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ABSTRACT OF DISSERTATION

SERIES EXPANSION OF THE MODIFIED EINSTEIN PROCEDURE

This study examines calculating total sediment discharge based on the
Modified Einstein Procedure (MEP). A new procedure based on the Series
Expansion of the Modified Einstein Procedure (SEMEP) has been developed. This
procedure contains four main modifications to MEP. First, SEMEP solves the
Einstein integrals quickly and accurately based on a series expansion. Next, instead
of dividing the suspended sediment and bed material samples into particle size
classes, the total sediment discharge calculation is based on a median grain size in
suspension (dspsd. Thirdly, for depth-integrated samples the Rouse number (RO0) is

determined directly by calculating the fall velocity (@) based on dsoss the shear
velocity (U. =+/ghS) and assuming the value of the von Karman constant (x) is 0.4.

For point concentration measurements, the Rois calculated by fitting the
concentration profile to the measured points. Lastly, SEMEP uses the measured unit
sediment discharge and Roto determine the unit bed discharge directly. Thus,
SEMEP can determine the unit bed discharge (Qp), unit suspended sediment
discharge (gs), unit total sediment discharge (q;), ratio of measured to total sediment
discharge (q./:) and ratio of suspended to total sediment discharge (/).

Depth-integrated concentration measurements, for fourteen streams and
rivers in the United States are tested using SEMEP. Based on an evaluation of g/
the results indicate that when u+/w is greater than 5, SEMEP will perform

accurately, with a coefficient of determination (R?) of 0.99, concordance correlation



coefficient (pc) of 0.98 and Mean Absolute Percent Error (MAPE) of 5%. The high
values of RZ and pc, and the low value of MAPE indicate that SEMEP works well.
Seven of the fourteen streams and rivers were also tested using the Bureau of
Reclamation Automated Modified Einstein Procedure (BORAMEP), which resulted
in a R2 of 0.65, pc of 0.74 and MAPE of 18%. BORAMEP failed to calculated total
sediment discharge for over 30% of the samples due to various errors. SEMEP
always calculated total sediment discharge and performed better than BORAMEP
because the series expansion procedure removed empirical relationships found in
the original MEP.

The ratio of suspended sediment to total sediment discharge (gJ/¢) as a
function of u-/w and relative submergence (h/ds) is determined using SEMEP.
SEMEP supports a classification of the primary modes of sediment transport. It is
found that that when u«/w is less than 0.2, sediment is not transported. When u-/w
is between 0.2 and 0.5, more than 80% of the sediment moves as bed load; when
U/ is between 0.5 and 2 the sediment transport occurs as mixed load (both as bed
and suspended load); and when U+/w is greater than 2, more than 80% of the
sediment moves as suspended load. Depth-integrated laboratory data corroborates
SEMEP results and showed a high degree of variability in qJ/q; for mixed loads
(0.5<u+/w<2).

For point velocity and concentration measurements, data from one
laboratory and six river measurements are used to test SEMEP. Results indicate that
deeper rivers give a better estimate of total sediment discharge compared to

shallow rivers. This is because shallower rivers are generally governed by bed load



transport. Furthermore, if the ratio of the measured depth to the representative bed
particle size (h./ds) is greater than 1,000, the comparison between SEMEP and
measurements of ¢;are quite accurate with an MAPE less than 25%. These point
measurements are also used to explain why a deviation occurs between calculated
and measured Ra The deviation is most pronounced when the value of Rois greater
than 0.5 (U /w<5), due to low concentrations and measurement errors. In streams
with near uniform concentration profiles, varying the value of Rofrom 0.01 to 0.5
(250<u+/w>5), the total calculated sediment discharge changes by less than 25%.

In summary, the results indicate that SEMEP performs accurately (error less
than 25%) when the value of U+ /w is greater than 5 (or Roless than 0.5). SEMEP
calculations are acceptable, but less accurate when U+ /w is between 2 to 5

(1.25>R0<0.5). Both SEMEP and MEP should not be used when u-/w is less than 2.
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Civil and Environmental Engineering Department
Colorado State University

Fort Collins, CO 80523

Spring 2009
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Chapter 1: Introduction

1.1 Overview

Sediment transport in river systems is a function of geology, hydrology and
hydraulics. Based on natural change in the hydrological regime and manmade
alterations to the landscape, the mass of sediment transported by a river is changes
constantly. Sediment within the river corridor impacts the storage capacity of
reservoirs, balance between supply and capacity of sediment, and the water quality.
There are severe engineering and environmental problems associated with an
imbalance in the transport, erosion and deposition of sediment (Julien 1998). The
financial cost associated with sediment has grown over the years due to human
influences. Therefore, the ability to quantify sediment loads or discharge is
essential for the management of our water bodies and land for the future. Over the
years, techniques have been developed to calculate the total load within the river
environment. Total load is determined based on the mode of transport (bed or
suspended load), measurement techniques (measured and unmeasured load) and
sediment source (bed material and wash load (Watson et al. 2005).

Hans Albert Einstein, one of the pioneers of sediment transport, developed a
sediment transport equation based on the modes of transport. His bed load
transport equation is based on the probability that a given particle found in the bed
will be entrained into the flow (Einstein 1942). Then in 1950, Einstein developed a
method to calculate total load, based on evaluating the bed load transport and

integrating the suspended sediment discharge equation. The suspended sediment



was evaluated based on integrating the product of the theoretical velocity profile
(Keulegan 1938) and the concentration profile (Rouse 1937). The integral is
evaluated within the suspended sediment zone from the water surface (h) to a
distance 2ds (two times the median grain diameter within the bed) above the bed.
The value of the sediment diffusion coefficient () was set equal to 1, the von
Karman constant (x) was set equal to 0.4 and the shear velocity (u) was replaced by
the grain shear velocity(u-"). This method is useful when the majority of sediment
transported is near the bed. However, this study focuses on sand bed channels
where the majority of the sediment is transported in suspension. Therefore, it is
more beneficial to measure the suspended sediment discharge and then extrapolate
to estimate the unmeasured sediment discharge.

Colby and Hembree (1955) measured sediment discharge at a constricted
river cross section and 10 unconfined river cross sections to determine the
suitability of the constricted section for measuring total sediment discharge. In this
study, the Schoklitsch, Du Boys, Straub and Einstein formulas were used to
determine the agreement between the calculated sediment discharge at the
unconfined river cross sections and the measured sediment discharge at the
constricted section. The Einstein equation was modified to provide a total sediment
discharge calculation, known as the Modified Einstein Procedure (MEP). This
method was developed to provide the total sediment discharge at a given point in
time for a given cross-section. In this method, the total sediment discharge is
determined by measuring a portion of the suspended sediment discharge (depth-

integrated sampler) and extrapolating to estimate the unmeasured sediment



discharge (in the zone located very near the bed) using the Rouse number (R0). The
spectrum of particle sizes are divided into bins (particle size classes). Rois
determined by calculating total sediment discharge based on particles found in the
bed and measured suspended sediment. The value of Rois varied until the total
sediment discharge calculated based on the bed material and measured sediment
discharge match for a given bin. Rois determined for only one size class (bin) based
on overlap between the particles measured in suspension and within the bed. Then
a power law relationship to an exponent of 0.7 is used to determine Rofor the
remaining bins. However, the procedure is tedious and total sediment discharge
results vary between users because of the procedure requires the use of charts.

Over the years many researchers and engineers have made improvements to
the estimation of total sediment discharge based on MEP (Colby and Hubbell 1961;
Lara 1966; Burkham and Dawdy 1980; Shen and Hung 1983). Colby and Hubbell
(1961) developed four nomographs simplify MEP calculations. Lara (1966)
determined that Roshould be estimated based on a least squares exponential
regression of two or more overlapping bins for more accurate total sediment
discharge calculations. Burkham and Dawdy (1980) made three significant
modifications. First, they developed a direct relationship between bed load
transport (@) and bed load intensity functions (¥+). Second, they redefined the
roughness coefficient (ks) to be 5.5*dss. Thirdly, they determined that u- increased
and the Einstein correction factor (y) decreased compared to the values determined
by Colby and Hembree. Shen and Hung (1983) optimized the method for

determining the fraction of suspended and bed particles within each bin (isand ig).



MEP has been widely used to estimate the total sediment discharge within rivers. In
addition, it has been used to calibrate and check many existing sediment transport
equations. Thus programs were developed to provide consistent results.

Numerous programs have been developed that incorporate MEP and
revisions introduced to the procedure. These programs provide consistent total
load calculations. The motivation of this study was based on Shah’s (2006) detailed
analysis on the Bureau of Reclamation Automated Modified Einstein Procedure
“BORAMEP” (Holmquist-Johnson and Raff 2006). Three main errors were reveled
from the analysis of BORAMEP. First, when particles in the measured zone were not
found in the bed, a total load could not be determined because a Rocould not be
evaluated because a minimum of two bins are required for a least squares
regression analysis. Second, when overlapping bins exist a negative exponent can
be generated from the regression analysis to calculate Rofor the remaining bins. A
negative exponent is generated due to the size of the bin and the amount of
sediment measured. The results suggest that a finer sediment particle would have a
larger Rovalue, which is physically impossible. Finally, on occasion the measured
suspended sediment discharge was greater than the total sediment discharge.
Though this is physically impossible, it occurred due to the location where the
sediment is sampled versus the flow depth is measured.

Due to these errors and limitation associated with BORAMEP a new solution
is needed to calculate total sediment discharge based using MEP. The proposed
procedure implements a solution based on series expansion to determine the

Einstein Integrals (Guo and Julien 2004). The series solution has been proven to be



an accurate and rapid mean to determine values for the Einstein integrals. In
addition, errors associated with Roare avoided by simply determining the total
sediment discharge based on a composite particle size. Finally, the bed sediment
discharge is calculated based on the measured suspended sediment discharge, not
based on Einstein’s probability of entrainment. As a result, total sediment discharge
can be calculated when the bed is armored or when bedforms are present.

1.2  Study Objectives

In many circumstances, MEP does not successfully calculate total sediment
discharge. The main purpose of this research is to develop a new procedure to
enhance the calculation of total sediment discharge and load from depth-integrated
and point samplers. The main research objectives are as follows:

1. Develop and test a new procedure to determine the ratio of measured to total
sediment discharge ((./0:) as a function of the ratio of shear velocity (u+) to
fall velocity (). River data from numerous locations in the United States will
be used to statistically validate the new procedure.

2. Show how the new procedure compares with the total sediment discharge
calculated by the Bureau of Reclamation Automated Modified Einstein
Procedure (BORAMEP).

3. Determine the primary mode of sediment transport based on the
relationship between the ratio of suspended to total sediment discharge
(94/q:) as a function of u-/w. Data from flume experiments collected by Guy et

al. (1966) will be used to verify the modes of transport.



4. Show how the new procedure can be used to analyze point sediment
measurements and determine how sampling depth and bed material size
affect total sediment discharge calculation (q).

5. Explain the deviation between the measured and calculated Rouse number
(Rayand RQ,).

1.3 Approach and Methodology

Development of the series expansion to solve the Einstein integrals by Guo
and Julien (2004) presented an opportunity to develop a new program to calculate
total sediment discharge. The new program uses Visual Basic for Applications
(VBA) in an Excel platform and will allow users to calculate total sediment discharge
based on a representative particle size (dspsd in suspension. In addition, it calculates
total sediment discharge based on measurements from either a depth-integrated or
point sampler. This study uses measurement data from various laboratory
experiments and rivers. All improvements are based on the theory that the water
velocity follows a logarithmic profile and sediment concentration is represented by
the Rouse concentration profile.

In the past 20 years, programs have been developed to aid users in
calculating total sediment discharge based on MEP. A few changes have been made
to improve the overall calculation techniques within MEP, since the Remodified
Einstein Procedure was developed in 1983. Thus, this study will provide substantial
improvements that will aid in total sediment discharge calculations. In addition, it
will provide for a better total sediment discharge calculation which researchers can

use to test sediment transport equations.



Chapter 2: Literature Review

There exists no universal method to calculate sediment discharges in rivers.
This is because sediment transport occurs in two distinct modes. The firstis in
suspension and the second is near the bed as bed sediment discharge. A fluctuation
in turbulence and flow velocity has a tendency to move sediment from the river bed
into suspension and keep it in suspension, while fall velocity (w) has a tendency to
deposit suspended particles along the river bed. When the turbulence function
represented by the U- is greater than w, particles have a tendency to stay in
suspension. Total sediment discharge is the summation of bed sediment discharge

plus suspended sediment discharge (Equations (2.1) and (2.2)).

qt = qb + qs (21)
h

d, = [ cvdy (2.2)

Where,

0 is unit total sediment discharge;

Ob is unit bed sediment discharge;

Osis unit suspended sediment discharge;

his the flow depth;

ais the minimum depth of the suspended sediment zone;
cis the concentration; and

vis the velocity.

This chapter provides a literature review for understanding sediment discharge,
which aids in the calculation of the applicability and improvements to the Modified

Einstein Procedure (MEP).



2.1 Turbulence and Velocity

In open channels, flow is usually defined as turbulent due to irregular velocity
fluctuations at a given location with respect to time (Figure 2.1). However, as the
fluid approaches the channel boundary, the effects of turbulence diminish. This
region is referred to as the laminar sub layer (). The basis for sediment transport
can be explained using the concepts of turbulence and velocity fluctuation.

V+

Vv time

Figure 2.1. Velocity Fluctuation

2.1.1 Logarithmic Velocity Law

Prandtl (1925) first introduced the mixing length theory to explain turbulent
fluctuation. This is done by defining a confined length for which mixing occurs. The
study looks only at parallel flow, which varies along a streamline. The turbulent

velocity fluctuation is expressed in Equation (2.3).

v'=| av 2.3
&y (2:3)
= Ky (2.4)
Where,

V' is the turbulent velocity fluctuation;
| is the Prandtl mixing length ;

%/ is the velocity gradient in the y direction;
y

K is the von Karman constant of 0.4; and
yis the vertical distance from the bed



Near the wall or boundary of the channel, Prandtl focuses on how velocity is related
to turbulent shear stress. Shear stress, expressed in Equation (2.5), is the force

exerted by the water on the bed.

r= ﬂz(j_;j (2.5)

Where,
7 is the turbulent shear stress; and
p is the fluid density.
Prandtl (1932) and von Karman (1932) both obtained the logarithmic velocity

distribution (Equation (2.6)) by assuming the shear stress is equal to the bed shear

(T =71, = VSOh) and that there is a relationship between the shear velocity and shear

stress(r =uZp).

i’:& l:l|nl 2.6
dy «y u K Y, (2:6)
Where,

Vv is the velocity;

U+ is the shear velocity;

Yo vertical distance where velocity equals zero;

y is the specific weight of the fluid;

S is the bed slope; and

h is the total flow depth.

Keulegan (1938) worked on developing detailed velocity distributions for the
flow resistance in open channels, similar to what Nikuradse (1932; 1933)
accomplished for circular pipes. The only difference between open channel and

circular pipes is the values used for the water surface characteristics. The velocity

distribution for open channels is described by Figure 2.2.
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Figure 2.2. Description of the Velocity Profile (Julien 1998)
The figure shows the effects of grain diameter on the shape of the velocity
profile, laminar sub layer and the grain Reynolds number. Refer to Equations (2.7)

to (2.9) for a solution to the average velocity based on the boundary condition. A

smooth boundary is expressed as:
v=1 In( 9.05ﬁj (2.7)
K %

Where,
V is the average velocity in the x direction; and
v is the kinematic viscosity of the fluid.

For a rough boundary the equation is expressed as:
_u y
V=—In| 302= 2.8

Where,

ksis the thickness of the surface roughness layer.
The roughness layer is usually defined as a function of the particle size found in the

bed. Finally, the transitional region between a smooth and rough boundary is

expressed as:
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S

V= hn(:so.zﬂj (2.9)

Where,
x is a correction coefficient (Refer to Figure 2.3).
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Figure 2.3. The Correction Factor for y (Einstein 1950)

The effects of the correction factor (y) are minor. Thus Equation (2.8) is usually
used to describe the velocity fluctuation in natural rivers.
2.1.2 Wake Flow Function

The wake flow function is a slight deviation from the logarithmic velocity
law, which causes an increase in the flow velocity after fifteen percent of the flow
depth(refer to Figure 2.4a). Coles (1956; 1969) suggests that the velocity

distribution follows the following form:
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l=1|n(“’*yj— Av, +2nwsin2(ﬂj
u.

K % u. K 2h (2.10)
—
law of wall roughness wake flow function

function

Where,
AVy is change in velocity in the downstream direction;

Iy is wake flow function; and

ris 3.14.
Equation (2.10) is a function of the law of the wall (logarithmic velocity profile),
roughness function and the law of the wake. Based on independent studies
(Coleman 1981; 1986; Nezu and Rodi 1986; Nezu 1993), the wake law function has
been shown to improve the accuracy of the velocity profile in open channels. A
study has been performed by Guo and Julien to explain the dip in the velocity profile
at the surface. This dip occurs due to surface tension at the water/air
interphase(Guo and Julien 2008). Figure 2.4 shows the changes to the logarithmic
velocity profile due to the law of the wake and the dip caused by the surface tension.

An example from the Mississippi River is used to show how actual data follows a

combination of the logarithmic law, wake law and dip effects.
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Figure 2.4. Log-Law Velocity Profile and Deviation Due to Wake at the Surface

2.2 Sediment

Sediment is defined as inorganic particulate matter that can be transported by fluid
flow. Itis transported either by being pushed, rolled or saltated along the river bed
(Einstein et al. 1940) or in suspension. Sediment may deposit as a layer of solid
particles on the floodplain, the river bed or the bottom of a body of water. Sediment
could also continue to be transported by fluid flow. Some of the main sediment
sources within the river system are landscape erosion, channel erosion, bank failure

and bed scour.
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As explained in the introduction, total sediment discharge is classified in
three distinct methodologies. Figure 2.5 shows the three distinct sediment
classification methods. The representative particle (ds) is used to define the division

between the suspended sediment and bed load layers.

Classification Methods
Sediment Transport Measurement
Source Mechanism Methods vl
Wash
Load Measured
Suspended Load 2
Load
Bed
Material
Load
Unmeasured AL
— Load d,
Bed Load N}
T W“’j*m”m
2, i

Figure 2.5. Classification of Sediment Load

Figure 2.5 provides a depiction of the measured and unmeasured zones
based on a suspended sediment sampler. The suspended sediment sampler
measures a water-sediment mixture from the water surface to a set distance above
the bed. This set distance varies based on the type of sampler used. The
unmeasured load is the portion of the sediment that is close to the bed, where the
sampler cannot measure the sediment. The zone identified as measured load
contains a portion of the suspended load. This is based on the depth of flow and the
type of sampler used.

Sediment classification based on transport mechanism is divided into
suspended and bed load. Suspended sediment load is the portion of the total load

that is found in suspension and is distributed throughout the cross section. These

14



suspended particles remain in suspension because the upward turbulent velocity
fluctuation is greater than w, which prevents the particles from settling. Bed load
consists of particles, which are in direct contact with the river bed. The material
that makes up the bed load is coarser than the material found in suspension. The
particles are transported at a rate that is related to the discharge. Einstein’s study in
1940 provided a clear distinction between the suspended and bed load zones. The
study suggests that once particles were a certain size they were no longer found in
the bed in appreciable quantities. Einstein defined the bed load layer as being two
times the median bed particle size (2ds).

Sediment can also be considered based on its source. Wash load is defined as
all particles smaller than djo (particles size finer than 10%), which are usually not
found in the bed. Bed material load is the portion of sediment found in appreciable
quantities in the bed. Itis composed of the bed load and a portion of the suspended
load. Many believe wash load has little impact on channel morphology, thus most
sediment transport equations are based on bed material load. However, when
measurements are made using a sampler, wash load cannot be excluded. A study
performed on the hyper-concentrated Yellow River in China shows that wash load
has a dramatic effect on channel morphology (Yang and Simoes 2005).

2.2.1 Sediment Concentration Profile
The sediment concentration profile in open channels was developed based on
the theory of turbulent mixing of particulates in the atmosphere (Schmidt 1925),

refer to Equation (2.11).
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0=a£+£@ 2.11
dy (2.11)

S

Where,
o is the fall velocity;
C is the sediment concentration;
&s is the sediment diffusion coefficient; and
0cloy is the slope of the change in concentration over the change in depth.

This theory was extended for applications in water in the 1930’s by Jakuschoff
(1932) and Leighly (1932; 1934). Later, O’Brien (1933) added the diffusivity
distribution associated with sediment flow in water based on the shear stress

distribution, which is shown in Equation (2.12).

£, =ku, >(h-vy) (2.12)

=l 3

Where,
&m is the momentum exchange coefficient.

The relationship between the momentum exchange coefficient and the sediment
diffusion coefficient is presented in Equation (2.13).
& = P, (2.13)

Where,
B is the diffusion coefficient.

