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ABSTRACT

The objectives of this study were to determine the
carrying capacity, allowable amounts of sSediment and methods
to measure levels of fine sediments of 0.25 inches or finer
in mountain streams in the Idaho Batholith. The sources
and the effects of the sand size sediments once they 1eave
the mountain Batholith streams are not¥ considered.

Sediment discharge during the high water eﬁeht of
1973, a year of minimal peak discharge, was insignificant.
Projected transport rates using the Meyer-Peter, Muller
formula, which shows. good agreement with empirical data for
Batholith streams, is presented. The allowable amount of
fine sediments to enter these streams was determined by a
_sediment budget within 1limits established by the aguatlc
‘managers. A method of visually classifying the streambed,
used by équatic entomologists, correlated well with coré
samples for determining streambed composition.

“Phe study revealed new areas of investigation and

needs additional supporting data of 1its filndings.
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INTRODUCTION

There has been much concern over sedimentation in
spawning streams since the excessive sedimentation of
aquatic habitat in the South Fork Salmon River after the
1964-65 winter storms. The South Fork is one of many
streams located in a portion of Idaho called the Batholith,
a large intrusive granitic body characterized by steep,
mountainous terrain with a high erodibility and landslide
potential, Streams in the Batholith have historically
‘been primary spawning grounds for Idahois salmon and
steelhead runs.

This project was an interdisciplinary research effort
with entomology, fisheries and engineering to determine
effects of sediment on aquatic habitat in streams. The
objectives of the engineering segment were: 1) to determine
the potential sediment competency or carrying capacity of
high mountain streams of the Idaho Batholith, 2) to deter-
mine the amount of sediment that can be allowed to enter
these streams and still maintain good aquatic habitat with-
in limits established by the habitat manager and 3) to
survey and develop methods to measure the present ieVel of
sedimentation and related stream characteristics of several
streams within the Batholith. The results would provide the
information needed by aquatic managers to preserve the
aquatic habitat in Batholith streams. All the data present-
ed in this reportare from natural‘streams in the Batholith

and supported with natural stream data from other areas.



LITERATURE REVIEW

Prior Sediment Transporf Studies

The literature contalns 1ittle published data about
sediment transport in steep, rough mountain streams. Most
available data were derived from ailuvial, sand bottom
streams because of long standlng prebhlems with these
streams. Several studles previously conducted in mountaln-
ous streams in other regilons brcvide some ingight into
gediment transport phenomena, but lack actual determination
of the bedload transport rate (Love and Benedict, 1948;
Stewart and LaMarshe, 1967; Fahnstock, 1963). Studies in
armoured streams in Oregon have been conducted on the
movement of individual gravel size particles, but the
results are limited cutside the basalt areas (Milhous,
1972). A report from Canada on gediment transport
measurement in a gravel bed river (Hollingshead, 1971)
gives a good account of measured and calculated bedload
trancport rates. His results indicated the Meyer-Peter,
Muller formula gave bedload transpoft rates higher than
measured values, These measurements were obtained from
a 1/k inch mesh basket sampler.

ceveral studies have been conducted in the Bathollith
to determipne sources and amounts of sediment produced by
logging operations and roads (Platts, 1972; Megahan and
Kidd, 1972). Others have reported on technigues to reduce

sediment ylelds from varlcus man-caused disturbvances

|
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(Hartsog and Gonslor, 1973). Also, a technlque has been
developed by €layton and Arncld (1.972) to assess the

potential erodability and landslide hazard in the Idaho

Batholith.

Sediment Transport Measurement

In streams, such as those of the Idaho Batholith,

where the streambed material is predominately gravel and
“sand, most of the material moves as bedload. The bedload
is the amount of material or quantity of sediment per unit
time that moves past a section of stream by bouncing,
rolling or sliding along the streambed. In the South Fork
Salmon River, the streambed compositicn contained less than
one percent below 0,074mm diameter (Platts, 1972). Platts
also stated that suspended sediments have little effect on
aquatic habitat when compared to the effect of bedlead
aediments. Therefore, bedload measurements are the most
critical.

There are two basic methods for sampling CUhe
bedload: 1)-direct methods in which a trap is extended
across the stream catching the bedload and 2) indirect
measurements in which bedload is collected from a narrow
width with a portable sampler (Graf, 1971).

Bedload traps are slots, trenches or pits placed
in the streambed which collect the bedload which is then
removed and measured. These installatlons range from an
elaborate apparatus of the slot-type constructed by the

3011 Conservation Service on the Enore River in South




carolina (where the entire 100 foot width was paved with
concrete and the bedload gropped into slots and was then
pumped out) to a semi-portasble slot-type sampler used oOn
Mountain Creek in South Carolina (Interagency Committee on
Water Resources, 1963). The trap-type sampler, having
slot widthe from 100 to 200 times the grain diameter, 1s
capable of sampling nearly 100 percent of the bedload.
These installations have the disadvantage of being diffi-
cult and costly to place in the streambed and the trapped
material must be pumped or dug out (Hubbell, 1964) .

In indirect sampling with portable bedload samplers,
only a portion of the cross-section is sampled. There
are problems associated with the use of these devices.
The introduction of an cbject into the flow pattern
causes variations of the natural flow patterns on the
streambed. Improper measurements may result if the sampler
SCooOps up bed material or collects suspended load as 1t ié
IOWered to the streambed. Due to uncertalnties involved
in sampling bedload with a portable sampler, each must
include an efficiency coefficlent or a ratio of material
collected to actuval sediment discharge. This is a
coefficlient that is not easily determined (Hubbell, 1964).
They are usually calibrated in a laboratory flume where
sediment rate can be controlled.

Early types of portable samplers include the basket
sampler, a simple rectangular frame covered with wire mesh

and open on one end., The pan type consists of a pan with
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a bottom and two sldes having baffles to retard the water-
sed;ment mixture, thus depositing tlhe sediment within the
pan. The pressure differential type sampler, in which the
cross-section expands in the direction of flow causing a
pressure drop at the entrance, has a greater sampling
efficiency than other types of samplers. (Hubbell, 1964) .
They are desligned 80 the pressure Crop compénsates for

the energy losses caused by The resistance of the sampler
to the flow thus producing an entrance veloclty approx-
imately equal to that of the undisturbed stfeam. Figure 1
shows the velocity distributlon in the sample intake

chamber of a pressure differential‘sampler (Helley and

Smith, 1971).

4
3.08
3,01 3., 44 3,20 %.01 2.89 2.68 2.80
+ + + # * + *
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Distance from entrance of sampler in inches

Figure 1: Streamf{low velocities along centerline of
sampler orifice, (Helley-Smlth, 1971).




Recent portable bedload samplers are generally of
the preésure differential type using elther a net or
baffles to collect the sediment. These developments have
improved the hydraulic efficiency to near the 100 percent
level while improving sampling efficiency to nearlﬁ 70

percent (Hubbell, 196L).

Selection of a Sampler

Selecting a portable bedload sampler depends on
the type of materlal being carried by the stream and the
velocity near the streambed. The velocity factor 1s
important for hydraullc stability or the ability of the
sampler to maintalin a position in the stream flow. A\
pressure differentlal type should always be used to lmprove
" the efficiency of sampling. A comparison of common types
of samplers are shown in Table 1.

In streams of the Idaho Bathollth, the transported
material is predominately sand and fine gravel which moves
during the high flow period. This requires a high degree
of hydraulic stabillity. The Helley-Smith sampler was
determined to be the best available. A picture of the
portable Sampler is shown in Figure 2. The detalls of
construction and instructions for the use of the sampler

are given by Helley and Smith (1971).

