October 1998
IDAHO WATER RENTAL PILOT PROJECT PROBABILITY

COORDINATION STUDY RESIDENT FISH AND WILDLIFE
IMPACTS PHASE |11

Annua Report 1998

DOE/BP-02390-3




This report was funded by the Bonneville Power Adminigtration (BPA), U.S. Department of Energy, as part of
BPA's program to protect, mitigate, and enhance fish and wildlife affected by the development and operation of

hydroe ectric facilities on the Columbia River and its tributaries. The views of this report are the author'sand do r
necessarily represent the views of BPA.

This document should be cited as follows,

Eric,Leitzinger Fisheries Saff Biologist; Idaho Department of Fish and Game, U. S. Department of Energy, Bonneville

Power Administration, Division of Fish and Wildlife, Project Number 1991-067, Contract Number 1993-BI-02390, 45
electronic pages (BPA Report DOE/BP-02390-3)

This report and other BPA Fish and Wildlife Publications are avalable on the Internet at:

http:/Mmww.efw.bpa.gov/cgi-bin/efw/FW/publications.cgi

For other information on eectronic documents or other printed media, contact or write to:

Bonneville Power Adminigtration
Environment, Fish and Wildlife Divison
P.O. Box 3621
905 N.E. 11th Avenue

Portland, OR 97208-3621

Pease include title, author, and DOE/BP number in the request.



IDAHO WATER RENTAL PILOT PROJECT
PROBABILITY/COORDINATION STUDY
RESIDENT FISH AND WILDLIFE IMPACTS
PHASE |11

ANNUAL REPORT

Prepared by:
Eric Leitzinger
Fisheries Staff Biologist

|daho Department of Fish and Game

Prepared for:

U.S. Department of Energy
Bonneville Power Administration
Division of Fish and Wildlife
P.O. Box 3621
Portland, OR 97283-3621

Project Number 91-067
Contract Number 93-BI1-02390

October 1998



TABLE OF CONTENTS

Page

Executive Summary. 1

| nt roduction . 2

Study Area . . . . . . . . . . . . . . . . . . . . . ... 3

Methods. . . . . . . . . . . . . . ... ..., A

Habi t at T

FI ows . 7

Resul ts and EXscu55|on . 7

Habitat . . e

FI ows .o . I |

Concl usi ons and Reconnendatlons T

Literature Cited . . . . . . . . . . . . . . . . . . . . . .15

LI ST OF TABLES

Tabl e Page
1. Stored water provided for salnon flow augnentation
from Bureau of Reclamation reservoirs in acre-feet,

1997. . . . . . . ... .19

2. Timng of the 1997 flow augnentation rel eases fromthe
upper Snake Basin . . . . . . . . . . . . . . . . . . .20

3. Water provided for flow augnentation fromthe Snake
Ri ver Basin upstreamof Hells Canyon Dan1 1987- 1997.
Val ues are in acre-feet . . . . . ... .21

4. Changes in white sturgeon habitat in the Snake River
fromC J. Strike Damto Swan Falls Pool resulting from
sal non fl ow augnentation rel eases during the summer

of 1997. Juv. = juvenile; Spawn = spawni ng; |ncub. =
i ncubation; NNA = not applicable, |life stage not
present during that nronth . . . . . . . . . . . . . . . 22

5. Changes in white sturgeon habitat in the Snake River
fromSwan Falls Damto Walters Ferry resulting from
sal non fl ow augnentation rel eases during the summer
of 1997. Juv. = juvenile; Spawn = spawni ng; |ncub. =
i ncubation; NN A = not applicable, life stage not
present during that nronth . . . . . . . . . . . . . . . 23



Tabl e Page

6. Changes in white sturgeon habitat in the Snake River
fromWalters Ferry to the Boise River resulting from
sal non fl ow augnentation rel eases during the summer

of 1997. Juv. = juvenile; Spawn = spawni ng; |ncub. =
i ncubation; N A = not applicable, |life stage not
present during that ronth . . . . . . . . . . . . . . . 24

7. Changes in white sturgeon habitat in the Snake River
fromthe Boise River to the Payette River resulting
fromsal non fl ow augnentati on rel eases during the sunmmer

of 1997. Juv. = juvenile; Spawn = spawni ng; |ncub. =
i ncubation; NA = not applicable, life stage not
present during that nronth . . . . . . . . . . . . . . . 25

8. Changes in white sturgeon habitat in the Snake River
fromthe Payette River to Brownl ee Pool resulting
fromsal non fl ow augnentati on rel eases during the sunmmer

of 1997. Juv. = juvenile; Spawn = spawni ng; |ncub. =
i ncubation; NA = not applicable, life stage not
present during that nonth . . . . . . . . . . . . . . . 26

9. Changes in rainbow trout habitat in the Snake River
fromC J. Strike Damto Swan Falls Pool resulting from
sal non fl ow augnentation rel eases during the summer

of 1997. Juv. = juvenile; Spawn = spawni ng; |ncub. =
i ncubation; NA = not applicable, life stage not
present during that nonth . . . . . . . . . . . . . . . 27

10. Changes in rainbow trout habitat in the Snake River
fromSwan Falls Damto Walters Ferry resulting from
sal non fl ow augnentation rel eases during the summer

of 1997. Juv. = juvenile; Spawn = spawni ng; |ncub. =
i ncubation; NA = not applicable, |life stage not
present during that nronth . . . . . . . . . . . . . . . 28

11. Changes in rainbow trout habitat in the Snake River
fromWalters Ferry to the Boise River resulting from
sal non fl ow augnentation rel eases during the sumer
of 1997. Juv. = juvenile; Spawn = spawni ng; |ncub. =
i ncubation; N A = not applicable, |life stage not
present during that nonth . . . . . . . . . . . . . . . 29



Tabl e Page

12. Changes in rainbow trout habitat in the Snake River
fromthe Boise River to the Payette R ver resulting
from sal non fl ow augnmentati on rel eases during the sunmmer

of 1997. Juv. = juvenile; Spawn = spawni ng; |ncub. =
i ncubation; N A = not applicable, life stage not
present during that ronth . . . . . . . . . . . . . . . 30

13. Changes in rainbow trout habitat in the Snake River
fromthe Payette River to Brownl ee Pool resulting
from sal non fl ow augnentati on rel eases during the sunmmer

of 1997. Juv. = juvenile; Spawn = spawni ng; |ncub. =
i ncubation; NN A = not applicable, |life stage not
present during that nronth . . . . . . . . . . . . . . . 31

14. White sturgeon and rainbow trout |life stages and tine
of occurrence in the Snake River (fromAnglin et al.
1992). Incub. = incubation; Juv. = juvenile. . . . . . 32

15. Integrated (target) fish flows and recommended m ni mum
stream flow by nonth for average, wet, and dry years,
and actual flows recorded at the Murphy Gage on the
Snake River downstream of Swan Falls Dam during the flow
augnentation periods in 1994 - 1997. Data is
fromAnglin et al.(1992). Flows are in cubic feet per
second. Ce e e e Coe e 33
16. Flow summary for years 1994 - 1997 show ng the sal non
fl ow augnentation rel ease dates, total mean nonthly fl ows,
fl ow augnent ati on conponent of total flow, mninmmflow
recommendati ons, frequency that flows net or exceeded
m ni munms, and recomended rel ease tine. . . . . . . . . 34

LI ST OF FI GURES
Fi gure Page

1. Idaho Water Rental Pilot Project study area . . . . . . 18



EXECUTI VE SUMVARY

Phase 111 began in 1995 with the overall goal of quantifying
changes in resident fish habitat in the Snake Ri ver Basin
upstream of Brownl ee Reservoir resulting fromthe rel ease of
sal non fl ow augnentation water. Existing data, in the form of
wei ght ed usabl e area versus flow rel ationships, were used to
esti mate habitat changes for white sturgeon (Acipenser
t ransnont anus) and rai nbow trout ( Ohcorhynchus nykiss) in the
Snake River between C. J. Strike Dam and Brownl ee Pool. The
increased flows resulted in increased habitat for adult and
juvenile white sturgeon and adult rainbow trout. But, the flows
have rarely nmet nean nonthly flow recomendati ons for the past
four years despite the addition of the flow augnentation
releases. It is unlikely that the flow augnmentation rel eases
have had any significant |ong-termbenefit for sturgeon and
rai nbow trout in the Snake River. Flow augnentation rel eases
fromthe Boise and Payette rivers have in sone years helped to
meet or exceed mninmumflow recomendations in these tributaries.
In sone cases the mninmum fl ows woul d not have been reached
wi thout the flow augnentation releases. The timng of sone of
the rel eases need to be adjusted in order to maxi m ze benefits to
resident fishes in the upper Snake River Basin.



| NTRODUCT! ON

The use of stored Snake River water to aid anadronous fish
mgration in the Snake Ri ver downstream of Lew ston, |daho, and
in the Colunbia River began in 1982 with the adoption of the
first Colunbia Basin Fish and WIldlife Program (Program by the
Nort hwest Power Pl anning Council (NPPC). The Programcalled for
atotal of 1.19 mllion acre-feet (af) of water fromthe Snake

Ri ver Basin to be delivered to Lower G anite Dam between April 15
and June 15 each year to aid spring outmgrating anadronous fish
(NPPC 1982). This was called the water budget. This water would
come primarily from Dworshak and Brownl ee reservoirs.

