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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 Hydro-
electric 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 Wells 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 fifth annual report under
the Agreement and will cover the period between January 1 to December 31,
1994.
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Report to the Federal Energy Regulatory Commission
for activities under the Long-Term Settlement Agreement
for the 1994 calendar year
between fisheries agencies and Tribes
and Public Utility District No. 1
of Douglas County

(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 1994

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 Annual Bypass Plan
for 1994 to the WCC for review on November 15, 1993. The WCC accepted the
Plan (94-3)' (Appendix A). The spring and summer migration is monitored by
hydroacoustics at Wells. The level of hydroacoustic detections responds
proportionally to the magnitude of the salmonid migration.

The Bypass Team for the Wells Project makes decisions on the start and
end of bypass operation during both spring and summer migration periods.
Representatives from the agencies, Tribes and District make up the team
(Agreement II.F.3). Members selected for the team in 1994 were Brian Cates
(US Fish and Wildlife Service; USFWS), Jerry Marco (Colville Confederates
Tribes; CCT) and Rick Klinge (District) (94-3).

1.2 Miscellaneous Planning for the 1994 Bypass Season

The anticipated starting date of bypass operation for 1994 was April 15,
This date coincided with the historical release schedule of hatchery salmon
from the Winthrop National Fish Hatchery and timing of wild spring chinook in
the mid-Columbia. This meant preparations for installation of bypass barriers
and hydroacoustic equipment for the hydroacoustic index would need to be ready
by April 1 (Agreement II.D.1.). The plan was approved in March (94-3).

1.3 Spring Chinook Passage Study

The District worked with Yakama Indian Nation (YIN) to conduct an adult
spring chinook passage study from Wells Dam to broodstock collection points in
the Methow River. There had been concern over how adult salmon migrated to

! (94-3) refers to minutes of the Wells Coordinating Committee from the
third meeting in 1994. See Appendix M.



and around trapping locations and if these traps posed some delays to migra-
tion. The WCC reviewed a draft study proposal and made several recommenda-
tions (94-1). Based upon the study design, the University of Idaho recommend-
ed at least 120 fish should be tagged above Wells (94-2). Scales would be
read to minimize tagging hatchery bound fish (94-2). It was suggested that no
more than 10% of the run be tagged (94-2). This meant that unless the run to
Wells was 1,200 spring chinook, the necessary number of tags would not be put
out. Two hundred tags were ordered and equipment put in place (94-3).

Because of an extremely poor run prediction for spring chinook in 1994, the
project was terminated (94-5; 94-6).

1.4 Project Mortality Study

The Settlement Agreement specified the District, along with consulta-
tion from the Joint Fisheries Parties, will develop a study of juvenile
mortality associated with Wells Dam by 1990 (IV,C,5). Results from this work
would adjust compensation levels of the hatchery programs. The WCC had
decided not to pursue this work in 1991, 1992, 1993 and 1994. The WCC felt
that due the lack of returning adults, a 1995 study would not be advisable
(94-3).

1.5 Methow Trapping Facilities

The Settlement Agreement calls for adult collection facilities for
spring chinook broodstock (Agreement IV.D.2.c.(3)(a)). Traps on the Twisp and
Chewuck Rivers were completed in 1992,

The trap for the Methow River was scheduled for construction with the
improvements to the Fog Horn Ditch intake, fish ladder and dam for 1993. The
District agreed to pay the USFWS $500,000.00 for this work in exchange for 7.0
cfs of surface water rights needed for the Methow Hatchery. The fisheries
agencies and Tribes had full review of the proposed project. While the USFWS
sought a Shoreline Permit for the project in January 1992, the Okanogan
Wilderness League (OWL), an environmental organization in Central Washington
State, appealed the process on the basis that the project did not have proper
environmental review. OWL contended that the project should have a National
Environmental Policy Act (NEPA) review and the project had ignored recreation
concerns. A Washington State Environmental Policy Act (SEPA) review had been
completed and determined impacts from the project to be non-significant. The
Shorelines Hearing Board held a hearing and visited the site on May 24 and 25,
1994, On July 15, 1994, the Shorelines Hearing Board found that the OWL did
not have grounds for the appeal. Thus the necessary permits for the project
were granted.

The District presented to the WCC several options for collection of
broodstock at Fog Horn Dam (94-8; 94-9). The District was concerned that the
closeness of the Fog Horn trap to the current hatchery outfall may not improve
chances of collecting naturally produced brood for the supplementation effort
in the Methow. Some members disagreed. The WCC allowed the District to
entertain the possibility of a temporary trap to help evaluate the situation
(94-9). The District later decided not to look into a temporary trap.



The estimated cost of the improvements scheduled for Fog Horn Ditch
Intake and fish ladder, without the adult broodstock trap, had increased well
above the agreed $500,000.00. The District worked with the USFWS and Washing-
ton Department of Fish And Wildlife (WDFW) to amend the agreement in order to
cover the additional costs. The WCC fully supported this trap as being the
adult brood trap specified in the Agreement (94-10). It was emphasized that
the Methow Fish Hatchery and the Winthrop Fish Hatchery would need to cooper-
ate in programs so as not to interfere with the principles each was founded
upon (94-10).

The WDFW submitted a spring chinook broodstock trapping protocol for the
Methow Hatchery (94-4; 94-7). The protocol took into consideration the low
anticipated return size, genetic questions of adequate population size and
natural escapement needs. Broodstock collection from the Methow Hatchery
outfall combined with screening of hatchery and wild adults via scales was
also discussed thoroughly (94-6; 94-7). Broodstock collection was discussed
at length (94-4; 94-5; 94-6; 94-7)., The WCC could not reach consensus on
brood collection at tributary traps if the spring chinook run to Wells was
less than 100 adults (94-7). It was suggested that department directors
become involved (94-7). The WCC Chair prepared a summary of the events to
present to agency directors. On May 26, Bill Hevlin said NMFS would not
oppose WDFW plans for broodstock collection at tributary traps. NMFS strongly
recommended continuation of discussion of brood collection activities (Appen-
dix B).

The WCC discussed salvaging spring chinook eggs from sections in the
Methow and Twisp rivers that de-water annually during low flow periods in
October and November (94-4; 94-6). Viable eggs collected out of portions of
the river that dry up could be used for the supplementation program. The YIN
estimate in 1993, 40 redds were lost when the river dropped up to 12 feet from
the time spawning took place (94-6). A proposal for salvage efforts was
submitted by the YIN (94-7),

1.6 Evaluation of the hatchery facilities

The Settlement Agreement calls for an evaluation of the program or
facilities built by the District (Section IV). The evaluation would look at
the adequacy of the facility and operations to be able to implement the
hatchery plan. The Evaluation sub-committee worked toward a draft plan (94-3;
94-7). A draft was distributed (94-9) for comments. The plan evolved into an
enhancement plan with three guiding principles: one describing the compensa-
tion outlined in the Settlement Agreement, one relating to management of
spring chinook in the Methow, and one relating to the evaluation of the
supplementation plan (34-9).

1.7 Sockeye Salmon Enhancement

The Settlement Agreement calls for four phases of hatchery based
compensation. The sockeye salmon pilot project started with 8,000 lbs. of
production of fish at 25 fish per pound. If evaluation of the program showed
success after three years, then the program would increase to 15,000 pounds of
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production (Agreement IV.A.3.(a)(2); IV.A.3.(b)(1)] and IV.C.2).

A draft evaluation plan had been distributed to the WCC in 1993 (93-9).
Comments from the draft were sent to the CCT (94-1: 94-3) and a finalized plan
was made (Appendix C).

Sockeye brood from 1993 initiated the first year of a three year
evaluation of the pilot program. These fish were spawned and eggs incubated
and progeny reared at Cassimer Bar. Necessary permits for the net pens were
received (94-3). Okanogan County sought input from the Canadian fisheries
bodies, since the Lake Osoyoos straddles the International Boundary (94-5).
After input from various sources, there were several conditions placed on the
shoreline permit.

Adults from the 1994 sockeye return were collected for the second year
of the program. A record low return of Okanogan sockeye to Wells preempted
broodstock collection necessary for the 8,000 pounds of production (94-8). A
total of 141 adults for the program were collected (94-10).

1.8 Okanogan Sockeye Salmon Planning

Bob Heinith (CRITFC) had submitted a draft plan for enhancement of
Okanogan sockeye in 1993, Discussions of the role of the WCC and how to work
with the Canadian fisheries agencies and Okanogan sockeye was held on several
occasions. There was concern over the appropriateness of the WCC initiating
discussion over a trans-boundary stock (94-1). The District volunteered to
re-work the plan. WCC asked the Chair to assist in expediting the process
(94-3). The WCC believed that discussions with Canadian fisheries parties
were necessary to resolve the trans-boundary management differences with
Okanogan sockeye (94-8). A sub-committee was selected to move toward this end
(94-9). Comments from the District to the plan created an ad hoc group to help
bring the issue to resolution (94-10),

1.9 Okanogan Sockeye Spawning Ground Surveys

The District was concerned with the opposition of the Canadian fisheries
agencies over the net pen operation on the U.S. side of Lake Osoyoos. The
District felt it could not support sockeye research in Canadian waters until
the Canadian concerns over the pilot program and the Canadian management goal
for the Okanogan basin were better understood (WCC 94-8). Several members of
the WCC expressed disappeintment that the District was taking that position
and said they were lead to believe that the District would be behind this
offort (94-8). The WCC decided to coordinate spawning ground counts in order
to not miss spawning escapement data for 1994. A survey schedule and analysis
of the data was developed by Bob Bugert (WDFW) (94-8).

1.10 Okanogan Sockeye Fry Emergence Study

The WCC discussed the possibility of a study of fry emergence timing of
Okanogan sockeye. Proposals were received and awarded in 1994 to study the
1994 fry emergence (94-1; 94-2; 94-3; 94-5). The thrust of the study would be
timing on the fry migration and possible impact from irrigation operations.
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1.11 1995 Bypass Operational Plan

The District submitted to the WCC a Bypass Operational Plan for 1995, as
per Section II.F.l of the Settlement Agreement (94-10). The plan outlined
scheduled hatchery releases above Wells Dam and anticipated the starting and
completion date of bypass operation (Appendix D).

(2) Results of Studies, Evaluations and Monitoring Efforts

2.1 Okanogan Sockeye Fry Emergence Study

British Columbia Department of Environment contracted with the District
to help understand the timing of nerkid (sockeye and kokanee) fry emergence
from spawning gravels downriver to Lake Osoyoos. Field sampling was from
March 18 to May 16. Early reports indicated that high flows in the Okanogan
caused premature emergence of sockeye fry (94-5). The fry migration was made
up of white fish followed by nerkid fry. The peak of the nerkid fry migration
was on April 18. The report presented recommendations for irrigation periods
and water control flows that could improve survival of nerkid fry (Appendix
E).

2.2 Spring Chinook Spawning Surveys in the Methow River Basin

The YIN has conducted spawning ground surveys in the Methow basin for
spring chinook since 1988. The information on abundance and distribution of
spawners will be important for the evaluation of the Methow Supplementation
facility.

The 1994 escapement showed for the three basins, there were 32, 27, and
64 redds found in the Twisp, Chewuch and Methow rivers respectively (94-9).
This was the lowest return of adult spring chinook seen since these surveys
have been done in 1988, Unusually low numbers of spring chinook were seen
throughout the Columbia Basin in 1994.

2.3 Okanodan Sockeye Spawning Ground Surveys

. Sockeye surveys in 1994 were coordinated among the joint fisheries
parties with data analysis by WDFW (94-9). Escapement at Wells Dam was 1,662
sockeye, the lowest ever recorded. Estimated escapement to the spawning
grounds was 619 (Appendix F).

2.4 Adult Passags Studies

Two reports on ladder passage research conducted at Wells were received
in 1994. NMFS conducted a telemetry study with sockeye salmon in 1992 to
understand passage issues at Wells Dam. The work showed travel time between
Rocky Reach and Wells Dam was about 1.5 days, and that median passage time was
1 day at Wells. Once the fish was committed to the ladder, it took from four
to six hours to ascend and exit the ladder. A fall back rate of 13% was
identified at Wells during periods of spill. Sockeye were delayed about a
month from entering the Okanogan River due to high water temperatures and held
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for approximately a month in Lake Osoyocos before continuing to the spawning
area near Oliver, B.C. (Appendix G).

NMFS conducted a telemetry study in 1993 with spring, summer and fall
chinook to identify passage problems at fish ladders in the mid-Columbia,
including Wells. Fish were radio tagged at John Day, Priest Rapids and Rocky
Reach dams. The results at Wells showed some difficulty of adult chinook
locating the start of the ladder from the collection chamber. The overall
passage time was felt to be within the levels seen at other mainstem projects
(Appendix H).

2.5 Predator Index Study for the mid-Columbia

A report on predatory resident fish from the Washington Department of
Wildlife and USFWS was received in 1994 on research conducted in the five mid-
Columbia reservoirs, including Wells, in 1993. The work showed that Northern
Squawfish were the predominate predator collected and their abundance was
highest in tailrace areas of hydroelectric projects. Cool spring temperatures
in 1993 suppressed predator feeding behavior and lowered the effectiveness of
sampling gear. The predator index values (relative abundance times consump-
tion index) was comparable in mid-Columbia reserveirs to the John Day Reser-
voir. This information will be useful for comparison during respective
predator control efforts proposed by the District (Appendix I).

(3) Outline of Action taken toward fulfillment of the Settlement Adreement

3.1 Methow River Spring Chinook Facility

The Settlement Agreement called for a hatchery based compensation
program for spring chinook supplementation composed of adult collection sites;
a central hatchery facility for incubation, early rearing, and adult holding
and acclimation facilities for final rearing (Agreement IV). Hatchery
personnel reared progeny from 1992 and 93 broodstock in the facility during
1994.

Hatchery personnel operated brood collection facilities on the Twisp and
Chewuch rivers and from the hatchery outfall channel on the Methow River in
1994, They collected 10 adults from the Chewuch (19,000 eggs); 17 adults from
the Methow (36,000 eggs); and S5 adults from the Twisp (16,000 eggs)(94-9).

The Settlement Agreement also calls for evaluation of the hatchery
program. An evaluation plan had been developed and presented to the WCC for
review and comment (94-3; 94-7; 94-9). While a formal evaluation was being
developed, several aspects of the hatchery were being evaluated as well as
collecting baseline information on natural spring chinook populations in the
Methow Basin. Final reports were received during 1994 for work done in 1993
(Appendix J and K).



3.2 Cassimer Bar Sockeye Hatchery

The Settlement Agreement calls for a pilot effort to enhance Okanogan
sockeye for three years at 8,000 pounds of production (IV.A.3.(a)(2)). This
effort would also have an evaluation to gauge the success of the program.
Brood were collected in 1993 and 1994 at Wells Dam as part of the first and
second years of the three year program. Information on culture of sockeye at
the Cassimer Bar facility was collected by the CCT as part of the evaluation
(94-3, 94-9). Environmental conditions of Lake Osoyoos plus some limited
information of growth in the net pens was collected by Dr. J. Rensel (Appendix
L). The CCT also collected information on the outmigration of native sockeye
plus the net pen reared sockeye from Lake Osoyoos.

3.3 Contract professicnal services in implementing the Settlement Agreement.

During 1994, the District contracted with Dr. Richard Whitney to serve
as Studies Coordinator for the Wells Coordinating Committee. Dr. Whitney was
unable to finish the calendar year as Committee chair due to health reasons.
Bob Bugert (WDFW) took notes for the last meeting of the year. The District
also contracted with Dr. John Skalski to provide statistical evaluation of
methods and studies. Dr. Jack Rensel provided direction for the evaluation of
the net pen aspect of the sockeye pilot program on Lake Osoyoos.

3.4 Juvenile and Adult Fish Passage Operations at Wells Dam

During 1994, the juvenile bypass system operated as per conditions
outlined in the Settlement Agreement (II,C,D,F). The bypass operated between
April 12 and June 9 (58 days) for the spring migration and between July 11 and
August 11 (31 days) for the summer migration. Index values through much of
the season reflected a weak migration in progress. The bypass team recommend-
ed bypass operation for 12 hours when most of the fish that comprised the weak
migration could take advantage of the protection offered by the bypass.

The ladders operated during the year at the criteria established by the
fisheries agencies and Tribes (Appendix O; III. 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 addition-
al steelhead compensation of 30,000 pounds at 6 fish per pound after 1991
(IV.3.a), bringing the total obligation to 80,000 pounds. Records from the
Wells Hatchery show that 420,110 steelhead at 4.8 fish per pound or 87,400
pounds of steelhead were liberated in 1994.

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 Project Mortality Study

As pointed out in Section 1.4, the WCC recommended that the Project
Mortality Study not be pursued in 1994 (94-3). The WCC felt that the study
should wait until additional PIT tag detection points were in place in either
the mid-Columbia or in the lower mainstem. The results of this study will
verify the level of compensation. Compensation programs are currently in
place using an assumed project mortality of 14x. The availablity of test fish
is a problem with proceeding with the work.

(%) Chronolodgy of compliance for 1993

Items (3) and (4) above contain chronology of compliance in 1993,
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 M.

(6) A schedule of activities for 1995

6.1 Spring Chinook Facility

Construction on the Methow Hatchery was completed in 1992, Completion
of the adult collection facility on the Methow River was pending a hearing
that was dismissed in July 1994. The construction of the Methow broodstock
adult trap is scheduled for early fall of 1995.



