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Marsh McBirney Flowmate Model 2000 electromagnetic velocity meters (can
provide both instantaneous readout of positive and negative water velocity values) were
used to measure water velocity to the nearest 0.001 feet per second, rounded to the
nearest 0.01 feet when recorded.

Temporary staff gages were installed and frequently monitored for changes in
stream discharge (water surface elevation); discharge remained constant during
transect measurements. Headpin, tailpin, dry bed elevation and water surface
elevations (WSL) were measured to the nearest 0.01 feet using a surveyor's auto level,
tripod, and stadia rods.

Analytical Techniques
Data Proofing & Quality Control

Field data sheets were proofed by the field crew leader at the end of the field
day, or on the first available work day immediately following a period of field work. Fieid
data sheets in various formats for dry-land profiles, velocity/depth profiles, and WSL
surveys were transcribed onto one data entry sheet in the lab, and cross-checked
immediately by the transcriber. Two separate data-entry sheets were developed for a
iow-flow and mid-flow calibration data deck. These data sheets were made from a
combination of the dry-land profiles, stage-discharge data, and the individual respective
subsurface profile and velocities from either the low or mid-flow velocity data set.

Two IFG4 data decks (low flow and mid or high-flow) were created for each
individual transect using IFG4IN. The keypunch operator proofed for data entry errors
during the keypunching process. If the discharge calculated by IFG4IN was more than
5% off from the one calculated in the field, the keypunch operator rechecked the
velocity computations on the original field data sheet, making corrections to all paper
and computer records as necessary. ' '

Data Screening & Adjustments

Each individual transect's [FG4 data deck was run through TREVI4, which runs
the subroutines CKI4 and REVI4. Fatal formatting errors uncovered by CKi4 were
corrected. The graphical output from REVI4 was reviewed to detect aberrant: 1) trends
in velocity with depth, 2) trends in roughness with depth, 3) channel profiles, such as
mid-channel points above the WSL, and 4) velocity distributions across the channel, 5)
trends in WSL with discharge. Anomalies were noted and the raw data and data entry
sheets were checked for errors that could have created the observed aberration. Errors
were corrected on all paper and computer records, as necessary.




Stage - Discharge Calibrations & WSL Modeling

Stage-discharge calibrations and predictions of WSL's at modeled flows were
made for each individual transect using either IFG4 or MANSQ. Those transects that
spanned only one individual aim of a divided channe! (split-channel transects) were
modeled separately using a range of modified calibration and medeling flows calculated
for each split-channel transect. Transects with only two stage-discharge
measurements were calibrated via MANSQ and those with three stage-discharge
measurements were calibrated via IFG4.

Interpolation of Split-Channel Flows

We measured actual discharges in each split-channel transect at low and mid-
flows, and took full-channel discharge measurements at nearby transects during the
same period. At high flows, discharge was measured for general reaches of habitat in
a full-channe! section of the river. The fraction of full-channel flow measured in each
split-channel transect at low and mid-flows was used to compute a linear interpolation
for the fraction of flow predicted to pass through that transect at high flow. We
calculated the slope of a line between two points describing the relationship between Y
= fraction of flow in a split channel transect” and "X = the actual full channel discharge
measured for that area.” This slope value was multiplied by the full channel discharge
at high flow, measured for the split-channel area, to compute the fraction of flow in the
split channel at high flow.

A simplified example is as follows: If a split-channel transect has 1 cfs of flow
when full-channel! flow is 10 cfs (fraction = 10%), and 4 cfs flow when full-channel flow
is 20 cfs (fraction = 20%), linear interpolation using the slope of this relationship
predicts that the transect will have 40% of the full channel flow at 40 cfs, which is a
predicted flow of 16 cfs. .

Tolerances Used for Modeling Decisions

Residual Error Levels in IFG4

The mean square error term (MSE) from REVI4 and IFG4 were reviewed to
determine the degree to which the transects with three sets of stage-discharge data fit
the IFG4 model for WSL prediction. Standard FWS criteria suggest that transects with
MSE's greater than 10% be recalibrated with MANSQ.