The wat er budget evol ved and becane nore specific in the NPPC’'s
Strategy for Salmon (NPPC 1992) in the use of Snake River water
for flow augmentation. It called for a total of 427,000 af of

water to come from the Snake River upstream of Brownlee
Reservoir, up to 900,000 af from Dworshak Reservoir to aid spring
migrants, and up to 200,000 af from Dworshak Reservoir to aid

fall migrants. Then with the listing of Snake River salmon

stocks on the endangered species list, the National Marine
Fisheries Service (NMFS) in its Biological Opinion (NMFS 1995) on
endangered Snake River salmon, replaced the water budget with
flow targets for the Snake and Columbia rivers while maintaining
the requirement to use at least 427,000 af of upper Snake River
Basin water for flow augmentation. In 1996, the ldaho

Legislature approved the use of 427,000 af on an experimental
basis through the year 2000.

The ldaho Water Rental Pilot Project began in 1991 as part of the
1990 Non-Treaty Storage Fish and Wildlife Agreement (NTSFWA)
between Bonneville Power Administration (BPA) and the Columbia
Basin Fish and Wildlife Authority (CBFWA). This agreement
resulted from concerns over potential impacts to fish and

wildlife resulting from the Non-Treaty Storage Agreements (NTSA)
signed between BPA and the mid-Columbia utilities, and between
BPA and British Columbia Hydro and Power Authority. The NTSFWA
contained several provisions designed to ensure the NTSA did not
adversely impact fish and wildlife. One of the provisions called

for identifying conditions needed for resident fish and wildlife

and to protect those needs.

The Idaho Water Rental Pilot Project was designed to “identify
resident fish and wildlife issues, concerns, and resources in the
Snake River system, estimate impacts, and provide management
recommendations to protect and enhance those resources” as
impacted by the release of water in the upper Snake River Basin
(upstream of Brownlee Reservoir) for enhancing juvenile salmon
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outm gration (R ggin and Hansen 1992).
years of the project,

Wildlife Program. The project was divided into these three

phases:

1.

Phase | focused on summarizing and identifying existing
resident fish and wildlife resources, issues, and

concerns as well as making flow recommendations (Riggin
and Hansen 1992).

Phase Il focused on conducting an Instream Flow
Incremental Methodology (IFIM) study on the Snake River
upstream of American Falls Dam and summarizing Snake
River Basin water issues and flow augmentation releases
since the completion of Phase | (Stovall 1994).

Phase lll is focusing on quantifying changes in
resident fish habitat in the upper Snake River
resulting from salmon flow augmentation releases and
has these specific objectives:

. Determine impacts to resident fish habitat
(in weighted usable area (WUA)) in the upper
Snake River Basin, for selected native fish
species, resulting from salmon flow
augmentation releases and make
recommendations that will maximize benefits
to resident native fish.

. Develop a model that estimates changes in
fish habitat (WUA) in the upper Snake River
resulting from salmon flow augmentation
releases.

. Coordinate with state, federal, and tribal
agencies to ensure that duplication of effort
does not occur in efforts to explore water
management opportunities in the upper Snake
River Basin for salmon flow augmentation.

STUDY AREA

The study area encompasses the Snake River upstream of Brownlee

After the initial
it was integrated into the NPPC’'s Fish and

Pool to the Idaho border, the Henrys Fork, Boise River, and
Payette River drainages. The flow augmentation water is

physically moved from these Bureau of Reclamation (BOR)
facilities within the study area: American Falls, Lucky Peak,

3
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Cascade, and Deadwood reservoirs (Figure 1).

VETHCDS

The anal ysis can be divided into two sections. The first is

changes in fish habitat resulting fromthe fl ow augnentati on

rel eases. The second is a qualitative conparison of flows to
m ni mum fl ow recommendati ons found in the literature.

Habi t at

The sane nmet hods were used to estinmate changes in fish habitat in
the Snake Ri ver between C. J. Strike Dam and Brownl ee Pool as was
done previously (Leitzinger 1996, 1997). Data fromthe Swan
Falls Instream Flow Study (SFIFS) (Anglin et al. 1992) was used
to estimate changes in white sturgeon and rai nbow trout habitat
(wei ghted usabl e area) resulting fromthe rel ease of sal non fl ow
augnment ati on water fromthe Snake River Basin upstream of
Brownl ee Pool. The SFIFS divided the Snake River fromC. J.
Strike Damto Brownl ee Pool into five study reaches:

1. From C.J. Strike Dam downstreamto Swan Falls Pool;

2. Swan Fall Dam downstreamto Walters Ferry;

3. Walters Ferry downstreamto the nmouth of the Boise
Ri ver

4. The Boi se River nmouth downstreamto the nmouth of the

Payette River; and
5. The Payette River nouth downstreamto Brownl ee Pool .

The SFI FS devel oped habitat versus flow relationships for six
species in each study reach: white sturgeon (Acipenser

t ransnont anus), rainbow trout (Oncorhynchus nyki ss), nountain
whitefish (Prosopiumw | liansoni), smallnmouth bass (M cropterus
dolomeui), flathead catfish (Pylodictis olivaris), and channel
catfish (/ctalurus punctatus). The analysis used in this report
covered the same five study reaches. Wite sturgeon and rai nbow
trout were used in this analysis because they are the primary
native gane species left in that reach of the basin. Total WA
was expressed in mllions of square feet in each reach.

The 1 daho Department of Fish and Gane (IDFG, in cooperation wth
the I daho Departnent of Water Resources (I DWR) and BOR conduct ed
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m ni mum fl ow studi es on nuch of the Snake River in the 1970s and
1980s using the wetted perineter nethod (Wite and Cochnauer

1975; Cochnauer 1976, 1977; Cochnauer and Buettner 1978;
Cochnauer and Hoyt 1979; Horton and Cochnauer 1980; Cochnauer and
Mabbott 1981). These data were not used because the nethod is a
standard setting nethod used to define mninumflows. It is
based on the assunption that if mninmumflows over narrow riffles
are adequate for food production, passage, and spawni ng, then al
other habitats will be adequately protected as well (Stal naker et
al. 1994). The wetted perineter is an indirect measure of
habitat and thus could not be used to quantify habitat changes
resulting fromincreased fl ow.

Data tracking the novenent of the flow augnentation water from
t he upper Snake River Basin were collected and sumari zed from
the BOR and IDWR.  One problemwi th these data is that the
agencies’ tracking of the data is incomplete from a biological
perspective. IDWR has detailed information on the water

including days, volumes, flow rates, etc., but it is only

monitored at three locations in the upper Snake River Basin.

These locations are Milner Dam on the main Snake River, Letha
Bridge on the lower Payette River, and the Middleton Gage on the
lower Boise River. The Murphy Gage, downstream from Swan Falls
Dam, would be an excellent location to account for and

demonstrate impacts of the flow augmentation water in the lower
Snake River. Unfortunately, it is not being used for this purpose

at this time (B. Ondrechen, IDWR personal communication). The
BOR data, on the other hand, give the total volumes released from
each reservoir but do not give when it was released nor the

resulting flows. The major problem with tracking the flow
augmentation water has been the difference between the accounting
of the water and the actual physical movement of water through

the system. On paper, the data from the BOR and IDWR show the
water is being moved out of various reservoirs at various times

of the year. The reality, however, is that the water is

physically moved only out of American Falls Reservoir in the

upper Snake River Basin, Lucky Peak Reservoir in the Boise River
Basin, and Cascade and Deadwood reservoirs in the Payette River
Basin (R. Larson and R. Rigby BOR personal communication) while
other reservoir storage accounts are charged with the flow
augmentation releases. For example, individuals that own storage
rights in any of the reservoirs upstream of Milner Dam (water

district 01) may put some of their stored water into the

district’s rental pool. If the BOR purchases water from the

rental pool, it will physically be moved out of American Falls
Reservoir even though the storage right may have been from
someplace else. The accounting of the water will be charged to