Redlocad Discharge Formulas

Many factors influence the rate of sediment trans-

port such as water discharge, flow veloclty, energy slope,
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shear stress, bed configurabion,_intensity of turbulence,
particle size, water depth, temperature, etc. Most
sediment transport eguations are developed by assuming a
determinate relationship, at least statistically speaking,
between sediment discharge and a dominant independent
variable or variables selected from the list of influencing
factors (Yang, 1973).

These formulas are generally characterized by the
following form: g = A {C - Ccr)B where Qg is sediment
discharge, & 13 a coefficlent (usually a function of the
particle size), B is an exponent, C is the dominant
independent varlable and c¢r subscript is for the critical
condition (Yang, 1973). Most ﬁell»known bedlecad equations
can be reduced to a function of veloclty and partilcle
size {Laursen, 1956).

3ince the phenomenon of bedload transport is so
complex and difflcult to predict, it has led to many
equations and relationshilps which have been developed
under special laboratory and fleld conditions.

Every bedload equation relies on the experimental
determination of its coefficients. Therefore, when
selecting a bedlcad formula, care should be taken that the
stream -conditions closely approximate the conditions under
which the formula is derived. Table 2 gives a summary of
gome common bedload formulas, including reference, date,
tyoe of dominant independent variable and bed material

used to develop the necessary ccerficlents.




10

padoTeAap auaaMm s3UBTOTJ

Jo00 BIOWIOT dY3 YOTUM JI06J TeTJIejew peq Jo

podoToAdp SeM BINWIOJ 9Y3} YOTUM WoIJ oTqeldes 3uspusdepul JUBUTWO

69
9961

9218 SJa8Joy--TeTa93BN X¥
p oys 04 saajou--odAL ¥

61 ‘youald H
‘AsAeTTeT A
¢l6T ‘3uex O

TL6T ‘9e337wwo) ANsel d

TL6T ‘Jead Yy :8duaasjsy

qu3iey aunp Jo uoijound ¢6° 03 6T° quy81eH aun@ G961 v Te 39 suowig
Te1:aI838U ’ ;

wIoJiun yaim pedoreasp spues 89198 Jesys Ly61 Y ansuTTed
zomod weodass 3Tun TL°T . 03 GT° adoTS-£3100T2A €L6T 0 Suex
¢6* o3 GT° s89d98 Jeayg 1,961 a uesueH-puntadug
diysuociserea otydedad 8" 03 T° K2 TO00T8A °*OAY 96T g £qT10D
0G =05q/uysdep a0y pood 0°L o3 ¢&° 7961 H‘H youa g
I°tt ©03% 10° §89438 JedYS 8461 d ussJane]

elRp Swes
U3TM §,UT93SUTH POTJIBA 1 " 0661 a‘d umoad ulelsuly
quswsAow Jo A37711qeqOId 9°ge 03 ¢° 12013813848 0661 a‘d peoTped uiejlsuld
Jofe1 Jnouwte J0J J09984 9*'Qg 03 .. &° 889198 JeayS. @ubl Nl JISTTNN €a838d- 29K
. G'eg 03 T°T §88.138 aeaYS 9¢6T d SpTeTUS
ol —on ¢ a8aeyosTd  GL6T d Ys3IATOUOS
9°ge 03 1°¢ g85a98 aeaUs  H¢6T1 d B ELEF C EVCI
‘gfoqn@ pelaeA 0°) o3 ¢° A37T00TeA oAy 6361 N jeuod
0°L 88 & s82I9S JedUS  6L8T d sfoqnq

g9 UBWWO) ¥y ww ¥ odAL 83ed@ °*JoY BTNWIO]
Tetas3en
- frewums seTnwIoJ peoiped ¢ 2 OTARBL



I

Although several formulas were develbped for gravel-
bed streams, only the Meyer-Peter, Muller formula has been
adopted to apply to armoured bed streams as ¢haracteristlc
of mountainous streams of the Idaho Batﬁolith.

The Meyer-Petef, Muller formula was developed from
extensive research in a laboratory flume with a 2 x 2 meter
cross-section and a total length of 50 meters in Switzerland.
The original Meyer-Peter formulsa, developgd in 1934, was
not at all successful with béds of a graded composition and
a new relationship was developed in 1948. Muller, in 1943,
calculated a roughness coefficienﬁ which is related to the
largest particles in the top layer of the streambed. The
size of sediment in the bed, for which 90 percent of the
 material is finer, is used to represent the largest grains
of the armour bed (Graf, 1971).

The Meyer—Peter, Muller bedload formula was converted
4o the English system and generalized for the specific
weight of water and quartz particles by the Bureau of

Reclamation in 1960, The equation is as follows:
Qs Dgol/ i 3/ - 74"
gy = 213606 3.306(g=) ( hg ) 8~ 0.627Dm]

gs - Bedload transport (tons/day/foot width)

Qg — Discharge quantity determining bedload’transport
(cfs) function of n, and n

Q - Total water discharge quantity (cfs)
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Armour size (wm) as approzimated by the size of

o
\O
o

]

|
sediment for which o0% of the material is finer
\

ng - Weightéd Manning's "n" value for the stream bed

3 - Depth of flow (feet)
s - Slope energy grade line (feet/foot)
p, - Effective size of bed material Dy = £E$%§Ez_(mm)
ny - Side wall roughness value “ )
: gy = Total channel foughness
Dmi - Mean diameter of a selected portion of distribution
|  curve

Pi - Percent of material within selected portion of

distribution curve
For the condition at which bed material just begins to '

move, D, is replaced by the individual particle size D
ds = 0.0001624 D

or shear stressy 65 = 0.0001624 D ¥ where: Y- specific

weight of water (62.4 pounds/cubic foot).
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FIELD PROCEDURE

The fleld work was carried out in streams near
Stanley, Idaho (Figure 3 and Appendix A). It was declded
to measure the bedload and water discharge during the
spring runoff and to conduct stream surveys during the
August low flow perlod. Tt was also planned to introduce
sediment into a reach of stream during the low flow period
to observe the effects of sediment on aguatic habitat and

the physical characteristics of the stream.

Stream Selection

Selection of the natural stream study sites was
based on the following criterla: 1) accessibility for
transport of equipment to the site, 2) well developed
pool and riffle formatlon without braided reaches,

3) adequate fish and aquatic insect populations and

4) on the dump stream, its size and distance from the

barrow area. Each study section consisted of at leas?t
2 or 3 riffles and pools in a 600 to 1000 feet length

of stream.

Mapping
Mecasurements of the physical characteristics of

each stream included detailed mapplng of the stream
conf iguration, water depth, velocity, dlscharge and

streambed material.
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A stadia survey was used to map the stream con-
figuration. A reference bench mark was established at
each stream sutdy section and survey stakes, used as gulde
points, were placed at 20 to 30 foot intervals or at char -
acteristic points (Beginning and end of pools or riffles,
'points, logs, etc.). By zeroing the lower motion to mag-
netic north, the azimuth angle and distance by stadia were
used to plot the stream boundaries.

The depth and velocity at mid-depth at various cross-
sections were determined with a Gurley pygmy current meter

according to the procedure described by Buchanan and Somers

(1968).