WSL Predicted vs. Measured in MANSQ

Transects with only two sets of stage-discharge data were calibrated with
MANSQ. Initial runs of MANSQ were made using the exponent from the conveyance
factor (CFAC) equation in REVI4 as an estimate for Beta. Adjustments were made to
Reta until WSL-predicted differed from WSL-measured by less than or equal to 0.11t
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Velocity Calibrations

Velocity calibration is composed of two general screening and evaluation
approaches. Firstis a review of the pattern and magnitude of the velocity vaiues and
Manning's N (roughness) values produced during the calibration and production runs of
IEG4. Excessive roughness values along any portion of the transect, except the
shallow water edges, are a potential problem and should be modified. Excessive
roughness values are defined as N values that greatly exceed the common level of
roughness values seen in areas other than very shallow, channel-edge cells. Velocity
distributions are also reviewed for any abnormal or inconsistent patterns. If anomalies
are detected, the raw data is cross-checked for accuracy and N values are checked to
see if they are inconsistent with the range of N's in the rest of the transect and may
have caused an abnormal velocity. This process is often a qualitative one. For the
second part of a velocity calibration, the two velocity data sets for each transect (low or
mid-flow) are used to predict each other's velocities. If the pattern and amount of the
predicted velocities were not similar to the measured values (using each velocity data
set to predict values at the discharge measured in the complementary data set) then
the appropriate approach to velocity modeling would be to split the range of flows to be
modeled in two. Separate ranges of flows would then be modeled with each low or

mid-flow data set.

No anomalous trends were observed in the velocities predicted by 1FG4.
Adjacent cells had similar, but gradually changing velocities. Rapid changes in velocity
and roughness only occurred where there were abrupt changes in substrate elevation,

as expected.

Highly elevated N values only occurred in shallow water over mid-channel bars
or in lateral, shallow-water habitats, as is appropriate. Thus, no attempt was made to
limit them. Artificially restricting N values (roughness) in lateral, shallow-water habitats
has the effect of accelerating modeled water velocities in the habitat areas most
valuable to juvenile fish, and functions to depress the value the model assigns to these
areas for the juvenile life stage.

IFG4 Production Runs

Actual habitat lengths measured for each transect in the field were used on the
XSEC line for each transect's IFG4 run, except for pools. Since pools typically had
three transects for each habitat unit, the length of the habitat unit was apportioned
equally (1/3) to each sub-transect in that pool habitat. -

We used 10C codes 5=1 and 8=0 for production runs with data decks whose

WSL's were calibrated and predicted via IFG4, and the default 10C codes for MANSQ
runs with data decks whose WSL's were calibrated and predicted via MANSQ. Then
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we used WSEI4 and Tape 4 output from IFG4 and MANSQ runs with to merge the
WSLs produced by these tow separate programs back into the original IFG4 data deck.
All IFG4 data decks with WSL cards were merged with a text editor and run through a
final production run of IFG4 using 10C codes 5=1 and 8=1 to produce tape3 and TP4
files necessary for our HABTAT modeling runs. We set 10C code numbers 1, 2, & 13
equal to 1 during the calibration phases to get expanded model output and Velocity
Adjustment Factors (VAFs) to use in the screening process. All other 10C codes were
left at their default values.

The FWS guidelines recommend that VAFs range between 0.6 and 1.4 for
calibrations using a single velocity set. However, these are guidelines not binding rules
or fixed assumptions, which if violated would invalidate the model. Some
PHABSIM/IFIM practitioners advocate a wider range of acceptable VAFs (0.1 to 1.9),
and are only truly concerned with VAFs greater than 3.0. We used a VAF criteria of
3.0.

Habitat Suitability Curves

Habitat suitability curves developed by Bovee (1978) were used to define habitat
criteria in the PHABSIM model.

Habitat Modeling Runs

We used HABTAT to model weighted usable area (WUA), and made separate
runs with each of the two types of data sets produced by the IFG4 production runs
(split-channel transects with WSL's from MANSQ or IFG4, and full-channel transects
with WSL's from MANSQ and IFG4). We ran HABTAT with ZHABIN 10C Code
numbers 2, 3, 8, 10, and 19 = 1. The two sets of WUA curves produced by this output
were combined in a Quattro Pro spreadsheet. This was done by multiplying each set of
WUA data by the decimal percent of total habitat in the study reach.
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Flow Management Criteria