the reservoirs where the storage right exists. Also, small

amounts have been charged to uncontracted space. The storage
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reservoirs wthin a water district are operated as a single
system not independent reservoirs. They are operated in a way
that tries to maxim ze the operational flexibility of the system
To do this, the reservoirs are prioritized as to which get drawn
down first and which maintain as much water as possible for as
| ong as possible. Generally, the BOR strives to keep water as
high in the system as possible. Water can al ways be noved down
the system but not back up. In order to nmaintain flexibility, it
is quite conmon for storage space to be transferred anong
reservoirs. So, it is possible to have Anderson Ranch Reservoir
storage space in Lucky Peak Reservoir and vice versa. The main
concern BOR has is neeting the total demand for water at the
control points (i.e. MIner Damon the Snake, Letha gage on the
Payette, and the M ddl eton gage on the Boise River). |If
conditions are such that American Falls Reservoir will refill
wi t hout having to physically nove this water, then it will not be
noved. Anerican Falls Reservoir usually refills even in | ow
wat er years due to the large inflow of springs in the area. The
only time the water will be physically noved froma reservoir
ot her than American Falls Reservoir in the upper Snake River
Basin is during a very |low water year when there is not enough
water in Anerican Falls Reservoir (R Larson BOR personal
conmuni cation). The sane holds true for the Boise system |If
natural flows are sufficient to refill Lucky Peak Reservoir
storage space used for flow augnentation, then the uncontracted
storage in Anderson Ranch Reservoir will not be physically noved
out of the reservoir even though on paper it appears as though it
has.

A Lotus spreadsheet was devel oped that cal cul ates the change in
WUA expressed in mllions of square feet in each reach the sane
ages cl asses of sturgeon and rai nbow trout used in the SFIFS.

The sturgeon |ife stages were: adult, |arvae, spawning, and

i ncubation. The age classes for rainbow trout were adult,
juvenile, spawning, and fry. The spreadsheet took United States
Geol ogi cal Survey (USGS) daily stream gage data and subtracted
the fl ow augnentation releases fromIDW. The resulting val ues
represented what the flowin the river would have been w t hout
the flow augnentation rel eases. The stream gage data represents
the flowin the river with the fl ow augnentati on water. Then
using the SFIFS data, WJA was cal cul ated for each flow. These
val ues were subtracted to get the change in WJA resulting from
the flow augnentation rel eases. The SFIFS habitat versus flow
curves were devel oped using flows from5,000 to 17,000 cubic feet
per second (cfs) in 1,000 cfs increnments (5,000, 6,000, 7,000,
etc.). Actual flows were somewhere between these points, so WA
for the actual flows were estimated by |inear interpolation
between the two cl osest increnments. |If the actual flow was 6,500
cfs, the WUA was cal cul ated to be hal fway between the WJA at
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6,000 and 7,000 cfs. If the actual flow was 8,900 cfs, the WIA
was estimated to be 90% of the difference between the WJA at
8,000 and 9,000 cfs. This analysis was done for the 1997 fl ow
augnentation rel eases by nonth. Habitat changes were sunmari zed
for each nonth the flow augnentation water was rel eased.

The data from I DWR give the dates the flow augnentati on water
passes the three control points (MIner Damon the Snake River,
Let ha Bridge on the Payette River, and the USGS gage on the Boise
Ri ver near M ddl eton) and the dates the water reaches Brownl ee

Pool. Fromthis it was possible to determ ne the nunber of days
it took the water to travel fromthe control points to Brownl ee
Pool. It was assuned that the water travel ed an equal distance

each day in order to estimte when the water reached each of the
five study reaches between C.J. Strike Dam and Brownl ee Pool

FI ows

Flows in the Boise River, Payette R ver, and Snake River, with
and wi thout the flow augnentation water were conpared to flow
recomendations fromthe literature to see if flows were being
nmet and if the augnentation water hel ped achi eve those fl ows.

RESULTS AND DI SCUSSI ON

Habi t at

Fl ow augnent ati on rel eases for 1997 are summari zed in Tables 1
and 2. Releases were simlar to previous years with respect to
the volunme, duration, timng, and reservoirs used. Total volune
rel eased fromthe Payette Basin increased by 3,700 af, the Boise
Basin rel ease increased by 2,000 af, while the upper Snake Basin
rel ease decreased by 2,844 af conpared to 1996. The Payette

rel ease was split 70/ 30 between sumrer and winter releases. This
was done in an attenpt to balance the fish and water quality
needs in Cascade Reservoir and those in the river downstream
Wnter has been identified as a critical period for salnonids in
the Payette River system It is thought to be the tinme when
additional flows would benefit the fishery the nost (Riggin and
Hansen 1992).

Table 3 lists flow rel eases since 1987. The rel ease of
approximately 427,000 af fromthe Snake Ri ver Basin upstream of
Brownl ee Pool for salnon flow augnentation has occurred since
1993.

Tabl es 4-13 sunmmari ze the changes in fish habitat for white
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sturgeon and rainbow trout in the five study reaches in the Snake
River fromC J. Strike Damto Brownl ee Pool for 1997. Anglin et
al. (1992) summarized the spawni ng, incubation, larval, and
adult/juvenile tinme periods for each species in each of the five
sections. Those for white sturgeon and rai nbow trout are |isted
in Tabl e 14. Habitat changes were estimated only for adult and
juvenile white sturgeon and adult, juvenile, and fry rai nbow
trout. These were the only life stages present during the flow
augnent ati on rel eases.

In all except one case, the increased flows resulted in increased
habitat (in ternms of square feet gained) for adult and juvenile
white sturgeon (Tables 4-8). The Swan Falls Damto Walters Ferry
reach during Septenber |ost 40,000 sf of adult/juvenile white
sturgeon habitat. This was a m nor decrease, representing |ess
than one percent of the total habitat available. The increases in
adul t/juvenile white sturgeon habitat ranged froma | ow of
130,000 sf (3.18% in the Swan Falls Damto Walters Ferry reach
during August to 5,850,000 sf (15.89% in the Walters Ferry to
Boi se River nouth reach during July.

The 1997 flows were higher than in previous years. July 1997 was
nost simlar to previous years but was still higher. Flows in
August and Septenber were substantially higher than previous
years (Table 15). Higher base flows resulted in smaller
increases in habitat both on a percentage basis as well as square
feet gained. This is because the flow augnentation water
conprises a relatively smaller proportion of the total flow, and
the higher flows are at the upper end of the habitat versus flow
curves in the SFIFS. At the upper end of these curves, the
avai | abl e habitat starts to I evel off or increase at a slower
rate as flow increases. |In sone cases, available habitat wll
decrease as flow i ncreases beyond a certain point. This was the
case for adult/juvenile sturgeon in the Swan Falls Damto Walters
Ferry reach.

Lepla and Chandl er (1995) identified sturgeon in the m ddl e Snake
Ri ver as habitat generalists, using a wide variety of habitats.
This is true for adults and juveniles. But, sturgeon have very
specific requirenments for spawning and early life history

devel opnent. For exanple, water tenperatures should be 13 - 16°C
for spawmning and 14 - 16°C for egg and | arval devel opnent.
Tenperatures of 20°C and greater are lethal to devel opi ng eggs
and | arvae. Physical habitat variables used in |IFIMstudies
(depth, velocity, and substrate) accounted for only 28% of the
variability in sturgeon |ocation. Lepla and Chandl er (1995)
suggested other factors such as prey abundance and availability
may be nore inportant than physical habitat in determning the
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di stribution of white sturgeon in the mddle Snake River. This
concurs with other work in the Colunbia R ver (Parsley and
Beckman 1992). So, increases in sturgeon habitat may not result
in any benefit to the sturgeon popul ation especially if the
changes are short termand do not benefit a critical or limted
life stage (i.e. spawning and larvae) or a limting tinme period.
The spring sturgeon spawning and | arval devel opnent period has
been identified as a critical tinme period for sturgeon (D
Parrish, | DFG personal comunication) in the reach from upper
Salmon Falls Damto C. J. Strike Reservoir. Oten, there are
insufficient flows and water tenperatures are too warm for
successful sturgeon spawni ng and | arval devel opment. But, sunmer
fl ows have al so been identified as a critical period for sturgeon
in the stretch of the river fromC J. Strike Damto Brownl ee
Pool. Flows in this stretch of the river during the summer are
often al nost stagnant and suffer fromextrene nutrient |oading
(S. Grunder |DFG personal conmunication). This results in very
| ow di ssol ved oxygen | evels and even fish kills. R ggin and
Hansen (1992) recommended rel easing the flow augnentation water
fromJuly 1 to Septenber 30 to benefit water quality in this
reach of the Snake River. But, water quality benefits are
thought to be mnimal at best due to this rel ease strategy
because the flow augnentation water is warmwater released from
Anerican Falls Reservoir and is split at MIner Dam (D. Parrish,
| DFG personal comrunication). At present only 200 cfs flows in
the river channel and the renmaining (approximtely 1,300 cfs)
water is diverted though an irrigation canal for a little over a
mle so it can run through a turbine before it is returned to the
river. Thus, the water is subject to increased warm ng and
nutrient | oading conpared to keeping all the water in the river
channel . CQbviously, the flow augnentati on water can not solve
all these problens; but it can help. One option mght be to
rel ease the water in the spring (April through June) for sturgeon
spawni ng and | arval developnment in dry years and release it
starting in June in normal and wet years to protect |arval
sturgeon and for inproved water quality. The spring rel eases
woul d also aid spring mgrating juvenile anadronous fish bel ow
Hel I s Canyon Dam during | ow water years when they need it the
nost. Releasing the water in the spring has been shown to
i ncrease sturgeon spawni ng and | arval habitat (Leitzinger 1996).

