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Bonnevill e Power Admnistration
WATER BUDCET
ANNUAL  REPORT
to the

Nort hwest Power Pl anning Council

Pur pose

This report is wi tten in response to the Northwest Power Planning Council's
(Council) Columbia River Basin Fish and WIldlife Program (Program, Section
1500, Action Item 33.2. This Action Item requests that Bonneville Power
Admi ni stration (BPA) continue to fund research and nonitoring and to report on
activities by Novenber of each year. BPA has expanded this reporting
requirenent to include:
1. background and history of the devel opnent of the Water Budget concept
including a discussion of Water Budget nanager positions;
2. i npl enentation of the Water Budget since it's formulation by the
Council in 1983,
3. a di scussion of the research and nonitoring funded by BPA; and
4. a discussion of Section 304 of the Council's Program
This is the first report on the Water Budget by BPA and enconpasses the first

three years ( 1983, 1984, and 1985) of operation.



| ntroduction

Devel opnent of dams on the Columbia and Snake Rivers has changed both the
magni tude and timng of the spring flows. These flow changes have directly
affected the travel time of migrating juvenile salnon and steelhead in their
journey to the ocean. Historically, this migration to the sea took only two
to seven days and occurred with the spring freshet(l). In the 1970's,

spring flows changed sonewhat dramatically with the completion of the major
headwater storage projects. Mn then had the capability to control runoff
such that flooding could be prevented and the stored water could be released
to meet the needs for electricity, irrigation and recreation. Wile the
ability to control flows proved to be beneficial, especially to flood contro
and power generation, it adversely affected the annual salnon and steel head
downstream migration. The operation of the headwater storage reservoirs |ike
Li bby, Hungry Horse and Brownl ee changed the seasonal timing of the runoff by
storing the large peak flows for release later in the year when needed for

el ectrical generation and irrigation. Therefore, these storage reservoirs
reduced the magnitude of spring flows. The run-of-the-river projects such as
Lower Granite, Priest Rapids and Bonneville created ponds in the river channe
whi ch, because of their increased volunme, slowed the travel time of the
mgrating fish. Additionally, these pools created habitat for salnonid
predators. The conbination of seasonal and run-of-the-river projects
increased the travel tine for the downstreammgrants fromthe two to seven

day range to over 30 days from spawning grounds/hatcheries to the estuary.



This increase in travel tine resulted in increased nortality by allowng
additional exposure of nigrants to predators which reside in the

run-of -the-river reservoirs, and other detrinental factors.

As part of it's Fish and Wldlife Program the Council sought to reduce the
mortality associated with downstream migration by increasing the spring

flows. The Council requested and received recomendations which were keyed to
water year runoff volume. This "sliding scale" approach suggested reduced
flows during sone periods in years of low runoff and increased flows in years
of high runoff. The Tribes suggested "optinmunf flows every year tined to fish
movenment. Both bodies recomended fish flows be under the control of the
fishery agencies and Tribes. A \Water Budget volume concept was derived by the
Council from the agencies' and Tribes' recomendations and water volunes were
specified for the mid-Colunbia and the |ower-Snake Rivers. The Counci

recogni zed the fishery agencies and Tribes |acked the expertise to work
effectively with owners and operators of the hydrosystem to inplenent the
Water Budget. The fishery agencies and Tribes needed hydrosystem expertise to
assure that the Water Budget would be considered in all phases of system

pl anning and operation. To assist, the Council specified that Bonneville fund
two Water Budget mmnagers, one each representing the Tribes and fishery

agenci es.

The Council also recognized that data was lacking to justify their specified

Water Budget volumes, so they requested BPA to fund Water Budget effectiveness



studies. The fishery agencies derived a flowsurvival relationship from
research data by the National Mrine Fisheries Service (NVFS) 2)(3) to
justify their need for flows. This relationship, plotted in Figure 1, is

hi ghly dependent on two data points - 1973 and 1977. W thout these two points
there would be no flowsurvival relationship. Since the confidence of these
data points is unknown, the Council specified flowsurvival studies be
conducted to verify the fishery agencies' assertions. These effectiveness
studies are in addition to the monitoring required by the nanagers to

i nmpl ement the Water Budget and to communicate spill requests. BPA views the
ef fectiveness studies as the vehicle to not only evaluate the size of the
existing Water Budgets, but also to evaluate the operations of BPA the US.

Arny Corps of Engineers (Corps), and the Water Budget managers.

In sunmary, the Council formulated Water Budgets for the nid-Colunbia and
Snake rivers requiring BPA to fund Tribal and agency managers to inplenment the
Water Budget and specifying that nonitoring and effectiveness studies be

conduct ed.

| mpl enentation of the Water Budget

The first spring's operation under the Program occurred in 1983. However, the
Wat er Budget was not an integral part of the coordinated systemplan for that
year because power operations planning occurs one year prior to actual

impl ementation. The Water Budget was first integrated into the planning

process in 1983 for inplementation in 1984. Fiscal Year 1983, however, did
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afford all parties the opportunity to test the process of inplenentation. The
test year of 1983 reveal ed problens such as the nmethods of accounting and
daily or weekly inplenentation that are synptoms of a program neasure that was
not well defined. Similar problens surfaced in 1984 and 1985 even though all
parties involved participated in advanced planning with the Corps in the

devel opment of its Annual Plan of Qperation.

Figures 2 through 7 illustrate the Water Budget flows requested and the flows
received for 1983, 1984 and 1985 at Priest Rapids and Lower Granite dans.
Figures 2 and 3 are included for 1983 at Priest Rapids and Lower Ganite to
illustrate that Water Budget flows were met without hol ding the specified
volume in storage through the previous fall and winter due to good water
conditions. Figures 4 and 5 illustrate the requested and actual flows for
the first year of the Water Budget. At Priest Rapids (Figure 4), there are
apparent "misses" in meeting the requested flows, however, the weekly average
flows were met during the period. There was only one weekend in NMay (Menori al
Day weekend) where flows dipped bel ow the request. This problem was solved in

1985 by providing additional protection for weekend fl ows.