6.2 Operational Activities for 1995

The following schedule of activities is planned for 1995

Dec. (94)

March 1
March 1
March 1

March 25

April 15
April 15
May 15
May 22
July 1
August 1
Sept. 15
October

on going
on going

Develop Annual Bypass System Operation Plan between District,
Agencies and Tribes

Annual Bypass System Operation Plan finalized

Determine Bypass Team members for bypass season

Develop Annual Passage Monitoring Plan between District, Agencies
and Tribes

Bypass barriers in place

Begin monitoring juvenile migration via hydroacoustics

Field work to start on Methow Hatchery Evaluation Studies
Have sockeye net pens in Lake Osoyoos

Anticipated start of the juvenile migration

Liberate sockeye from net pens in Lake Osoyocos

Start collecting spring chinook broodstock in Methow

Start collecting sockeye broodstock for Cassimer Bar

Start spawning ground surveys for spring chinook in Methow
Start spawning ground surveys for sockeye in Okanogan
Production Plan annual review between District, Agencies and
Tribes

Planning sockeye enhancement strategies

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

(7) Meeting Minutes of the Wells Coordinating Committee for 1994

The Wells Project was removed from the mid-Columbia proceedings on
January 29, 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
1994 are attached as Appendix M.
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In accordance with paragraph E of the order approving Settlement Agreement issued
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UNITED STATES OF AMERICA
FEDERAL ENERGY REGULATORY COMMISSION

Before Commissioners: Martin L. Allday, Chairman;
Charles A. Trabandt, Elizabeth Anne Moler,
Jerry J. Langdon and Branko Terzic.

project Ho. 2149-002
Docket Ho. E-9569-002

public Utility pistrict Ho. 1 )
of Douglas County, washington )

ORDER APPROVIRG SETTLEMENT AGREEMFNT
(Issued January 24, 1991)

This is the most recent of a series of settlement agreements
that have emerged from our consolidated 1ﬂonmmnw:a on anadromous
fish issues on the mid-Columbia River in washington State.
pefore us today is a ocaunm:m:mm<m. uncontested, long-term
settlement of such jssues arising out of the operation of Wells
pProject No. 2149, located in Douglas and Okanogan Counties,
Wwashington. We will approve the settlement, with clarifications
and conditions that are consistent with our approval of related
recent settlements.

BACKGROUND

In 1979, the commission consolidated anil set for hearing in
Pocket Ho. E-9560 a set of related petitions seeking wodification
of the operation of five licensed projects on the mid-Columbia
River to protect and enhince saimon and stcelhiead trout. 1/

The petitions were filed by various state and fedrral fishery
agencies and Indian tribes, and sought to protect anadromous fish
migration downstream through project facilities. Wells Project
Mo. 2149 was one of the five projects. The proceeding has
generated a series of interim and long-term settlements. Most
recently, the Commission approved long-term cottlements resolving
the vernita Bar Fhase (Priest Rapids Dam) ot the proceeding, 2/
and issues involving Rock 1sland Project Ho. 943-002 (Chelan
county). 3/ We also have had occasion to approve a settlement

of fishcry issues in Project No. 2149-017, a reltated proceeding

1/ 6 FERC § 61,210 (1979).

2/ 45 FERC § 61,401 (1988) .

3/ 46 FERC § 61,033 (1989) .

DC-A-

Docket Nos. P-2149-002 and
E~9569-002 -2 -

invoiving the raising of the surface elevation of the resexvoir. 4/

on Octocber 30, 1990, the parties in the above-captioned
proceeding filed an offer of settlement with the presiding
administrative law judge. On November 19, 1990, the commission's
trial staff filed comments in support of the settlement. On
pecember 4, 1990, the presiding administrative law judge
certified the settlement and the staff's comments to the
commission for decision.

The parties to the settlement are Public Utility District
No. 1 of Douglas County, washington (the PUD); Puget Sound
pPower & Light Company, pacific Power and Light Company, the
Washington Water Power Company, and Portland General Electric
Company (collectively, the Power Purchasers); and the Washington
Department of Fisheries, the Washington Department of wildlife,
the Oregon Department of Fish and Wildlife, the National Marine
Fisheries Service, the U.S. Fish and Wildlife Service, the
confederated Tribes and Bands of the Yakima Indian Nation, the
Confederated Tribes of the ymatilla Indian Reservation, and the
confederated Tribes of the Colville Reservation (collectively,
the Joint Fishery Parties}.

As summarized by the trial staff in its comments, the
settlement agreement provides mOﬂ.n:m following.

The agreement has 2 term from its execution date to the
expiration of the license (2012) plus any annual licensesSs
puring that time, the agreement is intended to satisfy the PUD's
obligations under Article 41 of the license. The agreement is
not subject to modification prior to March 1, 2004. There are
procedures (discussed, in part, below) for the resolution of
disputes.

The PUD has agreed to provide juvenile and adult fish
passage and a hatchery program. The w:<m=me fish passage system
will be a program of controlled spills using five bypass baffles.
The agreement specifies criteria for the operation, timing, and
performance of the bypass system. The adult passage system will
use the existing fish ladder. Criteria are established for water
depth over the weirs, entrance gate settings, and jet and
trashrack operations.

The PUD's hatchery program is designed to mitigate fish
passage losses at the Wells Project. The physical structures
include adult collection sites, a central hatchery facility and
acclimation facilities. The amount of compensation is to be

—_

4/ 30 FERC § 61,285 (1985) .
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determined by a formula using a five-year running average of
adult runs by species. 1In 1991, the FUD will produce spring
chinook yearlings, sockeye juveniles, and steelhead smolts. The
production will then be evaluated and, based on those results,
the PUD will either increase sockeye production or eliminate
sockeye production and add production of summer chinook
juveniles.

At completion of a project juvenile mortality/survival
study, adjustment will be made to production levels, except for
steelhead, to reflect the differences between the mortality rate
developed in the study and the mortality rate assumed in
developing the original production amounts. Adjustments will
also be made to compensate for any unavoidable and unmitigated
adult losses.

once the five-year rolling average estimate of the juvenile
run size reaches 110 percent of the estimated juvenile production
used to establish the original production, the Joint Fisheries
parties can request a compensation increase in juvenile rxrun size,
except for steelhead.

The settlement also provides for continued studles and
evaluations of the program. Studies will also be conducted on
the potential unutilized habitat and on establishing sockeye in
new habitat. The studies will be conducted under the direction
of the Wells Project Coordinating committee, which will be
composed of one technical «mvnomm:wm.mcm of each signatory to the
agreement.

The Joint Fisheries parties agrce with the pPUD that the
Wwells Project portion of the proceeding in Docket No. E-9569
should be terminated. These parties also agree to support the
PUD when it reguests relicensing of the project. The Joint
Fisheries Parties further are of the view that the PUD's
performance of jts responsibilities under the agreement satisfies
the PUD's fish protection and compensation obligations under the
Federal Power Act and all other applicable laws and requlations.

In their offer of scttlement, the parties jndicate that it
represents the culmination of two years of intensive negotiation,
and that it "is intended to resolve, at least until March 1,

2004, the anadromous fish issues” pending in the proceeding.

The trial staff, in its comments supporting the settlement,
requests that the Commission "make clear that the commission's
authority to require changes in structures and operations, should
the need arise, is preserved" during the period when the
settlement is not subject to modification. The trial staff also
suggests adding certain reporting requirements to enable the

pocket Nos. p-2149-002 and
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commission to monitor compliance with the settlement. The trial
staff does not propose modification of any of the substantive
terms of the settlement, and no party opposes the settlement.

pPISCUSSION

As we noted in approving an earlier settlement in this
proceeding, 5/ the issues have been thoroughly ventilated and
debated, and the settlement agreement is the result of a
concerted effort to resolve these jmportant matters in a way that
js acceptable to all of the participants. wWe commend the
participants for their efforts. We believe the settlement
agreement ijs in the public interest, and we will adopt it. The
agreement balances the continued operation of the project with an
effective, long-term program for protection, mitigation, and
enhancement of the fishery resources affected by the project.

Wwe will clarify the dispute resolution provisions of the
settlement agreement in the same mannexr as we did in our above-
cited 1988 and 1989 orders approving related settlements. 6/
section I.D. of the settlement agreement provides that, if the
Wells Project coordinating committee cannot resolve a dispute
among the signatories and if the amount in controversy is less
than $325,000, then any party may request the commission to refer
the dispute to (1) the presiding judge in the mid-Columbia
proceeding, Docket No. E-9569, (2) the commission's Chief
Administrative Law Judge, or (3) the Division of Project
compliance and administration, office of Hydropower Licensing,
win the order 1isted," for exppdited review. For the reasons
stated in our prior orders, the Commission will in most cases
refer such disputes to the Division of project compliance and
Administration, and will use jts best efforts to resolve such
disputes within the time frames set forth in the agreement. 1In
mvvnounwmnm circumstances, such as when there are material facts
in dispute, we may refer a matter to an administrative law judge.
in either event, the initial staff decision will be subject to de
novo review by the commission. and, as we emphasized in our 1989
order, any resolution by the Coordinating committee, Or 23 third
party, pursuant to section I.D. that contemplates a change in the
license or in the operation of the project thereunder shall
result in the filing of an appropriate application therefor by
the licensee as soon as vnwonmomUHm after the dispute is

resolved.

\

ee 45 FERC at p. 62,259-

g
\m

ee 45 FERC at pp- 62,259-60 and 46 FERC at p. 61,197.
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As we noted in our prior orders with respect to the
settlements approved therein, 1/ approval of the settlement
agreement does not affect the Commission's authority, as reserved
in the license, to require, after notice ard opportunity for
hearing, alterations to project facilities or operations that may
be warranted by changed circumstances. We intend that any such
reserved authority would be exercised only after full
consideration of the penefit sought to be achieved thereby,
balanced against the vOmevawn< that as a conseguence the
settlement could be voided, thereby eliminating the benefits
obtained thereunder. If any party voids the agreement, the
licensee shall, within 30 days, s© inform the commission in
writing.

Finally, we will adopt the reporting provisions proposed by
the trial staff in its comments.

The Commission orders:

(a) The settlement agreement filed in this proceeding on
December 4, 1990, is approved and made a part of the license for
Wells Project No. 2149.

(B) The Wells Project No. 2149 portion of the proceeding in
Docket No. E-9569 is terminated.

(C) The Ccommission's approval of the settlement agreement
shall not constitute approval of, or precedent regarding, any

principle or issue in these or any other proceedings.

(D) (1) Whenever a violation of the settlement agreement
occurs, the licensee shall, within 30 days of the occurrence,
file with the commission, and send a copy to the Regional Office,
a report containing an explanation of the circumstances
surrounding the violation and the licensee's plan to avoid any

repetition thereof.

(2) Whenever 2 dispute arises under Section I.D. of the
settlement agreement that is resolved without referral to the
commission, the licensee shall, within 30 days, file with the
commission, and send a copy to the Regional office, a report
containing an explanation of the dispute and the nature of the
resolution.

-

1/ gee 45 FERC at p. 62,260 and 46 FERC at p. 61,198.
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.Amv The licensee: (a) shall notify the commission and the
commission's Portland Regional Office of all meetings of the
Coordinating Committee; (b} shall file functional design
drawings, including all information required by 18 C.F.R.

§ 380.3, at least 90 days prior to construction of any facilities
under the agreement; (c) shall file for approval all changes in
monitoring, evaluation, study and production plans, not specified
in the agreement; and (d) shall file an annual report. The
annual report shall be filed on April 30 of each year and shall
include:

(1) A description of plans developed during the previous
year for any studies, evaluations, monitoring programs,
Umwmcon_o: programs, system operations, or fish passage
efforts;

(2) The results of all studies, evaluations and monitoring
of the previous year;

(3) An outline of all actions taken towards fulfillment of
the terms of the agreement;

(4) An mxuwmdmnmo: of the reasons for exercising specific
alternatives stipulated in the agreement;

(5) A n:mo:owoa< of compliance for the previous year,
outlining schedule changes, the reasons for the
changes, and documentation that the Joint Agencies were

consulted prior to implementation of the changes:
(6) A schedule of activities for the next year; and,

(7) Summaries or meeting minutes from each of the meetings
of the Coordinating committee for the previous year.

(F) This order js final unless a request for rehearing is
filed within 30 days from the date of its issuance, as provided
in Section 313(a) of the Federal Power Act. The filing of a
request for rehearing does not operate as a stay of the effective
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WELLS HYDROELECTRIC PROJECT
JUVENILE BYPASS SYSTEM OPERATIONS PLAN
for the 1994 Bypass Season

The Wells Long Term Settlement Agreement (II.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 spill 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

Hatchery releases for 1994 above Wells Dam are as follows:

Facility Species No, (thos.) Dates

Winthrop (USFWS) Spr. Chinook 920 4/15
Methow (WDF) Spr. Chinook 77 4/15
Carlton (WDF) Sum. Chinook 400 4/15
Similikameen (WDF) Sum. Chinook 560 4/15
Lake Osoyoos (CCT) Sockeye 200 5/15
Wells (WDW) Sum. steelhead 400 4/20

Starting Dates and Ending Dates

Bypass barriers will be in place between March 27 and August 29.
Hydroacoustic and fyke net sampling will start on March 27 and be collected
until August 29.

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.

{11/15/93)
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Dr. Richard Whitney

Chairman, Wells Project Coordinating Committee
16500 River Road

Leavenworth, Washington 98826

RE: Spring Chinook Broodstock Collection on the Twisp and
Chewuch Rivers in 1994

As I stated on the May 26, 1994, Mid-Columbia Coordinating
Committee conference call the National Marine Fisheries Service
will not oppose Washington Department of Fish and Wildlife’s
(WDFW) plans for broodstock collection on the Twisp and Chewuch
Rivers in 1994. It is our understanding that a maximum of 20
adults will be collected at each of the trapping sites. We are
concerned with the practice of maintaining broodstock collection
regardless of the run strength. Although this may be justifiable
in certain specific instances, we do not believe this to be best
course of action in all cases. In general, we continue to
support an approach such as that outlined in the April 6, 1994,
Wells Committee decision to collect no broodstock on the Twisp
and Chewuch Rivers should the estimated run size for each river
be less then 100 fish. We strongly urge additional discussion on
this subject prior to 1995 broodstock collection activities.

To document the reasoning behind our initial opposition and
facilitate further.discussion, our analysis of the 1994 gituation
in the Methow Basin is presented in the following paragraphs.

With the adult return counts potentially as low as 40 fish to
each of the two Methow River tributaries, taking as many as half
of each population to the hatchery substantially reduces natural
production and encumbers the spawning success of those fish left
in-stream. To spawn successfully, the remaining adults must
locate suitable substrate and a mate somewhere in the nearly 20
river miles upstream of the traps. Males must locate females
prior to ripening, and individual females ripen at differing
times within an approximate 30 day period. Hence, as the
population reaches a critically low level the risk that
individual fish may not locate a mate at the proper time
increases. Reductions of the in-stream population via broodstock
collection, pre-spawning mortality, or spawning displacement
exacerbates this situation.
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This will be the third season that the Twisp River weir and trap
has been used for spring chinook broodstock collection. 1In 1992,
the first year of broodstock collection, the annual spawning
survey (Meekin, 1992) reported that during June, 4 females and 6
males were killed by stranding on the weir. Pre-spawning
mortality occurred in the hatchery that year, consisting of 3
each for males and females or 17% and 25% respectively for fish
collected for broodstock. We have no information on any
additional pre-spawning mortality which may have occurred in the
wild. The 1992 survey also noted that 40 redds were located in
marginal habitat downstream of the Twisp weir, a section with
past sparse spawning, suggesting that the weir was a major
blockage to some migrating adults. Meekin attributed the changes
in the spawning distribution in 1992, both in the overall Methow
Basin and within the Twisp, Methow, and Chewuch Rivers, to
broodstock trapping and low steam flow. Suspending broodstock
collection on the Twisp River in 1994 would have guaranteed that
there would be no strandings or spawning displacement related to
weir/trap use, and no pre-spawning mortalities at the hatchery.

The rationale in support of broodstock collection lies in the egg
to smolt survival advantage which the hatchery has over in-stream
production. However, whether this advantage will enhance or
sustain these reduced stocks in their native habitat remains to
be seen. Absent adult return data, it is unknown whether or not
hatchery production will return more adults per parent than
natural production. Furthermore, the long term effects of the
hatchery program on the natural population’s fitness ig also
unknown. Should fitness decline, potential advantages gained by
hatchery production may be short lived. To resolve questions
such as these, the Wells Settlement Agreement calls for studies
and evaluation of the hatchery program. Unfortunately, a

comprehensive evaluation has yet to be presented to the Wells
Committee.

To reiterate, our pufpose in commenting on the 1994 collection
plans is to generate additional discussion and consideration of
these issues prior ‘to 1995 broodstock collection activities.

If you have any questions regarding this matter please contact me
at (503) 230-5407.

Sincerely,

William A. Hevlin
Fishery Biologist

cc: Wells Project Coordinating Committee Members
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Rod Woodin, Washington Dept. of Fish & Wildlife
Tom Scribner, Yakima Indian Nation

Jerry Marco, Colville Confederated Tribes

Bob Heinith, Columbia River Inter-Tribal Fish Com.
Cary Feldmann, Puget Power

Brian Cates, U.S. Fish & Wildlife Service

Ron Boyce, Oregon Dept. of Fish & Wildlife

Rick Klinge, Douglas Public Utility District
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CASSIMER BAR SOCKEYE HATCHERY

PHASE ONE EVALUATION PLAN

Introduction

The Wells Settlement Agreement requires an evaluation of the
Phase One sockeye compensation (Sec. IV. C.2) prior to initiating
the Phase Two Production Plan. The objective of this initial
evaluation is to determine the success of Phase One compensation
based on a review of smolt production. A determination will be
made by the Wells Coordinating Committee after the third brood
years production has been evaluated.

In order to facilitate the evaluation requirements contained in
the agreement, the following proposal is provided. The plan
identifies two major objectives which will provide the framework
for short-term (3 year) monitoring of the Phase One sockeye
production identified in the hatchery based compensation plan.

Goal

The Evaluation Plan will provide information necessary for
determining the success of Phase One sockeye production based on
smolt production.

Objectives

Objective 1:

Determine if the Cassimer Bar Sockeye Hatchery is capable of
meeting the Phase One production requirements identified in the
Wells Settlement Agreement (Sec. IV.A.3a).

Task 1-1:
Determine survival rates of various life stages of sockeye
at the hatchery and the Lake Osoyoos Net Pens.

Subtask: 1-1-A:
Monitor pre-spawning mortality of adult broodstock.