Interpretation of the rainbow trout results is not as straight
forward as the sturgeon. The results are summarized in Tables 9-
13. Habitat increased for adult rainbow trout in all sections
during the nonth of July. Available habitat decreased for adult
rai nbow trout in all reaches in Septenber. The recorded flows in
the Payette River to Brownl ee Pool reach were higher than the
range of flows in the SFIFS. Therefore, no estimate of avail able
habitat could be made. During August, avail abl e habitat
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increased in the three reaches between C.J. Strike Dam and the
nmout h of the Boise R ver and decreased in the two reaches from
the Boise River to Brownl ee Pool. The increases in habitat
ranged from 110,000 sf (0.25% in the C.J. Strike Damto Swan
Fal | s Pool reach during August to 19, 990,000 sf (9.28% in the
Walters Ferry to Boise River nmouth reach during July. The
decreases ranged from 160,000 sf (1.71% in the Swan Falls Damto
Walters Ferry reach during Septenber to 9,140,000 sf (3.95% in
the Boise River nouth to Payette River nouth reach during August.

In all cases, the flow augnentation releases result in the |oss
of juvenile and fry rainbow trout habitat. Juvenile habitat

| osses ranged from 140,000 sf (2.17% in the Swan Falls Damto
Walters Ferry reach during July to 14,330,000 sf (16.07% in the
Walters Ferry to Boise R ver nouth reach during July. Fry
habitat | osses ranged from 40,000 sf (5.63% in the Swan Falls
Damto Walters Ferry reach during Septenber to 13,710, 000 sf
(31.68% in the Walters Ferry to Boise River nouth reach during
July.

These habitat | osses are not significant for two reasons. First,
it is very unlikely that rainbow trout fry and juveniles used the
mai nst em Snake R ver extensively. As with nost |arge rivers, the
native rai nbows probably had a fluvial life history, neaning the
majority of spawning and early rearing occurred in the
tributaries, while the adults and larger juveniles reared in the
mai nst em Snake River. Unfortunately, there is very little
docunented life history information on native rainbow trout in
this reach of the Snake River. The only evidence found canme from
Irving and Cuplin (1956). They sanpled this reach of the Snake
River in 1953 and 1954 and the smallest wild rainbow trout caught
were eight inches |ong.

Second, it is extrenely difficult to sanple large rivers for
juvenile and fry life stages, especially at high flow Because
of this, the suitability index (SI) curves used for rainbow trout
were not site specific. They were taken fromthe literature
(Raleigh et al. 1984). These curves were devel oped on small,
clear trout streans in Colorado. This calls into question the
appropri ateness of using these SI curves. Because they were
devel oped for small streans, the preference or use of the habitat
(as expressed by depth, velocity, cover, and tenperature) wll
undoubt edly be narrow, especially when conpared to the broader
range of habitat that would be expected in a larger river. These
fish may use a greater range of habitat in a larger river sinply
because it is available. Thus, using SI curves devel oped for
smal |l streanms may result in an artificially reduced or restricted
estimate of avail able habitat when applied to |arge rivers.
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This anal ysis al so rai ses several questions. Does a short-term
(three to five nonth) increase in flows provide any |ong-term
benefits to resident fish habitat and thus resident fish? Wen
are the flow (or habitat) bottlenecks for sturgeon and rai nbow
trout (or other resident fish species) in this section of the
Snake River? |If they are not during the sumer, then does this
wat er have any |long-term benefit to resident fish? |If there is a
sumrer flow bottl eneck once these flows are reduced to base flow
inthe fall, are the benefits then | ost because the flow

bottl eneck has just been delayed to later in the year? These
guestions are beyond the scope of this project but need to be
addressed if this water is to benefit resident fish.

FI ows

The fl ow recomrendations in the SFIFS (Anglin et al. 1992) are
summari zed in Table 15. The recomendati ons are for flows past
the Murphy Gage on the Snake River (downstream of Swan Falls
Danm). It is interesting to note that actual nmean nonthly flows
from 1994 through 1997 during the flow augnentation rel eases net
or exceeded the integrated fish flow recomendati ons (the target
flow as defined in the SFIFS) only one nonth out of the 15

nont hs of flow augnentation rel eases. They net or exceeded the
recommended flows for wet years in only two (August and Septenber
1997) of the 15 nonths, despite three of the four years being wet
years. Only four of the 15 nonths net the average water year

fl ow recomendati on, and 11 of the 15 nmet the dry year
recommendation. Overall, these enhanced flows rarely net the
integrated fish flows or the wet year reconmendations over the
past four years. The 1997 rel ease as neasured at the Mirphy Gage
(Tabl e 16), did not neet the integrated fish flow recomendati ons
in July or August on a nean nonthly basis. Flows did, however,
exceed the integrated fish flow reconmendati on for the nonth of
Septenber. Cdearly, although the additional flow provided by the
fl ow augnentation water provides benefits to resident fish
habitat (primarily adult and juvenile sturgeon and adult rai nbow
trout), it is not enough to avoid further degradation of sturgeon
and rai nbow trout habitat because Anglin et al. (1992) defined
these minimum flows as that which would prevent “further

degradation of resident fish habitat.” At best these additional

flows would only slow down the rate of decline of these fish

populations.

The comparisons of the actual enhanced flows (i.e. with the

salmon flow augmentation water) to the minimum stream flow
recommendations for the tributaries and the Snake River are
summarized in Table 16. The enhanced flows in the Boise River
met or exceeded the minimum flow recommendation all the time on a
mean monthly basis. The recommended monthly flows would have
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been nmet only 63% of the tinme wi thout the flow augnentation water

(five of the eight nonths over the last four years). It needs to
be pointed out that this water is released during the sunmer when
flows are not limting. It also needs to be pointed out that

these are mnimumflows, not preferred or ideal flows.
Traditionally, mninmmflows have been considered short- term
essential flows that prevent collapse of the fishery.
Unfortunately, they have becone targets to reach sone of the
time, and not flows to drop to only in energencies.

The nonirrigation season (roughly frommd-Cctober to md-April)
has been identified as the period when additional water would
nost benefit the salnonid fishery in the Boise R ver downstream
of Lucky Peak Dam (Ri ggin and Hansen 1992; D. Allen, |DFG

per sonal conmuni cation). Analysis of the USGS gagi ng station
records (Brennan et al. 1996) support this. Mean nonthly
predevel opnment winter flows (Cctober - February, 1895 -1916) in
the Boise River bel ow Mbores Creek ranged from 969 to 1,299 cfs
and m nimum nonthly flows for the sane tine period ranged from
509 - 925 cfs. Post devel opnent (1955 - 1997) nean nonthly flows
ranged from 206 - 1,572 cfs while nmean m ninmum fl ows ranged from
0 - 63 cfs at the USGS gage on the Boise River called “Near

Boise.” Itis clear that the greatest change in the flow regime

in the Boise River has been the reduction of nonirrigation season

flows. Shifting the flow augmentation release from the summer to

the winter in addition to the stream channel maintenance flows

presently being released would go a long way toward returning to

historic winter flows and a normative hydrograph. The resultant

flows would be in the neighborhood of 500 - 600 cfs. While these

flows are well below historic mean monthly flows, they are

similar to the historic minimum flows and are a vast improvement

on the 150 - 240 cfs currently being released for stream channel

maintenance in the nonirrigation season.

The summer releases in the Payette River drainage (1994, 1996,
1997) met the mean monthly minimum flow recommendations only 50%
of the time (three out of six months) at the Letha gage. Minimum
flows would not have been met during those three months if the
flow augmentation water was not released. Minimum flow
recommendations were met 67% of the time (four of six months) at
the Cascade gage. It is impossible to determine how much of an
impact the flow augmentation releases had because it is
impossible to separate out the Cascade and Deadwood releases.
The total flow augmentation release is measured only at the Letha
gage, well downstream of each dam.

