combined for final analysis. We will describe seasonal and diel movement patterns and habitat
use by examining location, timing, and movement of individual bull trout in the project area and
in tributaries. Specifically, this work will describe movement patterns, spawning migration and
destination, habitat use, residence time in and around each project, ladder entrance and exit

times, fallback, and possibly rearing and foraging behaviors.

Seasonal Movement

We will assess seasonal movement in the project area using aerial, boat, and ground surveys.
Aerial flights will be used twice a month and will help to guide boat and ground surveys. We
will use boat and ground surveys to refine exact locations and descriptions of habitat use. We
will use field notebooks and maps to record information on each radio-tagged fish encountered.
Each tagged fish will be assighed a unique ID number as a log for survey information.
Information will be entered into an electronic database for analysis. Time and locations will be
compiled using map-scrolling software on electronic USGS maps. We will use the best
resolution (1:100k or 1:250k) to encompass total seasonal movement within the project area, We
will append these maps to the report to better illustrate seasonal movement patterns. Total

movement will be calculated from successive surveys (time and location) for each fish and

displayed in a graph or table.

Diel Movement

Diel movement patterns within the project area will be assessed by boat and ground surveys and
compiled on 1:24,000 scale USGS maps. These sampling events will encompass 8-12 hr
intervals to track selected fish. Because of the uncertainty of the total number of fish that can be
captured, we will develop a rotating schedule to get information on each fish’s movement in the
project area. The number of tagged fish will determine the amount of time that can be expended
on each fish for qualitative observations during any given survey. Successive survey

observations will help to explain bull trout behavior in the project area. On these maps we will
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note the date and location of each fish detected. Each tagged fish will be assigned a unique
identification code and coupled with specific information such as habitat, depth, location, time,
water temperature, and direction of movement. Comparison of day and night surveys will better

describe migratory, rearing or foraging behavior.

Faliback

We will assess fallback with aerial, boat, ground, and fixed station survey methods. We will
conclude that fallback has occurred if a fish detected in the tailrace of a project is later detected in
the forebay, and shortly thereafter found downstream of that project. However, if the fish was
known to have spawned upstream in a tributary during the interim after passing the project, we

would consider this normal migratory behavior, not fallback.

Ladder Monitoring

We will monitor the tailrace and forebay areas at all projects, and at Rocky Reach and Rock
Island dams, the ladder exits. We will calculate from tailrace, forebay and ladder exit times total
and mean passage time for each project. Ladder monitoring combined with tailrace fixed stations

can be used to assess the incidence of fallback of radio-tagged fish.

PROJECT TIME TABLE

Our proposed timetable for this study differs from that described in the Request for a Proposal
for two reasons. First, Section 10 permits couid not be acquired in time to conduct fieldwork in
2000. And second, we are proposing a field study that will last much longer than the one
described in the Request for a Proposal. Based on our experience with movements and
migrations of adulit bull trout in other systems (e.g., Blackfoot River basin), we believe that
confining data collection to the period May through July will not capture the seasonal migration

patterns of bull trout. These fish can move at any time during the year, but tend to be more active
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during the late fall-early winter and spring—early summer. Therefore, our study is designed to
assess movements of bull trout during all seasons for one year. Below we describe in more detail

the schedule of events by task.

Literature Review

The literature review will begin as soon as possible. Although we would prefer to extend the
review to the end of the project, thereby allowing us to review studies conducted in the future

(i.e., 2001), we are not opposed to completing this phase by the end of 2000.

Develop Capture Methodology

The process to design and develop a viable capture methodology will begin in July 2000, with
the intent to finalize a design as early as possible to ensure construction and installation by April
1, 2001. Based on the implementation date, the final design would be completed by October 31,
2000. At this time, it is unclear whether Chelan PUD will provide engineering expertise to
design new facilities or whether an outside consulting firm will be used. Regardless,
BioAnalysts will coordinate the engineering effort. We assume that if an outside consulting firm
is secured, it will contract directly with the PUD (i.e., we have not included that expense in the
attached budget). The attached budget assumes that Chelan PUD (and Douglas, if necessary)
will construct and install the collection facilities, or will contract with some outside firm to

provide those services.

Secure Section 10 Permits

Because of the large number of permits requested and reviewed by agencies, we believe that
applications for take permits should be submitted to the appropriate agencies during 2000. We
are currently proposing to secure permits through BioAnalysts. However, if the PUD desires to

secure the permits, we would offer our assistance. The latter seems reasonable given the
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magnitude of studies conducted by the PUD. Since acquisition of the appropriate permits by the

PUD seems most likely, we have budgeted a moderate amount of time to assist in this task.

Capture, Tag, and Collect Biological Data

Collection and tagging of bull trout will be ready to begin approximately April 15, 2001, to
coincide with the beginning of the juvenile survival study, and continue through July 31, 2001.
If necessary, collection and tagging may continue throughout the summer and into the fall to
acquire the desired number of test animals. Data collection will begin as soon as test animals are
tagged and continue for 12 months to capture seasonal migration patterns (see Table 1 for a more
detailed accounting of field sampling events). Should BioAnalysts conduct the juvenile survival
study for Chelan PUD in 2001, our staff will be on site to tag buil trout as they are collected.

Alternatively, if BioAnalysts is not involved with the juvenile study, we will still have a biologist

on call to tag fish.

Data Analysis

Data analysis will be an ongoing process throughout the study period. However, the main thrust
of data analysis will occur after the conclusion of the field study in March 2002. Because the
scope of the work has expanded to five hydroprojects, plus four tributaries, it may be more
efficient to have one of the analytical teams associated with the juvenile study analyze the data
with their program. Since LGL Limited has been conducting adult surveys within the project
area, and their Telemetry Manager program has been configured to assess the information that is

desired, we recommend that the PUD contract with them to analyze the data.

Report Writing

We propose to provide the PUD with monthly progress reports (letters) on field studies. The

PUD will receive progress reports each month following the first capture and tagging of bull
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trout. We will submit an inclusive draft report to the PUD by April 2002. We would expect to
receive comments from agencies and tribes by the end of May 2002. We would then submit a

final report to the PUD by June 30, 2002.
— PROJECT BUDGET

The attached budget and supporting information assumes that the PUDs currently own, or will
purchase or rent, all the necessary equipment to conduct the study. If Chelan PUD determines
that it is necessary to monitor the adult fishways at Rocky Reach and Rock Island dams in detail
during the juvenile survival study, then it will be necessary to either rent or purchase additional
SRX/DSP units. Considering other telemetry studies conducted concurrently with the bull trout
study, it may not be possible to acquire rentai units. Should rental units be available, however,
they would only be needed from about April 1 to June 30, 2001. After that time period, District
owned equipment could be substituted for rental equipment. Depending on the level of
resolution required by the PUD, approximately 7 to 10 SRX/DSP units would be needed. Should
the PUD decide to purchase new SRX/DSP units, the cost would be about $22,000 per unit. The
attached budget also assumes that: (1) Chelan and Douglas PUDs will provide personnel to man
collection facilities at their respective projects and (2) they will either provide engineering and
mechanical services to design and construct collection facilities (or will contract with firms

directly to carry out those tasks).

The cost estimates to each of the three PUDs 1s based on the assumption that all three will pay for
the setup and monitoring of equipment at their respective projects. Specifically, Douglas and
Chelan will split the costs of tags, tagging, and capture of fish at Wells Dam. Douglas will cover
costs associated with setup and monitoring at Wells Dam and costs associated with monitoring
fixed stations on the Methow and Okanogan rivers. Chelan will cover costs associated with
setup and monitoring of Rocky Reach and Rock Island dams and costs associated with capture
and tagging fish at those projects. Chelan will also cover expenses associated with monitoring
fixed stations on the Entiat and Wenatchee rivers. Grant will be responsible for costs associated

with the setup and monitoring of Wanapum and Priest Rapids dams. The three PUD’s will split
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costs associated with tracking surveys. Grant will be responsible for 25%, Chelan 45%, and

Douglas 30% of survey expenses (percentages calculated as the fraction of the total river miles

for which each District is responsible).
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— WELLS HYDROELECTRIC PROJECT
JUVENILE BYPASS SYSTEM OPERATIONS PLAN
for the 2001 Bypass Season

The Wells Long Term Settlement Agreement (I1.F.1) specifies that Douglas PUD will submit an Annual
Operations Plan for the bypass to the Wells Coordinating Committee by December prior to the spring
migration. This plan will be reviewed and approved by the Committee by March 1.

The Bypass System
The PUD will install five bypass barriers in spili gates of the Wells Project. The bypass will operate per

criteria in the Settlement Agreement (II.C, E).

Operation Criteria

The operation criteria includes operation of the bypass in partnership with adjacent turbine units, the
amount of water required for bypass operation and criteria for full bypass system operation.

Bypass Operations Timing Criteria
The bypass will be in place from two weeks before predicted start of the migration until two weeks after
the migration is complete.

Projected Hatchery Releases above Wells Dam
Estimated hatchery releases for 2001 above Wells Dam are as follows:

Facility Species No. in thousands Dates
Winthrop (USFWS) Spr. Chinook 215 4/11
Methow (WDFW) Spr. Chinook 250 4/15
— Cariton (WDFW) Sum. Chinook 415 415
Similkameen (WDFW)  Sum. Chinook 630 415
Wells (WDFW) Sum. Steelhead 547 4/20
Winthrop (USFWS) Sum. Steelhead 100 5/01
Winthrop (USFWS) Coho 250 4/25
Cassimer Bar (CCT) Sockeye 84 10/15

Starting Dates and Ending Dates

Bypass barriers will be in place between March 15 and September 15. Hydroacoustic sampling will start
on March 15 and be collected until August 29. Fyke netting will be done between March 15 to either April
10 or the start of the Bypass, which ever occurs first and again from August 15 through 31.

The bypass team will decide the start and end of bypass operation. Hydroacoustics and fyke net
information at Wells will be used to show the start and compietion of the spring and summer migrations.
Preseason dates for bypass operation for spring and summer migration are April 10 through May 30 and

July 1 through August 15.
{11/31/00)

A\Data Files\bypass\bypassi
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Memorandum

TO: Brian Cates, USFWS

Jerry Marco, Colville Confederated Tribes
FROM: Rick Klinge, Douglas PUD
DATE: September 18, 2000

SUBJECT: Summary of Bypass Operations at Wells Dam, 2000

Flows in the Columbia River were average in 2000. Wells Dam had all ten units available during
the most of the bypass operations. This season, highest hourly discharge occurred on April 24 at
2400 hours with 289.6 kcfs.

The 2000 outmigration was from brood year 1998 for the spring migration and 1999 for the
summer migration. Spring chinook naturat escapement was negligible since in 1998 the entirely
run was intercepted at Wells Dam. Sockeye outmigration was also low since the aduilt return to
Wells in 1998 was only 4,135 adults. Natural escapement of summer / fail chinook in 1999 on the
other hand was above average. This was refleciive in the juvenile summer migration. Compared
to the 1999 hydroacoustics, the amplitude of the combined day and night index in 2000 was much
lower for the spring migration whiie higher for the summer migration.

The bypass team used a combination of fyke net catch ratios of salmonids and historical fyke net
data to adjust the hydroacoustic index for non-salmonids. From March 15 through April 10 and
after August 15, actual fyke net data were used to adjust the index. Between the initiation of the
bypass through May 30, it was assumed the index represented 100% salmonids. A ten-year
average correction for salmonids was applied to the index from June 1 until August 15.

Hydroacoustic sampling started at Wells on March 15 to collect background data prior to the start
of the spring migration. Initial levels were low. Levels spiked on April 11 as releases from the
USFWS Winthrop Hatchery reached Wells Dam. The bypass was initiated on April 12. The
spring bypass operated until June 13 for a total of 63 days and with a total discharge of 1.13 MAF,
or 6.1% of total project discharge. During the spring bypass operation, there were 173 hours
(11.5%) that had forced spill.

When the hydroacoustics indicate a pause between the spring and summer migrations, the
bypass is suspended temporarily. The bypass team could not discern this phenomenon in 2000.

Summer bypass started on June 14 at 0000h and ran until September 1 at 2400h, for a total of 80
days of bypass. There was 1.21 MAF or 6.5 % of the total discharge dedicated to summer
bypass. During the summer operation, there were 28 hours (1.5%) that had forced spill.

There were nine occasions for fyke nefting this year to aid in adjustment of the raw index. Fyke
netting was done on March 16, 23, 30 and April 6 in the spring and August 16, 23, 29, September
5 and 12 for the summer. The ratios of salmonids from the catch and the composition of the catch
are shown in Table 1.
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Dissoived Gas Monitoring at Wells Dam Forebay and Tailrace, 2000

Introduction
Total dissolved gas (TDG) levels at mid-Columbia dams have been moni-

tored during the spring and summer months since the early 1980’s. These data
provide information on how projects affect TDG in the Columbia River. Spill at
hydroelectric dams can increase TDG during months when adult and juveniie
salmonids are migrating in the river. It has been well documented that fish can
be injured or die from sustained exposure to elevated dissolved gas (Ebel, et al.,
1975: Weitkamp and Katz, 1980). Today, TDG in the Columbia River is moni-
tored at the forebay of all hydroprojects and at least one point in the taiirace.
initial review in 1996 of TDG generation at Wells Dam compared forebay
to forebay data between Wells and Rocky Reach Dam. This initial comparison
showed a reduction of gas levels. In 1997, the third highest flow year on record,
Wells taiirace TDG transects were made at least once a week. The data showed
spill events ranging between 6% and 55%, an increase in TDG was seen over
eight weeks (Klinge, 1998). A fixed tailrace monitor in 1998 and 1998 also
showed an increase in TDG when spill events occurred (Klinge, 1989, 2000).
Wells Dam was built as a hydrocombine; that is the spillway is situated di-
rectly above the powerhouse. The eleven spill gates at Wells have vertical lift
gates with bottom discharge. The water level of the taiirace is within five feet of
the spill ogee elevation under most spring and summer flow conditions. Thus,
there is little to no vertical plunge of spill. The juvenile bypass system modified
five spillway entrances to increase attraction velocity for guidance of salmon and
steelhead smoits. The even numbered gates (2,4,6,8,and 10) are dedicated for
bypass operation. Two of the five modified spiilways have top spill trash sluice-
ways. Bypass flow through top gates (less than 2,000 cfs) drops approximately
65 feet. All forced spill and nitrogen repiacement spill is passed through the re-

maining odd numbered gates.



In 2000, TDG was recorded at 15 minute intervais from the forebay and
tailrace at Wells. This report describes methods and results of TDG data collec-

tion along with river discharge and spill volumes.

Methods
Two Hydrolab MiniSonde sensors equipped with a dissolved gas and

temperature probe collected data approximately every fifteen minutes from April
1 to September 15. The forebay sensor was located midway across the face of
the dam at Unit 5 and the tailrace sensor was located on the ieft bank approxi-
mately 2 miles beiow the dam (Figure 1 & 2). Both sensors were placed at 15
feet below normal forebay and tailwater levels. Data from both stations were
automatically transmitted by radio and stored in a file on a personal computer.
Data on the hour were sent via the Internet to the Army Corps of Engineers for
posting at various Web pages. Hourly vaiues are based upon that reading at the
top of the hour rather than an average of the four 15 minute interval data points.
Hydrolab Incorporated calibrated the sensors at the beginning of the season.
Cotumbia River Environmentat provided in-season calibrations on a monthly ba-
sis starting April 13 and through August. Barometric data were recorded from a
Capricorn 2000 weather station with an electronic barometer iocated on the deck
of the dam at approximately elevation 810. These data were used in both fore-
bay and tailwater caiculations of percent TDG. The Douglas PUD Power Opera-

tions provided hydraulic data for discharge and spiil.

Resuits
There were potentially over 16,000 fifteen minute intervais of records col-

lected between April 1 and September 15. The systems for transmitting and log-
ging data had intermittent problems as records were not logged, were stuck (re-

peated values), or logged in shorter than 10 minute intervais. A review of the re-
cords at the end of the season for these anomalies (repeat values. short logging

cycle) provided the needed quality control. Data were also removed at the onset



Figure 1. Loajtion of Wells Dam on the Cotumbia River.
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of sensor calibration for a period of two hours. This allowed time for needed ser-
vice plus at least an hour of acclimation of the new probe membrane to the river
environment. After quality control, there were 15,600 usable records. Guide-
lines for state and federal water quaiity standards are based upon an average
from the twelve highest hourly vaiues during a 24 hour day (12h). Data for this

analysis will be presented in 15 minute records, hourly and daily 12 hour values.

Forebay TDG
TDG levels are piotted on Figure 3 and 4. The ranges of values from the

15 minute records were 101.3% on April 7 at 0745 hours and 114.1% on July 22
at 1458 hours. The 12h values from the forebay exceeded 110% on 60 of 168
days of the monitoring season. The longest continuous stretch being from July
16 - 31. The highest 12h vaiue for the forebay was 113.2% on June 5 (Figure 4,

Appendix A).

Tailrace TDG
Tailrace TDG values for the 15 minute interval ranged between 101.1%

on September 11, at 0313 hours to 131.8% on April 25 at 0043 hours (Figure 3).
The 12h value exceeded 110% for 99 of the 168 day season, the longest con-
tinuous period being from June 7 until August 30. The 12h value exceeded
115% for 5 days and 120% for one day (April 25 at 125.4%; see Figure 4, Ap-
pendix A).

Columbia River flows at Wells Dam were average during the spring and
summer of 2000. The volume of water released at Grand Coulee between
January and July was 61.1 miilion acre feet (MAF). This works out to be 97% of
the forty year average. The Wells Dam daily average discharge and ali spills are
shown in Figure 5. Peak hourly discharge occurred on April 24 at 2400 hours at
289.6 thousand cubic feet per second (kefs). Daily average flow between April 1
and September 15 ranged from 52 to 213 kcfs (Figure 5; Appendix B).



Figure 3. TDG 15 minute vaiues for forebay and tailrace, Wells Dam 2000.
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Figure 4. TDG 12 hour values for forebay and tailrace, Wells Dam 2000.
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Spill at Wells was a combination of juvehiie bypass flow and forced spill.
There was a modest amount of spill (1.7 kcfs) as a top spill gate of Gate 2 mal-
function on April 6. This spill continued until spring bypass operation on April 12
at 1000 hours. The juvenile bypass operated for the spring migration from April
12 through June 13 and for the summer migration from June 14 to September 1.
Bypass operation in 2000 used between 5% and 11% of the daily average pro-
ject flow. Forced spill occurred on 41 days. The high hourly spill was 153.6 kcfs
on April 24 at 2400 hour. There was no nitrogen replacement spill in 2000.
Combined spill was analyzed with regards to how it changed TDG between fore-
bay to tailrace sensors. Percent spill verses the change in forebay to tailrace
TDG suggests that every 4% of river spilled, TDG would increase by 1% (R =
0.56, p<0.001; Figure 6).

Of the 4,032 hourly readings collected in the 2000 season, 9% of the re-
cords occurred with no spill. On the average, there was no difference in TDG
from forebay to tailrace for non-spill hours.

Columbia River Environmental calibrated the sensors monthly starting in

April. There was little movement or drift in between calibrations (Appendix C)

Other hydraulic conditions

The spring and summer water temperatures in the Columbia River at
Wells Dam were slightly above normal (Figure 7). The solubility of air in water is
inversely proportional to the temperature of the water. While temperature can

explain changes in TDG, other factors such as wind action on a reservoir can de-

gas the river.



Figure 5. Daily average flows for power, spill and juvenile bypass operations at
Wells Dam, 2000.
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Tabie 1. Percent spill and percent change TDG from taiiwater to forebay for data

on the hour.
% spiil Occurrences | TDG Change | Min Change | Max Change
0-5% 708 . 0.3% -1.2% 5.4%
5-10% 2949 1.2% -1.4% 11.0%
10 - 15% 182 1.8% -1.4% 11.3%
15 - 20% 591 3.89% 0.2% 10.9%
20 - 30% 84 6.0% -0.7% 15.1%
30 - 40% 32 8.4% 0.0% 18.4%
>40% 17 15.5% 2.0% 26.0%
Discussion

Forebay TDG levels at Wells are driven by operations upstream, namely
from Chief Joseph and Grand Coulee dams or projects upstream of the Interna-
tionat Boundary. Figure 8 shows records of receiving TDG for 2000 as posted
on the DART Page' as water reached the Boundary station (RM 745), Grand
Coulee (RM 5987) Chief Joseph (RM 545), Wells (RM 515) and Rocky Reach
(RM 474). Data generaily show a drop in TDG levels from station to station mov-

ing downstream (Figure 8). The operators at both Grand Coulee and Chief

Figure 7. Columbia River temperatures in 2000 and 15 year average, Wells Dam.
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'University of Washington DART page (http://www.cbr.washington.edu/dart/river.htmil).




Figure 8. TDG at Internationat Boundary and the forebay of Grand Coulee, Chief
Joseph, Wells and Rocky Reach dams, 2000.
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Joseph dams in the past five years have dramatically improved TDG condition of

the Columbia River through the mid-Columbia reach.

The operations of dams to meet the daily power loads will change the vol-
ume of water discharged past the dam. These changes will affect travel time of
water from the dam to the tailwater sensor. The arrival of water at the tailwater
sensor from a 30% spill event is slower with flows at 80 kcfs compared to 240
kcfs. The comparison of percent spill to change in percent TDG between tailwa-
ter and forebay monitors was done for data at the same hour. There was no at-
tempt to correct for the lag time an action at the dam would reflect at the tailwater
sensor.

In 2000, operations at Wells from late April through May appeared to add
1.1% TDG to the receiving levels at Rocky Reach Dam. Between April and
September, there was only one day, April 26, where forebay TDG at Rocky
Reach exceeded 115%. The Washington Department of Ecology has modified

water quality standards to aliow a maximum of 120% saturation in the taiirace



below a dam and 115% in the forebay of the next project. On April 24 and 25
several hours of high spill (up to 56%) occurred during the late night and early
morning hours. The 12h average tailwater values at Wells was 125.4% on April
25. This was the only occasion where Wells exceeded water quality criteria at

both the tailwater and forebay of the downstream dam for the season.
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Appendix L

Survival Estimates for Radio-Tagged and PIT tagged
Yearling Summer Steelhead Migrating through the Mid-
Columbia River, 1999.
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EXECUTIVE SUMMARY

In the spring of 1999, the Public Utility District No. 1 of Douglas County conducted a
side-by-side comparison of the behavior and survival of radio-tagged and PIT-tagged
steelhead smolts. The primary goal of the study was to determine whether radio-tagged
steelhead could be utilized to develop unbiased estimates of survival through the Wells
Hydroelectric Project.

In order to accomplish the primary goal of the study, five replicate groups of radio-tagged
and PIT-tagged steelhead were collected, tagged and released at Crazy Rapids on the
Okanogan River. Care was taken to ensure that both collection and handling procedures
were similar between the two tag groups. Specific objectives toward accomplishing the
primary goal included 1) testing the assumptions of the single (SRR) release-recapture
model for radio-tagged fish, 2) estimating capture and reach specific survival probabilities
for radio-tagged and PIT-tagged steelhead, and 3) comparing travel time, arrival
distributions, relative guidance efficiencies and reach survival estimates for radio-tagged
and PIT-tagged steelhead smolts.

The behavior and survival comparison of radio-tagged and PIT-tagged steelhead was
facilitated through the release of 296 radio-tagged and 10,035 PIT-tagged steelhead. The
release site was located 42 km upstream of Wells Dam in the Okanogan River. Five side-
by-side replicate releases of radio-tagged and PIT-tagged fish were completed in 1999.
Each of the five replicate releases contained approximately 60 radio-tagged and
approximately 2,000 PIT-tagged fish.

To minimize differences between tag groups, fish were collected and randomly assigned to
either the radio-tag or PIT-tag study groups. Standardization between radio-tag and PIT-
tag release groups was furthered by simultaneous tagging, recovery, transport and release.
Water source and recovery times were also matched between the two tag groups.
Differences between radio and PIT release groups included differences in tag size, tag
implantation technigues and holding container size.

Recapture and passive interrogation of radio-tagged fish was facilitated via the installation
of five multi-antenna receiver stations. Three aerial receiver zones were established
upstream of Wells Dam. One zone covered the confluence of the Okanogan and Columbia
rivers, the second covered the confluence of the Methow and Columbia rivers and the third
zone covered the forebay of Wells Dam. Two additional aerial receiver zones were
established downstream of Wells Dam. The first tailrace zone was located 5 km
downstream of Wells Dam. The second tailrace zone was located 13 km downstream of
Wells Dam near Beebe Bridge.



In addition to the five Douglas PUD aerial receiver zones, radio-tagged steelhead were also
detected as they passed by underwater antenna systems deployed by Chelan PUD at Rocky
Reach and Rock Island dams.

Recapture and passive interrogation of PIT-tagged fish took place at Rocky Reach,
McNary, John Day and Bonneville dams. Additional study fish were interrogated at the
Columbia River estuary by a boat towed PIT-tag trawl.

A comparison of the arrival dates of radio-tagged and PIT-tagged steelhead at the video-
room at Rocky Reach Dam found the arrival distributions to be significantly different (P =
0.0012). A plot of arrival distributions suggested that fewer radio-tagged fish relative to
PIT-tagged fish were detected at Rocky Reach after May 17, 1999.

Harmonic mean travel times from release to the Rocky Reach video counting station was
4.2408 days for radio-tagged fish and 3.9811 days for PIT-tagged fish. This represented a
6 hour difference in the travel time of radio-tagged and PIT-tagged fish. A statistical
comparison of the harmonic mean travel times between the two tag groups concluded that
the observed 6 hour differences between the mean travel time of the radio and PIT release
groups was not significant (P = 0.3000).

A comparison of the relative guidance efficiency for radio-tagged fish through the Rocky
Reach video-counting station provided an overall test of equal survival and guidance to
that point in the river. Results of this test indicated that there was no statistically
significant (P = 0.2266) difference detected between the radio and PIT release groups.

Estimates of survival for Okanogan released radio-tagged and PIT-tagged steelhead were
based upon the single release-recapture model. Radio-tagged and PIT-tagged fish were
inferrogated at the video counting room at Rocky Reach. Fewer radio-tagged fish were
interrogated at the video room than anticipated prior to the study. Hence, survival for
radio-tagged fish could only be estimated from release to the forebay of Rocky Reach Dam
rather than from release to the tailrace of the dam as originally planned.

Radio-tag survival from Crazy Rapids to the forebay of Rocky Reach Dam averaged 0.822
( SE = 0.075). PIT-tag survival from Crazy Rapids to the tailrace of Rocky Reach Dam
averaged 0.878 ( SE =0.017). Because PIT-tag survival estimates included survival
through Rocky Reach Dam, only a qualitative reach survival comparison was possible for
fish released in 1999. Radio-tag survival from release to the forebay of Rocky Reach was
5.6% lower and markedly less precise than the estimate of survival derived from PIT-
tagged fish released in 1999. Radio-tag survival from Pateros to the tailrace of Wells Dam
was a 3.4% less than the estimate of PIT-tagged fish survival through the same section of
river.

ii



Differences in survival estimation techniques, tagging procedures, differences in fish
behavior and differences in tag types, were thought to explain the majority of the
differences observed between arrival distribution and survival between radio and PIT

tagged steelhead smolts.

The radio-tag survival technique provides a considerable reduction in sample size over
PIT-tag release-recapture techniques. However, a lack of demonstrated precision,
substantially higher study costs and the potential for negative (modified fish behavior) and
positive (invalid tag detections) bias still impedes the application of radio-tag mark-
recapture technigue at Wells Dam.

Consistent differences in survival and arrival distributions between radio-tagged and PIT-
tagged steelhead were sufficiently large in 1999 to warrant further study of the radio-tag
survival technique for steelhead. Similar side-by-side radio-PIT survival comparisons for
yearling chinook, sockeye and subyearling chinook are recommended before radio-tag
survival estimates can be utilized as unbiased project survival estimators at Wells Dam.

iii
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1.0 INTRODUCTION

The development of the PIT-tag and the single release-recapture (SRR) and
paired release-recapture (PRR) models have dramatically increased the precision of
survival studies conducted at Columbia and Snake river hydroelectric projects. Precise
project survival estimates through Snake River dams have been generated from release
groups numbering fewer than 5,000 fish (Skalski et al., 1997). However, in order to
develop similarly precise SRR and PRR survival estimates at Mid-Columbia River
projects tens of thousands of PIT-tagged fish must be released.

In both cases sample size requirements are directly related to the rate of
interrogation and detection of PIT-tagged fish. In the Mid-Columbia River, only Rocky
Reach Dam contains an efficient PIT-tag detection facility. PIT-tagged fish are collected
at Rock Island Dam, however the rate of collection in 1999 was insufficient for use in
partitioning survival between mainstem projects. The three remaining PUD dams do
not contain PIT-tag interrogation equipment. The lack of multiple and efficient PIT-tag
detection facilities in the Mid-Columbia River makes the application of the SRR and
PRR models more complicated and less precise relative to similar survival studies
conducted in the Snake River system.

Recent Mid-Columbia River survival studies have utilized between 20,000 and
90,000 PIT-tagged animals in order to precisely estimate survival through individual
hydroelectric projects (Bickford, et al., 1999a; Eppard et al., 1999; Stevenson et al., 1999;
Bickford et al., 2000). This represents a considerable reduction in sample size compared
to freeze-brand survival studies but still represents a substantial investment of fish and
tags. The need to release tens of thousands of PIT-tagged fish for survival studies
severely limits the application of the PIT-tag survival technique to certain species
passing through particular sections of the Mid-Columbia River.