Subtask 1-1-B:
Determine egg-to-fry and fry-to-smolt survival rates
for sockeye salmon prior to release.

Task 1-2:
Determine if the hatchery can produce accelerated sockeye
smolts.

Subtask 1-2-A:
Monitor growth and feed conversation rates of sockeye
juveniles reared at both hatchery and net pens.

-1-



Subtask 1-2-B:

Document hatchery techniques applied during each life
stage. Records should include, but not be limited to,
broodstock collection dates, time of spawning, thermal
uniTS during incubation, hatching dates, early rearing
temperatures, density at splits, ponding dates and
densities, feeding schedules, net pen loading rates and
lake temperatures.

Task 1-3:
Monitor fish health and develop cultural methods to
alleviate fish health problems.

Subtask 1-3-A:

Conduct routine (monthly) fish health monitoring by
qualified fish health experts to assess the presence of
specific pathogens that are known to occur in sockeye
salmon.

Subtask 1-3-B:

Develop recommendations/protocol on means to segregate
eggs/progeny based on levels of Rs Antigen, which
allows for protection of negative progeny from
potential horizontal transmission of disease from
positive progeny. Progeny of any required segregation
will also be tested by ELISA at the first opportunity
and prior to movement to net pens.

Subtask 1-3~C:

Summarize fish health measures designed to improve
sockeye culture and include as part of the reporting
requirement.

Task 1-4:

Provide monthly and annual reports which summarize task
results and include recommendations for improving salmon
culture techniques necessary for achieving phase one
production.

Objective 2:
Evaluate Phase One Sockeye Smolt Production.

Task 2-1:

Monitor smolt outmigration from Lake Osoyoos during the
phase one period. Subyearling sockeye juveniles that have
been accelerated to smolt size will be released from lake
Osoyoos net pens in late-May during the next three years.
The ability to monitor smolt migration at release will
assess whether hatchery fish migrate as accelerated smolts
or rear an additional year in the lake prior to migration.
In addition, baseline data can be collected on the estimated
yield, timing and duration of the natural smolt migration.

-2-



Subtask 2-1-A:

Select smolt trapping site on the upper Okanogan River
and secure necessary permits. Strategy: Locate a
rotary screw trap in the upper Okanogan River between
Zosel Dam and the Similkameen River confluence. This
should allow for a range of river flows that can be
handled by the trap,while sampling sockeye smolts
released and/or produced in Lake Osoyoos.

Subtask 2-1-B:

Install and operate a smolt trap on the upper Okanogan
River. Strategy: 1Initiate the operation of a rotary
screw trap on the Okanogan River for smolt trapping
purposes on or about April 25 and continue operation
through June 10 or until it has been determined that
the migration has ended.

Subtask 2-1-C:

Mark one-hundred percent of hatchery sockeye juvniles
with a right pelvic fin clip prior to net pen
distrubution. Strategy: A marking schedule will be
developed which includes: a) the amount of time
required to mark the fish b) a quality control window,
c) the estimated size of the fish during the marking
period based on a) and b) and d) an estimated date for
initiating the marking program.

Subtask 2-1-D:

Determine trapping efficiency using a mark/recapture
effort. Strategy: Conduct replicate mark/recapture
efforts throughout the trapping season. Periodic
releases of previously trapped sockeye smolts will be
made upsteram of the trap. For identification
pruposes, these fish will be marked with colored ink
applied from a pan-jet applicator plus a caudal lobe
clip. The upstream release site location will be
determined by the ability or marked smolts to randomly
distribute within the stream and the concern of
predation between the trap/release sites.

Subtask 2-1-E:

Collect hydrologic informatinduring the trapping
period. Strategy: Install thermograph to record water
temperature, obtain daily flow recordings from gauging
station at Oroville and collect turbidity measurements
using a trubidity meter.

Subtask 2-1-F:

Apply trapping data to estimate smolt yield of natural
and hatchery smolts and compare migrational
characteristics with hydrologic parameters.
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Subtask 2-1-G:

Compile results for presentation in a report.

Strategy: At the conclusion of the trapping period, a
draft report will be prepared and submitted to Douglas
County PUD for review by August 15, 1994 and a final
report 30 days after comments have been received on the
draft report.
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WELLS HYDROELECTRIC PROJECT
JUVENILE BYPASS SYSTEM OPERATIONS PLAN
for the 1995 Bypass Season

The Wells Long Term Settlement Agreement (II.F.I) 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 spill 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

Hatchery releases for 1995 above Wells Dam are as follows:

Facility Species No. (thos.) Dates
Wwinthrop (USFWS) Spr. Chinook 800 4/15
Methow (WDFW) Spr. Chinook 625 4/15
Carlton (WDFW) Sum. Chinook 845 4/15
Similikameen (WDFW) Sum. Chinook 600 4/15
Lake Osoyoos (CCT) Sockeye 200 5/15
Wells (WDFW) Sum. Steelhead 550 4/20

Starting Dates and Ending Dates
Bypass barriers will be in place between March 27 and August
28. Hydroacoustic 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.

(Draft 11/18/94)
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ABSTRACT

Fyke nets were fished from Vertical Drop Structure 13, located in
the Okanagan River just north of Oliver, during the spring of
1994. A total of 6199 fish were caught: 5499 sockeye/kokanee
(Oncorhynchus nerka) fry, 692 whitefish (Prosopium williamsoni)
fry, and minor catches of longnose sucker, vellow perch, longnose
dace and tench juveniles. Nerkid fry tended to be found mid-
river, while whitefish fry were captured more often near shore.
The whitefish fry migration ran from mid-March through the end of
April, peaking at the end of March. The nerkid fry migration
began March 1, peaked April 18 and ended by May 21. Once fry had
accumulated sufficient thermal units to begin emergence, the main
environmental trigger for migration appeared to be increases in
discharge, possibly also affected by turbidity and moon phase.
Although nerkid fry migration started at dusk and continued until
dawn, 75% of the fry were caught between 2000 and 2300 hrs PDT.
Nerkid fry lengths ranged from 23-39 mm and averaged 28 mm for
live samples; preserved lengths were 5% smaller, averaging 26.5
mm. Wet weights of preserved nerkid samples averaged 193 mg.
Whitefish samples averaged 16 mm (live samples) and 15 mm and 67
mg (preserved samples). Total nerkid trapping mortality was
around 34% of the catch, but less than 0.1% of the total run,
which was conservatively estimated at 2.9 million fry. Length-
frequency data were of no use in separating kokanee from sockeye
fry, but differences 1in pigmentation were observed that might be
of value in discriminatiing between races (further studies would
be required to determine this).

It was concluded that there is potential for nerkid fry to be
entrained in irrigation diversions located along the Okanagan
River above Osoyoos Lake. Recommendations regarding ways to
minimize such entrainment, as well as improvements to sampling
gear and further studies were suggested.
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INTRODUCTION

The sockeye/kokanee (Oncorhynchus nerka) complex that utilizes
Osoyoos Lake and the reaches of the Okanagan River below Vaseux
Lake (Fig 1) intrigues many organizations on both sides of the
U.S.-Canada Border. The Okanagan sockeye run is one of just two
viable populations of this species left in the entire Columbia
River system, and are challenged during migration to and from the
sea by a chain of dams and reservoirs. This stock is also of
particular interest, in that it spawns and rears under unusually
warm water conditions for the species. Given the stock’s unique
nature and the desire to mitigate for downstream impacts, there
is considerable interest in enhancing the Okanagan sockeye run.

The Okanagan Fisheries Section of BC Environment is tasked with
managing the freshwater fish, fish habitat and sport fisheries of
the Canadian portions of the Okanagan Valley (Region 8). The
kokanee is popular with Canadian anglers in Osoyoos Lake, and the
potential for in-lake competition between the juveniles of the
two races is perceived to be high by this Ministry.

Certainly the spawning distribution and timing of kokanee appear
to overlap considerably with sockeye in the Okanagan River above

Oliver, although data are scanty (Mullen, 1986). Data on fry
migration are similarly sparse for both races of nerkids present
in this system (Pratt et al, 1991). If the migration timings are

similar for the two races, then it follows that they will face
the same hazards during their downstream migration.

For example, it has been often suggested that nerkid fry may be
entrained into the many irrigation diversions located along the
river. In order to scope the severity of the problem, it was
seen as essential to determine fry migration patterns. The
degree of overlap of fry migration with the irrigation season
could then be ascertained, and the need prioritized for further
studies, such as survey of irrigation intakes for compliance with
Federal fish screening requirements (DFO, 1990 MS)

In order to fill this data gap, the Public Utility District No. 1
of Douglas County issued a Request for Proposals regarding the
migration of sockeye fry into Osoyoos Lake. As BC Environment
also had a vested interest in seeing the study done on behalf of
kokanee, the Ministry offered to undertake the study (Appx 1).

Although the focus of the study was on describing the timing of
the downstream migration of nerkid fry, some information on the
cross-sectional distribution of fry was collected, and a rough
estimate of the magnitude of the fry migrant population was
attempted. In addition, basic biological data were collected and
used in attempts to separate the two races of nerkids. Monitoring
also included various physical factors that could have affected
migration patterns.
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METHODS

Trapping. The general sampling strategy was to use a fyke net to
fish the uppermost portion of the water column passing through
each of the three westernmost bays of the first Vertical Drop
Structure (VDS 13) downstream of the "natural" section of the
Okanagan River (Fig 2). This site was selected because it is the
closest to the spawning grounds, and should have minimal losses
of emergent fry due to predation or diversion into intakes.

A fyke net and frame prototype was constructed and tested in
early March of 1994. The frame materials were found to be too
lightweight for the flow conditions, and the frame was redesigned
and successfully tested in the following week {(March 11). While
two more frames were being fabricated, the single fyke net was
fished on alternate nights in the second bay on the west side of
VDS 13 (designated as Net #2).

On March 18, all three frames and nets were deployed, and
sampling settled into a dawn-to-dusk, Mon-Wed-Fri routine
thereafter (see the series of photos provided as Fig 3, and the
materials specification sheets in Appx 2). Nets normally were
fished on the hour for a maximum of 30 minutes. When catches
became too high (ie, more than 50 fry/net), sampling times were
decreased, aiming for a target sample size of 10-50 fry/net. At
times, the sampling interval was as short as two minutes.

Because the frames had to be more substantial than originally
thought, they could not be shifted by one person and were left
fixed in the three westernmost bays of VDS 13 (the bay near the
centre of the river was designated Net #1, and the bay nearest
the western shore was designated Net #3). After the completion
of each night’‘s sampling, the frames were lifted clear of the
water using a pulley arrangement in order to avoid damage from
logs or other debris.

There were some interruptions to the routine sampling schedule
due to various minor problems. These gaps were filled by
interpolation, using the observed relationships between nets and
sampling intervals ("calibration" tables are provided in Appx 3).

By May 9, catches at VDS 13 had dropped to low levels, and the
traps were relocated approximately 15 km downstream to VDS 2,
which was the first drop structure above Osoyoos Lake that was
not backwatered. The purpose behind this relocation was to check
that nerkid fry were not "hanging up" along the river channel
during their migration, and thus extending the migration period
in the lower reaches of the river. Catches remained low at VDS 2
for the period ending May 16, and trapping was terminated after
that date.



FIGURE 2. Views or VDS 13 looking downstream and upstream. Note the three net
‘rames (lifted into the stored position) on the right side of the upper photo:, one
‘vke net has been set in nshing position in the lower pnoto
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FIGURE 3. Closer views of the net frames in the lifted and stored position. Note the
oressure plate. lifting eve and tlock arrangement in the lower photo.
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Biological Sampling. All fish caught were identified as to
species. All fry were anaesthetized and nose-forklengths were
measured to the nearest mm live in the field. At the same time,
the fry were categorized as to stage of development (Appx 4) and
checked for obvious anomalies or variations in morphology or
pigmentation. Save for subsamples (see below) and handling
mortalities, all fry were allowed to recover fully in a screened
bucket and the majority were released during darkness to continue
their migration downstream.

A nightly subsample of at least 10 fry representing the observed
range of sizes was preserved in 10% formalin; whenever possible,
dead fry were chosen for the subsample, and preserved samples
were augmented with any additional mortalities experienced during
the trapping period. These samples were held in preservative for
at least 30 days, in order to ensure that preservative-induced
changes in length and weight had stabilized before processing the
samples (Anderson and Gutreuter, 1989). Samples were measured to
the nearest mm, blotted dry and weighed on an electronic scale to
the nearest 10 mg, categorized as to stage of development (Appx
4) and checked for anomalies and differences in morphology or
pigmentation.

Using the individual length and weight data from the preserved
fry samples, development index (Bams, 1970) and Fulton’s
condition factor (Anderson and Gutreuter, 1989) were calculated.

A second subsample of at least 10 live fry/night were frozen and
are being held at the BCE Penticton office as archival samples.
These samples could be made available to interested researchers
wishing to pursue more sophisticated analyses (eg morphometric
truss, otolith microchemistry, or genetic analyses).

Physical Monitoring. Water temperature was measured with pocket
and maximum-minimum thermometers at the start of each evening’s
trapping (initial checks indicated that there was little
fluctuation overnight in water temperatures). Air temperatures
were measured with the same thermometers at both the start and
end of each night’s trapping.

Additional daily water temperature data for the 1993-94 spawning
and incubation period were provided by the PUD, who had installed
and maintained a Ryan TempMentor Model RTM thermograph at the
McIntyre Dam upstream of the natural reach. These data were used
to generate Accumulated Thermal Unit (ATU) estimates for various
timing segments of the 1993 spawning run (taken from Hagen and
Grette, 1994).

water level was measured at the VDS during the start of each
night’s trapping; in addition, the Water Survey of Canada’s
gauging station near Oliver (Station No. 08NM085) was queried as
to instantaneous water level by phone, and converted to discharge
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using an established stage-discharge conversion table provided by
the BCE Water Management Engineering Section (it should be noted
that these discharge figures differed from those collected by the
Engineering Section in the morning of the same day; the
difference was routinely 5-10%, but went as high as 22% during
early May) .

Weather observations were noted in a daily log, especially those
aspects such as cloud cover, reflected light, and moon phase that
could have had an effect on downstream migration. Any other
conditions that could have affected trapping efficiency, such as
debris and turbidity, were also noted in the log.

RESULTS
SPECIES OF FISH CAUGHT

The following species of fish were caught during the Mar 4 - May
16 trapping period:

Common Name Scientific Name Total Caught
Sockeye/Kokanee Oncorhynchus nerka 5499
Salmon*
Whitefish Prosopium williamsoni (?) 692
Longnose Sucker(?) Catastomus catastomus 3
Yellow Perch Perca flavescens 3
Longnose Dace Rhynichthys cataractae 1
Tench Tinca 1
TOTAL 6199

*the complex is referred to as "nerkids" 1in this report

With the exception of the dace, all of the fish caught were fry
or juveniles (see the section on biological sampling for further
details).

The whitefish fry were sent for species :ccontification to Dr.
J.D. McPhail of the UBC Department of Zoci) ogy, and he confirmed
them to be whitefish, most probably mountain whitefish (Prosopium
williamsoni) .




MIGRATION TIMINGS

Nerkids. Nerkid fry were caught during testing of the prototype
trap on March 4, and continued to be caught in variable numbers
on all trapping nights up to the termination of trapping on May
17 (catch data are tabulated in Appx 5). Because hourly trapping
times varied from 2-30 min in order to keep catches down to less
than 50 fry/net, catches were expanded to a fry/hr estimate for
each net. The fry/hr estimates were then summed for the three
nets and over all hours fished each trapping night (the resulting
estimates are termed "actual catches® in Figure 4A).

For those nights where there were no data gaps, the expanded
catch data were summed and used to calculate calibration factors
(Appx 3) that would allow holes in the data to filled (these
estimates are termed "adjusted catches" in Fig 4A). Because the
data gaps were relatively minor, the adjusted-catch migration
pattern was not significantly different from the actual-catch
pattern.

Further expansion of the estimates incorporated the proportion of
the wetted cross-section that was fished, and interpolation for
non-fishing days (Appx 6). These estimates were used to generate
the following fry migration milestone dates:

% of Fry
Passed Milestone Date
Start Mar 01 (Estimated)
10% Apr 04-05
25% Apr 13-14
50% Apr 17-18
Peak Apr 18
75% Apr 19-20
90% Apr 23
End May 21 (Estimated)

Once catches dropped to low levels on May 9, the traps were
relocated downstream to VDS 2. Subsequent trapping on May 11, 13
and 16 at VDS 2 produced even lower catches, suggesting that most
migrants had moved out of the system.

Other Species. Whitefish fry were captured from March 14 through
april 30, and peaked March 28 (Fig 4A and Appx 5).

Captures of other species were confined to individual fish:
yvellow perch were caught on April 4, april 30 and May 13;
longnose suckers on April 30, May 2 and May 16; longnose dace on
May 6; and tench on April 30.
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PHYSICAL MONITORING

The various physical observations made during trapping have been
consolidated in Table 1. Considering that the pocket thermometer
readings were spot temperatures taken in the early evening about
8 km downstream from the location of the thermograph, readings
were similar (Fig 4B). The spring of 1994 was unusually warm,
and thus water temperatures may not have been indicative of a
‘normal" year.

Using the McIntyre Dam thermograph data, ATUs were estimated for
five spawner die-off dates and cumulated through to June 6, 1994
(Appendix 7).

BIOLOGICAL SAMPLING

Nerkids. For the 3726 live nerkid samples, lengths averaged 28
mm (this was also the modal length - see Appendix 8) and ranged
from 23 mm to 39 mm. For the 551 preserved nerkid samples, mean
length was 26.5 mm (std dev of 1.73 and std error of 0.07), or
95% of the live-length value. Approximately 8% shrinkage in 10%
freshwater formalin was expected (Anderson and Gutreuter, 1989),
but some of this shift probably was masked by the measurement
accuracy, which was only to the nearest millimetre.

