Elk Creek Minimum Stream Flow
Water Permit 83-07099
Proof of Beneficial Use

Background
Elk Creek Falls is one of northern Idaho’s unique natural features, and is a major scenic

attraction within the geographic area encompassing Lewiston-Clarkston, Moscow-Pullman, and
other Clearwater Valley communities. Located three miles south of Elk River, Elk Creek Falls is
a series of cascades that occurs on Elk Creek below the reservoir, and the Middle Falls are the
highest in north Idaho. Rainbow trout and westslope cutthroat trout (Idaho Species of Special
Concern) inhabit the lower reaches below the falls. The Idaho Water Resource Board applied for
a minimum stream flow within this segment of Elk Creek in 1989 to preserve scenic and
recreational purposes, and to provide flushing flows for recruitment of spawning gravels and
sediment removal for fish habitat needs.

The minimum stream flow (Permit No. 83-07099) reach commences with the north section line
of Section 11 (NWNWNE) and extends downstream to the confluence of Deep Creek with Elk
Creek, Section 14 (NESENW), T39N, R2E, B.M., Clearwater County. The amount of water
appropriated for the minimum streamflow and its period of use is 120 CFS from March 1
through June 30, and 40 CFS from July 1 through February 29. According to the Proposed
Memorandum Decision and Order (dated 12/29/1989), the Board is required to “show evidence
establishing that 120 cfs or some lesser number is a minimum flow and that a flow duration of
March 1 through June 30 is necessary for recruitment of spawning gravels and removal of
sediment”. Additionally, the Permit Order requires additional flow data showing that the
permitted flows are capable of being maintained.

Evidence Required for Proof of Beneficial Use

Additional Flow Data

In a letter from Frank Sherman (Chief, Water Planning Bureau, IDWR) to Rinda Just (Deputy
Attorney General, IDPR) dated June 22, 1990 (Attachment 1), Mr. Sherman states that, “data
collected at the U.S. Forest Service gage [near Elk River] will suffice to demonstrate that the
permitted flows are capable of being maintained. If the Forest Service still collects data at the
gage, copies of their data for an additional three years [beyond 1984] will be sufficient.”

The US Forest Service has continued to operate the gage near Elk River, and those data were
obtained to provide the mean hydrograph (4ttachment 2), flow duration curve for the period
March through June, and flow duration curve for the period July through February (Attachment
3) for 1980 through September 2001. Due to equipment failure, data obtained for 1986 and 1994
were partially derived, and these years were therefore exciuded from the analysis. Flow duration
curves demonstrate that flows of 40 CFS from July through February and flows of 120 CFS from
March through June are capable of being maintained (based on a 50% exceedance criteria).



Spawning Requirements

According to Cindy Robertson (Staff Biologist, IDFG, refer to Attachment 4), optimal spawning
conditions for most salmonids require less than 5% fines within spawning gravels, and greater
than 30% fines leads to low survival of eggs and sac fry. Gravels in the range of 0.3 to 10cm
diameter are suitable for rainbow and cutthroat trout. Fish less than 50 cm in length utilize 1.5-
6.0 cm diameter gravel (most rainbow and cutthroat trout in Elk Creek are in this size category)
and fish greater than 50 cm in length use 1.5-10 cm diameter gravels. Rainbow and cutthroat
trout are spring spawners, with most spawning occurring from early Aopril through late June,
though it may extend from March to August. Therefore, early high flows in March are required
to flush fines from gravels prior to commencement of spawning. High flows are required not
only through the spawning period but through the end of June so that redds are not smothered
and eggs aren’t stranded. Temperatures of 50-60° F. are preferred. Females dig a redd in the
gravel 3 to 6 inches deep, deposit their eggs, then cover them with additional gravel. Eggs hatch
in 4 to 7 weeks, and sac fry emerge from the gravel generally from mid June to August (when
spawning occurs in April and May). According to the hydro graph, flushing flows are available
during this March through June time period (see Attachment 2).

Recruitment of Spawning Gravels

Richard Jones, US Forest Service hydrologist with the Clearwater National Forest, provided flow
data from the gage above Elk River, and provided cross section and pebble count data for three
transects on Elk Creek (4ttachment 5). Bob Kenworthy, US Forest Service hydrologist with the
Boise Adjudication Team, identified the sampling station just above the falls and below the Elk
River Reservoir as the best representation of the water over the falls (and within the minimum
stream flow segment). Therefore, data from this station was used to model sediment transport.
This station (reach) is a riffle/run/pool transect with grain sizes ranging from less than 0.002mm
to 512 mm, with 68% within the 32-256mm size class (d50=32-64mm). There is gravel ofa
optimal size (1.5 to 10 cm) in the system for recruitment, according to the Wohlman pebble
count data obtained from the USFS.