The winter releases in the Payette River drainage all came out of
Cascade Reservoir. Mean monthly minimum flows were met both
months during the winter of 1995/96 below Cascade Reservoir and
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at the Letha gage. However, the flow recommendati ons woul d not
have been nmet bel ow Cascade w thout the flow augnentation
rel eases. They woul d have been net at the Letha Gage w thout the
additional water. Mean nonthly flows bel ow Cascade Reservoir and
at Letha during the winter of 1996/97 net mninmuns all the tine.
But, these flows would have been net even without the flow
augnentation rel eases due to unusually high water during that
time period. The 1997/98 winter rel eases net the m ni nuns at
bot h gages. These m ni muns woul d not have been nmet w thout the
fl ow augnentati on wat er.

CONCLUSI ONS AND RECOMMVENDATI ONS

The additional water provided by the sal non fl ow augnentation
rel eases appears to have, at best, limted benefits to resident
fish and fish habitat. Although usable habitat increased in the
Snake River for adult and juvenile sturgeon and adult rai nbow
trout, the flows were still well below what is needed to sustain
vi abl e healthy fish popul ations. Flow augnentation in the
tributaries sonetinmes hel ped nmeet mninmumflows; sonetines the
fl ows woul d have been net even wi thout the additional water; and
other tinmes the flows were not nmet even with the extra water.
Qovi ously, other factors are influencing flows nore than the

sal non flow rel eases (e.g. weather and precipitation). Further
noni toring and evaluation is needed in order to gain a better
under standi ng of the inpacts these flow rel eases in the
tributaries (primarily the Payette system are having on resident
fish.

It is clear that changes are needed if water managenent in the
Snake River Basin is to take into account the needs of the
fishery resources. |If water quality is to be inproved and
sturgeon popul ations are to be recovered to a healthy, viable,
harvestabl e |l evel, then nore water is needed at the proper tines
(namely spring for spawni ng sturgeon and | arval sturgeon

devel opment and the sumer to inprove water quality and prevent
fish kills). Salnon flow releases are not sufficient to do it
alone. Modification of existing flow augnentation releases in
the tributaries could go a long way to inproving conditions for
fish. The follow ng recommendati ons are presented in an effort
to refine the salnon flow augnentation rel eases to maxim ze
benefits to resident fish.

1) Rel ease the sal non fl ow augnentati on water out of Lucky Peak

Reservoir on the Boise R ver during the nonirrigation season
(md-COctober - md-April) in addition to the stream channel
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2)

3)

4)

5)

6)

mai nt enance flows presently being rel eased. These flows
will significantly help keep fry and juvenile trout habitat
under water and avail able during the nonirrigation season.
The resulting flows woul d approach the historic m ni num
nmonthly fl ows observed prior to any dam construction

Conti nue the 50/50 sumrer/wi nter release in the Payette
River Basin. This strategy may have benefits to resident
fish, but no clear trend is evident. Hopefully, future
nmonitoring will show clear benefits. This strategy is
consi stent with previous reconmendati ons.

The BOR and | DWR shoul d nonitor flow augnentation rel eases
from Cascade and Deadwood reservoirs separately. This would
all ow a much nore detail ed eval uation of the inpact of these
flows in the Deadwood, South Fork and North Fork Payette
rivers.

Di scontinue the splitting of the salnon flow releases in the
upper Snake River at MIner Dam Keep the entire 1,500 cfs
in the river channel. Current operation is to only send 200
cfs down the river, while the remaining water (approximtely
1,300 cfs) gets sent down an irrigation canal for alittle
over a mle so that it can be sent through turbines before
returning to the river. This splitting of the water may
negate any water quality benefits this extra water could
provide. The 200 cfs left in the river is subject to

i ntense solar radiation and thus excessive warnm ng. The
remai ning water is also subject to warmng as well as
additional nutrient |loading fromagricultural fields the
canal s irrigate.

Conduct | FI M studies below BOR facilities so that changes in
fish habitat resulting fromthe rel ease of the salnon fl ow
augnentati on water can be quantified.

In dry years, release the water from Anmerican Falls
Reservoir in the spring (April - June) to aid sturgeon
spawni ng and | arval developnment. In nornmal to wet years,
begin releasing the water in June to keep the water
tenperatures cooler to protect sturgeon larvae and to

i nprove water quality.

There are not enough IFIMdata in the Snake River Basin to
estimate resident fish habitat changes resulting fromthis flow
augnentation water in nost of the basin. Even where the data

exi st, quantification of habitat changes are further conplicated
by the water accounting system established by the BOR and | DR
The present systemis inadequate for describing when the water is
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rel eased, the source reservoir for the water, and at what daily
rate (in cfs) the water is released, especially in the Snake

Ri ver upstreamof MIner Dam Until a nore detailed nmethod for
tracki ng and recording fl ow augnentation water is devel oped,
quantifying inpacts to resident fish habitat will be very
l'imted.
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Table 1. Stored water provided for sal non flow augnmentati on from

Bureau of Reclamation reservoirs in acre-feet, 1997 (data
from Bureau of Reclamation and | DVR).

SYSTEM RESERVO R |[Reclamation Space Rent al
Power Head Uncontracted | Pool Tot al

Upper Snake*
Anerican Falls 8, 951
Jackson 3,923
Pal i sades 10, 022

Subt ot al 22, 896 191, 323 214, 219
Payette**
Cascade 69, 600
Deadwood 25, 400

Subt ot al 95, 000 60, 000 155, 000
Boi se***
Ander son Ranch 3, 000
(uncontract ed)
Lucky Peak 35, 000

Subt ot al 38, 000 2,000 40, 000
Or egon
Skyl i ne Farns 17, 649
Oregon Water Trust 132

Subt ot al 17, 649 132 17,781
GRAND TOTAL 173, 545 253, 455 427, 000

*

* % *

Al'l water was physically noved out of Anerican Falls Reservoir,
but storage accounts in the other reservoirs were charged.

The Payette rel ease was split roughly 70/ 30 between sunmer and

wi nter releases. The summer rel eases were both Cascade and
Deadwood storage. The winter release was exclusively Cascade

rel ease. A total of 108,880 acre-feet was released in the sumer,
46,120 acre-feet was released in the wwnter. The rental pool water
was rel eased from Cascade Reservoir.

Al'l water was physically noved out of Lucky Peak Reservoir but
3,000 acre-feet were charged to the Anderson Ranch account.
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Table 2. Timng of the 1997 fl ow augnmentation rel eases fromthe upper

Snake Basin (I DWR data).

System Sour ce/ Space Start Date | End Date | Locati on of
measured fl ow
Upper Rent al Pool 7/ 9/ 97 9/ 10/ 97 | M I ner Dam
Snake* Uncontr act ed 9/ 10/ 97 9/ 18/ 97
Boi se** Lucky Peak
BOR Space 71 14/ 97 8/ 26/ 97 | M ddl eton Gage
Uncontr act ed 8/ 26/ 97 8/ 29/ 97
Rent al Pool 8/ 29/ 97 8/ 31/ 97
Payette*** | Summer Rel ease
Uncontr act ed 7/ 14197 8/ 25/ 97 | Let ha Gage
Rent al Pool 8/ 25/ 97 9/ 3/ 97
Wnter Release | 11/27/97 12/ 29/ 97 | Cascade (age
Skyl i ne Irrigation 712197 9/ 19/ 97
Far s Pur chase

*

* % *

This water was actually released from Anerican Falls Reservoir but
the start and end dates reflect the dates the water flowed past

M | ner Dam (source: |DWR).

The Boi se River release cane froma purchase of 35,000 acre-feet
of storage in Lucky Peak Reservoir, uncontracted storage charged
to the Anderson Ranch Reservoir account, and the rental pool.

The Payette River release was split roughly 70/ 30 between sunmmer
and winter release. The winter rel ease cane exclusively from
Cascade Reservoir.
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Tabl e 4.