In 1985 the runoff in the Snake River (Figure 7) had a pattern of high flows
early in the spring with no precipitation in the spring and sumer. The
result was that flood control operations evacuated space in both Brownlee and
Dworshak reservoirs prior to spring mgration and natural runoff did not
materialize in sufficient anpbunts or times to meet the apparent needs of the

mgration. Wile the fishery agencies and Tribes have conpl ai ned that Water



Figure 2. Flows at Priest Rapids dam
In 1983.
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Figure 3. Flows at Lower Granite dam
In 1983.
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Figure 4. Flows at Priest Rapids dam
In 1984,
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Figure 5. Flows at Lower Granite dam
In 1984,
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Figure 6. Flows at Priest Rapids dam
In 1985.
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Figure 7. Flows at Lower Granite dam
In 1985,
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Budget flows were not met for 22 days, the real problemwas that an unnatura
runoff pattern presented an extremely |ow volume (82 percent of 20 year

average 1961-80). The maxi mum anpunt of storage available in the Snake system
for all uses including Water Budget is only three mllion acre feet (MAF)

(1 MAF in Dworshak and 2 MAF in Brownlee). The average annual runoff in the
Snake is 30 nillion acre-feet. In 1985, the January - July runoff was 25.2
MAF. None of this was from storage, as discussed above, because of flood
control operations. Overall, the Water Budget has been provided as planned

and successful ly inplenented.

The revenue |osses due to actual inplenentation of the Water Budget and
storage operations conducted each year prior to the Water Budget season were
$12,687,000 in 1983-84 and $16, 899,523 in 1984-85. Total revenue |osses for

the report period were $29, 586, 523

Monitoring and Research Projects Funded in Support of the Water Budget

BPA has been funding the fishery agencies and Tribes since 1980 to assist them
in managing and coordinating the outmgration of salnon and steel head. During
the period 1980 - 1982, BPA supported the activities of a Smolt Monitoring
Coordinator and a Field Qperations Coordinator. Total expenditures for these
three years of this activity was over $315,000. The products received from
these contracts were the agencies' input to the annual reports of the Counci

on Fishery Operations (COFQ), a subgroup of the Colunbia River Water

Management Goup. Wth the passage of the Pacific Northwest Electric Power

13



Pl anning and Conservation Act in 1981 and the subsequent issuance of the
Council's Program COFO di sbanded. In 1983, the fishery agencies and Tribes
organi zed the Water Budget Center to coordinate their activities associated

with downstream migration activities in the Program

The following list describes in brief the projects funded by BPA in direct
support of the Water Budget nmnagers:

1. Project 80-1 - Smolt Monitoring Program - Fishery Agencies and

Tri bes.

2. Projects 83-491 & 83-536 - Water Budget Managers - Fishery Agencies

and Tri bes.

3. Project 84-17 - Freeze Branding of Steelhead and Chinook Sal non

Juveniles for Water Budget Studies. - |daho Department of Fish and
Game.

4, Project 83-323 - Smolt Condition and Timing of Arrival At Lower

G anite Reservoir. - ldaho Departnent of Fish and Gane.

5. Project 84-14 - Monitoring of Downstream Sal non and Steel head Trout

at Federal Hydroelectric Facilities. - National Marine Fisheries
Servi ce

6. Project 83-6 - Operation and Maintenance of BPA Fish Marking Trailer

U.S. Fish and WIldlife Service.

1. Proj ect 86-60 - Downstream M grant Monitoring - National Marine

Fi sheries Service.

8. Project 86-119 - Freeze Branding Sal non and Steel head Trout at Lyons

Ferry Fish Hatchery - Washington Departnent of Fisheries.

9. Project 84-54 - Juvenile Salnonid Mnitoring at Rock Island Dam

Bypass - Chelan County Public Uility District.

14



Project summaries contained in Appendix A are brief reports of activities
since 1983. The reader should refer to the specific reports cited in these

summaries for conplete informtion.

In summary, BPA has funded ten projects since 1980 with a total cost to the
rat epayers of $5,837,670 in support of the Water Budget Managers and Snolt
Monitoring programs. Table 1 summarizes the funding provided by BPA for all
projects associated with fish passage, by year, since 1980. Figure 8

illustrates the increases in funding year by year since 1980.
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Tabl e 1.

Dol | ars Expended

SMOLT MONI TORI NG - WATER BUDGET MANAGERS

PRQJECTS

YEAR 80-1 83-6 83- 323 83- 491 83-536 84- 14 84-17 84-54 86- 60 86-119 TOTAL

1980 75,975 75,975
1981 101, 271 101, 271
1982 137, 842 137, 842
1983 159, 769 338, 600 67, 500 69, 000 634, 869
1984 477, 507 203, 800 261, 617 74,794 79, 376 19, 800 4,979 1,121,873
1985 400, 278 214,170 261, 100 119, 161 76, 403 453, 376 17,000 51,722 1,593,210
1986 64, 566 567, 613 201, 993 173, 340 204, 066 562, 413 23,800 51,359 317,155 7,128 2,172,633

TOTAL $1,417,208

$985, 583 $1,063,310

$434,795  $428,845 $1,015,789

16
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Figure 8.
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Di scussi on of Program Measure - Section 304

(a.) Establishnent and Use of the \Water Budget

Wth the denonstrated history of the same recurring problenms in accounting and
inpl enentation of the Water Budget, BPA has anal yzed the Program Measure 304
and formulated recommended changes and clarifications. The following is a

di scussion of some of the section 304 "Measures". This discussion includes
specific language of the subsection followed by recomendations for suggested

modi fications to clarify and strengthen the Program

Section 304(a)(2):

"To provide a base fromwhich to neasure Water Budget usage, the
Council has established the 'firm power flows' listed in Table 1.
Wat er budget managers will request flows for Priest Rapids and Lower
Ganite danms and dates on which these flows are desired. The flow
requests nust be greater than the firmpower flows and | ess than 140
kcfs. Water Budget usage will be measured as the difference between
the actual average weekly flows, which result from the Water Budget
managers' requests, and the firm power flows.

Table 1
Priest Rapids Lower Ganite
April 15 through April 30 76 50
May 1 through May 31 ;8 88
June 1 through June 15

18



Di scussion:  Section 304(a)(2) has caused endl ess debate between the fishery
agencies and Tribes and the owners and operators of the projects on usage and
accounting for the Water Budget in the mid-Colunbia. The Council needs to
specify very explicitly how the nmanagers can request flows from the volunme in
storage. The agencies and Tribes have tried to inplenent the Water Budget on
a daily basis which has hindered planning by the other parties. There has
been no evidence that providing flows on a weekly average basis provides |ess
protection for the downstream migrants than on a daily basis. The physica
difference is that weekly average flows would allow higher flows during the
week and lower flows on the weekend. Daily average flows would keep flows
constant every day during the week. To address the effects of weekly versus
daily flows, BPA proposes to solicit proposals in 1987 to exam ne the effects

of short term flow fluctuations.