In the original analysis performed by Rouse on the concentration profile, the
value of f was assumed to equal 1. By combining Equations (2.11) through (2.13),
the concentration profile was determined for open channels. The following
equations were introduced by Rouse (1937) to explain the suspended sediment

distribution.
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h _ Ro
g:(_yij (2.14)
C, y h-a
a
Ro=
o (2.15)
w= & {[1+ 0.013&113]0'5 —1} (2.16)

50ss

1
G- 3 (2.17)
d =0, 0]
\Y;
u, =/ghs (2.18)
Where,

C, is the measured concentration at a specified distance “a” from the bed;
a is the depth where the concentration c, is evaluated;

Rois the Rouse number;

d- is the dimensionless grain diameter;

dspssis the median particle size in suspension;

G is the specific gravity (2.65);

gis gravity; and

Vis the kinematic viscosity.

Equation (2.14) provides the concentration at a specified distance y from the bed.
The value of Rois used to describe the curvature of the concentration profile. Figure
2.6 provides a graphical representation of the concentration profile for varying Ro

values.
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Figure 2.6. Rouse Concentration Distribution (Julien 1998)

As the value of Roincreases, the bed load becomes a more significant portion of the
total load and as Rodecreases, the suspended sediment load is the majority of the
total load.

2.3 Rouse Number - Effects of Sediment Stratification

Numerous studies have been conducted on Ro,both through laboratory and
field experiments, to validate Equation (2.15). Vanoni (1941; 1946) performed
experiments in the laboratory and determined that the concentration profile plotted
logarithmically and that Rofollowed Equation (2.15). This occurred because the
study consisted of only small particle sizes (w is small) and allows the value of « to
vary based on measured velocity profile. However, Anderson (1942) showed that
the value of Roused to calculate the concentration profile did not increase as rapidly
for the Enoree River in South Carolina, with a constant x of 0.4, as it did in Vanoni’s
experiment. The value of Rq. and Raphas a tendency to deviate when the Ra; values
were greater than 0.2. In addition, Einstein and Chien (1954) confirmed Anderson’s

finding by recognizing that the Rq; value was much larger than the Rq, (refer to
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Figure 2.7). Their study showed that the deviation occurs after Rq; was greater than
1, instead of 0.2. All the authors agree that the concentration profile fits Equation
(2.14); however, the value of Roproposed by Equation (2.15) was not necessarily

accurate for larger values of Ro.
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Figure 2.7. Measured Rouse versus Calculated Rouse

To explain the deviation between Rq; and Ray, studies have been performed to
show how suspended sediment affects open channel flow velocity and sediment
concentration profiles. Early studies focused on the effects of sediment laden flow
on the velocity profile. More recent studies have focused on the effects that the
suspended sediment profile has on Ra
2.3.1 Effects of the Velocity Profiles

Vanoni (1946), Einstein and Chien (1955), Vanoni and Nomicos (1960), Elata
and Ippen (1961), Wang and Qian (1989) and many others have studied the effects
of the logarithmic velocity law in sediment laden flows. They all determined that
the logarithmic law was valid and x decreased with an increase in suspended
sediment concentration. Coleman (1981), Barenblatt (1996) and others stated that

the reason for this decrease was due to the wake layer, thus « is independent of the
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suspended sediment concentration. Nouh (1989) conducted an experiment on the
effects of k in the presence of sediment for both straight and meandering channels.
Nouh'’s experiment showed that the value of the x was a function of both sediment
and channel patterns.

Continuing his work on wake law, Coleman (1981; 1986) studied the effects
of suspended sediment on x and 71y (wake strength coefficient) terms. He
determined that x remains the same in sediment laden flow as it did in clear water,
but /1y increases. This has been supported by experiments conducted by Parker
and Coleman (1986) and Cioffi and Gallerano (1991). Table 2.1 provides a summary
of the variation in 71\ coefficient for studies performed from 1981 to 1995, all
studies assume x equals 0.4.

Table 2.1. Summary of Different Wake Strengths

Author 1y (Wake General Note
Strength)
Coleman (1981) 0.19 Low sediment concentrations
Nezu and Rodi (1986) 0.0 to 0.20
Kirkgoz (1989) 0.10
Cardoso etal. (1989) 0.077 Over a smooth bed
Wang and Larsen (1994) NA High sediment concentrations
Kironoto and Graf (1995) -0.08 to 0.15 Over a gravel bed

These data suggest that there is no universal wake strength. Thus, many
scientists disagree with Coleman’s findings. Lyn (1986; 1988) suggests that the
effects of suspension occur near the river bed, causing « to decrease. Therefore, the
wake strength coefficient is independent of sediment. Kereseidze and Kutavaia
(1995) suggest that both the x and /7 terms vary with sediment suspension.

Villarent and Trowbridge (1991) developed a procedure based on a model,

which uses existing measurements of mean velocity and mean particle
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concentration from laboratory models and theoretical calculations. Their model is
based on the wake function (Coles 1956), the concentration profile (Rouse 1937)
and the effects of stratification (series of distinct layers). The measured data
showed that stratification is associated with the velocity profile, not the
concentration profile. Recently, Guo (1998; Guo and Julien 2001) performed a
theoretical analysis on the turbulent velocity profile and the effect of sediment laden
flow. His analysis showed a decrease in x and an increase in 71\, but the change was
negligible. Therefore, the modified wake law for clear water can be used to model
sediment laden flow, which is based on the effects of the outer boundary. A
program has been developed based on the modified wake flow function that
calculates the 71y (Guo and Julien 2007).
2.3.2 Variation Based on Particle Size

In 2002, Akalin looked at the effects that particle size had on the calculation
of Ra His study of the Mississippi River showed that the suspended sediment
concentration would be underestimated if Ra. is used versus Ra,. In addition, his
data indicated that as the particles coarsened the percent deviation between Ra. and
Ran varied significantly (refer to Table 2.2).

Table 2.2. Percent Deviation by Particle Size Fraction

Particles Size Percent Deviation
Very Fine Sand 0.05%
Fine Sand 37%
Medium Sand 65%
Coarse Sand 76%
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Figure 2.8 shows a comparison between the Ra.and RQ,, There is an

underestimation of the concentration when Ra. is used because the reference

concentration is measured close to the bed.
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Figure 2.8. Measured and Calculated Ro for Different Sand Sizes (Akalin 2002)
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Based on Akalin’s study, it is clear that particle size has a significant effect on
the deviation of Ro. However, he made no attempt to explain why this deviation
occurred. This occurred because near the surface the coarser particles have a very
low concentration, which can be hard to measure accurately. As a result there is a
high deviation between the measured and calculated concentrations for large
particles near the bed.

2.3.3 Effects of the Suspended Sediment Concentration Profiles

With the presence of sediment in the flow field, the effects of stratification
can cause a variation in the idealized concentration profiles for different Rg as
shown in Figure 2.6. When density stratification is not present, the velocity profile
and concentration profile follow Equations (2.8) and (2.14) respectively. Smith and
McLean (1977) introduced the idea that the dampening of turbulence is based on
density stratification. Over the years countless studies have been proposed on the
effects that stratification has on the concentration and velocity profiles. A few of
these studies are described below.

Chien (1954) studied the concentration profiles in flumes and natural
channels. Chien determined that the Ra, computed from the slope of the
concentration profile was less than RQ. determined using Equation (2.15), thus
suggesting that the sediment diffusion coefficient (f) is greater than one. When f is
greater than one there is a dominant influence by the centrifugal force. This is what
allowed van Rijn (1984b) to develop Equation (2.19), which supports Chien’s

findings.
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2
f=1+ 2(%) when o.1<ui<1 (2.19)

McLean (1991; 1992) looked at the effects of stratification on total load
calculations and developed a methodology that iteratively solved the concentration
and velocity profiles to determine the total load. This study states that stratification
of sediment can lead to a reduction in the total sediment load calculated. Then,
Herrmann and Madsen (2007) determined that the optimal values for a (ratio of
neutral eddy diffusivity of mass to that of momentum; i.e., Schmidt number) and S
(sediment diffusion coefficient). For stratified conditions a was 0.8 and f was 4,
while for neutral conditions a was 1 and £ was 0. Ghoshal and Mazumder (2006)
also looked at the theoretical development of the mean velocity and concentration
profile. They determined that the effects on sediment-induced stratification were
caused by viscous and turbulent shear, which are functions of concentration.
Wright and Parker (2004a; 2004b) developed a method to account for density
stratification based on a simple semi-empirical model, which adjusts the velocity
and concentration profiles. However, there is no consistent form that explains the
deviation between Ra,,and Ra.

2.4 Sediment Transport Formulas

A wide variety of sediment transport formulas exist for the calculation of the
sediment load. The equations developed have limited applicability due to the
concepts surrounding their development. All of the existing equations can be
classified as bed load, bed material load, suspended load or total load equations.

There exists no completely theoretical solution to sediment transport.
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2.4.1 Bed Load

In general the amount of bed load that is transported by sand bed rivers has
been estimated to range from five to twenty-five percent of the total load. This
number may seem insignificant, but the transport of sediment within the bed layer
shapes the boundary and influences the stability of the river (Simons and Senturk
1992).

There are numerous equations for quantifying bed load; the following three
equations are investigated in this study. The first equation is based on the tractive
force relationship and was developed in 1879 by DuBoys (Vanoni 1975). Meyer-
Peter and Miiller (1948) developed a bed load formula based on the median
sediment size (dsg), which has been found to be applicable in channels with large
width to depth ratio. Wong and Parker (2006) corrected the MPM procedure by
including an improved boundary roughness correction factor. Einstein (1942)
developed a bed load equation based on the concept that particles in the bed are
transported based on the laws of probability. All existing equations are based on
steady flow and must be applied using engineering judgment. They estimated the
maximum capacity of bed load a river can transport for a given flow condition.
2.4.2 Suspended Load

Fine particles are in suspension when the upward turbulent velocity
fluctuation is greater than the downward w. This section examines the relationship
between the ratio of suspended to total sediment discharge (q/q;) as a function of

the ratio of shear velocity to fall velocity (u/w =2.5/R0). Studies performed by
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Larsen, Bondurant, Madden, Copeland and Thomas, van Rijn, Julien, Dade and
Friend, and Cheng are reviewed.
Laursen

Laursen (1958) developed a load relationship which accounts for total load
(g1 using data from numerous flume tests. The relationship includes three
important criteria: 1) the ratio of shear velocity and fall velocity, 2) the ratio of
tractive force to critical tractive force and 3) the ratio of the velocity of the particles
moving as bed load to the fall velocity.

7 f
_ o (d % 7, u.
C = O'Olyzi:'b(?j (T— —1j f ( /‘)) (2.20
Where,

C. is total sediment concentration in weight by volume;

y is the specific weight of fluid;

ip fraction of material measured from the bed for the given bin;

d is the diameter of the sediment particle for the given bin in ft;

7o is the grain boundary shear in lbs/ft?;

7 is the critical tractive force at beginning of motion for a given particle;

Ux is the shear velocity in ft/s; and

wi is the fall velocity of particle moving in the bed in ft/s.

Figure 2.9 provides a plot of the relationship described by (2.20. Laursen
suggests that a single line can be used to describe the sediment load relationship.
The figure shows the difference between bed sediment discharge and total sediment
discharge transport and how as the value of u/w increases, ¢, becomes a small
percentage of ¢

Bondurant (1958) tested Laursen’s findings using data from the Missouri

River. His study showed that the data plotted considerably higher than Laursen’s

prediction. Thus Figure 2.9b contains a revision for larger rivers.
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Figure 2.9. Sediment Discharge Relationship

Over the years, modifications have been proposed to the Laursen method.
Copeland and Thomas (1989) modified the Laursen method by including the grain
shear velocity(u‘) instead of the total shear velocity (u-).

]% Tr -1 f(“/()j (2.21)

Ci

C = 0.01;/Zib(d—hi

Where,
U+’ is the grain shear velocity

Madden (1993) modified the Laursen Procedure based on data from the Arkansas

River accounting for Froude number (Fr).
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n % '
. (d Y57, ). (u /Y 01616
Ct_ODlyZ“’(Fj (T 1jf( AJ[—FH"QMJ (2.22)

Ci

Where,

Fr is the Froude number
Both studies resulted in the graph shifting similar to the Bondurant results. These
studies suggest that Laursen’s method will under-predict the total sediment
concentration, therefore the modified formulations should be considered.
van Rijn

van Rijn (1984a; 1984b) developed an analysis looking at how u+/@ varied
040 This study is based on « of 0.4 and a ratio of a/hequal to 0.5. The equation is
developed based on a modification of the concentration profile (Equation (2.2)).

(G R v B

a 05d o

Equation (2.23) suggests that the concentration profile does not completely follow
Rouse’s formulation. The equation is further simplified as:

q, = Fuhc, (2.24)

HEEGI

G (2.25)
@—j (12-Ro)
h
% = ds = 1 = 1
qt qb +qs 1+% 1+ i% (226)
de F uh

The simplification of F results in up to 25% inaccuracy in the sediment discharge

estimation. Figure 2.10 provides a schematic representing Equation (2.26).
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Figure 2.10. Ratio of Suspended to Total Sediment Discharge (van Rijn 1984b)

In addition, van Rijn recognized that the value of f was greater than 1. Thus, there
are two sets of lines in Figure 2.10 to account for the variation in . The data
measured by Guy et al. (1966) have been plotted in the figure above, but it does not
clearly show when to assume f is 1 versus greater than 1. This may be more
significant when field data are used, since there is a higher degree of particle
variability. The graph also shows that when the ratio of the average reference
velocity (V 5) to average channel velocity (V) is small, the suspended sediment
discharge is a greater percentage of the total sediment discharge.
Julien

After reviewing previous studies, Julien (1998) looked at the effects of
relative submergence (h/ds) has on g4/¢;. By combining the concentration

distribution (Equation (2.14)) and the velocity profile (Equation (2.9)), the

following equation is developed:

" (h-y a ) u ., (302y
=|c —In| ———d .
q, Ja[ S hoa) <M (2:27)

a S
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Equation (2.27) can be further simplified as:

Ro-1
g = acaﬁE—Ro{ln(Gon +J }
Kk (1-E) E

(2.28)

Based on studies performed by Einstein, the reference concentration and velocity

were determined to be:

qb = avaca
v, =11.6u.
Where,

V, is the reference velocity at 2d;above the bed

(2.29)

(2.30)

Combining Equations (2.29) and (2.30) into Equation (2.28), Equation (2.31) is

determined.

a2

Where,

ERO—l l Ro
I, —0216 ( J dy ; and
y

=
5

E Ro-1

I, = 0.216

Ro
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Equation (2.31) is the unit suspended sediment concentration based on the flow
velocity and concentration profile within a river. The total unit sediment load can
be determined based on the following equations.

g =0, +0s (2.32)

Equation (2.33) provides the ratio of suspended to total sediment discharge.

o )

== (2.33)
N 1+{Ln(3:j0k]}|l+ |2}

S

Julien (1998) assumed that f = 1 and « = 0.4. Refer to Figure 2.11 to see how

the relative submergence (h/ds) varies based on g4 versus u+/w.
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Figure 2.11. Ratio of Suspended to Total Sediment Discharge (Julien 1998)

Figure 2.11 shows that when the value of u+/w is equal to 2 the lines for h/ds cross.
There is no clear explanation why this occurred. This analysis also provides a good

indication of the breaks in the mode of transport, which have been summarized in

Table 2.3.
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Table 2.3. Mode of Transport (Julien 1998)

Rouse
Us/w number ad Mode of Sediment Transport

(Ro)
<0.2 >12.5 0 No motion
0.2to 04 6.25t0125 0 Sediment Transported as bed load
04to25 1to6.25 0to 0.8 Sediment Transported as mixed load
>2.5 <1 0.8t0 1.0 Sediment Transported as suspended sediment load
Dade and Friend

Dade and Friend (1998) performed an analysis to determine the relationship
between channel morphology and grain size. They developed a relationship to
determine the mode of transport based on the flux of sediment. Their findings,
summarized in Table 2.4, are slightly different from Julien’s findings.

Table 2.4. Mode of Transport (Dade and Friend 1998)

/U 0ls/Ck Mode of Sediment Transport
=3 <0.1 Sediment Transported as bed load
0.3to3 0.1t0 0.9  Sediment Transported as mixed load
<03 >0.9 Sediment Transported as suspended

sediment load

Using river data from various sources, they were able too show that slope and mode

of transport were a function of relative grain size (dJ/h) (refer to Figure 2.12).
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Figure 2.12. Channel Slope vs. Relative Grain Size (Dade and Friend 1998)
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Cheng

Cheng (2008) developed a simple relationship between critical shear velocity
(ue+) and w as a function of dimensionless grain diameter (d-). The solution is based
on probabilistic solution; refer to Equation (2.34) and Figure 2.13.

1 005

005
e = 02 (4—1+ 0.76j 1 (2.34)
w d.
Where,

U« is the critical shear velocity.
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Figure 2.13.Threshold for Motion (Cheng 2008)
2.4.3 Total Load
The following section provides a summary of some equations developed to
determine total load. The equations selected are based on the formulation of the
Modified Einstein Procedure (MEP), which is the basis for this dissertation.

Einstein Procedure

Einstein’s equation (1950) is based on the combination of a bed load
equation and the concentration profile (Rouse equation) to represent the suspended

sediment region. Einstein measured the bed material (sieve analysis) and a point
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suspended sediment sample at a distance 2d; from the bed (transition point
between the bed and the suspended sediment layers). Total load is calculated by
taking the bed load transport and extrapolating to determine the suspended load.
The functions used to develop the equation are based on the theory of turbulence,
experiments, and engineering judgment. A second approximation was introduced to
improve the suspended sediment theory ( Einstein and Chien 1954). Itis based on a
necessary modification to Roused as the exponent in the concentration profile to
predict the suspended sediment concentration. Einstein and Chien used additional
data sets to test this theory and suggested that the Rq, is less than the Rq; ((2.15).
They recognized that there was need to improve the methods used to determine Ra
Their study indicated the need for more data prior to the development of a more
accurate calculation. Einstein and Chien (1955) performed another study using a
laboratory flume to understand the effects of heavy sediment concentration near the
bed and how this affects the velocity profile and concentration distribution. They
found a deviation from the initial equation developed and used by Einstein (1950).
Einstein and Abdel-Aal (1972) developed a method to determine total load under
high concentrations of sediment. They accomplished this by changing « in the
velocity profile and Ra Einstein’s procedure was groundbreaking for calculating
total load within a river system, which led to the development of many other

equations.
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Derivatives of the Einstein Procedure

Laursen (1957; 1958) calculated the total load by assuming that the
suspended sediment load was a factor of the bed load (0.01). This method deviates
from Einstein’s original method because it uses tractive force to explain whether the
particles are in motion. Toffaleti (1968; 1969) looked at total load calculations
based on rivers with high sediment concentrations near the bed. He deviates from
Einstein’s procedure by developing a velocity distribution based on the power
function and by dividing the suspended sediment concentration profile into 3
distinct zones, which caused Roto be variable within the concentration profile.

Modified Einstein Procedure

The Modified Einstein Procedure (MEP) was developed by Colby and
Hembree in 1955. They wanted to determine an equation that could calculate the
total load in the Niobrara River in Nebraska, which is a sand bed channel. They
reviewed the Du Boys (1879), Schoklitsch (1930), Straub (1935) and Einstein
(1950) formulas. None of the methods were consistent with the measurements
made at the cross sections. Therefore, they developed a procedure based on the
measured suspended sediment. The difference in their procedure was that a depth-
integrated sampler was used to measure the suspended sediment concentration and
a particle size distribution was determined for the bed through sieve analysis. Rois
determined by matching the total load determined based on the measured
suspended sediment and the measured bed material. When the total load matches,
Rois known for the given bin. Next, a power equation is used to determine Rofor

the remaining bins. Once this is done the load is calculated for each bin and they are
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summed to calculate the total load. Unlike many other equations, it does not give an
equilibrium sediment load; it actually gives the total load at a given point and time
based on the measurements. The research performed by Colby and Hembree in
1955 is used as a starting point for this research and is outlined in detail in
Appendix A.

Over the years a few modifications have been suggested for MEP. Colby and
Hubbell (1961) developed nomographs to simplify the calculations, which today can
be easily programmed into a computer model. Table 2.5 summarizes the four
nomographs that were developed by Colby and Hubbell.

Table 2.5. Summary of Developed Nomographs

Number Description of Nomograph
1 Nomograph for computing qliRSjm and P,
2 Nomograph for computing ibe
. | ‘ ‘

3 Nomograph for computing the Rouse number from - Q. =1 (PmJl + \]2)

e Qy  J;

Pndi +J,

4 Nomograph for computing the total load from Qy [ ——

Paudi+J,

* Refer to Colby and Hubbell 1961 for these nomographs.
Lara (1966) noticed that the approach for calculation of Rodetermined by
Colby and Hembree (Step C, Appendix A) was subjective and could result in many
different answers based on the bin used. Therefore, Lara introduced a least squares
regression to determine the Ra The regression analysis requires a minimum of two,
or preferably three, overlapping bins (particle size classes) to determine an
exponential relationship between Roand w. Equation (2.35) provides an example of

the power function. Lara determined that the exponent was not always 0.7.
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Ro=C,(w)" (2.35)

Where,
Ci and C; are constants determined from the regression analysis.