Toward the goal of reducing sample size requirements, while still maintaining
high precision, researchers at the University of Washington performed a statistical
evaluation of radio-tag release-recapture techniques specifically aimed at the
development of project specific survival estimates (Skalski et al., 1999). Following
recommendations outlined by the University of Washington, the Public Utility District
No. 1 of Douglas County proposed a side-by-side comparison of radio-tag and PIT-tag



release-recapture methodologies. To conduct this comparison, radio-tagged and PIT-
tagged fish would be collected, tagged, held for recovery and transported
simultaneously to a common release site in the Okanogan River.

The 1999 Wells radio-PIT comparison study was conducted to determine the
feasibility of the radio-tag survival technique at Wells Dam. Toward accomplishment of
the primary goal, radio-tagged steelhead survival would be estimated from release
through six downstream recapture sites. PIT-tag survival would be estimated from
release through three downstrearn recapture sites. Based upon data collected at a
common recapture site, Rocky Reach Dam, the behavior (arrival distribution, harmonic
mean travel times, relative guidance efficiency) and reach survival estimates (release to

the tailrace of Rocky Reach) of the two tag groups would be compared.

2.0 STUDY AREA

The Wells Hydrocombine generating facility is located at river km (R km) 830 on
the Mid-Columbia River (Figure 1). The Wells Hydrocombine, unlike typical Columbia
River hydroelectric projects, efficiently combines generation, spill and fish facilities into
one structure. The Wells bypass system provides a safe, non-turbine passage route
through the dam for over 92% of the spring and summer migrants (Johnsen et al., 1992;
Skalski et al., 1996). Wells is the uppermost generating project on the Columbia River
which anadromous chinook (Oncorhynchus tshawytscha); steelhead (O. mykiss) and
sockeye salmon (O. nerka) migrate through.

The reservoir formed by Wells Dam is called Lake Pateros. The Methow River
enters Lake Pateros at R km 843 near the town of Pateros. The Okanogan River enters
Lake Pateros at R km 858.6. The radio-PIT comparison study simultaneously released
both radio-tagged and PIT-tagged fish at Crazy Rapids located over 42 km upstream of
Wells Dam at Okanogan R km 13.4 km (Figure 2).



Figure 1. Mainstem Columbia and Snake rivers depicting important hydroelectric
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Figure 2. Crazy Rapids radio-tag and PIT-tag release site.
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3.0 METHODS AND MATERIALS

3.1 Fish Collection

The collection of yearling hatchery summer steelhead (study animals) took place
at the Wells Fish Hatchery. Volitionally migrating steelhead smolts were allowed to exit
Pond #2 via an overflow weir. Fish passing over the weir were washed downstream
through an outfall pipe and were deposited into a large collection trap.

Two to three days prior to each tagging session, sufficient numbers of steelhead
smolts were collected from the trap. A 20 cm Aqualite Harvester hydraulic fish pump
(Magic Valley Harvest, Hagerman, Idaho) was used to pump steelhead from the live
trap into a 2,000 L fiberglass transportation container. The transportation container was
outfitted with a re-circulation pump and metered compressed oxygen. Once the fish
were loaded into the transport container, they were transported less than 0.5 km to one
of two concrete holding raceways. Transport times from the collection site to the
holding raceways was less then 15 minutes per load.

Each concrete holding raceway contained a minimum of 70,000 L of single pass
river water. Pond #2 and Raceway #1 and #2 all received a continuous supply of

gravity fed river water from the Wells Hatchery water distribution system.

3.2 Tagging and Holding Procedures

On tagging days, small groups of untagged steelhead were crowded toward the
pint-sized-pescalator (PRA Manufacturing, Nanaimo, British Columbia, Canada). The
pescalator was comprised of a 30 cm diameter fiberglass pipe with an archimedies
screw built into the center. As the pescalator rotated, it captured and transported water
and fish up and out of the raceway. At the top of the pescalator, fish and water were
deposited into a 10 cm transport pipe. The pescalator carefully delivered fish and smail
amounts of water directly into an anesthetic bath (tricaine methanesulfonate ~ MS-222).
Once anesthetized, individual fish were sorted and assigned to a tag group. Fish less

than 155 mm fork length (FL) and larger than 300 mm FL, and fish with obvious injuries



were removed from the study. The remaining heaithy steelhead smolts were tagged

with either a radio-tag or a PIT-tag.

3.2.1 Radio-tags

3.2.1.1 Tag Characteristics

Digitally coded LOTEK model MFC-3GM (DSP compatible) radio-telemetry
transmitters were utilized during the comparison study. Tag pulse was set at 2.5 bursts
per second with an expected tag life of 22 days. Each tag weighed 1.8 gin air (1.0 g in
water) and was 8.2 mm wide and 19 mm long. The tag antenna was 40 cm long. The
antenna was covered with protectiv; insulation. There were 100 radio-tag codes on
each of three channels {15, 16 and 19; 149.60, 149.62, and 149.68 MHz). Each of the five
release groups (60 fish per group) was divided evenly among the three available

channels to minimize the risk of code collision and signal interference.

3.2.1.2 Implantation Procedures

Juvenile steelhead surgical implantation procedures were based on the methods
outlined in Adams et al. (1998a) and Martinelli et al. (1998) supplemented by
information from John Stevenson (BioAnalysts Inc., pers. comm.) and Theresa Martinelli
(USGS, pers. comm.). In addition, taggers attended a training session at the USGS
Laboratory in Cook, Washington conducted by Ms. Martinelli. Rainbow trout from the
Wells Hatchery were used to refine tagging procedures and to test holding and
transportation equipment. In total, 298 juvenile steelhead were radio-tagged over the
coarse of the study. On each of the five tagging days, between 58 and 61 fish were
radio-tagged. Fish were tagged on April 22, 26, and 30 and May 4 and 8, 1999. All fish
were tagged three days after being collected from rearing pond # 2 at the Wells Fish
Hatchery.

On tagging days, 60 to 65 juvenile steelhead were randomly collected from the
pescalator and placed into a 198 L holding container. Individual fish were transferred
from this holding container into a light anesthetic bath containing MS-222 (15mg/L).
Individual fish were retained within the bath for approximately 3 minutes prior to being

transferred into a stronger bath of M5-222 (100mg/L}). Fish were held in the stronger



anesthetic for approximately 3 minutes or until the fish lost equilibrium. Anesthetized
fish were measured to the nearest millimeter (mm). Fish less than 155 mm FL and over
300 mm FL or fish with visible signs of disease or injury were culled and not used for
radio tagging. Anesthetized fish were placed on a soft, grooved foam pad. The foam
pad was soaked with Stress Coat (Aquarium Pharmaceuticals, Inc., Chalfont,
Pennsylvania) to control scale loss and to maintain the exterior mucous coat during
surgery. Fish were placed ventral side up in the foam groove and the gills were
continuously flushed with anesthetic solution (MS-222, 20mg/L) delivered through a
tube placed into the mouth of the fish. About 1 minute prior to completion of the
surgery, the flow of the anesthetic solution was replaced with fresh oxygenated river
water to start the recovery process. Surgical equipment was disinfected with a diluted
germicidal solution.

To implant the transmitter into each fish, a 1 cm incision was made 3 mm away
from and parallel to the mid-ventral line starting about 3 mm anterior to the pelvic
girdle. The incision was only deep enough to penetrate the peritoneum (Adams et. al,
1998a). To provide an outlet for the antenna, a shielded-needle catheter was inserted
through the incision, posterior to the pelvic girdle and viscera, to a point 5-10 mm off
center from the mid-ventral line and slightly caudal to the origin of the pelvic fins
(Adams et. al, 1998a). Pulling the catheter back onto the needle shaft exposed the point
of the needle. Pressure was applied until both the needle and catheter pierced the skin
of the fish. The needle was pulled back out of the incision, leaving the catheter in
position to guide the antenna through the body wall of the fish.

The radio transmitter was implanted by first threading the antenna through the
incision end of the catheter. Both the antenna and catheter were then gently pulled
posterior while the transmitter was inserted into the body cavity. The position of the
transmitter inside the fish was adjusted by gently pulling on the antenna until the
transmitter was horizontal and directly under the incision. An antibiotic was pipetted
(25 mg/L) into the incision to prevent infection. The incision was closed with three
interrupted, absorbable sutures (5-0 braided Coated Vicryl and taper RB-1 needle,
Ethicon Corp.) evenly spaced across the incision. The antenna was attached to the side
of the fish with a single suture in the caudal peduncle about 5-6 mm posterior to the exit

site. A small amount of tissue adhesive (Nexaband} was applied to the incision and exit



site to secure the sutures in place. The surgical implantation procedure required that
the fish be removed from the water throughout the procedure, and took an average of 5
minutes to complete (range: 3 min 21 s ~7 min 45 s). Columbia River water supplied
from the hatchery served as the water source throughout the tagging operation.
Immediately after surgery, tagged fish were placed into a freshwater recovery bucket
(10 L) until the fish gained equilibrium and regular swimming and breathing
movements were observed.

After recovering from the tagging procedure, fish were placedin11 L
Rubbermaid holding containers equipped with water supply, supplemental oxygen
diffusers and a snap down lid. Four of the 11 L Rubbermaid containers were placed
inside individual 151 L transportation totes supplied with flow through Columbia River
water. In order to minimize disturbance stress, fish were checked only 3 times during
the 36-hour recovery period. Check No. 1 occurred 1 hour following tagging, check No.
2 and No. 3 took place 24 and 36 hours after tagging. The final check tock place
immediately prior to release.

Dissolved oxygen (DO) levels were monitored with a Hanna (H1 9142) dissolved
oxygen meter (mg/L) and the temperature was measured using a hand held

thermometer (°C). The target range for optimal oxygen levels in the transportation

containers was 9-12 mg/L and target water temperature within 2" C of ambient
Columbia River water. Biomark Inc. monitored and recorded the DO and water
temperatures in individual transportation totes every hour, 24-hours per day. Water
flow and hoses were checked hourly to ensure adequate flow was maintained
throughout the recovery period.

Important features of the transportation totes and holding containers included
the following: the ability to hold only one fish (or two fish with a divider) per container
to avoid tangling of the antenna; no sharp edges or rough surfaces within individual
holding containers; and totes were required to be small enough that each transportation
tote could be easily lifted and moved. In addition, totes and containers were fitted with
individual water and oxygen supply systems and totes were made out of a dark opaque
colored material to minimize visual disturbance. Release containers within totes were
equipped with watertight lids and were immersed in water to prevent water loss during

loading and transportation.



Within each of the release totes, three of the four release containers held one fish
per container and the fourth container had a plastic mesh divider so that two smaller
fish (< 184 mm) could be accommodated. Three of the containers were placed on the
bottom of the tote and one was placed on a second level (supported by the lids of the
bottom containers). In total, there were 12 release totes each containing 5 or less fish for
a total of 60 or less radio-tagged juvenile steelhead. The totes were filled partially with
water up to the level of the drainage holes of the smaller containers on the bottom row.
This allowed water exchange during transport without loss of water. The one container
on top had smaller holes drilled closer to the lid of the container to minimize water loss

during the transportation phase of the study.

3.2.2 PIT-tags

PIT-tags were implanted into steelhead smolts with 12-gauge hypodermic
syringes loaded with individual 12 mm Destron Fearing 400-kHz PIT-tags. Fish were
tagged according to criteria described in Prentice et al. (1987). To prevent disease
transmission, each hypodermic needle was soaked in ethyl alcohol and allowed to dry
before being reloaded with a PIT-tag. Immediately following tagging, each unique tag
code for each fish was entered into a database. In addition to the tag code, date of tag
implantation, tag personnel identification code, fish size, water temperature and
obvious abnormalities (disease, deformities and injuries) were recorded.

A 10 ¢m pipe half full of water was used to transfer the PIT-tagged fish into the
1,200 L release containers. Once inside the containers the fish were allowed to recover.
During tagging and initial recovery, the release containers were supplied with a
continuous flow of Columbia River water and when needed metered compressed
oxygen. Water and dissolved oxygen levels were closely monitored throughout the
entire 36-hour recovery period. Approximately 402 tagged steelhead were placed inside
each release container. Loading densities were established to ensure that no release
container contained more than 0.03 Kg of fish/L water.

Recovering tagged steelhead were provided with 100-150 L/ minute {L/min) of
river water per container. River water was supplied to each container through a 5 cm

flexi-hose. Water temperature and dissolved oxygen levels inside each release container



were closely monitored and recorded to ensure that the pre-release recovery history of
each container was comparable within and between tagging groups and comparable to

the radio-tag release groups.

3.3 Transportation and Release Procedures

Side-by-side transport and release of radio-tagged and PIT-tagged steelhead
took place on April 24, 28 and May 2, 6 and 10. On each of the five release days, five
PIT-tag release containers and 12 radio-tag transportation totes were transported to
Crazy Rapids on the Okanogan River. Upon arrival at the release site the containers
and totes were loaded onto the release barges.

Both tag groups were removed from the water supply lines at 0900 hours. After
being disconnected from the water supply lines, metered compressed oxygen was
immediately supplied to each release container. The transport vehicles departed the
hatchery at 0915 hours and stopped in Brewster at 0930. Fish arrived at the Okanogan
barge loading site at 1000 hours or 45 minutes after leaving Wells Hatchery. Both PIT
and radio-tag study groups were released approximately 1 hour and 30 minutes after
water supply lines at the Wells Hatchery were first disconnected. This time included a
45 minute transportation segment between the WFH and Crazy Rapids and a 30 minute
loading and release segment. All five Okanogan side-by-side releases were initiated at

1030 hours.

3.3.1 Radio-tags

In order to minimize stress, radio-tagged fish were kept in the release totes
throughout the loading, transport and unloading phases of the study. The radio-tagged
steelhead were transported to the barge loading site using a 5 m U-Haul truck. The
release totes were transferred from the hatchery recovery facility to the U-Haul truck by
hand. Each of the release totes had a lid that was secured during transport to minimize
water movement and fish agitation. During transportation, each of the smaller release
containers within each transportation tote was supplied, when needed, with metered
compressed oxygen. Individual oxygen supply lines were submerged within each

release container.
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Records of time, oxygen concentrations and water temperatures were recorded
at the start of truck loading, prior to departing the hatchery, en-route to the release site,
upon arrival at the release site, and once containers were loaded onto the barge prior to
release. The temperature and oxygen concentrations of the Okanogan River were
recorded at release.

Radio-tagged fish were released simultaneous with groups of FIT-tagged fish.
Radio-tagged fish were released from holding containers by immersing the container

into the Okanogan River.

3.3.2 PIT-tags

On each of the five release days, five PIT-tag release containers were loaded onto
a 25,000 Kg capacity flatbed truck. During transportation, each of the release containers
was continuously supplied with metered compressed oxygen. At the barge loading site,
each PIT-tag release container was hoisted off the transport truck with a crane and
loaded onto a barge floating in the Okanogan River. The PIT-tag barge was outfitted
with a water supply system. Immediately after the PIT-tag release containers were
loaded onto the barges, the metered compressed oxygen supply system was
disconnected and the on-board water supply system turned on.

Dissolved oxygen and water temperatures for each release container were
recorded before leaving the hatchery, half way to Crazy Rapids (Brewster} and upon
arrival at the release site. Desired dissolved oxygen concentrations inside each
container were manually adjusted to maintain between 9 and 12 mg O, /L. Injured and
moribund fish were removed and recorded before release. River water flow through
each PIT-tag release container was estimated at 75-125 L/ minute.

Barges carrying PIT- and radio-release containers arrived at the specified release
location at the same time (Figure 2). Temperature, dissolved oxygen and fish status
were recorded prior to final release. PIT-tagged fish were released directly into the
Okanogan River though 20 cm x 15 cm eccentric reducers. Water to water transfers

were maintained throughout the entire study.
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3.4 Tag Interrogation

3.4.1 Radio-tag Detection

Lotek SRX_400 radio-telemetry receivers utilizing CODE_LOG version W16 data
processing and storage program were utilized to interrogate radio-tagged steelhead
smolts. Fixed-station receivers with corresponding antenna switchers or combiners
were enclosed in locked weatherproof containers and powered by 12-volt (v), deep-
cycle RV batteries. At locations where 110-v AC current was available, a 12-v AC/DC
adapter was used to continuously trickle charge 12-v RV batteries. The use of a battery
at these sites eliminated the possibility of lost data due to power failure. All receivers
and power sources were monitored daily from April 24 to June 16, 1999. Additional
information was collected at Rocky Reach and Rock Island dams from April 24 to June
30, 1999.

Fish presence was detected at important detection zones via the installation of
multi-element (2, 3, 4 and 9-element) yagi antennas connected to SRX-400 radio-
telemetry receivers. At times multiple yagi antennas were combined into one signal
source for fish presence at selected sites above and below Wells Dam. Where necessary,
radio signals had to be propagated along long distances (>100 ft) of coaxial cable. At
these locations signal amplifiers were installed to maximize signal quality to each
receiver.

Twelve receivers monitoring a total of 38 aerial yagi antennas were established
at strategic locations; the Okanogan River mouth, Pateros, Wells Forebay, and at sites 5
and 13 km below Wells Dam. In addition, receivers and underwater antennas at Rocky

Reach and Rock Island dams were also capable of detecting Douglas released radio tags.

3.4.2 PIT-tag Detection
PIT-tags were interrogated via Destron-Fearing 400 kHz PIT-tag reader systems
installed in the fish bypass systems at Rocky Reach, Rock Island, McNary, John Day and
Bonneville dams. PIT-tag interrogation data was archived to PTAGIS.

12



3.5 Estimating Smolt Survival

3.5.1. Radio-tags
3.5.1.1 Survival Estimation

The single release-recapture model (Cormack 1964; Jolly 1965; Seber 1965 Skalski

et al. 1998) was used to analyze the radio-tag detections of smoits released at Crazy
Rapids. The traditional model can be used to directly extract estimates of 3'1, .§'2 . 3'3, 3'4,

S‘s, and 3'6 (Figure 3). However, the traditional single release-recapture model cannot

separate out the elements of the product A =, - p, for the last reach (Figure 3).

Survival from release at Crazy Rapids to the forebay of Rocky Reach Dam was
estimated by the product

The delta method was used to estimate the variance associated with survival
through this section of river.

The assumptions of the single release-recapture model are the following (Skalski
etal. 1998):

Al. The test fish are representative of the population of inference.

A2. Test conditions are representative of the conditions of interest.

A3. The number of fish released is exactly known.

Ad4. Radio-tag codes are accurately recorded at the time of tagging and at all

detection sites.
A5. For replicated studies, data from different releases are statistically
independent.
Aé6. The fate of each individual fish is independent of the fates of all other fish.
A7. All fish in a release group have equal survival and detection probabilities.
AB. Prior detection history has no effect on subsequent survival and detection

probabilities.
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Figure 3. Schematic of the release location and radio-antenna detection arrays used in

the 1999 Okanogan River radio-tag smolt survival study. Parameters

estimated from the release-recapture data are indicated.
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A 90% confidence interval for survival from release to the forebay and tailrace of

Rocky Reach was calculated according to the formula:

S, + 1.645,/ var(S,|s,).

3.5.1.2 Tests of Assumptions

For the single release-recapture model to be valid, certain data patterns should

be evident from the capture histories. A series of tests of assumptions were performed

to determine the validity of the model (i.e., goodness-of-fit}. The data from a singie

release can be summarized by an m-array matrix of the form below:

Mouth of Wells Wells Wells Rocky Rock
Release Okanogan Pateros  Forebay  Tailrace  Tailrace Reach Island
Site ) (3) 4 #1 (5) #2 (6) Forebay Forebay
(7} 8)
Initial (1) m, m my ms Mg m mg
Mouth of
Okanogan M3 M4 s M2 My Mg
2
Pateros (3) My, mys Mg Myq mMsg
Wells
Forebay Mys My Myq My
@
Wells
Tailrace Msg Mgy Mgy
#1 (5)
Wells
Tailrace Mgy Mg
#2 (6)
Rocky
Reach e
Forebay
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™

The values m, are the number of fish detected at site i that are detected for the first time

downstream at site ;.
Burham et al. (1987, pp. 71-74) presents a series of tests of assumptions called
Test 2 that examine whether upstream detections affect downstream survival and/or

detection. Contingency table tests were performed, as follows:

Test 2.2 m3 my, ms My my Mg
My Mg Miys Mg My Moy

Test2.3 myy + My mys +myg myg + My m, + My, myg + Mg

My Mys Mg M3 Mg
Test 2.4 M+ My + My | Mg+ Mg ¥ Myg | Mg+ My + iy | Mg+ Igg + Mg
Miys Myg My Mag
Test 2.5 Mg+ Mag + Myg +Myg | Myg + Mg + M3y T Myg | Mg+ Mg+ Myg + Myg
Msg Mgy Mgy

Overall significance of Test 2 was based on the sum of the chi-square statistics
2+ 72+ 43+ 25 = X1, - Detections at the Rocky Reach and Rock Island dams
included only fish detected in the forebay. Tailrace detections that might include dead
fish were not used in the analyses.

Burnham et al. (1987, pp. 74-77) also presents a series of tests of assumptions
called Test 3 which also examine whether upstream capture histories affect downstream
survival and/or capture. However, the seven detection sites resulted in 128 unique
capture histories with only 296 radio-tagged fish released. The consequence is that the
Burnham et al. (1987) Test 3 would produce contingency table analyses that would be
too sparse (i.e., too small of cell counts) for valid analysis. As such, modifications were

made. The first test was of the form:
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— Test 3.1 Detection History to Pateros

111 101

Detected

Below Pateros Not Detected

This contingency table evaluates whether detections at the mouth of the Okanogan
River affect redetections below Pateros. The next test in the sequence produced a

contingency table of the form:

Test 3.2° Detection History at Okanogan,
Pateros, Wells Forebay
111 10
Detected
B Below Wells
Not Detected
Forebay

This contingency table evaluates whether detections at Pateros affected detections

- below Wells Dam forebay. The last table was as follows:

Test 3.3° Detection History at Pateros,
Wells Forebay, and 1¢t Tailrace
Array

111 101

Detected

Below 1st

Not Detected

Tailrace Array
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3.5.2 PIT-tags

3.5.2.1 Survival Estimation

The PIT-tagged steelheads released at Crazy Rapids on the Okanogan River were
used to estimate reach survival using the single release-recapture (SRR) model. Smolts
released in the Okanogan River had the potential of being detected at Rocky Reach,
McNary, John Day, and Bonneville Dams (Figure 4). In addition, smolts detected by the
NMFS experimental PIT-tag trawl were pooled with the Bonneville Dam detections.

Survival probabilities were estimated for each of the five replicate release
groups. Mean survival from release to Rocky Reach was calculated as a weighted

average of the five replicate estimates based on the formula

w

where the weights were calculated as

W= ———.
var(3s)

S}

I

The variance of the weighted average was computed as

. Xw(-5)
VEzr(§)=A‘~f'-—-——-——-—-—5——-»-——
-3

i=l

An approximate (] —a) 100% confidence interval estimate was calculated as

-~

54196 Var(5).
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Figure 4. Schematic of release-recapture design used in the PIT-tag survival analysis

and associated estimated parameters.
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3.5.2.2 Tests of Assumptions

The data from a PIT-tagged singie release can be summarized by an m-array

matrix of the form below:

Release Sites Rocky Reach(2)  McNary (3)  John Day (4)  Bonneville (5)

Initial (1) m, m, my, m
Rocky Reach (2) my, M, My
McNary (3) m, m,
John Day (4) m,,

To test the validity of the SRR model, Burnham et al. (1987) Tests 2 and 3 were
performed. Tests 2 assessed whether upstream detection histories affected downsiream

survival and/or detection. Contingency tables for Tests 2 were of the form:

Test 2.2 my m, mg
My, My My
2
X
Test2.3 m,, +m,, m, + nm,,
ms, My
2
e

The overall significance of Test 3 was based on the sum of chi-square statistics
LG =L

The Burnham et al. (1987) Test 3 also examined whether upstream capture
histories had an affect on downstream survival and/or capture. The possible effect of
detection at Rocky Reach Dam on subsequent histories was tested using the contingency

table below:
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Test 3.1 Capture History to McNary Dam

101 111

11

Capture History 10
at John Day and
Bonneville Dams 0

To test whether detection at McNary Dam had an effect on subsequent downstream

histories, the following contingency table was used:

Test 3.2 Capture History to John Day Dam

1111 1101 1011 1001

Capture History | 0
at Bonneville
Dam 1

X

The overall significance of Test 3 was based on the sum of the chi-square statistics
AT =X
Individual release groups were tested at an @ = 0.10 significance level. An

experimental-wise error rate of @ = 0.10 was also used to assess the overall performance

of the study by using a test-wise error rate of

1-(1-0.10)" = 0.0209.
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3.6 Comparison of PIT-tagged and Radio-tagged smolts

3.6.1 Comparison of Arrival Distributions

The arrival distributions of the PIT- and radio-tagged releases from Crazy
Rapids to Rocky Reach Dam were compared. To perform this analysis, the two groups
of fish needed to be released concurrently. In addition, the PIT- and radio-tagged fish
needed to be detected at the same location at Rocky Reach Dam. Hence, the PIT-tag
detector at Rocky Reach Dam was also fitted with radio antenna equipment as well.
The arrival distributions were compared using an R x C contingency table chi-square

test of homogeneity of the form:

PIT-tag Radio-tag

Arrival
Date

3.6.2 Comparison of Travel Times

For each tag type, mean travel time was computed using the harmonic mean

(74 ) calculated as follows:

- 1 n

tH= =
&
X, 2y

T

= |-

= i=1
where

t, = travel time from Wells tailrace to Rocky Reach Dam for the ith smolt
recovered (i =1,..., n).

The variance for the harmonic mean travel time was estimated by the formula



and where
H

2
Ty
1\

2
(n-1)

n 1 &1
Ui =;Zt—

i=1 "

2 _
S)p =

Asymptotic (1- ) 100% confidence interval for harmonic mean travel time was

fyt Z| m/ V&r(fH)

computed as

for both PIT- and radio-tagged smolts.

A statistical test of equal mean travel times for both tag types was performed
using a Z-test of the form

Ly_pir — gt

Z= : S
\ﬁ'a"(’ﬁ-mr)"‘ Var(tH—RT)

3.6.3 Comparison of Relative Guidance Efficiency

The proportions of PIT-tagged and radio-tagged smoits collected by the Rocky
Reach surface collector were compared using a 2 x 2 contingency table chi-square test of

homogeneity of the form:

PIT-tag Radio-tag
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where R is the release size and r, the number of smolts detected in the Rocky Reach
bypass system. This test assesses whether the two tag groups had the same survival to

and guidance efficiency into bypass No. 2 at Rocky Reach Dam.

3.6.4 Comparison of Reach Survival Estimates

The PIT-tag releases at Crazy Rapids had the capability of estimating steelhead
smolt survival from release to the tailrace of Rocky Reach Dam. The radio-tag releases
at Crazy Rapids also had the capability of providing a smolt survival estimate from
release to the tailrace of Rocky Reach Dam. In addition, radio-tagged survival could
also be estimated from release to the forebay of Rocky Reach Dam. The radio-PIT
survival study comparison was designed to statistically compare reach survival between
the two tag types over a common section of river. However, due to poor radio-tag
detection rates at the video counting station and due to limitations in total radio-tag
sample size, insufficient information was collected to precisely estimate radio-tag
survival beyond the forebay of Rocky Reach. Hence the statistical survival comparison
through the common river section had to be abandoned in favor of a more qualitative

reach survival comparison.

Because the PIT-tag survival estimate included passage through Rocky Reach
Dam, the survival estimate generated from the PIT-tag releases was expected to be less
than or equal to the radiotelemetry survival estimate. Point estimates and confidence
interval estimates were examined to assess reasonableness of this assertion and to

provide insight into the comparability of the two tagging techniques.
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4.0 RESULTS

4.1 Fish Collection

Steelhead collected from Pond #2 were not directly counted. Instead volumetric
displacement was used to estimate the number of steelhead collected. The day before
tagging, approximately 4,500 steelhead were crowded and fish pumped into a transport
truck. The transport truck released the fish directly into two concrete raceways located
proximal to the PIT-tagging facility. No steelhead mortalities were recorded during the
collection and transportation process. The steelhead collected for the study were

allowed to recovery in the pre-tagging raceways at least 48-hours before being tagged.

4.2 Tagging and Holding

The number of steelhead collected, handled, culled and tagged for the 1999
radio-PIT survival comparisons can be found in Table 1. In total, 74,669 steelhead were
collected for tagging purposes. The majority of these fish (60,382) were utilized for the
Wells Project PIT-tag survival study. In total 10,037 steelhead were PIT-tagged and 303
were radio-tagged for use in the radio-PIT comparison study.

Tagging and recovery of radio-tagged and PIT-tagged fish occurred
simultaneously at the Wells Fish Hatchery. After being tagged, study fish were allowed
to recovery for 36-hours before being transported and released.