Discharge Measurements

Stream discharge was determined by wading into the
stream with the current meter (Buchanan and Somers, 1968),
except when the stream flow was too deep and/br swift
for wading. During large flows, a dye dilution tech-
‘niqgue was used to measure the discharge. A portable
injection tank manufactured by Aerofeed Corporation was
used to inject the tracer dye at a constant rate.
Rhodomine WT was selected as the best dye for use in
natural, silt-free streams (Wilson, 1968). The injection
point was established at the most accessible location on
the stream. The sampling point was then located approxi-
mately 100 stream widths downstream from the injection

point to insure complete lateral mixing of the dye
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(Replogle and others, 10656). A time perlod egqual to three
times the observed time of travel of a stick on the water
surface was used as the time for the dye concentration fo
stablize at a plateau value at the sampling point. Grab
samples were then taken at one-minute intervals for five
minutes. Other samples taken included the concentration
of dye in the injection tank and the background fluores-
cence of the natural stream water. The concentration of
the dye was analyzed with a Fluoro-Microphotometer
according to the procedure in ANINCO Fluoro-Microphoto-
meter Catalog no. 4-7102A. Discharge obtained with the
dye dillution techniacue were‘similar to those obtalned

with a current meter.

Streambed Material

The streambed material compositlion was determined
by core sampling, streambed surface classification and
measurement of the armour material.

The core sampler deécribed by McNell and Ahnell
(1960) was used to determine the composition of the bed
material to a depth of 6 to 8 inches. The grain slze
distributlon was determined by sieve analysis both in the
field, using & volumetric analyzer deséribed by McNell
and Ahnell (1960) and in the laboratory, where dry sieve
analysis was conducted Ior more detail and to check field
analysis. Three core samples were taken from one pool on

each stream and at least nine were taken from one riffle
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on each stream. Each rifile was divided into squares of
one to two fegt and the sampling point randomly selected
from the grid.

Streambed surface classification consisted of ana-
lyzing the surface layer of the bed material at one-foot »
intervals along two or three transect lines established
across each riffie Within the study section. Three crite-
ria were used to classify streambed surface: size of the
dominant streambed surface material, imbeddednessvof domi -
nant material with fines, and the dominate size of the
material surrounding the dominant material. The surface
was visually analyzed according to the procedure given in
Appendix B. This system is a modification of a system
used by Prather (1971). The observations were based only
on the surface mateyials and does not include deeper sedi-
ments. In adéition to the transect observations, the
bottom materials were classified for the entire study
section using this same system. By walking observation,
the various bottom materials:were classified and sketched
onto the stream map using the gulde points established 1in
the initial boundary survey as the location reference.

The armour materlal was éampled using a 3 foot by
3 foot rectangular frame with wires stretched at 4 inch
intervals which forms a grid having 36 intersectlons.

Nine randomly selected grid intersectlons were then '
painted with red¢ palnt. The armour material was sampled

by placing the grid on the streambed. The rock located
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under a red grid intersectlon was then plcked up by hand
and measurements taken on three 2vis: the major or longest
dimension, intermediate axis or sieve diameter and the
third axis perpendicular to the other two.

In order to establish a relationship between
armour particles and the streambed shear stress, the
depth corresponding to the highest visible high water
mark was assumed responsible for the deposition of the
existing armour layer. The average depth and average
armour particle at each grid location across the streambed
at a riffle, a pool (if possible) and a transition, between
the pools and riffles of two different streams were used

to form the shear stress relation.

Bedload Discharge Sampling

Bedload discharge was sampled with a Helley-Smith
sampler'designed for use on streams with gravel beds
(Helley and Srhith, 1971). Several streams were sampled
during the spring runoff. It was observed_that the sampler
dislodged or scoured out sediments lodged between the

armour particles when placed on & gravel streambed. Thus,

a
=

(O]

mples were baken 1in culverts when possible. This
provided a control of cross sectlon and a atable bed
ng111 effect” for proper sampling. The samplef was
lowerad to the streambed with a hand rope on the smaller

atreams. For larger streams with high Fflow, a bridge

board (Figure 4) was used to assist in 1ifting the 50
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20
pound sampler. The transported bed material was caught
in a fine mesh nylon bag attached to the sampler by a
snap fastener. The bag was removed snd emptied into
numbered jars for analysis at a later time.

During low flow perlods, & small sheet metal
pressure differential sampler (Figure 5) was used. This
gampler would trap the bed material passing over & 2 inch
x 8 inch x 18 inch sill set parallel to the streambed.
The sill was allowed to remain in place for a minimum of
24 hours before any samples were taken. The sampler was
anchored to the sill by rods and wingnut fasteners on the
sampler. Care was taken to not disturb the area upstream
from the sambler by approaching and working only down-
stream of the sampler. Samples were washed into numbered
jars for later analysis.

During sample analysis, hydrogen peroxide was used
to remove organic matter from the sample (Guy,\1969).
Excess water was drained from each sample and the volume
of the sediment material was measured in a volumetric
analyzer (McNeil and Ahnell, 1960). The sediment volume
was converted to pounds per day for the entlre stream

width.

Experimental Field Dump

Sediment was dumped on & section of Knapp Creek
to determine its impact on the physical characteristics

and aguatlic habltat of the stream. This was accomplished
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by'adding sediment in three stages and measuring changes
in physical characteristics, fish and insect abundance
and distributions at each»Stage. Sediment was taken from
a nearbyicreek so as to assure that the added sediment
would be the same as that resulting from some hypothetical
watershed disturbanée. The sediment was then deposited
at the head of each pool and riffle where 1t'was.allowed
to spread under the {nfluence of the natural streamflow.
views of the stream both before and after the dump are

shown in Figure 6.
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RESULTS AND DISCUSSION

Field Procedure

The results of the field measurements in the
surveyed streams indicate the following: During the base
flow period, August, sediment transport occured ohly in
trace amounts (Table % ). Since only small gquantitlies of
sediments were collected in the sampler and only éne to
four samples were taken per stream, these results ave of
1ittle comparative value. During the spring runoff of -
197% a year of low peak discharge, (260 cfs or a 1.4 year
peak event) measured sediment transport was again insig-
nificant (less than one ton per year).

Measurements of the streambed composition or the
portion of fine sediment of 0.25 inches or smaller on
riffle areas indicated Capehorn and Knapp Creeks with
about 30% fines were moderately sedimented, Marsh Creek
with 35% fines was slightly heavier sedimented and Elk
Creek with 47% fines average over the two year period
was heavily sedimented (Table 3). The streambed
composit;on in terms of the D}5, DSO’ Dm’ D9O’ % finer
than 0.25 inches and the visual surface classification
are summarized in Table 6 for each location and date.

The amount of fines present 1nlthe overall channel
decreased as the overall channel slope increased (Table A-1).
The experimental field sedlment dump in Knapp

Creek showed that some sediment can be transported during
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the base flow period if the strsambed surface material
becomes filled with exzcess fines. The difference
between the change in pool volume &nd the volume of
sediment dumped (Table 5) indicates some material was
transported from the pools, especially pool II between
Bugust 1 and 2 where & negative difference of 29 cubic
feet of material was measured. The large plus difference
in pool II between August 6 and 9 would indicate some
sediments were transported from the area above test
pool IIL. The decrease in material finer than 0.25 inches
between August 1% and 23 on test riffles I and Il (Table 6)
also indicaztes that such transport could have taken place.

As fine sediments were dumped at the upstream end
of the riffle, they would spread downstream and across the
stream until they became trapped between the larger bed
particles and filled the volds. As more fines were added,
this sandy fan would expand downstream. This would
continue until all the surface volds and spaces between»
larger particles were filled. Once this level is reached,
some of the fines work deeper into the streambed or remain
on the riffle until a greater discharge occurs.

Visual observations during the dump revealed that
as fines were added, many larger particles that would not
" ordinarily be transported were dislodged and transported.
The following factors were probably the cause of this
phenomenon: 1) incréased velocity from reduced cross-

sectlonal area and bed smoothing with the sand particles,
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Table 5: Pool volume in Knapp Creek pools dump area.