Simple model:

Almost all sediment transport equations incorporate the Shields parameter, which is a ratio of the
total boundary shear stress as a driving force and the particle weight as a resisting force. Shield’s
approach considers those forces acting on resistance to initiate grain movement (critical shear
stress, or Shields parameter), and is calculated based on submerged weight of the particle, drag
force, and turbulent flow. The initiation of sediment (specified particle size) movement occurs
when the shear stress is greater than critical Shields parameter. In other works, the critical shear
stress is the force needed to initiate movement of particles at rest on the bottom of the stream.
Tota) or basal shear stress of the stream must exceed this critical shear stress value in order to
initiate movement.

Assumptions:

There are numerous stream parameters that must be determined or assumed in order to calculate
the flow needed to move a certain particle size. As sediment size increases a higher flow is
needed to move the particle. The cobble count was conducted by the USFS determined the
average diameter (dsp) to range from 3.2 to 6.4 cm. For the modeling purposes dso was assumed



tobe 4.8 cm. The gravel diameter of interest (d;) is 1.5 cm because it is the smallest optimum
particle diameter required for spawning gravel.

Mannings n is a resistance factor of water flowing through a channel. As the resistance in the
channel increases the flow needed to move a particle increase. Previous studies conducted on
Elk Creek found the Mannings n to be 0.07.

The slope is important to the calculations. As slope increases there 1s more gravity acting on a
particle thus requiring a lower flow to move that particle. The slope of the reach was found to be
1.6%.

The wetted parameter of the stream is used to calculate flow. Based on the information collected
from previous studies along various reaches of Elk Creek the wetted parantéter was estimated to

be between 50 and 60ft. potf meter

Table: Summary of Assumptions,

Diameter of interest (d;) 1.5 cm

Mean Diameter (dsg) 4.8 cm

Manning’s n 0.07

Slope (S) 1.6%

Wetted Parameter 50-60 ft
Calculations:

1. Calculate dimensionless shear stress
Calculate shear stress

Calculate hydraulic radius
Calculate velocity

Calculate flow

Al ol

1. Calculation ef critical dimensionless shear stress:

= 0.0834(5—1')‘0'8”

50

where:

1..* = Shield’s Dimensionless Critical Shear Stress

d; = grain size of interest, in this case the maximum spawning gravel diameter
ds; = mean grain size

2. By determining the dimensionless shear stress based on the particle size of interest, the
critical shear stress can be calculated:



Tcr — z-cr’k * g(ps _pw)di
where:

'ccr* = Shield’s Dimensionless Critical Shear Stress
= Sheild’s Crltlcal Shear Stress
g gravity (9.81 m/s’ )
ps = sediment density (2.65 g/cm )
p, = water density (1 g/cm )
d; = grain size of interest, in this case the maximum spawning gravel diameter

3. Using the shear stress the hydraulic radius can be calculated, which is essentially the depth
required to move a particle. Hydraulic radius is the cross sectional arca divided by the wetted
perimeter. The hydraulic radius will be used to calculate the velocity.

R:T Mg_

cr p S
where:
R = Hydraulic radius
1. = Sheild’s Critical Shear Stress
ps = Density of sediment
p = Density of water
d = given grain size
S = channel slope

4. Knowing the channel slope, hydraulic radius, and Manning’s n, velocity can be calculated:

1 21
yv=—-R?*.§?

n

where:

n = Manning’s 1, coefficient of roughness

v = water velocity down the channel (ft / sec) = flow (cfs) / cross sectional area (ft)
R = hydraulic radius (m) = cross sectional area (ft*) / wetted perimeter(ft)

S = gradient of channel (ft / 1004t )

5. Flow is equal to the stream velocity times the cross-sectional area:

Q = v¥R*¥WP
where:
Q= flow

v = velocity



R = Hydraulic radius
WP = Wetted perimeter

Results:

D; | Ds | Slope | Manning’s | Wetted | 1, Ter R | Velocity | Flow
n Perimeter (ft) cfs

15148 1.6 0.07 50 0.23 55.83 | 1.17 2 117

15148 1.6 0.07 55 0.23 55.83 | 1.17 2 129

1.5 48| 1.6 0.07 60 0.23 55.83 | 1.17 2 140

Simple Model - Conclusion:

The critical flows required to initiate movement of gravels in the lowest range of appropriate-
sized gravels for spawning are 117 to 140. This is not a channel maintenance flow rather a
flow needed to mobilize gravel needed for spawning.