Burkham and Dawdy (1980) worked together and performed a general study
of MEP in an attempt to develop a reliable method for measuring and computing
sediment discharge. Their study resulted in 3 main deviations from the current
procedure. First they determined a direct relationship between @+ (bed load
transport function) and ¥+ (bed load intensity function). In addition, they defined
the roughness coefficient (ks) as 5.5*dgs. Lastly, their study also showed that the
calculated u- had a tendency to be higher and the Einstein correction factor (y) had a
tendency to be lower than the values determined by Colby and Hembree. Their
studies focused on sand bed channels and they did not consider bedforms. This
method is referred to as the Revised Modified Einstein Method.

Finally, the Remodified Einstein Procedure was developed to determine an
even more accurate calculation of total sediment transport rates from the flow and
suspended sediment measurement based on MEP (Shen and Hung 1983). They
introduced an optimization technique to adjust the measured is (fraction of sampled
suspended sediment for a given bin) and iy, (fraction of material measured from the
bed for a given bin), so that the calculated suspended sediment loads in the sampled
zone are a closer match to the measured suspended sediment load in the sample
zone. They also include Lara’s finding in their procedure. Over the years, computer
programs have been developed to perform these calculations, but there are still

many questions which have not been answered.
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2.5 Current Programs

To provide consistency in calculations using MEP, computer programs have
been developed to aid in the calculation of bed load, bed material load and total
load. The programs have been developed and are supported by numerous agencies.

MODIN was developed at the US Geological Survey (USGS) (Stevens 1985).
This program computes total sediment discharge at a given cross section for a sand
bed alluvial stream based on measured hydraulic variables, measured suspended
sediment concentration and particle-size distributions of the measured suspended
sediment and bed material. The program is based on the procedure developed by
Hubbell and Matejka (1959). The program requires the user to enter the
measured/calculated Ro. Then, based on the given data, the program performs a
best fit to the computed Rovalue and returns a total load calculation. The program
contains a polynomial approximation of the nomographs used in MEP.

Zaghloul and Khondaker (1985) developed a computer program to calculate
total load based on MEP. Their procedure uses A Programming Language (APL) to
convert the standard polynomials into equations that can be implemented.

The US Bureau of Reclamation (USBR) developed BORAMEP to calculate total
load (Holmquist-Johnson and Raff 2006). It does not require the user to make
engineering judgment on the calculation of Ra It uses the method outlined by the
USBR (1955; 1955 revised) and Lara (1966) to determine Rofor each bin.

Shah (2006) performed a detailed analysis of BORAMEP. There were three
main errors that were observed in the analysis. First, when particles in the

measured zone were not found in the bed, a total load could not be determined
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because a Rocould not be evaluated since a minimum of two bins are required.
Next, when overlapping bins exist, a regression analysis is performed to determine
Rofor the remaining bins, but a negative exponent is generated based on the data.
The program stopped calculating total load because a negative exponent would
result in a larger Rofor fine particles and a smaller Rofor coarser particles, which is
not valid. Finally, on occasion the suspended sediment load was greater than the
total load because in performing total load calculations based on the estimation of
the Ro,the program underestimates the total load. Therefore, the goal of this study
is to revisit MEP and develop improvements that will aid in the overall total load
calculation.

Due to the complexity of the integral used in the Einstein Procedure and MEP
to calculate suspended sediment load, many sediment load programs do not include
these two procedures. The computation of the Einstein Integrals in closed form is
not possible. An analytical expansion of the Einstein Integrals has been developed
by Guo and Julien (2004). This has not been implemented into a program at this
time, but it has been tested and matches with the curves presented by Einstein.
Equations (2.36) to (2.41) summarize how the Einstein Integrals are solved by the

series expansion approach.
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E y 0 y 0 y

3,(R9)=—F__F (Ro) (2.37)
sinRcn

F,(Ro)= {(1EF'2R° i( (1EEJK_RO} (2.38)

1 (1-y Ro 1 (1-y Ro E (1-y Ro
3,(R)=[Iny| =L | dy=[mny|=—L] dy-[my[=—Y]| d 2.39
" M 7 e e e e
1 &(1 1
J,(R = SnRom {ITCO'[ROIT 1—R—O+k2[k — k}} F,(Ro) (2.40)
> (-1)'F(Ro-k)
Pl { o InE+ s ) R, (Ro-k)Ro-k~1) (241
Where,
Eis equal to a/h;

Yy is equal to y/h; and
kis equal to 1 for the initial point for performing a summation.

Appendix B contains the procedure developed by Guo to solve the Einstein Integrals.
The procedure has the following limitations: the range of E is from 0.1 to 0.0001 and
the range of Rois from 0 to 6.

2.6 Statistical Analysis

Statistical tools are used to describe how data behave. These statistical parameters
provide a goodness of fit between the computed and measured data. Table 2.6
summarizes the statistical parameters used to analyze the data (Lin 1989; Ott and

Longnecker 2001).
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Table 2.6. Statistical Parameters

Function Name Abbreviation Equation ?unur?lgzr
2
n J—
Coefficient of Z ( )(YI Y)
ot R? i (2.42)
etermination n <
Sl Ry 3 -y
i=1 i=1
Concordance Correlation
Coefficient (How data fits ~ pc (2.43)
to a 45°line)
Mean Square Error MSE (2.44)
Root Mean Square Error RMSE (2.45)
Normal Root Mean Square NRMSE (2.46)
Error
Mean Error ME (2.47)
Mean Percent Error MPE (2.48)
Mean Absolute Percent MAPE (2.49
Error
Where,

X is the measured load;
sXyis the covariance;

Sf and S)Z, are the variances;

Y; is the calculated load;

Yavgis the average calculated load;
Ymaxis the maximum calculated load;
Yminis the minimum calculated load; and
nis the number of samples.
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The values of these statistical parameters vary. The calculated and measured
data are in good agreement if the coefficient of determination and concordance
correlation coefficient are close to one. However, the values of the other statistical

parameters need to be close to zero for a good agreement.
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Chapter 3: Available Data

Thorough research was conducted to obtain data for this study. Both
laboratory and field data have been obtained from the following sources: refereed
journal publications, US Geological Survey publications, US Army Corp of Engineers
publications, and various dissertations. Appendix C contains a review of all data
initially obtained for this analysis. This chapter provides a summary of only the data
used as part of this dissertation.

3.1 Laboratory Data

3.1.1 Total Load Data Set

Guy, Simons and Richardson - Alluvial Channel Data from Flume Experiments

From 1956 to 1961 Simons and Richardson performed studies on a two foot
and an eight foot wide, 150 foot long flume to determine the flow resistances and
sediment transport rates. They conducted 339 equilibrium runs in the re-
circulating flumes. The study was conducted at Colorado State University in Fort
Collins, Colorado. The discharge varied between 0 and 22 cfs. The channel slope
varied from 0 to 0.015. The following data were collected or calculated: water
discharge, flow depth, average velocity, water surface slope, suspended sediment
concentration and gradation, total sediment concentration and gradation and bed
configuration. The primary purpose of their study was to collect and summarize
hydraulic and sediment data for other researchers (Guy et al. 1966). The data can
be categorized based on bed forms and particle sizes for analysis purposes. Figure

3.1 provides a schematic of the 8 foot flume used to obtain samples.
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a. pumping units; b. orifices; c. headbox and diffuser; d. baffles and screens; e. Flume (8 by 2 by 150); f. tailgate; g. total-load
sampler; h. tail box; i. jack supporting flume; j. connection to storage sump; k. transparent viewing window

Figure 3.1. Flume Set-up at Colorado State University (after Simons et al. 1961)
3.1.2 Point Velocity and Concentration

Coleman - Velocity Profiles and Suspended Sediment

Coleman (1981; 1986) performed flume studies to develop a better
understanding of the influence of suspended sediment on the velocity profile. A
Plexiglas flume 356 millimeters (1.2 feet) wide by 15 meters (49 feet) long was used
in the experiments. The bed slope was adjusted to ensure uniform flow conditions
within the flume. A total of 40 runs were conducted with three distinct sand sizes
(0.105, 0.210 and 0.420 mm). The following data were obtained: water discharge,
total flow depth, energy grade line, water temperature, boundary layer thickness,

velocity distribution and a suspended sediment concentration distribution.
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3.2 Field Data

3.2.1 Total Load (Depth Integrated and Helley-Smith Sampler)

93 US Streams

Williams and Rosgen (1989) summarized measured total sediment discharge
data from 93 US streams. Only 10 rivers were selected for testing based on the
completeness of the data set. A total of 256 data sets were tested on the following
rivers: Susitna River near Talkeetna, Alaska; Chulitna River below Canyon near
Talkeetna, Alaska; Susitna River near Sunshine, Alaska; Snake River near Anatone,
Washington; Toutle River at Tower Road near Sliver Lake, Washington; North Fork
Toutle River, Washington; Clearwater River, Idaho; Mad Creek Site 1 near Empire,
Colorado; Craig Creek near Bailey, Colorado; North Fork of South Platte River at
Buffalo Creek, Colorado. The following data were obtained: discharge, mean flow
velocity, top width, mean flow depth, water surface slope, water temperature,
suspended sediment discharge (measured using depth integrated sampler), bed
sediment discharge (measured using a Helley-Smith sampler), particle size
distribution of suspended sediment, bed sediment discharge and bed material. The
three rivers from Colorado did not include suspended sediment particle size
distribution due to low measured concentration.

Idaho River Data

The Boise Adjudication Team of Idaho (RMRS 2008) developed a website
that summarized the following river data: bed sediment discharge, suspended
sediment discharge, particle size distribution of surface material, channel geometry,

cross section, longitudinal profile and discharge data. Particle size distribution is
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provided for the bed sediment discharge but not for the suspended sediment
discharge. The following sites were used to determine if measuring data from a
Helley-Smith will give good results for determining total sediment discharge: Big
Wood River; Blackmare Creek; Boise River; Cat Spur Creek; Dollar Creek; Eggers
Creek; Fourth of July Creek; Hawley Creek; Herd Creek; Johns Creek; Johnson Creek;
Little Buckhorn Creek; Little Slate Creek; Lochsa River; Lolo Creek; Main Fork Red
River; Marsh Creek; Middle Fork Salmon River; North Fork Clearwater River; Rapid
River; Salmon River below Yankee Fork; Salmon River near Obsidian; Salmon River
near Shoup; Selway River; South Fork Payette River; South Fork Red River; South
Fork Salmon River; Squaw Creek (USFS); Squaw Creek (USGS); Thompson Creek;
Trapper Creek; Valley Creek; West Fork Buckhorn Creek.

South Platte, North Platte and Platte Rivers in Colorado and Nebraska

Data on the South Platte, North Platte and Platte Rivers were collected in
1979 and 1980. The data are summarized by Kircher (1981). The following data
were collected: discharge, width, mean depth, mean velocity, area, temperature,
suspended sediment concentration (integrated depth sampler), bed sediment
discharge rate (Helley-Smith sampler), and particle size distribution of suspended
sediment, bed sediment discharge and bed material. There were 50 samples taken
in 1979 to 1980, but only 17 samples were tested based on the completeness of the
results. Figure 3.2 shows the location of the South Platte, North Platte and Platte

Rivers.
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Figure 3.2. South Platte, North Platte and Platte Rivers (after Kircher 1981)

3.2.2 Total Load (Depth Integrated at Contracted Section)

Colby and Hembree — Niobrara River, near Cody Nebraska

Field data on the Niobrara River located near Cody, Nebraska were collected
from April 1948 to September 1953 (Colby and Hembree 1955). Data were
collected by the US Geological Survey (USGS). The study to determine total
sediment discharge in the Niobrara River was conducted jointly by the USGS and the
USBR. The following data were collected to aid with the development of MEP: water
discharge, water surface slope, cross sectional area, channel width, flow depth,
water temperature, mean velocity, point velocity measurements, point sediment
concentration and particle gradation, depth-integrated sediment concentration and
particle gradation and bed gradation. Total sediment discharge was measured at
the contracted section where the sediment is in complete suspension. Figure 3.3 is a

site map of the Niobrara River in Nebraska.
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3.2.3 Point Velocity and Concentration Data

Anderson - Enoree River, South Carolina

The Sediment Division of the Soil Conservation Service collected data on the
Enoree River in South Carolina to determine the relationship between the Ra,and
RaQ. (Anderson 1942). The following data were collected: flow depth, channel width,
bed slope, water temperature, point velocity measurements, point suspended
sediment measurements and particle gradation. On average, the flow depth of the
Enoree River is between 3 and 5 feet. Figure 3.4 is a site map of the Enoree River

and site picture of the sediment sampling station.
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Figure 3.4. Enoree River Map and Sampling Location (after Ettema and Mutel 2006)

Nordin - Middle Rio Grande, New Mexico

In the 1960’s, three studies were performed on the Middle Rio Grande
(Nordin and Dempster 1963; Nordin 1964; Nordin and Beverage 1965). The
reports contain data from the 1950’s and 1960’s. The suspended sediment
transported by the Middle Rio Grande consists of silts, sands and fine gravel. The
following data were obtained: water discharge, flow depth, mean velocity, water
temperature, point velocity measurements, point concentration and particle
gradation, depth-integrated concentration and particle gradation and bed gradation.
Some of the data were supplemented by surface water quality data of the United
States (Love 1959; 1960; 1961; 1963). The average flow depth was approximately 3

feet. The site used contains data from Bernalillo, Figure 3.5.
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Mississippi River

The Mississippi River is the longest river in the United States. It is the source
of water for millions of people in many different states. There has been a
substantial amount of data collected on the Mississippi River over the years. In the
1990’s, efforts were made by the US Army Corp of Engineers to collect additional
information. The data have been summarized by Akalin (2002). The following data
were collected: water discharge, bed slope, point velocity measurements, point-
integrated sediment concentration and particle gradation. Figure 3.6 is a map of the
4 sites (Union Point, Line 13, Line 6 and Tarbert Landing) on the Mississippi where

point data have been collected.
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Chapter 4: Theory and Proposed Methodology

The Modified Einstein Procedure (MEP) calculates total sediment discharge
based on the relationship between the material in the bed and the material
measured in suspension. In order to understand MEP, a review was performed on
some of the different modes of transport (bed sediment discharge, suspended
sediment discharge, measured sediment discharge and total sediment discharge).
This section provides detailed derivation of the proposed procedure, which has
been coded into Visual Basic Applications (VBA). The proposed procedure is called
the Series Expansion of the Modified Einstein Procedure (SEMEP)

4.1 Suspended Sediment

Sediment is found in suspension when the upward turbulent velocity is
greater than w. In order to quantify suspended sediment, the logarithmic velocity
law (Equation (2.8)) and the concentration profile (Equation (2.14)) are inserted

into Equation (4.1), resulting in Equation (4.2).

h
q, = [ cvdy (4.1)
" (h-y a ) u. (30y
=fc| Y & | Y= g 4.2
* I( y h-aJ K (desjy *2)
Where,

dss is the particle size found in the bed associated with material finer
than 65% and is the thickness of the roughness layer used by
Einstein.
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Einstein performed laboratory experiments to relate unit bed sediment discharge

(Op) to the reference concentration (C;). Equation (4.3) is the results of his

experiments.
=% - %
c=—"=_—2
° ua 1l6ua (4.3)

When Equation (4.3) is inserted into Equation (4.2), u~ cancels out and Equation

(4.4) is formed.

B ERO—l 1 1_ yl Ro 60y|
=021 Inf—d 4.4
d, mb(l_E)Roi( ; J n( = jy (4.4)

The Einstein Integrals cannot be solved explicitly; therefore, a numerical analysis is
needed. The trapezoidal rule is used to solve these integrals. Equations (4.5) to

(4.7) outline the mathematical procedure.

f(y')=[1_.y'j%ln(6°y'j (45)

y E
q, = O.Zlmb%Z( f (i)+wij (4.6)
G =0+ O.ZIqu%Z( f (i)+Mij (4.7)

Where,
nis the number of slices.

To calculate the value of qJq: accurately using the trapezoidal rule, numerous slices
are needed to provide accuracy.
Guo and Julien (2004) developed an efficient series expansion algorithm to

solve the Einstein Integrals. Their solution for computing the Einstein Integrals is
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both accurate and rapid compared to the trapezoidal rule. The algorithm is used to

determine the value of J; and J; in the following equations.

ER 60
=0.2160, ———=<In| — |J, +J
0s 6q, (l— E)Ro{ ( Ej 1 2} (4.8)
ERO—l 60
qt = qb + OZlmhm{ln[EJJl + ‘]2} (49)
Where
1(1_ y' Ro
o= s
) j ;
1 1_ Ro
JZ:jIn y(—yj dy';and
E
E is 2dyh.

A paper describing the series expansion can be found in Appendix B.
The values of J; and J, from the trapezoidal rule are compared to the series
expansion. When solving the Einstein Integrals using the trapezoidal rule, the slices

are divided as follows:

J =T(¥J dy + j(l—TyJ dy (4.10)

10E

3, = £ In y(l_Ty) dy+ [ In y(l_Ty) dy (4.11)

10E
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The values of J; and J; are summarized in Table 4.1 and Figure 4.1.

Table 4.1. Numerical Values of the Einstein Integrals

Rouse Trapezoidal Rule - Number of Slices Series Expansion
Number 100 1,000 10,000
J1 J2 J1 J2 J1 J2 J1 J2
6 9.2E+17 -7.7E+18 | 6.5E+17 -5.4E+18 | 6.3E+17 -5.2E+18 | 6.2E+17 -5.2E+18
1 1.4E+01 -7.5E+01 | 8.0E+00 -3.9E+01 | 7.6E+00 -3.6E+01 | 7.5E+00 -3.5E+01
0.5 1.8E+00 -5.1E+00 | 1.6E+00 -3.6E+00 | 1.5E+00 -3.5E+00 | 1.5E+00 -3.4E+00
0.25 1.2E+00 -2.0E+00 | 1.1E+00 -1.7E+00 | 1.1E+00 -1.7E+00 | 1.1E+00 -1.7E+00
Ro
10
1 il 1 1 1 1 1
———h/ds=100Trap  =eeee h/ds =100 Serias
hids=1,000Trap  weeeee h/ds=1,000 Serias
08 h/ds=10,000 Trap seeees hifds = 10,000 Series
’ h/ds=100,000 Trap — =weeer h/ds=100,000 Series
0.6
=
3
0.4 ;
0.2
0 1 1 1 1 1 1 1 I: 1 1 1 1
0.1 1 10
U0

Figure 4.1. Comparison between the Trapezoidal and Series Expansion

The comparison between the trapezoidal rule and series expansion for the Einstein

integrals show that approximately 10,000 slices are needed for the trapezoidal rule

to have similar results to the series expansion. Also, there is a discrepancy between

the trapezoidal rule and series expansion when U/w is between 1.25 and 2.5. This

occurs because addition slices are necessary for the range of u-/w due to the rapid

variation in qJ/q; value. In addition, the trapezoidal rule takes more time for
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calculation. There are limitations to the series expansion program developed by
Guo. The value of relative submergence (h/ds) must be greater than 20 and Romust
be less than 6. Therefore, the trapezoidal rule will be used under certain
circumstances.

SEMEP incorporates the series expansion algorithm and Figure 4.2 provides

a flow chart. Refer to Appendix D for detailed computer code.
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Step 1

Data Needed
1. Hydraulic Data:
Discharge (Q), Flow Depth (#),
Slope (S),
2. Additional Data:
d; frombed, d;, of suspended
sediment, Temperature (7)

s

uj“’dy

Calculate the ratio of

q/4,
from Steps 2 and 3

Step 2
ERO—l
=021
% (h-y a )" u (30y % =0 qu(l_E)Ro
qS _Ica - _ _ln dy‘\_>
a y h-a K des 11— y Ro 1
7 le_[(—,J dy J, =I|n y'(
Ro= Ly :
04u.
u. =4/gRS v
O/} d, Series Expansion
c.=——f=—
a v,a 116u.a (Solve J, and J,)
Step 3
Calculate
qt = qb + qs . )
Ly Series Expansion
E* 30h (Solve J, and J,)
g =0,/ 1+0216 =1In J,+J,
(1_ E) des
Step 4

Figure 4.2. Flow Chart Describing Calculation of gJ/q; Using SEMEP
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4.2 Measured Load

The transport of sediment in a river environment is sampled as particles
(bed load sampler) or as a water-sediment mixture (suspended sediment sampler).
The suspended sediment discharge can be measured using a point sampler or a
depth-integrated sampler. The bed load per unit time is sampled using a Helley-
Smith sampler, which has a tendency to measure the bed sediment discharge and a
portion of the suspended sediment discharge.
4.2.1 Suspended Sediment Sampler

There are two types of samplers that measure the concentration in
suspension. A depth-integrated sampler continuously extracts a water-sediment
sample into a container isokinetically, which means that water-sediment is entering
the nozzle at a rate equal to the velocity of the stream. The sampler is lowered from
the water surface to the streambed and returned back to the surface (Edwards and

Glysson 1999). Figure 4.3 shows different depth-integrated samplers.

a) Wading Type, US DH-48 c) Suspended Type- US D-77 d) USGS Frame-Bag Sampler
Figure 4.3. Depth Integrated Samplers (Rickly Hydrological Company 1997-2007)
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The second type of sampler is a point sampler. It is used to determine the
concentration at a given depth in the stream over a given time interval. An
electronic or manual control allows the user to open and close the sampler valve
(Edwards and Glysson 1999). A point sampler is useful in determining the
suspended sediment concentration profile within a river and is often the only way
to get samples in large rivers due to the size of the sampling bottles. Refer to Figure

4.4 for a point integrated sampler.