Lhange
in
Average Pool Pool Volume
Date Location Depth Volune Volume Dumped Difference X
£t ft o vy ft :
T-27-73 Pool I 1.32 920
8- 1-73 Pool I 280 284 -4
8- 2+73 -¥gol 1 .92 640 :
8- 2-73 Pool I 215 203 +12
B 6-T3 Pool I 61 U225
8= 6-T3 . Pool I 147 149 -2
8- 9-73 Pool I A40 278
T-27=713 Pool 11 .84 387
- 8- 1-73 Pool 11 ' 106 135 -29
8- 2-73 Pool II .61 281
8- 2-73 Pool II 4 46 54 -8
Bo6-75 Pool 11 kLT B,
8- 6-T3 Pool 11 87 54 +33

8- 9-73 Pool II .32 148

& Difference between change in pool volume and volume
dumped »
Plus (+) means pool volume decreased more than was
dumped possibly washed from riffle above
Minus (-) means pool volume decreased less than
amount dumped possibly due to fines transported

E from the section
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2) bombardment of larger partlcles with the smaller ones
and 3) lifting effect caused by sand scouring from under
the larger particles.

During the low flow period, most of the added
sediments were trapped in the pools (Figure 7). The
pools would fill until the depth was about the same as on
the riffle areas. The fine sediments in the pools were
observed to form the characteristic wave and ripple of

a sand bed strean.

Sediment Transport Capacity Calculation

One of the primary objectives of this study was to
develop a2 method of determining the sediment carrying
capabllity of Batholith streams. This section presents a
procedure for use by aguatic biologlsts, often with little
hydraulic experience and & minimum of available data.

From a review of available bedload discharge
formulas and actual stream data, the Meyer-Peter, Muller
formula appears to be the one mostAapplicable to streams
of the Idaho Batholith. This formula is the only one that
incluces a separate term éonsidering the armour layer.
Also the.Meyer*Peter, Muller inciplent motion relationship
shows reasonable agreement with shear stress and armour
particle diameter as measured in two of the study streams
(Figure 8). qhe four circled points came from an area
where channel alterations ‘had Jdccured and the exlsting

armour may not be the result of the present chamnel
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125
® U.S.B.R. INCIPIENT MOTION
X HEYER-PETER, MULLER INCIPIENT MOTION
100 | | | ’
- [ | o
= -
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>0 i
25 | .
0 e . 3 .- » »
o .25 50 75 1,00 55 1,25

SHEAR STRESS ®4S) (LBS/FT )

Figure 83 Dgg verses shear stress as measured in Capehorn
and Knapp Creeks.
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Characteristics of pools caused by thelr locatlon
on curves or physical barriers 1ike downed trees, falls,
and rock intrusions result in complex phenomena such as
back surges, secondary currents, variable roughness, etc.,
which make transport practically impossible tc predict.

 However, by assuming the pools and riffles are in equllib-
rium, i.e., material that is transported through the
riffles is also transported through the poolg on a yearly
basis, the transport calculation can be simplified. This

; gsgsumption is supported by the well developed pool and
riffle formations in the heavily sedimented Elk Creek,

but it is possible the pools are only scoured once every
few years. Also,a study of the individual gravel size
particles using tracer methods indicated most particles
recovered tended to be located in riffles or intermedlate
locations and not in pools (Milhous, 1972). This is an
invalid assumptibn when streams with high carrying capac-
1ties become very heavily sedimented as did the South Fork
Salwon River between 1965 and 1969. In this case sediment
can be tranzpcried in riffle areas and deposited in pool
during low flow periods and years of minimal peak discharge.

The Meyer-Peter, Muller formula (see page 11) is
divided into static wariables, those not changling during
the sediment transport period, and dynamic varlables,
those which do change. The statlic varibles are QS/Q,

D90’ S, and Dr' For Ratholith streams, where the width

i
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is at least twenty times the depth in riffle areas, the
Q./Q ranges from 0.90 tc 1.00 when nw/ns= 1.0 (Figure 2
of Sheppard, 1960). Therefore, a constant value of 0.95
was chosen for this term. Although the slope, S, varies
with discharge, it changes very little during the transport
period as shown in Table T and Figure 9. Table T,
showing the variation of slope on Capehorn Creek with stage,
and Figure 9, from Lecpold and Wolman (1957) indicate that
the high flow slope on a pool and riffle, meandering stream
approacheg the overall channel slope of that section. The
mean diameter, Dj, and 90% diameter, Dgo’ which are
computed from béd material samples, are assumed constant
during the transport period. This would not be true when
large amounts of fine sediments (less than 0.25 in.) are
entering the stream during the transport period. An
ad justment in the D, can be made by using the relationship
developed between Dy and the volume of fines in cubic feet
per one hundred square feet of streambed surface to a
depth of six inches as shown in Figure 10. The relation-
ship 1s used when known amounts of fine sediments are
entering tﬁe stream and combined with the prior Dy level,
the figure can be used to vary the Dy appropriately.

The dynamic variables of depth, d, and Meyer-Peter,
Muller '"ng" vary with stream discharge and are therefore
related to the stream hydrograph and discharge frequency
relations. The depth is related to discharge by a rating

curve or depth-discharge relation for the riffle areas.
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Table T: Verlation in water aurface slope of Capehorn
Creek in 1975. .

‘Section Stage (£t)

9.16 8.92 8.20
Transition 0051 .0059 . 0054
Riffle Nelelys _ .0048 ..0055
Pool .0035 .00%6 .0005
Overall . 0049 L0050 .0038

Overall for a 1000' section

vV L I ¥ v

flood plain i

® L

at low fliow

stream bed

i) 1000 2000 3000 40060 5000

DISTANCE (¢T)

Figure 9 : Varilation in water surface slope on a pool and
riffle stream from Leopold and Wolman, (1957).
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10 f - ., :
MATERIAL FINER THAN 0,25 1n. TO 6 1n. OF DEPTH

CUBIC FT OF FINES/100 SQUARE FT OF BED AREA

0 ] ] 3 vl 1 5
-0 5 10 15 20 25 30

Dy (MM)

Figure 10: Effect of fine sediments on Dy as determined
from present condition in four TIgsho Batholith
glreanms.
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The Meyer-Peter, Muller "ns" is a factor to relatelthe
Manning's "n" value variation for the total channel rough-
ness and sidewall roughness as related to the channel
depth-width ratio into a single function. The relative
roughness, resistance to flow or Manning's "n" 1is assumed
constant across the riffle section. Figure 11 supports
this assumption by showing the average streambed surface
particle size and the corresponding high flow depth which
creates the flow resistance. Where the flow 1s deep, the
particles are small thus the relative roughness should be
constant. From a nomograph developed by the Bureau of
Reclamation (Sheppard, 1960) if the "n" value is constant

i

across the stream, the ns" value equals the overall

Manning's "n" value.

The Meyer-Peter, Muller formula can be rearranged
by grouping the static and dynamic variables into a gen-
éralized equafion for the Baﬁholith. Since it is a tractive
force type equation, it contains a theoretical transport
level mihus a critical transport level or beginning-of-

transport term.

““The Meyer-Peter, Muller Formula

1/6 3/2 3/2
e = 1.606(3.306 22 290"\ 45 - 0.627D )
S Q ns m-.

Rearrangement results in

1/4

— 1.606(3.306 QS(D N G 0.62 )3/2
By = 1+00033. Q' 90 ;;37'2" g
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This eguatlon can be reduced to

3/2

- N moo_om
By~ 1.606 (7T 1cr)

or 1.606 (Cy d/ns3/2 )22

Where 3%.300 (QS/Q)(Dgo)l/u S is a coefficient of sediment
transport, CT’ such that the theoretical transport level,
T, is d/nSB/2 X Cre The critical transport level, T,.,
is then 0.627 D .