Fry size and development statistics for formalin-preserved
samples are summarized in Table 2. Although Fulton’'s K was
calculated and presented in Table 2, its use as an index of
condition is not valid for fry that have not initiated feeding
(ie, fry that are at or beyond Stage 5). Instead, Bams’ Kd,
which is interpreted as an index of development (Bams, 1970), was
used in further analyses. It might be noted that the patterns of
daily variation for these two indices turn out to be identical.
This is because the formulae are very similar, and really differ
only in scaling; K values for salmonids normally rotate about
1.00, while Kd values range around 2.00.

Looking at daily variations in these statistics for nerkids (Figs
SA-D), there were significant shifts in weight but not in length
(Fig 5A) during migration. Weights were significantly higher
during the first two weeks of migration, then dropped in the next
two weeks to levels that were significantly lower than were seen
during the remainder of the migration period (Fig 5B).

Similarly, nerkid development factors started high, dropped
sharply and then rose and fell around intermediate levels for the
rest of the migration period (Fig 5C). With regard to stage of
development (Fig SD), Stage 1 fry were seen only during the first
three weeks of monitoring; the proportion of Stage 2-3 fry peaked
in late March and early April, then were steadily replaced by
Stages 4-5 over the rest of the study.
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FIGURE 5. Okanagan River Nerkid Fry Data
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FIG 5 (Cont'd)
C. Development Factor
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Much of the above-noted variation in nerkid size can be explained
by an observed relationship between development and size. Both
length and weight varied significantly with stage of development
(Fig 6); length increased steadily as development advanced, but
Stage 1 fry were heavier than all but Stage 5 fry, probably due
to the large amount of unconsumed yolk present in Stage 1 fry.

There were differences noted in the pigmentation patterns of the
nerkid fry. Approximately 20-40% of the fry samples had a
crimson red coloration present on their fins and opercula. This
coloration varied in intensity and location, but was often most
apparent on the tails (including the caudal peduncle) followed
next by the pectoral fins. The coloring was not uniform, and was
present in the form of streaks along the fin rays, as well as
splotches in the fin membranes. The body generally remained free
of coloration. There was no noticeable variation in frequency of
occurrence of these colored morphs during the migration period.

While it was not possible to sort the formalin-preserved samples
on the basis of differences in pigmentation (the pigment faded
rapidly upon preservation), some of the frozen archival samples
have been separated on this basis. This may prove useful in
conjunction with any further stock-separation techniques that
might be attempted using these samples.

Other Species. The whitefish fry were considerably smaller than
nerkid fry (Table 2 and Appx 8). Live lengths from 123 fry
ranged 13-21 mm, and averaged 16 mm; the modal length was 15 mm.
For the 70 preserved fry, lengths similarly averaged 14.8 mm (std
dev of 1.24 and std error of 0.15). The whitefish fry were
proportionally much heavier for their length - so much so, the
use of both K and Kd is questionable. It should also be noted
that only Stage 1-3 fry were captured; given their much smaller
size, it may have been that fry nearing the buttoned stage became
slim enough to slip through the mesh of the nets.

The eight specimens of the four other species that were caught
were not measured, but all were estimated to be less than 125 mm
and were primarily juveniles.



FIGURE 6. Okanagan River Nerkids
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MORTALITIES

A precise tally of nerkid mortalities was not kept, but can be
approximated by examining the number of fry that were preserved.
There were 28 trapping nights, and the nightly sample target was
set at a minimum of 10 fry for each of the two preservation
methods. Any additional mortalities were added to both the
frozen and formalin-preserved samples. The estimates of sampling
and trapping mortalities were:

A. Total Number of Nerkids Frozen 1,000 (approx)
B. Total Number of Nerkids in Formalin 878

C. Deliberate Sampling Mortality Target 560

D. Accidental Trapping Mortality (B + C - D) 1,318

E. (C + D) / Total Nerkid Catch (5,499) 34%

The total nerkid mortality of 34% of the catch can be broken out
further into 10% deliberate sampling mortality and 24% accidental
trapping mortality. In terms of the total estimated run (see the
Fry Population Estimate section of this report), the total
mortality probably comprised less than 0.1%.
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DISCUSSION AND CONCLUSIONS
FRY CROSS-SECTICNAL DISTRIBUTIONS
Judging from actual catches, the distribution of nerkid fry was

definitely skewed toward mid-river, while whitefish fry hugged
the shore:

(Mid-River) (Near Shore)

Species Net 1 Net 2 Net 3
Nerkids Caught 2740 1739 1020
(As %) {50%) (32%) (18%)

Boom In 2393 1528 868

(As %) (50%) (32%) (18%)

Boom Out 347 211 152

(As %) (49%) (30%) (21%)

Whitefish Caught 69 200 423
(As %) (10%) (29%) (61%)

Doing the same breakout with the expanded net catches (Appx 3)
gave similar but slightly more extreme results for nerkid fry:

Net 1 - 56% Net 2 - 27% Net 3 - 17%

On April 27, a debris collection boom was removed just upstream
of VDS 13. As the presence of this boom appeared to shunt
surface water towards the shore where Net 3 was located, nerkid
fry distributions were checked both before and after boom
removal. The presence of the boom did not appear to markedly
affect nerkid fry distribution, as the net catches varied only by
1-3% between the two periods.

The majority (seven of eight specimens) of the other species
caught incidentally were taken in the net nearest to shore.

HOURLY VARIATIONS IN FRY MIGRATION

Each night, nerkid fry migration began at dusk and continued past
dawn. The period of heaviest migration was 2000-2300 hrs (PDT),
during which almost three-quarters of the fry were caught (Fig
7). Hourly patterns were very similar between the three nets
(Appx 3).
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FACTORS AFFECTING MIGRATION TIMINGS

Comparing selected observations to the fry migration data (Figs
4A,B), significant numbers of nerkid fry began to migrate once
water temperatures had increased to 8 C, water turbidity had
become noticeable, and during the onset of the new moon period.
Migration peaks coincided closely with increases in discharge,
which were also associated with increases in turbidity. During
the testing of the prototype trap on March 4, it was noted that
the majority of nerkid fry were premature emergents; this also
coincided with an increase in discharge. Thus discharge is
suggested to be a primary environmental "trigger" for the
migration of nerkid fry.

Another important factor in determining fry migration timing has
been shown in many past studies to be the thermal regime
experienced by the embryo. Emergence occurs when maximum alevin
wet weight (MAWW) is reached (Heming, 1982); MAWW can be
predicted from mean incubation temperatures using the Belehradec
Model (Alderdice and Velsen, 1978; sockeye parameter values
provided by Jensen, pers comm). Using this calculation sequence
for the Okanagan River data produced the following predictions:

Spawning Date Mean C* Days of Incubation Emergence Date

Oct 10 5.1 C 184 days 860 ATU*~* Apr 14

Oct 25 4.5 C 197 days 954 ATU May 09

*Monthly mean surface water temperatures were corrected to
reflect subgravel conditions per Shepherd et al (1986).
**ATUs calculated using surface water temperatures (Fig 8).

Judging from the spawner carcass recovery data provided by Hagen
and Grette (1994), spawning probably peaked on Oct 10 or shortly
thereafter; the actual peak emergence date of Apr 18 was only
four days later than would be predicted for an Oct 10 spawn. AS
a rough rule of thumb, emergence of Okanagan River nerkid fry
should start on a significant scale at around 700 ATU (using
surface water temperature data) and peak around 850-950 ATU (Fig
8).

FRY POPULATION ESTIMATE

Although this was not requested as part of the study, a rough
estimate of the total nerkid migrant fry population was attempted
in order to provide some sense of the magnitude of the run, to
assess the impact of mortalities associated with the sampling,
and to assist in designing future quantitative programs.
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Nets were fished consistently such that they just broke the
surface of the water, and thus fished the upper foot (0.3 m) of
the water column only. When adjusted catches were further
expanded on the basis of the proportion of the wetted cross-
section of the river that was fished (Appx 6), the resultant
population estimate was approximately 2.9 million nerkid fry.

One of the key assumptions inherent in these calculations is that
fry are distributed evenly throughout the cross-section. Judging
from other studies, such an assumption is unlikely to be true.
McDonald (1960) checked the vertical distribution of migrating
pink salmon fry in various water depth conditions, and found the
following catch proportions in the uppermost foot of the water
column:

(Water Depth) 2_Ft 3 _Ft 4 Ft 5 Ft

If Evenly Distributed 50% 33% 25% 20%

Observed Distribution 83% 32% 2% 6%

West (pers comm) found that 57% of the sockeye fry exited the
Babine Spawning Channel in the uppermost foot of a 2 ft deep
channel, although upstream sills could have encouraged
homogeneous mixing.

In the case of the Okanagan River study location, water depths
were 4-5 ft (1.3-1.8 m) throughout the study. If nerkid fry
behave similarly to pink fry, the Okanagan River fry population
could be 5-10 times higher than the earlier estimate. Using
available 1993 spawner data, a potential fry production figure of
just over 4.5 million sockeye was calculated (Table 3). If
kokanee were added to the estimate, it would be considerably
higher. This reinforces the notion that a migrant fry population
estimate of 2.9 million nerkids should be viewed as conservative.

SEPARATION OF RACES

Using the live-sample data, length-frequency analyses were done
in an attempt to separate the two races of nerkids. Such a
separation technique appeared possible from work done on Shuswap
River sockeye and kokanee fry by Wood and Foote (1990). While
there was no bimodal pattern to the Okanagan River length-
frequency data (Fig 9), breakouts by run timing segments
indicated that early migrants were smaller than later migrants
(Fig 9B). As detailed in the Biological Sampling section of the
results, it appears that this is related to developmental stage,
rather than race.
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FIGURE 9. Length-Frequencies Vs Migration Timing

A. Various Run Timing Components:

TIMING COMPONENT
2k 0-10% (n = 933)
=+ 11-25% (n
@ 26-50% (n
& 51-75% (n

S
o
|

1862)

991)

194)
198)
¥ > 91% (n = 930)

0
o
1

)

>€ 76-90% (n

N
o
|

Percent of Nerkids Caught in Period
o
|

0 — T T V T T H"‘
£ £ £ £ £
S £ £ £ £
S < © =+] =
~N ™ [ap] (ap] <t
B. Combined Timing Components:
TIMING COMPONENT

e

240 —- *EARLY" (0-25%)

o]

a — *“MAIN* (26-100%)

=

£330 -

=

3]

(&)

3

= 20 —

s b]

=2

S

S 10 T

e

o]

a

0 T | l’ 1 H T 1 ¥ 1 T T 1 i T 1 1 T 1 1

£ £ £ £ £ £ £ £ £ £ £
£ S £ £ £ £ S £ £ £ £
(o] N <t (o] =] [ N -« (=] [+e] [
[4V] N N N N ™ (a0 ] [ap] o (a5 ] o

Nose-Forklengths From Live Samples



27

As was also noted in the Results section, it may be possible to
separate the two races on the basis of different pigmentation
patterns. However, this would require confirmation using more
sophisticated analyses such as electrophoretics or otolith
microchemistry. Archival samples stored at the BCE Penticton
office will be made available for any such analyses (specimens
with differing pigmentation patterns have been separated).

COMPARISONS WITH PREVIOUS STUDIES

Fry Size. Okanagan River nerkid fry were considerably larger
than kokanee fry taken from Okanagan Lake tributaries (Table 4).
The average preserved length of 27 mm and weight of 0.2 g falls
within the normal size range for sockeye fry of 25-31 mm and 0.1-
0.2 g, as determined in a recent literature review by Burgner
(1987). as mentioned earlier, Wood and Foote (1990) found
Shuswap River sockeye to be larger than kokanee fry, with modal
length differences of 1 mm and weight differences of 40-60 mg;
however, both races in the Shuswap study were considerably
smaller (22.5-23.5 mm and 120-180 mg modal sizes) than seen in
the Okanagan River (26.5 mm and 193 mg). Stock-specific size
differences thus could outweigh race-specific differences, and
cautions against using the larger size of the Okanagan River fry
to conclude that they are sockeye.

Migration Timing. The estimate of ATUs to emergence for Okanagan
River nerkids was very similar to those found in other studies of
both kokanee and sockeye stocks (Table 5). Despite this strong
similarity in ATU estimates, the migration timing for Okanagan
River fry was on average 2-4 wks earlier than observed for
Okanagan Lake kokanee runs (Table 4). This is most likely the
result of a warmer incubation water temperature regime for the
Okanagan River, at least in 1994. As noted earlier in this
report, the spring of 1994 was unusually warm and may have
advanced the migration timing compared to a “normal" year.

Media coverage of the project (see Appx 9) resulted in the
uncovering of some additional information regarding the
frymigration studies reputed to have been done in the 1950s.

Mr W.B. (Bill) Kreller, a resident of Oliver (tel 498-2513; 38002
-73rd St, Oliver, VOH 1T0) since 1946, confirmed that he helped
the Canadian Department of Fisheries to sample fry in the area
downstream of the Hwy 97 bridge. Three fyke nets were deployed
at mid-river sites from the Hwy 97 Bridge to 0.5 mi downstream.
The nets were set nightly from mid-April through mid-May (the
trapping terminated with the start of freshet) over a four-year
period in the latter part of the 1950s. Mr Kreller sent all data
to DFO in Vancouver, and thought that DFO had forwarded the
information to a U.S. agency. His recollection of the trapping
results was somewhat fuzzy, but he thought that catches usually
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peaked in the first week of May. It would be extremely useful to
track down these lost data, as they were collected prior to the
improved flood control system coming into full operation.

FRY ENTRAINMENT AT INRIVER IRRIGATION INTAKES

Traditionally, a standard start date of April 1 has been written
into Water Licences for irrigation withdrawals from the Okanagan
River in the Oliver-Osoyoos area. Given that the period of
significant nerkid fry migration would encompass the entire month
of April, the potential is high for entrainment of nerkid fry
(the potential would be low for whitefish fry, as their migration
is largely complete by early April). Certainly nerkid fry have
been captured in an oxbow located just above Osoyoos Lake
(Shepherd, MSS 1991, 1992a, 1992b; 1994 unpub data).

However, nerkid fry entrainment may not be as high as these
results would indicate, for two reasons. First, most irrigators
do not actually start their pumps until early May; at this time,
the majority of the nerkid fry should have already migrated (keep
1n mind that the 1994 migration may have been advanced, due to
warm water temperatures). Second, nerkid fry tend to migrate
mid-river, rather than along the margins.

The potential for kokanee fry entrainment into irrigation intakes
is unlikely to be eliminated even if all intakes were in full
compliance with the screening specifications established by DFO
(Appx 10). It was found during kokanee trapping projects on
Okanagan Lake tributaries that screening with the 2.54 mm (0.10")
mesh openings specified by DFO were approximately four times
larger than that required to prevent passage of fry.

It is recognized that the much finer screening required to
physically separate kokanee fry from the water would be
logistically very difficult to maintain. Instead, more attention
has to be paid to designing intakes that work with fish behaviour
to encourage avoidance. Possible design features worth
investigating might include structures that enhance bypass
velocities, or horizontal screens flush with the river bottom.

The majority of the Water Licensees are probably unaware of the
need for fish screens, as their licences were issued long before
the first Fish Screening Directive was ever written. There is a
strong need to educate the licensees as to this need, and to
check compliance rates. In 1993, fisheries agencies in the
northwestern U.S. inspected irrigation intakes in the Columbia
system, and found that only 29% complied with state screening
regulations (Anonymous, 1994). Given the lower awareness of
Canadian licensees and a lack of any prior compliance checks, it
is suspected that the level of compliance in BC would be even
poorer.



wn

31
RECOMMENDATIONS

McIntyre Dam water temperatures should be monitored for at
least one more vear for September through May, in order to
better define the normal thermal regime for the nerkid
spawning-incubation period.

Egg-to-fry survival rates for the Okanagan River nerkid
complex would be relatively easy to determine. The VDS are
excellent sampling platforms for this type of study, and are
spaced at intervals throughout the lower reaches of the
river. Sampling at the various VDS locations would offer
the capability to determine fry losses during the riverine
portion of their migration.

The pressure plates on the lower beam of the net frame
should be modified so that they can be removed at higher
flows (it may be possible to operate without the pressure
plates at all flows).

In order to gain sufficient accuracy to estimate the in-
river fry population and losses between reaches, the number
of traps would have to be increased at each site. A frame
would have to be mounted in each bay of the VDS, and either
the frames would have to be strengthened to allow more than
one net to be fished within each frame (needed to determine
fry distribution with depth) or the mouth openings of the
nets would have to be reduced.

Tn order to conduct cross-section and depth checks, as well
as provide greater crew safety, each VDS trapping operation
should have at least two crew members.

In order to obtain egg deposition estimates to incorporate
into egg-to-fry survival rates, more attention would also
have to be paid to enumeration and sampling of both sockeye
and kokanee spawners in the previous fall. Sampling of both

races should include determination of sex ratio, fecundity,
egg retention and pre-spawning mortality.

Further testing of the 1994 fry samples would be helpful in
determining the proportions of the two races present, as
well as examining the utility of the different pigmentation
patterns in separation of the two races in the field. Types
of tests that could be helpful would include morphometric
truss and genetic analyses, and otolith microchemistry.

An attempt should be made to find the migration data that
was collected during the 1950s; this would require the
assistance of the Canadian federal Department of Fisheries
and Oceans in a search of their archive records.
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8. BCE Water 2llocation staff should be requested to revise the
standard irrigation start-up date from April 1 to May 1 for
Water Licences on the Okanagan River between McIntyre Dam
and Osoyoos Lake.

¥eS

BCE Water Engineering staff should be made aware that nerkid
fry can be prematurely flushed from the spawning gravels
with rapid increases in discharge; they should be encouraged
to avoid such releases during the earlier phases of
incubation, and to slowly ramp increases during the later
phases; this might allow the more mobile alevins to burrow
back into the gravel if exposed.