Of the 10,037 steelhead smolts PIT-tagged for the radio-PIT comparison study, a
total of 2 (0.020%) tagged steelhead died after being tagged (Table 1). Of the 303
steelhead smolts radio-tagged in 1999, one fish (0.33%) was sacrificed in order to recover
a radio-tag that had failed prior to release and one (0.33%) fish died as a result of tag
related injuries. In addition, five (1.65%) radio-tagged fish were sacrificed in order to
recover tags that had become entangled with components of the release containers. All
five tangled antennas were observed during the first release group. No shed PIT-tags
were recovered from the Okanogan PIT-tag release groups. In total, 10,035 PIT-tagged
and 296 radio-tagged steelhead were released at Crazy Rapids (Table 1).
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Table 1A: PiT-tag release groups utilized for the 1999 Wells radio-PIT survival study.

Tagging Release Site  Release  Tagged Morts. Sacrificed Tags Total
Study No. Shed  Released

PIT-tag Okanogan 1 2,008 1 2,007
2 2,005 2,005

3 2,008 1 2,007

4 2,008 2,008

5 2,008 2,008

Subtotal 10,037 2 10,035

Table 1B: Radio-tag release groups utilized for the 1999 Wells radio-PIT survival study.

Tagging Release Site  Release = Tagged Morts. Sacrificed  Tags Total
Study No. Tangle Released
d
Radio-tag Tailrace 1 65 5 5 60
2 60 60
3 60 60
4 60 1 59
5 58 1 57
Subtotal 303 1 6 5 296
PIT/Radio Both Grand
Comparison Studies Total 10,340 3 6 ) 10,331
Study
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4.3 Transportation and Release

Radio-tagged and PIT tagged steelhead were transported and released
simultaneously at Crazy Rapids pump station on April 24, 28 and May 2, 6, and 10. On
each of the five release days, five PIT-tag release containers and 12 radio-tag transport
totes were transported to the barge loading site on time and within the parameters
established in Section 3.3 (Transportation and Release Procedures).

Loading consistently required 15 minutes, transport time consistently ranged
from 45 to 50 minutes and barge loading times remained consistent at 20 minutes
between each of the five replicate releases.

Dissolved oxygen and water temperatures for each container were recorded
periodically throughout the transportation process. Records of dissolved oxygen and
temperature indicated similar trends between replicate release groups. Concentrations
of dissoived oxygen varied between release containers and between tag groups but were

maintained between 8.4 and 13.3 mg O, /L for all groups. Average dissolved oxygen
concentrations ranged from 10.4 to 10.8 mg O, /L for all five release groups.
Water temperatures varied less than one degree during the transportation phase

of the study. Columbia River water temperatures were within 2 * C of Okanogan River

water temperatures throughout the study. Okanogan River water temperatures ranged

from7.3t089° C.

All five steelhead releases were initiated at the Okanogan release site within 1
hour and 20 minutes after water supply lines at the WFH were disconnected. This
included a 50 minute transportation interval and a 35-minute loading interval. As

scheduled, the Okanogan releases were initiated at 1020 hours.
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4.4 Interrogation Histories

4.4.1 Radio-tags

At the beginning of the study, the second Wells tailrace antenna array
(approximately 13 km downstream) was not fully operational throughout the entire first
release group. For this reason, detection histories and detection probabilities were
expected to differ between release group 1 and releases 2-5. Table 2 provides detection
histories at the mouth of the Okanogan, Wells forebay and second Wells tailrace station.

As expected an overall chi-square test of homogeneity was rejected for the 5 radio-tag

release groups (P( X297 7003) < 0.0001) . However, further analysis suggests releases

2-5 were homogeneous in detection histories (P( I =221 34) =0.391 8). Consequently,

in subsequent analysis, release 1 and pooled releases 2-5 will be treated separately.
Table 3 presents the counts of radio-tagged smolt by capture history. Release 1
will only consider detections at the 5 km tailrace array and not at the 13 km tailrace

array below Wells Dam. Releases 2-5 will include detection histories at both the 5 and

13 km tailrace arrays.



Table 2. Counts of radio-tagged steelhead smolts by detection history using the Wells
forebay, Wells second tailrace antenna and Rocky Reach forebay arrays for
each release group. Detection is noted by a “1” and a nondetection by a “0” at
an antenna location.

Release Detection History at Wells Forebay, 2nd Tailrace Arrays and Rocky Reach Forebay
Date 111 110 101 100 011 010 L)) 000 Total
4/24/99 6 1 20 25 0 1 1 6 60
4/28/99 25 14 5 7 2 1 1 5 60
5/2/99 32 9 4 10 1 0 0 4 60
5/6/99 41 5 5 4 1 0 1 2 59
5/10/99 34 5 7 7 0 0 0 4 57
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4.4.2 PIT-tags

The release sizes for the five replicate Okanogan release groups varied from 2005
to 2008 fish. Table 4 has the detection histories at Rocky Reach, McNary, John Day, and
Bonneville dams for each release group. Detections in the NMFS experimental PIT-tag

trawl were pooled with Bonneville Dam detections for all of the analyses.
4.5 Estimating Smolt Survival

4.5.1 Radio-tags

4.5.1.1 Tests of Assumptions

Burnham Test 2 and modified Test 3 were performed for release 1 and pooled
releases 2-5. Table 5 summarizes the results of the tests of assumptions for these two
release groups. Neither release group rejected any of the Test 2's. Two of the 6 Tests 3's
were rejected (P < 0.10). However, neither of the overall Test 3 results were significant

(P> 0.10). Details of Tests 2 and 3 are found in Tables 6-7.

4.5.1.2 Survival Estimates

The Cormack-Jolly-Seber (CJS) model was used to estimate reach survival using
the radiotelemetry detection histories in Table 3. The parameter estimates from the CJS

model are reported in Table 8.
The survival of the radio-tagged hatchery steelhead from the release site in the

Okanogan River to the forebay of Rocky Reach Dam was computed as a product of the

survival estimates from the first six reaches reported in Table 8 (i.e.,
.§'W = §, -3'2 8,8, -5‘5 -5‘6 ). For the first release group, Okanogan to Rocky Reach
forebay survival was estimated to be § = 0567 (SE = 0.084). For releases 2-5, the

survival from Okanogan to Rocky Reach forebay survival was estimated to be §=0844
(SE = 0.037). Combining the results from the two analyses, a weighted average survival

for the river reach from the Okanogan release site to the forebay of Rocky Reach Dam

was § = 0.822 (SE = 0.075).
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Table 5. Summary of P-values for Burnham et al. (1987) Tests 2 and 3 for release groups 1 and
2-5 for the radio-tag study from Crazy Rapids.

Release Group

Test
1 2-5

22 0.2426 0.4991
23 0.1681 0.3296
24 0.6916 0.3050
25 0.5659 0.5845
Overall 2 0.3870 0.5034
31 0.6658 0.7842
32 0.0766 0.0357
3.3 0.1203 0.8170
Overall 3 0.1251 0.2087
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Table 7. Details of modified Burnham et al. (1987) Tests 3.1" - 3.3” for release 1 and release

groups 2-5.
Test 3.1"
Capture History to Pateros
Release Capture History 101 111 Zaz P-value
Downstream
Detected 6 32
1 Not Detected 0 1 0.1866 0.6658
Detected 4 160
2-5 Not Detected 0 3 0.0750 0.7842
Test 3.2°
Capture History to Pateros
Release ~ _2pture History 101 m P P-value
Downstream
Detected 9 27
1 Not Detected 5 4 3.1365 0.0766
Detected 46 147
2-5 Not Detected 8 9 4.4117 0.0357
Test 3.3°
Capture History to Pateros
Release Capture History 101 111 ‘rf P-value
Downstream
Detected 0 21
1 Not Detected 1 8 2.4138 0.1203
Detected 3 112
2-5 Not Detected 0 2 0.0535 0.8170
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4.5.2 PIT-tags

4.5.2.1 Tests of Assumptions

The individual Burnham et al. (1987) Tests 2.2 and 2.3 for each release are
presented in Table 9 and the P-values of the tests summarized in Table 10. Only 1 of 10
Test 2's were significant at & = 0,10 test-wise error rate. When examining the overall
Test 2 results for each release and adjusting for an experimental-wise error rate of &, =
0.10, none of the releases rejected the null hypothesis of model validity.

The individual Burnham et -aI. (1987) Tests 3.1 and 3.2 for each release are
presented in Table 11 and the P-values of the tests summarized in Table 12. Again, only
1 of 10 Test 3's were significant at & = 0.10, and none of the releases rejected the null
hypothesis of model validity.

Hence, the tests of the SRR model assumptions for the Crazy Rapids releases
suggest no apparent violations of assumptions and therefore, permit subsequent

survival estimation.

4,5.2.2 Survival Estimates

The reach-specific survival estimates and associated capture probabilities (Figure
4) for each of the five Crazy Rapids PIT-tag releases are summarized in Table 13. The

individual survival estimates from the release site to Rocky Reach tailrace ranged from

0.846 (SE = 0.039) to 0.942 (SE = 0.056) with a weighted average of S = 0.878 (SE =
0.017). An approximate 90% CI for the survival from the release site at Crazy Rapids to
Rocky Reach tailrace is CI (0.850 < g <0.906) = 0.90.
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Table 9. Burnham et al. {1987) Test 2 for individual release groups. Test 2.2 assesses whether

detections at Rocky Reach had an effect on downstream survival and/or detections,

Test 2.3 assesses whether detections at McNary had an effect on downstream survival

and/or detections.

a, Test2.2
Release McNary John Day  Bonneville 7 P.value
1120l Okanogan 184 225 118
Rocky Reach 52 78 44 1.5955 0.4503
11602  Okanogan 215 222 118
Rocky Reach 53 76 42 3.3991 0.1828
12003 Okanogan 137 227 115
Rocky Reach 56 91 38 0.9146 0.6330
12404  Okanogan 160 254 110
Rocky Reach 67 72 50 6.1731 0.0457
12805  Okanogan 129 295 87
Rocky Reach 35 81 23 0.0206 0.9898
b. Test23
Release John Day Bonneville Z? P-value
11201  Okanogan + Rocky Reach 303 162
McNary 73 47 0.6010 0.4382
11602 Okanogan + Rocky Reach 298 160
McNary 71 51 1.6783 0.1952
12003 Okanogan + Rocky Reach 318 153
McNary 61 24 0.4192 05173
12404 Okanogan + Rocky Reach 326 160
McNary 79 30 0.9585 0.3276
12805 Okanogan + Rocky Reach 376 110
McNary 59 13 0.5217 0.4701
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— Table 10. Summary of Burnham et al. (1987) Test 2 results for the Okanogan releases.

P-value
Release

2.2 2.3 Overall

11201 0.4503 0.4382 0.5326

11602 0.1828 0.1952 0.1662

12003 0.6330 0.5173 0.7211

o 12404 0.0457 0.3276 0.0678
12805 0.9898 0.4701 0.9095
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Table 11. Bumham et al. (1987) Test 3 for individual release groups. Test 3.1 assesses whether

capture histories at Rocky Reach had an effect on downstream detection histories at

John Day and Bonneville dams. Test 3.2 assesses whether capture histories at Rocky

- Reach and McNary had an effect on downstream detection histories at Bonneville.

a. Test3.1
Capture History Capture History to McNary
Release at John Day and Dam Zi P-value
Bonneville Dams
101 111
11201 11 15 4
10 40 14
— 01 34 13
00 95 21 2.3958 0.4944
11602 11 12 8
10 41 10
01 40 11
00 122 24 6.2854 0.0985
12003 11 12 5
- 10 32 12
01 18 6
00 75 33 0.3784 0.9447
12404 11 8 2
10 49 21
01 20 10
00 83 35 1.6846 0.6404
— 12805 11 6 3
10 40 10
01 9 4
00 74 18 1.6858 0.6401
b. Test3.2
Capture Capture History to John Day Dam
Release History. at 1111 1101 1011 1001 2’2 P.value
Bonneville 3
Dam
. 11201 0 14 52 40 164
1 4 26 15 61 1.4882 0.6850
11602 0 10 61 41 170
1 8 15 12 52 5.0007 01717
- 12003 0 12 71 32 182
1 5 20 12 45 1.8768 0.5984
12404 0 21 59 49 202
_ 1 1 13 8 52 4.2869 0.2321
12805 0 10 65 40 239
1 3 16 6 56 1.2087 0.7509
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Table 12. Summary of Burnham et al. (1987) Test 3 results for the Okanogran releases.

P-value
Release
31 3.2 Overall
11201 0.4944 0.6850 0.6924
11602 0.0985 01717 0.0799
12003 0.9447 0.5984 0.8948
12404 0.6404 0.2321 0.4264

12805 0.6401 0.7509 0.8220
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4.6 Comparative Statistics

4.6.1 Comparison of Arrival Distributions
A chi-square test of homogeneity of arrival dates of radio-tagged and PIT-tagged
steelhead smolts from Crazy Rapids to Rocky Reach Dam video-room found the arrival

distributions to be significantly different [ P(3, 2 46.1605) = 0.0012, Table 14]. A plot

of arrival distribution (Figure 5) suggests fewer radio-tagged smolts were detected after

17 May than PIT-tagged smolt.

4.6.2 Comparison of Travel Times
The mean travel time for the radio-tagged steelhead smolts through the same
reach of river was f,; = 4.2408 days (SE = 0.2463). The harmonic mean travel time for the

PIT-tag steelhead smolts from Savage Rapids to Rocky Reach Dam was 1y =3.9811 days

(S’E = 0.0462). The mean travel times for the radio-tagged and PIT-tagged steelhead
smolts were not significantly different (P = 0.3000).

4.6.3 Comparison of Relative Guidance Efficiency

The fraction of PIT-tagged and radio-tagged smoits detected in the video room at
Rocky Reach Dam provides an overall test of equal survival and guidance of the two
types of tagged steelhead smolts (Table 15). Of the steelhead smolts released at Crazy
Rapids, 44 (14.9%) radio-tagged and 1,765 (17.6%) PIT-tagged steelhead survived to
Rocky Reach and were guided through the second entrance and gatewell collection
system at Rocky Reach Dam. The guidance efficiency for these two groups of fish
provides an overall test of equal survival and guidance of the two tag groups. No

significant difference was detected between radio- and PIT-tag release groups

(P2} >14623)= 0.2266).
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Figure 5. Proportions of radio-tagged and PIT-tagged steelhead smolts that arrived at Rocky

Reach Dam video room from releases in the Okanogan River.

0.25

020

Radiotag releases ——
PIT-lag feleases ~  —--—

Proportion of Observed Smolt

0.9

04/26/99 05/03/99 05/10/99 05/17/99 05/24/99 065/31/99
Amival Date at Rocky Reach Dam
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Table 14. Arrival counts at Rocky Reach video room for radio-tagged and PIT-tagged

steelhead smolts released in the Okanogan River.

Date PIT-tag Radio-tag

04/26/99 41 0
04/27/99 102 3
04/28/99 4 1
04/29/99 5 0
— 04/30/99 91 1
05/01/99 105 2
05/02/99 51 1

05/03/99 37 2
05/04/99 114 0
05/05/99 134 2
05/06/99 65 2
05/07/99 52 2

05/08/99 91 |
05/09/99 193 6
o 05/10/99 38 1

05/11/99 47
05/12/99 47
05/13/99 60
05/14/99 23 1
05/15/99 23
05/16/99 64

- 05/17/99 - 328
06/02/99

~ N

LT R S ]

Total 1765 44




Table 15. Comparison of relative guidance efficiency at Rocky Reach Dam between the
pooled groups of radio-tagged and PIT-tagged steelhead smolts released into

the Okanogan River.
N Capture History
Downstream PIT-tag Radio-tag le P-value
r 1765 44

R—r 8278 252 1.4623 0.2266




4.6.4 Comparison of Reach Survival Estimates

For radio-tagged fish, survival was estimated from the release at Crazy Rapids to
detection in the forebay of Rocky Reach Dam. For PIT-tagged fish, survival was
estimated from the release at Crazy Rapids to the tailrace of Rocky Reach. For this
comparison, PIT-tag survival was expected to be less than or equal to radio-tag survival.

Survival for radio-tagged fish from Crazy Rapids to the forebay of Rocky Reach

averaged § ={(.822 (.g'E = 0.075) with a 90% confidence interval of CI (0.699 < § <0.945)
= 0.90. Survival for PIT-tagged fish from Crazy Rapids to the tailrace of Rocky Reach

Dam averaged § = (.878 (SE = 0.017) with a 90% confidence interval of CI (0.850 < t;
<0.906) = 0.90. The overlapping 90% confidence interval for the survival estimates
generated by the PIT-tag and radio-tag releases suggest no significant difference.
However, the PIT-tag survival estimate that includes the additional mortality through
Rocky Reach Dam is higher than the radio-tag estimate. This counterintuitive result
raises some concerns regarding the comparability of the two tagging techniques. More
information may be needed before resolving the issue of the most appropriate approach
for estimating smolt survival.

Additional survival comparisons were possible from data collected in 1999.
Survival from Pateros to the tailrace of Wells Dam was estimated based upon 15

replicate pairs of PIT-tagged steelhead. Survival from Pateros to the tailrace of Wells

Dam, based upon the PRR model, averaged § = (1,943 (S'E = (0.016) (Bickford et al.,
2000). In comparison, survival for radio-tagged fish from Pateros to a point 5 km
downstream of Wells Dam averaged 5 =0.904 (S‘E = (.042). There was also no
significant difference (P(|Zl >0.8677)=03 855) in survival between these estimates. But
again, the PIT-tagged fish had a higher survival than radio-tagged steelhead smolts in

this lower part of the study area.
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5.0 DISCUSSION

5.1 Fish Collection

In total, 74,669 steelhead were collected for tagging purposes during the 1999
survival study. Of these fish, 10,340 fish were used in the radio-PIT comparison study.
The remaining steelhead were utilized for a PIT-tag survival study conducted at the
Wells Hydroelectric Project. Fish included in the comparison study were randomly
tagged with either a PIT-tag or radio-tag.

The volitional collection and handling of hatchery steelhead in 1999 took place
without measurable impact upon the study animals. The use of a 15 cm Aqualite
harvester, a 2,000 L fish transportation container and short distances between collection
and tagging locations helped maintain fish health at optimum levels throughout the

collection phase of the study.

5.2 Tagging and Holding

The side-by-side radio-PIT comparison study utilized 303 radio-tagged steelhead
and 10,037 PIT-tagged steelhead. Tagging and holding facilities were designed to
minimize fish stress and to maximize fish survival to releases. Physiological
information collected on PIT-tagged fish indicated that nominal stress was induced
from the collection, handling and tagging procedures employed in 1999. Physiological
samples collected 36-hours after tagging and immediately prior to release suggested
that PIT-tagging stress was minimal and that the 36-hour recovery period was sufficient
in duration to allow stress indices to return to resting levels (Bickford et al., 2000). In
total, only 2 (0.019%) of the PIT-tagged and one (0.33%) of the radio-tagged steelhead
died after being tagged. No shed PIT-tags were recovered from inside the release
containers utilized for the comparison study. Six radio-tagged steelhead were removed
from the study due to either antenna tangles (5) or radio-tag malfunction (1}. The

remaining 296 radio-tagged fish were released without incident.
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5.3 Transportation and Release '

Transportation techniques utilized for the comparison study were successful at
safely moving large numbers of tagged fish to the release site within the temperature,
dissoived oxygen, fish survival and time intervals established in Section 3.3. Transport
intervals were consistent between the five replicate release groups. Travel time from the
hatchery to the barge loading site averaged 50 minutes. Recovery and transport times
remained comparable both within and between PIT and radio release groups. Loading,
transportation and water quality (water temperature and dissolved oxygen
concentrations) were also comparable within and between PIT and radio release groups.

No meaningful differences were detected.

5.4 Interrogation

The Cormack-Jolly-Seber model was used to estimate capture and survival
probabilities for the radio-tag and PIT-tag release groups. Overall, detection
probabilities for both PIT-tagged and radio-tagged steelhead were higher than
anticipated.

Detection probabilities for radio-tagged steelhead ranged from a low of 0.741
(S‘E = 0.029) at Pateros to a high of 0.982 (S'E = 0.009) at the Okanogan River mouth.
Capture probabilities averaged 0.966 (S'E = (.013) at the forebay of Wells Dam, 0.741
(.S'E = (0.031) at the 5 km tailrace array, 0.850 (S'E =(.027) at the 13 km tailrace array and
0.798 (SE = 0.039) at the underwater antenna array deployed in the forebay of Rocky
Reach Dam. Fewer radio-tagged fish were detected at the video room at Rocky Reach
Dam than anticipated.

Mean capture probabilities for the Okanogan PIT-tag release groups averaged
0.250 at Rocky Reach, 0.198 at McNary, and 0.358 at John Day dams. Capture
probabilities at John Day were much higher than anticipated and were instrumental in

the development of precise reach survival estimates for the Okanogan PIT release

groups.
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5.5 Comparative Statistics

5.5.1 Comparison of Arrival Distributions

A chi-square test of homogeneity of arrival dates of radio-tagged and PiT-tagged
steelhead smolts from release to Rocky Reach Dam video-room found the arrival
distributions to be significantly different. A smail number of PIT-tagged fish arrived at
Rocky Reach much later than the last radio-tag release group. However, the majority of
the radio-tagged and PIT-tagged migrants migrated downstream together and likely

experienced similar capture processes at Rocky Reach Dam.

5.5.2 Comparison of Travel Times

The mean travel time for the radio-tagged steelhead smolts through the same
reach of river was #,, = 4.2408 days (S‘E = (.2463). The harmonic mean travel titne for the

PIT-tagged steelhead smolts released from Crazy Rapids to Rocky Reach Dam was 7,; =

3.9811 days (S'E = 0.0462). The mean travel times between tag groups were not
statistically different. The observed difference translated into a 6.23 hour mean arrival
difference between tag groups. PIT-tagged steelhead released for this study arrived first
and displayed a more protracted migration past Rocky Reach relative to radio-tagged
fish whose migrating was slightly slower and more truncated than that of the PIT-tagged

fish.

5.5.3 Comparison of Relative Guidance Efficiency

Of the tagged steelhead smolts released at Crazy Rapids, 14.9% of the radio-
tagged and 17.6% of the PIT-tagged steelhead survived to Rocky Reach Dam and were
guided through the second surface collector and gatewell collection system at Rocky
Reach Dam. The guidance efficiency of the two relative tag groups provided an overall
test of equal survival and guidance. No statistical difference (P = 0.2266) was detected
between the two tag types. Survival and guidance rates for PIT-tagged fish was higher
than that for radio-tagged fish indicating a possible behavior and survival difference

between tag groups.
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5.5.4 Comparison of Reach Survival Estimates

Survival for radio-tagged fish from Crazy Rapids to the forebay of Rocky Reach

averaged S =082 (8E = 0.075). The goal of the radio-tag portion of the comparison

study was to estimate reach survival with a 90% confidence interval (CI) with error of
less than 10%. The precision goal for radio-tag survival estimates was not achieved in
1999. Radio-tag survival was estimated at 0.822 with a 90% CI of 12.34%.

Conversely, survival for PIT-tagged steelhead from Crazy Rapids to the tailrace

of Rocky Reach Dam averaged §=0878 (S’E =0.017). The goal of the PIT-tag portion
of the comparison study was to estimate reach survival with a 90% CI with error of less
than 10%. The PIT-tag precision goal was met during the 1999 study. Okanogan PIT-
tag survival was estimated at 0.878 with a 90% CI of 2.80% and a 95% Cl with error of
3.33%.

The statistical comparison of reach survival estimates was degraded by a lack of
statistical precision about the radio-tag survival estimate and by important differences
in where radio-tagged and PIT-tagged fish were detected at Rocky Reach Dam. PIT-
tagged steelhead were detected as they passed through surface collector pipe No. 2.
Radio-tagged fish were also detected at this location but insufficient numbers were
collected to provide a precise estimate of survival to the tailrace of Rocky Reach Dam.
Subsequently, radio-tag detections on all underwater antennas in the forebay of Rocky
Reach Dam were pooled for use in estimating reach survival from release to the forebay
of Rocky Reach Dam. As a result, the radio-tag survival estimate did not contain
mortality through Rocky Reach Dam. Accordingly, the radio-tag reach survival
estimate was expected to be equal to or greater than the PIT-tag reach survival estimate.

Even though the PIT-tag survival estimate contained mortality through Rocky
Reach Dam, the point estimate of survival was still 5.6% higher than the radio-tag
survival estimate. However, it should be pointed out that the 90% confidence interval
for the radio-tag survival estimate was large and overlapped considerably with that of

the PIT-tag survival estimate.
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Anad hoc survival comparison was also possible from data collected in 1999.
Survival from Pateros to the tailrace of Wells Dam was estimated from 15 replicate

release pairs of PIT-tagged steelhead. Survival from Pateros to the tailrace of Wells

Dam, based upon the PRR model, averaged § =0.943 (S'E = 0.016) (Bickford et al.,

2000). In comparison, survival for radio-tagged fish migrating from Pateros to a point 5

km downstream of Wells Dam, based upon the SRR model, averaged S =0.904 (S’E =
0.042). There was a 3.4% difference in reach survival between the two tag groups.
Again, the radio-tag estimate of survival was lower than the PIT-tag result. However, it
should be noted that this second survival comparison included not only differences in

tag type (radio-tag versus PIT-tag) but also includes differences in estimation techniques
(SRR versus PRR).
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6.0 SUMMARY OF FINDINGS

Arrival distributions were significantly different between radio and PIT release
groups. Harmonic mean travel times and relative guidance efficiency rates to the video
room at Rocky Reach Dam were not statistically different between the radio and PIT
release groups. However, PIT-tagged fish arrived at Rocky Reach first and were

detected at a higher relative rate compared to simultaneously released radio-tagged fish.

The radio-tag survival estimates were less precise than anticipated. The radio-tag
survival estimates generated in 1999 were consistently lower than the estimates of
survival for PIT-tagged steelhead. Radio-tag survival from release to detection in the
forebay of Rocky Reach Dam was 5.6% less than PIT-tag survival from release to the
tailrace of Rocky Reach Dam. Radio-tag survival from Pateros to the tailrace of Wells
Dam was a 3.4% less than the estimate of PIT-tag through the same section of river.
Differences in survival estimation techniques, tagging procedures, differences in fish
behavior and differences in tag types, were thought to explain the majority of the
differences observed between arrival distribution and survival between radio and PIT

tagged steelhead smolts.

The radio-tag survival technique provides a considerable reduction in sample size
over PIT-tag release-recapture techniques. However, a lack of demonstrated precision,
substantially higher study costs and the potential for negative (fish behavior related)
and positive (invalid tag detections) bias still impede the application of radio-tag mark-

recapture technique at Wells Dam.

Differences in survival and arrival distributions between radio-tagged and PIT-
tagged steelhead were sufficiently large in 1999 to warrant further study of the radio-tag
survival technique for steelhead. Similar side-by-side radio-PIT survival comparisons
for yearling steelhead are recommended before acceptance of the technique can occur.
Similar side-by-sdie comparisons should also take place for yearling chinook, sockeye
and subyearling chinook before radio-tag survival studies can be utilized as unbiased

project survival estimators at Wells Dam.
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The development of the nano radio-tag and the use of underwater
antenna/ receiver systems will likely improve upon the radio-tag mark-recapture

technique utilized in 1999.
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EXECUTIVE SUMMARY

In the spring of 2000, the Public Utility District No. 1 of Douglas County conducted a PIT-
tag survival study at the Wells Hydroelectric Project. Yearling hatchery summer
steelhead smolts were collected, PIT-tagged and released above and below the project on
twelve different occasions. The primary goal of the study was to precisely estimate the
survival of PIT-tagged steelhead migrating from the mouth of the Methow River to and
through the tailrace of the Wells Hydroelectric Project. Specific objectives toward
accomplishing the primary goal included 1) testing the assumptions of the single (SRR)
and paired (PRR) release-recapture models, 2) estimating capture and reach specific
survival probabilities and 3) developing component estimates of reach survival for
steelhead passing from the mouth of the Methow River to the tailrace of the Wells
Hydroelectric Project.

Steelhead smolt survival from the mouth of the Methow River to the tailrace of Wells
Dam was assessed through the release of 23,857 steelhead at Pateros and 23,925 steelhead
into the tailrace of Wells Dam. The Methow River release site was located 13 km
upstream of Wells Dam at river km 843. The tailrace or control release site was located
300 meters downstream of Wells Dam at river km 829.6. Twelve replicate releases of
steelhead were completed at both the Methow and tailrace release sites. Each replicate
release at each release site contained approximately 2,000 yearling steelhead.

To minimize differences between replicate release groups, fish destined for release at the
Methow and tailrace release sites were treated identically throughout the collection,
tagging, recovery and transportation phases of the study. Toward this goal, the PIT-
tagging crews were continually rotated between the Methow and tailrace release groups.
Holding containers and tagging equipment were randomly assigned to release groups.
Columbia River water was utilized throughout the collection, tagging, recovery and
release phases of the study to provide consistent pre-release conditions between replicate
release pairings. Water chemistry was monitored and recorded hourly to ensure
consistency between the two release sites and within each of the twelve replicate release
pairs.