The d/'n,SB/2 term changes continually with discharge,
therefore, the theoretical transport level, T, also varles.
Sediment 1s only transported when T is greatef than T,p.
Negative values indicate zero transport rate and equal
values indicate the point of incipient motion. The daily
sediment transport rates are calculated by raising the
T - Tcr to the three halves power and multiplying by 1.006.
The totél yearly sediment transport is calculated by
summing the daily sediment transport amounts for the year.
The result of the calculations is expressed in tons per
year per foot width which must then be multiplied by the'
average width of the riffle during the transport period.
Since the transport rate 1s determined from the bed
material present, it will vary as the bed composition
“changes. Changes can occur when fine sediments enter or

cave the stream section. If known amounts of fine sedi-
ments are entering the streém, Dy should be varled using

Figure 10 and the transport rate willl vary accordingly.
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Since aquatic biologists are coﬁcerned with the material
finer than 0.25 inches, the total transport of that slze
material or finer is determined Dby multiplying transport
rate by the fraction of bed material finer than 0.25 inches.
Figure 12, showing the relation of the portion of material
finer than 0.25 inches and the sum of three components of
streambed surface classification, can be used to determine
the amount of fines present in the streambed. All of
these steps are presented later in this report as a
stepwise procedure for determining total transport during
the year.

The amount of fine sediment fhat should be allowed
to enter a stream before detrimental effects will occur
on the aquatic habitat will depend on the amount of fines
already containéd within the stream channel sectilon.
Reports by Stuehrenberg (1974) and Sandine (1974) indicate
the‘effects of fines on the aquatic habitat in the Idaho
Batholith during this study. Bjornn (1969) ihdicatéd
that when fines are present‘above the 20 to 30% level,
they.begin to become detrimental to the survival of
preemergent steelhead trout and chinook salmon. The
amount that can enter the stream is the difference between
the present level and the allowable level plus the\amount
transportec as determined 5y summing the yearly values for
the period of concern. For example, if sediments are to

enter the stream during a period of three years, three
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Figure 12: Percent of material finer than 0.25 1n. verses
stresmbed surface classification of three Idaho
Batholith streams.
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runoff events of some chosen freqguency can be used to
obtain a three year sediment transport amount for that

stream.

Data Requirements for Applicatlon of the Meyer-Peter,

Muller Formula to the Stucy Area

Some preliminary data are required to calculate
sediment transport rates. These include stream flow
records, depth-discharge relatlonships, streambed compo-
sition, and channel slope and ﬁidth. These data are
averaged over the entire stream or sectlon of concern.

This requires'data collection at a minimum of two or three
locations characteristic of the entire section.

Stream flow records are obtained from a gaging
station on the stream or must be synthesized from neigh-
boring streams of similar hydrolegic and physiographic
character. Several methods can be used including watershed
models, the drainage basin area ratios or dally discharge
correlations, préferrable during high flow periods, to
synthesize stream flew records. A minlwmum of five years
of record should be developed. A standard frequency
curve (Linsley and others, 1958) and an average dimension-
less hydrograph can then be constructed. The dimenslonless
hygrograph is formed by plotting the ratio of daily
discharge to peak daily discharge verses days from the
day of peak for a»period of about %0 days before the

peak to 60 days after the peak. In areas such as the

R R e ——
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Idaho Batholith, where the major discharge event occurs
in May or June during the spring snowmelt, as indicated
by stream flow records, this average dimensionless hydro-
graph gives a godd representation of the average high
mountain (5000 ft and above) spring snowmelt event. Almost
all sediment transport will normally.occur during this
spring event.

The bed composition can be determined from shallow
core sampleé taken during low flow periods or a bed material
analysis as described in Appendix B. When core samples are
obtained, a standard grain size distribution curve 1is plot-
ted and D90 is picked from the curve while Dm must be cal-
culated (Appendix C).

If core samples are not available, then a classi-
fication of the surface material based upon the system
described in Appendix B can be used. Figure 13 and Figure
14 were developed from data obtained in the study streams
and can be used to determine Dm and D90 respectively. These
curves were obtained from core samples, data and the overall
average streambed surface classification values. The stream-
bed analysis only relates surface éharacperistics, but used
with a limited amount of core data, possibly three per

riffle, would provide a good estimate of the overall bed

composition.

1n,..n

The width, depth, and Manning's roughness "n" value

vary with stream discharge. These relationships can be
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D.. verses streambed surface classification as

determined from obgervation on three Igaho
Batholith streams. v

: Figure 152
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Figure l4: Dy verses Dgq relationship as determined from
four Idaho Batholith streams.
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established by several methods. The first and best method

uses the cross sectional profile of the streambed where at
least two high water sﬁrface elevations and corresponding
discharges are known. The width and average depth are
measured from cross-sectional profiles. The "n" value 1is
then calculated from‘Manning's equation using thé overall
channel slope., Wwhere n = (1.5/'63),)A1f12/3sl/2 and the hydraulic
radius, R, 1s equal to the depth, d, for a wide channel.

A second method can be used if no high water data
are available. This uses the higﬁ water marks visible
along the stream‘channel to obtain the cross-sectional
profile. Assuming they are the result of the average
or two year event and the "ny" varies from 0.025 to 0.035
depending oh the streambed'roughness, the corresponding
idischarge can be calculated from Manning's equation. Then
by varying the Manning's "ny" according to Figure 15
prepared from data on similaf streams in Alberta, Canada,
(Kellerhals and others, 1972) a Manning's "nlo" can be
selected. A ten year event discharge 1is eétlméted from the
two year discharge event and a knowledge of the discharge
relationship for the area. The Manning's equation com-
bined with the exténded crosé-sectional profile is used to
determine the corresponding depth-width relatidnship for
- the ten year event. This data is used to plot the depth-
na" pelationship which can be combined with the depth-
discharge plot to form the d/h3/2 curve. |

The slope can be determined from published
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Figure 15: Variation in Manning's "n" between the two
year runoff event and the ten year runoff

 event (Kellerhals and others, 1972).
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topographic maps or from field surveys. The slope corre-
sponding to the period of pransport is the water surface
slope during the spring runoff which can be approximated by
the streambed slope. In Table 7, i1t was shown that the
riffle slope approaches the approximate overall slope of
the stream section during the transport period.

The selection of the return interval for the peak
discharge event will depehd on the present stream condition,
allowable sedimentation, and the importance of stream or
stream section. The average return interval would be the
two year event which can be used in most determinations of
a single year transport rate. If the transport rate over
a period of years is to be calculated, such as three years,
a one, a two and a three year event can be assumed to occur
in this period. It should be recognized that for any given
year, there is a 27% chance that the ten year event will
-ocecur within any three year period. 'The entire procedure of
determining the transport of sediment through a stream ;

section can be summarized as follows:

Steps to determine transport of sediments

Step 1. Accumulate the following basis data as previously
described: a) frequency curve, b) dimensionless
hydrograph, c) Q verses d curve, d) d verses "n"
curve, e) bedmaterial composition and f) overall
chanhel slope.

Step 2. Calculate d verses d/_ns3/2 from Q verses d curve

and d verses "n" curve and plot relationship



Step
Step
Step

Step

Step

Step

Step

Step

Step.

Step

Stepn

10.