To overcone this difference the Corps, BPA and the Water Budget nanagers
agreed in 1986 to a methodol ogy, suggested by BPA, whereby BPA and the Corps
woul d devel op average weekly flow estimates. The Corps provided the weekly
flow estimates to the Water Budget mmnagers on Wednesday for the upcom ng
Monday- Sunday period. The managers had 24 hours to decide if they wanted to
augrment the projected power and flood control flows with Water Budget. The
Water Budget request, if nade, was for a weekly average flow. To protect

agai nst the agencies and Tribes concern of |arge weekday to weekend
fluctuations, BPA and the Corps guaranteed that the average weekend fl ow woul d
be no | ower than 80 percent of the preceding average five weekday flows, when

the Water Budget was being inplemented. Usage of the Water Budget would be

19



measured against the firm power flows specified for the nid-Colunbia Water
Budget. This is a good operations procedure until the daily-vs-weekly flow
i ssue can be further researched. This issue should only be revisited by the
Council when new data are available that indicate a change in operating

procedures would benefit the nigration.

Section 304(a)(3):

"The federal project operators and regulators shall incorporate the
Water Budget requirement in all system planning and operations
performed under the Columbia River Treaty, the Pacific Northwest
Coordination Agreenment, all related rule curves, and in other
applicable procedures affecting river operations and planning. All
parties will act in good faith in inplementing the Water Budget as a
"“firmrequirenent'. The Council expects that in order to reduce
power system effects, thermal plant maintenance will be noved into
the April 15 to June 15 period. The fish and wildlife agencies and
Tribes must give the U S. Arny Corps of Engineers (Corps) three days
written notice of changes in the planned flow schedul e under the
Wat er Budget."

Di scussion:  The last sentence referring to the 3-day notification period can

be deleted since inplementation is covered in 304(a)(2) previously.

Section 304(a)(4):

"The Water Budget is expected to result in an average annual |oss of
550 megawatts (MW) of firm energy |oad carrying capability, which

will be taken into account in the Council's energy plan as provided
inthe Act. The actual armount of power |oss is dependent on actions
taken by power managers to accommpdate the \Water Budget. Such
actions may include extra-regional firm power exchanges and shifting
of thermal plant maintenance schedul es.”

Di scussion:  This section should now be deleted since the Water Budget is now

integrated into annual system planning by all parties.

20



Section 304(b) Water Budget Manager:

The Council, through its Fish and Wldlife Program established two Water

Budget manager positions. One Water Budget nanager was assigned to the State
and Federal fish and wildlife agencies and one was assigned to the Col unbia
River Basin Indian Tribes. The Water Budget managers are to provide
assistance to their respective Tribes and agencies in working with the power
project operators and regulators to ensure that requirenents for fish are made
part of river system planning and operations. W understand the Council
established two manager positions because the agencies and Tribes, when they
submitted their flow recommendations, had radically different approaches to
providing flows. The fishery agencies presented a sliding scale approach

whi ch woul d match flow requests to the annual runoff volune as well as the
fish mgration. The Tribes, however, recomrended optimumflow | evel s every
year to be applied when fish are nigrating. Once the programwas in place and
the two nmanagers worked together, it appears there were no disputes. Also, at
the time the Council initially devel oped the Program the fishery agencies and
Tribes did not have a common forum to resolve disputes. The Council noted
this by having BPA fund two Water Budget managers. This would not force an
al liance by having the fishery agencies and Tribes sharing a Water Budget
manager. Tinmes have changed. The fishery agencies and Tribes have resol ved
their harvest issue differences through the US. -vs- Oregon process and the
fishery agencies and Tribes now are devel oping a common forum the Col unbia

River Fish and WIldlife Directorate.
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BPA reconmmends that inplenentation of the Water Budget requires the funding of
one Water Budget manager working for the fishery agencies and Tribes. The
manager woul d provide the needed expert assistance to the Tribes and fishery
agencies. Presently the positions are redundant and BPA has not seen a
denonstrated need for two managers. The cost of providing two Water Budget
managers is presently $150,000 per year for salaries, benefits and trave
expenses. Gven that BPA is expected to experience budget shortfalls for at

| east the next two to four years, this $94,800 per year could be better spent

on priority issues that produce tangible products, such as fish

22



Section 304(d) Research and Monitoring:

In Section 304(d), items (1) and (2) appear repetitive. Section 304(d)(1)
states that BPA shall fund a Water Budget effectiveness study. The study is
to gather additional evidence on the relationships anong flow, spill, travel
time and snolt survival. Based upon the results of the study, the Council
will determne whether the Water Budget is successful and to what degree.
Section 304(d)(2) contains nmany of the sane requirenents for study under the
smolt monitoring program  Section 304(d)(2)(D) requires Bonneville to fund
the fishery agencies and Tribes to provide information, amng other things,
for correlation of data on flows, snolt survival, and subsequent adult returns
as a basis for adjusting Water Budget usage and mark and recapture studies to
evaluate flow, spill and structural bypasses as a neans of inproving

downstream ni grant survival.

BPA has funded the fishery agencies and Tribes to perform Water Budget
effectiveness and the snolt nonitoring program The fishery agencies and
Tribes have chosen to have National Marine Fisheries Service-Portland and

| daho Departnent of Fish and Gane, U.S. Fish and WIldlife Service and

Washi ngt on Departments of Fish and Game to conduct the snolt nonitoring
program in conjunction with the Water Budget managers, who are conducting the

Wat er Budget effectiveness studies.

BPA questions the performance of the Water Budget nanagers to date in carrying
out the Water Budget effectiveness studies. The effectiveness studies
conducted to date are downstream migrant reach survival studies.

23



Theoretically, the managers have divided the basin into three reaches;

m d- Col unbia which is fromWIlIls to MNary, Snake fromLower Ganite to MNary
and | ower-Col unbia fromMNary to Bonneville. The design is to nmeasure
survival for all mjor artificially produced (hatchery) salmn and steel head
stocks in each of the three reaches. Each year an "index" of survival would
be derived fromthe mark and recapture studies. An index number is not an
absolute indicator of survival, it this nerely an indicator which can be used
to conpare survival from year to year for a particular stock to obtain genera
trends which may be used by the Council to gauge the success of its Program
It cannot be used to conpare survival between stocks nor be used to exam ne
Water Budget effectiveness. Bonneville believes with the use of appropriate
technol ogy such as the PIT tag, research studies can be designed and carried
out with fewer fish than now being used to obtain reliable survival and

popul ati on estinates.

G ouping of data points for "like" passage conditions would occur or be
attenpted after five to ten years of data were collected for each stock
Survival data would be grouped by simlar spill and operating conditions if
possible for each project in each reach. The survival data points could then
be regressed against flows to obtain the needed flow survival relationship for
each reach. This design has serious flaws. Only if all previously stated
conditions are simlar will results likely be valid. The Water Budget is too
expensive and too inportant to the fish to rely on such a tenuous study

desi gn. It is likely that the Water Budget nanagers, using their existing

24



Water Budget effectiveness study design will not be able to delineate flow
effects by utilizing variations in spills due to confounding factors such as
changi ng dam operating conditions, changes in fish health from year to year

and a multitude of other variables.