Optimum Flow Determination - To optimize conditions under Objective 1 we
identified flows that would maximize habitat availability for brown and rainbow trout
spawning and incubation and for adult rainbow trout. Rainbow trout adult rearing was
identified as the critical life stage occurring between spawning periods due to a
substantial decline in rainbow trout populations that has apparently occurred throughout
the Truckee River system beginning in the 1960's. To optimize habitat conditions per
Objective 2, we identified flows that would maximize spawning and incubation and fry
habitats. Since flow influences habitat availability differently for all life stages, we
wanted to make sure that the selected, optimizing flow did not severely affect the
amount of habitat available for the other life stages present at the time. Therefore, we
compared the amount of habitat that would be available for each life stage at the
selected flow with the maximum amount potentially available. We concluded that
reductions should not drop below 50% of optimum for any life stage in order to maintain
minimum habitat conditions for the overall population. These latter criteria were not
applied to adult rearing habitat for streams being managed to meet Objective 2.

Minimum Flow Determination - Minimum flow conditions were also identified for
each stream and stream reach based upon the stream’s management objective.
Minimum flows in streams being managed per Objective 1 were determined based
primarily on juvenile rainbow trout habitat availability and secondarily on maintaining at
least 50% of optimum conditions for all other life stages. Studies conducted by the
Forest Service and Department of Fish and Game in the Truckee River basin have
shown that spawning and incubation habitats can substantially limit potential trout
production. These studies also showed that when spawning and incubation conditions
are sufficient, juvenile rearing habitat is the primary factor limiting eventual adult
production. Therefore, we identified minimum flow conditions within every period as the
flow required to maximize juvenile rearing habitat availability - often substantially
reducing habitat available under optimum flow conditions. In streams managed per
Objective 2, we identified minimum flow conditions that would not reduce any life stage
(except adult rearing habitat availability) below 50% of optimum during any period (see
Appendix 1).

Due to the substantial reduction in habitat availability at minimum flows (to 50%
of optimum), it is imperative that flow management providing other than optimum flow
conditions be accompanied by a spawning and rearing habitat improvement program.
The specific needs of such a program are discussed under the individual stream
recommendation sections below.
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The life stage periods and criteria used to determine optimum flow conditions for
streams being managed to meet Objective 1 were:

Detober through January - Maximize brown trout spawning and incubation
(assumed equal to spawning habitat). No life stage less than 50% of optimum.

February through March - Maximize rainbow trout adult rearing. No life stage
less than 50% of optimum.

April through July - Maximize rainbow trout spawning'and incubation. No life
stage less than 50% of optimum.

August through September - Maximize rainbow trout adult rearing. No life stage
less than 50% of optimum.

The criteria used to determine minimum flow conditions for streams being
managed to meet Objective 1 were:

All Year - Maximize rainbow trout juvenile rearing. No life stage Iess than 50%
of optimum.

The life stage periods and criteria used to determine optimum flow conditions for
streams being managed to meet Objective 2 were:

October through January - Maximize brown trout spawning and incubation
(assumed equal to spawning habitat). No life stage less than 50% of optimum
(except adult rearing).

February through March - Maximize rainbow trout fry rearing. No life stage less
than 50% of optimum (except adult rearing). R

April through July - Maximize rainbow trout spawning and incubation. No life
stage less than 50% of optimum (except adult rearing).

August through September - Maximize rainbow trout fry rearing. No life stage
less than 50% of optimum (except adult rearing).

The criteria used to determine minimum flow conditions for streams being
managed to meet Objective 2 were:

All Year - Maintain at least 50% of optimum habitat for all life stages except adult
rearing habitat.
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RAMPING AND MAXIMUM FLOWS

High flows cain cause stranding and isolation of trout and other fishes. This
problem has been observed in Prosser Creek, downstream of Prosser Creek Reservoir
and the Little Truckee River downstream of Stampede Reservoir when unseasonably
high flows were released for various water management needs. Rapid changes in flow
can exacerbate the stranding and isolation problems. Such conditions have been
observed in Donner Creek, downstream of Donner Lake, in the Truckee River,
downstream of Lake Tahoe and downstream of the Floriston and Fleisch hydropower

diversions.

High flows that can force fish out of the main channel resulting in stranding and
isolation are, for the purposes of this report, considered to occur at twice the highest,
optimum flow, unless otherwise noted below. When flows are greater than this flow,
ramping can occur essentially at any rate without causing additional damage. When
flow changes occur at flows less than this threshold the following ramping schedule

should apply:

increasing flows - Flows should not be increased more than 100% during a 24-
hour period; the change during the 24-hour period should occur in a minimum of
three, proportional amounts(i.e., one-third the total 24-hour change per 8 hours).