11,

ho
Determine critical level of transport (Tcr) from
Figure 16 using Dy.
Determine the coefficient of theoretical level of
transport (Cg) from Figure 17 using Dgo and S.
Determine point of incipient motion 'I.‘::TCr where
Top = CT(d/nS?"/E) or d,/rxs3/2: T, ./Cop-
Determine depth of water over the rifflecat’the-

point of incipient motion from the d vs d/ns?’/2

relation developed for the stream sectlon (Step 2l

The discharge at incipient motion 1s determined

-from the depth-discharge curve for the stream

from d (Step 6).

Select a peak discharge from the frequency curve

developed for the stream section using the desired

return interval.

Obtain a runoff hydrograph by mqltiplying the

dimensionless hydrograph by the selected peak

discharge (Step 7).

Draw a line on the hydrograph at the incipient

motion discharge.

‘Determine the mean dally discharge for each day

the stream discharge is above the ilnciplent
motion level.

The correspending depth is then obtained from

the depth-discharge curve.

The results of Step 12 and Step 2 are comblned to

obtain d/n,>/? for each day.

T A —
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Step

Step

Step

Step

Step

Step

14,

b by 9

18.

19.

he

ransport, T, 1s deter-

-
mined by multiplying d/ns//a (step 12) by Cy,

The theoretical level of

(step 4) for each day.

Subtract the critical level of transport Tcr’
(Step 3) from T in above step for each day.

Raise (T - T,,) to the 3/2 power and multiply by
1.606 or use Figure 18 to obtain the dally
sedimeht transport.

Sum the daily rates to give total yearly sediment
transport rates per foot width.

For the total yearly transport of fine sediment
per foot width, multiply the total yearly trans-
port by the average fraction of bed material finer
than 0.25 inches.

Finally, multiply the yearly sediment transport by
the average width of the stream section for the

total transport rate.

Example Tranegport Calculation

The Tfollowing example 1s given to 1llustrate the

use of this method for calculating sediment.transport in

Batholith streams. The example is for the lower portion

of Capehorn Creek just upstream from the bridge on

Highway 21 with a drainage area of 28 square miles.

Step 1.

Given:

a) Freguency curve, Figure 19 developed from

fiow correlations with the Middle Fork Salmon
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Step

Step

Step

Step

Step

Step T
Step 8

Step
Step

Step

9.

10.

55
River ncar Capenorn (the closest gaging station)
using 42 years of record.
b) Dimensionless hydrograph, Figure 20 also from
the Middle Fork Salmon River near Capehorn using
the most recent 10 years of record.
c) Q verses d, Filgure 21
d) 8 verses "n", Figure 22
e) Streambed composition is (4,4,2) (see Appendix
Bl
f) from Figure 1%, Dp is 25mm and from Figure 14
D90 is 72mm .
Compute d verses d/nSB/é, plot in Figure 23.
Critical ievel of transport is 15.8 (Figure 16)
Coefficient of actual transport is 0.C46 {Figure
17) using channel slope of 0.005.
Point of incipient motion d/ns3/2= Top/Cq =
16.0/.046 = 348
Incipient motion riffle depth, d is 1.30 ¢,
Figure 23.
Incipient motion discharge Q is 260 cfs, Figure 21.
Peak discharge, Q, 1s 4OO ¢fs using 2 year or 50%
probabllity of occurance.
Develop runoff hydrograph, Figure 24.
Draw line at incipient discharge, Figure 24,

11-19. Shown in Table 8.

By varying the return interval and streambed compo-

sition alternately and repeating the transport calculatlions,

T T R L

IR —

e —
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Figure 21: Depth verses discharge relationship for
Capehorn Creek.
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Table 8: Summary of example transport calculations

) 3 { i (6) 2
period (+) Qave(l) dave(“) d/n£‘3) ol T (5) 1.606(7- T )
1-2 263 1.%1 352 16.2 .2 .15
2-3 268 1.%3% 360 16.6 .6 .62
3L 275 1.34 370 17.0 1.0 1.6
b5 287 1.37 390 17.9 1.9 4.2
5-6 302 1.40 Koo 18 .4 2.4 5.0
6-7 321 1.42 410 18.9 2.9 8.0
7-8 342 1.46 432 19.9 3.9 12.5
8-9 %62 1.50 452 20.8 4.8 17.0
9-10 2386 1.55 U6 21.9 5.9 22.0
10-11 395 1.56 480 22.1 6.1 25.0
11-12 382 1.54 470 21.6 5.6 21.0
12-13 360 1.48 L5 20.5 4.5 15.0
1%-14 %29 1.45 430 19.8 3.8 12.0
14-15 304 1.40 400 18.4 2.4 5.0
15-16 288 1.38 %90 17.9 1.9 4.2
16-17 275 1.%4 370 17.0 1.0 10
17-18 265 1.31 352 16.2 .2 e L
155.02
tons/yr/ft width

Step 17

Step 11 from Figure 23 .
Step 12 from Filgure 20
Step 13 from Flgure 3%
Step 14 T:Cp X d/ng 3
Step 15 T _ “from Fig;ut'e 16 : Ter= 16.0
Step 16 from Figure 18

Step 18 155 tons/yr/ft width x .28= 43.4 tons/yr/ft width

from Figure 17 2 Cq=0. 046

N T e e,
AN NN DD

e e e’

Step 19 using a width of 40 £t
4o £t x 43.4 = 1730 tons/yr
assuming 100 1bs/ft2 or one ton= 0.T4 y63

then total qg= 1280 ya2 /yr
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a relationship such as Figure 25 can be developed to gilve
sediment discharge rateé at various return interval and
streambed mean diameters. One weakness of the procedure
is that D, and Dgo must be assumed to be related according

to a relationship such as Figure 14,

Limitation of Study

This sectlon presents the advantages, disadvantages
and limitations of the various methods and prodedures used
in the study. The prodedure to determine the streams
carrying capacity was not verified by field measurements of
bedload transport. It provides a good basis for further
studies and at least glves some insight to the transport
rate. The method is also limited to observation in two ‘
or three streams located in a small portion of the Batholith.
When the existing armour layer is totally covered with fine
sediments, the stream may react as a sand bottom alluvial
stream. In that case another formula other than the
Meyer-Peter, Muller formula, developed for these conditions,
may be more applicable.

The procedure used to measure the physical
characteristics of these streams involving detailed
mapping of a stream sectién was used mainly for the aquatic
life portion of the study since the low flow period when
such mapping can be conducted is of 11ttle value in the
prediction of the sediment transport rate. Only the ’

streambed composition determined during the low flow
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Figure 25:

RETURN INTERVAL (veARrs)

Total transpert verses return interval for
Capehorn Creek as determined from the Meyer-
Peter, Muller bedload formula
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period is necessary to predict the transport rate.

‘Methods used to determine the streambed composition are

far from adequate but lack for btetter methods.
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CONCLUSIONS

The following conclusions can be derived from the
results of this study:
1. The carrying capacity of Idaho Batholith streams can
be calculated using the MeyeréPeter, Muller bedload
formula (Figure 25). The Meyer~Petér, Muller incipient
motion relationship shows good agreement with data col-
lected in two streams of the Batholith (Figure 8). 1In
years such as 1973, the peak discharge 1s not large enough
to move the armour layer and the resulting transport rate
is insignificant (Figure A-2). During base flow perlods,
only trace amounts of sediments are transported (Table 3).
If enough fine sediments of 0.25 inches or smaller are
dumped on the riffle areas, some sediments would be
transported but most would be trapped in the pools during
the base flow perilod.
2. The amount of fine sediments that can enter these
streams can be determined by a sediment budget. The
amount allowed %o enter equéls the amount transported
out of the stream section plus the allowable amount of
storage of fines as established by the aquatic managers.,
3. The level of fine sediments on riffle areas in the
survey streams indicates Capehorn Creek and Knapp Creek
(about 30% finer than 0.25 inches) are moderately sedl-
mented, Marsh Creek (35% finer than 0.25 inches) is

slighﬁly heavier sedimented and Elk Creek (about 50%
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finer than 0.25 inches in 1973) is heavily sedimented.
4, Improved technlgues of measuring the streams physical
characteristics include the streambed surface classifi-
cation system (Appendix B) which could provide an effective
means of visual determination of streambed composition |
(Figure 13) and the dye dilliution technique proved to be
an effective method of measuring stream discharge especially
during high flow périods in Idaho Batholith streams.
5. The average water surface slope for riffle areas
approached the slope of the overall channel reach (Table 7).
6. The Mannings roughness "n" value varied extensively

from high to low flow periods, but changes very little

during the high flow period (Figure 22).
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RECOMMENDATIONS

The following is a list of areas requiring addl-
tional investigation or data to support the findings of
this report.