10. All Water Licensees should be sent an information package
advising them of their responsibility to install fish
screens if they are withdrawing water from fish-bearing
systems. Subsequent to this mail-out, compliance checks
should be undertaken in the most critical areas (the
Okanagan River being one of these), licensees notified if
found non-compliant, and enforcement action taken 1if a
follow-up check finds the intake still non-compliant.
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STATE OF WASHINGTON
DEPARTMENT OF FISHERIES

Post Office Box 43135 * Olympia, Washington 98504-3135 * (206) 902-2200 * SCAN 902-2200 » TDD 902-2207

17 November 1994
MEMORANDUM

TO: Wells Coordinating Committee

FROM: Bob Bugert w

SUBJECT: Okanogan sockeye spawning ground surveys

Here's the results of the surveys for sockeye salmon on the Okanogan River in 1994.

As per schedule, surveys were made seven times over a five-week period, beginning 12
October and ending 8 November.

Conditions for the surveys were variable, yet in general fairly good. | looked at these
data three ways:

1) | used the maximum spawner count derived from the individual surveys (sum of the 20
October count and the supplemental 27 October count). This value is about 15% of
the 1994 Wells Dam count (242 escaped/1,665 at Waells).



Wells Coordinating Committee
17 November 1994
Page 2

2) | used the areal spawner curve method developed by Ames (1984) and others to
estimate the spawning population at 619 sockeye saimon. This estimate of abundance
is 37% of the Wells Dam count (619/1,665). Calculation of this estimate required three
assumptions: a) the salmon were on the spawning grounds at least one week prior to
the first count, b) the "survey life" of the salmon was about ten days, and lastly, c) we
was 90% of the actual number of saimon on the spawning graveis on a given survey.
The 1994 Wells Dam count was less than 5% of the ten-year average--our survey
detection rate should have been high.

3) The "Factor 5" method was used in the initial upper Columbia saimon surveys, which
Allen and Meekin (1973) applied to Okanogan sockeye. This method uses similar
assumptions to that of Ames (1980). The estimate of spawner abundance derived
from this method is 779 sockeye, which converts to 47% of the Wells Dam count.

All three conversion values are lower than the 1992 conversion rate of 54% (41,950
counted at Wells Dam, of which 22,587 escaped to the spawning grounds) and the 1993 rate
of 77% (27,843 at Wells, and 21,505 escaped). These escapement estimates were derived
through muitiple mark/recapture surveys. The conversion rates from the areal curve estimate
(37%) and "Factor 5" estimate (47%) are roughly comparable to an average of 45.2% from the
1969-1974 period, reported by Allen and Meekin (1980). These two methods to estimate
abundance are burdened with some rather subjective assumptions, yet | feel the first estimate
is too conservative, and suggest we use the second estimate (619 sockeye spawners).

Two conclusions are apparent: 1) the single index count for live fish (taken on 20
October) is taken at an appropriate date, and 2) multiple live counts have the potential to yield
markedly different estimates of spawner escapement than muitiple mark/recapture. When |
contacted those biologists familiar with muitiple live counts of sockeye, several individuals
indicated a concern over the validity of multiple mark/recapture surveys: This debate is out of
my area of expertise, yet | feel it may be prudent to revisit these techniques when the sockeye
evaluation plan is carried out.

c: Fuller
LaVoy
Shepherd, BCME
Carson, CDFO
References:

Allen, R.L., and T.K. Meekin. 1873. Columbia River sockeye salmon study, 1971-1974. Progress
Report Number 120, Washington Department of Fisheries, Olympia.

Allen, R.L., and T.K. Meekin. 1980. Columbla River sockeye saimon study, 1971-1974. Progress
Report Number 120, Washington Department of Fisheries, Olympia.

Ames, J. 1984. Puget Sound chum saimon escapement estimates using multiple surveys. in Symons
and Waldichuk (editors). Proceedings of the workshop on stream indexing for salmon
escapement estimation. Canadian Technical Report, Fish and Aquatic Sciences, Number 13286.
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EXECUTIVE SUMMARY

In 1992, the National Marine Fisheries Service conducted a
radio-telemetry study to determine migration rates and timing of
adult sockeye salmon (Oncorhynchus nerka) between Rocky Reach Dam
and Wells Dam in the mid-Columbia River and to the spawning
grounds in British Columbia, Canada. Particular emphasis was
placed on identifying fish passage problems and determining the
extent of delay for fish at Wells Dam and at the mouth of the
Okanogan River.

Ninety-six fish were collected and radio tagged at Rocky
Reach Dam. Travel time between Rocky Reach Dam and Wells Dam was
about 1.5 days. The overall median passage time at Wells Dam was
1 day with the majority of the delay occurring prior to fish-
ladder entry. Tagged fish spent a median of 2 hours between
arrival at the dam and first attempting fish-ladder entry. Once
in the fish ladders, median time for fish passage was 5 hours.
Median passage time through the right-bank fish ladder was 4
hours compared to 6 hours for the left-bank fish ladder. Fifty-
six percent of the fish passed between 1100 and 1700 h, with the
remainder divided equally between morning and evening hours.
Fishway entrance efficiency was highest for the left-bank fish
ladder. For each fish ladder, the end (downstream) entrance was
selected more frequently than the side entrance.

A fallback rate of 13% was found during periods of spill. A

correction factor of 0.853 to adjust inflated adult sockeye
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salmon counts for fallback at Wells Dam was determined. No
fallback was recorded during no-spill periods.

Sockeye salmon entry into the Okanogan River began when
water temperatures dropped and river flow decreased. Most of the
radio-tagged fish entered the river during early morning hours
between 23 and 28 August. Median migration time for the 117 km
reach from river entry to zosel Dam was 4.6 days (about 25 km per
day) .

The median migration time from Wells Dam to Zosel Dam
(150.6 km) was 36.4 days (4.2 km per day). A portion (15%) of
the radio-tagged sockeye salmon were exposed to the fishery at
Chief Joseph Dam. About half of these fish appeared to range
between the tailrace at Chief Joseph Dam and the mouth of the
Okanogan River until proceeding to the spawning grounds.

No appreciable delay prior to passage was found at Zosel
Dam. Most fish passed over 7Zosel Dam during the early morning
hours. Some fish may have passed Zosel Dam by swimming under
spill gates.

Median residence time in Osoyoo0s Lake before entry into the
spawning area was 28 days. Sharply decreasing water temperature
and slightly increasing river flow appeared to trigger the
migration from the lake to the spawning area on about

1 October.
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INTRODUCTION

In recent years, the number of sockeye salmon (Oncorhynchus
nerka) counted at Rocky Reach Dam, River Kilometer (RKm) 762.2
[River Mile (RM) 473.7] on the mid-Columbia River (Fig. 1), have
differed from counts at Wells Dam, RKm 829.4 (RM 515.5). 1In
1990, for example, the count at Rocky Reach Dam was 18% higher
than the count at Wells Dam. Numerous factors could have
contributed to the disparity: 1) there may have been direct
mortality associated with Rocky Reach Dam passage Or the Wells
Dam fishway entrance, 2) high spring and summer flows may have
caused delay and mortality, 3) spill may have caused increased
fallback through the spillways which in turn resulted in inflated
counts in the fishways, 4) counting techniques, species
identification, and numbers of days or hourly counting periods
may have differed between the dams, and 5) delay in the Wells Dam
ladders (possibly due to trapping operations) may have led to
rejection of the ladder and to subsequent mortalities.

Limited data exist concerning adult sockeye salmon migration
timing and survival from Wells Dam to the spawning grounds.
Major and Mighell (1966) concluded that the delay of sockeye
salmon near the mouth of the Okanogan River was due to a thermal
block or associated factors when water temperature was greater
than 21.1°C.

As part of the enhancement plan for sockeye salmon stocks

upstream from Wells Dam, Pratt et al. (1991) recommended a
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radio-tracking study to assescs pre-spawning mortality and to
assess spawning distribution. 1In late 1991, the National Marine
Fisheries Service (NMFS), in cooperation with the Douglas County
Public Utility District, conducted a radio-telemetry study of the
sockeye salmon migration in the mid-Columbia River. The results

of the 1992 research are presented in this report.

OBJECTIVES

The overall objective of the Wells Dam radio-telemetry study
was to identify problem areas that might be associated with adult
sockeye salmon passage petween Rocky Reach Dam, Wells Dam, and
the spawning grounds. Major goals were to collect information on
1) passage times at Wells Dam and at the mouth of the Okanogan
River, 2) migrational behavior, and 3) run timing.

Specific goals for this study were covered by the following
research tasks:

Task 1. Determine passage time at Wells Dam under existing
spill, flow, and powerhouse operating conditions.

Task 1.1. Determine the median time between at-dam
arrival (entering dam tailrace) and
fish—-ladder entrance at Wells Dam.

Task 1.2. Determine the median fish-ladder

entrance to exit time at each
Wells Dam fish ladder.

Task 2. Evaluate fish-ladder entrance efficiency at Wells
Dam. Determine fish-ladder entrance preferences under
various operating conditio

Task 2.1. Determine percentage of fish entries
associated with each of the four fish-
ladder entrance locations.

3



magk 2.2. Determine percentage of fish entries
agssociated with successful fish-ladder
passage.

Task 3. Determine the fall-back rate and routes under various
conditions of spill, flow, and powerhouse operation.

Task 4. Determine percentage of the tagged population exposed
to the fishery at Chief Joseph Dam.

Task 5. Determine spatial and temporal factors associated
with sockeye salmon entry into the Okanogan River.

Task 5.1. Determine flows and temperatures.

Task 5.2. Determine dates and diel timing.

Tagsk 5.3. Determine behavioral patterns of fish that
approach Chief Joseph Dam before entering

the Okanogan River.

Task 6. Determine overall timing and rate of migration of
sockeye salmon from Wells Dam forebay to Zosel Dam.

Task 7. Determine rate of movement of sockeye salmon in the
Okanogan River between river entry and Zosel Dam.

Task 8. Determine delay and passage time of sockeye salmon at
Zosel Dam.

Task 9. Determine residence time of sockeye salmon in Osoyoos
Lake before entering the spawning area.

mask 10. Determine river flow and temperature during the period
sockeye salmon leave 0OsOyoos Lake for the
spawning area.



MATERIALS AND METHODS

Study Duration
Field work began in June 1992 at Rocky Reach Dam and ended in

mid-November with adult spawning.

Study Area
Sockeye salmon were trapped and radio tagged at Rocky Reach
Dam, released about 5.3 km upstream, and tracked to spawning
grounds in the Okanogan River system (Fig. 1). The study area
included the Columbia River from Rocky Reach Dam to Chief Joseph
Dam, RKm 877.1 (RM 545.1) and the Okanogan River to the spawning
areas near Oliver, British Columbia, Canada, Okanagan River RKm

159.5 (RM 99.1).

Radio-Telemetry Tags

Radio-telemetry tags were sized for the smallest anticipated
adult sockeye salmon. In 1990, the proportion of 3-year-old fish
(mean fork-length (FL) = 37.9 cm] among the Okanogan River fish
sampled at Wells Dam was 45% (Fryer and Schwartzberg 1991).
Four- and S5-year-old fish were the only other age groups found in
significant proportions--26% (mean FI, = 50.1 cm) and 23%
(mean FL = 57.2 cm), respectively. Stomach-implant tags were

sized to fit fish as small as 35-cm FL.



Radio tags for the study were purchased from Lotek
Engineering Inc.!, of Newmarket, Ontario, Canada. Each tag was
powered by one 3.5-V lithium battery with a life span of about
5 months. The transmitter and battery were sealed in a
cylindrical plastic capsule 4.4-cm long x l.4-cm diameter. Tags
weighed about 10.7 g in air and had a 40-cm, 22-gauge flexible-
whip antenna attached to one end. Each tag transmitted a unique
identification code (20 per frequency) on one of five frequencies

spaced 20 kHz apart (149.720 mHz to 149.800 mHz).

Radio—-Tagging
Radio tagging of adult salmon involved three major
procedures: trapping, tagging, and releasing. Fish were radio

tagged on week days from 8 July to 4 August.

Trapping

The adult trap in the fish ladder at Rocky Reach Dam was
used to collect fish. The trap was lowered over the weir
orifices in the fish ladder. The trap floor in front of the
right-side (facing downstream) orifice was covered with a sheet
of white plastic to facilitate viewing fish from above water as
they entered the trap. The left-side orifice was closed by a
slide gate to prevent escape. The trap was raised as soon as the
daily quota (four to six sockeye salmon) was collected

(approximately 0.5 hour during most of the fish migration). Fish

lReference to trade names does not imply endorsement by the
National Marine Fisheries Service, NOAA.
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were then transferred from the trap to a tank located on a 3.05 X
6.1-m barge in the forebay via a 46.1-cm diameter pipe. Non-
target fish were immediately removed from the collection tank and

released into the forebay.

Tagging

Sockeye salmon ranging from 40- to 60-cm FL were radio
tagged. For tagging, sockeye salmon were individually
transferred by dipnet from the collection tank to an anesthetic
tank containing a 50ppm MS-222 solution. After examination for
marks, tags, or injuries, fish were weighed, measured, and had a
scale sample removed. Each fish was then placed on its dorsal
surface in a vinyl tagging cradle, and a radio tag was inserted
through the mouth and into the stomach of the fish. During the
entire tagging procedure (approximately 2 to 5 minutes), fish
were continually moistened.

The age of the radio-tagged fish was determined later from
the scale samples read by Columbia River Inter—-Tribal Fish

Commission (CRITFC) personnel.

Releasing

After tagging, fish were placed in a aluminum
holding/transport tank enclosed within a boat—shaped hull (tote
poat) for recovery and holding. Tagged fish.were initially held
overnight for post-tagging mortality and tag regurgitation

observations. Later, once tagging and holding procedures were



determined acceptable, fish were tagged in the morning and
released at the end of the workday (about 1500 h).

Tagged fish required no further direct haﬁdling prior to
release. For the release, the tote boat was towed 5.3 km
upstream from Rocky Reach Dam (to RKm 767.5), about 1 km upstream
from Turtle Rock Island. The tank’s interior was then reexamined
for regurgitated tags. A 30-cm cap on the stern of the tote boat
was removed, and fish were allowed to escape. The inside of the
tank was then inspected a final time for tags. A 2.5-cm lip at

the bottom prevented tags from sliding out.

Radio Tracking

Radio tracking began on 9 July when the first tagged fish was
released. Tagged fish locations and instream progress were
continuously recorded by fixed-site monitors (Figs. 1-3) and by
mobile monitoring units that operated from auto, boat, or
airplane.

Table 1 lists the location and numerical designation of the
fixed-site radio-telemetry monitors. Initially, Monitor 8 was
located on the left bank about 0.8 km below Chief Joseph Dam.
However, the monitor was relocated downstream to the Colville
Tribal Fish Hatchery (about 6.4-km downstream) after about
2 weeks due to intense radio interference, apparently from the
power facilities near the dam.

Mobile tracking was used to monitor fish between fixed site
monitors and to locate and recover stationary tags. On the
spawning ground, tags were recovered by examining carcasses.

8
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Radio-Telemetry Monitoring Equipment and Data Collection

All fixed site monitors utilized Lotek Model SRX-400
telemetry receivers for signal detection and data processing and
storage. At Zosel Dam, receivers with underwater antennae
incorporated Lotek DSP-500 receiver/co-processors for
simultaneous scanning of all antennas and frequencies (Fig. 3).
The DSP-500 detected the signal from a transmitter (tag) and
passed information concerning frequency, verification, and data
storage to the SRX-400 receiver.

Four types of antennae were used for signal detection:
underwater, multiple element Yagi, hand-held 3-element folding
Yagi, and H antennas.

Underwater antennae consisted of coaxial cable, with about
2.5 cm of the shielding stripped from the distal end, suspended
outside and within fish-ladder entrances and exits to detect the
presence and passage of tagged fish within about 4.6-6.1 m. Yagi
multiple element antennae were used as air antennae at fixed
sites to monitor fish in a general area. Hand-held or
staff-mounted three-element folding Yagi antennae were used for
tracking by boat or auto. Two wing-strut-mounted H-pattern
antennae were used on a high-winged aircraft for aerial tracking.

Fixed-site telemetry data were downloaded to lap-top
computers at least once per week. When personnel were available,
mobile surveillance was also conducted at least once per week.
Aerial surveillance of the mid-Columbia River and major

tributaries was conducted on 2 days.
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River flow, water temperature, spill, and turbine operation
data were obtained from appropriate water management and power
producing agencies. ﬁater temperature at the mouth of the
Okanogan River was monitored when mobile tracking.

Fish behavior between arrival and ladder entry at Wells Dam
was monitored by observing activity near and inside the fish-
ladder collection system. Entrance preference was evaluated by
the total number of tag—activity periods on each antenna.
Tag-activity periods were also used to determine the effects of
adult trap operation and spill on entrance preference.

The adult fish collection trap in the left-bank fish ladder
was operated periodically by Washington Department of Fisheries,
Wells Hatchery. The trap was operated 8 hours per day (0700-1500
h) on Monday, Wednesday, and Friday from 6 July through 3 August.

Working tags were located by radio signal. Non-working tags
were found primarily by examining carcasses. To encourage the
return of recovered radio tags and information, a $20 reward was
offered.

Entrance efficiency was determined from the number of
entrance attempts at each fish ladder relative to the number of
successful passages.

Residence time in Osoyoos Lake before entering the spawning
grounds was determined from the last time tagged fish were
recorded upstream from Zosel Dam to the first time they were

registered at Monitor 13 at the north end of the lake.
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RESULTS AND DISCUSSION

We originally planned to radio tag a representative cross-
section of the sockeye salmon population passing Rocky Reach Dam.
The receipt and installation schedule of electronic monitoring
gear at Wells Dam was based on adult arrival timing in 1990 and
1991. However, in 1992, adult fish arrived about 2 weeks earlier
than expected. By 8 July, about 10,000 fish, representing 24% of
the 1992 sockeye salmon run, had passed Rocky Reach Dam. The end
of the sockeye salmon passage at Bonneville Dam also occurred
much earlier than expected, requiring acceleration and completion
of radio tagging about 3 weeks ahead of schedule. Appendix Table
1 lists and summarizes the fates of individual tagged fish. A
detailed tag life history for each radio-tagged fish is presented
in Appendix Table 2.