Fish physiology for the Methow and tailrace release groups was monitored throughout
the study. Six of the twelve Methow/ tailrace release replicates were sampled to provide
pre-release comparisons of fish physiology between replicate release pairs. Physiological
data amassed included indices of steelhead handling stress (plasma cortisol and plasma
glucose), morphology (length, weight and mesenteric fat), fish condition (fin erosion,
descale, and injury rates), smoltification (ATPase and silvering) and fish health (organ
tissue color, size and texture). In addition to sampling tagged fish, several control groups
of untagged fish were also sampled. Information from the control groups was used to
develop baseline indices of fish stress, fish condition and smoltification prior to the
tagging procedure.



The information on fish physiology was used to detect subtle differences in fish handling
(handling stress and fish condition) within and between the Methow and tailrace release
groups. Physiological infortnation was also used to detect differences in fish condition
within and between replicate release pairs (smoltification, morphology and fish health). It
was hypothesized that subtle differences in handling, stress, or fish condition might
increase the variability and uncertainty surrounding reach survival estimates. In extreme
cases, differences within a replicate might result in biased estimates of reach survival.

Overall, meaningful differences either within or between the six replicate release pairs
sampled were lacking. Differences included a marked decline in fish condition, ATPase
levels and fat indices over time. Overall, fish appeared to be healthy with little descaling,
fin erosion or injuries noted.

The collection of short-term and long-term stress indices were informative and indicated
that collection, handling, tagging and transportation techniques were not meaningfully
different either within or between replicate release pairs sampled. In general, indices of
short-term and long-term stress were moderate for PIT-tag sample groups. Stress indices
for tagged fish were similar to literature values for fish exposed to short-term handling
stress.

Recapture and passive interrogation of study fish took place at Rocky Reach, McNary,
John Day and Bonneville dams. Additional study fish were detected at the Columbia
River estuary by a boat towed PIT-tag trawl. The majority of the Methow and tailrace
release replicates (Methow/ tailrace) migrated downstream together. Similar to results
from the 1999 steelhead survival study, the Methow/ tailrace release pairings generally
exhibited homogeneous arrival distributions at McNary, John Day and Bonneville dams.
Chi-square tests indicated that arrival distributions at Rocky Reach were significantly
different within all twelve replicate release pairs. However, visual inspection of the
twelve arrival distributions at Rocky Reach Dam clearly demonstrated good mixing
between the treatment and control release groups.

Detection and survival probabilities for the Methow / tailrace release pairings were not
significantly different for the majority of the release pairings. Detection rates for Douglas

PUD released steelhead smolts averaged 0.587 (SE = 0.009), 0.155 ( SE = 0.005) and 0.149
(SE = 0.013) at Rocky Reach, McNary and John Day dams, respectively.




Survival through Wells Dam was estimated based upon the relative survival of Methow
and tailrace release groups. Survival from the Methow release site through to the tailrace
of Wells Dam ranged from 0.865 to 1.022. To remain consistent with survival estimates
from previous studies at Wells Dam and from studies conducted at other Snake and
Columbia river dams, all reported point estimates of survival were based upon the
weighted average of the replicate survival estimates. The weighted average survival for
yearling steelhead passing from the mouth of the Methow River to 300 m downstream of
Wells Dam was 0.946 { SE =0.015) (n = 12) during 2000. The survival estimate generated
for steelhead in 2000 was the product of survival through the reservoir, forebay, dam and
tailrace for ESA listed summer steelhead smolts. The 2000 Wells survival estimate was
not significantly different (p = 0.9636) from the 1999 Wells steelhead survival estimate of

0.943 (SE =0.016) (n = 15).

Estimates of reach specific survival were derived from release sites to immediately
downstream of Rocky Reach, McNary and John Day dams. Survival from the Rocky
Reach tailrace to the McNary tailrace and from the McNary tailrace to the John Day
tailrace were not significantly different(p < 0.10) between the paired Douglas PUD
release groups. As a result, the independent estimates of reach survival were pooled.
Average steelhead survival from the Rocky Reach tailrace to the McNary tailrace

averaged (weighted) 0.656 (SE‘ =0.011). Survival from the McNary tailrace to the John
Day Dam tailrace averaged 1.017 (SE =0.053).

In addition to Douglas PUD tagged steelhead, the Fish Passage Center released three
replicate release groups of PIT-tagged yearling spring chinook from the Winthrop
National Fish Hatchery. Estimates of detection and survival from this group of fish
provided an interesting contrast between spring chinook and summer steelhead survival
during the 2000 outmigration.

Detection rates for year 2000 Winthrop spring chinook averaged 0.261 (SE =0.028), 0.206
(SE =0.034) and 0.063 ( SE =0.010) at Rocky Reach, McNary and John Day dams.
Estimated reach survival for Winthrop fish migrating from Winthrop to the tailrace of
Rocky Reach Dam averaged 0.705 (SE = 0.040). Estimated reach survival from the Rocky
Reach tailrace to the McNary tailrace for Winthrop fish averaged 0.692 ( SE =0.088). The
2000 reach survival estimate for Winthrop spring chinook was not significantly different
from the reach survival estimates generated for Winthrop spring chinook released in 1998
and 1999 and from steelhead reach survival estimates generated in 1999 and 2000.
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1.0 INTRODUCTION

In the spring of 1998, the Public Utility District No. 1 of Douglas County
conducted a pilot survival study at the Wells Hydroelectric Project. Results from the
1998 study indicated that the critical assumptions of the SRR and PRR models could be
satisfied during PIT-tag survival studies at Wells Dam. Chinock survival through the
Wells project was estimated based upon the relative survival of chinook released at

Pateros and chinook released below Wells Dam. Estimated chinook survival from the

mouth of the Methow River to the tailrace of Wells Dam averaged 99.7% (Sl:? =0.015) in
1998 (Bickford et al. 1999).

Estimated survival from the Rocky Reach tailrace to the McNary tailrace during
1998 averaged 0.659 ( SE = 0.040) for yearling Wells summer chinook, 0.720 ( SE =0.091)

for yearling Winthrop spring chinook and 0.720 (SE = 0.084) for yearling Methow run-
of-river chinook (Bickford et al., 1999). Estimated reach survival from Rocky Reach to
McNary were not significantly different (p=0.5390) between Winthrop spring and Wells
summer chinook. Likewise, estimated survival for Wells summer chinock and Methow
run-of-river chinook were not significantly different (p=0.2040).

In the spring of 1999, Douglas County PUD conducted a second year of PIT-tag
survival studies at Wells Dam. The 1999 survival study was designed to accurately
estimate the survival of PIT-tagged steelhead smolts migrating through the Wells
Hydroelectric Project. During the 1999 study, fifteen replicate pairs of ESA listed

yearling summer steelhead were released. Estimated steelhead survival from the mouth
of the Methow River to the tailrace of Wells Dam averaged 0.943 (SE = 0.016) (Bickford
et al., 2000).

Estimated survival from the Rocky Reach tailrace to the McNary tailrace during
1999 averaged 0.686 (SE =0.010 ) for yearling Wells summer steelhead and 0.727
(SE =0.053) for yearling Winthrop spring chinook (Bickford et al.,, 2000a; Bickford et al.,
2000b). Estimated reach survival from Rocky Reach to McNary were not significantly

different (p > 0.10) between Winthrop spring chinook and the Okanogan, Pateros and

Wells tailrace releases of PIT-tagged Wells summer steelhead.



During the spring of 2000, Douglas PUD conducted a third year of PIT-tag
survival studies. The 2000 survival study was designed to be similar to previous
survival studies conducted at Wells Dam. Goals of the study included evaluating
critical model assumptions, estimating reach specific survival rates, estimating precisely
the survival for yearling summer steelhead migrating from the mouth of the Methow
River through and to the tailrace of the Wells Hydroelectric Project, and rigorously
comparing survival estimates from this study with survival estimates generated from

other survival studies.

2.0 STUDY AREA

The Wells Hydrocombine generating facility is located at river km (R km) 830 on
the upper Columbia River (Figure 1). The Wells Hydrocombine, unlike typical
Columbia River hydroelectric projects, efficiently combines generation, spill and fish
passage facilities into one structure. The generation facilities at Wells Dam contain ten
Kaplan turbines capable of producing 840,000 kilowatts of electricity. Juvenile fish are
bypassed away from turbines via a highly effective surface collection system. The Wells
bypass system provides a safe, non-turbine passage route through the dam for over 92%
of the spring and 96% of the summer migrants (Johnsen et al., 1992; Skalski et al., 1996).
Wells is the uppermost generating project on the Columbia River which anadromous
chinook (Oncorhynchus tshawytscha), steelhead (O. mykiss) and sockeye salmon (O. nerka)
migrate through. Adult fish passage is provided by two fish ladders located at either
end of the powerhouse.

The reservoir formed by Wells Dam is called Lake Pateros. The Methow River
enters Lake Pateros at R km 843 (Figure 2). The Methow is the most important
production area for Upper Columbia River salmon and steelhead upstream of Wells
Dam. Both natural and hatchery produced steelhead smolts originate from this system.
The Okanogan River enters Lake Pateros at R km 870. Steelhead smolts migrating out of
the Okanogan River are mostly hatchery fish planted into this system each spring by
staff from the Wells Fish Hatchery.



Figure 1. Mainstem Columbia and Snake rivers depicting important hydroelectric
projects.
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3.0 METHODS AND MATERIALS

3.1 Fish Collection

The collection of yearling hatchery summer steelhead (study animals) took place
at the Wells Fish Hatchery. Steelhead smolts ready to migrate were allowed to
volitionally exit Pond #4 via an overflow weir. Fish passing over the weir were washed
downstream through an outfall pipe and deposited into a 23,000 L collection trap.

Two to three days prior to each tagging session, sufficient numbers of steelhead
smolts were collected from the trap. Fish were pumped from the trap into a 2,000 L
transportation container with a 20 cm Aqualite Harvester hydraulic fish pump (Magic
Valley Harvest, Hagerman, Idaho). The transportation container was outfitted with a
displacement meter, water re-circulation pump and metered compressed oxygen. The
displacement meter ensured that the density of fish inside the transport container never
exceeded 0.16 Kg fish/L. Once inside the transport container, the fish were transported
less than 0.5 km to one of two concrete pre-tagging holding raceways. Transport time
from the collection site to the holding raceways was less than 15 minutes per load.

The Wells pre-tagging raceways contained a minimum of 70,000 L of single pass
river water. Rearing pond #4 and pre-tagging raceway #1 and #2 all received a
continuous supply of gravity fed river water from the Wells Hatchery water distribution

system,

3.2 Tagging and Holding Procedures

On tagging days, small groups of untagged steelhead, being held in either of the
two pre-tagging raceways, were crowded toward a pint-sized-pescalator (PRA
Manufacturing, Nanaimo, British Columbia, Canada). The pescalator was comprised of
a 30 cm diameter fiberglass pipe with an Archimedies screw built into the center. As the
pescalator rotated, it captured and transported water and fish up and out of the
raceway. At the top of the pescalator, fish and water were deposited into a 10 cm
transport pipe. The transport pipe delivered each fish directly into an anesthetic bath
containing 40 ppm of Methanosulfonate-222 (MS-222). Once fish began to lose



equilibrium, small groups of fish were dip netted into an 8 L container filled with a
lighter (20-30 ppm)} solution of MS-222.

Once anesthetized, diseased, mortally wounded and residual steelhead were
removed from the study group. Remaining healthy steelhead smolts were tagged
within the body cavity using 12-gauge hypodermic needles loaded with individual 12
mm Destron-Fearing 134.2-kHz ISO PIT-tags. Fish were tagged according to criteria
described in Prentice et al. (1987) and Bickford et al. (1999, 2000a and 2000b). To prevent
disease transmission, each hypodermic needle was soaked in ethyl alcohol for 10
minutes and allowed to dry before being reloaded with a PIT-tag. Needles were used
only 11 times each to ensure sharpness and promote rapid healing of the tag incision.

Immediately following tagging, each unique tag code for each fish was entered
into a database. In addition to the tag code, date of tag implantation, tag personnel
identification code, fish length, water temperature and obvious abnormalities were
recorded.

A 10 cm diameter pipe half full of water was used to transfer the tagged fish into
1,200 L release containers for recovery. During tagging and initial recovery, the release
containers were supplied with a continuous flow of single pass river water in addition to
metered compressed oxygen. Water and dissolved oxygen levels were closely
monitored throughout the entire 36-hour recovery period. Between 400 and 412 tagged
steelhead were placed inside each release container. Loading densities were established
to ensure that no release container held more than 0.03 Kg of fish/liter water (Kg
fish/L).

Containers with recovering tagged steelhead were supplied with 50-60 L/ min of
river water through a 5 cm flex-hose. Water temperature and dissolved oxygen levels
inside each release container were closely monitored and recorded each hour to ensure
that the pre-release recovery history of each container was similar within and between
tagging groups. PIT-tag release groups were randomized at the time of tagging, release
containers alternated between release groups and tagging personnel rotated between

and among tagging groups.



3.3 Transportation and Release Procedures

Releases of PIT-tagged WFH steelhead took place at the Methow River and
tailrace release sites on April 24, 26, 28, and 30 and May 2, 4, 6, 8,10, 12, 14 and 16. On
each of the twelve release days, five release containers were transported with a flatbed
truck to each of the barge loading sites.

Pateros release groups were removed from the water supply lines at 0800 hours
and transported to the barge loading site at the Methow River. In the afternoons, five
tailrace release containers were removed from the water supply lines at 1300 hours and
transported to the barge loading site in the Wells tailrace. Release times were staggered
to allow Pateros fish additional time to arrive at Wells Dam prior to the release of
tailrace fish.

After being disconnected from the river water supply lines, metered compressed
oxygen was immediately supplied to each release container. To compensate for
differences in travel distances between the Methow and tailrace barge loading sites, the
transport vehicle destined for the tailrace site made purposeful excursions to ensure that
the total travel times, stress and subsequent pre-release histories of the Methow and
tailrace release groups were similar.

At the barge loading stations, the release containers were hoisted off the
transport trucks and loaded onto barges for final release. Barges were outfitted with
water supply lines. Imunediately after the release containers were loaded onto the
barges, the metered compressed oxygen supply system was disconnected and the on-
board river water supply system was turned on. Dissolved oxygen and water
temperatures for each container were recorded periodically throughout the
transportation process. Desired dissolved oxygen concentrations inside each container

were manually adjusted to maintain between 9 and 12 mg O, /L. Injured and moribund

fish were removed and recorded. River water flow through each container on the barge
was estimated at 60-80 L/ minute.

Barges carrying release containers were towed to their respective release
locations (Figure 2). Temperature, dissolved oxygen, and fish activity levels were
recorded prior to final release. Following the pre-release inspection for mortalities, the

fish were released directly into the Columbia River though 20 x 15 cm eccentric



reducers. Water to water transfers were maintained throughout the entire study. Fish
were released at the Methow and tailrace release sites approximately 1 hour after water
supply lines at the WFH were disconnected. The Methow releases were initiated at 0900

hours and the tailrace releases were initiated at 1400 hours.

3.4 Physiological Monitoring

A sub-sample of at least 10 fish from the Pateros release group and at least 10 fish
from the tailrace release group were collected on six of the twelve release days (April 24
and 28, May 2, 6, 10, and 14). These fish were used for the collection of important
physiological information pertinent to the interpretation of survival estimates.

Measures of smoltification (gill ATPase and smolt index), measures of stress (plasma
cortisol and plasma glucose), morphological measures (length, weight) and indices of
fish health (color and texture of internal organs, fin erosion, descale, infection) were
collected. The physiological information collected was used to assess differences in
stress, fish condition and fish health within and between replicate release pairs. In
addition, comparisons were also made between replicate releases destined for the same
release locations. Additional information collected from the post-mortem examination
of steelhead included estimates of PIT-tag retention, observations of tag placement and
tag implantation related injuries.

To provide a baseline level of fish stress, condition and health, a control group of
20 untagged steelhead was also sampled. Control fish were not anesthetized and tagged
but were subjected to the same collection (fish pump), holding (raceway) and sampling
conditions (lethal dose of anesthetic) as treatment (tagged) fish.

Collection of stress measures was particularly important for assessing the impact
of stress experienced by fish during the tagging and recovery components of the study.
In addition, stress levels within and between replicate release pairs were compared to
indices of fish health, smolt status and fish condition. Statistical comparisons of
physiological measures were accomplished with one-way ANOVA's followed by Tukey
tests (Zar, 1984).



Figure 2. Release sites utilized during the 2000 Wells steelhead survival study.
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3.5 PIT-Tag Detection
PIT-tagged steelhead released during the 2000 survival study were detected at

five downstream locations (Figure 3). The first of these sites was located in the surface
collector bypass pipes at Rocky Reach Dam. At Rocky Reach Dam, the detection of 134.2
kHz PIT-tags was made possible by the installation of two 12 inch dual coil ISO PIT-tag
detection systems and four single coil 24 inch ISO PIT-detection systems. Biomark, Inc.
of Boise, Idaho installed this system through funding provided by the Public Utility
District No. 1 of Douglas County and the Public Utility District No. 1 of Chelan County.
Operation of the Rocky Reach juvenile bypass system was conducted by the Public
Utility District No. 1 of Chelan County.

Recapture and detection of study fish also occurred at McNary, John Day and
Bonneville dams. Additional detections took place at the Columbia River estuary-
sampling site where NMFS operates a mid-water trawl equipped with a PIT-tag
detection tunnel. The PTAGIS database managed by the Pacific States Marine Fisheries
Commission was used to store and archive all the release and recapture information
available for study fish. Operation of downstream fish passage facilities and PIT-tag
detection facilities were funded by the United States Army Corps of Engineers and the
Bonneville Power Administration. Faculty and staff at the Columbia Basin Research
Unit, University of Washington conducted model testing, verified model assumptions

and provided detection and reach survival probabilities.



3.6 Release and Recapture Design for the Survival Study
Two release locations were used to estimate Wells project survival in the 2000
PIT-tag survival study (Figure 3). One release location was at the mouth of the Methow

River near the town of Pateros, Washington (R, ). The second release location was in the

tailrace of the Wells Dam approximately 300 m downstream of the project (R, ).

Releases at these two sites were coordinated. The study consisted of 12 pairs of hatchery
releases at the upstream(R, ) and downstream (R, ) sites. On a particular release day,
approximately 2,000 hatchery fish were released at each of the upstream and

downstream sites. The fish at the top of the pool (R, ) were released at 0900 hours with

the tailrace group (R, ) released at 1400 hours. Release times were coordinated to
facilitate mixing between the upstream and downstream release groups (i.e., 5 hours
apart). The paired releases were conducted every other day for a total of approximately
48,000 hatchery yearling summer steelhead from Wells Fish Hatchery. The quantitative
goal of these releases was to estimate mean smolt survival through the Wells project
with a +5% confidence interval around a point estimate calculated at the 95% confidence

level.

3.7 Analysis of the PIT-Tagging Data

The single release-recapture model provided estimates of reach-specific survival
and capture probabilities for all but the last recovery site (Figure 3) for each release
group. Of primary interest is the smolt survival probability for the Wells Hydroelectric

Project. Releases R and R, of Figure 3 were used to estimate survival from Pateros to

and through the Wells tailrace (S'W) Due to the current nature of salmon survival

studies in the Mid Columbia Basin, analyses results that will be used as a basis for the
following year's studies are required prior to the point of certainty that no further study
fish will be detected. A date is determined that the additional detections will be so few
as to not seriously affect survival estimates, and the analyses are based on that data.
This year, all analyses contained within this report are based on the data obtained from

the PTAGIS database on July 18, 2000.
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Figure 3. Schematic of release and PIT-tag detection facilities used in the 2000 Wells
Project Survival Study. Parameters that will be estimated from the release-recapture

data are indicated.
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Survival through the Wells project (SW) was estimated from the results of the

upstream and downstream releases (e.g., R, and R,) by the expression:

Estimated Wells project survival:

L2

S, =3 (1)
S2l

with associated variance estimate based on the Delta method (Seber 1982: pp. 7-9) of
” 2 A A
var(S, )= (iJ l V‘"Z(f' J, V“’.(ZS 2' )}
Sll Sll S2l
= $3[evlS, J+ vl | @

and where

éV(é): \/Varié-)

~ .

0

Separate estimates of 3‘,,, were calculated for each of the 12 paired-releases.

A weighted average of the survival estimates from the replicate releases was

calculated according to the formula

where k = number of replicate releases (e.g., 12);

-~

§; = survival estimates from the ith release pair (i =1,..., k);
1
Ay -2
Var (S,. ) CV(S, ) (4)

W, =

with variance
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It was found that by weighting simply inversely proportional to Var(S’, ), the weights

were correlated with the point estimates [i.e., Equation (2)], resulting in downward bias
in the average survival. By calculating the relative variance [Equation (4)], this
correlation between the variance estimate and the point estimate is eliminated or
reduced.

An asymptotic (1 —a) 100% confidence interval for the weighted average of the

survival estimates was computed according to the formula

§iZl_%1,V&r(§).

The paired release-recapture methods of Burnham et al. (1987) were used to find
the most parsimonious models for estimating reach survival [Equations (1)]. A forward-
sequential procedure was used in model selection based on likelihood-ratio tests of
nested models. The most efficient estimates of reach survival were based on the
statistical models for the paired-releases that properly shared all common parameters.
The best models for characterizing the paired-releases were found using Program
SURPH.1 (Smith et al. 1994).

Proportionate daily detection distributions (mixing) of the release groups (e.g.,

R, and R,) of smolts is sufficient but not necessary for valid estimation of reach survival.

For example, estimates of 3’11 and S’,z can be derived independently without mixing of
upstream and downstream smolts based on the assumptions of the single release-
recapture model. The assumptions of the single release-recapture model are the
following (Skalski et al. 1998):
Al. The test fish are representative of the population of inference.
A2. Test conditions are representative of the conditions of interest.
A3. The number of fish released is exactly known.
Ad. PIT-tag codes are accurately recorded at the time of tagging and at all
detection sites.
AS5. For replicated studies, data from different releases are statistically
independent.
A6. The fate of each individual fish is independent of the fates of all other fish.

A7. Allfish in a release group have equal survival and detection probabilities.

13



A8, Prior detection history has no effect on subsequent survival and detection
probabilities.

In order to estimate S, the survival S}, is assumed to be of the form:

Si = Sw Sy (6)
leading to the relationship

S S ' AS‘

Sn oW g

S S

The equality (6) suggests two additional assumptions for valid estimation of Wells
project survival. These are:

A9. Survival in the Wells project (S}, ) is conditionally independent of survival
in the Rocky Reach (S;,) project.
A10. Releases (R,) and (R, ) experience the same survival probability in the

Rocky Reach (S,,) project.
Assumption (A9) implies that there is no synergistic relationship between survival
processes in the Wells and Rocky Reach projects. In other words, smolts that survived
the Wells project are no more or less susceptible to mortality in the Rocky Reach project
than smolts released in the tailrace of Wells. Assumption (A10) can be satisfied by
mixing of the two release groups Ri and Rz but can also be satisfied if the survival
process at Rocky Reach (S, ) is stable over the course of smolt passage by the two
releases. A stable survival process might well be expected for one to a few days under
similar flow and dam operations at Rocky Reach. Near constant survival rates at Lower
Granite, Little Goose, and Lower Monumental projects over the majority of the
outmigration have been reported by Skalski et al. (1997). Furthermore, unlike paired-
release methods of the earlier Mid-Columbia survival studies in the 1980s, the

assumption of equal capture probabilities is unnecessary for estimator (1) to be valid.

3.7.1 Tests of Model Assumptions
The assumptions of the single release-recapture model were tested for each PIT-

tag release group. Model assumptions were also tested for each paired-release used in

estimating reach survival.
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Tests Within a Release for the Single Release-Recapture Model
For the single release-recapture model to be valid, certain data patterns should
be evident from the capture histories. For each release group, a series of tests of
assumptions were performed to determine the validity of the model (i.e., goodness-of -
fit). The data from a single-release can be summarized by an m-array matrix of the form

below where the m ’s are the number of smolts released at site i that are next detected at

site j :
Recovery Site
Release Site Rocky Reach (2) McNary (3) John Day (4) Bonneville (5)
Initial (1) m,; m, my, m
Rocky Reach (2) m,, m., m,
McNary (3) ms, Mys
John Day (4) s

Burnham et al. (1987: p. 65, pp. 71-74) presents a series of tests of assumptions called
Test 2 that examine whether upstream detections affect downstream survival and/or

detection. For each release, two contingency table tests were performed, as follows:

Test 2.2 my my, m
2
M3 my, g X3 7
Test 2.3 my +my, ms + My,
3
iy, M35 L (8)

Overall significance of Test 2 was based on the sum of the chi-square statistics
%2+ yt = x5, Test-wise error rates were adjusted for the experimental-wise error rate

of & = 0.10 across the replicate releases.
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Burnham et al. (1987: p. 65, pp.74-77) also present a series of tests of assumptions
called Test 3 that also examine whether upstream capture histories affect downstream
survival and/or capture. For each release, contingency tables were constructed of the

form:

Capture History to

McNary Dam
101 111
Capture History 11
at John Day and 10 9)
Bonneville Dams 01
00 X

Contingency table (9) tests whether capture at Rocky Reach Dam has a subsequent effect
on capture histories at John Day and Bonneville dams. To test whether capture at Rocky
Reach and/or McNary dams has a subsequent effect on the capture history at Bonneville

Dam, a contingency table can be constructed of the form:

Capture History
at John Day Dam
1111 1101 1011 1001
Capture History 1 (10)
at Bonneville 0 %2

Contingency tables (%) and (10) are slight modifications from Burnham et al. (1987) to

take into account more of the information from the individual capture histories. Overall
significance of Test 3 was based on the sum of the chi-square statistics %> + ¥; = 7..
Test-wise error rates were adjusted for the experimental-wise error rate of o ,, = 0.10

across the replicate releases.
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Tests Between Releases Within a Paired-Release
At each downstream PIT-tag recapture site (i.e., Rocky Reach, McNary, John
Day, Bonneville), a test of the assumption of mixing among the releases of smolts (e.g.,
R, and R,) was conducted. A test of homogeneous recoveries over time was performed
using a contingency table listing the daily downstream detections at each dam for each

pair of releases:

Release
R, R,
1
Day of 2
Detection 3 (11)
D

A contingency table of form (11} was calculated for each of the 12 Pateros/Wells paired
releases. Each test was performed at o = 0.10. Because of the multiple tests across
release-pairs, Type I error rates were adjusted for an overall experimental-wise error rate
of a,, =0.10. A Type I error occurs when a hypothesis test falsely rejects the null when
it is true. In this case, our null hypothesis is that there is no difference in downstream
detections for a pair of releases. When a = 0.10 for a specific test, we realize that if the
null hypothesis is true, it will be erroneously rejected 10 percent of the time. When
calculating a number of comparisons, though, the likelihood that a Type I error will
occur increases. For 12 comparisons of the daily detection rates at McNary Dam, for
example, the probability of at least one Type I error increases to 71.8%. To decrease this
likelihood, the test-wise Type I error per comparison is reduced to o = 0.0087, so that
the experimental-wise error rate is o ,, = 0.10. When the rejection of a hypothesis test
does occur, this does not lead to rejecting the experiment, but indicates that this

particular data set is inconsistent with the null hypothesis.
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To test whether releases with a paired-release (e.g., K and R,} had similar
downstream survival and capture histories for Rocky Reach Dam and below, likelihood
ratio tests were performed to compare models with alternative downstream survival
and capture scenarios. These tests were used to help determine the most parsimonious
paired-release model for the estimation of Sj,. Burnham et al. (1987: pp.128, Test 1.T2)
suggests using a 2 x 2 contingency table test to determine where the capture and
survival rates for the R, and R, releases were equal at and below Rocky Reach Dam
(i.e., pi1 = Pars Sia = S Pa = Py, etc.), another indication of complete mixing. The 2 x

2 table of the form below was constructed for each paired-release:

Test 1.T2 Release
R, R,
m m, my (12)
z, Z12 Zn

where m;; was the number of smolts detected at Rocky Reach for the ith release group
(i =], 2) and zp» was the number of smolts that were released that were not detected at

Rocky Reach but were subsequently detected at McNary Dam or below.

Two additional Test 1’s were also performed. A Test 1.T3 was performed of the

form:
Test 1.T3 Release
Rl RZ
m, mis M3 (13)
Z 213 Z23

where m;; was the number of smolts detected at McNary Dam for the ith release group
(i=1,2) and zi3 was the number of smolts that were not detected at McNary but were

subsequently detected at John Day Dam or below.
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A Test 1.T4 was also performed of the form:

Test1.T4 Release
Rl RZ
my M4 M2y (14)
Zs Zn Zn

where mis was the number of smolts detected at John Day Dam for a release i (i =], 2)

and zi was the number of smolts that were not detected at John Day Dam but were
subsequently detected at Bonneville Dam.

While contingency tables (12-14) test for equality of overall recapture for releases
R, and R,, it does not provide the fine-grained test of equal site-specific capture and
survival rates for both releases available using the likelihood-ratio tests. For this reason,
inferences concerning downstream mixing will be largely based on the sequential use of

likelihood-ratio tests.