Table 3. Water

provi ded for flow augnentation fromthe Snake River

Basi n upstream of Hells Canyon Dam 1987-

1997. Values are in acre-feet.
System 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
Upper Snake
USBR Space 0 0 0 0 0 0 | 206,617 | 285,954 | 22,396 | 22,396 22, 896
Rental s 150, 000 | 50, 000 | 100, 000 | 63, 000 0 0| 65,000 | 44,325 | 232,839 | 194,667 | 191, 323
BPA Pur chase 0 0 0 0| 50,000 | 49,000 0 0 0 0 0
Subt ot al | 150, 000 | 50, 000 | 100,000 | 63,000 | 50,000 | 49,000 | 271,617 | 330,279 | 255,235 | 217,063 | 214,219
Payette
USBR Space 0 0 0 0 0| 90,000 | 95,000 | 61,883 | 94,242 | 95,000 95, 000
Rental s 0 0 0 0 0 0| 34,971 0| 50,758 | 56,300 60, 000
BPA Pur chase 0 0 0 0| 51,000 | 51,000 0 0 0 0 0
Subt ot al 0 0 0 0| 51,000 | 141,000 | 129,971 | 61,883 | 145,000 | 151,300 | 155, 000
Boi se
USBR Space 0 0 0 0 0 0| 23,000 | 35,950 | 25,000 | 38,000 38, 000
Rental s 0 0 0 0 0 0 0 0 2,000 0 2,000
Subt ot al 0 0 0 0 0 0| 23,000| 35,950 | 27,000 | 38,000 40, 000
Nat ur al Fl ows
Skyl i ne Farns 0 0 0 0 0 0 0 0 0| 15,714 17, 649
OR Wat er Trust 0 0 0 0 0 0 0 0 0 64 132
Subt ot al 0 0 0 0 0 0 0 0 0| 15,778 17,781
Upper Snake 150, 000 | 50, 000 | 100,000 | 63,000 | 101, 000 | 190, 000 | 424,588 | 428,112 | 427,235 | 422,141 | 427,000
Contribution
Br ownl ee 0 0| 50,000 | 87,000 | 174,000 | 110, 000 | 102, 000 | 326, 270 | 235, 000 | 298,810 | 332,191
G and Tot al 150, 000 | 50, 000 | 150, 000 | 150, 000 | 275, 000 | 300, 000 | 526, 588 | 754, 382 | 662,235 | 720,951 | 759, 191

life stage not present during that nonth.
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Changes in white sturgeon habitat in the Snake River fromC. J.

augnment ati on rel eases during the sumer of 1997. = juvenile;

Strike Damto Swan Fal |l s Pool
Spawn = spawni ng;

I ncub.

i ncubat i on;

resulting fromsal non fl ow
N A = not applicable,




Habitat Estimates - Wighted Usable Area in mllions of square feet

Total Fl ow Net Fl ow Change
Mean

Mean Mean Daily Adul t/

Daily Augnent Net Juv. Larvae | Spawn I ncub.

Fl ow Fl ow Fl ow Adul t/ Adul t/
Mont h (cfs) (cfs) (cfs) Juv. Larvae Spawn I ncub. Juv. Larvae Spawn I ncub. (% (% (% (%
July 8, 005 1,523 6, 482 23.69 16. 93 5.90 15. 45 21.33 16. 49 3.91 13.22 +2. 36 N A N A N A
7/ 12- (11.06)
7/ 31
Aug. 10, 450 1, 506 8,944 26.53 15. 66 9.17 18. 47 24.91 16. 60 7.15 16. 68 +1.62 N A N A N A
8/ 1- (6.50)
8/ 31
Sept 14, 738 1, 469 13, 269 29.21 11. 65 14. 71 22.38 28. 65 13. 00 12.87 21.19 +0. 56 N A N A N A
9/ 1- (1.95)
9/ 21
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Tabl e 5. Changes in white sturgeon habitat in the Snake River fromSwan Falls Damto Walters Ferry resulting from sal nmon fl ow augnentati on
rel eases during the sumer of 1997. Juv. = juvenile; Spawn = spawning; Incub. = incubation; NNA = not applicable, |life stage not
present during that nonth.

Habitat Estimates - Wighted Usable Area in mllions of square feet

Total Flow Net Fl ow Change
Mean

Mean Mean Daily Adul t/

Daily Augnent Net Juv. Larvae | Spawn I ncub.

Fl ow Fl ow Fl ow Adul t/ Adul t/
Mont h (cfs) (cfs) (cfs) Juv. Larvae Spawn I ncub. Juv. Larvae Spawn I ncub. (% (% (% (%
July 8, 133 1,523 6,610 3.99 2.41 2.06 3.17 3.77 2.63 1.62 2.92 +0. 22 N A N A N A
7/ 13- (5.84)
7/ 31
Aug. 10, 480 1, 506 8,974 4,22 2.10 2.61 3.43 4. 09 2.28 2.27 3.28 +0. 13 N A N A N A
8/ 1- (3.18)
8/ 31
Sept . 14, 809 1,471 13, 338 4. 29 1.99 3.29 3.61 4,32 1.97 3.11 3.59 -0.04 N A N A N A
9/ 1- (0.93)
9/ 22
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Tabl e 6.

Changes in white sturgeon habitat in the Snake River fromWlters Ferry to the Boise River resulting fromsal non flow

augnment ati on rel eases during the sumer of 1997. Juv. = juvenile; Spawn = spawning; |ncub. = incubation; N A = not applicable,
life stage not present during that nonth.
Habitat Estimates - Wighted Usable Area in mllions of square feet
Total Fl ow Net Fl ow Change
Mean
Mean Mean Daily Adul t/
Daily Augnent Net Juv. Larvae | Spawn I ncub.
FI ow FI ow FI ow Adul t/ Adul t/
Mont h (cfs) (cfs) (cfs) Juv. Larvae | Spawn | | ncub. Juv. Larvae Spawn I ncub. (% (% (% (%
July 8,133 1,523 6, 610 42. 66 36. 46 4.10 11. 65 36. 82 33.13 2.59 9.02 +5. 85 N A N A N A
7/ 13- (15. 89)
7/ 31
Aug. 10, 480 1, 506 8,974 51.16 38.24 7.13 16. 11 45. 84 37.63 5.13 13.18 +5. 31 N A N A N A
8/ 1- (11.58)
8/ 31
Sept 14, 809 1,471 | 13,338 64. 33 34.11 13. 97 24.38 60. 34 36. 15 11.53 21. 63 +4. 00 N A N A N A
9/ 1- (6.63)
9/ 22
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Table 7. Changes in white sturgeon habitat in the Snake River fromthe Boise River to the Payette River resulting fromsal non flow
augnment ati on rel eases during the sumer of 1997. Juv. = juvenile; Spawn = spawning; |ncub. = incubation; N A = not applicable,
life stage not present during that nonth.

Habitat Estimates - Wighted Usable Area in mllions of square feet
Total Fl ow Net Fl ow Change
Mean

Mean Mean Daily Adul t/

Daily Augnent Net Juv. Larvae Spawn I ncub.

FI ow FI ow FI ow Adul t/ Adul t/
Mont h (cfs) (cfs) (cfs) Juv. Larvae Spawn I ncub. Juv. Larvae Spawn I ncub. (% (% (% (%
July 10, 285 1,872 8,413 48. 92 36. 03 4.02 13.55 43. 42 34. 44 2.33 11. 14 +5. 49 N A N A N A
7/ 14- (12.64)
7/ 31
Aug. 12, 620 1,927 10, 693 54. 86 35. 86 6.59 16. 38 50. 01 36. 19 4.43 14. 05 +4. 85 N A N A N A
8/ 1- (9.70)
8/ 31
Sept 17, 148 1,512 15, 636 63. 65 30. 86 12.59 21.55 61. 28 32.92 10. 44 19. 82 +2. 37 N A N A N A
9/ 1- (3.87)
9/ 23
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Tabl e 8. Changes in white sturgeon habitat in the Snake River fromthe Payette R ver to Brownl ee Pool
augnment ation rel eases during the sumer of 1997. Juv. = juvenile; Spawn = spawni ng;

life stage not present during that nonth.

resulting fromsal non fl ow
Incub. = incubation; N A = not applicable,

Habitat Estimates - Wighted Usable Area in mllions of square feet
Total Fl ow Net Fl ow Change
Mean

Mean Mean Daily Adul t/

Daily Augnent Net Juv. Larvae Spawn I ncub.