Figure 4.4. Point Integrated Sampler US P-72 (Rickly Hydrological Company 1997-
2007)

When a suspended sediment sampler is used to determine the measured
suspended sediment discharge, Equation (4.12) can be used to describe the
measured suspended sediment discharge.

h
Oy = I cu dy (4.12)
d

n

Where,
dn is the nozzle depth or the unmeasured depth.

The differences between Equations (4.1) and (4.12) are the limits of integration.
The value of d, (unmeasured depth) is based on the type of sampler.
Equation (4.13)is used to determine the calculated sediment discharge when

a depth integrated sampler is used.
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ERO—l 60

Where,
1 1_ y' Ro
J=||—=| dy;
1 1_ y' Ro
J, = — Iny'dy';and
* I( y ]
Ais dy/h.

The value of Rois determined by Equation (2.15). The value of g, is determined
directly since all other variable in Equation (4.13) are known. Once q is
determined, g can be calculated based on Equation (4.9). When just the ratio of
measured sediment discharge to total sediment discharge (g/qt) is desired, the bed
sediment discharge does not need to be calculated because the variable will cancel

out of the equation.

Ro-1
0216 = {In(?zonlA + JZA}

qm _ 1-E Ro
i ( E)R‘“ ~ (4.14)
t 1+ 0216(1E)R0{|n(EjJ1 +J2}

When using a point sampler, the actual or measured sediment discharge
needs to be determined. The actual sediment discharge is determined by
multiplying the velocity profile by the concentration profile and calculating the area
under the curve. Refer to Figure 4.5 for a graphical explanation of this method used

to determine the measured sediment discharge from point data.
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Product of the Velocity

Point Velocity Point Concentration and Concentration
Measurement Measurements
Measurements
A
’ — = (cv)]
Yy
i f pe - re (cv)2
e —>e (ev),

i e > cv)4
e —>e (cv)s
e e (cv),
—>e R (cv),

m > - > (cv)g = >

Figure 4.5. Schematic on Calculating Measured Sediment Discharge
The sediment discharge can be determined for each incremental flow depth by
calculating the area under the curve using the trapezoidal rule. Equation (4.15) is

used to calculate the total sediment discharge.

g, = Y. [min(cy, cv.,) + 05* absicy, ~cv, +D](y,.s - ) (4.15)

Where,

0 is the total sediment discharge

nis the number of point samples

Ci is the concentration at given point

Vi is the velocity at a given point

Vi+1 -VYi is the unit distance

In general, due to the type of instrumentation, measurements of suspended
sediment and velocity cannot be made at the bed or surface using a point sampler.
Therefore, it is assumed that the concentration and velocity are equal to the closest
measurement to get a feel for the total sediment discharge. The velocity

measurement at the bed is assumed to be zero, as shown in Figure 4.5. The
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measured sediment discharge is determined by excluding the slice closest to the bed

from the analysis.

The calculated sediment discharge is determined by fitting a logarithmic

velocity profile and Rouse concentration profile to the measured data sets. Figure

4.6 shows a schematic of the trend lines generated for the velocity and

concentration data set.

-

»
»

Y

v
Figure 4.6. Fitted Velocity

\4

c
and Concentration Profiles

Equation (4.16) is derived from the logarithmic trend line generated from the

measured velocity data and Equation (4.17) is developed from the power function

fitted to the concentration measurements.
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Assume that the value of x is 0.4. The values of U« , Y, (depth of zero velocity) , c; and
Roare constants determined from the regression analysis. The calculated measured

and total sediment discharges can be determined from Equations (4.18) and (4.19).

(4.18)

Ro
qm = Cauaa+ Ca:uk (&j {ln[yLJJlE + ‘JZE} (419)

If the value of dy is less than the value of y, the measured sediment discharge is
equal to the total sediment discharge shown in Equation (4.19).

Finally, sediment discharges are determined based on SEMEP. Equation
(4.13) is used to calculate gy and Equation (4.9) is used to determine . The actual
unit measured sediment discharge (qm) is known from Equation (4.15) and Rois
based on the concentration profile (Equation (4.17)). The value of g, can be
determined directly since all other variables are known. When evaluating the
theoretical sediment discharges, the Rayis used because Ra. results in a theoretical
total sediment discharge that is significantly higher.

Figure 4.7 provides a flow chart to explain the different approaches to
determine the measured sediment discharge using SEMEP. Refer to Appendix E for

detailed VBA code.
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Step 1 - Measured Sediment Discharge

Data Needed
1. Hydraulic Data: Discharge

(@]

Flow Depth (%),Slope (S)

2. Additional Data:
Representative grain size for Ro based on
bed (d,;) and suspended Step 2 —» Step 3 —» Concentration
sediment (d,,), Temp.(T) Profile
3. Point data on concentration Known measured
and | (PS) or depth sediment
velocity or dept discharge(c _ a
integrated data (DS) on DS—p, from dgep::]ﬁ]) —»Ro= o » Step4
concentration integrated Al
sampler
Step 2 - Calculated Measured Sediment Discharge
Point Sampler
Construct a velocity Calculate Seri
and concentration Ro eries
profile to determine YES—» Q.= chu( E In 30h 1 +3 —» Expansion for
u,y,c,andRo m x \1-E Y, A 2A Jiaand ]y,
NO
qlﬂ - ql
Step 3 - Calculated Total Sediment Discharge
Point Sampler
Calculate
No Ro
c,hu [ E h
E=2d_/h g, =cu,a+-=2 Inf — 13, +J,
» 1-E Yo
Series
Expansion a
Calculate
Yes Ro
A, /h Q. = Ghu (_E In n Jia +Ja
k \1-E Y,
Step 4 - Total Sediment Discharge -
SEMEP
Calculate g, and g, EQLI%:,_laQ 300 Series Expansion to
- _ » determine J,, and J,,.
=0.21 — Inj — |J,, +J 14 24
A=d /h A 6q“[1_ Ej { Y, A T2A Determine g, directly
Calculate
Series ERo? 30h
< A Expansion 4TSt 0'21&% Ro In ‘]1 + ‘]2
é (1-E) Yo

Measured sediment discharge - point measurements

a = > [min (e, ov,,)+ 05+ abs(ev, - ov, +D)](y.. - v,)
1

Figure 4.7. Flow Chart Describing Calculation of g.,/q;
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4.2.2 Helley-Smith

Bed sediment discharge is measured using a Helley-Smith sampler. Itis a
device designed to capture sediment near the bed. The sampler measures the bed
sediment discharge and a portion of the suspended sediment zone based on the
depth of the river. The sampler has a standard 3-inch by 3-inch opening for
sediment to enter. The sampling bag contains a screen mesh to capture sediment
particles; this mesh allows particles finer than 0.2 mm to pass through the bag. This
suggests that a Helley-Smith sampler primarily collects sediment samples within a
portion of the bed zone. Fine particles are referred to as wash load and are
considered not significant in the channel forming process. Therefore, fines are not

captured by a Helley Smith. Refer to Figure 4.8 for a typical Helley-Smith.

In gravel and mountain streams a Helley-Smith sampler is ideal for

measuring sediment discharge, because most of the sediment is transported near
the bed. Equation (4.20) is used to determine the unit sediment discharge captured

by the sampler (ghg).

3inch (1o _ Ro
, 02163, *¥"(h-y a ", (30y
a y h-a des

dy (4.20)

hs = Yo
a=2dg
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The value of Rois calculated based on Equation (2.15). The value of g is
determined directly since all other variables are known in Equation ((4.20). Then, g
is determined using Equation (4.9). Due to the fact that the limits of integration are
not normalized to one, the trapezoidal rule is used to calculate the integral. This is
because the series expansion requires the upper limit of integration to be set equal

to 1.
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Chapter 5: Results from Depth-Integrated and Helley-Smith
Samplers

Velocity and concentration profiles within a river can be expressed by the
logarithmic velocity and Rouse concentration equations, respectively (Figure 5.1).
This study looks at understanding the relationship between suspended sediment
discharge, bed sediment discharge, measured sediment discharge (in suspension or
near the bed) and total sediment discharge. Data from laboratory experiments and
natural rivers composed of sand and gravel bed streams are used in this analysis.

Transport
Mechanism

-
|

[y
a=2d,| Bed Load
v

u 30 h- w0
v=—ILn =y c=c, n-y a
K d y h-a

Figure 5.1. Velocity and Concentration Profiles

5.1 Ratio of Suspended to Total Sediment Discharge

The ratio of suspended to total sediment discharge is defined as qJ/q.. The

values of g/ are determined using SEMEP, outlined in Section 4.1.
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5.1.1 Mode of Transport

The value of g4/ is used to determine the mode of sediment transport.
There are three main modes of transport: suspended load, mixed load, and bed load.
The modes of transport are a function of U~ of the river and w of the dspss The value
of 40t is determined by varying the value of relative submergence (h/ds) and u«/w.
Equations (4.8) and (4.9) are used to determine gJq. Figure 5.2 shows the influence
that h/ds has on u</w as a function of the gJ/q: and the modes of transport. The value
of h/dsis an important variable when evaluating the modes of transport. The

significance of this figure is to identify the modes of transport related to u-/w or Ra
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Figure 5.2. Modes of Transport as a function of gJ/q;

Based on figure it is clear to identify the transport mechanism based on where the
theoretical lines cross gJ/q. The mode of transport can be classified as bed load
when the ratio of g4/ is less than 0.2; this occurs when W/ is less than 0.5 (Rois
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greater than 5). However, once the value of U-/w is less than 0.2, theoretically
sediment will not be transported. This is also shown in the literature review based
on the study by Julien (1998) and Cheng (2008) on incipient motion. In addition,
the mode of transport can be classified as suspended load when the ratio of gJ/q is
greater than 0.8; this occurs when u/w is greater than 2 (Roless than 1.25).
Therefore, Table 5.1 provides a revision to the modes of transport developed by
Julien (1998), and Dade and Friend (1998).

Table 5.1. Revised Mode of Transport

U/ Ro aJ/q Mode of Sediment Transport

<0.2 >12.5 0 No motion
0.2t0 05 5to125 0to0.2 Sediment Transported as bed load
0.5to 2 1.25to5 0.2t00.8 Sediment Transported as mixed load
>2 <1.25 0.8t0 1.0  Sediment Transported as suspended sediment load

5.1.2 Explanation of Theoretical Lines

When the value of U+/w is less than 1 (or Rois greater than 2.5), the various
lines associated with h/ds has a tendency to converge. This suggests that the
majority of the sediment is located close to the bed (Refer to Figure 2.6) and the
suspended sediment concentration is small and the bed load is a higher quantity.
The bed load is determined using Equation (4.3), which is a function of the reference
concentration (C;). The lines converge because at low values of u/w (<1) the

variation in concentration at a given depth hardly varies (refer to Figure 5.3).
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Figure 5.3. Concentration as a Function of Depth for Ro =5 and ds= 1 mm

The figure shows that regardless of flow depth when Rois 5 (u</w is 0.5) the ratio of
Cto Cyis equal at all flow depths for both examples. This is because there is very
little sediment within the water column.

When the value of u+/w is greater than 2.5 (or Rois less than 1), lines
associated with relative submergence have a tendency to diverge. This occurs
because the majority of load is in suspension, based on the concentration profile
(Refer to Figure 2.6). The suspended sediment is determined by integrating
Equation (4.2) from 2dsto h. As the value of flow depth increases, the amount of

sediment in suspension has a tendency to increase, refer to Figure 5.4.
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Figure 5.4. Concentration ration as a Function of Depth for Ro = 0.25 and ds= 1 mm

Therefore, for the same value of Ro,the total concentration will be higher in a
deeper river (area under curve), thus making h/ds an important factor when the
suspended load is over 60% of the total load. In this case the ratio of c to c; is only
equal when the flow depth is less than 0.1 meters.
5.1.3 Validation using Flume Data

Laboratory data summarized by Guy et al. (1966) were used to determine
whether the theoretical calculation of g/q: based on SEMEP as a function of u+/w is
accurate (refer to Section 3.1.1) compared with laboratory data. When the data for
0: was reported as “not detected” or where Q¢J/Q; was greater than one, those data
points were removed from the analysis due to measurement error. The data were
categorized based on particle size and bed forms. The results from dunes and upper

regime are shown in Figure 5.5.
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Figure 5.5. Values of g/; from Flume Experiments Stratified by Bedform Type
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Figure 5.5 shows how the theoretical lines somewhat agree with the measured data.
The red and green shaded zones identify the bed load and suspended sediment load
transport zones, respectively. In both cases the majority of the data was collected in
the mixed load zone, where there is a high degree of variability. This occurs because
both modes of transport (bed and suspended) are present in the mixed load zone.
When the value of U« /w is less than 0.2 there are no measurements, suggesting no
motion. When analyzing the data from Figure 5.5 the theoretical lines seem to
follow the same general trend as the data from Guy et al., even though there is a high
degree of scatter. For the dune data set, there are a few points located in the
suspended and bed load transport zone; however, the upper regime data set shows
data primarily located in the mixed transport zone. One of the potential reasons for
the scatter in the data occurred because the measurement depth is unknown. Itis
assumed that since the publication refers to the measured unit sediment discharge
as (s the measurement occurred from the water surface to a distance 2ds from the
bed. In addition, most of the data in both graphs are located within the mixed load
zone, where scatter is the most dramatic because of the high degree of variability in
the value of qJ/g: when U+ /w is between 0.5 and 2.

Further analysis was performed to clearly show that once u+/w is less than
0.2, data are not collected. This was performed by plotting u- /@ by dimensionless
grain diameter (d+). The results from the Guy et al. (1966) data set and the line of
incipient motion developed by Cheng and Chiew (1998; 1999) are shown in Figure

5.6.
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The solid line in Figure 5.6 represents the division between sediment in motion and
not in motion. The figure shows no stratification based on bed form; however, most
of the samples are in motion. In addition, the green points represent suspended
sediment (U/w > 2), the gray points represent mixed load (2 < U~/ > 0.5) and the
red points represent bed load (U</®w < 0.5). The samples that are crossed out
indicated that zero sediment was measured. Most of those samples are plotted
below or close to the line of incipient motion. One of the crossed out samples is not
located near the line of incipient motion; this is most likely associated with
measurement error. This figure is similar to the Shields diagram. This also shows
that as the value of d- increases, the value of U« /w asymptotically approaches 0.2.
Next a particle motion diagram was developed which plots the Shields
parameter (z+) against the d+. The data from Guy et al. are re-plotted and the modes
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of transport are shown (suspended sediment is green, mixed load is white and bed

load is red) in Figure 5.7.
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Figure 5.7. Shields Parameter as a Function for of d- for Flume Data

The figure shows that the probabilistic approach of Cheng plots slightly higher than
the original particle motion diagram developed by Shields. Once d is less than one
or greater than forty, the two lines converge. The samples which have been crossed
out are associated with no measured sediment transport. Figure 5.7 suggests that d-
and 7+ are also important variables when calculating modes of transport. However,
d- can be related to w through dsand u- is directly related to .

Next the data are stratified based on the bed slope (&) and submergence
depth (h/ds), similar to the analysis of Dade and Friend(1998). The results are

shown in Figure 5.8.
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Figure 5.8. Channel Slope as a Function of Submergence Depth for Flume Data

This figure shows that there is overlap between the modes of transport. Thus, if the
$ and h/ds are known, the mode of transport can be identified. The scatter observed
in Figure 5.5 can be explained using this graph, because most of the data is located
in the mixed load zone where multiple modes of transport are possible.

5.2 Ratio of Measured to Total Sediment Discharge

Sediment in rivers can be measured using a suspended sediment sampler
and or a bed load sampler. Measured sediment discharge is generally defined as the
sediment measured by a suspended sediment sampler (Figure 2.5). Suspended
sediment samplers cannot measure sediment close to the bed due to the location of

the sampling nozzle. The ratio of measured to total sediment discharge (/) is
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determined by taking the ratio of the unit measured sediment discharge to the unit
total sediment discharge. The value of g./q is calculated using SEMEP, outlined in
Section 4.2.
5.2.1 Function of Grain Size and Flow Depth

Measured unit sediment discharge (gn) is a function of the sampling depth
(hm). If the unmeasured flow depth (d,) is constant, then the value of gn/q: will
increase as the flow depth increases for a given value of u-/w. Figure 5.9 shows how
ds and percent of measured flow, which cause g/ to vary. In this graph, d, equals
0.1 meters and his varied from 0.2 to 10 meters for particle sizes of 0.2 and 2 mm.

As aresult, a series of lines are constructed to represent the q./q: as a function of

W/w.
1
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X
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Figure 5.9. Ratio of Measured to Total Sediment Discharge for Sand Size Particles
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Figure 5.9 suggests that particles with a larger diameter have a tendency to have a
higher g/ at the same depth. However, the actual sediment discharge is
significantly smaller for the larger particles (refer to Figure 5.10) since a smaller

quantity of sediment is found in suspension.
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Figure 5.10 shows the ratio of sediment discharge (unit measured or total) to unit
bed sediment discharge. For a given river, smaller particles (0.2 mm) have a higher
measured sediment discharge and total sediment discharge compared to larger
particles (2 mm). Mathematically for a given percent h,/h the value of g./q; is
smaller for finer particles because the overall concentration of sediment is higher
near the bed.
5.2.2 Calculation based on Depth-Integrated Sampler

SEMEP was tested using data from natural rivers. This procedure was tested
using data from three different USGS publications (Colby and Hembree 1955;
Kircher 1981; Williams and Rosgen 1989). Additional details of each data set can be
found in Section 3.2. The Platte River (Colby and Hembree 1955; Kircher 1981;
Williams and Rosgen 1989) and 93 US Stream (Colby and Hembree 1955; Kircher
1981; Williams and Rosgen 1989) publications are considered to be total sediment
discharge data sets because they contain measurements from both a Helley-Smith
and a depth-integrated sample. In addition, data from the Niobrara River collected
by Colby and Hembree (1955) were also tested to determine the validity of the
method. The Niobrara River data contains a total load sample at a constricted
section using a depth-integrated sampler, where it is assumed that a suspended
sediment sampler can measure the total sediment discharge.

The approach assumes that Rofollows Equation (2.15). The values of w are
determined based on Equation (2.16) and assume that the median particle in
suspension will be used. The values of u- are based on Equation (2.18). The gy for

each sample is determined directly based on the value of ¢, which is known from
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the depth integrated sampler and discharge measurements. Then the suspended
sediment discharge is determined by integrating the concentration and velocity
profile from h to 2ds (Equation (4.8)). The total sediment discharge is calculated by
adding the bed sediment discharge and suspended sediment discharge (Equation
(4.9)).

Some of the data from the South Platte, North Platte and Platte Rivers in
Colorado and Nebraska were incomplete. As a result only 17 samples were tested.
In addition, bed slope was not measured; therefore, the shear velocity was
determined based on the velocity profile shown in Equation (5.1).

V= &ln[lz.zlj
d

65

VK (5.1)

|n(12.2hj
d65

When using Equation (5.1) instead of Equation (2.18), the resulting value of u- is

u* =

smaller. As a result, the value of Rowould be larger for a given data set. Refer to
Figure 5.11, Figure 5.12 and Figure 5.13 to see the results that compare the

calculated and measured sediment discharges.
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Figure 5.13. Accuracy of Calculated g; for Platte River

The results in Figure 5.11 show the relative location of the measured value of /g
based on the theoretical lines represented by SEMEP. The results are quite variable.
If the slope was known, the data points would have been shifted slightly to the right,
thus more points would have been contained within the theoretical lines
determined by SEMEP. The Figure 5.12 shows that 50% of the procedure has good
results. The measured total which is not within 25% of the actual total sediment
discharge is crossed out, indicating poor agreement. Figure 5.13 divides those data
based on the value of u-/w. The results indicated that once U-/w is greater than 5 the
results seem to follow the line of perfect agreement (45°line), with only one outlier.

To provide a more meaningful explanation, the following statistical
parameters are determined: Mean Percent Error (MPE), Mean Absolute Percent
Error (MAPE), Coefficient of Determination (R?) and Concordance Correlation
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Coefficient (pc). Table 5.2 summarizes the statistical results for the Platte River data

set.