1. Additional measurements of sediment transport are
needed to support the calculated transport rate during the
high flow period.

’2. Additional data on the correlation of the streambed
surface classification system and bed compoSition as
determined from core sampling and sleve analysis 1is
‘reguired.

3. Further investigation of the Variation in Mannings
roughness "n" value and slope with stream depth on riffle
area is requilred.

L, Measure and analyze the transport of the fine gediments
‘used to fill the pools on the Knapp Creek dump site. This
will give insight to fine sediment movement through pool

areas.

5. Tracer studles should be conducted to determine the
movement Qf individual particles within and along the

streambed.




‘/

REFERENCES

Emerican Instrument Co. Inc. Fluoro-Microphotometer
Catalog No. 4-7102A. 8030 Georgla Avenue,
Silver Spring, Maryland.

Blench, T. 1060. Mobile-Bed Fluviology. University of
Alberta Press. Edironton, Canada.

Bjornn, Ted C. 1969, Embryo Survival and Emergence
Studles. Idaho Fish and CGame Job Completion Report
Project F-49-R~7. Job No. 5.

Buchanan, T. J. and W. P. Somers. 1968. Discharge
Measurements at Gaging Stations. Techniques of
Water Resources Investigations. Department of the
Interior, Geological Survey. Book 3. Chapter A8.

Clayton, James L. and John F. Arnold. 1972. Practical
Grain Size, Fracturing Density and Weathering
Classification of Intrusive Rocks of the Idaho
Batholith. USDA Technical Report Int-2. Inter-
mountain Forest and Range Experiment Statlon.
Ogden, Utah.

Fahnstock, Robert K. 1963. Morphology and Hydrology of

a Glacial Stream. White River, Mount Railner,
Washington. Department of the Interlor, Geological
Survey. Professional Paper Lo2a.

Graf, Walter H. 1971. Hydraulics of Sediment Transport:
Ch. 7. The Bedload. McGraw H1ll. New York.

Guy, Harold P. 1969, Theory and Methods of Sedlment
Analysis, Book 5 Laboratory Analysis. Technigues
of Water-Resources Investigations Chapter Cl.
Department of the Interior, Geological Survey.

Hartsog, W. S. and M. J Gonslor. 1973. Analysis of
Conztruction and Initial Performance of the China
Glenn Road, Warren District, Payette National
Forest. Forest Service Technical Report Int-5.
Intermountain Forest and Range Experiment Station.

Ogden, Utah.

”fHelley, Edward J. and Winchell Smith. 1971. Development

and Calibration of a Pressure Difference Bedload
Sampler. Department of the Interior, Geological
Survey. Water Resources Division. Open file
Report. Menlo Park, Callf.




69

Y Hollingshead, Albert B. 1971. Sediment Transport
Measurements in Gravel Rivers. American Soclety of
civil Engineers. Proceedings, 9T(H411): 1817-1834.

Hubbell, D. W. 1964. Apparatus and Techniques for
Measuring Bedload. Department of the Interior,
Geological Survey. Water Supply Paper 1T748.

Tdaho Water Resource Board. 1968. Idaho Water Resources
Inventory. Planning Report No. 1. Idaho Water
Resource Board. Boise, Idaho. <

Inter-Agency Committee on Water Resources. 1963. A Study
of Methods Used in Measurement and Analysis of
Sediment Loads in Streams. Report No. 14,
Minneapolis, Minnesota.

Kellerhals, R., C. R. Neill, and D. I. Bray. 1972.
Hydraulic and Geomorphic Characteristics of Rivers
in Alberta. River Engineering and Surface Hydrology
Report 72-1; Research council of Alberta, Edmonton,

Canada.

Laursen, E. M. 1956. The Applications of Sediment
Transport Mechanics to Stable Channel Design.
American Society of Civil Engineers. Proceedings.

82(HY4):1-11.

Leliavski, Serge. 1966. An Introduction to Fluvial
Hydraulics: Ch. VI. Bedload Lccording to the Drag
Theory and Other Methods. Dover Publication,
Inc. New York.

Leopold, Luna B. and M. Gordon Wolman. . 1957.  River
Channel Patterns: Braided, Meandering and Straight.
Department of the Interior, Geological Survey.
Professional Paper 282-B.

Linsley, Ray K., Jr., Max A. Kohler, and Joseph L. H.
Paulhus. 1958. Hydrology for Engineers: McGraw
Hill. New York.

Love, S. K. and P. C. Benedict. 1948, Discharge and
Sediment Loads in the Boise River Drainage Basin,
Idaho. 1939-40. Department of the Interlor,
Geological Survey. Water Supply Paper 1048. .

McNeil, William J. and Watten H. Ahnell. 1960. Measure-
ment of Gravel Composition of Gravel Stream Beds.
University of Washington. - Fisheries Research
Institute. Seattle, Washington.



TO

v Megahan, Walter F. and Walter J. Kidd. 1972. Effects of
Logging Roads on Sediment Production Rates 1n the
Tdaho Batholith. USDA Forest Service Research
Paper Int-123. Intermountaln Forest and Range
Experiment Station. Ogden, Utah.

Mickelson, Hal L. 1972. Review and Analysis of the
South Fork Salmon River Rehabilitation Program.
USDA Forest Service, Bolse and Payette National
Forests. Ogden, Utah.

Milhous, Robert T. 1972. The Movement of Individual
Particles in a Gravel-Bottomed Stream. Presented
at the 1972 Northwest Regional American Geophysical
Union Meeting in Vancouver, B. C.; Canada.

Neill, Charles R. and Victor J. Galay. 1966. Systematic
Evaluation of River Regime. ASCE. Water Resources
Engineering Conference. Denver, Colorado.
Conference Preprint 332.

Platts, William S. 1972. Aquatic Environment and Fishery
Study, South Fork Salmon River, Idaho, With
Evaluation of Sediment Influence. Progress Report
II. Department of Agriculture, Forest Sesrvice,
Boise and Payette National Forests. Ogden, Utah.

Prather, K. W. 1971. The Effects of Stream Substrate on
the Distribution and Abundance of Aguatic Insects.
Unpublished Master's Thesis, University of Idaho,
Moscow, Idaho.

Replogle, John A., Lloyd E. Meyers and Kenneth J. Brust.
1966. Flow Measurements with Fluorescent Tracers.
American Society of Civil Englneers. Proceedings.
92(HY5):1-15.

Sandine, Michael F. 1074, Natural and Simulated Insect
Substrata Relationships in Batholith Streams.
Unpublished Master's Thesis. University of Idaho,
Moscow, Idaho. , _

v Sheppard, John R. 1960. Investigation of Meyer-Peter,
Muller Bedload Formulas. Department of the Interior,
Bureau of Reclamation, Sedimentation Section
Hydrology Branch, Denver, Colorado.