BPA believes the managers shoul d design and guide the snolt nonitoring program
to the extent that it provides themwth accurate and tinmely data required to
nmake real-tinme system operational requests for flows and spills. The Water
Budget managers should not be performng Water Budget evaluation or any other
research functions. W feel that well designed reservoir nortality studies
will yield the type of information which is needed to exam ne Water Budget
ef fectiveness. The Water Budget nmnagers have a reporting requirenent in
their 1986 contract with BPA to develop a special report on Water Budget
Eval uation, due on Novenber 1, 1986. This report on Water Budget eval uation
alternatives is to include:

L Requirenents and availability of test fish and recommendations for

producing the needed fish;

2. alternate strategies for neasuring effects of the Water Budget;
3. current linitations in measuring the Water Budget;

4, necessary design to achieve statistically significant results;
5. needed technol ogical advances to achieve statistically valid

eval uation; and
6. review process of fish and wi Ldlife entities and project owners and

operators.
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BPA intends to utilize this report from the Water Budget managers as input
when soliciting proposals to address Water Budget effectiveness. As stated
earlier, the Water Budget is to correct for shifts in magnitude and timng of
flows. Reservoir nortality studies are the neasurenents used to determne the
magni t ude of the problem plus the nechani sm by which inprovenents are

measur ed. However, reservoir nortality studies are only one conponent of

Water Budget effectiveness. BPA feels that Water Budget effectiveness studies
can be conducted in a nore direct fashion with studies which would include

reservoir nmortality utilizing the PIT tag

BPA al so questions whether the Water Budget managers have needed the extensive
smolt nonitoring database to nmake real-tinme decisions inplementing the Water
Budget and communicating spill requests. For 1987, a total of 1.5 million
fish are proposed to be nmarked at 13 hatcheries in the Snake and nid- Col unbi a
rivers. Are these marks needed to turn on or nodify the operation of the
Water Budget? Are spill decisions actually made or nodified based upon the
arrival of certain brands on various stocks? The Water Budget nanagers have
never justified the need for this large nunber of brands in their study
designs or their annual reports. It appears to BPA that spill decisions are
based primarily on the nunmbers of fish in real-tine sanples at specific dans
and not on specific stocks of fish. \Water Budget flows have been called for
after sanmpling has shown that 10% of the migration has arrived at the first
dams (Wells and Lower Granite) and the existing flows are bel ow the agencies'

and Tribes' mnimm flow requirements. The Water Budget is then inplenented
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by augmenting forecasted flows until exhausted. The migration of individua
stocks does not appear to be criteria for inplementing or shaping Water Budget

flows.

BPA strongly recomrends that the Council re-examne Section 304(d)(l) and (2

to clarify their desires for Water Budget effectiveness.

O her Qutstanding |ssues Associated with Fish Passage

The Corps has devel oped a useful nodeling tool called FISHPASS. The Counci
has utilized this nodel through its Minstem Passage Advisory Conmittee. A
BPA contractor also utilized this nodel extensively in the devel opnent of a

Potential Colunbia River Fish Passage Plan which is scheduled for release in

Decenber, 1986. FI SHPASS nodel ing by BPA, the Corps and the Council has shown
that system survival, survival of a stock of fish fromits point of entry on
t he mai nstem to bel ow Bonneville dam is nost dependent on reservoir

mortality, transportation and turbine nortality.

Using the Corps' 1986 spill plan, assuming bypasses at all Federal projects
and average water conditions, dam survival averaged 94.7 percent while average
reservoir survival was only 83.4 percent in a recent FISHPASS study conducted
by BPA.  Further analysis of turbine and reservoir nortality were then

conduct ed. Si nul ations were nmade with FI SHPASS where reservoir nortality was
hel d constant while turbine nortality was halved then doubled. There was no
spill in these studies to exanmine the full effect of turbine nortality.

Turbine nortality was then held to levels agreed upon in the Council's MPAC
while reservoir nortality was halved and then doubl ed
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Finally, studies were run where turbine mortality was hal ved and reservoir
mortality was doubled, and where turbine mortality was doubl ed while reservoir
mortality was halved. Table 2 sunmmarizes these studies in conparison to a
study run using MPAC determined criteria. Extrene values were used for
turbine and reservoir nortality since these parameters are critical to

determ nations of survival and there is wide variation anong experimentally

determ ned values for turbine and reservoir nnrtality(4).

(The following discussion is linmted to spring Chinook). Variations in
reservoir mortality produced a wide swing in survival of yearling Chinook.

O her species will be reported on in the Potential Colunbia River Fish Passage

Plan(b).

Hal ving reservoir nortality nearly doubled survival (1.95 tines
survival in the base case). Doubling reservoir nortality dropped survival to
about one fourth it's previous value (0.22 times the base case surviva

level ). Changes in turbine nortality had a much |less inpressive effect on
survival.  Doubling turbine nortality dropped survival to 0.72 of the base
value, while halving turbine nortality increased survival to only 1.17 tinmes
the base level. \Wen decreases in reservoir nortality were coupled wth
increases in turbine nortality and vice versa, the result was a dampening of
the swing produced by reservoir nortality alone. Decreased reservoir
mortality with increased turbine nortality resulted in survival of 1.49 tinmes
the base level, a 46 percent reduction in survival from the effect of
decreased reservoir nortality alone, but clearly a result in which reservoir
mortality had a far nmore significant inpact. In the case of increased
reservoir nortality with decreased turbine nortality, survival is 0.25 tines
the base level, only 3.7 percent higher then seen with increased reservoir
mortality due to decreased turbine nortality.
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Table 2

Survival of Smolts from Lower Granite Dam Under Varing Assumptions, Water Year 1942