Table 5.2. Statistical Results for Platte River Data Set

n MPE MAPE R2 Pc
All Data 17 -6.8% 17.2% 0.574 0.719
Platte River u/w <5 11 -17.1% 18.0% 0.621 0.706
U >5 6 12.1% 15.6% 0.706 0.762

The results indicate that when the value of u</w is greater than 5 the data fit well
with the line of perfect agreement, with a MPE and MAPE close to zero and an R2
and p; are close to one. Better agreement between the measured and calculated
total sediment discharge would have been achieved if the one outlying point was
removed from the analysis. The value of MAPE, R2 and p. would be 3.1%, 0.988 and
0.991. When the value of u/w is small (less than 5), the measured and calculated
data do not as correlate well, with a slightly smaller R? and pc, and high MPE and
MAPE.

The next data set was obtained from the USGS publication on total measured
sediment discharge in 93 US streams (Williams and Rosgen 1989). Two distinct
data sets are used. The first is composed of data with higher measured sediment
discharge and a complete summary of results. The second set does not contain
particle size distributions of the suspended sediment measurements due to the low
measured sediment discharge. Figure 5.14 show the relative location of the actual
On/0: compared with the theoretical lines represented by SEMEP. Figure 5.15 and
Figure 5.16 show two distinct methods for comparing the measured and calculated

total sediment discharges.
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Figure 5.16. Accuracy of Calculated q; for US Stream
Figure 5.14 shows the relative location of the actual g./q; with respect to SEMEP.
Once the value of u-/w is greater than 5, the majority of the measurements are
within the bounds of the theoretical derivation of SEMEP. Figure 5.15 represents
the percent difference between the measured total sediment discharge and
calculated total sediment discharge. It validates that once the value of u-/w is less
than 5 the procedure is not able to accurately calculate total sediment discharge.
There are twelve points in Figure 5.14 and Figure 5.15, which have been crossed out
because the percent difference is greater than 25%. Figure 5.16 shows how the data
deviate from the line of perfect agreement. In addition, the data set has been
divided based on the value of us/w. When the value of u+/w is greater than 5; the
values seem to line up well with the line of perfect agreement, and the calculated

data have a tendency to be greater than the measured total sediment discharge.
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However, when the value of u-/w is less than 5 the calculated data have a tendency
to be less than the measured total sediment discharge.

To provide a more meaningful explanation, the following statistical
parameters are determined: MPE, MAPE, R2 and p.. The results are summarized in

Table 5.3.

Table 5.3. Statistical Results from the 10 selected US streams
n MPE MAPE R2 Pe
All Data 207 1% 2% 0.98 0.99

US streams with SS U</w <5 4 -11% 13% 0.99 081

ulw>5 203 2% 2% 0.99 0.99

AllData 46 26% 76% 0.84 0.85

US streams Colorado U-/w<5 45 26% 77% 0.82 0.84
u/w>5 1 2% 2% - -

The statistical results show that when u-/w is greater than 5 the values of MPE and
MAPE are close to zero and the value of R2 is close to one. This suggests that the
SEMEP works well. However, the proposed procedure does not work well when the
value of U+/w is less than 5. The value of p. is also closer to one for the data set with
values of u-/w greater than 5. There is only one data point where the value of u+/w is
greater than 5 for the streams in Colorado, thus an R2 and p. were not calculated.
Finally, testing is conducted using data from the Niobrara River (Colby and

Hembree 1955). Only 26 samples were used in this analysis because measurements
were made at both the contracted cross section and the gaging station on the same
day. Figure 5.17 show the relative location of the ratio of the actual measured to

total sediment discharge and the theoretical lines represented by SEMEP. Figure
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5.18 and Figure 5.19 show two distinct methods for comparing the measured and

calculated total sediment discharges.
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The results from Figure 5.17, Figure 5.18 and Figure 5.19 indicate significant
variability. Only 31% of the data are within 25% of the measured total sediment
discharge. Based on previous results, it was expected that the proposed procedure
would have better results, since the values of u-/w were almost always greater than
5; however this was not the case due to low measured total sediment discharge. On
average, the measured results are greater than the calculated results. Table 5.4
summarizes the statistical parameters of this data set.

Table 5.4. Statistical Results for Niobrara River

n MPE MAPE R2 Pc
All Data 26 18% 249% 0.48 0.56
Niobrara River U:/®w<5 1 45% 45% - -

U</w > 5 25 17% 23% 0.48 0.57

This data set shows very poor agreement based on the statistics. However, if more
data were available there might have been better agreement. The data from the
Niobrara River were collected in the late 40s and 50s versus the data from the 93 US
streams, which were collected in the 70s and 80s. Thus, the measurement
technique may have improved, which causes an increased level of accuracy. Finally,
the measured sediment discharge is significantly less in the Niobrara data set
compared to the 93 US streams data set.

The following analysis looks at the effects that total sediment discharge has
on the correlation between the measured and calculated total sediment discharges.
The three data sets are divided based on the actual total sediment discharge
measured. Only the samples with total sediment discharge values less than 10,000

tones/day are analyzed. The results are shown in Figure 5.20.

90



10000 ®
x §i§§?

g.)n A A

1000 — :
i O oA
= X i&s%ﬁ&i &a
ke
o 100 }25{ >
E 3 ) i Bi 7 x
= 7z 10 _ ﬁéﬁ“
= T » . e
! 2 T
3 £ il Al
s 81 —%
=3 % X
; ; AR [0 Platte River
5] Nl 93 US Streams SS
E 0.1 Po2 ©93 US Streams Colorado
= 1 Canssi | A Niobrara River
TL; ” Xu*/w<b
O 001 +2 |

0.01 0.1 1 10 100 1000 10000

Measured Total Sediment Discharge (tonne/day)
Figure 5.20. Accuracy of Low Calculated q;

The results indicate that the low sediment discharges has a significant effect on the
scatter of the data, even in cases where the value of u-/w is greater than 5. Table 5.5
summarizes the statistical parameters for the data plotted in Figure 5.20.

Table 5.5. Statistical Summary of Total Sediment Discharge < 10,000 tonne/day

River n MAPE R2 Pe
All Data 10 19% 0.20 0.40
Platte River u*/w<5 6 17% 031 048
u*/w>5 4 22% 038 0.42
US streams All Data 57 4% 096 0.97
*
with SS u*/w<5 3 7% 1.00 092
u*/w>5 54 3% 097 0.98
US streams All Data 46 79% 0.65 0.73
*
from Colorado u*/w<5 45 77% 082 0.84
u*/w>5 1 125% - -
All Data 26 24% 048 0.56
Niobrara River u*/w<5 1 45% - -
uw*/w>5 25 23% 048 0.57
All Data 139 2% 093 0.96
Overall u*/w<5 55 66% 0.89 092
u*/w>5 84 10% 091 0.94
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The results show that low sediment discharges results in a significant amount of
scatter. The values of MAPE deviated significantly from zero and the value of the R?
and pc are close to 1 only for the US streams; the other samples suggest that the line
of perfect agreement is off. Therefore, the value of u-/w needs to be greater than 5
and the sediment discharge needs to greater than 10,000 tonne/day for a higher
degree of accuracy.
5.2.3 Applicability of Procedure

Based on the data analysis from the Platte River, US streams and Niobrara

River, Figure 5.21 can be constructed on the applicability of the procedure.
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Figure 5.21. Applicability of SEMEP
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Based on the analysis using the data from the USGS publications, a range of
applicability is developed. Figure 5.21 shows that once u-/w is greater than 5 (Ro
less than 0.5), SEMEP is valid. When the value of u-/w is between 1 to 5 there is a
higher degree of uncertainty between the measurement and calculated sediment
discharge from SEMEP. This is due to the low measured concentrations and the fact
that wash load is more significant in the suspended sediment zone but cannot be
measured by the Helley-Smith sampler. This is validated by the statistical analysis
performed on the data sets based on U/ and sediment discharge. The applicability
analysis can be combined with the modes of transport. Figure 5.21 and Table 5.6,

shows which procedure to use at a given u+/w value.
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Figure 5.22. Modes of Transport and Procedure for Sediment Load Calculation
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Table 5.6. Mode of Transport and Procedure

u*/m Ro Mode of Transport Procedure

<0.2 >125 no motion
0.2t0 05 b5to 125 bed load Bed Load Procedure
05t02 1.25t05 mixed load Einstein Procedure /

Bed Material Load Procedure
SEMEP with low accuracy/
2105 05t05 suspended load Bed Material Load Procedure

>5 <05 SEMEP with high accuracy

5.3 Comparison with the Modified Einstein Method

MEP was developed in 1955 by Colby and Hembree. Itis based on data
obtained at a single cross section to calculate total sediment discharge. Though the
procedure is simpler to use than the Einstein Procedure, a great deal of experience
and judgment is needed to calculate total sediment discharge reliably. In addition,
the results could vary 20% between users due to the fact that there is not an explicit
solution to the Einstein Integrals. MEP is useful in determining total sediment
discharge at a given location and time within a cross section to quantify total
sediment discharge. It has been beneficial for the development of equilibrium
sediment transport equations.

5.3.1 Bureau of Reclamation Automated Modified Einstein Procedure

In 2006, the US Bureau of Reclamation developed BORAMEP. Itis a
computer program that was developed to provide more reliable and consistent total
sediment discharge results based on MEP. The program requires users to enter
necessary at-a-station hydraulic data, suspended sediment concentration and
particle size distribution, and bed material particle size distribution. Numerical

solutions are developed to calculate the Einstein Integrals, which removes the
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variability of answers between users. BORAMEP is based on the method developed
by Colby and Hembree (1955) and the Bureau of Reclamation (Lara 1966; Shen and
Hung 1983). Details of the procedure are outlined in Appendix A.

As mentioned earlier, prior to developing SEMEP, the author reviewed
BORAMEP in detail. There were three main errors that were observed in the
analysis. First, when the bed was armored (particles in the measured zone were not
found in the bed), a total sediment discharge could not be determined because
BORAMEP requires a minimum of two overlapping bins to determine the Ra Next,
when overlapping bins exist, a regression analysis is performed to determine Rofor
the remaining bins, but a negative exponent is generated based on the data. Finally,
on occasion the suspended sediment discharge was greater than the total sediment
discharge because in performing total sediment discharge calculations based on the
estimation of the Ro,the program underestimates the total sediment discharge.
Therefore, the goal of this study is to develop a program that can be more
applicable.

5.3.2 Calculation of Total Sediment Discharge Based on Particle Size Classification

Total sediment discharge calculations based on a median particle in
suspension resulted in good agreement between the measured total sediment
discharge and the calculated total sediment discharge. However, the original MEP
and BORAMEP both divide the bed material and suspended sediment into bins for
analysis. An analysis is performed to determine if dividing particles into bins will

result in a better analysis based on SEMEP. SEMEP does not perform a regression to

95



determine Rofor each bin. It calculated Rofor each bin based on a representative
particle (d;) from each bin.
Table 5.7 shows the particle size classes associated with each bin.

Table 5.7. Bin division for Total Sediment Discharge Analysis
Bin No Lower Limit (mm) Upper Limit (mm)

Bin1 0.001 0.002
Bin 2 0.002 0.004
Bin 3 0.004 0.008
Bin 4 0.008 0.016
Bin 5 0.016 0.032
Bin 6 0.032 0.064
Bin 7 0.064 0.125
Bin 8 0.125 0.25
Bin 9 0.25 0.5
Bin 10 0.5 1
Bin 11 1 2
Bin 12 2 4
Bin 13 4 8
Bin 14 8 16
Bin 15 16 32
Bin 16 32 64
Bin 17 64 128

The data set used to test total sediment discharge calculated was from the
USGS publication (Williams and Rosgen 1989). Data from Chulitna River below
Canyon near Talkeetna, Alaska contained 43 samples tested in the 1980s. This river
was used to test compare the results from the median particle size and bin analysis.
Figure 5.23 shows the results from the bin analysis, composite analysis and

measured total sediment discharge.
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In general, the results indicate that the total sediment discharge calculated based on
a median grain size in suspension has a tendency to be slightly less than the
measured sediment discharge, except for sample 26. The total sediment discharge
based on the bin analysis is always greater than the median grain size in suspension
analysis, except for sample 26, and also occasionally greater than the measured total
sediment discharge. For some samples the bin analysis results in a total sediment
discharge significantly greater than that determined by the median grain size in
suspension. There are more samples further from the line of perfect agreement and
calculated sediment discharge is greater than the measured sediment discharge in
the bin analysis. Therefore, it is recommended that the analysis be performed based
on a median grain size in suspension analysis, since the results are more consistent
and provide better accuracy.
5.3.3 Comparison of Proposed Procedure to BORAMEP

Data from the 93 US streams publication was also used to compare
BORAMEP to SEMEP. The seven sites are summarized in Table 5.8, were used to
perform the analysis in BORAMEP and SEMEP. The number of calculated total
sediment discharge within 25% of the measured total sediment discharge is also

shown in the table.
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Table 5.8. Comparison between Proposed Procedure and BORAMEP

Total Sediment Discharge Total Sediment Discharge
No. of BORAMEP SEMEP
RIVER
Samples Not Within 25% of Not Within 25% of
Calculated Measurement Calculated Measurement
Susitna River near
Talkeetna Alaska 37 8 2 0 37
Chulitna River below
Canyon near Talkeetna, 43 40 0 0 35
Alaska
Susitna River at Sunshine, 37 7 3 0 36
Alaska
Snake River near Anatone,
Washington 31 > 1 0 28
Toutle River at Tower Road
near Silver Lake, 19 5 9 0 18
Washington
North Fork Toutle River
near Kid Valley, 5 3 2 0 5
Washington
Clearwater River at
Spalding, Idaho 35 0 1 0 34
Totals 207 68 (33%) 18 (9%) 0 (0%) 193 (93%)

The analysis shows that out of the 207 samples, total sediment discharge could not
be calculated by BORAMEP for 68 samples. There were a variety of reasons why
total sediment discharge was not calculated. Of the remaining samples, only 18
were within 25% of the measured total sediment discharge. However, SEMEP
calculates total sediment discharge for all 207 sites and 193 sites contained total
sediment discharge calculations within 25% of the measured total sediment
discharge. This suggests that SEMEP is an improvement on the existing MEP used in
BORAMEP. Figure 5.25 shows a schematic representation of the results from both
BORAMEP and the proposed procedure. There is a greater percent difference in

measured total sediment discharge when using BORAMEP.
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Figure 5.24 and Figure 5.25 both show that SEMEP improves total sediment
discharge calculations compared to BORAMEP. Table 5.9 summarizes the statistical
parameters for the comparison between BORAMEP and SEMEP.

Table 5.9. Statistical Summary between BORAMEP and SEMEP

Program n MAPE R? cc
BORAMEP 139 18% 0.65 0.74
SEMEP 207 2% 0.98 0.99

The results in Table 5.9 show that SEMEP has a MAPE closer to zero and a RZ and pc
closer to 1 compared to the data from BORAMEP. In addition, total sediment
discharge could be determined for all the samples.

5.4 Calculation of Total Sediment Discharge based on Helley-Smith

The previous section calculated total sediment discharge by using the
measured suspended sediment discharge and extrapolating to determine the
sediment discharge near the bed. This section looks at the material near the bed,
collected using a Helley-Smith sampler, and extrapolates to determine the material
in suspension. The procedure for this analysis is outlined in Section 4.2.2. Figure
5.26 is a schematic of a handheld Helley-Smith and the zone of measured and

unmeasured sediment discharge.
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Measured

Figure 5.26. Schematic to depict measured and unmeasured zone of a Helley-Smith
This procedure would be applicable in regions where the majority of
sediment is transported near the bed. To test this method, data sets from Idaho and
Colorado were used where the majority of transport is expected to be near the bed
since the rivers are gravel to cobble bed (Williams and Rosgen 1989; RMRS 2008).
It is important to note that that the Helley-Smith sampler does not collect particles

smaller than 0.2 mm. As a result, fine particles moving near the bed cannot be
measured. Figure 5.27 and Figure 5.28 show how the measured data fit the

theoretical derivation of the total sediment discharge.

102



Gns' s

Calculate Total Sediment Discharge

Percent Error

1000

100

10

0.1

(tonne/day)

0.01

0.001

0.0001

0.001

Measured Total Sediment Discharge (tonne/day)

1003

80%

60%

40%

20%

0%
0.1

+ BigWood River
Dollar Creek

e Hawley Creek

= Johnson Creek
Little Slate
Main Fork Red River
Middle Fork Salmon River
Rapid River
South Fork Red River
Squaw Creek USFS

< Thompson Creek

» Valley Creek

Figure 5.27. Helley-Smith Analysis of Idaho Streams

Boise River near Twin Springs
* Fourthof July Creek
+ Herd Creek
Little Buckhorn Creek
Lolo Creek
Marsh Creek
North Fork Clearwater River
- South Fork Payette River
South Fork Salmon River
Squaw Creek USGS
« Trapper Creek
+ West Fork Buckhorn Creek




99

0.8

0.6

0.2

1209%
\“——__ DEEJF g |
‘\-
E:\AEB o e o ¢
— ~ 100%
o 5 a
oo a
= . * .
a q 80% e
Og S *
=] 5 Lo t <
=
o o o 2 60% &
“ *
\ o o 5 .0‘ * Po s
ool = 40% - *
E Fa % ’:. .o‘
= e ‘s !
® - *
—h/ds=1000 @ \}E\ 20% ” LT
T~ wg ¢ *
—hyds =100 1 ef @ ®
/ S. \\__ 1 o gop | o
0% ¢
0.1 L 10 01 1
' u/w
1000 -
& F
B r
5 [
K= L
)
2 400 £
a : e B
52 | 4
E ) .’0 Y
=g r
o~ YR
) L < o
[75] E 10 E oo o
=) C
E = : * .:'. .o
3 4K
5 e
= C
- F (s ¢
3 A
0.'1 I 1 T R L 1 I B L L Ll 111 [ A A
0.1 1 10 100 1000

Measured Total Sediment Discharge (tonne/day)
Figure 5.28. Helley-Smith Analysis of Colorado Streams

104

10



The results suggest that the method cannot be used to determine what is in
suspension based on the measurements found near the bed. The figures show that
when SEMEP is graphed with the measured data (gn/Q); there is significant scatter
in the data. One of the main causes of this error is the fact that even though these
streams are coarse sand to cobble bed streams, a significant amount of sediment
was measured in suspension. The high suspended sediment measurement is
associated with the measurement of fine particles by the depth-integrated sampler,
while the Helley-Smith sampler cannot measure fine material. Thus, the calculated
sediment discharge is usually less than the measured total sediment discharge. In
addition, the total sediment discharges for all these streams are very low (less than
10,000 tonnes/day for Idaho and less than 1,000 tonnes/day for Colorado). The low
measured sediment discharges and the Helley-Smith sampler’s inability to fine

particles is why this procedure in not valid.
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Chapter 6: Validation and Effect of Unmeasured Depth

Suspended sediment data are collected by either a point sampler or depth-
integrated sampler. The previous chapter uses data from a depth-integrated
sampler or Helley-Smith sampler to determine the total sediment discharge by
calculating Robased on U, x and w. Research has shown that there is a deviation
between the measured and calculated Rouse number (Ra,and RQ;). On average, the
Ranis less than Rq; (Anderson 1942; Einstein and Chien 1954). Thus, using a point
sampler allows for the total sediment discharge to be calculated directly by fitting a
regression through the measured concentration and velocity points. As a result, the
following parameters are determined directly: U, Yo, Ca and Ra This chapter
compares total sediment discharge results between the measured, calculated (based
on regression analysis) and proposed procedures (SEMEP). In addition, an
explanation is developed for the deviation between the Ra,and Ra.

6.1 Effects of Unmeasured Depth

The depth of flow is variable based on the sampler type, percent of flow
sampled and site being analyzed. Using SEMEP, the value of q./q: is determined and
plotted against u+/w at different values of d,. Figure 6.1 shows how the percent of

flow depth affects the calculation of g./q:.. The value of h/dsis held constant.
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Figure 6.1. Variation in g,/q;based on Percent flow depth measured.

Figure 6.1 suggests that as a higher percentage of flow is measured, a large value of
On/0: is determined. The benefit of this graph is to show that measuring 50% of the
flow does not mean that one will measure 50% of the sediment. The value of ./q is
a function of the measured depth (hy) and u</w. Table 6.1 summarizes the results in
a tabular form.

Table 6.1. q,/q: Based on the Measured Depth

% Flow O/ Gk
hm (m Depth
m(m) Memmred U/o=1 Wl©=25 uw/o=10 ulo=100
19.9 99.50% 0.0 0.55 0.986 0.996
19 95% 0.0 0.29 0.9 0.96
15 75% 0.0 0.1 0.63 0.76
10 50% 0.0 0.03 0.37 0.51
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This analysis is helpful for understanding how much of a given river will need to be
sampled to provide an accurate estimate of total sediment discharge based on the
value of u-/w.

6.2 Validation using Point Data

To validate SEMEP, laboratory and rivers are used. Table 6.2 summarizes the
data used for this analysis; more detailed information can be found in Chapter 3.
Coleman’s laboratory experiment, the Enoree River, Middle Rio Grande and
Mississippi River data sets were selected because they contain point velocity and
concentration measurements.