Ti

Steward, John G. and Valmore C. LaMarche. 1967. Erosion
and Deposition Produced by Floods of December, 1964
on Coffee Creek, Trinity County, California.
Department of the Interior, Geologlcal Survey
Professional Paper A422-K.

Stuehrenberg, Lowell. 1974, The Effects of Batholith
Sediments on Juvenile Steeclhead Trout and Salmon.
Unpublished Master's Thesis, University of Idaho,
Moscow, Idahoc. _

Task Committee for Preparation of Sediment Manual,
committee on Sedimentation of the Hydraullc
Division. 1971. Sedimen?t mransport Mechanics:

H. Sediment Discharge Formulas. American Soclety
of Civil Engineers. Proceedings. 97 (HYY4):523-56T.

Wilson, James F. 1968, Fluorometric Procedures for Dye
Tracing. Technigues of Water Resources Investi-
gations of the United States Geological Survey.

Chapter Al2, Bock 3. Applications of Hydraulics.

\“gang, Chih Ted. 1972. Unit Stream Power and Sediment
Transport. Amerilcan Society of Civil Engineers
Proceedings. 99(HY 10)1679-1704.

Vﬁang, Chih Ted. 1973. Incipilent Motion and Sediment
Transport. American Society of Civil Engineers
Proceedings. 98(HY 10)1805-1826.




Te
APPENDIX A

DESCRIPTION OF STUDY STREAMS

A standard form was adopted to present the descrip-
tion of a stream or river in a manner that people
throughout the world can relate to the stream (Neill and
Galay, 1966). Although only a 600 to 1,000 foot portion
of the streams were surveyed in detail, the entire stream
is described with the use of 1:250,000 scale topographic
maps. The following description 1is of Capehorn Creek. A
compariéon of all study streams is given in Table A-1,

1. GEOGRAPHIC FEATURES

(1) Location. See-Figure 3.

(11) Climate. Average annual precipitation, 30 to 40
inches and normal annual temperature of 36°F (Idaho

Water Resource Board, 1968).
(1i1) Geologic setting. Located in Idaho's Batholith,

a large intrusive granitilc body characterized by steep
mbuntainous terrain with a high erodability and landslide
potential. The average elevation of the drainage basis
i1s approximately 7,000 feet, ranging from 6,000 to 10,000
feet.

(iv) Vegetation. Flood-plain vegetation consists of

forest and meadow areas.

(v) Channel pattern. Figure &1 shows the stream study

area (approximately 1,000 feet iong). The stream is a

typical poolQriffle mountain stream with some braided
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reaches and extreme meandering, except for survey area.
Average meander wave length: 150 ft

100 £t

oo

Width of meander belt
Sinuosity index - 2.00
(vi) Drainage area. 28 square miles.

II. HYDROLOGIC AND HYDRAULIC DATA.

(1) Discharges and stages. Figure 21 shows discharge-

stage relation for peribd of study. Figure 22 and Filgure
20 show dimensionless hydrograph and peak dischérge fre-
quency chart developed for Capehorn Creek as determined
from gaging stations on adjacent streams.

(11) Temperature and ice conditions.

Range of water temperature: 32°F to 62°F
No data are available on ice cover, but fall, winter and

spring air temperature averages are well below freezing.

(111) Channel slope.

Average slope over 13 miles of stream length 1is 27 feet

per mile.
Table 7 shows slope variation at several locations during
various stages of flow.

(iv) and (v) Channel cross-sections, mean velocities and

hydraulic roughness.

Table A-2 shows variations in average depﬁh, width, cross-
section area, mean velocity and Manning's "n" value at
various discharge. Figure 11 shows the cross-sectional
configuration of the streambed. The cross-section of the

pools were not surveyed due to their depth.
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7
1II. MATERIALS AND SEDIMENT

(1) Bed-material. Dgj 80.0 mm
Dm 25 ‘mm
p50 15 mm
D35 8 mm

¢ finer than 0.25"  35%
gieve diameter siZes are averages for the study section

to a depth of about 6 inches.

,(11) ~ Sub-bed and sub-surface materials. ‘No data are

available.

(111) Bank-material. The banks are generally very sandy

with some silt and gravél.

(1v) Suspended sediment. No measurements were taken, but

there was no observed turbidity even during high discharges.
(v) Bed-load. Measurement are only available during

a very low peak dischérge year. Figure A-2 shows bed-load
discharge based on calculations with the Meyer-Peter, Muller

formula.

IV. CHANNEL PROCESSES. No data are available.

Knapp Creek, Marsh Creek, Elk Creek.

7 The other streams studied are hydrologically and
physiogfaphically similar to Capehorn Creek. The major
difference is in the bed material, discharge, and associ-
ated drainage areas, as shown in Table A-l. Figure 3 shows

their relative location within the Idaho Batholith.
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Figure A3: Sediment transport rate for present conditions

in Capehorn Creek.
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APPENDIX B
STREAMBED SURFACE CLASSIFICATION

The streambed surface clagsificatlon system is a
method to visually classify the composition of the stream-
bed surface material. Since it is a visual classification,
Judgement is very important which requires specif'ic rules
if there 1s to be any possibility of repeatability of
observations. This system is a modification of a system
in which only the cobble sized particles (2% to 10 inches),
the cobble imbeddedness andé surrounding material are
classified (Prather, 1971). Thus, when cobble particles
.are not present, only the surrounding material is classifiled.
This modified system replaces the cobble factor with
dominant (most abundant area wise) streambed surface
materlal and the imbeddedness value becomes the imbed-
dedness of the dominant material (Figﬁre B-1).

The visual classification of the dominant and
dominant surrounding materials redqulires very little
experience to accurately classify the bed material into
broad classes. The average diameter of the bed material
in the plane of the bed surface 1s used. This may require
removing several of the particles in deeply imbedded areas
to determine its dlmensions.

The imbeddedness value is more difficult to deter-
mine. The degree to which the dominant particles are

imbedded with fines (particles smaller than 0.25 inch) can
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Table B-l: Streambed surface classification system.

Dominant Streambed Surface Materlal and

Dominant Surrounding Material

Less than 1/16" (sand) ( 1.6 mm)

1/16 - 1/4" (fine gravel) (1.6 - 6.4 mm)
1/4 - 1" (medium gravel) (6.4 - 25.4 wm)

1 -2 1/2" (coarse gravel) (25.4 - 63.5 mm)
2 1/2 - 5" (small cobble) (63.5 - 127 mm)

5 -~ 10" (large cobble) (127 - 254 mm)

Oover 10" (vboulder) ( 254 mm)

Dominant Material Imbeddedness Values
Dominant material fully imbedded with flnes
Dominant material 3/4 imbedded with fines
Dominant material 1/2 imbedded with fines
Dominant material 1/4 imbedded with fines

Dominant material with no fine imbeddedness

80
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be determined by manually gaging the depth of the fines
relative to the dominant material size. When the dominant
material is smaller than 0.25 inch, the imbeddedness value
is meaningiess and given a value of oﬁe or total imbedded-
ness. The following figures (Figure B-2) show example
streambed cross-sections and the corresponding streambed
surface classification. The first digit represents the
dominant material size (D.M.); the second digit the
dominant material imbeddedness value (D.M.I.) and the
third the dominant su:roundibg material (S.M.). The
relationship between this surface classification system

to both the percent of material 0.25 inches or smaller and
to the streambed geometrical mean diameter, Dy, as-
determined from core sampiing, are.shown in Figures 12 and

13 respectively.



Particles finer than 0.25 in.

Dominant surrounding material 0.25 to 1.0 in.

Figure B2: Streambed surface classiflicatlon examples.
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