Yearling Chinook Survival

Number MPAC Tur. Reservoir Reservoir Turbine Turbine Tur. Mort Res. Mort
Project of and Mortality Mortality Mortality Mortality Halved & Halved &
Reservoir Reservoir Turbine
Smolts Mortality Doubled Halved Halved Doubled Mort. Doubled Mot-t. Doubled
To Dam 3739 3739 3739 3739 3739 3739 3739
Granite Past Dam: 3518.8 3519.8 3518.8 3602.8 3350.7 3602.8 3350.7
Little To Dam: 2843 2163.8 3197.1 2910.9 2707.2 2215.5 3044 .4
Goose Past Dam: 2690.3 2047.6 3025.5 2811.3 2456.3 2139.7 2762.3
Lower To Dam: 2287 .4 1442 .3 2805.2 2390.2 2088.4 1507.1 2561.2
Monument Past Dam: 2158.6 1361.1 2647.3 2305.8 1883.3 1453.9 2309.6
Ice To Dam: 1806.4 924.8 2418.6 1929.6 1575.9 987.8 2110
Harbor Past Dam: 1714.3 878 2294.9 1865.8 1439.1 955.3 1926.2
McNary To Dam: 1461.6 625.1 2120.1 1590.7 1227.1 680.1 1779.5
Past Dam: 1397 597.7 2026.1 1542.7 1138.5 659.7 1650.6
John To Dam 1027.8 287 1755. 1134.9 837.8 317.4 1430
Day Past Dam: 970.4 271.6 1657.3 1095 756.3 306.3 1290.9
The To Dam: 884.5 277.9 1582.5 998 689.3 256.9 1232.7
Dalles Past Dam: 826.7 213 1479.1 958.9 608.1 246.9 1087.5
Bonn. To Dam: 700.4 151.2 1366.6 812.4 515.3 175.2 1004.9
Past Dam: 673.3 6145.4 1313.5 789.8 484.2 170.4 943.9
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Clearly, reservoir nortality is nore significant than turbine nortality in
deternmining the survival of chinook smolts through the system. This is in
large part due to the assunption of bypass systems at all federal facilities
in these simulations. However, since only a portion of the fish are affected
by turbine nortality large changes in turbine nortality do not translate into
| arge changes in system survival. However, reservoir nortality directly
affects all fish and therefore, has a much greater influence on system

survi val

The best way to avoid reservoir nortality is to remve the mgrants fromthe
reservoir. BPA believes that barge transportation of all stocks would be the
best deterrent at this tine to reservoir nortality. W feel that the

(5)

transportation studies conducted to date and reported on by NWS clearly
denonstrate that transportation works for all species. BPA believes problens
with a potential differential survival that occur for spring chinook, are nost
likely from the preval ent disease problem inherent with these hatchery fish
BPA, therefore, strongly recommends expanding transportation studies to
provide statistically reliable data and to continue work in the area of

Bacterial Kidney Disease research. W also recomend an accel erated schedul e

for reservoir mortality research.
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APPENDI X A

PROJECT SUMMARI ES

Proj ect: Smolt Monitoring Program BPA-80-1.
Program Measure: 304(d) (2) (A & (B
Contractors: Col unbia River Fisheries Council (CRFC

National Marine Fisheries Service (NVFS)
Col unbia River Intertribal Fish Conmission (CRITFC)
Paci fic Marine Fisheries Commi ssion (PMFC)

Proj ect Manager: John Ferguson

Project Status: Ongoi ng; schedul ed to continue.
Project Initiated: 1980

Proj ect Cost: $1, 417, 208. 00

Project Summary:

As a result of inplenentation of Section 304(d)(2) of the Northwest Power

Pl anning Council (NPPC) Fish and Wldlife Program an annual smolt nonitoring
program was initiated. The nonitoring program provides information on
mgrating characteristics, estimates of survival and coordination of
flowspill with salnmon and steel head smolt migration tining.

Project bjectives:

1) To monitor nmovenent of chinook salmon and steelhead trout smolts to
determne best timng for storage releases;

2) To utilize mark and recapture studies to evaluate flow, spill, and
structural bypass in order to inprove downstream nmigrant survival;

Project Results

1984

I nspections were made of adult fishways at each of the Col unbia and Snake

Ri ver dans during 1984. In addition, on-site inspections of fingerling
by-pass systens were nmade to determine that they were operating "in

criteria", Overall, novement of upstream migrants appeared to be satisfactory
in 1984 with the exception of summer steelhead which were delayed by
tenperature barriers or other factors. Problems also occurred when |ow
tailwater conditions reduced head at main fishway entrances. Changes were
made throughout the season to enhance passage of adults and juveniles.
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Survival of steelhead trout from Wlls Hatchery was studied to derive an index
of steelhead survival for the Md-Colunbia. A survival index of 0.5181

(%0. 0555) was estimated for steel head from Pateros, Washington to bel ow

Priest Rapids dam In 1985, study was expanded to include spring chinook in
the md-Colunbia and steel head in the Lower Snake River.

Travel time of nmarked yearling and sub-yearling chinook sal mn, sockeye
salmon, and steel head was neasured between points within the Colunbia River
system  Goups of narked yearling chinook exhibited nmigration speeds of 12.1
mles/day from Lower Granite damto MNary dam One group of steel head
traveled at a speed of 20 niles/day for the same stretch of river. In the

m d- Col unbi a, yearling chinook sal non exhibited speeds of 10.8 mles/day from
Wnthrop Hatchery to McNary clam. Steel head rel eased at the Lower Methow R ver
traveled 14.7 niles/day while steel head released below Priest Rapids dam
mgrated 18.7 miles/day to McNary dam  Sockeye salnmon traveled at the highest
rate of 25.1 nmiles/day from Priest Rapids damto MNary. In contrast, sunmer
chinook released from Wlls hatchery traveled at the slowest rate of 3.8 to
4.4 miles/day to McNary dam In general, fish traveled at substantially

hi gher rates in the Lower Col unbia.

Passage of yearling chinook and steel head peaked on 2 May and 15 May, 1984
respectively, while sockeye exhibited bi-nodal peaking on 25 May and 13 June,
1984 in the Lower Snake River.

A total of 75.1 million steelhead and salmon snolts were released from
hat cheries above Bonneville dam in 1984. Duration of the mgration for
chinook salmn and steel head trout was 32 and 39 days, respectively.

1985

Extensive data was collected in 1985 relating to migrational characteristics
of the Colunbia River basin salnon and steelhead. This was acconplished in
two parts:

Part | - described nonitoring of survival of salnon and steel head smolts on
the md-Columbia and | ower Snake rivers to MNary;

Part 11- described results of yearling salmn and steel head travel tine
monitoring between specific points in the Colunmbia River basin.

Due to differences in flow between 1984 and 1985, travel time was generally
faster in 1985 than observed times in 1984 in the index area. Survival of
spring chinook through the mid-Colunmbia reach in 1985 was 45% (+22X) while
steel head survival was 65% (*26%) for the sane reach. Data for steel head
suggested that survival estimates were possibly biased toward higher |evels of
survival as a result of higher incidence of burning from the branding

operati on.
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Proj ect: Operation and Mintenance of BPA Fish Marking Trailer,

BPA- 83- 6.
Program Measur e: Non neasure
Contractor: U S Fish and Widlife Service
Proj ect Manager: John Ferguson
Project Initiated: 1983
Project Status: Ongoi ng
Project Cost Summary: 1986 567, 613
1985 214,170
1984 203, 800

TOTAI. 985, 583

Proj ect Scope:

The U.S. Fish and Wldlife Service, under contract with the Bonneville Power
Administration, wutilizes a mobile fish marking unit to participate in marking
programs conducted at fish hatcheries throughout the region. Mrking consists
of coded wire tagging with an adipose clip and/or freeze branding. The nobile
unit has also been used to adipose-only clip Idaho hatchery steelhead for a
program to differentiate between hatchery reared and wild stocks.