Tests of Handling Effects at Rocky Reach and Rock Island Dams

Smolts passing through the bypass systems at Rocky Reach and Rock Island
dams were collected and anesthetized for potential tagging as part of the Chelan PUD
smolt survival studies. During the 2000 study, 3,400 PIT-tagged steelhead smolts
released upstream of Rocky Reach, as part of the Douglas PUD smolt survival study,
were intercepted and anesthetized a second time at Rocky Reach. At Rock [sland, the
number of smolts intercepted was 1,471. Chi-square contingency table tests were used
to assess whether this second handling affected downstream detection and survival
probabilities. For each dam (Rocky Reach and Rock Island), the downstream histories of
“handled” fish and “detected, but not handled” fish at that dam were compared in a
table the form of (Table 15). Both groups of fish traveled through the bypass systems,

with the only difference being the collection and anesthetizing process.
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Handled fish Detected, but not

handled fish
Capture History 111
at McNary, John Day 110 (15)

and 1
Bonneville Dams 100
011

010

001

000

3.7.2 Modeling Paired-Tag Releases
For each pair of Pateros and tailrace release groups used to estimate survival
through the Wells project, a model fitting routine was performed to identify the most
appropriate and parsimonious likelihood model. Two approaches to model fitting were
used for each release pair: (a) forward-step fitting routine and (b) test of overall fit of the
selected model.
The forward-step fitting routine began with all detection, survival, and last reach

probabilities unique. The forward sequential procedure was used to test whether (in

order) p,, S,, p;, i, py,and A were homogeneous between release groups from Pateros

and the Wells tailrace. The forward-step fitting procedures kept survival probabilities
§,, and S,, unique throughout all steps of the test (Figure 3). The selected model was

then compared to the fully parameterized Cormack-Jolly-Seber (C]S) model to assess
whether the selected model adequately described the capture data.
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3.7.3 Smolt Survival Comparison
Using the estimates from 1999 and this year (2000), a comparison of mean

survival was performed. The test of equal survival was based on an asymptotic Z-test of

the form:
S—ll)‘;!) - Szooo
Z = A -~
\/V&r((.iggg ) + V&r( S0 ))
where
S,es = weighted average of Wells survival from the 1999 PIT-tag study, and

~

Sy = weighted average of Wells survival from the 2000 PIT-tag study.
The two-tailed test of equality of survival estimates was performed at o =0.10.
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4.0 RESULTS

4.1 Fish Collection

Steelhead collected from the earthen rearing pond (Pond #4) were not directly
counted. Instead volumetric displacement was used to estimate the number of steelhead
collected and transported to the pre-tagging raceways. Two days before tagging,
roughly 4,500 steelhead were crowded and fish pumped into the transport truck. The
transport truck then released these fish directly into pre-tagging raceways located
proximal to the PIT-tagging facility. No steelhead losses were recorded during the fish
pumping and transportation process. The steelhead collected from Pond #4 were

allowed to recover in the pre-tagging raceways at least 48-hours prior to being tagged.

4.2 Tagging and Holding

In total, 49,370 steelhead were collected for tagging purposes. Not all of the
49,370 hatchery steelhead collected for tagging were retained and tagged. In total, 1,103
excess steelhead were released directly into the Columbia River below Wells Dam. The
majority of these fish were simply in excess of the number of fish needed for tagging. A
smaller component of these fish were removed because they did not represent the
population of steelhead expected to migrate through Wells Dam in 2000. Fish were
removed from tagging when they expressed signs of disease, serious injury, precocity or
grotesque growth abnormalities.

Steelhead smolts were the population of inference for the 2000 survival study at
the Wells Hydroelectric Project. As such, precocious steelhead parr were excluded
because they were not expected to migrate through the dam in 2000. Fish with serious
injuries, growth abnormalities and external signs of disease were excluded because they
were not expected to survive the tagging and handling procedures. The remaining
48,267 steelhead were tagged for use in the Wells project survival study.

Of the 48,267 steelhead smolts PIT-tagged for the Wells project survival study, a
total of 14 (0.03%) tagged steelhead died after being tagged. Fish loss was evenly
divided between the Pateros (7} and tailrace release groups (7) (Table 1). In addition to
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tagging related losses, an additional 126 (0.3%) tagged steelhead were sacrificed for
physiological sampling. An additional 345 shed PIT-tags were recovered inside release
containers utilized for the 2000 Wells project survival study. Shed tags were recovered
in similar number from the Pateros (182 or 0.76%) and tailrace (175 or 0.73%) release
groups. In total, 23,857 PIT-tagged steelhead were released at Pateros and 23,925 PIT-

tagged steelhead were released into the Wells tailrace (Table 1).

4.3 Transportation and Release

Releases of PIT-tagged WFH steelhead took place at the Methow River and
tailrace release sites on April 24, 26, 28 and 30 and May 2, 4, 6, 8, 10, 12, 14 and 16. On
each of the twelve release days, five release containers were transported to each of the
two barge loading sites on time and within the parameters established in Section 3.3
{Methods and Materials). Standardization of truck loading, transportation, and barge
loading times were achieved both within and between replicate release groups. Loading
required 10 minutes, transport time averaged 16 minutes and barge loading times
required 10 minutes. As each container was loaded onto a barge, it was immediately
connected to the barge water supply line. The maximum amount of time that any
individual release container was not being supplied by river water did not exceed 30
minutes.

Dissolved oxygen and water temperatures for each container were recorded at
pre-determined intervals throughout the transportation process. Records of dissolved
oxygen and temperature indicated similar trends within and between replicate release
sites. Concentrations of dissolved oxygen varied slightly between release containers but
for the most part dissolved oxygen concentrations were consistently maintained
between 9 and 12 mg O, /L throughout the transportation interval.

Water temperatures within a replicate pair varied less than one degree during
the transportation phase of the study. Water temperatures in the Pateros and tailrace
release containers were maintained within (.5 C of Columbia River water temperatures
at all times. Over the course of the study, Columbia River water temperatures climbed

from an average of 8.2° C on the first release day to 11.3° C by the end of the study.
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Table 1: Tag releases for the 2000 Wells steelhead survival study.

Tagging Release Release Tagged Morts. Sacrificed Tags Total
— Study Site No. shed Released
Wells Dam | Pateros 1 2,017 2 11 6 1998
- 2 2,003 12 1991
— 3 2,019 1 10 18 1990
4 2,008 2 14 1992
a 5 2016 10 14 1992
_ 6 2,001 13 1988
7 2,011 10 8 1993
o 8 2,001 1 17 1983
B 9 2,011 1 12 23 1975
10 2,002 10 1992
- 11 2,015 10 26 1979
12 2,005 21 1984
- Wells Pateros Sub- 24,109 7 63 182 23,857
Project total
— 0.03%)  (0.26%)  (0.75%)
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Table 1 (Continued).

Tagging Release Release Tagged Morts. Sacrificed Tags Total
Study Site No. shed Released
Wells Dam | Tailrace 1 2,015 1 11 10 1993
2 2,008 1 13 1994
3 2,019 1 10 10 1998
4 2,008 8 2000
5 2,016 1 11 13 1991
6 2,045 33 2012
7 2,011 11 12 1988
8 2,001 8 1993
9 2,011 10 12 1989
10 2,000 2 9 1989
11 2,013 10 14 1989
12 2,011 1 21 1989
Wells Tailrace ~ Sub- 24,158 7 63 163 23,925
Project total
(0.03%) 0.26%)  (0.67%)
Wells Survival Grand 48,267 14 126 345 47,782
Project Study Total
(0.03%) 0.26%)  (0.71%)
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4.4 Physiological Monitoring

Measures of smolt morphology, smolt readiness, indices of stress, fish condition
and fish health were collected from six of the twelve PIT-tag release groups. These
samples were collected from fish scheduled for release on April 24, 28 and May 2, 6, 10
and 14. Physiological samples of smolt status, fish health and stress levels were
conducted to facilitate interpretation of variations in post-release behavior and survival
within and between release groups of steelhead.

The mean fork length of PIT-tagged WFH steelhead sampled for physiological
indices ranged from 198.7 to 207.7 mm (Table 2-A). A statistical analysis of mean fork
length within and between replicate release pairings found no significant differences
(one-way ANOVA, p > 0.05). This included comparisons between release locations,
release days and control (untagged) versus treatment (tagged) fish. The mean weights
of tagged steelhead ranged from 61.5 to 81.3 g. A statistical analysis of the differences
between sample groups found no significant (one-way ANOVA, p > 0.05) differences
between mean fish weights (Table 2-B). Mean condition factor ranged from 0.9605 to
(.8215 (Table 2-C). In general, fish condition declined during the course of the study.
No significant differences (p > 0.05) in mean condition factor were detected within or
between replicate release pairings.

Indices of fish health collected during the study included indices of smolt status,
scale loss, fin condition, fat coverage of the mesenteries (fat index) and the color of the
liver and bile duct. In general indices of fish health were typical of healthy fish. The
mean smolt index for the tagged steelhead release groups ranged from 4.9 to 5.0. The
smolt index remained consistently high throughout the six replicate release groups
sampled. No trends in mean smolt indices were observed between replicates 1-12 {Table
2-D). Scale loss was nominal in all groups including the untagged physiological control
group. Fin erosion was not observed to any measurable extent in any of the groups
sampled. The mean fat index ranged from 2.6 to a maximum of 4.0. Mean fat indices
decrease markedly during the May 14 sample. Fat coverage of the mesenteries (index)
averaged 100% for sample groups released on April 28, May 2 and May 10. The lowest

fat index recorded was collected from the May 14 Pateros release group. This release
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group had average fat coverage of the mesenteries of 70% with individual fish samples
collected on that day ranging from 0% to 100% (Table 2-D). Color and size of internal
organs was noted as normal for all groups sampled. In general, organ color and size
was indicative of healthy pathogen free fish. The mean liver index varied only slightly
over the course of the study with mean values ranging from 1.9 to 2.0. The mean bile
index similarly remained high with values ranging from 2.7 to 3.0 (Table 2-D).

Blood plasma was collected for analysis of plasma glucose. Concentrations of
glucose were utilized as an indicator of short and long-term stress. Plasma glucose
concentrations ranged from 5.11 to 7.78 mMoles/L plasma (Table 3-A). A one-way
ANOVA was used to determine whether there were significant differences within any of
the 6 replicate release pairs sampled. The results indicated that the mean values for
plasma glucose within replicate release pair 3 were significantly different (p < 0.05). In
this pair, the Methow release group had higher indices of stress relative to the paired
control release in the tailrace. Although the mean glucose values were significantly
different, the differences were not sufficiently large enough to warrant concern
regarding the resultant survival estimate for replicate 3. The remaining mean glucose
values were not significantly (p > 0.05} different within individual replicate release
pairs. In general, mean glucose concentrations for tagged fish declined slightly from the
start to the end of the study.

As a secondary indicator of short-term handling stress, plasma cortisol
concentrations were also collected from tagged and untagged steelhead. Concentrations
of plasma cortisol during the 2000 study ranged from 112.45 to 329.46 ng cortisol/ml
plasma for tagged steelhead (Table 3-B). The highest mean value was collected from
Methow release replicate 7 and this value was significantly (p < 0.05) higher than all
other sample means. The lowest mean cortisol value was collected from tailrace group
3. The sample mean for this one release group was nearly half that of the overall study
sample mean. No significant differences (p > 0.05) were observed within replicate
release pairings. No meaningful trends in mean cortisol values were observed over
time.

Gill ATPase levels were measured to provide a quantitative comparison of smolt

readiness. Values recorded for steethead smolts ranged from 28.48 to 40.67 nmoles/mg
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protein/ minute (Table 3-D). A comparison of mean ATPase values resulted in no
significant differences (p > 0.05) within replicate release pairs used to estimate survival
through Wells Dam. However, differences between individual release groups were
significant. In general, gill ATPase values declined as the study progressed. The values
observed in 2000 were similar to values observed in 1999 and comparable to values

reported during past analyses conducted at the Wells Fish Hatchery.
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Table 2. Lengths, Weights, Condition Factors and Health Indices for Wells Hatchery
steelhead smolts, 2000.

A. Lengths.
Sample Release Release  Mean Min. Max.

Date Group  Group  Source Site (mm) SD. (mm) (mm) n
April 22 1 Control Pre-tag NA 1996 187 172 240 12
April 22 2 Control Pre-tag  NA 2035 109 183 225 10
April 24 3 1 Tagged Pateros 1987 119 179 216 11
April 24 4 1 Tagged tailrace 199.8 5.5 188 209 11
April 28 5 3 Tagged Pateros 207.6 16.2 183 228 0
April 28 6 3 Tagged tailrace 2077 155 184 222 10

May 2 7 5 Tagged Pateros 201.6 7.5 194 220 10
May 2 8 5 Tagged tailrace 1998  15.1 176 220 10
May 6 9 7 Tagged Pateros 2066  13.0 184 221 10
May 6 10 7 Tagged tailrace 2037 179 173 230 10
May 10 11 9 Tagged Pateros 1982 145 176 217 10
May 10 12 9 Tagged tailrace 2001  15.0 174 220 10
May 14 13 11 Tagged Pateros 1920 153 174 219 10
May 14 14 11 Tagged tailrace 2019 117 185 218 10
B. Weights.
Sample Release Release  Mean Min. Max.

Date Group  Group  Source Site (mm) SD. (mm) {mm) n
April 22 1 Control  Pre-tag  NA 7531 228 45.0 131.6 12
April 22 2 Control Pre-tag NA 8143 125 607 107.8 10
April 24 3 1 Tagged Pateros 7083 147 54.4 98.9 11
April 24 4 1 Tagged tailrace 7122 5.1 61.4 79.7 11
April 28 5 3 Tagged Pateros 8132 18.6 55.6 107.2 10
April 28 6 3 Tagged tailrace 7979 175 52.0 98.2 10

May 2 7 5 Tagged Pateros 72.05 6.2 64.9 83.4 10
May 2 8 5 Tagged tailrace 7284 183 50.4 98.2 10
May 6 9 7 Tagged Pateros 7562 127 544 192.0 10
May 6 10 7 Tagged tailrace 7349 176 476 105.5 10
May 10 11 9 Tagged Pateros 6456 148 458 87.2 10
May 10 12 9 Tagged tailrace 7214 173 44.4 96.7 10
May 14 13 11 Tagged Pateros 6149 188 42.3 94.6 20
May 14 14 11 Tagged tailrace 70.04 136 50.5 85.6 10
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C. Condition Factor.

Sample Release Release  Mean Min. Max.

Date Group  Group  Source Site (mm) SD. {mm) (mm) n
April 22 1 Control Pre-tag  NA 09235 0.0536 08359 1.0057 12
April 22 2 Control Pretag NA 09605 0.0347 08973 10147 10
April 24 3 1 Tagged Pateros 08934 00786 0.7869 09994 11
April 24 4 1 Tagged tailrace 08918 0.0273 08607 09353 11
April 28 5 3 Tagged Pateros 0.8955 00505 0.8387 10113 10
April 28 6 3 Tagged tailrace 0.8763 0.0310 08282 09222 10

May 2 7 5 Tagged Pateros 08789 0.0407 07832 09237 10
May 2 8 5 Tagged tailrace 0.8963 0.0476 08148 09881 10
May 6 9 7 Tagged Pateros 08518 0.0477 07220 0.8910 10
May 6 10 7 Tagged tailrace 08569 0.0348 08155 09193 10
May 10 11 9 Tagged Pateros 0.8215 0.0915 05804 09179 10
May 10 12 9 Tagged tailrace 0.883% 0.0407 08306 09581 10
May 14 13 1 Tagged Pateros 08477 00580 07718 09789 10
May 14 14 11 Tagged tailrace 08421 00728 07480 110138 10
D. Health indices.
Sample Release  Smolt  Scale Fin Fat Liver Bile
Date Group  Group Index Index Index Index Index  Index n
(Range) (1-5) (1-4)
April 22 1 Control 5.0 0.083 0.083 3.5 20 27 12
April 22 2 Control 48 0.200 0.300 3.6 20 29 10
April 24 3 1 49 0.182 0.182 35 20 2.6 11
April 24 4 1 5.0 0.182 0.364 3.7 2.0 28 11
April 28 5 3 5.0 0.300 0.500 4.0 20 3.0 10
April 28 6 3 5.0 0.500 0.500 4.0 20 28 10
May 2 7 5 5.0 0.000 1.000 4.0 1.9 30 10
May 2 8 5 5.0 0.200 0.800 4.0 20 29 10
May 6 9 7 49 0.100 0.500 40 20 30 10
May 6 10 7 5.0 0.300 1.000 37 20 28 10
May 10 11 9 5.0 0.200 0.400 4.0 20 3.0 10
May 10 12 9 5.0 0.000 0.500 4.0 20 3.0 10
May 14 13 11 5.0 0.200 0.300 26 21 3.0 10
May 14 14 11 49 0.100 0.800 3.0 2.0 29 10




Table 3. Mean, standard error and sample size for physiological sampling of Wells
Hatchery steelhead smolts, 2000.

A. Blood plasma glucose.

Glucose (mMoles/1. plasma)

Sample Release Release  Mean
Date Group  Group  Source Site (mm) S.D. n
April 22 1 Control Pre-tag NA 5.81 0.378 10
April 22 2 Control  Pre-tag NA 5.90 0.276 10
April 24 3 1 Tagged Pateros  6.62 0.411 10
April 24 4 1 Tagged tailrace  7.27 0.562 10
April 28 5 3 Tagged Pateros 7.78 0.368 10
April 28 6 3 Tagged tailrace  5.66 0.234 10
May 2 7 5 Tagged Pateros  5.90 0.399 10
May 2 8 5 Tagged tailrace  6.86 0.274 10
May 6 9 7 Tagged Pateros 7.03 0.452 9
May 6 10 7 Tagged tailrace  6.19 0.324 10
May 10 11 9 Tagged Pateros 5.74 0.460 10
May 10 12 9 Tagged tailrace  5.11 0.644 10
May 14 13 11 Tagged Pateros  5.86 0.334 10
May 14 14 11 Tagged tailrace  6.37 0.449 10

B. Blood plasma cortisol.

Cortisol {ng/ml plasma)

Sample Release Release  Mean
Date Group  Group  Source Site {mm) S.D. It
April 22 1 Control Pre-tag  NA 22257 16217 10
April 22 2 Control Pre-tag  NA 22295  26.380 10
April 24 3 1 Tagged Pateros 24026 33.074 10
April 24 4 1 Tagged tailrace 199.75 35.480 10
April 28 5 3 Tagged Pateros 272.52 36.678 10
April 28 6 3 Tagged tailrace 11245 27.381 10
May 2 7 5 Tagged Pateros 19544  31.808 10
May 2 8 5 Tagged tailrace 214.95 27.909 10
May 6 9 7 Tagged Pateros 32946  42.266 10
May 6 10 7 Tagged tailrace 28436  45.959 10
May 10 11 9 Tagged Pateros 266.16 47.466 10
May 10 12 9 Tagged tailrace 24535 42594 10
May 14 13 11 Tagged Pateros 233.67 30.653 10
May 14 14 11 Tagged tailrace 256.84 30.599 10




Table 3. (Continued).

C. Gill ATPase.

ATPase (nmoles/mg

protein/min)
Sample Release Release  Mean
Date Group  Group  Source Site (mm) SD. n
April 22 1 Control Pre-tag  NA 32.83 3.083 10
April 22 2 Control  Pre-tag  NA 32.70 3.233 10
April 24 3 1 Tagged Pateros 38.97 3.883 10
April 24 4 1 Tagged tailrace  40.67 3.533 10
April 28 5 3 Tagged Pateros 39.90 3.700 10
April 28 6 3 Tagged tailrace  36.88 2.650 10
May 2 7 5 Tagged Pateros 29.98 1.950 10
May 2 8 5 Tagged tailrace 3650 2167 10
May 6 9 7 Tagged Pateros  35.55 1.850 10
May 6 10 7 Tagged tailrace  33.32 2.000 10
May 10 11 9 Tagged Pateros 31.67 3.867 10
May 10 12 9 Tagged tailrace 32.23 2.633 10
May 14 13 11 Tagged Pateros 30.25 1.800 10
May 14 14 11 Tagged tailrace 28.48 1.900 10
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4.5 Estimates of Detection and Reach Survival Probabilities

Steelhead smolts released at Pateros and released into the Wells tailrace had the
potential to be collected and passively interrogated at downstream PIT-tag detection
facilities located at Rocky Reach, McNary, John Day, and Bonneville dams. A small
number of additional fish were detected by the experimental PIT-tag trawl operated by
the National Marine Fisheries Service and were pooled with the Bonneville Dam
collections. Detection histories for barge-transported smolts were censored at the point
of transportation. Release group specific detection histories are summarized in Table 4.

For simplicity, each tag group was given a two-part group identification code.
The first part of the code denotes release locations (i.e., w = Wells tailrace, p = Pateros},
and the second component, the sequential release number of the paired-release (i.e., 1,
..., 12). For example, w03 denotes the third release from Wells tailrace. Subsequent
analyses utilized all 12 replicate release pairs for estimating reach-specific survival and
dam-specific detection probabilities.

Using the single-release model (Cormack 1964, Jolly 1965, Seber 1965), reach-
specific survival was estimated for the following reaches:

1. Release location to the tailrace of Rocky Reach Dam ().
2. Rocky Reach tailrace through to the tailrace of McNary Dam (S, ).
3. McNary tailrace through to the tailrace of John Day Dam (S; ).

Survival probabilities and associated standard errors for each group are reported in

Table 5.
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Table 5. Cormack-Jolly-Seber (1964) estimates of survival and detection probabilities for each
release group used in the 2000 Wells smolt survival study. The joint probability of recovery from
John Day to Bonneville and being detected at Bonneville Dam (1) is reported in the last column.

Standard errors are reported in parentheses.

Survival Probability of Detection at Combined
Release  Release to Rocky Reachto McNary to detection
Rocky Reach McNary John Day Rocky Reach  McNary John Day and survival
(A)
Pateros
po1 0.918 (0.029) 0.661 (0.048) 1.030(0.116)  0.490(0.019) 0.219(0.018) 0.264 (0.028) 0.204 (0.022)
p02 0.870(0.029) 0.592(0.045) 1.159(0.155) 0.523 (0.021) 0.243 (0.021) 0.207 (0.027) 0.192 (0.025)
p03 0.856 (0.028) 0.674 (0.055) 0.957 (0.125)  0.530(0.021) 0.214 (0.020) 0.219 (0.027) 0.222(0.027)
p04 0.919 (0.028) 0.668 (0.059) 1.122(0.164)  0.569 (0.020) 0.176 (0.018) 0.169 (0.023) 0.195 (0.026)
po5 0.884 (0.027) 0.662(0.066) 0.949(0.159)  0.618 (0.022) 0.184 (0.021) 0.176 (0.027) 0.180 (0.028)
p06 0.960 (0.029) 0.700(0.076) 1.125(0.218)  .613 (0.021) 0.147 (0.018) 0.127 (0.022) 0.147 (0.026)
p07 1.002 (0.040) 0.681(0.082) 0.872(0.181)  0.496(0.023) 0.158 (0.020) 0.109 (0.021) 0.188 (0.034)
p08 0.970 (0.042) 0.756 (0.146) 0.735(0.190)  0.530(0.026) 0.074 (0.015) 0.128 (0.025) 0.168 (0.032)
p0o 0.971(0.048) 0.527(0.073) 00983 (0.204)  0.450(0.025) 0.128 (0.019) 0.132 (0.024) 0.198 (0.035)
pl0 1.002(0.052) 0.633(0.134) 3.291(1966)  0.505(0.028) 0.081(0.018) 0.022(0.013) 0.033 (0.019)
pll 0.965 (0.050) 0.626 (0.123) 1.122(0.446)  0.505 (0.029) 0.115(0.024) 0.064 (0.023) 0.082 (0.030)
pl2 0.921(0.038) 0.714 (0.155) 0.495(0.152)  0.635 (0.028) 0.100(0.023) 0.139 (0.033} 0.169 (0.040)
Weighted 0.925 (0.014) 0.652 (0.014) 1.027 (0.071)
Average
Mean 0.539 (0.017) 0.153 (0.016} 0.146 (0.019) 0.165 (0.016)
Wellis
wi1 0.933 (0.026) 0.688 (0.042) 0.885(0.077)  0.500 (0.018) 0.246 (0.018) 0.381 (0.030) 0.238 (0.021)
w02 0.980(0.029) 0.603 (0.044) 1.046(0.124)  0.550(0.020) 0.223(0.019) 0.241 (0.027) 0.206 {0.024)
w3 0.973(0.026) 0.683(0.052) 1.084(0.139)  0.576 (0.019) 0.197 (0.018) 0.204 (0.024) 0.192 (0.023)
wi4 0.968 (0.022) 0.781(0.075) 0.848(0.122)  0.693 (0.018) 0.150(0.017) 0.206 (0.025) 0.202 (0.025)
w05 0.938 (0.022) 0.687(0.068) 0.842(0.125)  0.719 (0.019) 0.159(0.018) 0.210 (0.027) 0.217 (0.027)
w06 0.972(0.018) 0.640 (0.055) 1.165(0.203)  0.797 (0.017) 0.204 (0.020) 0.134 (0.022) 0.160 (0.026)
w07 0.983(0.028) 0.659 (0.072) 0.885(0.165)  0.648 (0.021) 0.168 (0.020) 0.132(0.023) 0.193 (0.032)
w08 0.930 (0.025) 0.624 (0.106) 1.756 (0.533)  0.744 (0.022) 0.077 (0.015) 0.062(0.017) 0.103 (0.027)
w09 1.014 (0.039) 0.502(0.078) 1.187(0.296)  0.609(0.026) 0.101 (0.018) 0.106 (0.023} 0.150 (0.032)
w10 0.950 (0.039) 0.631(0.115) 1.391(0.494)  0.599(0.027) 0.098 (0.019) 0.060 (0.020) 0.090 (0.029)
wll 1.040(0.049) 0.601(0.109) 1.211(0428)  0.528 (0.027) 0.112(0.021) 0.070 (0.023) 0.086 (0.027)
wl2 1.006 (0.035) 0.546 (0.085) 3.540(2.055)  0.661 (0.025) 0.145 (0.024) 0.022(0.013) 0.035 (0.020)
Vxe‘gh“d 0.967 (0.008) 0.659 (0.018) 1.009 (0.081)
verage
Mean 0.635 (0.026) 0.157 (0.015) 0.152 (0.029) 0.165 (0.018)
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The SRR model also provided capture probabilities (Table 5) for the following PIT-tag
detector dams:

1. Rocky Reach Dam (p, ).

2. McNary Dam (p,).

3. John Day Dam (p;)
For the last reach between John Day and Bonneville Dams, only the joint product of
survival and detection at Bonneville Dam (1) could be estimated (Table 5).

In general, the capture probabilities in 2000 were substantially higher than those
observed in 1998 and 1999 at Rocky Reach Dam. The mean capture probabilities in 2000
for steelhead were 0.587, 0.155, and 0.149 at Rocky Reach, McNary, and John Day dams,

respectively.

4.6 Estimation of Survival Through the Wells Project

The analysis of Wells project survival consisted of three elements; (a) tests of
assumptions, (b) model fitting, and (c) estimation of reach survival. These elements of

the estimation of Wells project survival are provided below.

4.6.1 Tests of Assumptions

The Pateros and Wells tailrace releases of tagged Wells Fish Hatchery (WFH)
steelhead were used to estimate survival through the Wells project. However, before
reliable survival estimates can be derived, each PIT-tag release must fulfill various
assumptions of the release-recapture models. Unlike Mid-Columbia paired and index
survival studies of the 1980s, survival and capture probabilities can be independently
estimated for each release group (Table 5). The ability to independently estimate
parameters for each release of PIT-tagged steelhead allows for more robust estimation of
project survival. Nevertheless, minimal model assumptions must be met and the best
approach to estimating reach survival must be determined. The subsequent tests of
assumptions assisted in the selection of the most appropriate approach for estimating

reach survival.
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Homogeneous Downstream Mixing of Release Groups

A convenient but not necessary condition for validly estimating reach survival is
the downstream mixing of the Pateros and Wells tailrace releases within a paired
release. One measure of mixing is the homogeneous arrival of smolts from the two
releases at downstream detector dams (Appendix A). Table 6 summarizes the P-values
for tests of homogeneous arrivals at Rocky Reach, McNary, John Day, and Bonneville
dams. The release pairs generally had homogeneous arrival patterns at McNary, John

Day, and Bonneville dams {p > 0.10) . Three of 36 chi-square tests (8.33%) at these dams

were significant at P <0.10. However, all 12 paired-release groups showed significant

non-mixing (£ <0.10}) when they arrived at Rocky Reach Dam, the first downstream

dam with PIT-tag detectors. Inspection of the arrival plots (Appendix A} nevertheless
suggests good mixing, with both releases within pairs showing very similar modes of
arrival at detector dams.

In order to use the simple Ricker (1958) relative recovery estimates for the Wells
survival estimates, detection and survival rates at and below Rocky Reach Dam must be
equal. Burnham et al. (1987) Tests 1.T2-1.T4 were used to test this assumption of the
simple Ricker model. Table 7 summarizes the P-values associated with the tests of
significance, while Appendix B provides details of the analysis. Eight of the 12 pairs
showed significant differences in detection and survival probabilities to Rocky Reach
Dam. Five of the 24 tests (20.83%) showed significant differences in detection or
survival rates at McNary or John Day Dam.