Table 6.2. Data Summary

Data h dn h/ds
a.) Coleman Lab Data (Coleman 1986) 0.170t0 0.172m 0.006 m 1,600
b.) Enoree River, SC (Anderson 1942) 3to5.15 ft 0.06t0 0.103 ft 3,200 to 6300
c¢.) Middle Rio Grande at
Bernalillo, NM (Nordin and Dempster 1963) 2.36to 2.56 ft 0.27 t0 0.37 ft 11,500 to 12,500
d.) Mississippi River, MS (Akalin 2002) 21to 110 ft 0.4t02.2ft 15,000 to 530,000

The data from the point measurements are analyzed by determining the measured
sediment discharge, calculated sediment discharge based on regression and
sediment discharge determined using SEMEP. This will provide validation of
SEMEP. In addition, the significance of the h/dsand hy, can be determined. Statistical
analyses are performed on each of the data sets to determine the reliability of the
results. The values will be compared based on ¢y, /¢ and ¢.
6.2.1 Ratio of Measured to Total Sediment Discharge

Using SEMEP, outlined in Section 4.2.1, the values of g /¢ are determined
and graphed as a function of u-/w and dy/h. These results are shown in Figure 6.2 to

Figure 6.8.
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The figures compare the value of q./q: determined by SEMEP to the measured and
calculated gn/q:. The series of solid lines represent SEMEP. The actual measured
data points are represented by a filled dot and the calculated data determined from
the regression analysis are represented by a square. As the ratio of h/dsincreases, so
does the value of u-/w, thus the calculated and SEMEP values of g./q; are closer to
the measured (/g In Chapter 5, the applicability of SEMEP was determined. If the
value of U+/w is less than 5 the procedure is not valid. Based on Figure 6.2 and
Figure 6.3 that data from Coleman’s laboratory experiment and the Enoree River
have values of U-/w less than 5. The value of q,/q: determined based on SEMEP and
calculated based on the regression analysis under-predicts g./g; compared to the

actual measurements. As a result, the total sediment discharge is over-predicted
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using SEMEP. It is interesting to note that once a minimum of 80% of the flow depth
is measured the error between the measured, calculated and SEMEP q./q; coincide
well. This occurs because a limited amount of data points are used to determine the
measured and calculated total sediment discharges. Figure 6.4 to Figure 6.8 shows
data with value of u-/w greater than 5. In general, this analysis validates previous
findings that once the value of u-/w is greater than 5, SEMEP works well. In addition,
the higher the value of h/ds the higher the degree of agreement with the amount of
sediment that will be measured versus the amount of sediment calculated or
determined based on the proposed procedure (refer to Figure 6.9).

Figure 6.9 clearly shows that as the value of h/dsincreases the percent
difference decreases significantly. As seen in Figure 6.2 to Figure 6.8, as the percent
of measured flow depth decreased there seems to be less agreement with the
amount of sediment that will be measured versus the amount of sediment calculated

or determined based on SEMEP (refer to Figure 6.10).
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Figure 6.10 shows that as the value of h,/ds increases, the percent difference
decreases. However, the results are a function of the site. Table 6.3 summarizes the
number of data points with hy/ds greater than 1,000 and a percent difference less

than 25%.

Table 6.3. Summary of Point Data with h,/ds greater than 1000

hm/ds > 1000 and % Difference < 25%

Number
Data Set of SEMEP (Ro) SEMEP (all variables)
Samples No. Percent of No. Percent of
Samples Samples Samples Samples
Coleman Laboratory
Experiment 72 3 4.2% 5 6.9%
Enoree River 43 23 53.5% 30 69.8%
Middle Rio Grande 20 12 60.0% 13 65.0%
Mississippi River at Union
Point 145 122 84.1% 134 92.4%
Mississippi River at Line 13 140 128 91.4% 136 97.1%
Mississippi River at Line 6 115 99 86.1% 110 95.7%
Mississippi River at Tarbert 133 91 68.4% 126 94.7%
Total 668 478 71.6% 554 82.9%

The table shows that once the value of h,/ds is greater than 1,000, most of the
samples will have less than a 25% error. In addition, the calculated sediment
discharge based on the regression analysis performs better than SEMEP due to the
method in which the variables are determined.

For detailed interpretation of the data, a statistical analysis is performed on
On/G. The mean percent error (MPE) and mean absolute percent error (MAPE) are
the best descriptors of how the actual measurements compare with the calculated
and SEMEP values of g/g.. The mean square error (MSE), root mean square error
(RMSE), and normal root mean square error (NRMSE) cannot be used with meaning
because the analysis is based on g./¢:. The values of the MPE and MAPE are

summarized in Table 6.4.
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Table 6.4. Statistical Results from q.,/q;

% Flow Ratio of Measured vs Ratio of Measured vs

Data Set #&d; Measure &pids SEMEP Regression
d MPE MAPE MPE MAPE
1000 0R%; 965 21% 21% 10% 10%
1000 3% 930 28% 28% 15%4 15%4
& 1000 8904 895 2804 2804 1404 1404
= 1000 B6% 860 29% 29% 13% 13%
z 1000 2% 824 3% 31% 13% 13%
= 1000 73% Tl 45% 45% 2604 2604
Z 1000 60% 596 5604 5604 37%% 37%
% 1000 4T% 467 5304 5304 41%, 41%,
= 1000 20% 286 B4 B4 60% 60%
S 1000 20% 198 460 46% 440, 440,
1000 11% 110 59%4 59%4 5704 5704
1000 5% 52 63% 5704 5704 5704
x 4500 08%; 4,410 2% 9% 6% 8%
o 4500 6% 4,337 5% 11% 2% 13%
& 4500 89% 4014 15% 15%4 5% 11%
= 4500 2% 3,682 2604 2604 17% 18%
- 4500 0% 2,147 244 249, 20% 20%
= 4500 5804 2614 47% 47% 2404, 2594
= 4500 46%, 2,087  53% 53% 23% 23%
K 4500 3604 1,633 30% 46% 40% 40%
S . 12,000 87% 10,436 % 2% 0% 5%
F E 12,000 68% 8,149 21% 21% 17% 17%
o _EGE 12,000 50% 5074 2405 249, 19% 19%
e & 12,000 32% 2,877 2604 2604 220 220
= 12,000 13% 1,608 38% 38% 40% 40%
— 55,000 98% 53,900 1% 1% 0% 1%
B B SS000  o0% 49,500 1% 3% 1% 2%
@ E B S5,000 T0% 38,500 1% 6% - 2% 2%
Z 5= 55000 50% 27,500 -11% 21% 2% 407
g 55000 30% 16,500 % 28% 2% 407
55,000 10% 5500 -220% 220% 15%4 17%
- 2 7SO000  98% 73,500 1% 1% 0% 1%
=2 75,000 00% 67,500 2% 494 0% 2%
ZEE 75000 7o 52500 3% 8% 1% 4y
@ S 75000 S50% 37,500 -3% 14% 0% 5%
g8 75000 30% 22500 5% 21% 2% 6%
~ 75,000 10% 7,500 24 25% 19% 20%
9 90,000 98% 88,200 1% 1% 407, 5%
=B onooo 9% 81,000 2% 3% 4% 6%
@8 o000 0% 63,000 1% L 0% 20%
@ 00000 50% 45,000 2% 9% 0% 3%
g E o000 30% 27,000 6% 11% 2% 3%
B 90,000 10% 9,000 21% 220 19% 19%
= i 110,000  98%  107.800 1% 1% 1% 1%
o= 110,000 90% 99,000 2% 3% 0% 2%
“ 7w 110,000 70% 77,000 4 % 1% 3%
& g = 110000 50% 55,000 45 1004 1% W%
5 2 110,000 30% 33,000 9% 18% 3% 5%
110,000 10% 11,000 15%4 17% 11% 14%
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The results show that h/ds h,/dsand u/w are important characteristics in
determining the validation of the method and to calculate the necessary measured
flow depth. When a negative value is reported for MPE the measured g/ is less
than the calculated or SEMEP value for /.. The statistical analysis on Coleman’s
laboratory data shows poor agreement since the values of MPE and MAPE are quite
large. For the remaining samples, as the flow depth increases the amount of
measured depth does not have too be as large to get reasonable results. When the
value of h,/dsis greater than 1000, the results between SEMEP and measured data
are quite accurate, with an MAPE of less than 0.25 for approximately 80% of the
data sets. This aggresses well with previous findings. Even though the Enoree River
is deeper than the Middle Rio Grande, the larger particle size in the Enoree River
causes a smaller value of h/d thus requiring more of the flow depth to be sampled
to get good results. The Enoree River requires 70% of the flow depth to be sampled
compared to only 50% for the Middle Rio Grande to get good results (within 25% of
the measured data). The Mississippi River is a large sand bed river with a
significant amount of sediment transported in suspension. As a result, only 30% of
the flow depth needs to be sampled to have good agreement.

When the measured data are compared to the data determined from the
regression calculations, even less flow depth needs to be sampled for good
agreement. This is because the values of U+, Y, C; and Roare all determined from the
measured point data. A comparison is performed on the total sediment discharge to

have a better understanding of the results in the next section.
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6.2.2 Total Sediment Discharge Calculations

The measured total sediment discharge is determined for each of the data
sets. Then the total sediment discharge is compared to the calculated total sediment
discharge and SEMEP total sediment discharge. These results are shown in Figure

6.11 and Figure 6.17.
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Figure 6.11. Total Sediment Discharge on Coleman Laboratory Data
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Figure 6.12. Total Sediment Discharge on Enoree River
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SEMEP results are represented by purple squares and the calculated results are
represented as orange triangles. The one to one line represents perfect agreement.
The results indicate that for the Coleman laboratory data, Enoree River and Middle
Rio Grande data all results have a tendency to have a calculated and SEMEP total
unit sediment discharge greater than the measured unit total sediment discharge.
This is partially associated with the low measured sediment discharge (less than 1
Ib/ft-s) and smaller value of u+/w. The measured unit total sediment discharge for
the Mississippi River has a tendency to be greater than 1 lb/ft-s and the calculated
and SEMEP total unit sediment discharge has a tendency to be greater and less than
the measured total unit sediment discharge. As the measured unit total sediment
discharge increases, a higher degree of accuracy is achieved in both SEMEP and
calculated total sediment discharge based on regression.

A statistical analysis is performed to understand the total unit sediment
discharge. The MSE, RMSE, ME, MPE and MAPE all are meaningful statistical
parameters. Table 6.5 contains a summary of the statistical parameters which
compare the total measured unit sediment discharge to the total calculated unit

sediment discharge and total SEMEP unit sediment discharge.
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Table 6.5. Statistical Results from the Total Sediment Discharge Comparison

Dataset  h/ds % Flow hnds Measured vs SEMEP - Total Load Measured vs Regression - Total Load

Measured MSE RMSE ME MPE MAPE MSE ERMSE ME MPE MAPE

10aa F6.5% 965 0008 0089 -0073 -2¥% 27 000z 0043 -0038 -13%  13%
1000 935.0% 30 0.01e 0127 -0111 -38%  38%
-t 10aa 39.5% 893 0017 0131 -0114  -39%  39%
E 1000 6.0% 860 0019 0139 -0121 -42% 42%
a 1000 G2.4% 824 0023 0155 -0.133 -45%;, 452
E 10aa T31% 731 0079 0280 -0.244 -33%  G3%
ﬁ 1000 59.6% 596 0.203 0451 -0.554 -128% 1=8%
E 10aa 46.7% 467 0,205 0453 -0.5372 -119% 119%
g 1000 28.6% 286 0614 0784 -0.632 -199% 199%
bt 1000 19.5% 198 01658 0410 -0.509 -35%  95%
1000 11.0% 110 0404 0636 -0.500 -151% 181%
1000 5.2% 52 0425 0652 -0.543 -179% 179%

U 4500 95.0% 4410 253E-05 0.005 0000 4%  10% 9.64E-06 0003 -0001 -7 11%
w 4500 96.4% 4,337 51Z2E-05 0.006 -0.001 -8%  13%
e 4500 F9.2% 4,014 948E-05 0,010 -0.007 -20% 20%
E 4500 51.5% 3,682 623E-05 0008 -0.007 -38% 38%
=] 4500 69.9%% 3,147 571E-04 0019 -0.021 -81% 81%
E 4500 SE.1% 2,614 0071 0267 -0.150 -278% 278%
E 4500 46.4% 2,087 0077 0278 -0.203 -417% 417%
4500 36.3% 1,633 0,097 0312 -0.263 -610% 6Z:=%

o = 12,000 57.0% 10,436 0001 0.030 -0.022  -5% 3% 000z 0.04% -0044  -6% 6%
E = 12,000 67.9% 8,149 0.040 0200 -0.185 -26% 26%
g g 12,000 49858% S.974 0050 0223 -0.211 -51%  31%
=i E 12,000 32.3% 3,877 0077 0277 -0.244  -35% 35%
= 1z,000 134% 1,608 0.264 0514 0443 -64%  64d%

= 70,000 F5.0% 73,500 0014 0115 -0.081  -1% 1% 0221 0470 0043 14% 2%
E E - 75,000 A0.0% 67,500 0150 0387 -0116 2% 4%
£ =g 7S000 TO0% 32,500 0933 0966 0189 1% 7%
E = 8 75,000 S0.0% 37.500 1773 L1332 0234 0% 13%
= E 75,000 30.0% 22,500 4179 2044 -0.514 -14%  26%
75,000 10.0% 7,000 11870 3445 -2541 -36% 37%

110,000 980% @ 107,800 0036 0191 -0154  -1% 1% 0283 0532 0032 16% 1%

110,000 90.0% 99,000 0245 0495 -0.265 -2% 3%
110,000 70.0% TR000 0 1293 L137 -0487 5% 7%
110,000  S0.0% 55,000 2011 1418 02210 3% 9%
110,000  50.0% 33,000 4423 2103 0611 5% 16%
110,000  100% 11,000 8527 2920 -2.028 -20% 22%

MISSISSIPPI RIVER -
LINE 13

20,000 95.0% 88,200 0015 0123 -0.089  -1% 1% 0552 0923 0075 Z2% So%

L'=]
E E 20,000 Q0.0% 81,000 0153 0391 -0.232 -3% 4%
E = 0,000 T0.0% 63,000 0165 0406 -0.111 -2% %
E - 20,000 S0.0% 45,000 1316 1147 -0109 -6% @ 13%
= E Q0,000 30.0% 27,000 6829 2613 -0.935 -19% 26%
20,000 10.0% 9,000 8670 2945 -2170 -35%  36%
55,000 A3.0%% 593,900 0002 0042 -0.031 -1% 1% 0035 0195 0025 8% 1%

55,000  90.0% 49,500  0.031 0176 -0.072 2% @ 3%
55,000  70.0% 33,500 0188 0434 0019 1% 6%
55,000  50.0% 27,500 1439 1200 0398 6%  19%
55,000  30.0% 16,500 9942 3153 -1.347 -16% 33%
55000 10.0% 5,800 S.&542 2417 Z3530 62%  62%

MISSISSIPPI
RIVER -
TARBERT

124



The results in Figure 6.11 to Figure 6.17 and Table 6.5 show that h/dy hpand U/
are important characteristics in validating SEMEP and determining the necessary
flow depth needed for measurement. The results from SEMEP suggest that most of
the measured data are less than the calculated unit total sediment discharge. The
MSE and RMSE are always positive values since the term is squared. The value of
the MSE and RMSE increases with increased unmeasured depth, but there is no set
pattern to the increase. The results from the statistical analysis signify that the
error between the measured and SEMEP unit total sediment discharge increases as
the percent of flow depth measured decreases. The ME is a negative number when
the actual total unit sediment discharge is less than the measured unit total
sediment discharge. The value deviates from zero as percent of sampling depth
decreases. The MAPE is a better indicator than the MPE because it summarizes the
deviation from the actual measurements and it is not an average of positive and
negative numbers, thus causing the MPE to be a smaller value. The MAPE suggest
that for the Coleman’s data set, more data points are needed near the bed to reduce
the percent error. For the Enoree River and Middle Rio Grande data, when the value
of hy/ds must be greater than 5,000 then SEMEP total unit sediment discharge is
within 25% of the measured unit total sediment discharge. Finally, for the
Mississippi River data when hy/ds must be greater than 10,000 then SEMEP total

sediment discharge is within 25% of the measured unit total sediment discharge.
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6.3 Rouse Number Deviation

Previous studies have shown a deviation in the R, and Ra:. (Anderson 1942;
Einstein and Chien 1954) . The location of the deviation varied based on the data
tested. A similar comparison is performed on the point data available from this

study. The results are shown in Figure 6.18.
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Figure 6.18. Comparison of measured and calculated Ro
The results from the Coleman laboratory data, Enoree River, Middle Rio Grande and
Lower Mississippi River show that there is a deviation between the Ra, and Ra..
The value of Rq. is determined based on calculating the w based on the dspssand
determining the u- based on the flow depth and slope of a given river. In general,
the value of Ray is less than Ra.. However, when the Coleman data are plotted, Ray,
is actually larger than Raq; this can be attributed to the use of the energy slope (&)

to determine U~ or the low sediment discharge, which results in poor measurements.
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The data from the Middle Rio Grande agree the best. This is associated with the fact
that the value of Ro is very low (< 0.15). The data from the Enoree River and
Mississippi River show that there is a reduction in RQ,,compared to the Ra.. The
values of the Ra. determined for the Mississippi River might deviate due to the
unknown value of slope in determining u-. A value of S of 0.0000583 was used for
this analysis for all four sites (Biedenharn et al. 2000). Based on the results in
Section 6.2, even though Ra,and Ra:. do not agree well, the procedure calculates
total sediment discharge quite accurately.

Akalin (2002) performed a study where he divided the point measurements
into bins to evaluate the variability in the Ra,and Rq.. He determined that finer
particles had better agreement between the Ra,and Ra.. The value of Romatches
well because of the amount of sediment sampled. Smaller particles have a lower Ro
value and are found in larger quantities, resulting in a better agreement. Thus,
based on this study, if the value of Rois less than 0.5, the proposed total sediment
concentration will agree well with the measured total sediment concentration.
Akalin’s study shows similar findings. This is because the concentration profile is
relatively uniform.

The following study is performed to see the effects that the value of the Rq;
has on the total sediment discharge calculations. Data from the Susitna River in
Alaska are used (Williams and Rosgen 1989). There are 37 total sediment discharge

samples taken between 1982 and 1985 (refer to Figure 6.19).
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Figure 6.19. % Error between the Actual and Calculated ¢ for Susitna River

The results indicate that the variation in total sediment discharge is not that large as

long as Rois less than 0.5. This coincides well with the previous analyses. The

proposed procedure total sediment discharges will be relatively close to the

measured total sediment discharge when the value of Rois less than 0.5. The five

samples (4/14/83,10/6/63,9/13/83,9/25/84 and 9/6/85) that have a difference

of more than 25% are the samples where the measured total sediment discharge

was less than 2600 tonne/day. This also concurs with earlier findings, that the total

sediment discharge needs to be high to get an accurate comparison. This is because

the measurement is not sufficient to get an accurate particle size distribution and

sediment discharge measurement and there are measurement errors.
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Chapter 7: Conclusions

This study improves total sediment load calculations based on a depth-
integrated and point sediment concentration measurements. The new total load
calculation uses a Series Expansion of the Modified Einstein Procedure (SEMEP) to
remove the empiricism found in the Modified Einstein Procedure (MEP). This
procedure contains four main modifications to MEP. First, SEMEP solves the
Einstein integrals quickly and accurately based on a series expansion. Next, instead
of dividing the suspended sediment and bed material samples into particle size
classes, the total sediment discharge calculation was based on a median grain size in
suspension (dspsd. Thirdly, for depth-integrated samples the Rouse number (R0)

was determined directly by calculating the fall velocity (w) based on dspss the shear
velocity (U. =+/ghS) and assuming the value of the von Karman constant (x) was

0.4. For point concentration measurements, the Rowas calculated by fitting the
concentration profile to the measured points. As a result there was no need to
determine the Rofor each overlapping bin and fitting a power regression to the
data. Lastly, SEMEP uses the measured unit sediment discharge and Roto
determine the unit bed discharge directly, rather than Einstein’s probability of
entrainment. SEMEP was developed using measurements from two laboratory and
twenty rivers within the United States. The main conclusions of this research effort
are summarized:

1. The developed code for SEMEP can be found in Appendix F. The procedure

can calculate total sediment discharge () in both SI and English units. The
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applicability of SEMEP was determined based on the ratio of the measured to
total sediment discharge (g./(;). Depth-integrated concentration
measurements, from fourteen streams and rivers in the United States were
used to test SEMEP. SEMEP performs well (Figure 5.16 and Figure 5.20)
when the value of u-/w was greater than 5 and the measured total sediment
discharge was greater than 10,000 tonnes/day. These results have a
coefficient of determination (R?) of 0.98, a concordance coefficient (pc) of
0.99 and a mean absolute percent error (MAPE) of 5% when u-/w was
greater than 5 compared to a RZ of 0.92, pc of 0.96 and MAPE of 62% when
U/ was less than 5.