The project focuses primarily on marking for BPA funded activities, which
i ncl ude:
1 Water Budget snolt survival, snolt nonitoring and travel time groups
from various sources throughout the Colunbia River Basin;

2. Passive Integrated Transponder (PIT) tag marking progranms designed to
facilitate the field evaluation of the PIT tag narking;

3. Spring chinook study by the Yakima Indian Nation for release at
Leavenworth National Fish Hatchery; and

4. Pen rearing of upriver bright fall chinook at Rock Creek, Little
Wiite Sal mon and Social Security Lake.

Project (hjectives:

Specific objectives of the project are:
1 To operate and maintain the tagging trailers;
2. Gve priority to BPA funded fish tagging projects;
3. Coordinate all fish tagging operations to include a tagging
supervisor, fish taggers, transportation of the fish tagging trailer,

equi pnent, and material purchases; and

4. Provide quarterly and annual reports to BPA.  Annual report is due by
Decenber 31.
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Project Results:

The U S. Fish and Wldlife Service continues to professionally operate and
maintain the BPA fish marking trailer, and nmark a large nunber of fish
(2,900,000) for a variety of projects accurately and in a tinely manner, In
1986 they began to update the existing trailer to include PIT tags, and
purchase and outfit two new trailers to acconmodate the |atest equi pnent and
the increased work | oad.
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Proj ect: smolt Condition and Tining of Arri vall at Lower G anite
Reservoir. BPA- 83- 323B.

Program Measure: 304(d)

Contractor: | daho Departnment of Fish and Gane

Proj ect Manager: Tom Vogel

Proj ect Status: Ongoi ng; schedul ed to continue.

Project Initiated: 1983

Project Cost: $1, 063, 310. 00

Project Scope:

The purpose of this project is to provide infornation on snmolt novenent from
nine ldaho release sites entering Lower Ganite Reservoir. This information
will aid Water Budget Managers in providing the neans to effectively manage

river operations for protection of downstream migratory snolts.

Project Objectives:

1. To develop a technique to index the relative magnitude of smolt
abundance at any given time at the upper end of Lower Granite
reservoir;

2. To establish timng and success of outnmigration for the various
groups of hatchery and wild chinook salnon and steelhead smolts as
they |eave the Salnon River drainage;

3. To establish travel time from the Salmn River index site at

Wiitebird to the indexing site at the upper end of Lower Ganite
reservoir;

To correlate travel time with river flows fromindexing sites to
Lower Granite dam

To assist in estimating total fish abundance and collection
efficiency at Lower Granite dam

To determne where, when and to what extent descaling occurs to
sal mon and steel head smolts released from Snake River hatcheries
above Lower Granite dam and devel op managenent alternatives to

correct the problem
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Project Results:

1983

Medi an migration release sites to Wiitebird ranged from 4.4 to 10.7 miles/day
for chinook released from Rapid River and Decker Flats, respectively. Using
NVFS and | DFG data, travel tinme from Witebird to Red WIf bridge ranged from
7 to 35 miles/day. Arrival time at Lower Granite for branded hatchery chi nook
smolts ranged from 18 April to 4 May, 1983. Chinook from Kooskia NFH
mgrating in the Cearwater River to Lower Granite reservoir at the rate of
5.4 m|es/day.

Dwor shak rel eases of steelhead and chinook mgrated down the Cl earwater River
to Lower Granite reservoir at 3.7 to 22 mles/day for steelhead, and 2.5
mles/day for chinook. Changes in water velocity, day length and transparency
strongly influenced migration rates of Salmn River fishes.

Descaling rates ranged from 2-4% for chinook, |-5%for wild steel head, and
O 30% for hatchery steelhead. Larger snolts generally suffered higher
descaling rates.

1985

One to three percent of hatchery produced fish from O earwater, Salnmon and
Snake River drainages were freeze branded. Peak passage for chinook occurred
from 10 April to 17 April, 1984 and from 17 April to My 12, 1984 for

st eel head.

Median migration rates for chinook released at Witebird traps and Hell's
Canyon Dam ranged from 51 niles/day and 11 mles/day, respectively. Discharge
was not significantly correlated with mgration rates. Rate of mgration
through the reservoir dropped substantially to 1.9 niles/day.

Average trapping efficiencies were 1.24, 1.57 and 1.70% for Witebird,

C earwater and Snake River traps, respectively. Trapping efficiency and
discharge were not significantly correlated. Seasonal descaling rates for all
fish ranged from2.1 - 4.5%for the Witebird trap, 1.4-5.5% for the Snake
River trap, and 0.4-4.1%for the Clearwater trap. As seen in 1983, |arger
fish were descaled at higher rates.
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Proj ect: Water Budget Managers. BPA-83-491 and BPA-83-536.

Program Measur e: 304(c) 3(A B C

Contractors: Pacific Marine Fisheries Conm ssion (PMC)
Col umbi a River Inter- Tribe Conmission (CRI TFC)

Proj ect Manager: John Ferguson

Proj ect Status: Ongoi ng; schedul ed to continue.
Project Initiated: 1982

Proj ect Costs: 83-491 $434,795.00

83-536 $423,845.00

Proj ect Scope:

The purpose of this project to provide agency and tribal Water Budget Managers
to subnit annual reports on the Colunmbia Basin Water Budget.

Project Objectives:

1) To report actual flows achieved for each cal endar year,

2) To provide a record of the estimated nunmber of smolts whi ch passed
Lower Granite and Priest Rapids dans and the period of time over
which the migration occurred; and

3) To provide a description of flow shaping for each calendar year to
achi eve inproved smelt survival during mgration.

Project Results

1984

An unusual Iy large runoff and sustained high level flows in the Snhake River
virtually elimnated the need for a Water Budget in 1984. Flows at Lower
Granite dam were above the specified nininum throughout the Water Budget
period (April 15 - June 15) resulting in favorable conditions for juvenile
fish passage in 1984.

1985

During the 60 day budget period, flows at Lower Granite dam were bel ow the
specified mninm (85 kcfs) for nearly half the period. Flows for 1985 were
consistently lower than 1984. Low flow conditions were a conbination of 1)

| ower than average natural run-off, 2) early evacuation of Dworshak and

Brownl ee reservoirs based on early run-off forecasts, 3) |daho Power Conpany's
failure to make a pre-season commitment to provide supplemental flow from
Brownlee, and 4) failure of the Corps of Engineers to utilize flexibility when
providing additional flow from Dworshak. Reconmendations were made by the
Wat er Budget Managers to avoid such problens in the future.
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Proj ect: Monitoring of Downstream Sal non and Steel head Trout at
Federal Hydroelectric Facilities. BPA-84-14.