Likelihood ratio tests will ultimately be used to determine the most appropriate

description for the mixing of the individual releases within a paired-release.
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Burnham et al. (1987) Test 2: Upstream Detections Do Not Affect Downstream Survival
and /or Detection

To validate estimation of smolt survival using the SRR model, upstream
detection history of alive fish should have no affect on downstream detection and
survival probabilities of test fish. Test 2.2 tests whether the detections at Rocky Reach
affected downstream capture histories at McNary, John Day, or Bonneville dams. Test
2.3 tests whether detections at Rocky Reach or McNary had no effect on downstream
captures at John Day or Bonneville dams. Of the overall Test 2 results, 4 of the 24 release
groups (16.7%) were significant at o« = 0.10 (Table 8). However, after adjustment for an

experimental-wise error rare of « g = 0.10 (a4, =0.0043), only one of the Test 2 results

was significant (i.e., release p07). In addition, details of the 2.2 and 2.3 tests showed no

consistent pattern of violating model assumptions across release groups (Appendix B).

Burnham et al. (1987) Test 3: Upstream Detections Do Not Affect Downstream
Survival and/or Detection

Another series of tests developed by Burnham et al. (1987) also tests whether
upstream detection histories affect downstream detection or survival. Test 3.1 tests
whether detection at Rocky Reach affects detection histories at John Day or Bonneville
dams (Table 8). Test 3.2 tests whether detections at Rocky Reach and McNary affect
detection histories at Bonneville Dam. Four of 48 Tests 3.1 and 3.2 were significant at
P<0.10 (8.33%). None of 48 individual tests were significant after adjustment for an
experimental-wise error rate of o, =0.10 (o, =0.0022). Three of 24 (12.5%) overall
Burnham Tests 3's were significant at P <0.10. Details of the 3.1 and 3.2 tests can be
found in Appendix B.
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Tests of Handling Effects at Rocky Reach and Rock Island Dams

In 2000, smolts passing through the bypass systems at Rocky Reach and Rock
Island dams were collected and anesthetized for potential tagging as part of the Chelan
PUD smolt survival studies. During the 2000 study, 3,400 PIT-tagged steelhead smolts
released upstream of Rocky Reach, as part of the Douglas PUD smolt survival study,
were intercepted and anesthetized a second time at Rocky Reach. At Rock Island, the
number of smolts intercepted was 1,471. Chi-square contingency table tests were used
to assess whether this second handling affected downstream detection and survival
probabilities (Table 8). During the 2000 survival study, four of 24 (16.77%) of the release
groups showed significant differences (P <0.10) between handled and non-handled
smolts at Rocky Reach Dam. Two of 24 (8.3%) of the release groups showed significant

differences ({ P <0.10) between handled and non-handled smolts at Rock Island Dam.

After an adjustment to an experimental-wise error rate of o, =0.10 (o, = 0.0044),

none of the tests at either site were significant. For this reason, all smolts regardless of
detection histories at Rocky Reach and Rock Island dams were included in the reach

survival estimates.
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Table 6. Results (i.e., P-values) of chi-square tests of mixing for Pateros and Wells
release groups based on arrival timing at Rocky Reach, McNary, John Day, and

Bonneville dams.

P-value
Release Pair
Rocky Reach McNary John Day Bonneville
p01 & w(1 0.0017 0.2767 0.8423 0.6322
p02 & w02 <0.0001 0.8183 0.5495 0.9230
p03 & wi3 < 0.0001 0.6345 0.6766 0.5480
p04 & w04 <{.0001 0.7322 0.0853 0.9916
p05 & w05 < (.0001 0.1969 0.8549 0.8295
pO6 & wib < 0.000! 0.5779 0.5733 0.5362
p07 & w7 < 0.0001 0.2748 0.4184 0.1516
p08 & w08 <0.0001 0.4310 0.3385 0.i562
p09 & w(9 < 0.0001 0.8281 0.0362 0.9785
p10 & w10 < 0.0001 0.4934 0.6167 0.1611
p11 & wll <0.0001 0.5560 0.6648 0.0788
pl2 & wil2 < 0.0001 0.1203 0.9758 0.4009
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Table 7. Results (i.e., P-values) of Burnham et al. (1987) Test 1.T2, 1.T3 and 1.T4 for equal
detection and survival probabilities at downriver detection sites for the Pateros and
Wells tailrace releases.

P-value
Release Group Rocky Reach McNary John Day

(1.12) (1.T3) (1.T4)

a p01 & w01 0373 0.597 0.004
~ p02 & wi2 0.267 0.373 0.392
p03 & w3 0.074 0.276 0.738

— p04 & w4 < 0.001 0.949 0.120
p05 & w05 < 0.001 0.089 0.852

i p06 & w6 <0.001 0.021 0.889
_ p07 & w7 < 0.001 0.880 0.260
p08 & w8 <0.001 0.115 0.068

p09 & w9 < 0.001 0.200 0.926
p10 & w10 0.057 0.648 0.862

) pl11 & wll 0.647 0.314 0.812
pl12 & w12 0.774 0.756 0.079
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Table 8. Results (i.e., P-values) of Burnham et al. (1987) Tests 2 and 3 for goodness-of-fit

to the single release-recapture assumptions for the Pateros and Wells tailrace releases.

Also included are the results (P-values) of tests for the effects of smolt handling at Rocky
Reach and Rock Island dams.

Release Burnham Tests Handling Effects at
22 23  OQverall2 31 3.2 Overall 3 Rocky Reach  Rock Island
Pateros
p01 0.530 0.068 0.203 0114 0474 0.207 0.159- 0.283
p02 0138 0945 0.265 0417 0337 0.399 0.642 0.451
p03  0.056 0.848 0.122 0810 0.507 0.771 0.960 0.879
po4 0186 0.957 0.338 0046 0297 0.070 0.205 0.738
p05 0395 0.531 0.522 0771 0.598 0.809 0.930 0.716
p06 0545 0.200 0.415 0986 0.753 0.969 0.351 0.725
p07 0001 0377 0.002 0471 0.501 0.558 0.928 0.720
p08  0.041 0.885 0.093 0752 0777 0.890 0.835 0.967
p09  0.637 0.480 0.706 0413 0162 0.238 0.017 0.544
pl0 0192 0373 0.251 0351 0.032 0.060 0.530 0.978
pll 0452 0.998 0.662 0712 0.829 0.894 0.187 0.987
plz 0785 0924 0.920 0.286 0.016 0.028 0.033 0.739
Wells
w0l 0840 0.909 0.948 0.343 0314 0.331 0.862 0.743
w02  0.847 0.097 0.380 0.401 0.601 0.569 0.067 0.806
w03  (0.231 0.663 0.373 0.097 0.277 0.117 0.591 0.613
w04 0452 0957 0.661 0.120 0.295 0.145 0.778 0.344
w05 0481 0.625 0.637 0.102 0.405 0.167 0.054 0.865
w06 0062 0.744 0.129 0.608 0226 0.403 0.622 0.916
w07  0.043 0.867 0.096 0144 0.186 0.116 0.370 0.796
w08  0.038 0962 0.088 0366 0816 0.662 0.819 0.040
w09 0.556 0.024 0.100 0.755 0.667 0.838 0.850 0.044
wl0  0.776 0.683 0.879 0.626 0.597 0.726 0.575 0.723
wll 0973 0.330 0.800 0.588 0.590 0.698 0.851 0.558
wl2 0.082 0.876 0.170 0.300 0.680 0.561 0.251 0924
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4.6.2. Modeling the Paired-Releases

All model testing was conducted at a significance level of o = 0.10. Results of
the model selection procedures for each of the 12 paired Pateros-Wells tailrace releases is
summarized in Table 9. In 2 of the 12 paired releases, model parameters were
homogeneous beginning with the capture probabilities at Rocky Reach Dam (i.e., Model

M 5,/ the most parsimonious model). Alternative models were selected for the 8

remaining replicate releases. The best model that described release-pairs 3,4, 5,6,7, 8, 9,

and 10 was Model M, ,

which allowed detection rates at Rocky Reach to vary between

the treatment and control release groups. For release pairs 1 and 12, Model

MSI PSS

was selected as the simplest model that was not significantly different

from the Cormack-Jolly-Seber model.

4.6.3 Wells Project Survival Estimates
From the model selection process came the separate estimates of survival 5|, and
§,, for each release (Table 10) location to Rocky Reach Dam within a paired-release. The

ratio of these separate estimates (Equation 1) provides the estimates of Wells project
survival (S’W) from the mouth of the Methow River to Wells Dam tailrace (Table 11).
The weighted average for survival from the 2000 study was S‘W = (.946 (SE = 0.015)

compared to a weighted average of S’W =(.943 (SE = 0.016) calculated from the 1999

investigations. A Z-test of the difference in the mean survival estimates for 2000 and

1999 was not significantly different at £ =0.9636.
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Table 9. Forward-sequential model selection results for Pateros-Wells tailrace release
paits.
a. Release groups p01 & w0l

Hypothesis 72 Df P-value
P ?, S P2 b}, Py A 0.1349 1 0.7134
M vs. CJS 16.4499 6 0.0115
$,(S1+ 21> P2 S Pk 0.1240 1 0.7248
M{, » VS CJs 15.5743 5 0.0082
P2 |1 P12 Sy, Pysh 14873 1 0.2226
My, ps, vs- €IS 11.3257 4 0.0231
S5 |1 P1sSys Pos Pyo b 1.0852 1 0.2975
My sy V8- €IS 10.9868 3 0.0118
I k?, ,;3,,.512,32,.%,7} 8.1047 1 0.0044
My p5pr.5,.0 V8- €IS 1.1748 1 0.2784

b. Release groups p02 & w02

Hypothesis x* Df P-value

P Sp Sz; P S3s P A 0.8857 1 0.3466

Mg vs. CJS 2.9435 6 0.8159




Table 9. (Continued)
c. Release groups p03 & w03

Hypothesis y? Df P-value
P y 6:1. 5}, P S} Py At 2.6535 1 0.1033
M, vs. CJS 5.2953 6 0.5065
82‘.%, P, "?’Sf’ pf,;f 0.1368 1 0.7115
M. vs.CJS 1.9363 5 0.8579

S.m

Note: Model fit to the data were indicated by a “~” when the parameters were treated
as a vector (i.e. different between releases within a pair). The notation indicates which

parameter was tested for homogeneity given (i.e.” | ) the specification of the other

model parameters.

d. Release groups p04 & w4

Hypothesis v’ df P-value
P4 S], SZ’ P S3, P % 22.2913 1 2.3e-6
5|8, Pu. P2 S5 Py, A 0.9292 1 0.3351
MS,. p VS CJs 3.7961 5 0.5791

1 Though the P-value for this test is just above the 0.10 decision level set for this analysis, it was
decided that due to earlier hypothesis testing (Tables 6 and 7) indicating that the detection rates
at Rocky Reach were different for the two releases in the pairing and the P-value's proximity to
the critical value, to investigate the next parameter.
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Table 9. (Continued)
e. Release groups p05 & w05

Hypothesis y? df P-value
2l L?l, Sf’ p}, 613, 113, 7_L 12.1124 1 0.0005
SIS, pi. pa. s, P:h{“ 0.0732 1 0.7868
MS|, 5 V8. CJS 4.2561 5 0.5132

f. Release groups p06 & w6
Hypothesis 2 df P-value
P 'S" -5}, P §3, Py A 55.6617 1 8.61e-14
SIS, pr. p}, S, P3,7f 0.5204 1 (0.470G7
MSI‘ p VS CJS 7.3333 5 0.1970

g. Release groups p07 & w07
Hypothesis y? df P-value
p Sj' 5:2 Pz S} P3: A 32.5448 1 1.16¢-8
SIS, Pr. Pas Sz’st% 0.0477 1 0.8271
MS] p V8- CJS 21774 5 (0.8241
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Table 9. (Continued)
h. Release groups pU8 & w08

Hypothesis 12 df P-value
S8, 1 P S p3,?\_~ 0.0202 1 0.8869
M, , vs.CJS 7.3378 5 0.1967

i. Release groups p09 & w9
Hypothesis v df P-value
2 SIJ Sz,pz, S3, P:p{- 19.1822 1 1.1e5
5|8, pu. P2 Sy, Py A 0.0536 1 0.8169
MSJ ” vs. CJS 52118 5 0.3906

j. Release groups p10 & w10
Hypothesis X2 df P-value
AN p3,7f 5.8849 1 0.0153
S|S,, P1 P2 S, P, A 0.4829 1 0.4871
Mg , vs.CJS 3.6299 5 0.6038
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Table 9. (Continued)
k. Release groups p11 & w1l

Hypothesis 72 P-value
PEEAS ) 0.3430 0.5581
M vs. CJS 1.9228 0.9267

1. Release groups pl12 & wil2

Hypothesis 2 P-value
P, | S, 8522 S P 0.4628 0.4963
My vs. CIS 15.1034 0.0195
S2fSi Pr P2 Sy Py 1.0396 0.3079
Ms, p, vs. CIS 14.9756 0.0105
D, Ei'[ 1315:233121% 1.7256 0.1890
My p,s, V8- CIS 14.4830 0.0059
83|y P1sSys Py Pyo 12.2074 0.0005
My, p51,, V8- CIS 12.4118 0.0004
P3[S15 P S35 P2 S 9.1978 0.0024

S Spp o V8- €IS 0.4628 0.4963
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Table 11. Replicate estimates of Wells Project survival (S’W) from Pateros to Wells Dam

tailrace based on the best parsimonious model selected for each paired-release using the
stepwise-fitting procedure. Weighted average and standard error based on Equations (4

-6).

Release Groups (§W )
p01/w01 0.984 (0.041)
p02/ w02 0.865 (0.031)
p03/w03 0.876 (0.031)
p04/ w04 0.948 (0.032)
p05/ w05 0.935 (0.033)
po6/ w06 0.969 (0.030)
p07/ w07 1.001 {0.041)
p08/ w08 1.020 (0.046)
p09/ w09 1.022 (0.056)
p10/w10 0.995 (0.057)
pll/will 0.894 (0.047)
p12/w12 0.916 (0.049)

Weighted Average 0.946 (0.015)
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5.0 DISCUSSION

5.1 Fish Collection

In total, 49,560 steelhead were collected for tagging on twelve separate occasions
during the 2000 survival study. The volitional collection and handling of hatchery
steelhead in 2000 took place without measurable impact upon the study animals. The
use of a 20 cm Aqualite harvester, a 2,000 L fish transportation container and short
distances to move fish helped to maintain fish health at optimum levels throughout the

collection phase of the study.

5.2 Tagging and Holding

Of the 49,560 steelhead collected at the Wells Fish Hatchery, 1,293 steelhead
smolts were not tagged. The majority of these fish were in excess of the number of fish
needed for the study. Exactly 607 (1.2%) of the total number of fish collected were not
tagged because they displayed outward signs of disease, serious injury, residualism,
precocity or grotesque growth abnormalities. The remaining 48,267 steelhead were
tagged and randomly assigned to either the Pateros or the tailrace release groups.

In order to assess project related survival with the paired release-recapture
technique it is important that the collection, tagging and pre-release conditions
experienced by the study groups are closely matched. Two metrics used to compare
handling effects are the number of mortalities and the number of shed tags collected
from the treatment and control groups. During the holding phase of the study, pre-
release mortality was closely matched with 7 Pateros and 7 tailrace mortalities observed.
Rates of tag shed were also similar between the Pateros (0.76%) and tailrace (0.73%)
release pairs.

Twelve replicate pairs of fish were successfully held and paired for use in
estimating survival through Wells Dam. After accounting for mortality, tag shed and
fish sacrificed for physiological assessment, the study goal of releasing a minimum of
20,000 steelhead at each of the two release locations was achieved with a total of 23,857

fish released at Pateros and 23,925 fish released into the Wells tailrace.
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5.3 Transportation and Release

In order to isolate survival of the project from handling effects, it is important to
minimize differences resulting from transportation and release techniques. Performance
standards were established to ensure consistency within and between replicate release
groups. Performance standards included loading and unloading times and techniques,
travel times and road conditions and water quality parameters. Real-time monitoring
and adjustment was used to ensure that the performance standards were achieved.

Transport times totaled less than one hour from tagging sites to release locations
for all twelve release groups. Recovery and transport times remained constant within
and between release groups. Transportation, loading and travel conditions (water
temperature, travel time, dissolved oxygen concentrations and final fish condition) were
closely matched between the Pateros and tailrace release pairs. The use of specially
designed release containers, on-board oxygen supply systems and short distances to
release sites helped to ensure that fish condition, upon arrival, was comparable for all
twenty-four release groups. No changes to the loading, transportation or release are
required for future PIT-tag survival studies utilizing the Methow and tailrace release

sites.

5.4 Physiological Monitoring

Physiological monitoring provided a comparative index of fish health and stress
between treatment and control release groups and provided a robust comparison of
physiological indices between tagged and untagged fish. The collection of detailed
physiological indices was used to verify that subtle differences in handling (stress) and
fish condition did not interfere with the assessment of project survival at Wells Dam.

Variability within replicate release pairs (e.g. fish health, smolt condition and
stress levels) had the potential to bias estimates of survival through Wells Dam. By
measuring physiological parameters, a more accurate description of actual project effects
could be developed. For example, large differences in fish health or fish handling within
a replicate pair could result in biased project survival estimates.

Variability in fish health, condition and fish handling between replicate releases

would not result in biased estimates of survival through the dam but could complicate
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the interpretation of the resultant survival estimates. For example, differences in fish
health between replicate pairs might correlate with unrelated changes in river operation.
Without measuring the physiological differences between replicate release groups, one
could improperly conclude that river operations resulted in the observed fish survival
response, when in fact fish health and morphology might be the overriding survival
variable.

To address concerns related to the variability within and between release pairs,
statistical comparisons of fish physiology and morphology were conducted. To provide
this information, 126 tagged steelhead and 20 untagged steelhead were sacrificed and
sampled prior to release.

In general, no significant differences were observed between tagged and
untagged steelhead. This included indices of morphology, health, condition and stress.
No relevant differences in health, condition and stress were observed within replicate
release pairs sampled (Methow versus tailrace). Based on the 6 replicates (12 release
groups) and two control groups studied, PIT-tagged Wells Hatchery steelhead smolts
were approximate surrogates for untagged steelhead smolts migrating past Wells Dam
in 2000. Significant differences in fish health, fish condition and smolt readiness were
lacking within replicate pairs. Trends in estimated fish survival, over time, did not
appear to be related to fish condition, fish health or fish handling indices.

The range of plasma glucose values observed during 2000 for PIT-tagged
steelhead smolts were similar to literature values for chinook smolts following short-
term handling stress and were only slightly higher than literature values for fish at rest
(3.17 to 6.67 mMoles/ L plasma) (Barton et al., 1986; Maule et al., 1988). The
concentrations of glucose found in the blood of WFH steelhead smolts after capture, PIT-
tagging and holding for 48-hours were similar to fish sampled prior to PIT-tagging and
were similar to fish exposed to short-term handling during other studies (e.g. juvenile
coho - Iwama et al., 1995; juvenile chinook - Barton et al., 1986). Typically, plasma
glucose concentrations increase rapidly following a short-term stress. In the absence of
additional stress plasma glucose concentrations are expected to return to resting values
within 24-hours of the stress event (Iwama et al., 1995; Barton et al., 1986; Groot et al.,

1995).
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Plasma cortisol values in the 100 to 250 ng/ml plasma range are typical of fish,
including steelhead smolts, exposed to short-term handling and transport stress. The
majority of the samples collected during the 2000 survival study fell within this range of
values. The highest reading measured during the survival study was 329 ng/ml plasma
well short of the stress levels observed by researchers conducting laboratory
experiments. Values as high as 500 ng/ml have been reported for steelhead smolts
following severe confinement (Barton and Iwama, 1991). The concentrations of cortisol
found in blood plasma samples collected from tagged and untagged steelhead smolts
were similar to one another and contained no observable trend over time. In only a few
cases were sample means from fish tagged during the 2000 survival study in excess of
250 ng/ ml plasma.

Compared to literature values, gill ATPase values from all of the steelhead
sampled in 2000 were low compared to values for smolts prepared for salt-water entry.
Similar observations were made during the 1999 steelhead survival study (Bickford et
al., 2000). Weitkamp and Loeppke (1983) reported values in the 387 to 602 nmoles/ mg
protein/ minute range for Upper Columbia River steelhead smolts collected downstream
of Wells Dam at Priest Rapids and McNary dams. It is common for the ATPase values
from inland stocks of salmonids to be low at the start of migration. In contrast, ATPase
values for coastal stocks that encounter saltwater shortly after migration typically

exhibit much higher ATPase values at the onset of migration (Ewing et al., 1980).

5.5 Estimation of Detection and Reach Survival Probabilities

Mean detection probabilities for all 12 Douglas PUD release groups averaged
0.587 at Rocky Reach, 0.155 at McNary and 0.149 at John Day dams. Mean detection
probabilities for Wells steelhead released in 1999 were 0.250, 0.198, and 0.358 at Rocky
Reach, McNary, and John Days dams, respectively (Bickford et al., 2000a). Mean
detection probabilities for yearling chinook in 1998 were 0.098, 0.111, and 0.118 at Rocky
Reach, McNary, and John Day dams, respectively (Bickford et al., 1999). The doubling
of steelhead detection rates at Rocky Reach between 1999 and 2000 stemmed from
technical improvements in PIT-tag interrogation capabilities rather than differences in

operation of the bypass facility.
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Estimated reach survival from the mouth of the Methow River to the Rocky

Reach tailrace averaged 0.907 (S’E =0.018) in 1999 and 0.925 (§E = 0.14) during 2000.

Estimated reach survival from the tailrace of Wells Dam to the tailrace of Rocky Reach

averaged 0.959 (SE = 0.010) in 1999 and 0.967 ( SE =0.008) during 2000. Estimated
survival for 1998 yearling chinook migrating from the Methow to the Rocky Reach

tailrace and from the Wells tailrace to the Rocky Reach tailrace averaged 0.943 (S’E =
0.073) and 0.952 ( SE = 0.066), respectively.

Survival downstream of Rocky Reach, as expected, was homogeneous between
the two Douglas PUD release groups (p = 0.3070). Consequently, replicate reach

survival estimates were pooled to provide more precise estimates of survival through

the downstream river reaches. Estimated survival from the Rocky Reach tailrace to the

McNary tailrace was precise and averaged 0.656 (S’E = 0.011) for Douglas PUD tagged
steelhead in 2000 [CI (0.634 < S < 0.678) = 0.95].
The reach survival estimates from the Rocky Reach tailrace to the McNary

tailrace in 2000 for Wells summer steelhead was not significantly different (p > 0.10}
from the estimates of survival for 1999 summer steelhead (0.686, SE = 0.010), 2000
yearling spring chinook (0.692, SE= 0.088), 1999 yearling spring chinook (0.727, SE =
0.053), 1998 yearling spring chinook (0.720, SE= 0.091), 1998 yearling Methow run-of-
river chinook (0.720, SE = 0.084), 1998 yearling summer chinook {0.659, SE= 0.040),

2000 yearling summer chinook (0.731, SE = 0.063) and 2000 yearling coho (0.715, SE =
0.123) (Appendix C).
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5.6 Estimation of Survival through the Wells Project

Individual estimates of survival for replicate releases of summer steelhead smolts
migrating from the mouth of the Methow River to and through the tailrace of Wells
Dam ranged from 0.865 (SE = 0.031) to 1.022 (SE = 0.056). Project survival (pool and
dam) for yearling steelhead in 2000 averaged 0.946 with a standard error (SE) of 0.015
and a 95% CI of + 2.9%. Wells project survival (pool and dam) for yearling steelhead in
1999 averaged 0.943 with a standard error (SE) of 0.016 and a 95% CI of + 3.1%. Project
survival {pool and dam) for yearling chinook in 1998 averaged 0.997 with a standard

error (SE) of 0.015 and a 95% CI of + 2.9%.
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6.0 SUMMARY OF FINDINGS

For the third year in a row, Douglas PUD has produced precise estimates of
survival for juvenile fish migrating through the Wells Hydroelectric Project. During the
2000 survival study, summer steelhead smolts migrating from the mouth of the Methow
River mixed adequately with smolts released in the tailrace of Wells Dam. The weighted
average estimate of summer steelhead survival in 1999 was 0.943 and in 2000 was 0.946,

Precision for the 2000 Wells survival study was also high with a 95% CI of +/-2.9%.
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APPENDIX A

Graphics and chi-square tests of downstream detection trends for paired PIT-tag release
groups.
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APPENDIX B

Chi-square tables for Burnham et al. (1987) Tests 1, 2, and 3. Chi-square tests for the effects
of smolt handling at Rocky Reach and Rock Island dams.
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Table B1. Burnham Test 1.T2 and 1.T3 for Pateros and Wells tailrace paired-releases. The m,
are the number of fish detected at that dam, z; are the number of fish not defected at that

dam, but detected downstream.

Release Group Rocky Reach McNary Dam
2 R 2 R
Release o P-value Release A P-value
History Pateros Wells History Pateros Wells
POl & wO1l mz 899 930 msa 265 315
z2 341 383 0.795 0.373 Z3 404 451 | 0.279 0.597
p02 & wi2 ] 905 1074 ma3 249 263
z2 273 290 | 1.234 0.267 z3 323 381 | 0794 0373
p03 & w3 m.2 903 1119 ms 246 262
z2 275 286 | 3.193 0.074 z3 339 412 ] 1185 0276
p4 & wid m2 1041 1341 ms 215 226
Z2 254 192 | 26030 <0001 z3 374 399 | 0.004 0949
p05 & w05 m; 1089 1342 3 215 204
z2 194 155 | 13.868 <0.001 z3 293 347 | 2886  0.089
p06 & wié m2 1169 1558 3 197 255
z2 203 116 | 4892%  <0.001 23 327 316 | 533  0.021
p07 & w07 m.2 990 1266 M3 215 216
z2 247 176 | 29591  <0.001 z3 275 284 | 0023 0880
pO8 & w08 M3 1020 1380 m3 107 89
z2 178 99 | 46682  <0.001 z3 272 298 | 2488 0115
p09 & w(9 n; 864 1229 m3 129 102
22 216 141 | 44945 < 0.001 z3 264 259 | 1639  0.200
pl10 & w10 nt 1008 1131 ma 102 117
z2 153 134 3.636 0.057 z3 207 217 { 0.209 0.648
pll &will m2 964 1088 .3 138 139
z2 151 160 | 0.209 0.647 23 167 200 | 1.012 0314
p12 & wi2 .2 1161 1322 msz 131 158
2 108 117 | 0.083 0.774 z3 165 187 | 0097 0.756
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Table B2. Burnham Test 1.T4 for Pateros and Wells tailrace paired-releases. The m, are the
number of fish detected at John Day dam, z; are the number of fish not defected at that dam,

but detected downstream.

Release Group John Day
Release v t2 P-value
History Pateros Wells

p01 & w01 4 328 428

Z4 187 166 8.512 0.004
po2 & w02 my 245 263

z4 323 381 0.732 0.392
p03 & w03 g 239 292

z4 189 219 0.112 0.738
p4 & w4 M4 231 263

z4 222 204 2411 0.120
p05 & wib mg 194 226

Z4 164 184 0.035 0.852
p06 & wib my 191 194

Z4 192 201 0.019 0.889
pO7 & w07 mg4 128 150

z4 197 191 1.266 0.260
p08 & w08 My 137 126

Z4 156 196 3.341 0.068
p09 & w9 "4 131 127

Z4 171 161 0.009 0.926
p10 & wi0 m4 91 100

Z4 134 140 0.030 0.862
pll & wll my 85 105

24 103 119 0.057 0.812
pl12 & wl2 .y 89 86

24 93 131 3.088 0.079
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Table B3. Burnham Test 2.2 for individual release groups. This procedure tests the
assumption of whether detections at Rocky Reach affect downstream survival and/or
detection.

Release Test 2.2 x % P-value
Pateros Recovery Site
Release Site ' McNary John D. Bonn.
p01 Pateros 135 141 65

Rocky Reach 130 125 73 1.268 0.530

p02 Pateros 108 9 66
Rocky Reach 141 88 70 3.964 0.138

p03 Pateros 112 101 62
Rocky Reach 134 87 89 5.764 0.056

pO4 Pateros 93 91 70
Rocky Reach 122 100 113 3.363 0.186

p05 Pateros 76 66 52
Rocky Reach 139 90 85 1.859 0.395
po6 Pateros 71 70 62

Rocky Reach 126 98 97 1.215 0.545

p07 Pateros 124 57 66

Rocky Reach 91 48 104 14.298 0.001
jubi Pateros 60 60 58

Rocky Reach 47 67 87 6.392 0.041
p0o Pateros 73 64 79

Rocky Reach 56 48 73 0.902 0.637
pl0 Pateros 43 46 4

Rocky Reach 59 40 57 3.305 0.192
pll Pateros 63 41 47

Rocky Reach 75 35 44 1.587 0.452
P12 Pateros 45 31 32

Rocky Reach 86 49 53 0.484 0.785




Table B3. {(Continued)

2 .
Release Test 2.2 x5 P-value
Wells Recovery Site
McNary John D. Bonn.
w{1 Wells 155 167 61
Rocky Reach 160 159 64 0.348 0.840
w(2 Wells 117 111 62
Rocky Reach 146 128 80 0.332 0.847
w03 Wells 103 109 74
Rocky Reach 159 124 105 2.935 0.231
wid Wells 63 75 54
Rocky Reach 163 150 120 1.589 0.452
w05 Wells 62 54 39
Rocky Reach 142 135 119 1.463 0.481
w06 Wells 45 42 29
Rocky Reach 210 115 130 5.562 0.062
w7 Wells 69 56 51
Rocky Reach 147 70 107 6.315 0.043
w08 Wells 20 40 39
Rocky Reach 69 77 142 6.551 0.038
w(9 Wells 36 46 59
Rocky Reach 66 62 92 1.173 0.556
wl0 Wells 49 33 52
Rocky Reach 68 56 76 0.507 0.776
wll Wells 66 42 52
Rocky Reach 73 49 57 0.056 0.973
wl2 Wells 58 30 29
Rocky Reach 100 45 83 5.004 0.082
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Table B4. Burnham Test 2.3 for individual release groups. This procedure tests the

assumption of whether detections at McNary affect downstream survival and/or detection.