Fl ow FI ow Fl ow Adul t/ Adul t/
Mont h (cfs) (cfs) (cfs) Juv. Larvae Spawn I ncub. Juv. Larvae Spawn I ncub. (% (% (% (%
July 22,008 110 21, 898 -- -- -- -- -- -- -- -- -- N A N A N A
7/ 2-
7/ 13
July 13,772 2,958 10,814 | 47.08 29. 89 11.53 21.56 43. 65 30. 28 7.91 17.95 +3. 43 N A N A N A
7/ 14- (7.86)
7/ 31
Aug. 15,410 3,116 12,294 || 47.83 28. 87 13.54 23.00 45. 66 30. 37 9. 67 19.91 +2. 17 N A N A N A
8/ 1- (4.75)
8/ 31
Sept 19, 133 1,719 17,414 -- -- -- -- -- -- -- -- -- N A N A N A
9/ 1-
9/ 24
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Tabl e 9. Changes in rainbow trout habitat in the Snake River fromC J. Strike Damto Swan Falls Pool

augnment ation rel eases during the sumer of 1997. Juv. = juvenile; Spawn = spawni ng;
during that nonth.

resulting fromsal non fl ow
N A = not applicable, |life stage not present

Habitat Estimates - Wighted Usable Area in mllions of square feet

Total Fl ow Net Fl ow Change
Mean

Mean Mean Daily

Daily Augnent Net Adul t Juv. Spawn Fry

Fl ow Fl ow Fl ow
Mont h (cfs) (cfs) (cfs) Adul t Juv. Spawn Fry Adul t Juv. Spawn Fry (% (% (% (%
July 8, 005 1,523 6, 482 44, 24 15. 42 3.13 42.73 17.10 2.53 7.29 +1.51 -1.68 N A -0.29
7/ 12- 6. 99 (3.53) (9.82) (3.98)
7/ 31
Aug. 10, 450 1, 506 8, 944 44. 96 13. 27 4,34 4. 46 44, 85 14. 80 3.53 6.02 +0. 11 -1.53 N A -1.56
8/ 1- (0.25) (10. 34) (25.91)
8/ 31
Sept . 14, 738 1, 469 13, 269 40. 93 9. 40 4,43 42.62 10. 49 4.76 2.60 -1.69 -1.09 N A -0.25
9/ 1- 2.35 (3.97) (10. 39) (9.62)
9/ 21
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Tabl e 10. Changes in rainbow trout habitat in the Snake River from Swan Falls Damto Walters Ferry resulting fromsal non fl ow augnent ati on
rel eases during the sumer of 1997. Juv. = juvenile; Spawn = spawning; N A = not applicable, life stage not present during that
nmont h.

Habitat Estimates - Wighted Usable Area in mllions of square feet

Total Fl ow Net Fl ow Change
Mean

Mean Mean Daily

Daily Augnent Net Adul t Juv. Spawn Fry

Fl ow Fl ow Fl ow
Mont h (cfs) (cfs) (cfs) Adul t Juv. Spawn Fry Adul t Juv. Spawn Fry (% (% (% (%
July 8, 133 1,523 6,610 8.70 6. 30 0. 38 2.24 7.48 6. 44 0. 39 3.05 +1.22 -0.14 N A -0.81
7/ 13- (16. 31) (2.17) (26. 56)
7/ 31
Aug. 10, 480 1, 506 8,974 9. 39 5.40 0.27 1.16 9.12 6. 02 0. 38 1.75 +0. 28 -0.62 N A -0.58
8/ 1- (3.07) (10. 30) (33.14)
8/ 31
Sept . 14, 809 1,471 13, 338 9.21 4,02 0.18 0. 66 9. 37 4.40 0.18 0.71 -0.16 -0.38 N A -0.04
9/ 1- (1.71) (8.64) (5.63)
9/ 22
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Changes in rainbow trout

habitat in the Snake River fromWlters Ferry to the Boise River

resulting fromsal non fl ow augnent ati on

Tabl e 11.
rel eases during the sumer of 1997. Juv. = juvenile; Spawn = spawning; N A = not applicable, life stage not present during that
nmont h.
Habitat Estimates - Wighted Usable Area in mllions of square feet
Total Fl ow Net Fl ow Change
Mean
Mean Mean Daily
Daily Augnent Net Adul t Juv. Spawn Fry
FI ow FI ow FI ow
Mont h (cfs) (cfs) (cfs) Adul t Juv. Spawn Fry Adul t Juv. Spawn Fry (% (% (% (%
July 8,133 1,523 6, 610 | 235.40 104. 28 29.57 215. 40 89. 20 84. 63 43. 27 +19. 99 -14. 33 N A -13.71
7/ 13- 74.87 (9.28) (16.07) (31.68)
7/ 31
Aug. 10, 480 1, 506 8,974 || 244.48 57.50 107.94 18.58 241. 38 67. 35 113.09 | 24.23 +3. 11 -9.85 N A -5.65
8/ 1- (1.29) (14.63) (23.32)
8/ 31
Sept 14, 809 1,471 | 13,338 || 226.00 87.76 9.62 234.03 47. 20 95. 04 12. 24 -8.02 -4.28 N A -2.62
9/ 1- 42.93 (3.43) (9.07) (21.41)
9/ 22
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Tabl e 12. Changes in rainbow trout habitat in the Snake River fromthe Boise River to the Payette River resulting from sal non flow
augnment ati on rel eases during the sumer of 1997. Juv. = juvenile; Spawn = spawning; N A = not applicable, |life stage not present
during that nonth.

Habitat Estimates - Wighted Usable Area in mllions of square feet

Total Flow Net Fl ow Change
Mean

Mean Mean Daily

Daily Augnent Net Adul t Juv. Spawn Fry

Fl ow Fl ow Fl ow
Mont h (cfs) (cfs) (cfs) Adul t Juv. Spawn Fry Adul t Juv. Spawn Fry (% (% (% (%
July 10, 285 1,872 8,413 232. 35 60.54 | 76.68 24. 69 226. 82 69. 36 79. 35 32.16 +5.53 -8.82 N A -7.47
7/ 14- (2.44) (12.72) (23. 23)
7/ 31
Aug. 12, 620 1, 927 10, 693 222.13 54.83 | 62.90 21. 26 231. 27 59. 38 75.18 23.76 -9.14 -4.55 N A -2.51
8/ 1- (3.95) (7.66) (10. 56)
8/ 31
Sept . 17,148 1,512 15, 636 198. 16 49.07 | 46.18 20. 06 206. 02 50. 28 51.98 20. 24 -7.86 -1.21 N A -0.17
9/ 1- (3.82) (2.41) (0.84)
9/ 23
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Tabl e 13.

Changes in rainbow trout habitat in the Snake River fromthe Payette R ver to Brownl ee Pool

during that nonth.

Habitat Estimates - Wighted Usable Area in mllions of square feet

resulting fromsal non fl ow
augnment ation rel eases during the sumer of 1997. Juv. = juvenile; Spawn = spawning; N A = not applicable,

life stage not present

Total Fl ow Net Fl ow Change
Mean

Mean Mean Daily

Daily Augnent Net Adul t Juv. Spawn Fry

Fl ow Fl ow Fl ow
Mont h (cfs) (cfs) (cfs) Adul t Juv. Spawn Fry Adul t Juv. Spawn Fry (% (% (% (%
July 22,008 110 21, 898 -- -- -- -- -- -- -- -- -- -- N A --
7/ 2-
7/ 13
July 13,772 2,958 10,814 || 130.8 40. 88 41. 71 11. 84 129. 73 53.23 33.10 18. 13 +1.08 -12.35 N A -6.29
7/ 14- 2 (0.83) (23. 20) (34.69)
7/ 31
Aug. 15, 410 3,116 12,294 || 128.2 36.52 42.70 9. 85 131.55 46. 37 38.50 14. 20 -3.30 -9.86 N A -4.36
8/ 1- 5 (2.51) (21. 26) (30.70)
8/ 31
Sept 19, 133 1,719 17,414 -- -- -- -- -- -- -- -- -- -- N A --
9/ 1-
9/ 24
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Tabl e 14. Wiite sturgeon and rai nbow trout

life stages and tine of

occurrence in the Snake River (fromAnglin et al. 1992 and
Lepl a and Chandl er 1995). Incub.= incubation; Juv.=
juvenile.
Speci es/ C. J. Swan Falls | Valters Boi se Payette
Life Stage | Strike to |[to Walters |Ferry to River to River to
Swan Falls | Ferry Boi se Payette Br ownl ee
Ri ver Ri ver Pool
St ur geon April-NMay | April-May April-NMay | April-May | April-My
Spawni ng (2 nont hs) (2 (2 nmonths) | (2 nonths) | (2 nonths)
nont hs)
St ur geon April-June | April-June | April-June | April-June | April-June
Larvae (3 nmonths) | (3 nonths) | (3 nonths) | (3 nonths) | (3 nonths)
St ur geon April-NMay | April-May April-NMay | April-May | April-May
I ncub. (2 nmonths) | (2 nonths) | (2 nmonths) | (2 nonths) | (2 nonths)
St ur geon all year all year all year all year all year
Adul t/ Juv.
Rai nbow Mar ch- Mar ch- Mar ch- Mar ch- Mar ch-
Tr out Apri | Apri | Apri | Apri | Apri |
Spawni ng (2 months) | (2 months) | (2 nonths) | (2 nonths) | (2 nonths)
Rai nbow April - April - April - April - April -
Tr out Sept . Sept . Sept . Sept . Sept .
Fry (6 nmonths) | (6 nonths) | (6 nmonths) | (6 nonths) | (6 nonths)
Rai nbow all year all year all year all year all year
Tr out
Juv.
Rai nbow all year all year all year all year all year
Tr out
Adul t
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Table 15. Integrated (target) fish flows and recommended m ni num stream fl ows by nonth for
average, wet and dry years, and actual flows recorded at the Mirphy Gage on the
Snake River downstream of Swan Falls Dam during the fl ow augnentation period in 1994
- 1997. The integrated and recomended m nimum flows are also for the Miurphy Gage.
Data is fromAnglin et al. (1992). Flows are in cubic feet per second.