Program Measur e: 304(d)

Contractor: National Marine Fisheries Service, Portland, O egon.
Proj ect Manager: John Ferguson

Project Status: (Ongoi ng; schedul ed to continue.

Project I|nitiated: 1984

Proj ect Cost: $1, 015, 789. 00

Proj ect Scope:

The purpose of this project is to provide the Water Budget Center with sal non
and steel head snolt passage information on the Lower Snake River and
m d- Col unbi a River.

Project Qnjectives:

1) To systematically sanple migrating smolts at Lower Ganite, MNary and
John Day dans;

2) To recover and record brands on sanpled fish at the dans;

3) To provide the Water Budget Center with a daily index of smolt passage
at Lower Granite and MNary and daily sanple nunmbers at John Day;

4) To provide the Water Budget Center with daily summaries of brand
recapture data.

Project Results:

Sanpling occurred from 28 March to 29 Cctober, 1985. The nunber of fish
sanpled, total brands in sanple, and estimated total nunber collected is
listed by species in the annual report. Diel passage provided by Bio-Sonics
hydroacoustics unit indicated peak passage occurs at 0200 hours. Also
included is chart of 'time-in-river system for each species sanpl ed.
Recommendations called for coordination of all activities affecting
sanpling/monitoring, timely reporting of mark-release information to each
sampling site and assurance of good quality branding.
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Proj ect: Freeze Branding of Steelhead Trout and Chinook Sal npn
Juveniles for Water Budget Studies - |daho. BPA-84-17.

Program Measure: 304(d)

Contractor: | daho Department of Fish and Game
Proj ect Manager: John Ferguson

Project Status . Ongoi ng; schedul ed to cant inue.
Project Initiated: 1984

Proj ect Cost: $36, 800. 00

Proj ect Scope:

To provide information on fish nmovement and run status for in-season
operational management including Water Budget nanagement and to investigate
the relationship between flows, spills and snelt passage and survival.

Project (bjectives:

To focus on releases of hatchery reared chinook salnon and steel head trout

that have been freeze branded as indicators of release groups and used to

determ ne travel time in the Lower Snhake River and Col unbia River to MNary
Dam

Project Results:

A total of 362,428 chinook salnon and steel head trout were freeze branded for
the Water Budger Center. Following brand loss and nortality, a total of
320,000 marked fish entered the river system 106,361 of which received coded
wire tags. Results on novement of these fish was not available at the tine of
this report.
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Proj ect: Juvenil e Sal nonid Monitoring at Rock Island Dam Bypass,

BPA- 84- 54
Program Measur e: 304(d)
Contractor: Chel an County P.U.D.
Proj ect Manager: John Ferguson
Project Initiated: 1984
Project Status: Ongoi ng; scheduled to continue
Project Cost: 1986 51, 359
1985 51,722
1984 4,976

TOTAI. 108, 057

Proj ect Scope:

The M d-Col unbia smolt nonitoring program is a cooperative effort between the
P.U.D. No. 1 Chelan County (Chelan PUD), BPA, National Mrine Fisheries
Service (NWS), and the Fish Passage Center. The programis designed to
measure the mgrational characteristics of outmigrating salmnids, and to
provide a conparison and evaluation of year-to-year migrational infornmation
such as nmigration timing, travel time, and survival rates. Dates collected as
a result of the program will be entered, processed, and stored on the NWS
centralized conputer system at the Fish Passage Center. Mnitoring at Rock
Island Damis ideal for indexing snmolt novenent and travel time because the
trap site is located down river fromthe ngjor tributaries and hatcheries of
the md-Col umbia River.

Proj ect bjectives:

1. Monitor marked and unmarked steel head, coho, sockeye, and spring and
summrer chinook. Daily collections will be used to conpute travel
times, as well as the [0% 50% and 90% dates of passage at the site;

2. This information will allow for proper inplementation of the Water
Budget and spill prograns;

3. Maintain the gatewell orifice bypass sanpling system at Rock Island
Dam and

4, Data will be transmitted daily and will include:
a. total nunber of each species of fish caught;

b. total nunmber of marked fish of each species caught;
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c. total daily average riverflow and

d. total daily average riverflow through Rock Island # and Rock
I'sland 112.

5 Annual report, conpleted by Oct. 15.

Project Results:

Each year the contractor has monitored the outmigration nmaintained the trap,
collected and transnmitted the appropriate data, and produced the annual

report. Prior the the 1986 field season the trap was successfully nodified to
reduce hol ding turbul ence and subsequent stress to the juvenile salnon and

st eel head.
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Proj ect: Downstream M grant Monitoring, BPA-86-60.

Program Measur e: 304(d)

Contractor: National Marine Fisheries Service
Proj ect Manager: John Ferguson

Project Initiated: 1986

Proj ect Status: Ongoi ng and scheduled to continue
Proj ect Cost: Fy 1986 - $317, 287

Proj ect Scope:

This contract addresses two key elements of the Water Budget program
1.  Fish Passage Data Information System (FPDIS).

The primary purpose of the FPDIS is to provide a centralized collection,
anal ysis and storage system for data used in inplenenting the Water Budget and
downstream migration section of the Council's Program The FPDIS is also used
to provide a central source of fish nmigrational data to the general public.
Water Budget managers and fishery managers use the data for in-season
managenent decisions, as well as post-season analysis of the outmigration.
The followi ng nanagement decisions take into consideration the FPDI S data:

a. the Water Budget;

h. spill for upstream and downstream nigrations; and

c. spill distribution for nitrogen abatenent.

2. Fish Marking Coordination.

The primary purpose of the fish nmarking coordination is to ensure that the
fish needed to conduct the annual snmelt nonitoring programare requested from
and approved by the participating agencies. Additionally, the time of marking
and release, and the location of release are coordinated with the various
entities.

Proj ect Oniectives:

1. Fish Passage Data Information System

The FPDIS data is summarized weekly and provided to the \Water Budget managers
for incorporation into their weekly reports. The FPDI S data consists of the
fol | owi ng:

snolt nonitoring data;

snolt transportation data;

hatchery and freeze brand rel ease data;

hydrol ogi ¢ dat a;

adul t counts;

di ssol ved gas levels; and

i, water tenperature data

-+~ D o O T D
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The FPDI'S al so provides data for inclusion in the follow ng:
a. the Water Budget nmnager's annual report, due Novenber 1;

h. the annual smolt nonitoring report for Project 84-14, due January 10;
and

c. the Water Budget evaluation report, due Novenber 1

The FPDIS is scheduled to be made accessible to the project operators and the
general public by late 1986

2. Fish Marking Coordination
The objectives of the fish marking coordination task include
a. Coordinating annual smolt monitoring fish marking efforts;

b. Mnitor and report on brand quality, fish condition and |ength
frequency;

c. Assure necessary raceways, equipment and facilities are provided to
acconplish the task

d.  Prepare for the Water Budget Measures Program scopes of work for
related field contracts for fish marking; and

g. (btain schedules of hatchery and freeze brand releases for the FPDIS,
and update weekly.