Sockeye salmon collected and tagged at Rocky Reach Dam ranged
in length and weight from 46-60 cm (mean = 50.5 cm) and 0.64-

2.0 kg (mean = 1.1 kg), respectively. The percentages of 4- and
5-year old fish were 95% and 5%, respectively. Ninety-six radio-
tagged adult sockeye salmon were released upstream from Rocky
Reach Dam, and 89 were subsequently recorded in the Wells Dam
_tailrace with 83 (86%) successfully passing the dam (Table 2).
Monitors installed in the fish-ladder exits recorded 71 tagged
fish passing over Wells Dam. An additional 12 fish passed Wells
Dam without being recorded by the fish—-ladder monitors. Seven
fish were detected upstream from Wells Dam by mobile tracking,
and the remainder by fixed-site monitors.

14



Table 2.--Activity summary at Wells Dam of 96 radio-tagged
sockeye salmon released above Rocky Reach Dam.

Tagged fish recorded exiting Wells Dam 71

Tagged fish recorded by mobile tracking
upstream from Wells Dam
(but not recorded as exiting Wells Dam) 7

Tagged fish recorded at fixed-site
monitors upstream from Wells Dam
(but not recorded as exiting Wells Dam) 3

Tags within recovered fish on spawning grounds
(but not recorded as exiting Wells Dam) 2

Tagged fish trapped in left-bank ladder at
Wells Dam and transported to Methow Hatchery 2

Tagged fish recorded in Wells Dam tailrace

(but not seen again) 8
Tagged fish never recorded after release 3
96
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Immediate regurgitation of radio tags was not a factor.
During the tagging/releasing effort, one regurgitated tag was
found in the tote boat.

Tables 2 and 3 summarize activity and locations,
respectively, of recovered fish or radio tags. Thirty-four (35%)
of the original 96 tags were recovered. Twenty-six tags, 11 of
which were no longer transmitting a signal, were recovered on the
spawning grounds. The average maximum life span of the 11 failed
tags was less than 101 days (Table 4), well short of the desired
5-month life span. Non-recovered tags may have experienced
similar battery failure.

Five tags were recovered on the river bank, well away from
the river’s edge, suggesting fish or tags were intentionally
removed from the river.

Results for the specific research elements were:

Task 1. Determine passage time at Wells Dam under existing

spill, flow, and powerhouse operating conditions.

Seventy-nine radio-tagged fish (82.3%) were detected by
Monitor 1, downstream from Wells Dam (Figs. 1-2). Elapsed time
from release to the monitor ranged from <1 to 10 days with a
median of 1.5 days (Fig. 4 and Table 3). Seventy—-one radio-
tagged sockeye salmon passed over Wells Dam according to the exit
monitors. However, tags in six of those fish failed to register
on Monitor 1, and tags in two fish failed to register on the
entrance monitors. Overall passage time for 63 tagged fish, from

the first downstream monitor (Monitor 1) record to the last

16



Table 3.--Recovered radio tags from sockeye salmon.
Abbreviations: CO - Columbia River, SI - Similkameen

River, OK - Okanogan River.

Tags Recovered

__Location River RM RKM Active Failed
Colville Tribal Co 542 872 1

Hatchery
Wells Dam’ co 517 832 2
Oroville, Washington SI 3 5 1
Below Zosel Dam OK 47-77 76-124 4
Spawning grounds OK 99-104 159-167 15 11

(British Columbia)

23 11

!l Fish were trapped at Wells Dam and transported to Methow Hatchery,
Winthrop, Washington for brood stock.
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Table 4.-- Longevity of failed radio tags. Abbreviations:
CO - Columbia River, OK - Okanogan River.

Maximum

Tag Release Last active record Recovery possible

date River-RKm Date date duration

(days)
2134 14 Jul OK - 0 27 Jul 20 Oct 98
2242 11 Jul CO - 858 18 Aug 28 Oct 109
2247 20 Jul co - 762 20 Jul 29 Oct 101
2328 16 Jul co - 872 24 Jul 21 Oct 97
2330 23 Jul OK - 166 15 Oct 15 Oct 84
2436 17 Jul OK - 0 03 Aug 28 Oct 103
2437 13 Jul OK - 10 - 28 Aug 28 Oct 107
2447} 14 Jul co - 762 14 Jul 29 Oct 107
2534 10 Jul OK - 10 25 Aug 26 Oct 108
2535 27 Jul OK - 146 13 Sep 28 Oct 103
2550 17 Jul OK - 0 31 Jul 21 Oct 96

Average duration 101 days

! Never recorded after release until recovery of tag.
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Figure 4.--Travel times of radio-tagged sockeye
salmon from release above Rocky Reach Dam
to Monitor 1 at Wells Dam tailrace.
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Table 5.--Passage time (days) of radio-tagged sockeye
salmon (with complete passage records) released
5.3 kilometers upstream from Rocky Reach Dam and
monitored at Wells Dam.

Release Monitor 1

to Wells to first Ladder Passage Overall passage
Dam ladder record Overall Right Left at Wells Dam
n 79 79 69 24 45 63
Min 0.7 <0.1 0.1 0.1 0.1 0.3
Max 9.6 0.7 11.4 2.7 11.4 18.5
Median 1.5 0.1 0.2 0.2 0.3 1.3
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ladder—exit monitor record, ranged from <1 to 19 days, with a
median of 1.3 days (Fig. 5 and Table 3).

Due to migration rates and the time required for the monitors
to scan through the five frequencies, tags were not recorded at
all of the monitors.

Tagsk 1.1. Determine the median time between at-dam arrival
(entering dam tailrace) and fish-ladder entrance
at Wells Dam.

Seventy-nine radio-tagged fish were detected by Monitor 1
prior to being recorded at the fish—ladder entrances (Monitors 2,
3, 5, or 6). Elapsed time between arriving at Wells Dam and the
initial record at one of the four fish-ladder entrances ranged
from <1 to 17 hours, with a median of 2 hours (Fig. 6). However,
many of the tagged fish did not proceed up the fish ladder
following the initial encounter with a ladder entrance. Time
from first record at the dam (by either Monitor 1 or one of the
four fish-ladder entrance monitors) until last record at the
ladder entrance (duration in tailrace) for 69 tagged fish ranged
from <1 to 16 days, with a median of 1 day (Fig. 7).

Task 1.2. Determine the median fish-ladder entrance to exit

time at each Wells Dam fish ladder.

Passage time through the fish ladders ranged from a minimum
of 2 hours to a maximum of 273 hours, with a median time of 5
hours, for the 69 fish detected at both ladder entrance and exit
monitors. Median passage time through the right-bank ladder for

24 fish was 4 hours, with a range of 2 to 64 hours. Median
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tagged sockeye salmon at Wells Dam.
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passage time in the left-bank ladder for 45 fish was 6 hours,
with a range of 3 hours to a maximum of 273 hours (Fig. 8).

Monitoring of the 71 sockeye salmon recorded as exiting one
of the two fish ladders at Wells Dam indicated that 40 (56%) of
the tagged fish exited between 1100 and 1700 h, 17 (24%) exited
between 0000 and 1030 h, and 14 (20%) exited between 1700 and
2329 h (Fig. 9).

Task 2. Evaluate fish-ladder entrance efficiency at Wells

Dam. Determine fish-ladder entrance preferences
under various operating conditions.

Task 2.1. Determine percentage of fish entries
associated with each of the four fish-
ladder entrance locations.

Operation of the adult trapping facility significantly
(x2 = 5.84; P = 0.0156) increased, but not substantially, left-
bank entrance activity. During trapping periods, 63.9% of
entrance activity was at the left fish ladder as opposed to 59.8%
during non-trapping periods. For the total run, activity at the
left and right entrance areas was 61.6 to 38.4%, respectively.

Fish activity increased at the left-bank entrance during
trapping periods perhaps indicating indecisiveness regarding
passage. However, overall passage was not affected.

At the right-bank fish ladder, the downstream entrance had
796 outside antenna records and 369 inside antenna records. The

side entrance had 201 outside antenna records and 58 inside

antenna records. At the left-bank fish ladder, the downstream
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entrance had 735 outside antenna records and 1,132 inside antenna
records, while the side entrance had 367 outside antenna records
and 17 inside antenna records.
Tagsk 2.2. Determine percentage of fish entries
associated with successful ladder
passage.

The left-bank fish ladder provided the highest passage (Fig.
10). Of the 69 radio-tagged sockeye salmon successfully passing
over the fish ladders, 45 (65%) passed over the left-bank ladder
and 24 (35%) passed over the right-bank ladder.

TIn both the right- and left-bank fish ladders, the end
entrances provided much better passage than the side entrances.
Thirty-one tagged fish (69%) passing over the left-bank fish
ladder selected the end entrance, and 16 (67%) of those passing
over the right-bank fish ladder preferred the end entrance.

Entrance efficiency was 24.5 and 41.5 entrance attempts at
the left- and right-bank fish ladders, respectively for each

tagged-fish passage recorded.

Task 3. Determine the fall-back rate and routes under
various conditions of spill, flow, and powerhouse
operation.

Spill occurred at Wells Dam during 1-27 July. Spill rate
ranged from 4.1 to 7.6% of the flow (66 to 114 kcfs). Of 69
radio-tagged sockeye salmon, 52 (75%) passed during periods of

spill and 17 (25%) passed during non-spill periods.
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Figure 10.--Entrance selection by ladder by radio-
tagged sockeye salmon at Wells Dam.
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A "fallback" was defined as any fish passing the exit of a
fish ladder that was subsequently found downstream in the
tailrace. Nine (13%) of the 69 fish that passed Wells Dam fell
back once (Fig. 11). Two of the nine fish fell back twice
resulting in a total of 11 fallback occurrences. All of the
fallbacks occurred during periods of spill.

Oone of the nine fish that fell back disappeared downstream.
one fish fell back and reascended the fish ladder, but
disappeared upstream from the dam. Five fish fell back, but
subsequently passed the dam and entered the Okanogan River. Two
fish fell back twice, before continuing upstream. One of these
entered the Okanogan River and the other was recorded in the
Chief Joseph Dam tailrace.

A total of 19 passes were made by the nine fish that fell
back at Wells Dam, with eight fish continuing upstream after
final passage. Therefore, the 52 radio-tagged sockeye salmon
would have been counted as 63 fish passing the dam.

Fallback of adult sockeye salmon at Wells Dam during periods
of spill appeared to inflate fish-ladder counts. The 1992
sockeye salmon passage at Wells Dam was 41,951 (U. S. Army Corps
of Engineers 1992) with 35,303 (84%) passing during spill
conditions, and 6,648 (16%) passing during non-spill conditions.

A correction factor to account for fallback at Wells Dam in
1992 was calculated by dividing 52 (number of radio—tagged
sockeye salmon passing during spill conditions) by 63 (number of

passes made by radio-tagged sockeye salmon during spill
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conditions). This factor, multiplied by 35,303 (fish count
during spill), provided a corrected fish count of 29,139 fish
(during spill). By adding the 6,648 (fish count during non-
spill) the total adjusted run of sockeye salmon over Wells Dam in
1992 would be 35,787 fish. Dividing the total adjusted run
(35,787 fish) by the total count (41,951 fish) provides a
correction factor of 0.853 for the 1992 sockeye salmon count at
Wells Dam.

This total adjusted run estimate was greater than Hansen’s
(1993) 1992 spawning population estimate of 22,587 fish. However,
the comparison estimate of 34,679 fish (based on the "Factor 5"
method) is relatively close. Differences in the estimates may be
due to small sample size of radio-tagged fish, pre-spawning
mortality, harvest, tributary escapement, etc.

In 1992, there was virtually no spill during the sockeye
salmon run over Rocky Reach Dam. Therefore, fallback due to
spill was non-existent. The fish-ladder count of sockeye salmon
was 41,800 fish (U. S. Army Corps of Engineers 1992), 151 fish
less than the count at Wells Dam, 61 km upstream. However, the
adjusted count (to correct for fallback due to spill) at Wells
Dam was 35,787 fish (6,013 less fish than the fish-ladder count
at Rocky Reach Dam).

Based upon Bonneville Dam fallback data, increased spill
rates would increase the rate of fallback (Liscom et al. 1985).
Spilling at Wells Dam in July 1992 was not due to excess river

flow, but was done to bypass juvenile salmonids downstream (Rick

32



Klinge, Douglas Co. PUD, personal communication 1994) . Since
1992 was a low-flow year, migration years with high flows will
have higher magnitudes of spill, potentially higher fallback
rates, and inflated ladder counts. Further studies during years
with mid— and high-flow conditions would provide data to develop
a model for the correction of annual fish counts over Wells Dam.

Task 4. Determine the percentage of the tagged population

exposed to the fishery at Chief Joseph Dam.

A portion of the sockeye salmon run may have been exposed to
the fishery at Chief Joseph Dam. Fish entered the area, but
radio interference prevented recordings of valid tag codes.
Prior to relocating the monitor, only one tag (Tag 2328) was
recorded, but never detected again. It was later recovered (non-
working) on the spawning grounds. After relocation, 12 radio-
tagged sockeye salmon were recorded. Of the 12 fish, 6 were
subsequently recorded as entering the spawning area, and 6 were
never recorded again. One additional radio tag (never recorded
on Monitor 8) from a fish collected from the tailrace at Chief
Joseph Dam was turned in for reward. This fish was among those
recorded as successfully passing Wells Dam and was the only
radio-tagged fish verified as harvested by the fishery.

In summary, 14 fish (15% of the tagged population) were
potentially exposed to the fishery at Chief Joseph Dam tailrace.

Task 5. Determine spatial and temporal factors associated

with sockeye salmon entry into the Okanogan River.
Task 5.1. Determine flows and temperatures.
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Flows recorded at Tonasket (RKm 91.4) by the U.S. Geological
Ssurvey indicated a marked flow reduction of about 400 cfs
beginning about 18 August and a substantial decrease in water
temperature beginning on 22-24 August (Table 6). The migration
up the Okanogan River coincided with the decreasing river flow
and temperature (Fig. 12).

Major and Mighell (1966) determined that while high water
temperature (above 21.1°C) in the Okanogan River was a major
cause of delay for entry of sockeye salmon from the Columbia
River, decreasing temperatures allow the migration to resume.
Water temperature in rivers may be decreased by cool weather or
through a mixing process (as at a confluence) by the addition of
cooler water or reduction of warmer water. This mixing process
at the confluence with the Similkameen River appears to have been
instrumental in decreasing temperature in the lower Okanogan
River.

Changes in flow proportions from the Similkameen and upper
Okanogan Rivers appeared to directly affect water temperature in
the lower Okanogan River. Prior to 17 August, 59% of the lower
Okanogan River flow came from the Similkameen River. On 18
August flow over Zosel Dam was reduced by about 400 cfs resulting
in an 84% contribution of Similkameen water to the lower Okanogan
River flow through 25 August.

By 24 August, the temperature of the lower Okanogan River had
been lowered substantially. Dennis Burton, Oroville-Tonasket

Irrigation District, reported that mean daily water temperature

34



Table 6.--River flow and water temperature associated with
radio-tagged sockeye salmon entry into the
Okanogan River.

Number Water River
Date of fish temperature flow
(°C) (cfs)
04 Aug 23.9
06 Aug 20.9
Og Aug 1 ggg
10 Aug 1
11 Aug 19.4 961
18 Aug 22.7 950
19 Aug 20.3 651
23 Aug 10 220
Aug
24 Aug 4 15.9 540
25 Aug 3 515
27 Aug 18.2 511
28 Aug 2 668
30 Aug 17.8
22
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recorded downstream of Zosel Dam prior to 20 August was about
23.9° C, but decreased to 18.1° C by 24 August. However, water
temperature in the Similkameen River was 21.8° C on 18 August,
pbut decreased to 13.5° C by 24 August, apparently due to cool
weather at the headwaters. The differences in water temperature
in the two rivers and change in flow contribution resulted in the
lower water temperatures of 22.7 and 15.9° C on 18 and 24 August,
respectively, as measured at Ellisforde (RKm 102.5) 16.8 RKm
downstream of the confluence.

Hansen (1993) also linked water flows and water temperatures
at the mouth of the Similkameen River. Between 1-14 July when
air temperatures would have been much higher, he found that the
Similkameen River flowed cooler and apparently lowered the
temperature of the Okanogan River at the confluence by as much as

2.9° C.

Task 5.2. Determine dates and diel timing.

Twenty-four radio-tagged sockeye salmon were recorded as they
migrated past fixed-site Monitor 9 at Monse (Table 7). The first
record was on 9 August at 1854 h, and the last record was on 28
August at 1823 h. Only three tagged fish, each on separate days,
passed between 9 and 22 August. Ten fish (42%) passed on 23
August. The remaining 11 tagged fi. entered the Okanogan River
between 24 and 28 August.

Most movement was during the early morning hours (Fig. 13).
Eleven (46%) of the 24 fish passed between 0400 and 0830 h. Six
fish (25%) passed between 1600 and 2230 h.
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Table 7.--Dates and diel timing of radio-tagged
sockeye salmon entering the Okanogan

River.
Entry Number Tag Time recorded at
date of fish Monitor 9
09 Aug 1 2541 1854
10 Aug 1 2444 1611
22 Aug 1 2546 1717
23 Aug 10 2349 0148
23 Aug 2229 0409
23 Aug 2237 0419
23 Aug 2250 0450
23 Aug 2342 0453
23 Aug 2335 0506
23 Aug 2346 0543
23 Aug 2143 0546
23 Aug 2243 0651
23 Aug 2439 0821
24 Aug 3 2536 0649
24 Aug 2145 1014
24 Aug 2442 2358
25 Aug 3 2430 0645
25 Aug 2138 1136
25 Aug 23389 2103
28 Aug 5 2429 1801
28 Aug 2531 1806
28 Aug 2437 1820
28 Aug 2534 1820
28 Aug 2435 1823
24
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Figure 13.--Diel timing of radio-tagged sockeye
salmon entering the Okanogan River.
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Task 5.3. Determine behavioral patterns of fish
that approach Chief Joseph Dam
before entering the Okanogan River.