FI ow Apri | May June July August Sept enber Cct ober
I nt egr at ed 15, 000 12, 500 9, 000 12, 500 12, 500 12, 500 12, 500
Fi sh Fl ow
Recommended
M ni mum
Fl ow
Aver age 13, 600 12, 500 9, 000 8, 100 7,500 8, 500 10, 700
Year
Wet Year 15, 000 12, 500 9, 000 8, 800 8, 100 9, 300 12, 300
(20% exceedence)
Dry Year 8, 400 7,400 7, 300 6, 500 6, 700 7,900 8, 700
(80% exceedence)
Act ual
Fl ows
1994 7,947 8, 341 7,004 6, 565 6, 225 - - - -
1995 - - - - - - 7,941 7,400 8,413 7,930
1996 - - - - - - 7, 466 7,765 7,927 - -
1997 - - - - - - 8, 133 10, 480 14, 809 - -
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Table16. Flow summary for years 1994 - 1997 showing the salmon flow augmentation release dates, total mean monthly flows, flow augmentation
component of total flow, minimum flow recommendations, frequency that flows met or exceeded minimums, and
recommended release time.

RIVER | YEAR | LOCATION | FLOW TOTAL FLOW | MEAN MAXIMUM | MINIMUM | FLOW DAYS RECOM M ENDE
(USGS AUGMENT. MEAN AUGMENT. FLOW FLOW RECOMMEND. | MET D RELEASE
GAGE) PERIOD MONTHLY FLOW (CFS) (CFS) (CFS) (CFS) TIME
(CFS)
Boise 1994 Middleton 7/5-7/131 557 410 601 293 240 All non-irrigation
8/1-8/19 481 371 525 343 240 All season (mid
October - mid
April)
1995 Middleton 7/117-7/31 775 400 1,060 699 240 All non-irrigation
8/1-8/20 622 381 772 403 240 All season (mid
October - mid
April)
1996 Middleton 7/11-7/31 610 386 705 572 240 All non-irrigation
8/1-8/29 632 390 702 564 240 All season (mid
October - mid
April)
1997 Middleton 7/14-7/31 775 393 883 650 240 All non-irrigation
8/1-8/31 864 423 948 800 240 All season (mid
October - mid
April)
Payette | 1994 Cascade* 7/1-7/31 1,778 ? 1,940 1,140 1,400 27/31 50/50 split between
8/1-8/15 1,576 ? 1,920 1,350 1,400 13/15 summer and non-
(22/31 irrigation season
August) (mid October - mid
April)
1994 Letha 7/2-7/31 911 825 1,350 340 1,165 3/31 50/50 split between
8/1-8/16 560 430 986 310 1,165 0/16 summer and non-
irrigation season
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(mid October - mid
April)
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Table16. Cont'd.

RIVER | YEAR | LOCATION | FLOW TOTAL FLOW | MEAN MAXIMUM | MINIMUM | FLOW DAYS RECOMM EDED
(USGS AUGMENT. | MEAN AUGMENT. FLOW FLOW RECOMMEND. | MET RELEASE TIME
GAGE) PERIOD MONTHLY FLOW (CFS) (CFS) (CFS) (CFS)
(CFS)
Payette | 1995/ | Cascade 11/30-12/31 1,748 1,548 2,230 475 400 All 50/50 split between
1996 11-115 2,078 1,878 2,200 1,720 400 All summer and non-
irrigation season
(mid October - mid
April)
1995/ | Letha 12/2-12/31 4,243 1,518 8,000 2,590 1,165 All 50/50 split between
1996 v1-117 3,735 1,892 4,370 3,140 1,165 All summer and non-
irrigation season
(mid October - mid
April)
1996 Cascade* 7/11-7/31 1,248 ? 1,460 1,060 1,400 121 50/50 split between
8/1-9/1 1,343 ? 1,410 1,300 1,400 3/32 summer and non-
irrigation season
(mid October - mid
April)
1996 Letha 7/12-7/31 1,525 778 2,320 1,170 1,165 All 50/50 split between
8/1-9/2 816 677 1,260 230 1,165 2/33 summer and non-

irrigation season
(mid October - mid
April)
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Table16. Cont'd.

RIVER | YEAR | LOCATION | FLOW TOTAL FLOW | MEAN MAXIMUM | MINIMUM | FLOW DAYS RECOMM EDED
(USGS AUGMENT. | MEAN AUGMENT. FLOW FLOW RECOMMEND. | MET RELEASE TIME
GAGE) PERIOD MONTHLY FLOW (CFS) (CFS) (CFS) (CFS)
(CFS)
Payette | 1996/ | Cascade 12/11-12/31 1,610 501 1,900 1,500 400 All 50/50 split between
1997 11-1/31 2,679 1,750 3,780 212 400 26/31 summer and non-
2/1-2/8 2,114 1,577 3,680 198 400 6/8 irrigation season
(mid October - mid
April)
1996/ | Letha 12/13-12/31 4,650 554 11,600 2,560 1,165 All 50/50 split between
1997 11-1/31 8,417 1,680 27,000 5,230 1,165 All summer and non-
2/1-2/10 6,526 1,479 8,040 4,420 1,165 All irrigation season
(mid October - mid
April)
1997 Cascade* 7/12-7/31 1,532 ? 1,540 1,520 1,400 All 50/50 split between
8/1-9/1 1,462 ? 1,550 1,360 1,400 19/32 summer and non-
irrigation season
(mid October - mid
April)
1997 Letha 7/14-7/31 1,854 1,083 2,320 1,540 1,165 All 50/50 split between
8/1-9/3 1,180 1,041 1,740 536 1,165 17/32 summer and non-

irrigation season
(mid October - mid
April)
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Table16. Cont'd.

RIVER | YEAR | LOCATION | FLOW TOTAL FLOW | MEAN MAXIMUM | MINIMUM | FLOW DAYS RECOMM EDED
(USGS AUGMENT. MEAN AUGMENT. FLOW FLOW RECOMMEND. | MET RELEASE TIME
GAGE) PERIOD MONTHLY FLOW (CFS) (CFS) (CFS) (CFS)
(CFS)
Payette | 1997/ | Cascade** 11/27-12/29 920 720 1,008 455 400 All 50/50 split between
1998 summer and non-
irrigation season
(mid October - mid
April)
1997/ | Letha** 11/29-12/31 1,739 720 2,303 839 1,165 31/33 50/50 split between
1998 summer and non-
irrigation season
(mid October - mid
April)
Snake 1994 Murphy 4/17-4/30 7,947 1,360 9,720 7,150 15,000 0 spring - sturgeon
5/1-5/31 8,341 1,309 9,490 6,890 12,500 0 spawning,
6/1-6/30 7,004 1,465 9,020 5,750 9,000 1/30 incubation, and
7/1-7/31 6,565 1,515 8,180 5,490 12,500 0 early rearing;
8/1-8/20 6,225 954 6,950 5,370 12,500 0 summer - water
quality
1995 Murphy 7/6-7/31 7,941 1,491 9,440 6,240 12,500 0 spring - sturgeon
8/1-8/31 7,400 1,553 8,080 6,860 12,500 0 spawning,
9/1-9/30 8,413 1,361 9,160 7,370 12,500 0 incubation, and
10/1-10/3 7,930 316 8,140 7,770 12,500 0 early rearing;

summer - water
quality
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Table16. Cont'd.

RIVER | YEAR | LOCATION | FLOW TOTAL FLOW | MEAN MAXIMUM | MINIMUM | FLOW DAYS RECOM M EDED
(USGS AUGMENT. | MEAN AUGMENT. FLOW FLOW RECOMMEND. | MET RELEASE TIME
GAGE) PERIOD MONTHLY FLOW (CFS) (CFS) (CFS) (CFS)
(CFS)

Snake 1996 Murphy 7/8-7/31 7,466 1,847 8,420 6,500 12,500 0 spring - sturgeon
8/1-8/31 7,765 1,543 8,490 6,980 12,500 0 spawning,
9/1-9/18 7,927 974 9,030 7,130 12,500 0 incubation, and

early rearing;
summer - water
quality
1997 Murphy 7/13-7/31 8,133 1,523 9,280 6,970 12,500 0 spring - sturgeon
8/1-8/31 10,480 1,506 12,800 7,990 12,500 5/31 spawning,
9/1-9/22 14,809 1,471 16,100 13,400 12,500 All incubation, and
early rearing;

summer - water
quality

* = Flow augmentation component could not be determined. Augmentation rel eases from Cascade and Deadwood reservoirs were not recorded separately.

** = Provisional data, not finalized, subject to change.
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