Project Results:

1. Fish Passage Data Information System

Al'l objectives have been met in a tinely manner to date. The equipnent
needed to nake the FPDI'S accessible to all parties has been purchased and
tested. Conputer prograns are being witten to finalize the process by the
end of 1986.

2. Fish Marking Coordination
The marking has been well coordinated, conducted and nonitored to date

Scopes of work that are prepared for the nanagers are conplete and timely.
Hat chery rel ease schedules are thorough and updated weekly.

44



Proj ect: Freeze Branding Sal non and Steel head Trout at Lyons
Ferry Hatchery, BPA-86-119.

Program Measur e: 304(d)

Contractor: Washi ngt on Department of Fisheries
Proj ect Manager: John Ferguson

Project I|nitiated: 1986

Proj ect Status: Ongoi ng

Proj ect Cost: FY 1986 - $7;128

Proj ect Scope:

Washi ngton Departnent of Fisheries, in cooperation with Wshington Departnent
of Gane, mark steelhead trout, yearling chinook and subyearling chinook to
nonitor the snolt outnmigration. The fish are freeze branded with liquid
nitrogen. The nunbers of fish branded are based on the follow ng objectives:
1. Monitor smolt novenent through recapture at various points in the
hydr osystem
2. ldentify the effectiveness of the Water Budget and spill usage by
collecting data on travel time, survival and adult returns;
3. Coordinate hatchery releases with Water Budget releases; and
4. Evaluate flow, spill and structural bypasses as a neans of inproving
downstream m grant survival.

Proj ect (bjectives:

The specific objectives of this project are:

1. Mark 80,000 subyearling chinook, 40,000 yearling chinook, and 96,000
steel head trout;

2. Perform quality control checks on all lots of fish marked to index
brand quality and retention;

3. Provide steel head passage (travel time) and survival data through the
Lower Snake and Lower Columbia R vers;

4. Provide chinook passage (travel tine) data through the Lower Snake and
Lower Colunbia Rivers; and

5. Devel op an annual report, due July 31.

Project Results:

In 1986 a total of 96,267 yearling steel head, 40,294 yearling chinook and
81, 158 subyearling chinook were freeze branded. Quality control chicks
performed by Fish Passage Center personnel indicated no abnormal nortality
rates or problenms. Al groups were released in a timely manner.
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APPENDI X B

This Section lists reports summarizing results of projects inplenented by BPA
under Section 300 of the Colunbia River Basin Fish and WIldlife Program

Copies of these reports can be obtained from Bonneville Power Adninistration,
Division of Fish and Wldlife - PJ, P.O Box 3621, Portland, O egon 97208.

Proj ect 80-|

Fi sh Passage Center. 1986. Snolt Monitoring Program Annual Report 1985
Part |: Estimation of Survival. 1985 Annual Report. Fish Passage
Center. Bonneville Power Administration - Project 80-1
(DE- Al 79- 83BPI | 797-4) .

Fish Passage Center. 1986. Smolt Monitoring Program Annual Report 1985.
Part 11: Mgrational Characteristics of Colunmbia Basin Salnmon and
Steel head Trout, 1985 Part |: Snolt Monitoring Program (Volume ). 1985
Annual Report. Fish Passage Center. Bonneville Power Administration -
Proj ect 80-1 (DE-AlI79-83BPI|797-5).

Fi sh Passage Center. 1986. Snolt Monitoring Program Annual Report 1985.
Part Il: Mgrational Characteristics of Columbia Basin Sal non and
Steel head Trout, 1985: Part Il: Smolt Monitoring Program (Volume 11)
Brand Recapture Data. 1985 Annual Report. Fish Passage Center.
Bonnevill e Power Adm nistration - Project 80-1 (DE-Al79-83BPII|797-6).

Basham L.R  1985. Adult Fishway Inspections of the Col unbia and Snake
Rivers, 1984. 1984 Annual Report. \ter Budget Center. Bonneville Power
Admi nistration - Project 80-1 (DE-Al79-83BPlI797-3).

MConnaha, WE. and L.R Basham 1985. Survival of Wlls Hatchery Steel head
in the md-Colunbia Rver, 1984. Part |: 1984 Snolt Monitoring Program
Annual Report. 1984 Annual Report. \Water Budget Center. Bonneville
Power Administration - Project 80-1 (DE-Al79-83BPII|797-1)

Proj ect 83-323

Scully, R J. and E. Buettner. 1986. Snolt Condition and Tinming of Arrival at
Lower Granite Reservoir. 1985 Annual Report. Idaho Departnent of Fish
and Game. Bonneville Power Administration - Project 83-323B
(DE- Al 79- 85BP11631) .

46



Project 83-491

Maher, MW and MH Karr. 1985. 1985 Annual Report from the Water
Budget Managers. Bonneville Power Administration - Projects 83-491 and
83-536 (DE- Al 79-85BPI | 639-2).

Nort hwest Power Planning Council. 1984. 1984 Annual Report from the Water
Budget Managers. Bonneville Power Admnistration - Projects 83-491 and
83-536 (DE- Al 79-84BPI | 639-2).

Project 84-14

Johnson, R C. and C. L. Ranck. 1985. Monitoring of downstream sal non and
steel head at Federal hydroelectric facilities - 1985. 1985 Annual
Report. National Marine Fisheries Service, Environnental and Techni cal
Services Division, Portland, O egon. Bonnevil |l e Power Adm nistration -
Proj ect 84-14. ( DE- Al 79- 85BP20733).

Project 84-17

Nel son, L.V. 1986. Freeze brand marking of Steelhead trout and Chinook
sal mon juveniles for Water Budget studies: Idaho. 1985 Annual Report.
| daho Department of Fish and Gane. Bonneville Power Administration -
Proj ect 84-17 (DE-Al79-84BP16440).

Project 84-54

Truscott, K 1985. Juvenile Salnmonid Mnitoring at Rock |sland Dam
Bypass Sampler. 1985 Annual Report. Public Utility District No. 1 of
Chel an County. Bonneville Power Adninistration - Project 84-54
(DE- Al 79- 85BP22311-1).

MVaher: 5624:rsr (PJI - 9658N)

47