Three of the 14 radio-tagged fish detected near Chief Joseph
Dam were monitored at the mouth of the Okanogan River by mobile
tracking. Two of the three were recorded again on Monitor 9 (RKm
3.7), but only one was tracked further to RKm 69 in the Okanogan
River. The tag was never recovered. The third fish was detected
by mobile tracking at the mouth of the Methow River but was never
seen again.

Threé other fish were subsequently recovered on the spawning
grounds. Two of those fish had been detected earlier by mobile

tracking and remained around the mouth of the Okanogan River

until the upstream migration began.

Task 6. Determine overall timing and rate of migration of
sockeye salmon from Wells Dam forebay to Zosel
Dam.

Twenty-six radio-tagged fish recorded as exiting a Wells Dam
fish ladder were later detected at Zosel Dam. These fish took
from 18.4 days to 83 days with a median of 36.4 days to migrate

over the 150.6 km at a rate of 4.2 km per day (Fig. 14).

TASK 7. Determine rate of movement of sockeye salmon in
the Okanogan River between river entry and Zosel
Dam.

Sixteen fish entered the Okanogan River over a 4-day period
(22-25 August) and arrived at 7osel Dam between 26 August and
4 October. These fish migrated upstream at a median rate of
apbout 25 km per day, with a range of 1.7 to 41.8 days (median of
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4.6 days) to cover the 117 xm distance from Monse (Monitor 9) to
2osel Dam (Fig. 15).

Task 8. Determine delay and passage time of sockeye salmon
at Zosel Dam.

Twenty-nine radio-tagged sockeye salmon were detected when
passing upstream from Zosel Dam. After arriving at Zosel Dam,
overall time to pass ranged from 1 hour to a maximum of 240 hours
with a median of 3 hours (Fig. 16). However, nine of these fish
may have passed Zosel Dam by swimming under the spill gates or
passing through one of the ladders without registering on either
the fish-ladder entrance or exit monitors. Four fish had
recorded exit times but no entrance times. Passage times for the
remaining five fish ranged from 1 hour to a maximum of 111 hours
with a median of 3 hours.

Twenty fish entered one of the two fish ladders (Monitors 10
and 11). These fish remained below the dam from less than 1 hour
to a maximum of 235 hours with a median of 1 hour before entering
a fish ladder (Fig. 17). Passage times were different between
the two fish ladders. Of the 17 fish with known entrance and
exit records, the nine left-bank fish ladder entries took from 2
to 28 minutes before exiting (median = 14 minutes). The
remaining eight fish that entered the right-bank fish ladder took
from 5 to 50 minutes (median = 18.5 minutes) before exiting
(Fig. 18).

Of the 21 radio-tagged sockeye salmon with known exit
records, 11 (52%) exited between 0100 and 0700 h, 2 (10%) exited
pbetween 0701 and 1400 h, and 8 (38%) exited between 1401 and 0100
h (Fig. 19). '
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Task 9. Determine residence time of sockeye salmon in
Osoyoos Lake before entering the spawning area.

Residence time for 22 tagged fish ranged from 16 hours to 46
days with a median of 28 days (Fig. 20). No fish were detected
while they were in the lake, possibly as a result of holding in
deeper waters.

Task 10. Determine river flow and temperature during the
perio@ sockeye salmon leave Osoyoos Lake for the
spawning area.

Beginning in early September, marked increases in Okanogan
River flow and decreases in water temperature were noted. On 5
September, water temperature dropped sharply from a long
sustained level of 21.1° C to 18.3° C, remained there for about
1 week, and then gradually decreased over the next month.

Coincident with the changes in river flow and water
temperature, the first of 24 radio-tagged sockeye salmon left
Osoyoos Lake on 5 September and migrated upstream past Monitor 13
to the spawning area (Fig. 21 and Table 8). The last radio-
tagged fish was detected at Monitor 13 on 17 October when the
average daily water temperature was 12.7° C. Hansen (1993) also
observed similar relationships among water temperature, river
flow, and spawning activity. He noted slightly warmer
temperatures in water when it passed from Vaseau Lake through
Mcintyre Dam and that the water cooled as it proceeded south to
Lake Osoyoos. However, when the weather cooled (or possibly when
flows increased from releases) the water actually warmed by the
time it reached the mouth at Lake 0soyooS. Hansen concluded that
water temperature appeared toO influence sockeye salmon movement
and spawning activity.
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from Osoyoos Lake by radio-tagged
sockeye salmon.
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Table 8.--River flow and water temperature associated with
radio-tagged sockeye salmon leaving 0sOyooOs Lake for
the spawning area.

Number Water River
Date of fish temperature flow
(°C) (cfs)
29 Aug 20.2
30 Aug 19.5
31 Aug 19.1
01 Sep 17.3
02 Sep 16.6
03 Sep 16.6
04 Sep 15.7
05 Sep 1 16.6
06 Sep 1 16.8
07 Sep 16.5
08 Sep 2 16.6
09 Sep 15.9
10 Sep 15.4
11 Sep 14.9
12 Sep 1 14.3
13 Sep 14.2
14 Sep 1 14.5 291.1
15 Sep 15.0
16 Sep 15.8
17 Sep 16.1 318.3
18 Sep 1 15.9 378.2
19 Sep 1 16.4
20 Sep 16.5
21 Sep 15.5
22 Sep 14.7 377.7
23 Sep 14.5
24 Sep 1 14.4 381.2
25 Sep 14.3
26 Sep 15.0
27 Sep 2 15.3
28 Sep 2 14.7
29 Sep 2 15.5
30 Sep 1 14.9
01 Oct 14.4 345.4
02 Oct 1 13.6 353.6
03 Oct 1 13.7
04 Oct 2 13.1
05 Oct 3 13.2
06 Oct 13.4
07 Oct 13.8
08 .oct 14.6 426.7
09 Oct 14.4
10 Oct 13.9
11 Oct 13.2
12 Oct 12.9
13 Oct 12.7
14 Oct 13.0
15 Oct 13.3
16 Oct 13.3
17 Oct 1 12.7
24
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Seventy-one percent of the fish migrated from the lake
petween 2000 and 0200 h (Fig. 22 and Table 9). The inlet to the
lake flows over a wide shallow delta which may influence

preference of the fish for nocturnal passage.
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Figure 22.--Diel timing for radio-tagged sockeye
salmon leaving Osoyoos Lake for the
spawning grounds.
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Table 9.--Dates and diel timing of radio-tagged sockeye
salmon leaving Osoyoos Lake for the spawning area.

Exit Number Tag Time recorded at
date of fish Monitor 13
05 Sep 1 2250 0513
06 Sep 1 2342 2222
08 Sep 2 2336 2008
08 Sep 2430 2133
12 Sep 1 2535 2357
14 Sep 1 2344 1018
18 Sep 1 2348 1128
19 Sep 1 2148 0053
24 Sep 1 2143 0151
27 Sep 2 2439 2003
27 Sep 2442 2150
28 Sep 2 2544 1944
28 Sep 2542 1959
29 Sep 2 2335 0702
29 Sep 2339 2007
30 Sep 1 2337 2156
02 Oct 1 2349 2028
03 Oct 1 2145 2020
04 Oct 2 2243 0430
04 Oct 2546 2125
05 Oct 3 2536 0400
05 Oct 2350 1802
05 Oct 2346 2255
17 Oct 1 2445 2359
24
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SUMMARY

Radio-tagged sockeye salmon migrated upstream from Rocky
Reach Dam to Wells Dam (67.4 km) in about 37 hours. Upon
arriving at Wells Dam, median passage time was about 30 hours.

Summaries by task were:

Task 1.1. The median time between at—dam arrival (entering
dam tailrace) and initial record at a fish-ladder entrance at
Wells Dam was 2 hours. However, the median time from first
record at the dam (by either Monitor 1 or one of the four fish-
ladder entrance monitors) until last record at a fish-ladder
entrance was 1 day.

Task 1.2. The median fish-ladder entrance to exit time for
both fish ladders combined was 5 hours. Median passage time
through the right-bank fish ladder was 4 hours. Median passage
time in the left-bank fish ladder was 6 hours.

Fifty-six percent of the fish exited between 1100 and 1700 h,
24% exited between 0000 and 1030 h, and 20% exited between
1700 and 2329 h.

Task 2.1. The left-bank fish ladder had a higher entrance
activity and a much higher entrance efficiency than the right-
bank fish ladder. Operation of the adult trapping facility
significantly increased left-bank entrance activity. During
trapping periods, 63.9% of entrance activity was at the left-bank
fish ladder. For the total run, radio-tagged fish activity at

the left-bank entrance area was 61.6%.
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Tagsk 2.2. Fish preferred the left-bank fish ladder at Wells
Dam. The end entrances provided better passage than the side
entrances in both the right- and left-bank fish ladders.

Tagk 3. Fallback of adult sockeye salmon occurred during
periods of spill at Wells Dam. Fallback and its relationship to
varying spill conditions at Wells Dam may be related to
operational scenarios as well as to spill volumes.

vagk 4. Fifteen percent of the radio-tagged fish were
potentially exposed to the fishery at Chief Joseph Dam tailrace.

Task 5.1. The major migration of sockeye salmon into the
Okanogan River coincided with a marked reduction in river flow
(from about 950 to 510 cfs) beginning about 19 August and a
decrease in water temperature (20.3 to 15.9°C) beginning on
22-24 August.

Task 5.2. Radio-tagged sockeye salmon entered the Okanogan
River from 9 to 28 August, with approximately 80% of the
migration occurring between 23 and 28 August. Forty-six percent
entered the Okanogan River between 0400 and 0830 h, and 25%
between 1600 and 2230 h. Most movement, therefore, was during
the early morning hours.

Task 5.3. About half of the radio-tagged sockeye salmon that
approached Chief Joseph Dam were subsequently recorded at or
slightly upstream from the mouth of the Okanogan River or on the
spawning grounds in Canada.

Task 6. Radio-tagged sockeye salmon that exited Wells Dam

fish ladders between 13 July and 8 August arrived at Zosel Dam
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between 21 August and 4 October. Median migration time from
Wells Dam to Zosel Dam was 36.4 days at a rate of 4.2 km per
day .

rTask 7. Radio-tagged sockeye salmon required a median of
4.6 days to travel the 117 km distance between Okanogan River
entry and Zosel Dam.

Tagk 8. After arriving at Zosel Dam, the overall median
passage time past the dam was 3 hours. Median time before fish-
ladder entry was less than 1 hour. About 52% of the fish exited
between 0100 and 0700 h, and 38% exited between 1401 and 0100 h.
Passage time differed between the two fish ladders. Median
passage time for radio-tagged-fish entering the left-bank fish
ladder was 14 minutes, while median passage time for the right-
bank fish ladder was 18.5 minutes.

Some fish apparently passed Zosel Dam by swimming under the
spill gates or managed to pass through one of the fish ladders
without being recorded on either the entrance or exit monitors.

Tagsk 9. Residence time for radio-tagged sockeye salmon in
Osoyoos Lake before entering the spawning grounds ranged from
16 hours to 46 days with a median of 28 days.

rask 10. A marked change in daily Okanogan River flow and
temperature was noted during the period sockeye salmon began to
leave Osoyoos Lake for the spawning area. Flow increased about
40 cfs, and water temperature decreased from a long sustained
level of near 21.1° C to about 18.3° C, remained there for about

1 week, and then gradually decreased to 10° C over the next
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month. The last radio-tagged fish was detected at Monitor 13 on

17 October when the average daily water temperature was 12.7° C.

Seventy-one percent of the radio-tagged sockeye salmon passed

from the lake between 2000 and 0200 h.
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RECOMMENDATIONS

1. We recommend, in the event of water shortage or restrictions
in normal fish-ladder operations at Wells Dam, that the end
entrances be selected for use over the side entrances; in more
severe circumstances, we recommend that the left-bank fish ladder
be operated in lieu of the right-bank fish ladder.

2. Fallback appears to directly contribute to inflated passage
counts at Wells Dam. A correction factor of 0.853 should be
applied to total numbers of sockeye salmon counted over Wells Dam
in 1992 for a more accurate escapement estimate. Further radio-
tracking studies focusing on fallback and its effects during
varying spill conditions at all mid-Columbia River dams should be
conducted.

3. We determined that 15% of the radio-tagged sockeye salmon
were exposed to the "snag" fishery in the Chief Joseph Dam
tailrace. Accurate harvest records for that fishery should be
implemented.

4. Results from radio-tagged sockeye salmon indicated that delay
was minimal at Zosel Dam and that most fish passed during night-
time periods when their movement could not be observed. No
structural changes to fish-passage facilities at Zosel Dam appear
to be warranted. However, a concerted effort to determine extent
of spawning, carcass counts, and harvest should be conducted for
the area downstream of Zosel Dam and in the Similkameen River to

account for missing fish and determine extent of spawning.
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‘s. Increased flow, decreasing water temperature, and darkness
coincided with the period most radio-tagged sockeye salmon left
Osoyoos Lake for the spawning area. Manipulation of flow and
water together by water management agencies may enhance sockeye
salmon spawning and prevent de-watering of redds.

6. A thermal block generally occurs each summer at the mouth of
the Okanogan River delaying the sockeye salmon migration until
water temperature decreases to less than 21.1°C. Proportionate
flows from the Similkameen River (cooler) and surface water
passing over Zosel Dam from Lake Osoyoos (warmer) appear to
directly affect water temperatures in the lower Okanogan River.
Water regulation operations and their effect on water
temperatures and flows in the Ookanogan River system should be

reviewed.
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Appendix Table 1.--Characteristics and fate of radio-tagged

sockeye salmon.

Tag Length Weight Last record

(cm) (g) Age River RKm Fate
2128 52.1 1362.0 1.2 Columbia 832.4 Recorded
2130 48.5 998.8 1.2 Okanogan 3.2 Recorded
2131 55.5 1589.0 1.3 Columbia 763.1 Recorded
2134 50.8 1135.0 1.2 Okanogan 165.0 Recovered
2135 54.0 1362.0 1.2 Okanogan 0.0 Recorded
2137 50.8 1135.0 1.2 Okanogan 167.4 Recorded
2138 43.5 635.6 1.2 Okanogan 69.2 Recorded
2139 48.3 908.0 1.2 Columbia 858.1 Recorded
2141 50.8 1180.4 1.2 Columbia 832.4 Recorded
2142 50.5 1135.0 1.2 Columbia 872.6 Harvest
2143 51.9% 1362.0 1.2 Okanogan 161.0 Recovered
2144 54.0 1498.2 1.2 Columbia 832.4 Recorded
2145 51.5 1271.2 1.2 Okanogan 164.2 Recovered
2146 46.0 771.8 1.2 Columbia 832.4 Recorded
2147 52.2 1225.8 1.2 Columbia 763.1 Recorded
2148 50.8 1362.0 1.2 Okanogan 161.0 Recovered
2149 54.0 1362.0 1.3 Columbia 872.6 Recorded
2150 53.3 1135.0 1.2 Columbia 832.4 Recorded
2229 49.5 1135.0 1.2 Okanogan 124.6 Recorded
2231 53.8 1180.4 1.2 Okanogan 4.8 Recorded
2234 52.2 1316.6 1.2 Okanogan 0.0 Recorded
2235 54.6 1816.0 1.2 Columbia 832.4 Recorded
2236 48.0 998.8 1.2 Okanogan 124.6 Recorded
2237 50.0 998.8 1.2 Okanogan 124.6 Recorded
2238 50.8 1135.0 1.2° Columbia 872.6 Recorded
2240 51.0 862.6 1.2 Methow 51.5 Hatchery
2241 47.2 953.4 1.2 Columbia 832.4 Recorded
2242 50.8 1135.0 1.2 Okanogan 162.6 Recovered
2243 45.7 908.0 1.2 Okanogan 161.0 Recorded
2244 56.2 1725.2 1.3 Columbia 829.2 Recorded
2245 52.0 1271.2 1.2 Okanogan 162.6 Recovered
2246 60.0 1997.6 1.3 Columbia 872.6 Recorded
2247 50.5 1044.2 1.2 Okanogan 159.4 Recovered
2249 51.5 1135.0 1.2 Columbia 832.4  Recorded
2250 51.4 1135.0 1.2 Okanogan 161.0 Recovered
2328 50.5 1135.0 1.2 oOkanogan 162.6 Recovered
2329 53.0 1271.2 1.2 Columbia 858.1 Recorded
2330 50.7 1180.4 1.2 Okanogan 165.8 Recovered
2331 48.2 1135.0 1.2 Columbia 832.4 Recorded
2334 60.0 1997.6 1.3 Columbia 8§29.2 Recorded
2335 52.3 1362.0 1.2 OQkanogan 162.6 Recovered
2336 58.0 1725.2 1.3 Okanogan 165.8 Recorded
2337 49.2 953.4 1.2 Okanogan 146.2  Recorded
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Appendix Table 1.--continued.