Decreasing flows - Flows should not be decreased more than 50% during a 24-
hour period; the change during the 24-hour period should occur in a minimum of
three, proportional amounts (i.e., one-third the total 24-hour change per 8 hours).

BALANCED SYSTEM

A balanced system will be achieved when percent variation between preferred
and minimum flows is comparable and sustained in all regulated reaches. Percent
variation is defined as the percentage difference between minimum and high flow. A
balanced system should be maintained to avoid higher than necessary, or lower than
necessary flows in any regulated reach. The present practice of providing downstream
water needs through exclusive use of the various reservoirs has resulted in the
localized cycling of extremely high flows followed by extremely low fiows throughout the
regulated portion of the system.
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RECOMMENDATIONS

The flow versus habitat results obtained from the PHABSIM modei that met the
criteria discussed above are presented for each stream and stream reach based upon
the corresponding management objective. '

MAINSTEM TRUCKEE RIVER

EXISTING PROBLEMS

- Loss of historic spawning and rearing habitats in the major tributaries: Donner
Creek, Martis Creek, Prosser Creek, Little Truckee River and its tributaries.

- Deterioration of spawning and rearing habitat within the mainstem including
loss of habitats critical to juvenile survival (e.g., complex pool habitats)

_ Reduced flow, especially above Boca and between hydropower diversions.
_ Fluctuating flow downstream of Lake Tahoe and hydropower diversions.
GENERAL RECOMMENDATIONS

Study reaches have been defined relative to the location of storage facilities.
Flows are to be maintained at or above the minimum conditions described below.
These minimum flow requirements are acceptable, contingent upon incorporation of a
spawning and rearing habitat improvement program in TROA for the mainstem and the
remaining spawning tributaries (Prosser and Donner creeks). These improvements will
increase the amount of useable habitat available for critical life stages at flows lower
than preferred (i.e., at minimum flow conditions).

Habitat improvement will include spawning, fry and juvenile habitats in tributaries
and spawning, juvenile and adult habitats in the mainstem. Gravel and cover (structure
management) will be necessary.

Careful ramping of flows is essential especially under controlled conditions when
flow is within the minimum to preferred range (i.e., non-flood or spill conditions). During
the non-spawning periods, controlied flow fluctuations should be ramped as described
above. During spawning seasons, flows must be maintained through incubation.
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FLOW RECOMMENDATIONS

Reach 1 - Nevada State Line to Boca

Management Objective 1 was applied to this reach of the Truckee River.
Optimum flows were identified for brown and rainbow trout spawning and incubation
and adult rainbow trout rearing as listed. Minimum flow conditions were identified
based upon juvenile rainbow trout rearing. '

Maximizing flow conditions:
Brown trout spawning and incubation - 200 cfs
Rainbow trout spawning and incubation - 200 cfs
Rainbow trout adult rearing - 250 cfs

Rainbow trout juvenile rearing - 150 cfs

Flows providing 50% of optimum habitat conditions

Life stage Rainbow trout Brown trout
Spawning and incubation 55 cfs 60 cfs
Fry rearing 10 cfs 10 cfs
Juvenile rearing 20 cfs 65 cfs
Adult rearing 60 cfs 10 cfs

17




Recommended Flows for mainstem Truckee River - Reach 1

PERIOD OPTIMUM CRITERIA MINIMUM CRITERIA
FLOW FLOW

October - January 200 cfs Brown trout 150 cfs Juvenile
spawning rainbow trout

rearing

February - March 250 cfs Adult rainbow 150 cfs Juvenile
trout rearing rainbow trout

rearing

April - July 200 cfs Rainbow trout 150 cfs Juvenile
spawning rainbow trout

rearing

August - 250 cfs Adult rainbow 150 cfs Juvenile
September trout rearing rainbow trout

rearing
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Reach 2 - Boca to Donner Creek

Management Objective 1 was applied to this reach of the Truckee River.
Optimum flows were identified for brown and rainbow trout spawning and incubation
and adult rainbow trout rearing as listed. Minimum flow conditicns were identifiad
based upon juvenile rainbow trout rearing.