. Total sediment discharge comparison between SEMEP and BORAMEP were
possible for seven streams within the United States. A total of 207 samples
were tested. BORAMEP failed to calculate total sediment discharge for 68 of
those samples. Further, only 18 samples calculated using BORAMEP were
within 25% of the measured total sediment discharge. In comparison,
SEMEP always calculated a total sediment discharge, and over 90% of the
samples were within 25% of the measured total sediment discharge. The
statistical analysis for SEMEP were a R2 of 0.98, p. of 0.99 and MAPE of 2%,
compared to BORAMEP values with a R? of 0.65, p. of 0.74 and MAPE of 18%.
Statistically, SEMEP performed much better than BORAMEP.

Criteria defining thresholds for different modes of transport were redefined
based on SEMEP. The laboratory data set of Guy et al. (1966) were used to

define the transport modes. Figure 5.5 shows the ratio of suspended to total
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sediment discharge (g¢J/q;) as a function of u-/w. The results indicate that
when the value of u-/w was between 0.2 and 0.5, the sediment will move
primarily as bed load. When u-/w was between 0.5 and 2, the sediment will
move as mixed load. Mixed load can be defined as sediment that contains a
high percentage of both bed and suspended sediment load. When the value
of U-/w was greater than 2, the sediment will move primarily as suspended
load. Finally, Figure 5.7 was used to show that when u-/w was less than 0.2,
no sediment will be transported.

SEMEP can be used to determine total sediment discharge based on point
sediment concentration and point velocity measurements by calculating the
ratio of measured to total sediment discharge (g./Q). The relative
submergence (h/ds), the measured depth (hy) and the u/w were all important
characteristics in total sediment discharge calculations using SEMEP. Figure
6.9 shows that as the value of h/ds increases, a better estimate was calculated
for /.. Thus, for a given grain size deeper rivers have better total sediment
discharge estimates. Figure 6.10 shows that as the value of hy/dsincreases,
the accuracy of the calculations improve. When values of h,/ds were greater
than 1,000, over 80% of the SEMEP results were in good agreement (errors
less than 25%) with the measurements. The point data also coincided with
the fact that when u</@ was greater than 5 (Figure 6.2 to Figure 6.8), there
was good agreement between SEMEP total sediment discharge and the

measurements.
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5. As discussed in Section 6.3, the deviation of Robetween the calculated and
measured Rocan be significant when the value of Rowas greater than 0.5
(w/w<5). This occurs because of low concentration measurements and
measurement errors. In addition, when the value of Rowas changed from
0.01 to 0.5 (250>u-/w>5) the total sediment discharge was calculated using
SEMEP will vary by less than 25% of the measurements (Figure 6.19).
However, as Rowas increased above 0.5, the variability in total sediment
discharge increased exponentially. Therefore, a more uniform concentration
distribution gave more accurate results because a higher amount of sediment

in suspension was measured.

In summary, SEMEP is most beneficial in streams where most of the
sediment is transported in suspension. The results indicate that SEMEP performs
accurately (error less than 25%) when the value of u-/w is greater than 5 (or Roless
than 0.5). SEMEP calculations are acceptable, but less accurate when u«/w is
between 2 to 5 (1.25 >R0<0.5). Both SEMEP and MEP should not be used when u+/w

is less than 2.
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MEP computes total sediment discharge based on: channel width, flow depth,
water temperature, water discharge, velocity, measured sediment concentration
(depth integrated sampler), suspended sediment particle gradation and sampled
bed gradation. Table A-1 provides a comparison of the Einstein and Modified

Einstein Procedures.

Table A-1 - Comparison of Einstein and Modified Einstein (Shah 2006)

Einstein Method

Modified Einstein Method

Developed for Design

Estimates bed-material discharge

Single Cross Section

Estimates total sediment discharge

0 Based on Channel Cross Section 0 Includes wash load
0 Bed Sediment Sample .
. * Necessary Measurements
* Based on calculated velocity 0 Adepth integrated sediment
. sampler
e Rouse value determined based on a 0 Water discharge measurement
trial and error methodology .
. * Temperature Measurement
*  Water Discharge computed from .
formulas (eg. Manning’s) * Based on mean velocity

e Observed z value for a dominate
grain size.

* Change to hiding factor

* Einstein’s intensity of bed load
transport is arbitrarily divided by 2.

There are three main departures from the Einstein Method, the calculation of the

Rouse number (z), shear velocity (u+) and intensity of the bed load transport (®+).
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The following are the steps required for total sediment discharge based on MEP:
Step A. Trial and Error determine the Correction Coefficient

1. Assume a value for the correction coefficient .

EEEE : i HEH :
:% E s i I | eLil '1 o
s di it ik } T i
il 1t 1 1 g
i . . 1
HH Tiuniim 14 i
p=-+ 1 - -y i
Emammesias] i H E
: - rj!h:
v s FEEEH | H i o i =)
EHe— HHrH i, = =
- i = . His 1] EE
::;;l -I b "l o et 1
i
v i
Eisiihiii i3 SHHHHE
E b It 1 1 Eaan
(1] s i Bawgh wan
T b=y -E---F- B il -y
SSELE i i
s b4 -y
£ il : R
FHERS i SEHE
e g s i : e
FEEEH LA SEEzrrerim ==
o= TR -
s = 1
i e
BEsidian ". aa Affer ligure 4, U S Dept of Agr Tach
i shte HHHH Bull 1026 [Ewmitam, 1550
o o ] L

lesf
Figure A-1 - Correction coefficient x based on ks/§

2. Calculate the value of u, =./gSRusing the velocity profile

- 1227)((\2)
—— =575log —= A-1
JgSR 9 dgs (A-1)
Where,

i is the mean velocity;

U+’ is the grain shear stress;

gis gravity;

Sis the slope;

R’ is the hydraulic radius associated with grain roughness;
x is a correction coefficient;

Alis the cross sectional area;

Wis the stream width; and

dss is the particles size where 65% of the material is finer.
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3. The laminar sub layer is needed to determine if the initial estimate of x was
appropriate.

11.6
0=—1 (A-2)

Where
o0 is the laminar sub layer; and
v is the kinematic viscosity.

4. Calculate the x-axis of Figure A.1. k% = dﬁ%

5. Ifthe initial guess in step 1 is equal to the value determined using Figure 2.3
then continue. If not, assume that the new value of y is that from step 4 and
repeat.

6. Calculate the transport parameter Py,

A
30.2)(W A3
Pm = 23|Ogd— ( } )

65
Step B. Calculation of Total Sediment Discharge...Place sample into bins.
1. Choose a representative size for each bin.
2. Identify the percent of suspended and sampled bed material in each bin.

3. Calculate the intensity of shear on each particle based on the following two
equation. Use the larger value.

_ ds a4
Y= LGE(R_SJ or 0.66( RS) (A-4)

Where,
Sis defined as slope;
R’ is the hydraulic radius associated with grain roughness;
dssis the particle diameter where 35% of the material is finer;
d; is the mean particle diameter for the given bin; and
¥ is the Intensity of Shear.

4. Compute % of the intensity of the bed-load transport (&+) using the following
equation.

_0.023p
ﬂ =
1-p)
Where,
p is the probability a sediment particle entrained in the flow

(A-5)
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The probability function is determined based on the following Error Function (Yang
1996):

— 1 b e
p=1 Tn L e dt (A-6)
Where:
. B 1
a isequalto ———-—;
¥ n
b is equal to E—i;
7o
B+ is equal to a value of 0.143; and
7o is equal to a value of 0.5.
_ 2 b g
ERF \/I_T'L e dt (A-7)

Therefore, to compute the probability “p”, evaluate the Error function from a to b.
Then, multiply the Error Function by % and subtract it from 1.

5. Calculated the bed load discharge

i,q, = %qaib V. 90165 (in Ibs/sec-ft) (A-8)
i,Q, = 43.2Wi,q, (tons/day) (A-9)

Where,
®- is the intensity of bed load transport;

Ip is the fraction of particles in the bed within that bin range;
ys is the specific weight of sediment;

g is gravitational acceleration;
d is the mean particle diameter for the given bin range; and

Wi s the cross section width.
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6. Calculate the suspended sediment discharge

Q,'= 432Wq,’
q.'=i. yCS'q{(l— E)- 2.3(ElogP£ —1}} (in Ibs/sec-ft) (A-10)
Where,

Qsi’ is the suspended sediment discharge for a given size fraction (tons/day)
Isis the fraction of particles in suspension within that bin range

y is the specific weight of water

C{ is the measured concentration

g is the water discharge per unit width

E is the ratio of unstable depth to total depth

P is the parameter calculated in Equation (A-3).

7. Need to determine the Rouse number for each bin (Refer to Step C)

8. Need to determine the limits of integration

2d
A= hs (A-11)
Where,
his the flow depth

ds is the dsgof the bed material
9. Calculate the Einstein Integrals (J1, J2, J1, ]2, I1 and I2).

10. There are two distinct methods for calculating the total sediment for the
given particle size:

PJ +J
Q=Q' "+ A-12
t PmJl +J2 ( )
Qi =iyQy (Pl +1,+1) (A-13)
Q=>.0Q (A-14)
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Step C. Calculation of the Rouse number
1. Determine all location where there is overlap.
2. Assume a value for the Rouse number.

3. If the following equations are equal then the assumed rouse number is good.
Otherwise one needs to recalculate the rouse number

® and Py 4 ;) (4-13)

iB Qb 1

The Rouse numbers for the remaining bins are determined as follows:

(@) (A-16)
oA
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TECHNICAL NOTES

Efficient Algorithm for Computing Einstein Integrals

Junke Guo® and Pierre ¥. Julien®

Abstract: Avalytical approwimations to Emstem integrals ars propassd. The approwimations representsd by two fast-capverping serias
are valid for all values of their arpuments. Accordimgly, the algorthm can be easily incorporated into professional sofiware ltke HEC-R43

or HEC-S with minimam computational effen.
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Introducticn

The Einstein bed load fimction 15 2 landmark of modem sediment
transpont mechanics, It provides the first theoretical framework
for sadiment ramsport caloulation, which guidsd many of the fol-
lowing researchers, Meverheless, the computaton of Emstein bed
load function requires an estimation of two integrals Jy and Ji
which canprat be integrated in closed form for most cases and are
very slowly cooverzent for dirsct mumerical misgration because
of singulartty of the integrands pear the bed (Makato 1984). Ein-
stzin (18500 provided n mmenical fable and zraphs to factlitace
e caleulation. Some mathemarical software, such s Matlak and
Maple can also be used fo integrate them mumerically. However,
both methods cannot be easily implemented in professional soft-
ware. Far e:.nmp]e the widely wsed HEC-RAS and HEC-S do not
include Einztein bed load fancton (US. Aoy Corps of Eng-
neers 1993, 2003) probably bacause of the complenity. The pur-
pose of this artcle s to provide a fast-comverzing zlzorithm to
estimate Einstein integrals Jy aod J5

Einstein Integrals
In his bed load fapction, Einstein (1950) definad
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J.L:J=J (222 g il
I i E I
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i —ghs
J:[.T_I=J g i1
X i E I
where E=relative bed-layer thickpess o water depth. Eq. (1)
arizinates from Rouse’s sadiment concentmation distrhuton; and
s=Houss mmiber that exprasze:s the ratio of the sediment proper-
tizs to the Bydraudic characteniztics of the fow (Julisn 1983, p
185). Eq (2) comes from the prodoct of the logamthmic velocity
profile and Fouss sediment concentration distrbution. For the
pumpose of manipulaton, the above two integrals can be Tear-
ranged as

il | —E£hs®
J.L:]=J I.TE.l

i (1=
:flg—J_ '._TE_."E 3

Integral J;

After using Beta function. Gae and Hud (18915 and Guo and
Wood (1985) found that for z« 1,

r=ghs Til=alil-21 =w
— | dE=Ril+z1-z11= =
Ju g .'l = ) T2 S Ew

[
O the other hand, the second tenn oo the right-kand side of Eq
(3 15 dafined as
& I. AT
Fiz) =J — | ]
o'
It can be solved using integration by pam: as
(1-E
F.E:]=EII—£ | #eFisi=2Fiz =1 (T}

ar
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1 [1-Ef

Fii=—- - _Fiz-1y (78

e et T o)
Multiple applications of the above recumence Sormala resales m

Q-1 Q-E' s T oz
F1 =1 Bt p—lz—3 -3 1o

_n- EJ’_EL—U*

-FI [z1==-

[3—5 (&

Thus, from Egs. (%), (53, (6), and (8). one caw zet J, for 2= 1

4 - \ =
. aml 3 -1} | [ !
S k=r\1=f/

. {1—i)
Jis= - —
HnES [

Futs )

Simelar o Eg (78), applyice integmton by pars o Eq- (1), one
Zen

Frams W £ ot § g ey
L0 gy e L e

Tharafore. for [ < z<2, one obtamns

ne L OZEF = | E-bw  (-ZF
'..-.l____] 1 =1 | dnlz—1}=x g
- p ]] o, 1-|:-|||.
=+ (g _I]E.t |--_.--||| 1-E J
= i-EF = = (1-Ep¢!
-1 ! snzw -1 E?
G 0
E.l-—:—lll'.—f,'l

111

s o S Er CHE E
snow E}—-H—

which 15 idenncal o Eq. (%) Furthenmore, one cae recognize the
sedf simulariny of Eq. (9) for any nomintezer value of o

For acy imeeger z=n, 2 closed solufion can Be obtmined Ty
applying the binpmial theprem to the ntsgrand

J[ﬁJ—J’-Ll E]ﬂ‘& E ,._T;,,.[ g

Ll

T 1—EEen
& B E-nel
o | |
'-'if'lT"J g -1 a
] iy

—E (~17n! E¥" -1

(R=Rigl m—E-1 Hrlrelek-Lrl)
=il

123

For examiple, when n=3, it gives

0 :
F — Earias s0dton [B) | ¥ s |
+ _Exat valuea from (12] o (21] o
I d '
. j !
- = 10 . -
_ e
1id T
: s :
- .
: P 12
o . s ]
l_f"
£ [
s " e
P i)
| ]
ﬂ'“n 3 4 5

1
Si3= —:hf—ﬁ——*:"'f (13

To avoid compuatenal overfow, 11 is sugzested to apoly Eq. ()
o mny poointeger T valwe and use Eg. (12) for amy integer o
valae In practice. an intezer o cen be considered t=pn=107% For
enample, if =2.098 Eq. (%) 15 used; :f 0=2.989, 1t com be con-
sidered =3 and Eq (12 s then B.‘.lp]l.Ed. Basides, from Fig 1,
oo can see that Eq. (%) comverges 1 Eg. (12) when  teeds w0 an
imteger g In fact, this comvenzance canm alse be amalytically dem-
opstrated, the proof being beyeod the scope of this note.

Integral J;

Gwo and Wood (1995 and Gue (2002) also showsd that farz-== 1,
ome has

J T'Ej g =—{ail -1~ (1~ )]

o) +wootre— (1 —i]

whers y=0.577 213 _.. =Eunlsr constanr; and Jiz)=psi fmedon a
special function (Andrews 1983). Defining

iz Eg. (4) and applyving mispration Iy parms gives
Fyz)= 5[—| mE+Fir—11=2Fufz)—F,(5) (La)

ar
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Butiat. woiution [18] ] ) /
+ Bt vahien from {(18; i #

5
Fig. 2. Plot of miegal 1) (z_E), Eg (18
__U-EfmE : Fyiz)
R@=-—gr S Rt e

This result is similar to Eq. (780 After a complicated demvation.
one can show that

Er fm
Fizi=Filz ;L]nE——Il EM {17

[z—&liz—&—1)
o wihkich F|iz) i3 estimated oy Eq. (3) Fioally, Eq (%) becomes
o Foomint o A
[2]m Y
Szl :ﬂn:.{ﬂcl}{ - -+L-TI:'* _+.i:-|}
L e (= EE =)
_[.ﬁ. ||I||I-f‘+ ||I+ %1 -“I J___||}
r,|| (18

Like Eq (¥, Eq (18) 15 valid for apy noninteger o although it is
derived for <1, Forimtegar z=n, the following clessd sohuton
ENLEE

s~ [ (S mgi-3 2L g

(=1 [t 1
_E TREEIR (- 1r‘»~j g

ri
s-1r| g

r
e I .{E"""lr.ﬁ_ Eitre-] ’
AT T e BT T S TE
=1y §=.n=£—£1n5—£—1|[ (1)

For the interest of application. the comverzence of Eq. (13 to Eg
(199 is goly shown ic Fig. 1

1|—1,nnm.um-d|;zm : ]
[ Rigihi-hand side of (20) |
26 b=
Il M
15+ / -
E
1+ i
oSk ]
'JP‘ i i i i []
&I!I 1 2 3 4 5 ]
I
Fig. 3. Approximaton of Eg (30

Proposed Algorithm and Convergence

Egs. (%0 and (15) inchude three mifiedrs senes. Seres (3) and (17)
are rapidly cooveszent as soca as E—z= 1, becmese EF7 quickly
tends to zere. In practice, taking the first 10 terms m Eqs (8) and
{17315 accurate enough smce there 15 oo sediment TADIPOT under
2= 10, The converzence of the first series in Eq (L8 is conrpaza-
tively slower For calculation, the following aporosersion can be
nzed na program

| = ¥
E[T-J«tj =fE = e =

wlich 15 shown in Fig 3 where the manimom relative emor is
026% for 0= o= 6.

The above analysis can be summenzed @ the 'nnr.-u'n Com-
pumtional alzorithm. Firsy, for an imteger walume oz, k
—roimdiz :||a¢""llI Egs. (12) apd (19 are directdy apphed Gﬂ:a
wise, the fc-lJuwmg lzoritm s used

Srap 0 Estimate Foio) from Eq (8) using o maximaem of 10

terms, k=10
» frop 1 Estmare Jjiz) from Eg. (7).

» Imgp 3 Esttmate the first series im Eq. (18) by usmg the ap-

proxdmagion (20,

» Srep 4 Estmate Fiiz) from Eq. (17) usine F=10 terms
» Srep 5o Estmate Sz} from Ego (13).

A Fortran sabrovtime of Eccel spreadshest can be dowoloaded
fom kit courses cusedn.spiomose’'tveguo) oed 3090 piame himl
far the showe alzgemtien. The result: of applving this alzeotee ane
plotted m Fizs. 1 and 2 where the symbeol of 2 cross indicates the
exnct values from Egs. (12) and (199, In additton, the exact values
of Jy for z=n+1/2 can be foumd with Mizple and are alse plotied
in Fig. 1. For example,

,_

1
—3 50 HAE-1)- E"nf_l (11m

=
——
bt | s
I
I
Iq
I
| L
]
r.|
1
b
(]
+
e
=
by | —
|
—_
T
bt
i

1200 JOURNAL OF HYDRAULIC ENGINEERING @ ASCE [ DECEMBER 2004

155



J,[.l-]=5TT— %sin (1E-1)= [é—i—*—z] \,n';

- {115)
,r,[%:]:-%ﬂ%sm'izz—n
_[%-%+%+E] ".,-'I; 121a)
,[%]:{—“-%m E-1)

3 I e | .
i [ P BB BE 3 E.] Vg~ @l
One can see that Eqs. (%) and (18), respectively, converge w Eqs.
(12} and (19), the resulis for meeper 7 valoes from Eg (21) also
comcide with those fom Eg. (%) Thus, ons can consider that Eqs.
(%) amd (1B comectly repressnt the acourate vales of J and Jo.
respectively. The mumerical calculation shows that the presented
Approximations are computationally efficient and can avodd com-
putational averfiow, Therafore, they can be incorporated into pro-
fessional software like HEC-RAS or HEC-6.