Tag Length Weight Last record

(cm) (g) Age River RKm Fate
2338 50.5 1089.6 1.2 Okanogan 124.6 Recovered
2339 50.5 1044.2 1.2 Okanogan 163.4 Recovered
2340 50.5 1089.6 1.2 Okanogan 124.6 Recorded
2341 52.1 1362.0 1.2 Okanogan 2.4 Recorded
2342 53.0 1225.8 1.2 Okanogan 165.8 Recorded
2343 47.0 908.0 1.2 Okanogan 0.0 Recorded
2344 51.4 1225.8 1.2 Okanogan 146.2 Recorded
2345 52.4 1271.2 1.2 Okanogan 0.0 Recorded
2346 48.3 908.0 1.2 Okanogan 163.9 Recovered
2348 53.3 1589.0 1.2 Okanogan 162.6 Recovered
2349 48.3 998.8 1.2 Okanogan 164.2 Recorded
2350 53.0 1452.8 1.2 Okanogan 162.6 Recorded
2423} 54.1 1543.6 1.2 Columbia 829.2  Recorded
2429 49,7 1044.2 1.2 Okanogan 9.7 Recorded
2430 47.1 998.8 1.2 Okanogan 161.0 Recovered
2431 47.5 908.0 1.2 Okanogan 124.6 Recorded
2434 48 .2 908.0 2.2 Columbia 875.8 Recorded
2435 49.5 1135.0 1.2 Okanogan 9.7 Recorded
2436 49.0 1044.2 1.2 Okanogan 162.6 Recovered
2437 49.5 1135.0 1.2 Okanogan 162.6 Recovered
2438 49.5 1135.0 1.2 Columbia 832.4 Recorded
2439 52.4 1271.2 1.2 Okanogan 162.6 Recovered
2441 48.3 1135.0 1.2 Columbia 859.7 Recorded
2442 48.9 998.8 1.2 Okanogan 167.4 Recovered
2443 48.0 998.8 1.2 Okanogan 2.3 Recorded
2444 51.5 1089.6 1.2 Smilkameen 4.8 Recovered
2445 48.7 908.0 1.2 Okanogan 146.2 Recorded
2446 52.0 1271.2 1.2 Okanogan 124.6 Recorded
2447 48.2 1135.0 1.2 Okanogan 162.6 Recovered
2448 45.0 771.8 1.2 Okanogan 124.6 Recorded
2449 42.4 726.4 2.1 Okanogan 3.2 Recorded
2450 49.5 953.4 1.2 Okanogan 3.2 Recorded
2528 50.0 953.4 1.2 Columbia 83.2 Recorded
2529 50.8 908.0 1.2 Okanogan 90.2 Recovered
2530 50.8 1044.2 1.2 Columbia 8§29.2 Recorded
2531 49.0 998.8 1.2 Okanogan 75.7 Recovered
25342 47.0 908.0 nd Okanogan 164.2 Recovered
2535 49.3 908.0 1.2 Okanogan 164.2 Recovered
2536 48.5 908.0 1.2 Okanogan 162.6 Recovered
2537 46.0 817.2 1.2 Okanogan 3.2 Recorded
2538 50.8 1362.0 1.2 Columbia 829.2 Recorded
2539 48 .2 1135.0 1.2 Columbia 763.1 Recorded
2540 48.8 953.4 1.2 Methow 51.5 Hatchery
2541° 52.0 1225.8 1.2 Columbia 763.1  Regurg.
2541 46.8 862.6 2.2 Okanogan 123.3 Recovered
2542 46.4 908.0 1.2 Okanogan 162.6 Recorded
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Appendix Table 1.--continued.

Tag Length Weight Last record
(cm) (g) Age River RKm Fate

2543 53.4 1225.8 1.2 Columbia 829.2 Recorded
2544 50.2 1135.0 1.2 Okanogan 162.6 Recorded
2545 50.8 1135.0 1.2 Okanogan 124.6 Recorded
2546 52.5 1407.4 1.2 Okanogan 164.2 Recovered
2547 46.4 817.2 1.2 Okanogan 159.4 Recovered
2548 49.0 998.8 1.2 Columbia 872.6 Recorded
2549 51.0 1089.6 1.2 Columbia 872.6 Recorded
2550 52.0 1225.8 1.2 Okanogan 162.6 Recovered

1 possible age 2.2 Wenatchee River sockeye salmon.

2 Age not determined.

3 Tag regurgitated in holding tank prior to release, therefore
reused.
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INTRODUCTION

No detailed radio-telemetry research to evaluate adult
salmonid passage was conducted after the construction of the
public Utility District (PUD) dams on the mid-Columbia River.
Conseguently, adult fishways at the dams were operated using
criteria based on research conducted at lower Columbia River and
Snake River dams. However, discrepancies between expected fish
counts at upstream dams compared to counts at downstream dams
indicated that passage problems might exist at the mid-Columbia
River dams.

Tn 1993, the National Marine Fisheries Service (NMFS),
funded by Chelan County, Douglas County, and Grant County PUDs
and the NMFS conducted radio-telemetry research to document adult
fish passage and passage problems. Studies were designed to
determine migration rates, passage success, dam-passage behavior,
and final destinations of adult spring, summer, and fall chinook
salmon (Oncorhynchus tshawytscha) in the main stem and
tributaries of the mid-Columbia River (Fig. 1).

The University of Idaho conducted a separate but concurrent
study to radio-track spring and summer chinook salmon in the

Snake River; NMFS shared data and tagging efforts with them.
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OBJECTIVES

The study had five objectives, as follow:

Objective 1: Determine the date and time of arrival for
radio-tagged fish at tailraces, fishway openings (collection
channels and fish ladders), intermediate points in the fishway,
and fishway exits at Priest Rapids (River Kilometer [RKm] 638.9,
River Mile [RM] 397.1); Wanapum (RKm 669.0, RM 415.8); Rock
Island (RKm 729.5, RM 453.4); Rocky Reach (RKm 762.2, RM 473.7);
and Wells Dams (RKm 829.6, RM 515.6).

Objective 2: Determine fate of radio-tagged fish.

Objective 3: Determine the proportion of fish using each
fishway opening at each dam.

Objective 4: Determine the efficiency of fishway openings.

Objective 5: Determine incidence of fallbacks (fish

detected downstream from a dam after having been detected

exiting one of the fish ladders at the same dam) at each

dam.

MATERIALS AND METHODS

Field work began in February with setup of trapping and
tagging facilities at John Day Dam (RKm 346.9, RM 215.6) and
ended in late November with adult spawning. The terms "spring,"
"summer, " and "fall," as applied to runs of chinook salmon in
this study, are based on established dates for fish counting at

Columbia River Basin dams (U.S. Army Corps of Engineers 1993).
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Study Area
The study area included the Columbia River from McNary Dam
(RKm 469.8, RM 292.0) to Chief Joseph Dam (RKm 877.1, RM 545.1),
and the major Columbia River tributaries upstream from the
confluence of the Snake and Columbia Rivers. Chief Joseph Dam
has no fish ladders, and therefore is the upstream limit for

migrating adult salmon on the mainstem Columbia River.

Radio-Telemetry Tags

Radio-telemetry tags for the study were purchased from Lotek
Engineering Inc.', of Newmarket, Ontario, Canada. Each tag was
powered by two 7.2-V lithium batteries, with life spans of about
8 months, to ensure detection throughout the migration and
spawning periods. The transmitter and battery were sealed with
Scotch Cast in a cylindrical plastic capsule 8.25-cm long x
1.5-cm diameter, which allowed tagging of fish as small as 60-cm
fork length. Tags weighed about 30 g in air and had a 43-cm,
22-gauge, flexible-whip antenna attached to on; end. Each tag
transmitted a unique identification code within the range of

149.320 to 149.800 MHz.

Radio Tagging
Radio tagging of adult salmon involved three major

procedures: trapping, tagging, and releasing.

'Reference to trade names does not imply endorsement by the
National Marine Fisheries Service, NOAA.
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We collected, tagged, and released spring and summer chinook
salmon at John Day Dam from 19 April to 4 June and from 7 June to
29 July, respectively. At Priest Rapids Dam, spring chinook
salmon were radio tagged from 24 to 25 May, and fall chinook
salmon tagged from 7 September to 27 October. No summer chinook
salmon were tagged at Priest Rapids Dam. At Rocky Reach Dam,
spring, summer, and fall chinook salmon were radio tagged from
7 June to 11 June, 27 July to 29 July, and 8 September to 27

October, respectively.

Trapping

Temporary adult trapping facilities were installed in the
left-bank (river banks are designated left and right based on the
direction of movement of the water, i.e. looking downstream)
fish ladder at John Day Dam (Fig. 2). Fish that passed over a
denil fishway were selected for tagging by an observer controlled
pneumatic flipper gate that routed the fish into an anesthetic

tank.

At Priest Rapids Dam, the existing adult trap near the exit
of the left-bank fish ladder was used to collect fish for radio
tagging (Fig. 3). A picketed-lead gate was positioned over the
left orifice to divert fish to a denil and via a flume to the
trap. Non-target fish were released into the fish ladder
upstream from the trapping facility by activating a hydraulic

diversion gate in the flume.
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At Rocky Reach Dam, the existing Buckley trap in the fish
ladder was used to collect fish (Fig. 4). The trap was lowered
to cover two submerged weir orifices in the fish ladder. The
trap floor in front of the right-side orifice was covered with a
sheet of white plastic to facilitate viewing the fish from above
water as they entered the trap. The left-side orifice was closed
by a slide gate to prevent escape. The trap was raised when
target fish were observed in the trap. Fish were transferred via
a 46.1-cm diameter pipe from the trap to a tank located on a
3.0-m x 6.1-m barge in the forebay. Non-target fish were
immediately released into the fish ladder upstream from the trap

or removed from the collection tank and released into the

forebay.

Tagging

Salmon were anesthetized with a tricaine methane sulfonate
(MS-222) solution of about 40 ppm. After examination for marks,
tags, or injuries, fish were measured. Chinook salmon longer
than 60-cm fork length without severe head injuries were radio
tagged. Fish were supported in the water, and a radio tag was
inserted through the mouth and into the stomach of the fish. The
entire tagging procedure lasted approximately 2 to 5 minutes per

fish. Fish remained in water throughout the tagging process.

Releasing
After tagging, fish were placed into a holding tank until
they recovered from the anesthetic. At John Day and Priest

Rapids Dams, recovered fish were released back into fish ladders
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upstream from the traps. At Rocky Reach Dam, tagged spring and
summer chinook salmon were transported downstream from the dam
and released into the tailrace. Fall chinook salmon were
released directly into the forebay from the flocating work-barge

on which they were tagged.

Radio Tracking

Radio tracking began when the first tagged fish was
released. Fixed-site monitors were installed to continuously
record the presence of radio-tagged fish in specific areas.
Mobile surveillance from auto, boat, and airplane was used to
monitor fish between fixed-site monitors and to locate and
recover stationary tags.

The general location and numerical designation of fixed-site
monitors at dams are listed in Table 1. Specific locations of
fixed-site monitors and antennae at the dams are shown in
Appendix Figures Al to A5. Information for fixed-site monitors
on major tributaries. is presented in Table 2. Data collected
from fixed-site monitors were downloaded to lap-top computers.
The frequency of downloading ranged from every day to once a

week, depending on fish activity within range of the monitor.

Radio-Telemetry Monitoring Equipment
All monitors used Lotek Model SRX-400 telemetry receivers

for signal detection, data processing, and data storage.
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Table 1.--Mainstem Columbia River,

fixed-site telemetry monitors

and antennae used during the 1993 spring, summer, and
fall chinocok salmon radio-telemetry study.
Monitor Monitor location River Number Antennae
number (upstream progression) Km. of type
antennae
1 John Day Dam 346.9 1 Underwater coaxial cable
(left-bank fish ladder)
2 John Day Dam 346.9 1 Underwater coaxial cable
(right-bank fish ladder)
4 McNary Dam 469.8 1 Underwater coaxial cable
(left-bank fish ladder)
5 McNary Dam 469.8 1 Underwater coaxial cable
(right-bank fish ladder)
o8 Priest Rapids Dam 639.5 2 9-element Yagi
(right-bank aerial)
987 Priest Rapids Dam 639.6 4 Underwater coaxial cable
(right-bank fish ladder)
96 Priest Rapids Dam 639.6 7 Underwater coaxial cable
(right collection channel)
95 Priest Rapids Dam 639.6 6 Underwater coaxial cable
(mid collection channel)
94 Priest Rapids Dam 639.6 4 Underwater coaxial cable
(left collection channel)
93 Priest Rapids Dam 639.6 6 Underwater coaxial cable
(left-bank fish ladder)
92 Priest Rapids Dam exit 639.6 4 Underwater ccaxial cable
(left-bank fish ladder)
91 Wanapum Dam 669.0 2 9-element Yagi
(right-bank aerial)
90 Wanapum Dam 669.0 2 Underwater coaxial cable
(right-bank ladder entrance) -
89 Wanapum Dam 669.0 7 Underwater coaxial cable
(right collection channel)
88 Wanapum Dam 669.0 6 Underwater coaxial cable
(mid collection channel)
87 Wanapum Dam 669.0 6 Underwater coaxial cable
(left collection channel)
86 Wanapum Dam entrance 669.0 6 Underwater coaxial cable
(left-bank fish ladder)
85 Wanapum Dam exit 669.0 4 Underwater coaxial cable
(left-bank fish ladder)
84 Wanapum Dam exit 669.0 4 Underwater coaxial cable
(right-bank fish ladder)
83 Rock Island Dam 729.5 2 9-element Yagi
(right-bank aerial)
82 Rock Island Dam 729.5 7 Underwater coaxial cable

(right powerhouse entrance)




Table 1.--continued.
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Monitor Monitor location River Number Antennae
number (upstream progression) Km of type
antennae

81 Rock Island Dam 729.5 2 Underwater coaxial cable
(left powerhouse entrance)

80 Rock Island Dam 729.5 4 Underwater coaxial cable
(center fish ladder)

79 Rock Island Dam 729.5 2 Underwater coaxial cable
(left-bank ladder entrance)

78 Rock Island Dam 728.5 5 Underwater coaxial cable
(left-bank ladder exit)

77 Rock Island Dam 729.5 4 Und t i
(right—bank Dam fer exit) erwater coaxial cable

76 Rocky Reach Dam 762.2 2 9-element Yagi
(right-bank aerial)

75 Rocky Reach Dam 762.2 7 Underwater coaxial cable
(right collection channel)

74 Rocky Reach Dam 762.2 7 Underwater coaxial cable
(mid collection channel)

73 Rocky Reach Dam 762.2 6 Underwater coaxial cable
(left powerhouse entrance)

72 Rocky Reach Dam 762.2 2 Underwater coaxial cable
{(spillway entrance)

71 Rocky Reach Dam 762.2 4 Underwater coaxial cable
(fish ladder exit)

68 Wells Dam 828.6 2 9-element Yagi
(right-bank aerial)

67 Wells Dam 829.6 4 Underwater coaxial cable
(right-bank ladder entrance)

66 Wells Dam . 829.6 4 Underwater coaxial cable
(left-bank ladder entrance)

65 Wells Dam 829.6 5 Underwater coaxial cable
(left-bank ladder exit)

64 Wells Dam 829.6 5 Underwater coaxial cable

(right-bank ladder exit)
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Fixed-site monitors using underwater antennae incorporated Lotek
DSP-500 receiver/co-processors for simultaneous scanning of all
antennae and frequencies. The receiver/co-processor detected
transmitter signals and passed frequency, code, and signal
strength to the SRX-400 receiver for data verification and
storage.

Four types of antennae were used for signal detection:
underwater; multiple-element Yagi; hand-held, 3-element, folding
Yagi; and H antennae. Underwater antennae consisted of coaxial
cable with about 37.5 cm of the shielding stripped from the
distal end. The cable was suspended outside and within fish-
ladder openings to detect the presence of radio-tags. The
detection range of underwater antennae ranged from 4.6 to 6.1 m.
Yagi multiple-element antennae were used as air antennae at fixed
sites to monitor fish in a general area. A nine-element Yagi
antenna was used aboard a 5.8-m work boat for mobile tracking.
Mobile tracking was performed with a monitor equipped with hand-
held or staff-mounted, 3-element, folding Yagi antennae. Two
wing-strut mounted, H-pattern antennae were used on a high-winged

aircraft for aerial tracking.

Data Collection
The data collected for each radio-tagged fish included:
1) Fish length and injuries.
2) Site, date, and times of both tagging and release of
tagged fish.

3) Date and time that tagged fish entered the study area.
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4) Dates and times of arrival at the tailrace of each
mid-Columbia River dam, including fishway
entrances and exits (location, date, and time).
5) Date and time of entry and exit to the Wenatchee,
Entiat, Methow, and Okanogan Rivers.
6) Weekly mobile track data (River Kilometer, notes, date,

and time) .

Data Analysis
Because travel-time data are seldom distributed normally, we
recorded ranges and median travel times. Data were analyzed with
non-parametric statistical tests.
Specific goals of this study were met by analyzing data in

the following categories:

Run Timing

Fixed-site monitors determined run timing (dates and hours)
and between-site migration times. These units- operated
continuously, except'for short periods during data downloading.
Run timing was calculated for a number of study area sections
upstream from McNary Dam fishways to entrances of spawning

tributaries.

Travel Time

Travel time in each reservoir and at each dam was obtained
from monitors in the tailrace, collection channel, and fish-
ladder entrances and exits. Tributary monitors were located far

enough upstream so that tagged fish in the reservoir were not
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recorded. Dual antennae on the tailrace and tributary receivers
provided sequential data for determining direction of movement.

The following terms were used to categorize travel times for

tagged fish:

o Previous dam to tailrace--Elapsed time between exit or
tagging at a dam and the first record at the nearest
monitor downstream from the next upstream dam.

o Tailrace to arrival--Elapsed time between the first
record at the nearest monitor downstream from the dam
and the first record immediately outside a collection-
channel opening.

® Arrival to entry--Elapsed time between the first
record immediately outside a collection-channel opening
and the first record inside the collection channel.

® Entry to last collection channel--Elapsed time
between the first record inside the collection channel
and the last record inside the collection channel.

o Last collection channel to ladder exit (ladder time)--
Elapsed time between the last record inside the
collection channel and the last record at the fish-
ladder exit. These data were segregated according to
fishways.

® Total passage time at specific dam--Elapsed time between
the first record immediately outside a collection-
channel opening (arrival) and the last record at a fish-

ladder exit.
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Travel times for all radio-tagged fish were included in the
analysis unless travel times between tagging sites were

significantly different (P = 0.05).

Fate of Radio-Tagged Fish

The fates of individual radio-tagged fish were assigned to
categories based on last known locations determined by fixed-site
monitors and mobile and aerial tracking. For example, we assumed
fish last detected in a tributary would have stayed in that
tributary. Assigning tags last detected between dams to a
specific category was more problematic since fish could have
died, spawned, regurgitated the tag, or been harvested. To help
determine possible categories, we encouraged the return of
recovered radio tags and information on their fate by offering a
$5 reward. The fate of each tagged fish was examined for
correlation with location, total passage time, fallback, and

collection-channel exit rates.

Adult Collection Chaﬁnel Efficiency

Collection channel efficiency was calculated with data from
fixed-site monitors at each of the collection-channel openings
and at the fish-ladder exits. Net collection-channel entry was

estimated for each opening