Release Test 2.3 X 12 P-value
Pateros Recovery Site
Release Site John Day Bonn.

p01  Pateros + Rocky Reach 266 138

McNary 62 49 3.334 0.068
p02  Pateros + Rocky Reach 187 136

McNary 58 44 0.005 0.945
p03  Fateros + Rocky Reach 188 151

McNary 51 38 0.037 0.848
p04  Pateros + Rocky Reach 191 183

McNary 40 39 0.003 0.957
p05  Pateros + Rocky Reach 156 137

McNary 38 27 0.392 0.531
p06  Pateros + Rocky Reach 168 159

McNary 23 33 1.639 0.200
p07  Fateros + Rocky Reach 105 170

McNary 23 27 0.780 0.377
p08  Pateros + Rocky Reach 127 145

McNary 10 11 0.021 0.885
p09?  Pateros + Rocky Reach 112 152

McNary 19 19 0.498 0.480
p10  Pateros + Rocky Reach 86 121

McNary 5 13 0.794 0.373
pl1  Pateros + Rocky Reach 76 9

McNary 9 12 | <0.001 0.998
pl2  Pateros + Rocky Reach 80 85

McNary 9 ] 0.009 0.924
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Table B4. (Continued)

Release Test 2.3 11 P-value
Wells John Day Bonn.

w0l Wells + Rocky Reach{ 326 125

McNary 102 41 0.013 0.909
w02 Wells + Rocky Reach | 239 142

McNary 57 50 2.748 0.097
w03 Wells + Rocky Reach | 233 179

McNary 59 40 0.190 0.663
w4 Wells + Rocky Reach | 225 174

McNary 38 30 0.003 0.957
w05 Wells + Rocky Reach | 189 158

McNary 37 26 0.238 0.625
w06 Wells + Rocky Reach | 157 159

McNary 37 42 0.107 0.744
w07 Wells + Rocky Reach | 126 158

McNary 24 33 0.028 0.867
w08 Wells + Rocky Reach | 117 181

McNary 9 15 0.002 0.962
w9 Wells + Rocky Reach | 108 151

McNary 19 10 5.075 0.024
wl0 Wells + Rocky Reach 89 128

McNary 11 12 0.166 0.683
wll Wells + Rocky Reach 91 109

McNary 14 10 0.949 0.330
w12 Wells + Rocky Reach 75 112

McNary 11 19 0.025 0.876
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Table B5. Burnham et al. (1987) Test 3.1 for individual release groups. This procedure tests
whether capture histories at Rocky Reach affect downstream detection histories at John Day

and Bonneville.

Capture History at

Capture History to

Release John Day and McNary Dam X% P-value
Bonneville Dams

101 111
p1 11 6 8
10 3t 17
0l 20 29

00 71 72 5.9494  0.1141
p02 11 2 5
10 25 26
01 15 29

00 63 80 2.8388 04172
p03 1 7 8
10 14 22
01 19 19

00 68 80 0.9642 0.8099
p04 B 6 1
10 16 17
01 12 27

00 58 76 7.9886 0.0462
p0s 11 2 5
10 13 18
01 8 19

00 51 95 1.1237  0.7714
p06 11 1 2
10 7 i3
01 11 22

00 51 88 0.1479  0.9855
p07 1 2 0
10 14 7
01 14 13

00 91 67 2.5257 04707
p08 i 1 0
10 6 3
0t 6 5

00 46 37 1.2040 0.7520
p09 1t 1 4
10 8 6
01 11 8

00 52 37 2.8632  0.4132
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Table B5. (Continued)

Capture History at

Capture History to

Release John Day and McNary Dam X§ P-value
Bonneville Dams
101 111
pig 11 0 1
10 2 2
01 8 5
00 32 5t 3.2730  0.3514
pll 1 0 I
10 3 b]
01 5 7
00 54 58 1.3735 0.7118
pl2 11 1 0
10 i 7
01 3 5
00 39 65 3.7812 0.2861
Wells
w1 11 16 13
10 34 39
01 15 26
00 83 80 3.3360 0.3427
w02 11 4 5
10 23 25
01 27 23
00 61 89 29370 0.4014
w03 11 2 6
10 27 24
01 12 28
00 59 98 6.3166 0.0972
w04 11 1 8
10 12 17
0l 5 25
00 45 106 5.8427 0.1195
wi5 11 0 6
10 10 21
01 4 22
00 45 88 62096 0.1018
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Table B5. {Continued)

Capture History at  Capture History to )
John Day and McNary Dam X3  P-value

Release
Bonneville Dams
101 111

w06 11 0 6

10 7 24

0] 7 35

00 30 140 1.8307 0.6083
w07 11 2 0

10 5 17

01 12 21

00 50 108 54081 0.1442
wi§ 11 0 1

10 3 5

01 5 10

00 11 51 3.1699 0.3662
w09 11 0 2

10 6 !

01 4 6

00 26 47 1.1912  0.7551
wl0 il i 0

10 4 6

01 4

00 38 33 1.7510 0.6257
wll 11 1

H} 7 6

01 4

00 49 59 1.9251 0.588]
wi2? 11

10 4 7

01 10 9

00 41 79 2.4088 0.2999

? There were no detections at both John Day and Bonneville Dams for release w12, so the chi-square test has 2
degrees of freedom.



Table B6. Burnham et al. (1987) Test 3.2 for individual release groups. This procedure tests
whether capture histories at Rocky Reach and McNary affect downstream detection history

at Bonneville.

Capture History at

Capture History to

Release John [')ay and John Day Dam X% P-value
Bonneville Dams
1111 1101 1011 1001
po1 0 17 100 31 113
1 8 25 6 28 2.5057 0.4743
p02 (] 26 68 25 79
1 5 20 2 20 3.3807 0.3366
po3 0 22 70 14 80
1 8 17 7 21 23276 0.5072
p04 0 17 78 16 75
1 1 22 5] 16 3.6905 0.2969
p05 0 18 71 13 57
1 5 19 2 9 1.8772 0.5983
p06 0 13 81 7 62
1 2 17 1 8 1.2007  (0.75287
p07 0 7 38 14 45
1 Y] 10 2 12 2.3608 0.5010
p08 0 3 54 6 51
1 0 13 1 9 1.1019 0.7766
p09 0 6 42 8 49
1 4 6 1 15 5.1321 0.1624
pl0 0 2 39 2 45
1 1 1 0 1 B.8196 0.0318
pll 0 5 32 3 38
1 1 3 0 3 0.8846 0.8291
p12 0 7 36 1 30
1 0 13 1 1 103697  0.0157
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Table B6. (Continued)

Capture History at Capture History to
Release John F)ay and John Day Dam x:Z; P-value
Bonneville Dams
1111 1101 1011 1001

Wells
wO1 0 39 119 34 134

1 13 40 16 33 3.5557 0.3136
wi2 0 25 103 23 84

1 5 25 4 27 1.8664 0.6006
w03 0 24 101 27 84

1 6 23 2 25 3.8598 0.2770
w04 0 17 122 12 59

1 8 28 1 16 3.7059 0.2950
w05 0 21 104 10 42

1 6 31 0 12 29129 0.4053
w06 0 24 100 7 32

1 6 15 0 10 4.3488 0.2262
w07 0 17 55 5 44

1 0 15 2 12 4.8121 0.1861
w08 0 5 70 3 15

1 1 7 0 5 0.9377 0.8163
w9 0 11 5t 6 40

1 2 11 0 6 1.5673 0.6668
wli 0 6 50 4 31

1 0 6 1 2 1.8812 0.5974
wll 0 6 46 7 37

1 1 3 0 5 1.9184 0.5895
wl2 0 7 44 4 28

1 0 | 0 2 1.5120 0.6795
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Table B7. Counts of smolt by detection history for fish recaptured in the Rocky Reach
sampling facility. Chi-square tests compare these counts with smolt counts for fish detected
at Rocky Reach Dam, but not detected at the Rocky Reach sampling facility. Histories are
for Release, Rocky Reach, McNary, John Day, and Bonneville Dams.

2

Release 101110 11110 11101 11100 11011 11010 11001 11000 11200 X df  p-value
Pateros
p01 4 4 3 20 13 28 22 147 2 118346 8  0.1587
p02 1 5 6 10 1 15 9 92 0 60516 8  0.6415
p03 1 4 2 10 3 9 10 87 0 25442 8 0959
p04 0 1 2 8 3 9 18 114 1 109443 8 0.2049
p0s 1 2 2 15 1 10 13 96 0 3.0700 8 0.9299
p06 0 1 3 1 1 8 5 48 ] 89027 8  0.3506
po7 0 0 1 5 1 | 8 45 0 24908 7 0.9278
p08 0 0 ] 3 0 6 11 102 0 3.5047 7 0.8347
p09 0 2 2 5 0 3 7 36 0 186757 8 0.0167
plo 1 0 1 8 0 6 8 136 0 60874 7 0.52%
pl1 0 1 0 1 0 4 7 57 0 11.2716 8 0.1868
pl2 0 ! 1 0 0 0 1 22 0 152211 7 0.0332
Wells
wil 4 13 7 21 14 5 14 145 1 39427 8 0.8623
w02 ] 6 2 23 7 2] 14 137 3 146192 8 0.0670
w3 ! 5 3 9 1 9 9 78 1 65040 8 05910
wi4 1 2 3 22 6 21 18 173 0 48116 8 0.7775
wi3 0 7 8 14 1 2 26 211 2 152999 8 00536
w06 0 0 1 6 0 7 8 58 1 6.2231 7 0.6223
w07 0 0 1 6 2 1 9 87 ] 75946 8 03697
w08 0 0 2 9 2 7 22 157 0 44088 8 0.8185
w09 0 1 0 3 1 4 6 45 0 3.3608 7 0.8497
wlo 0 1 1 5 0 7 11 79 0 5.6983 7 0.5754
will 0 0 1 10 0 6 11 129 0 40649 8 08512
wi?2 0 0 0 4 0 3 0 24 0 9.0245 7 02509
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Table B8. Counts of smolt by detection history for fish recaptured at Rock Island Dam. Chi-
square tests compare these counts with smolt counts for fish not recaptured at Rocky Island
Dam but detected somewhere downriver3. Histories are for McNary, John Day, and

Bonneville Dams.

Release 111 110 101 100 011 010 0Mm 200 2z df  p-value
Pateros
p01 0 1 0 3 0 0 4 0 8.5918 7 0.2833
po2 0 0 0 3 1 0 4 0 6.7943 7 0.4506
p03 0 0 0 4 1 4 5 0 3.0657 7 0.8789
p04 0 0 0 0 1 3 3 0 4.3538 7 0.7382
p05 1 1 1 6 1 2 4 0 45418 7 0.7157
p06 0 0 0 3 0 0 2 0 4.4647 7 0.7250
p07 0 0 0 4 0 1 7 0 4.5070 7 0.7199
p08 0 0 0 3 0 2 4 0 1.8614 7 0.9671
p09 1 1 0 4 0 4 5 0 5.9650 7 0.5438
pl0 0 0 0 4 0 2 5 0 1.6141 7 0.9781
pl1l 0 0 0 2 0 2 1 0 1.3569 7 0.9869
pl2 0 0 0 6 1 1 2 ¢ 43488 7 0.7388
Wells
wil 0 0 0 3 0 2 2 0 43133 7 0.7431
wi?2 0 2 1 2 1 2 1 0 3.7654 7 0.8064
w03 0 0 1 4 2 1 3 0 5.3820 7 0.6134
w4 0 0 1 5 0 1 7 0 7.8742 7 0.3380
wi5 0 0 1 5 1 2 5 0 3.2143 7 0.8645
w6 0 1 0 7 1 4 7 0 26437 7 09159
w07 0 0 2 3 0 2 3 0 3.8541 7 0.7964
w08 0 0 0 4 0 2 4 1 14,6738 7 0.0404
w9 0 2 2 1 1 2 5 0 129397 6 0.0440
wl0 0 1 0 2 1 3 4 0 4.4833 7 0.7227
will 0 1 1 2 0 1 2 0 5.8431 7 0.5582
w12 0 0 1 3 0 1 4 0 1.9521 6 0.9241

’It cannot be determined whether fish not detected at Rock Island Dam or below survived to Rock Island Dam;
those fish and the fish not detected at Rock Island Dam or below are removed from the chi-square test of

homogeneity
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APPENDIX C

Between-year (1998 - 2000) and between-species comparisons of capture and survival
processes through common reaches of the Mid-Columbia River.
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Table C1. Summary of reach survival estimates from Rocky Reach tailrace to McNary Dam.
Weighted averages reported for chinook salmon and steelthead for the years 1998-2000.

Species Source Year § SE (§ ) 95% C.I.
Steelhead Douglas Hatchery 1999 0.686 0.010 0.666 - 0.706
Steelhead Douglas Hatchery 2000 0.656 0.011 0.634 - 0.678
i;‘l‘;:;‘%ﬁggf Douglas run-of-river 1998 0720 0084  0555-0.885
Summer Chinook Douglas Hatchery 1998 0.659 0.040 0.581 - 0.737
Summer Chinook Douglas Hatchery 2000 0.731 0.063 0.608 - 0.854
Spring Chinook ~ Winthrop Hatchery 1998 0.720 0.091 0.542 - 0.898
Spring Chinook ~ Winthrop Hatchery 1999 0.727 0.053 0.623 - 0.831
Spring Chinook ~ Winthrop Hatchery 2000 0.692 0.088 0.520 - 0.864
Coho Winthrop Hatchery 2000 0.715 0.123 0.474 - 0.956
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Table C2. Summary of detection probabilities for the 1998, 1999 and 2000 outmigrations.

Detection Rates (SE)

Species Year Fish Origin
Rocky Reach McNary John Day

Spring Chinook 1998 Winthrop 0.128 (0.010)  0.126 (0.014)  0.089 (0.016)
Hatchery

Spring Chinook 1999 Winthrop 0.172(0.010) 0306 (0.017)  0.210 (0.088)
Hatchery

Spring Chinook 2000 Winthrop 0.261 (0.028)  0.206 (0.034)  0.063 (0.010)
Hatchery

Summer-Spring 1998 Run-of-River 0.126 (0.016)  0.135 (0.038)  0.128 (0.012)

Mixed Chinook PT

Summer 1998 Douglas Hatchery  0.085 (0.004) 0.110(0.009)  0.095 (0.013)

Chinook PT, WT

Summer 2000 Douglas Hatchery  0.086(0.016) 0.170 (0.049)  0.104 (0.055)

Chinook OK

Summer 1999  Douglas Hatchery  0.250 (0.009) 0.198 (0.005)  0.358 (0.013)

Steelhead OK, PT, WT

Summer 2000 Douglas Hatchery  0.587(0.009) 0.155(0.005)  0.149 (0.013)

Steelhead PT,WT

Coho 2000 Winthrop 0.543 (0.018) 0.118 (0.021)  0.104 (0.026)
Hatchery
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APPENDIX D

Supplemental Figures D1, D3, D3, D4, D5, D6 and D7. Trends in mean fish length,
weight, condition factor, fat index, ATPase, plasma cortisol and glucose.

92



Figure D1. Trends in mean fish length during the 2000 steelhead survival study.
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Figure D2. Trends in mean fish weight during the 2000 steelhead survival study.
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Figure D3. Trends in mean fish condition factor during the 2000 steelhead survival
study.

098 -
0.96 .

094

092 *

0.90 - . .

0.88 - . . ’
0.86 -
0.84 - .

082 . R
0.80 | L . . ‘
16-Apr  21-Apr  26-Apr  1-May 6-May 11-May 16-May 21-May 26-May

PDate

*®

Mean Condition Factor
L 2 3
[

Figure D4. Trends in mean fish fat indices during the 2000 steelhead survival study.
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Figure D5. Trends in mean fish ATPase values during the 2000 steelhead survival study.
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Figure D6. Trends in mean fish cortisol concentration during the 2000 steelhead survival
study.
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Figure D7. Trends in mean fish glucose values during the 2000 steelhead survival study.
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APPENDIX E

Responses to comments received on the Draft report entitled: “Project survival estimates
for yearling summer steelhead migrating through the Wells Hydroelectric Project, 2000.”

97



RESPONSE TO COMMENTS FROM
BRYAN NORDLUND, BOB DACH AND STEVE SMITH, NMFS

The following pages contain NMFS’s comments related to the 2000 Wells PIT-tag
survival study. Each comment is followed by a response (bold text).

NMES’s Comments Follow:

Dear Mr. Bickford:

Thank you for the opportunity to review this report. In general, the document
reflects the level of quality that we have come to expect from the Douglas County
Public Utility District (PUD). We greatly appreciate your design and
implementation efforts and the uncommon care that the researchers showed in
handling endangered juvenile steelhead.

The majority of our comments are largely editorial in nature, although we do feel
some additional effort should be taken to compare and contrast your results with
similar information conducted from other studies, particularly the Chelan and
Grant county evaluations, and other mainstem efforts on the lower Columbia
River. The comparative information provided for the Winthrop fish, tagged by
the Fish Passage Center, certainly helps to support your results but it would be
interesting to note if fish released near the Wells Dam had the same downstream
migration rate and survival (through common reaches) as fish released above the
Lower Granite Dam, for example, or as fish released at the Priest Rapids Project
(a comparison with information collected at The Dalles Dam would also help to
ensure that cumulative effects were minimal). Through survival comparisons of
test fish released at alternative locations we would hope to see similar survival
trends through common downstream reaches. Inconsistent data may identify
concerns with a particular reach or may indicate some level of cumulative effect
currently not being addressed. In either case, the quality of the data and analysis
provided in your report would lend itself to this type of comparison. A separate
section in the report specifically addressing this issue would be very helpful.
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Please also note the following specific comments:

1.

Executive Summary (34 paragraph from end): This is the first time reach
survival estimates are noted. As discussed above, your weighted averages
for survival from Rocky Reach to McNary (0.656) and from McNary to
John Day (1.017) are almost opposite of those reported in the Chelan
County PUD study - 1.032 and 0.696 for the same reaches respectively
(Table 4-2, Skalski et al. November 9, 2000 Draft). Please discuss in the
document possible explanations for this discrepancy. Only reporting
comparative information that supports your data may have unintended
effects on how your study results are viewed. Also, as you know, this
type of evaluation does not specifically measure survival to a finite point
(e.g., to the McNary tailrace) - some clarification of this terminology
should be provided.

The area of interest for this report was the Methow River to the Well's
Dam tailrace. As such, it is more informative to compare Douglas
PUD’s fish with those of the Fish Passage Center released from the
Winthrop National Fish Hatchery. A comparison of Chelan County
PUD's study to this one for lower reaches has numerous confounding
factors, different stock and species of fish, handling techniques, time of
the year in the river, etc. While some of these also are true of the
Winthrop fish, they were selected due to the common stretch of river
they experienced with the Well's study.

Page 1, para. 4, line 5: Should "p<0.10" be "p>0.10" (talking about p value
for non-significant result).

This typographical error has been changed.

Page 1, para. 2, line 7: We suggest using "Estimated survival...averaged"
in place of "Survival...averaged"

The suggested change has been made.
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Page 2, para. 3, last sentence: Sentence confusing. What does "this system"
refer to? Is it not correct that smolts migrating out of the Okanogan River
are already in the system? Why do they need to be planted?

The majority of the steelhead migrating out of the Okanogan River
Basin are hatchery fish. To clarify, the draft statement has been
changed to, “Steelhead smolts migrating out of the Okanogan River are
mostly hatchery fish planted into this system each spring by staff from the
Wells Fish Hatchery.”

Page 6, Section 3.3, para. 5, line 2: We suggest a more exact definition of
what "fish status" was recorded immediately before release. Probably just
a check for mortalities?

The statement has been modified to clarify that fish status refers to fish
activity and general appearance prior to release. The mortality check is
also an important part of the pre-release inspection.

Page 7, Section 3.4: Where and when (at what point in the
tagging/holding operation) were fish collected for physiological
monitoring? The same information for untagged fish would be helpful
(e.g., were untagged fish anesthetized?).

Control fish were sampled as they exited the pescalator. In this way the
control group of fish experienced identical collection, holding and
sampling conditions relative to treatment groups of fish. The difference
between treatment and control fish was isolated to the tagging and post-
tagging recovery period. Section 3.4 has been modified to more
accurately describe the sampling protocol.

Page 10, Section 3.6, last sentence: '...with a precision of +5% and a 95%
confidence interval’ is somewhat confusing. Wouldn’t *...with a +5%
confidence interval around the point estimate calculated at the 95%
confidence level’ be more accurate?

The suggested change has been made.

Page 13, beginning of assumption section: We suggest defining "mixing."
We suspect that what is meant is "proportionate daily detection
distributions at downstream dams." This type of mixing is certainly
desirable, and makes commonality of parameters more likely, but this
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10.

11.

12.

type of mixing is not sufficient to ensure that parameters will be common.
Differences in the composition of the two groups, or differences in the
way they were handled, for example, could lead to differences in
parameters despite proportionality of detection distributions.

We agree. Proportionality in detection distributions between treatment
and control releases does not directly translate into a lack of difference
between parameters. Conversely, differences in parameters should not
be inferred simply because proportionality in daily detection
distributions was not attained between release groups. In the final
report, “Mixing” has been defined as, “proportionate daily detection
distributions.” Because of these issues, downstream homogeneity of
parameters are performed using likelihood ratio tests with R x C
contingency tables used as supplemental information only.

Page 15, m-array: The authors need to explain exactly what m,'j’s are. See
our comments on contingency tables for Tests 1.T below.

The following phrase has been added to the first paragraph found on page
15. “...of the form below where m,'s are the number of smolts released at

site i that are next detected at site j:”

Page 17, para. 1: "the assumption...was conducted" should be "a test of the
assumption...was conducted."

The suggested change has been made.

Page 17, table (11)--Not all readers will know what numbers go into the
cells of the table.

Change "An R x C contingency table test of homogeneous recoveries
over time was performed using a table of the form:" to "A test of
homogeneous recoveries over time was performed using a contingency
table listing the daily downstream detections at each dam for each pair
of releases:"

Page 17: Some discussion of proper use of experiment-wise error rates
would be helpful (see comment regarding results below). Test-wise error
rates implied by experiment-wise level of 0.10 should be stated. Does
rejection of a test at the experiment-wise level properly lead to rejection of
the experiment, not just that one test?
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13.

14.

Add after "overall experimental-wise error rate of o ,, = 0.10." : "A Type
I error occurs when a hypothesis test falsely rejects the null when it is
true. In this case, our null hypothesis is that there is no difference in
downstream detections for a pair of releases. Wheno = 0.10 for a
specific test, we realize that if the null hypothesis is true, it will be
erroneously rejected 10 percent of the time. When calculating a number
of comparisons, though, the likelihood that a Type I error will occur
increases. For 12 comparisons of the daily detection rates at McNary
Dam, for example, the probability of at least one Type I error increases
to 71.8%. To decrease this likelihood, the test-wise Type I error per
comparison is reduced toa = 0.0087, so that the experimental-wise error
rate is o ,, = 0.10, When the rejection of a hypothesis test does occur,
this does not lead to rejecting the experiment, but indicates that this
particular data set is inconsistent with the null hypothesis."

Pages 18 and 19: In the tables for Tests 1.T, the notation mij, is different
from that for the m-array on page 15 (e.g., m13 in the m-array is the

number of fish detected for the first time at McNary Dam, while in Table
14 [Test 1.T4], m13 is the total number of fish detected at John Day Dam,

regardless of previous history. This is very confusing. To be consistent
with the notation in Burnham et al. (admittedly, not always a desirable
goal!), the m-array notation would have an additional subscript to denote
release group ("t" and "c" in Burnham et al.; see page 113) and the total
number of fish from group i detected at John Day Dam would be m;4 (the

"4" in the subscript is the reason the test is called "Test 1.T4").

Notation for m;; changed in the report to be more consistent with
Burnham.

Page 19: If the 1.T tests are worth mentioning, why omit 1.R tests?

See the reply to comment 15 below.
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15.

16.

17.

Page 19: It is suggested that Burnham et al. provided useful tests for
"equality of overall recapture for releases R and Rp," but that their

suggested testing sequence is not as fine-grained as likelihood ratio tests
used in this analysis. In reality, TEST 1 of Burnham et al. (adding the 1.R
tests to 1.T presented here} is a series of contingency table tests with 1-to-1
correspondence to the likelihood ratio tests used for model selection in
this analysis. For example, the five one-degree-of-freedom tests for the
first pair of releases, reported in Table 9a, correspond to TESTs 1.R1, 1.T2,
1.R2,1.T3, and 1.R3.

Though the hypotheses of the Burnham Test 1's correspond to the
likelihood ratio tests (LRT), there is a subtle difference in execution.
Burnham Test 1.T2 and the initial likelihood ratio test for each paired
release both tested for similar detection rates at the first dam, Rocky
Reach. The difference is that Burnham adds the assumption that all
parameters downstream are assumed to be equal for the treatment and
control releases (Burnham, et al. 1987:p. 66). The likelihood ratio tests
do not make this initial assumption, as the collapsing of dimensions in
the likelihood may mask potential effects that would only be
discernable in the full model. Because of the flexibility and
interpretation of LRT's, we recommend discontinuing the use of both
Test 1.T's and 1.R's in the future, and rely solely on the likelihood ratio
tests.

Page 21, Section 4.1, para. 1 line : The Methods section did not refer to an
"earthen pond." Is this Pond #4?

Pond #4 is the same as the earthen rearing pond. The report has been
modified to reflect the suggested change.

Page 21, Section 4.2: What proportion of the 1,103 were released because
they were "excess" and what proportion for the other reasons? The first
paragraph gives four criteria for exclusion of fish (signs of disease, serious
injury, precocity, or grotesque growth abnormalities), and gives the
reason for removal that "they did not represent the population of
steelhead expected to migrate through Wells Dam in 2000." What is the
source of the fish which the PIT-tagged sample is supposed to represent?
If it is the other ponds at the hatchery, then surely those ponds have their
share of diseased, injured, and precocious fish; some justification is
needed for this claim of non-representativeness. The second paragraph

gives reasonable justification for removing precocious parr and those with
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18.

19.

20.

serious injuries and growth abnormalities, but the fourth criterion-signs
of disease is not mentioned.

Approximately 700 steelhead were released because they were in excess
of tagging needs. Rational for excluding fish with external signs of
disease, injury, precocity and growth abnormalities was added to the
final report.

Page 23, Table 1: We suggest adding percentages to the sub- and grand
total lines for morts, sacrificed, and tags shed.

The suggested change has been made.

Page 25, 2d paragraph: You note that fish size ranged from 198.7 to 207.7
mm. These fish seem comparatively large when compared to other
yearling steelhead (and yearling chinook as we tend to expect similar
survival rates for these two species). Please provide a comparison to the
size range of ‘natural’ outmigrants at the Wells Dam and discuss how
differences may result in higher survival levels,

Mean fork lengths for fish sampled for physiological parameters ranged
from 198.7 to 207.7 mm. The range in sizes for fish sampled however
was much broader (172 to 240 mm). Fork lengths for the entire
population of PIT-tagged steelhead ranged from 127 mm to over 250 mm
during the 2000 survival study.

We are unaware of any project survival studies in the Mid-Columbia
that have compared the survival of wild and hatchery steelhead.

Page 25, Section 4.4, para. 2, last 2 sentences: This seems to say that there
was no difference in condition factor between tagged and untagged fish
early in the study, but significant differences toward the end. This does
not seem indicative of "general decline," but rather a decline that was
specific to (or most pronounced for) tagged fish. If condition did decline
during the course of the study, is this an expected event and how then
would survival later in the season compare to survival earlier in the
season? Clarification is needed.

Mean fish condition gradually declined over time for tagged fish (See
Appendix D, Figure D3). The observed decline in condition factor was
not significant within or between replicate release pairs sampled for
physiology. The only significant difference in condition factor was
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21.

22.

23.

observed between the control group and fish sampled during the last
two treatment sample groups.

The declining trend in fish condition followed the removal of roughly
120,000 fish from Pond #4. These fish were removed for release, by
hatchery staff, into tributary streams upstream of Wells Dam. No other
significant differences in condition factor were observed either within
or between replicate pairs or between tagged and untagged steelhead.

Page 25, 3rd paragraph: Please describe the mean smolt and fat indices,
particularly the possible range, when presenting the associated estimates
(i.e, 4.9 t0 5.0 on a scale of what?). Possible ranges of plasma cortisol
concentrations and of gill ATPase should also be provided (pages 26 and
27 respectively).

The range of possible values for mean smolt and mean fat indices has
been added to Table 2. A discussion of relative plasma cortisol
concentrations and gill ATPase levels can be found in the Discussion.