Attachment 1: Letter from Frank Sherman to Rinda Just
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DEPARTMENT OF WATER RESOURCES
1301 North Orchard Street, Statehouse Mail, Boise, Idaho 83720 -(208) 327-7900

CECIL D. ANDRUS
GOVERNOR

R. KEITH HIGGINSON
DIRECTOR

June 22, 1990

Ms. Rinda Just

Deputy Attorney General

Idaho Department of Parks and Recreation
Statehouse Mail

Boise, ID 83720

RE: Permit No. 83-7099, Elk Creek Falls
Dear Ms. Just:

As per our earlier telephone conversation, Director Higginson has agreed to
explore options with the Natural Resource agencies on ways to reduce the

burden on the requesting agency to make proof of beneficial use for minimum
streamflows. I szhall keep you informed on the results of these discusgions.

In the specific instance of the Elk Creek minimum streamflow:

1) The Department reserves the right to order installation of measuring
devices. I interpret this to mean that data collected at the U.S. Forest
Service gage will suffice to demonstrate that the permitted flows are capable
of being maintained. If the Forest Service still collects data at the gage,
copies of their data for an additional three years will be sufficient. If the
Forest Service no longer maintains the gage, weekly readings by your staff or
a mutually agreeable person or agency of the old gage or a replacement would
be sufficient.

2) With regard to a study to determine flows necessary for the recruitment
of spawning gravel, I suggest you seek the cooperation of the Idaho Department
of Fish and Game in developing a study plan acceptable to the Department of
Water Resources. I assume an examination of substrate conditions at various
flows would be the basis of any study with emphasis on the timing of peak
flows and their duration.

Sincerely,

Prank B. Sherman
Chief
Water Planning Bureau

FBS:cik



Attachment 2:
Elk Creek Hydrograph based on the USFS gage near Elk City
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Attachment 3:

Flow Duration Curve for Elk Creek, March through June, based on the USFS gage
near Elk City
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Attachment 4: Rainbow Trout Spawning Requirements



JIMemorandum

To: ‘ David Blew, IDWR
CC: Dee Carlson, IDWR
From: Cindy Robertson, IDFG

Date:  10/29/01
Re:  Elk Creek instream flow water right

I have found the following pertinent information regarding rainbow trout spawning requirements.
According to Raleigh et al. (1984), the optimal spawning conditions for rainbow trout were described
as follows.

Less than or equal 5% fines is optimal and greater than or equal 30% fines results in low
survival of eggs and sac fry.

Suitable gravel size is 0.3 to 10.0 cm diameter.

Optimal gravel size is spawner size dependent: for fish less than 50 cm in length, 1.5 to 6 cm
diameter; for fish greater than or equal to 50 ¢cm in length, 1.5 to 10.0 cm diameter.

Most authors (Scott and Crossman, 1998; Brown, 1971; Simpson and Wallace, 1982) agree that
spawning can occur from March to August, but most spawning occurs between April and late June,
depending on regional location, habitat, and water temperature. Temperatures between 50 and 60
degrees Fahrenheit are preferred (Scott and Crossman, 1998). Females dig a redd in the gravel 3 to 6
inches deep, deposit their eggs, then cover them with additional gravel. Eggs hatch in 4-7 weeks and
the alevins (sac fry) take 3-7 weeks to absorb the yolk sac and emerge from the gravel. Apain, the
time in the gravel is dependent upon water temperatures. Fry generally emerge from mid June to mid
August when spawning occurs in April and May (Scott and Crossman, 1998).

I think this should give you the parameters we want to look at with the sediment modeling. Let me
know if you want additional info.

Literature Cited:

W. B. Scott and E. J. Crossman. Freshwater Fishes of Canada. 1998, Galt House Publications, LTD.
Qakville, Ontario Canada.

James Simpson and Richard Wallace. Fishes of Idaho. 1982, University of 1daho Press. Moscow,
1D.

C.J.D. Brown. Fishes of Montana. 1971. Big Sky Books, Montana State University. Bozeman, MT.



October 29, 2001

R.F. Raleigh, T. Hickman, R.C. Solomon, and P.C. Nelson. 1984, Habitat Suitability Information:
Rainbow trout, U.8. Fish and Wildlife Service. FWS/OBS-82/10.60.



Attachment 5: Cross-Section Data Obtained from the USFS for Elk
Creek Just Above the Falls
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