Maximizing flow conditions:
Brown trout spawning and incubation - 300 cfs
Rainbow trout spawning and incubation - 300 cfs
Rainbow trout adult rearing - 250 cfs

Rainbow trout juvenile rearing - 100 cfs

Flows providing 50% of optimum habitat conditions

Life stage Rainbow trout Brown trout
Spawning and incubation 95 cfs 100 cfs

Fry rearing 15 cfs 10 cfs
Juvenile rearing 20 cfs 65 cfs
Adult rearing 75 cfs 30 cfs
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Recommended Flows for the mainstem Truckee River - Reach 2

PERIOD OPTIMUM CRITERIA MINIMUM CRITERIA
FLOW FLOW

QOctober - January 300 cfs Brown trout 100 cfs Juvenile
spawning rainbow trout

rearing

February - March 250 cfs Aduit rainbow 100 cfs Juvenile
trout rearing rainbow trout

rearing

April - July 300 cfs Rainbow trout 100 cfs Juvenile
spawning rainbow trout

rearing

| August - 250 cfs Adult rainbow 100 cfs Juvenile
September trout rearing rainbow trout

rearing
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Reach 3 - Donner Creek to Lake Tahoe

Management Objective 1 was applied to this reach of the Truckee River.
Optimum flows were identified for brown and rainbow trout spawning and incubation
and adult rainbow trout rearing as listed. Minimum flow conditions were identified
based upon juvenile rainbow trout rearing.

Maximizing flow conditions:

Brown trout spawning and incubation - 250 cfs
Rainbow trout spawning and incubation - 300 cfs
Rainbow trout adult rearing - 150 cfs

Rainbow trout juvenile rearing - 250 cfs

Flows providing 50% of optimum habitat conditions

Life stage Rainbow trout Brown trout
Spawning and incubation 15 cfs 40 cfs

Fry rearing <10 cfs <10 cfs
Juvenile rearing 20 cfs 25 cfs
Adult rearing 45 cfs 40 cfs
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Recommended Flows for the mainstem Truckee River - Reach 3

PERIOD OPTIMUM CRITERIA MINIMUM CRITERIA
FLOW FLOW C
October - January 250 cfs Brown trout 75 cfs Juvenile
spawning rainbow trout
rearing
February - March 150 cfs Adult rainbow 75 cfs Juvenile
trout rearing rainbow trout
rearing
April - July 300 cfs Rainbow trout 75 cfs Juvenile
spawning rainbow trout
rearing
August - 150 cfs Adult rainbow 75 cfs Juvenile
September trout rearing rainbow trout
rearing

1/ Maximum juvenile rainb

was nearly equal to optimum flows

rearing) and since the flow versus

for juvenile rainbow tro
nearly 90% of optimum juvenite rearing for both rain

ut rearing, we selected the first (
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DONNER CREEK

Donner Creek is one of only two major tributaries with potential to provide
spawning and nursery rearing areas for trout resident 10 the mainstem Truckee River.
Such habitat conditions are critically lacking for the mainstem fishery resources.

EXISTING PROBLEMS
- Below minimum low flow conditions
- Severely degraded channel/habitat conditions
- Highly variable flow fluctuations

GENERAL RECOMMENDATIONS

Identified preferred and minimum flow conditions are based upon providing
spawning and nursery rearing habitat critical to mainstem brown and rainbow trout per
PHABSIM results. Minimum flow conditions are based upon improved spawning and
rearing conditions at low flow. Habitat rehabilitation will be required, including grave!
and structure management, to provide acceptable habitat conditions at the
recommended flows. Sustained spawning flows will be required through incubation,
Flow fluctuation outside the identified spawning periods will follow the guidelines
defined above.
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FLOW RECOMMENDATIONS

Management Objective 2 W
Lake. Optimum flows were identifi
incubation and fry rearing depend
brown trout spawning). Minimum
at least 50% of optimum habitat av

Maximizing flow conditions:

Brown trout spawning and incubation - 50 cfs
Rainbow trout spawning and incubation - 50 cfs
Brown trout fry rearing - 20 cfs

Rainbow trout fry rearing - 10 cfs

Flows providing 50% of optimum habitat conditions

Life stage

Spawning and incubation
Fry rearing

Juvenile rearing

en

Rainbow frout

6 cfs
3 cfs
8 cfs
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t upon the seasan (e.g., brown trout fry following
flow conditions were identified based upon providing
ailability for all life stages, except adult rearing.