Page 26, para. 1: The lowered fat index for the May 14 group is dramatic.
Is there an explanation?

Typically, the more robust (fat) fish outmigrate from the hatchery ponds
first followed in time by increasingly smaller and less robust fish.
Roughly 10% of the hatchery population each year residualize within
the hatchery rearing ponds. The later two release groups were drawn
from the remaining 10-15% of the hatchery production.

Page 27, first full para: In our copy of the draft report, there is a passage
that appears highlighted, perhaps flagged for later editing when data
become available, as HSP70 data are missing from Table 3. If read as-is,
the p value ("<0.05") in the highlighted passage appears to be incorrect, as
it is referring to a non-significant result ("analysis...found no significant
differences").

Unfortunately, the laboratories at the University of British Columbia
and University of Victoria have been, to date, unable to acquire critical
enzymes for the processing of the HSP70 samples. As such, we have
moved to finalize the report without these results.
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24.

25.

20.

27.

Pages 28-31, Tables 2 and 3: Graphical presentation of at least some of this
information would be useful; perhaps for those variables that showed a
trend; condition factor, ATPase, glucose?

A graphical presentation of the trend in fish length, weight, condition
factor, fat index, ATPase, plasma cortisol and glucose concentrations
was added to the report. These graphs can be found in Appendix D,
Page 92.

Table 2 gives length data for the sampled fish, but length was measured
for all tagged fish. How do the samples compare to the groups as a
whole?

Mean fish length was not significantly different between tagged and
sampled and tagged and released groups of steelhead. However, the
range in size for fish sampled versus fish tagged was different. See
response to comment #19 (above).

Page 32, para. 1, line 6--"censured" should be "censored". Also, please
discussed why the trawl recoveries were pooled with Bonneville. We are
assuming that insufficient trawl recoveries were available to estimate the
probability of detection at the Bonneville Dam.

Spelling correction has been made.

At the time the analysis was performed, only 473 fish had been detected
by the trawl, across the 12 paired releases. Of those, 78 had been
previously detected at Bonneville Dam, leaving 395 unique additional
detections.

Page 32, bullets 1 - 3: If the PIT-tag detectors are located at the dams, are
the reach survival estimates calculated for those fish specifically detected
at a dam different from the reach survival estimates that include fish not
specifically detected at that particular location but at some downstream
location? It seems these two different groups could have different
survival histories.
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28.

29,

30.

If this question is directed to the detections by the trawl and pooled
with the Bonneville detections, those fish had to first survive through
Bonneville to be detected by the trawl. Including those fish improves
the information on survivals to Bonneville, but there is not enough
information to extend survival and detection probabilities further
downstream. In addition, pooling or not pooling trawl detections with
the Bonneville detections has no effect on the estimate of Well's project
survival.

Page 34, Table 5 and elsewhere-- Are estimates and analyses based on
PIT-tag interrogation data up to a certain date, after which a few more
detections would be expected to "trickle in?" If so, it should be mentioned
in table captions and in the text.

Data for this analysis was downloaded on July 18, 2000, and is noted in
the caption for Table 4 (Complete detection history for each release
group), and the Methods Section 3.7 (page 10).

Page 36, para. 1, line 1: What is meant by "convenient?"
In this case, convenient refers to the most straightforward test.

Page 36, para. 1. Is there any way to improve the mixing at Rocky Reach
Dam? Should the 5-hour difference between release times be adjusted? Is
there an important fish behavior or project operation at Rocky Reach Dam
that would cause non-mixed groups of fish arriving at the dam to become
mixed below the dam?

The 5-hour release delay allows fish from both treatment and control
groups to be collected, tagged and held for recovery at the same time
and place. This cadence allows fish to be randomly assigned to
treatment and control groups and reduces the potential of systematic
sampling bias.

Page 38: The methods used to test handling effects should be given in the
Methods section, including the nature of the statistical test employed.
Tables B7 and B8 cannot be understood without an explanation of the
methods and rationale for the test.

The suggested change has been incorporated into the final report.
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32.

33.

Page 43: Section 4.6.2-- Table 9 seems to indicate that only 2 pairs (#2 and
#11) had homogeneous parameters beginning with detection probability
at Rocky Reach Dam. Release pair 12 appears to have the same model
selected as release pair 1. The model for pairs 2 and 11 is identified as the
"Ricker Model," but this is not quite accurate (see next comment).

Descriptions of final models have been corrected. "Ricker Model" has
been changed to "most parsimonious model”.

Page 49, Table 11: (This is not so much an editorial comment, but perhaps
the seed for further discussion on methodology for paired-release studies
such as this one. We are involved in similar studies and are consequently
interested in such discussion): In attempting to replicate the analysis, we
derived survival estimates that differed slightly from those in Table 11.
Several explanations are possible: (1) the nature of PIT-tag analysis, where
independent analyses rarely give precisely the same result;(2) slight
differences in selected models; (3) PIT-tag data retrieved from PTAGIS in
January 2001 vs. fall 2000. In any case, differences in survival estimates
were small and not important.

However, there were two pairs for which the standard errors were
substantially different, and these had an effect on the weighted average.
The two pairs were 2 and 11, for which the "Ricker Model" was selected.
Strictly speaking, the Ricker, or relative-recovery model, is a 2-parameter
model: the Wells project survival estimate is derived from the ratio of the
two recovery proportions. The model reported in Table 11 has 8
parameters (separate survival estimates for the two groups to Rocky
Reach Dam, common detection probabilities at Rocky Reach, McNary,
and John Day Dams, common survival probabilities to McNary and John
Day Dams, and common survival/detection at Bonneville Dam)}.
Consequently, the Wells Project survival probability is estimated with less
precision than in the true relative-recovery model.
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3.

In the case of the 2000 Wells Project survival study, using the 2-parameter
model for pairs 2 and 11 instead of the 8-parameter one reduces the
weighted average estimate by about 1% (our result was 0.933). However,
there are other models used for individual pairs in Table 11 that could
have their parameter number reduced: for pairs 3 through 10 we really
need only 5 parameters instead of 9, for instance. The general question is
this: if our focus is on survival of the two groups in the first reach, should
we use the model with the fewest parameters possible to increase the
precision of each estimate?

We choose to use the full model, versus a collapsed model with less
estimated parameters, for several reasons:

1. The fuller model is consistent with the analytic approach given in
Burnham et al.

2. The analysis strategy is consistent with the pre-project analysis plan
(Skalski 2000). We consider it essential that the analysis follow the a
priori analysis plan to remain objective and not be accused of
finding an analysis to conform to the desired results. Different
modeling approaches are guaranteed to produce slightly different
results.

3. The analysis of the 2000 data is consistent with the prior analyses in
1998 and 1999.

4. The Ricker Model is the least robust to the violations of equal
downstream parameters. The resulting variance estimate may be a
poor characterization of the MSE (i.e. variance + bias?). As such, the
most biased estimates may also have the greatest weights under your
proposed strategy.

Page 54, 15t paragraph last sentence: How do you know that higher
detection rates at Rocky Reach stemmed from technical improvements in
PIT-tag interrogation capabilities rather than differences in operation of
the bypass facility?

In 1999 we estimated a mean detection probability for Surface Collector
No. 2 (SC2) of 0.250 (SI;" =0.009). SC1 was not equipped with
compatible PIT-tag detectors in 1999. In 2000 we estimated a mean

detection probability of 0.587 (SE = 0.009) with both SC1 and SC2
covered by ISO PIT-tag detectors. Radio-tag and PIT-tag releases
conducted by Chelan PUD in 1999 and 2000 indicated nearly equal
detection probabilities between the two surface collectors.
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35. Pageb4 2nd paragraph: If survival from the Methow River to the Rocky
Reach tailrace is 92.5% as reported, and survival from the Wells tailrace to
the Rocky Reach tailrace is 96.7%, it seems survival from the Methow
River to the Wells tailrace should be 95.7% as opposed to the 94.6%
calculated in the report. Is this just a rounding error?

The ration of the weighted averages is 95.7% which is not the same as a
weighted average of ratios. The weighted average of the ratios provides

the same estimate as the reported survival estimate (94.65%) for fish
traveling from the Methow River to the Wells tailrace.

Again, thank you for the opportunity to review this report. If you have any
questions regarding these comments, please contact Bob Dach of my staff at (503)

736-4734.

Sincerely,

Bryan D. Nordlund, Chief
FERC and Water Diversions Branch

cc: MCCC
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ABSTRACT

Radio-tagged adult steelhead were monitored using radio-telemetry technology to assess
passage over five mid-Columbia dams (Priest Rapids, Wanapum, Rock Island, Rocky Reach,
Wells) and to spawning locations.

Detections of radio-tagged adult steelhead at fixed stations located in the Hanford Reach,
at each dam and in major mid-Columbia tributaries were used to estimate passage times and
fallback rates. Fifty-seven fixed-station receivers were deployed at strategic locations to detect
and automatically record upstream movements of radio-tagged fish at or below dams and within
tributaries. Eleven sets of aerial surveys were conducted to determine the spawning distribution

and fates for the radio-tagged steelhead.

Of the 395 radio-tagged steelhead released near Vernita Bridge in 1999, 353 (89%) were
detected at Priest Rapids, 328 (83%) at Wanapum, 309 (78%) at Rock Island, 229 (58%) at
Rocky Reach, and 195 (49%) at Wells. Of the radio-tagged steelhead detected in the vicinity of
Priest Rapids Dam, 94.4% were either tracked to known spawning areas or successfully passed
and remained above Priest Rapids Dam. Comparable percentages for the other dams were:
95.3% for Wanapum Dam, 94.3% for Rock Island Dam, 93.3% for Rocky Reach Dam, and
93.2% for Wells Dam. These are not survival estimates since we do not know the ultimate fate
(i.e., the survival or mortality) of the fish that were radio-tagged. Even data that shows that a tag
is stationary is not conclusive since the fish could regurgitate their tags.

The median migration rate between the dams on the Columbia River was: 33.7 km/d
between Priest Rapids and Wanapum, 32.6 km/d between Wanapum and Rock Island, 36.7 km/d
between Rock Island and Rocky Reach, and 36.3 km/d between Rocky Reach and Wells Dam.
Project passage times and migration times through the reservoirs were similar to those observed
for radio-tagged steeihead tracked on the mid-Columbia River in 1997. The median migration
speed from the Priest Rapids tailrace to the Wells Dam fishway exits was 20.1 km/d and this
migration speed exceeded those estimated for radio-tagged steelhead tracked on the Skeena and

Fraser rivers in British Columbia.

The fallback rates for steelhead were similar for all dams. Approximately, 10% of the
fish that passed a dam fell back (range 7-12%). The 25 involuntary fallbacks detected for all
dams combined represented 2% of the unique dam passage events and all of the involuntary
failbacks were hatchery fish. On average 5% of the unique fish passage events were classified as
"voluntary" falibacks (range 3-7% for the different dams) and 3% were classified as re-ascents
(range 1-6%). An examination of the fates for all fallbacks revealed that 62% of the radio-tagged
steelhead that feil back at a dam were either tracked to known spawning areas or successfully
passed and remained above the fallback dam (57% for hatchery fish and 100% for "wild" fish).
At Priest Rapids and Wanapum dams, the largest single fallback route was via the power house
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(50%), followed by the sluice (35-42%) and the spillway (8-15%). Most of the fallbacks at each
project occurred during non-spill periods.

Median Project passage time for non-fallback steelhead at dams without ladder trapping
activity were 0.33 d for Wanapum Dam, 0.18 d for Rock Island Dam, and 0.53 d for Rocky
Reach Dam, respectively. The median Project passage time for the two dams with iadder
trapping activity were 0.84 d for Priest Rapids Dam and 0.69 for Wells Dam. Entrance passage
times represented 50-85% for the project passage time for steelhead at Priest Rapids and Rocky
Reach dams and generally less than 50% of the project passage time at the other dams. Fishway
passage times were generally less than 30% of the total Project passage time and fairly consistent
both within and between projects. Median Fishway passage times ranged from 1.2 hto 2.54 h

over all projects.

At Priest Rapids and Wells dams, upper fishway passage times for steelhead that passed
during a trapping interval were significantly longer than those for a no trapping interval. Upper
fishway passage times at Wells Dam were 2-5 times longer for trapping intervals than for non-
trapping intervals. Trapping also had a substantial effect on the project passage times at Wells
Dam. The median Project passage times during trapping intervals were close to 35 h for both
fishways compared to 12 h during no trapping intervals. The effect of trapping on project
passage times at Priest Rapids Dam was much smaller (24 h during trapping and 20 h during no

trapping intervals).

For fishways with junction pools, the median passage time for the junction pools, after
the last detection in an entrance zone, was very short (0.017-0.081 h or 1-5 min.). The passage
time for the counting stations ranged from 10 to 24 min. for the Rock Island fishways to less than
a minute for the Rocky Reach fishway. The most frequently used fishway entrance at Rock
Reach was the spillway entrance; however, the net movements through this entrance was
negative. At Wells Dam, no significant differences were detected in the Project or Entrance
passage times between periods when the side gates were open and periods when these gates were
closed. Fishway passage times for the right-bank fishway were significantly different for the
two gate configurations, but the difference was small (1.9 h vs 2.3 h).

Of the 395 steelhead tagged, 2 were never tracked and 13 (3.3%) were known to have
been caught and removed prior to spawning. Of the remaining 380 steeihead available for
spawning, 308 (81.1%) were tracked to known spawning areas prior to or during the spawning
period, and 72 (18.8%) were not assigned to a known spawning area because they were last
tracked on the mid-Columbia River between Coyote Rapids and Welis Dam prior to the kelting
period. Of the 72 mainstem fish, 22 were classified as stationary and the others were either
tracked as kelts or not detected during the last two aerial surveys,
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Of the radio-tagged steelhead that fell back at a dam, 62% were either tracked to known
spawning areas or successfully passed and remained above the fallback dam (57% for hatchery
fish and 100% for “wild” fish).

Of the radio-tagged steelhead assigned to a tributary stock, 22% were tracked upstream of
their spawning destination. Straying rates for Wenatchee, Entiat and Methow hatchery releases
were estimated to be 15-18%.

Of the radio-tagged steelhead released below Priest Rapids Dam, 91.6% were tracked
upstream of Priest Rapids Dam or in a known spawning area. This level of tracking and
upstream migration success was higher than the four estimates for summer run steelhead
returning to the Skeena River and comparable to the high rates observed for fall and
winter/spring run steelhead returning to the Fraser and Bella Coola rivers in British Columbia.

Another comparison that can be made with other steelhead radio-telemetry studies is the
portion tracked as kelts. Of the radio-tagged steelhead at large, 34% were tracked as kelts, and
this value is similar to the minimum kelting rates for Skeena surmnmer-run steelhead. The actual
kelting rate for the mid-Columbia steethead that spawned in 2000 is certainly higher than the
minimum value of 34% and possibly as high as 69%. The maximum kelting rate for specific
stocks ranged from 65% to 80%.
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INTRODUCTION

Salmon bound for spawning grounds in the upper Columbia basin must migrate up the
Columbia River passed nine hydro-electric dams. Fishways have been built on each dam below
Chief Joseph Dam to facilitate the passage of salmon. This report presents the results of efforts
to track radio-tagged steelhead along the Columbia River and its tributaries between Hanford
Reach and Chief Joseph Dam from the beginning of July 1999 to the end of December 1999.
The data required to assess the above objectives was acquired through the application of radio
tags to summer steelhead captured at Priest Rapids Dam, and the subsequent tracking of radio-
tagged fish as they approached and passed each dam. As part of a joint adult passage study being
conducted by Public District No. 2 of Grant County (GCPUD), Public District No. 1 of Chelan
County (CCPUD), and Public District No. 1 of Douglas County (DCPUD), 395 summer
steelhead were radio-tagged and released back into the Columbia River. Summer-run steelhead
typically arrive at Priest Rapids Dam the second week of July and the upstream migration
continues into October (Larry Brown, Washington Department of Fish and Wildlife (WDFW),
Wenatchee, WA, pers. comm).

The following objectives of the 1999 study were common at Priest Rapids, Wanapum,
Rock Island, Rocky Reach, and Wells dams:

1} to determine the total project passage time for ail radio-tagged steelhead;

2) to determine the amount of time adult steelhead spend in the tailrace, fishway
entrances, and fishways during their migration;

3) to compare the passage time estimates for the different fish ladders;
4) to determine the proportion of steelhead that fall back; and

5) to compare the fallback rates during spill operations to those during non-spill
operations.

Additional common objectives were set for the whole study area:

6) to determine the passage times through the reservoirs;
7) to determine the holding/spawning area for all radio-tagged steelhead; and
8) to assess the extent to which adult steelhead use tributaries to the Columbia River.
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Unique objectives (specific for a Public Utility District (PUD) or a dam were as follows:

at Priest Rapids and Wanapum dams:

9) t(l) determine the proportion of the fallback fish that fell back via the spillway or
sluice;

at Priest Rapids and Wells dams:

1) to con;fare the passage time estimates for fish that passed during trapping
intervals and the passage times for fish that passed during periogs when no
trapping was conducted;

at Priest Rapids, Wanapum, Rock Island, and Rocky Reach dams:

11)  to determine the amount of time fish spend in the junction pools;

at Rock Island and Rocky Reach dams:

12)  to determine the amount of time fish spend in the counting station;

at Rocky Reach:

13)  to determine the number of radio-tagged steelhead that used each fishway
entrance;

at Wells:

14)  to observe and compare the project passage times for steethead in regards to
modified operations of fishway entrances.

Study Area

The study area for this project included the Columbia River from White Bluffs located at
river kilometer (Rkm) 601.7 to Chief Joseph Dam at Rkm 877.1, and the tributaries of Crab
Creek, Wenatchee River, Entiat River, Methow River, and the Okanogan River. Within this
stretch of the Columbia lies Priest Rapids Dam (Rkm 638.9), Wanapum Dam (Rkm 669.0), Rock
Island Dam (Rkm 729.5), Rocky Reach Dam (Rkm 762.2) and Wells Dam (Rkm 829.6; Figure
1). In addition, data collected at Hanford Reach (the Columbia River) and Ice Harbour Dam on
the Snake River (Chris Peery, University of Idaho, Moscow, ID, pers. comm) were incorporated
into the analysis to track radio-tagged fish which had left the primary study area.

Fishways have been built on each dam to facilitate the passage of salmon. There are two
fishways at Priest Rapids Dam. The left-bank fishway has two entrances; a main entrance at the
east end of the powerhouse, and a series of collection channel entrances along the downstream
face of the powerhouse. The right-bank fishway has a single entrance and is adjacent to the
spillway. There are two fishways at Wanapum Dam, the right-bank fishway adjacent to the
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spillway and the lefi-bank fishway located near the powerhouse. Priest and Wanapum dams are
operated by GCPUD. At Rock Island Dam there are three fishways; the right-bank fishway
consisting of four entrances, the center fishway that has two entrances, and the left-bank fishway
with one entrance. There is one fishway at Rocky Reach that has four entrances, and a series of
collection channel entrances along the downstream face of the Powerhouse. Rock Island and
Rocky Reach dams are operated by CCPUD. There are two fishways at Wells Dam, the right-
and left-bank fishway, each having two entrances. Douglas County Public Utility District
(DCPUD) operates this dam.

METHODS
Study Design

A total of 400 adult summer steethead were scheduled to be radio-tagged at Priest Rapids
Dam over the historical period of migration (July - October) to provide a tagging rate of
approximately 5.7% on an estimated run of 7,000 fish. Based on historical passage rates, the
estimated number of radio-tagged steeihead to pass each dam were 335 at Priest Rapids, 326 at
Wanapum, 298 at Rock Island, 205 at Rocky Reach, and 163 at Wells, Data from fixed station
receivers and mobile tracking were used to monitor the movements and numbers of adult
steelhead in the mid-Columbia River area and its tributaries. Passage times and indices were
determined for each dam and holding and spawning locations were determined according to
movement history within 1999.

The passage of radio-tagged fish detected at Priest Rapids and Wanapum dams was
determined by combining detection data collected using antenna arrays in the tailrace, fishway
entrances, and fishway exits. Aerial antennas were used to monitor the tailrace and forebay of
each dam, and a network of underwater bared coax antennas were used at the entrances
(including the collection channels) and exits of each fishway. Underwater dipole antennas were
used in the forebay at each slouceway to detect radio-tagged fish failing back over the dam
through this route. Remote fixed station arrays were also maintained at Coyote Rapids (island)
to detect radio-tagged fish moving downstream of the release site, and at Crab Creek to monitor

any use of this system.

At Rock Island and Rocky Reach dams the passage of radio-tagged fish was determined
by combining detection data collected using antenna arrays in the tailrace, fishway entrances, and
fishway exits. Aerial antennas were used to monitor the tailrace of each dam, and a network of
underwater antennas were used at the entrances and exits of each fishway. Remote fixed station
arrays were also maintained near the town of Monitor (Wenatchee River), Tumwater Dam, and

Entiat River,
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At Wells the passage of radio-tagged fish was determined by combining detection data
collected using antenna arrays in the tailrace, fishway entrances, fishway trapping areas, and
fishway exits. Unique tags detected at the dam were identified and classified according to their
presence in the tailrace, fishway entrances, and fishway exits. For the gate configuration
analysis, main gate and side gate configuration modifications were implemented in both
fishways. Control and Treatment operations of the fishways were alternated over the study
period. In-season, a complete trial was designated as one calender week or the period of time
over which a minimum of five fish exited the dam. Changes in gate orientation were
implemented at 0000 hours on Sundays by Wells Dam operators. The east and west ladders were
operated simultaneously with respect to gate changes and trial periods. Trial periods were
typically 1 or 2 wk in length; however, longer periods occurred to allow the necessary number of
radio-tagged fish to pass the dam. Remote fixed station arrays were also maintained at the
Methow River, Okanogan River (mouth), Okanogan River (Zosel Dam), and the Wells Hatchery
channel.

Tag Application

Tagging operations were carried out at the left bank exit trap of Priest Rapids Dam in
accordance with protocols established in the Section 10 permit held by WDFW. On Tuesday and
Thursday of each week between the week ending July 17 and Oct 9, all fish were directed
through the trap for sorting and sampling. Healthy adult steelhead were netted from the trap and
placed in an anaesthetic tank (tricaine methane sulfonate, MS-222) for biological sampling.
Steelhead were measured for length, checked for external marks, sexed, and sampled for scales.
Steelhead were then transferred via a watered PVC pipe to a freshwater bin where they were
radio-tagged with Lotek MCFT-3A tags (16x51mm, 400d). Radio tags applied to summer
steelhead at Priest Rapids Dam were spread across seven channels or frequencies (channels 12-
14, and 20-23; 149. MHz) with approximately 60 codes on each channel. Radio tags were
applied approximately in proportion to the run passed Priest Rapids Dam. Tagged steelhead
were then placed in a sanctuary boot and hoisted up a watered PVC pipe where they were
subsequently released into a fish transport truck. Radio-tagged fish were held in a freshwater
circulated tank equipped with oxygen until being transported and released back into the
Columbia River at a location approximately 12.7 km downstream of Priest Rapids Dam (Vemita
Bridge boat launch). A maximum of eight radio-tagged steelhead were held in the transport truck
at any time and were held for no longer than 5 h. Water temperature and oxygen concentration
was monitored regularly in the fishway, sampling bin, tagging bin, transport truck, and the
Columbia River at the release site to ensure appropriate conditions for tagging, transport and
release.
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Tracking Equipment

Telemetry Receivers

The radio-tag receiver used during this study was the SRX 400 buiit by LOTEK
Engineering Inc. of Newmarket, ON, with their CODE_LOG version W16 data processing and
storage program. Underwater antennas at all dams were monitored with an SRX and the Lotek
digital spectrum processors (model DSP 500). The aerial systems were monitored with the SRX
and yagi antennas (3, 4, 6, or 9 element depending on location). Ten SRX units were deployed at
each of Priest and Wanapum dams (including tailrace). Two SRX units were deployed at Grant
County remote sites, and one receiver was used during tagging (a total of 24 SRX and 5 DSP).
Nine SRX were deployed at Rock Island and 8 at Rocky Reach. Four SRX units were deployed
at Chelan County remote sites (a total of 21 SRX and 11 DSP). Seven SRX units were deployed
at Wells Dam/Hatchery and four units were used at Douglas County remote sites (a total of 11
SRX and 4 DSP). All receivers and DSP units were powered with 12-v RV batteries. Where AC
power was available, the batteries were continually recharged with two amp battery chargers. At
locations where AC power was not available, the telemetry systems were powered in one of two
ways: 1) 75-w solar panels to continually recharge the 12-v batteries; or 2) 12-v batteries were
used without a recharging system, and were simply replaced with a recharged battery whenever

necessary.

Antennas

At Priest Rapids and Wanapum, underwater antennas (bared coax) were located at the
right- and left-bank fishway entrance and exit, and left coilection channel. Two dipole antennas
were mounted in the siuiceway at each dam. Yagi antennas were used on the spillway and
powerhouse forebay (3- or 4-element), and in the tailrace (6- or 9-element). The Coyote Rapids
site used four 6-element antennas to cover the river channel on both sides of the island (upstream
and downstream). The Crab Creek site used two 3-element antennas to point upstream and

downstream.

During the 1999 radio-telemetry study, we monitored the adult fishways at Rock Island
and Rocky Reach dams, as well as two tributaries (the Wenatchee and Entiat rivers) using
various antenna configurations. Within the tailrace areas at both dams, we used 6-clement aerial
Yagi antennas. Within the fishways at the projects, we used a combination of bared coax and
dipole underwater antennas. For the bared coax antennas, the outer insulation, the braided
shielding, and the inner insulation were stripped away to expose the center strands of the coax.
The amount of material stripped away was equal to one wavelength under water, which is equal
to approximately 9. We applied shrink wrap to the last 117 of the antenna. The dipole antennas
used at the projects were developed by Grant Systems Engineering of Newmarket, ON. These
antennas were used to improve detection range, as well as to withstand areas of high turbulence.
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For a detailed description of the dipole antennas, see Stevenson et al. 1997. At the tributary
monitoring sites, we used 4-element Yagi aerial antennas at the three shore-based receiver
stations, and bared coax underwater antennas at the Tumwater Dam fishway. The following
section provides a detailed description of how each monitoring site was configured.

Fish movements below Wells Dam were detected using twin 9-element Yagi antennas
stationed 1.2 km below the project. Movements in the Wells fishways were monitored using
underwater dipole antennas. DSP units were used at fishway locations in combination with the
SRX_400 and an antenna switcher. Non-DSP receiver sites used normal frequency scanning
modes for monitoring. One site monitored radio-tagged fish that entered or exited the tailrace,
five sites monitored left and right ladder entrances, below trap, trap, above trap and exits, and
one site monitored the entrance channel at Wells Hatchery. The Wells Hatchery channel site was
moved from the entrance of the volunteer trap, to the mouth of the channel to monitor steelhead
holding in the hatchery cove. Remote station sites all used twin 4-element antennas to point

upstream and downstream.,

System Tuning

At all sites, both aerial and underwater antenna systems were tuned so that each antenna
within a specified or adjacent zone provided comparable signal strengths for tagged fish at a
given depth and distance relative to one another. This was accomplished by transmitting a signal
of known strength through each antenna system and amplifying and attenuating accordingly. By
doing so, this allowed us to accurately determine fish location based on signal strength when the
transmitter was detected by more than one antenna at any given time.

System Configuration

Coyote Rapids Site

This site was located approximately 22.1 km downstream of Priest Rapids Dam on an island
(Figure 2). Four 6-element Yagi antennas were mounted on a tower at an elevation of
approximately 8 m, a total of approximately 15 m off the surface of the water (zone 1). Antennas
were pointed upstream and downstream, and were monitored with a single SRX receiver.

Priest Rapids Dam

Tailrace - We monitored the tailrace of Priest Rapids Dam with a total of four 9-element
aerial Yagi antennas (zones 2 and 3). The four tailrace antennas were located approximately
approximately 1.2 km downstream of the dam (two antennas on the left bank and antennas and
two antennas on the right bank (Figure 2). This setup was consistent with previous years of
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study. At both sites, each antenna was monitored individually, with one pointing downstream
and the other upstream. The antennas at each site were monitored with a single SRX system.

Collection Channel - The adult collection channel at Priest Rapids Dam is located on the
downstream side of the powerhouse, and extends the full length of that structure. The channel
has a total of 18 orifice gates (OG) that can either be opened or closed to permit entrance by adult
salmonids migrating upriver (Figure 2). During the study period, even numbered gates (i.e., 2, 4,
6,8, 10, 12, 14, 16, and 18; zone 4) were opened to allow adult passage, al] other gates were
closed. In addition to the orifice gates, the transport channel has three entrances (defined as left
entrance weirs; LEW) located at the west end to permit entrance of adult fish (LEW1, LEW2 and
LEW3). Of those entrances, only LEW2 was open during the study period. Stripped coax
antennas were deployed to monitor the main entrance, the channel between opened orifice gates,
and several points within the collection channel. Collectively, these antennas were monitored
with two SRX/DSP systems.

Bifurcation Pool gnd Left Bank Ladder - As fish enter the collection channel, they travel
toward the east shore along the powerhouse, and ultimately enter the bifurcation pool (zones 5

and 7) which is the beginning of the left-bank transpor