Brown trout

5 cfs
2 cfs

~1 cfs




Recommended Flows for Donner Creek

PERIOD OPTIMUM CRITERIA MINIMUM CRITERIA

FLOW FLOW -
October - January 50 cfs Browh trout 8 cfs 50% juvenile
spawning rainbow trout

rearing
February - March 20 cfs Brown trout 8 cfs 50% juvenile
: fry rearing rainbow trout

rearing
April - July 50 cfs Rainbow trout 8 cfs 50% juvenile
spawning rainbow trout

rearing
August - 10 cfs Rainbow trout 8 cfs 50% juvenile
September fry rearing rainbow trout

rearing
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PROSSER CREEK

Prosser Creek is one of only two major tributaries with potential to provide
spawning and nursery rearing areas for trout resident to the mainstem Truckee River
Such habitat conditions are critically lacking for the mainstem fishery resources.

EXESTENG PROBLEMS
- Below minimum low flow conditions
- Severely degraded channel/habitat conditions
. Extremely variable flow fluctuations
GENERAL RECOMMENbATiONS

|dentified preferred and minimum flow conditions are based upon providing
spawning and nursery rearing habitat critical to mainstem brown and rainbow trout per
PHABSIM results. Minimum flow conditions are based upon improved spawning and
rearing conditions at low flow. Habitat rehabilitation will be required, including gravel
and structure management, to provide acceptable habitat conditions at the
recommended flows. Sustained spawning flows will be required through incubation,
Elow fluctuation outside the identified spawning periods will follow the guidelines
defined below.

Prosser Creek fish are extremely vulnerable to the potentially high, controlled
releases from Prosser Creek Reservoir. Stranding in secondary channels and fiushing
will occur if flows exceed twice the preferred flow conditions. increased structure
abundance and complexity will provide shelter from high flows. Channel modifications
to isolate fish from secondary channels will reduce or prevent stranding. Such
modifications will be necessary 10 sustain Prosser Creek as a viable spawning and
nursery stream and potentially, a high quality resident trout fishery. The proposed flow
regime and spawning and rearing habitat rehabilitation will only be effective if stranding
and flushing are avoided.

FLOW RECOMMENDATIONS

Management Objective 2 was applied to Prosser Creek downstream of Prosser
Creek Reservoir. Optimum flows were identified for brown and rainbow trout spawning
and incubation and fry rearing dependent upon the season (e.g., brown trout fry
following brown trout spawning). Minimum flow conditions were identified based upon
providing at least 50% of optimum habitat availability for all life stages, except adult
rearing.
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Maximizing flow conditions:

Brown trout spawning and incubation - 50 cfs
Rainbow trout spawning and incubation - 79 cfs
Brown trout fry rearing - 35 cfs

Rainbow trout fry rearing - 30 cfs

Flows providing 50% of optimum habitat conditions

Life stage Rainbow trout Brown trout
Spawning and incubation 28 cfs 25 cfs
Fry rearing <10 cfs <10 cfs
Juvenile rearing 16 cfs <10 cfs
Recommended Flow for Prosser Creek
PERIOD OPTIMUM CRITERIA MINIMUM CRITERIA
FLOW FLOW
October - January 50 cfs Brown trout 16 cfs 50% juvenile
spawning rainbow trout
rearing
February - March 35 cfs Brown trout 16 cfs 50% juvenile
fry rearing rainbow trout
rearing
April - July 75 cfs Rainbow trout 16 cfs 50% juvenile
spawning rainbow trout
| rearing
. August - 30 cfs Rainbow trout 16 cfs 50% juvenile
September fry rearing rainbow trout
rearing
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LITTLE TRUCKEE RIVER - BELOW STAMPEDE

EXISTING PROBLEMS
- Below minimum low flow conditions
- Severely degraded channel/habitat conditions
- Extremely variable fiow fluctuations
RECOMMENDED MODIFICATION

Identified preferred and minimum flow conditions are based upon providing
spawning and rearing habitat for brown and rainbow trout per preliminary PHABSIM
results. Minimum flow conditions are based upon improved spawning and rearing
conditions at low flow. Habitat rehabilitation will be required, including gravel and
structure management to provide acceptable habitat conditions at the recommended
flows. Sustained spawning flows will be required through incubation. Flow fluctuation
outside the identified spawning periods will follow the guidelines in Table 1.

Little Truckee River fish are extremely vuinerable to the potentially high,
controlled releases from Stampede Reservoir. Stranding in secondary channels and
flushing will occur if flows exceed twice the preferred flow conditions. Increased
structure abundance and complexity will provide shelter from high flows. Channel
modifications to isolate fish from secondary channels will reduce or prevent stranding.
Such modifications will be necessary to sustain the Little Truckee River as a high
quality resident trout fishery. The proposed flow regime and spawning and rearing

habitat rehabilitation will only be effective if stranding and flushing are avoided.

FLOW RECOMMENDATIONS

Management Objective 1 was applied to this reach of the Little Truckee River.
Optimum flows were identified for brown and rainbow trout spawning and incubation
and adult rainbow trout rearing as listed. Minimum flow conditions were identified
based upon juvenile rainbow trout rearing.

Maximizing flow conditions:
Brown trout spawning and incubation - 125 cfs
Rainbow trout spawning and incubation - 125 cfs

Rainbow trout adult rearing - 100 cfs
Rainbow trout juvenile rearing - 45 cfs
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Flows providing 50% of optimum habitat conditions

| ife stage

Spawning and incubation

Fry rearing

Juvenile rearing

Adult rearing

Rainbow frout

20 cfs
<20 cfs
20 cfs
25 cfs

Brown trout

20 cfs
<10 cfs
25 cfs
<20 cfs

Recommended Flows for Little Truckee River (downstream of Stampede Reservoir)

PERIOD OPTIMUM CRITERIA MINIMUM CRITERIA
FLOW FLOW

QOctober - January 125 cfs Brown trout 45 cfs Juvenile
spawning rainbow trout

rearing

February - March 100 cfs Adult rainbow 45 cfs Juvenile
trout rearing rainbow trout

rearing

April - July 125 cfs Rainbow trout 45 cfs Juvenile
spawning rainbow trout

rearing
August - 100 cfs Adult rainbow 45 cfs Juvenile -
September trout rearing rainbow trout

rearing

29




LITTLE TRUCKEE RIVER - ABOVE STAMPEDE

EXISTING PROBLEMS

Below minimum iow flow conditions

Severely degraded channel/habitat conditions
GENERAL RECOMMENDATIONS

Identified preferred and minimum flow conditions are based upon providing
spawning and rearing habitat for brown and rainbow trout per PHABSIM results.
Minimum flow conditions are based upon improved spawning and rearing conditions at
low flow. Habitat rehabilitation will be required, including gravel and structure
management, and bank restoration to provide acceptable habitat conditions at the
recommended flows. Sustained spawning flows will be required through incubation.

Minimum flow conditions could be sustained downstream of Independence
Creek by spreading the amount of controlied flow generally released over a longer
period, increasing the duration by suitable flow conditions in Independence Creek and
the Little Truckee River downstream. from Independence Creek. The Sierra Valley
diversion severely reduces flow-habitat conditions in the reach between independence
Creek and the diversion. The minimum flow requirements at this diversion should be
increased. Channel restoration within this reach would increase the spawning and
rearing habitat available under low flow conditions.

FLOW RECOMMENDATIONS

Management Cbjective 2 was applied to this reach of the Littie Truckee River.
Optimum flows were identified for brown and rainbow trout spawning and incubation
and brown and rainbow trout fry rearing, as listed. Minimum flow conditions were
identified based upon maintaining at least 50% of optimum habitat for all life stages
(except adult).

Maximizing flow conditions:
Brown trout spawning and incubation - 90 cfs
Rainbow trout spawning and incubation - 90 cfs

Brown trout fry rearing - 50 cfs
Rainbow trout fry rearing - 30 cfs

30




Flows providing 50% of optimum habitat conditions

Life stage Rainbow trout  Brown trout Kokanee
Spawning and incubation 35 cfs 30 cfs 12 cfs
Fry rearing 7 cfs <5 cfs na
Juvenile rearing 14 cfs <5 cfs na

Adult rearing 35 cfs 20 cfs na

Recommended Flows for Little Truckee River (upstream of Stampede Reservoir)

PERIOD OPTIMUM CRITERIA MINIMUM CRITERIA
FLOW FLOW
October - January 90 cfs Brown trout 30 cfs 50% brown
spawning trout
spawning
February - March 50 cfs Brown trout 14 cfs 50% rainbow
fry rearing trout juvenile
_rearing
April - July 90 cfs Rainbow frout 35 cfs 50% rainbow
spawning trout
spawning
rearing
August - 30 cfs Rainbow trout 14 cfs 50% rainbow
September ' fry rearing trout juveniie
rearing

1/ Since the flow optimizing juvenile rainbow trout rearing (100 cfs) equaled the
highest, optimum flow recommended, we used the 50% of optimum criteria applied to
Obijective 2 to determine the minimum flow requirement.
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INDEPENDENCE CREEK

EXISTING PROBLEMS

- Below minimum low flow conditions
RECOMMENDED MODIFICATION

The proposed flow conditions (TABLE 1) are based upon estimated flows
required to sustain resident trout spawning and rearing conditions and on flow releases
required to sustain necessary flow in the Little Truckee River between Independence
Creek and Stampede Reservoir.

FLOW RECOMMENDATIONS

Management Objective 2 was applied to Independence Creek. Optimum flows
were identified for brown and rainbow trout spawning and incubation and brown and
rainbow trout fry rearing, as listed. Minimum flow conditions were identified based upon
maintaining at least 50% of optimum habitat for all life stages (except aduit).

Maximizing flow conditions:
Brown trout spawning and incubation - 20 cfs
Rainbow trout spawning and incubation - 20 cfs
Brown trout fry rearing - 10 cfs

Rainbow trout fry rearing - 10 cfs

Flows providing 50% of optimum habitat conditions

Life stage Rainbow trout Brown trout
Spawning and incubation 8 cfs 7 cfs

Fry rearing <2 cfs <2 cfs
Juvenile rearing 4 cfs <1 cfs
Adult rearing 6 cfs 6 cfs
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Recommended Flows for independence Creek

PERIOD OPTIMUM CRITERIA MINIMUM CRITERIA
FLOW FLOW
Qctober - January 20 cfs Brown trout 7 cfs 50% brown
spawning trout
spawning
February - March 10 cfs Brown trout 4 cfs 50% rainbow
fry rearing trout juvenile
rearing
April - July 20 cfs Rainbow trout 8 cfs 50% rainbow
spawning trout
spawning
August - 10 cfs Rainbow trout 4 cfs 50% rainbow
September fry rearing trout juvenile

rearing
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APPENDIX 1

Rationale used to determine minimum flows

Institutional Approach - Since evaluation of project impacts upon instream resources
requires the ability to measure relative impacts of various project options, some form of
measurement equating habitat {o project impacts is essential. No absolute, biological
means presently exists that accurately identifies habitat conditions necessary to
maintain fish populations in good condition. Various tools have been developed to
measure relative changes in habitat condition versus changes in phsyical conditions.
These tools have been developed using assumptions, concepls and some biological
validation to allow atiching a number to habitat condition as a function of some physical
condition. IFIM is such a tool. It provides an approach to determining the relative
change in habitat quality versus flow for the purpose of identifying relative impacts.
However, the accuracy and precision of the approach in defining habitat conditions, and
and even more so, how to use the results of the tool in making flow impact
determinations, continue to be the subjects of debate.

Maintenance of conditions that provide 100% of optimum habitat availability is
the best one can do per {FIM; similarly, providing 0% habitat availabilty would not
sustain a population. in terms of probability of providing sufficient habitat conditions to
maintain a population in good conditions, 100% habitat availability would have a
probability of 1. 0% would have a probability of 0. The lowest, reasonable probability
for the maintenance of a fish population would be 0.5 -i.e., a 50% chance that
conditions would be sufficient to maintain fish population in good condition. A 0.5
probability equates to 50% habitat availability.

Biological Approach - Studies conducted in the Truckee River basin between 1987
and 1995 included evaluation of survival of various trout life stages. Mark and
recapture investigations on the Little Truckee River, downstream of Stampede
Reservoir indicate that survival from spawning to adult is strongly influenced by juvenile
and subadult habitat availbility. Survival rates for juvenile to fry were typically less than
5%, often less than 3%. Based upon the resuits of the studies and studies reported in
the literature, we developed a survival model. Assuming that conditions that would
support production of less than 1 adult per spawning pair would not sustain a
population equal to the initial population, the model indicates that reductions in habitat
to less than 50% of habitat available to the original population. Assuming that at 100%
habitat availability (per IFIM) represents the conditions required to maintain the
population in good condtion (i.e., 1 pair of adults would produce 1 pair of aduits), less
than 50% habitat availability of any life stage would not maintain the population in good

condition.
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