Conclusions

This mote presents an effective approwimaton to Emstein integrals
Jy and J. that are valid over the entire 1anze of the Rouse pamber

7 and the relatrve bed-layer thickness E. The approximations can
e readily implemented using widespread tools such as program-
mahble calculators, spreadshests, Forrman, or MnLeb. In partcu-
lar, it may provide a simple way to incorporate Emstem bed load
fanction inte widsely vsed hydraulic sofrware The mmerical ex-
perment shows that the propesed algorithm rapidly converzes o
the exact values of J| amd J,.
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Table C.1. Summary of Available Data

55 E & £ 5 3 & .
§c8 85 & s B lels| & HEHEEE g& s |E|z g
gRE 253 2 22l &8l v |s|:lgl5|E| §&E ®%3 32 S |8lg| § |g| ¢
Report Number 2ot 95 5 @ es I8 o e slg|8le|s = 25T = =8 = S ol &
28 223 g o2 8] 3 g |Z|o|g|S|8 =3 28 g SIEl & |<| 3
528 £2% 3 g2 1% ¢ g1glel “°s €2 T 8|8 g
] 2 < @ 5 o a ol o N
3 @ S i > > B 2|0
Vanoni - Some Experiments on Suspended X (hard to read in
Sediment a graph) X X X |X X X
Brooks - Dissertation Lab Study X X (1run)fX [X X X X (dunes)
Colman Lab Experiments X X X X
X (different type Bed Material
Paper 462-1 CSU Flume Data of sampler) __|Uniform Particles x_|x x Ix x| Ix ds0 Total Load X
Modified Laursen Method for Estimating Bed
Material Sediment Load - Arkansas River X X X _IX X X X X
Mississippi River Data from Akalin's Dissertation X X x |x X x |x 1% X
|Paper 1819-J - Mississippi River at St Louis X X X X X_IX X (Some days)
Paper 1802 - Mi ippi River at St Louis X X X X_|X X X X X X d50
Paper 1373 - Wind River Basin, Wyoming (Fivemile
Creek) X X X X X_IX X X
Anderson - Enoree River X X X |X X X X
Paper 562-J: Summary of Alluvial Channel Data
from LFCC X X X X X _|X X X X X X X
462-B - Middle Rio Grande X X X X X XXX X X
X (some data)
Paper 462-F Rio Grande found in other
X reports X X X X X X X
|Paper 1498-H Rio Grande near Bernalillo X X X X X X X X X X
Measured at
Paper 1357 - Niobrara River Data Contacted
X X X X X AW X IX X X X Section X
Measured at
Paper 1476 - Middle Loup River a Turbulent
X X X X X X X X X X Flume X
79-515: Suspended Sediment and Velocity Data
Amazon River and Tributaries X X X X X X X X
83-135 Sediment and Stream Velocity Data for
Sacramento River X % Sand X % Sand |X |X X |X X
83-773 James River Basin X X X
. . x (TWO X (HELLEY
80-1189-80-1191 East Fork River Wyoming STATIONS) MISSING x |x X |swlx SI\EHTH) X
89-233 - South Fork Salmon River X Percent Sand X X X X _[X X |X X X X
89-67 Measured Total Loads For 93 US Streams X X X _IX X X _IX X_|X X
81-207 : Sediment Analyses for Selected Sited on
the Platte River X X X_IX X _|X X_IX X X
USP-61A1 X (Helley smith
93-174 Stream flow and Sediment Data Colorado (1985-1986) load needs to be
River and Tributaries and USD-77 determined time
X X X |X  |(1983) X X X |30 sec) X X

158




Table C.2. Guy et al. Raw Data 1

Experimental Vairables and Parameters for 0.19-rmm sand in 8 foot wide flurme

Susg led Concentration Total Bed Material
Water " . " Bed Material
Run Slopg %102 De:]f:)h h :::Ir:;:;g Discharge - O Ter(?g].T ¢ oo Paglcle(:lie & o Sl:::m:‘e Porticlo Sin V'L“Iz?:?w

{fé/sec) PP 5:7;3) PP 1 u,j)” dep (ft x 109) |V (ft/s)

24 0.0055 0.94 076 6.52 186 u] 0.463 u] - - 0.87
225, 0.01 0.48 0.43 299 174 0 0.463 0 - - 0.7a
2 0.0m5 1.06 0.84 6.68 123 u] 0.463 0.2 - 0.656 0.79
22B 0.016 0.43 039 299 178 0 0.453 0 - - 0.87
28 0.my 0.3 024 2 192 u] 0.463 u] - 0626 0.83
25 0.8 043 075 6.45 192 0 0.453 0.3 - 0613 0.87
22cC 0.0ma 0.42 034 299 18 u] 0.463 u] - - 0.82
30 0.028 1 080 891 17 7 0.453 37 0.321 0626 1.1
1 0.034 0.55 0451 3.42 138 u] 0.4683 1.2 0.712 0643 0.74
k)l 0.043 1.02 081 10.62 181 42 0.423 29 0.433 0623 13
27 0.057 0.55 0.45 4.08 18.1 - 0.4683 4 0.334 0623 0.53
5 0.058 1.03 0a2 1267 16.4 106 0.482 120 0.495 0.64 1.54
23 0.062 0.44 0.40 299 18.1 u] 0.4683 2 0.455 0.557 0.95
32 0.066 0.95 077 13.64 182 - 0.456 281 0.456 0648 1.79
g 0.07 0.53 075 14.81 18.3 a06 0.a1 4149 0.427 0.63 1.99
23 0.079 0.54 0.458 4.49 18 - 0.483 34 0.518 0623 1.04
33 0.083 1.06 0.54 16.66 174 743 0.482 §36 0.452 0.656 1.96
29 0.054 0.56 0.49 5.08 19.1 £l 0.483 55 0.558 0643 1.13
3 0.052 0.55 0.43 5.2 123 - 0.4683 G4 0.528 0659 1.18
1" 0.099 1.09 0.86 2047 189 795 0.351 1300 0.448 0.583 235
13 0.1 0.89 073 21.98 193 772 0.371 1240 0.453 0.59 3.09
14 0.106 0.86 071 2212 19.4 950 0.413 1490 0.522 0.564 3.22
15 0112 0.79 066 21.84 193 1120 0.482 2000 0.561 0.584 346
34 0127 0.52 0.46 7 166 393 0.483 503 0.518 0653 1.68
12 0.13 1.02 081 21.96 197 9249 0.423 1270 0.436 0.5593 269
<] 0.13 0.61 053 g.14 153 550 0.429 g61 0.488 0.62 1.67
7 0.14 0.65 0.55 9.66 18 a67 0.452 1240 0.458 0614 1.78
35 0.147 0.52 0.46 7.52 185 729 0.452 993 0.531 0.656 1.81
18 0.156 072 061 2214 8.8 1380 0.525 2750 0.62 0.557 3.84
10 0.17 0.51 0.45 11.68 19.1 g61 0.433 2480 0.548 0.587 2.89
9 0.1594 0.49 0.44 §.22 186 637 0.357 1210 0.455 0623 21
17 0.196 0.67 057 221 19.1 4030 0.472 4650 0.544 0.561 4.14
13 0.3 0.64 055 2216 189 7270 0.473 9240 0.522 0.557 4.33
19 0.35 0.64 055 2218 187 13400 0.455 12900 0.522 0.564 4.33
39 0.39 0.61 0.53 2233 18.8 20100 0.521 16200 0.455 - 4.558
20 0.45 06 052 2147 185 23300 0.485 23500 0512 059 462
21 0.542 0.5 0.44 16.13 187 21300 0.469 25200 0.502 - 4.03
38 0.582 0.58 051 22 17.9 31600 0.508 26600 0.522 - 4.74
5] 0.645 0.51 0.45 15.54 16.0 36000 0.518 35500 0.541 0676 3.81
37 0.95 0.65 0.56 21.84 17.3 57300 0.561 47300 0.512 0.689 42

Experimental Vairables and Parameters for 0.27-rmm sand in 8 foot wide flurme
Suspended Concentration Total Bed Material
; Water . Bed Material Mean
Run | Slope x10? D:p:' - :y:.raul;:: Discharge - Q Temp - T Sampled C. |Particle Size | Concentration S‘:::ICLE Particle Size | Velocity

s O |Reds ] geson | C9 | ey |-t 10| Gotpnm) |5 0 109 |V 09

S0A, 0.007 0.95 077 6.09 145 u] 0.638 - - - 0.79
a00D 0.0m8 0.91 074 6.09 1588 ] 0.633 0.4 - 0.856 0.84
a1 0.046 0.99 079 9.865 16 9 0.638 12 0.705 0.889 1.24
a2 0.065 0.94 076 12.25 16 a7 0.633 a3 0.6568 0.52 1.63
a4 0.054 0.93 075 13.62 183 187 0.638 200 0.607 0935 1.83
a3 0.108 1.02 041 15.58 169 396 0.584 358 0.5584 0.902 1.91
57 0.126 0.48 043 511 139 0 0638 a3 0771 0951 1.33
56 0.126 0.75 063 11.09 153 407 0.581 540 0.623 0.823 1.85
55 013 1.08 0845 17.8 18.1 534 0.689 639 0.645 0.886 2.06
45 0.138 0.64 069 21.64 178 679 0.541 1270 0.755 0.951 125
43 0.14 1.13 058 19.23 17.4 556 064 931 0.686 0912 213
44 0.163 1.03 082 21.55 16.8 623 082 833 0.63 0.856 262
42 0.167 0.94 076 15.68 14.8 416 0.902 704 0.656 0837 2.09
46 0.167 0.74 062 21.76 185 a57 0.554 1670 0.853 0.827 368
5 0.185 0.46 0.41 B.75 142 331 0.689 783 0.702 0.902 1.83
47 0.28 0.95 077 21.79 136 3770 0.6 4760 0.758 0.863 4.32
43 0.453 0.59 041 21.69 159 108000 0.662 9080 0.646 0.856 46
39 0.813 0.55 0.458 2171 1.2 34000 0.327 28700 0.656 0787 4.93
41 0.952 0.45 0.40 1541 11 43300 0.715 35600 0.636 0.955 4.28
40 1.022 06 052 21.35 108 41400 0.623 355800 0.656 1.033 4.45
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Table C.3. Guy et al. Raw Data 2

Experimental Vairables and Parameters for 0.19-mrm sand in § foot wide flume

Shear VVelocity u* - (ft's) Bed Material : R factor
Based on| Sampled Visoociy | Steonat | RowOlds | Bed
2 .
Run | Based | Based Velocity | Suspended Totalgr | 405, Bed .o |Mumber10Z| o ¢ Darey Cheozg Mann:ggs Configuration
onR on h Profile 4 (Ib/fts) (Ihifts) ftls) Ibife) R Weishach f| Cig n (ft'")
24 0.037 0.041 0.035 0.0000 0.000 1.12 0.0024 730 016 0.0176 245 0.012 Plane
224 | 0037 0.039 0.034 0.0000 0.000 1.16 0.0023 323 020 0.0203 29 0.012 Do
2 0.064 0.072 0.032 0.0000 0.000 133 0.0020 630 014 0.0656 248 0.024 Ripples
228 | 0045 0.047 0.039 0.0000 0.000 114 0.0028 325 023 0.0234 26 0.012 Plane
] 0.039 0.041 0.033 0.0000 0.000 1.1 0.0028 226 027 Do
25 0.068 0.073 0.035 0.0000 0.000 1.1 0.0024 738 016 0.0570 245 0.022 Ripples
2¢ | 0047 0.0439 0.040 0.0000 0.000 1.14 0.0030 328 024 0.0246 25 0.013 Plane
a0 0.085 0.095 0.045 0.0005 0.000 117 0.0038 949 020 0.0535 247 0.022 Ripples
1 0.074 0.080 0.032 0.0000 0.000 1.23 0.0020 335 017 0.0528 233 0.026 Do
)l 0.108 0.119 0.053 - 0.002 1.14 0.0054 1163 023 0.0665 247 0.024 Da.
) 0.0%4 0.100 0.040 - 0.000 1.14 0.0031 449 022 0.0934 232 0.026 Do
4 0124 0.139 0.062 0.01104 0.mz2 113 0.0075 1333 027 0.0643 248 0.024 Da.
3 0.089 0.094 0.042 0.0000 0.000 1.14 0.0034 367 025 0.0779 26 0.023 D
32 0128 0.142 0.073 - 0.030 1.13 0.0M03 1505 032 0.0504 246 0.021 Dune
g 0.130 0.145 0.081 0.0585 0.060 113 0.m28 1638 0.36 0.0423 245 0.019 Da.
28 0110 0.117 0.045 - 0.001 1.14 0.0033 493 025 01016 232 0.027 Ripples
I3 0.150 0.168 0.079 0.0972 0.109 1.16 0om21 1791 034 0.0590 248 0.023 Dune
2 0118 0.123 0.049 0.0012 0.002 1.11 0.0045 a70 027 0.0245 232 0.026 Ripples
3 0120 0.126 0.051 - 0.003 133 0.0050 488 023 0.0536 232 0.026 Da.
11 0.165 0.186 0.0%4 0.1269 0.208 111 0.0173 2308 0.40 0.0503 249 0.021 Dune
13 0.153 0.169 0127 0.1324 0.3 1.1 0.03n 2500 058 0.0240 24.4 0.014 Transition
14 0.155 0.171 0.132 0.1639 0.257 1.1 0.0340 2817 0.61 0.0226 243 0.014 D
15 0.154 0.169 0.144 0.1908 0.341 1.1 0.0400 2488 069 0.0190 24.1 0.012 Plane
34 0137 0.146 0.073 0.0215 0.027 118 0.M03 740 0.41 0.0603 231 0.020 Dune
12 0.184 0.207 0.109 0.1591 0.218 1.09 0.0229 2517 0.47 0.0472 247 0.020 Do
5} 0.149 0.160 0.071 0.0349 0.055 1.22 0.0098 a35 033 0.0732 2348 0.023 D
7 0.162 0.175 0.07a 0.0427 0.093 1.14 0.0M08 1062 038 0.0774 237 0.024 Do
3 0.143 0.157 0.078 0.0425 0.059 1.12 0.mM20 G40 0.44 0.0601 231 0.020 Da.
16 0175 0.190 0.161 0.2331 0.475 1.12 0.0502 2468 0.80 0.0196 239 0.012 Transition
10 0.157 0.167 0.126 0.0764 0.226 1.11 0.0306 1328 071 0.0267 230 0.014 Plane
9 0.165 0.175 0.0s2 0.0447 0.078 1.12 0.m63 99 0.53 0.0555 239 0013 Dune
17 0.1%0 0.206 0175 0.6947 0.802 1.11 0.0592 2498 089 0.0197 237 0.012 AntiDune
18 0.231 0.249 0.184 1.2566 1.557 111 0.0654 2497 095 0.0264 236 0.014 Da.
19 0.249 0.269 0.184 2.3193 2.233 1.12 0.0654 2474 095 0.0308 236 0.015 Da.
9 0.258 0.277 0185 3.5009 2822 1.12 0.0740 2494 1.03 0.0292 235 0.015 Do
20 0.278 0.298 0157 4.0292 4.133 1.12 0.0755 2475 1.05 0.0333 234 0.016 D
il 0.279 0.295 0176 2.7853 3171 1.12 0.0598 1793 1.00 0.0430 230 0.017 Do
38 0.308 0.330 0.203 5.4226 4.566 1.14 0.0501 2412 1.10 0.0357 233 0.017 Do
36 0.351 0.373 0.166 4.7030 4.303 118 0.0832 1647 0.94 0.0765 230 0.023 Chute-Paal
7 0.414 0.446 0.178 9.7612 8.058 1.16 0.0m14 2353 092 0.0902 236 0.026 Do
Experimental Vairables and Parameters for 0.27-mrm sand in & foot wide flume
Shear felocity u* - (ft's) Bed Material Ki Shear n . Reseistance factor
: . eynolds
Run | Based | Based Iirased.un Sampled Total g VISCIJSCIIY Stress at Number 107 Froude Darcy Chezy | Mannings Bed .
onR on h elocity | Suspended i) x10° v Bed -1 R Number F Weishach f| Ciq™ n (%) Configuration
Profile | g (Ib/fts) {fss) (Ib/fc) 9
504 | 0.042 0.047 0.033 0.0000 0.000 125 0.0022 BO7 014 0.0277 237 0.015 Plane
500 | 0.086 0.073 0.036 0.0000 0.000 1.21 0.0025 632 016 0.0298 236 0.022 Ripple
a1 0.108 0121 0.052 0.0007 0.001 12 0.0053 1023 022 0.0763 238 0.026 Do
a2 0.126 0.140 0.069 0.0054 0.003 12 0.0092 1277 030 0.0592 237 0.022 Da.
a4 0.143 0.159 0.077 0.M67 0.021 113 0.0116 1508 033 0.0601 236 0.022 Dunes
a3 0.168 0.1868 0.080 0.0481 0.044 117 0.0124 1665 033 0.0778 239 0.026 Do
a7 0132 0.140 0.061 0.0000 0.004 1.7 0.0071 503 034 0.0831 20 0.024 Ripple
a6 0.160 0.174 0.080 0.0352 0.048 1.22 0.0$24 137 033 0.0711 231 0.024 Dunes
] 0.189 0.3 0.086 0.0741 0.059 1.14 0.0143 15962 035 0.0852 240 0.027 Do
45 0176 0.193 0.139 0.1187 0.216 115 0.0378 2374 0.62 0.0253 23.4 0.015 Transition
43 0.199 0.226 0.085 0.0534 0.140 1.16 0.0181 2078 035 0.0898 24.1 0.025 Dunes
44 0.207 0.233 0110 0.1047 0.140 1.18 0.0233 2267 0.45 0.0630 239 0.023 Do
42 0.202 0.225 0.083 0.0509 0.086 1.24 0.ma1 1584 033 0.0926 237 0.023 D
46 0.183 0.199 0.160 0.1455 0.253 1.12 0.0434 2431 075 0.0235 231 0.014 Plane
a8 0.157 0.166 0.084 0.01174 0.040 1.26 0.0136 663 0.45 0.0655 218 0.021 Dunes
4 0.264 0.294 0.1e2 0.6405 0.309 123 0.0644 3240 0.7a 0.0371 237 0.01a Antidune
45 0.286 0.306 0.204 18.2717 1.536 1.2 0.0511 2262 1.06 0.0354 25 0.016 Da.
9 0.356 0.379 0221 57575 4.860 1.4 0.0946 1937 117 0.0474 23 0.018 Do
4 0.352 0.371 0.186 5.2046 4.279 1.3 0.0746 1396 112 0.0602 218 0.020 Chute-Poal
40 0.414 0.444 0.157 6.8343 5.962 1.33 0.0756 1535 101 0.0798 25 0.024 Do
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Table C.4. Guy et al. Raw Data 3

Euperirmental Vairables and Parameters for 0.19-mm sand in 8 foot wide flume

Useful VYariables

Run | ds as/qt w |ds(fy|2dsh| hids | Ro |ds(mm)| Re* |Shields
24 | 019 - 0.050 [0.001|0.002(2030.235| 3.068 | 0141 | 1.466 | 0.068
224 019 - 0.049 |0.001|0.003|{1036.717| 3096 | 0141 | 1.362 | 0.063
2 | 019 a 0.043 |0.001|0.001|2289.417| 1520 | 0141 | 1.107 | 0.208
28| 019 - 0.043 [0.001|0.003| 928.726 | 2604 | 0141 | 1.551 | 0.090
26 | 019 - 0.051 [0.001|0.005| 647.9458 | 3133 | 0141 | 1.611 | 0.067
25 | 018 a 0.051 |0.001|0.002|2008.639) 1729 0141 [ 1454 | 0.219
220C| 019 - 0.049 |0.001|0.003| 907 127 | 2501 | 0141 | 1.605 | 0.092
30 | 0.19 |1.891891892 | 0.0453 |0.0071 (0001 |2188.827 [ 1.273 | 0141 | 1.779 | 0.367
1 0.19 u] 0.045 [0.001|0.002(1252.700( 1.409 | 0141 | 1.147 | 0.258
31| 018 - 0.042 |0.001|0.001|2411.345| 0535 | 0129 |1.950 | 0.623
A L] - 0.049 |0.001|0.003|{1187.905) 12258 | 0141 | 1628 | 0.410
a 0.19 08758 0.043 [0.001|0.001 (22294537 | 0886 | 0141 | 2414 | 0.754
23 | 019 u] 0.049 [0.001|0.003| 950.324 [ 1.317 | 0141 | 1.704 | 0.357
32| 018 - 0.043 |0.001|0.002|2083.333| 0852 | 0139 | 2941 | 0.833
g | 0.19 | 0.97495183 | 0.052 (0001 (0.002(1812.961| 1011 | 0186 | 3672 | 0772
23 | 0.9 - 0.043 [0.001|0.003(1166.307 | 1.053 | 0141 | 1.824 | 0.558
33 | 0.19 |0.894736842 | 0.052 |0.001 (0.001|2192170( 0774 | 0147 | 3.279 | 1.106
29 | 019 |0.534482759 | 0.050 |0.001|0.003|1209.503) 1024 | 0141 | 2028 | 0.616
3 | 0.19 - 0.043 |0.001|0.003|{1157.905| 0852 | 0141 [ 1.771 | 0.662
11 0.19 | 06115353462 | 0.031 |0.007|0.001(3105.413( 0.414 | 0107 | 2.984 | 1.863
13 | 019 |0.622580645 | 0.034 |0.001 (0.002)2398.922| 0509 [ 0113 | 4.271 | 1.454
14 | 012 | 0637583895 | 0.042 |0.001|0.002|2082.324| 0609 | 0126 | 45972 | 1.338
15 | 0.1 0.56 0.054 |0.001|0.002|1639.004| 0804 | 0147 [6290 | 1.113
34 | 019 |0781312127 | 0.048 |0.001 (0.003(1123.110( 0.823 | 0.141 | 2.859 | 0.864
12 | 019 |0.731496063 | 0.044 |0.001 (0.001)2411.348| 0530 | 0129 | 4.219 | 1.900
6 | 0.19 |0638752102| 0.041 [0.001(0.002(1421.911| 0640 | 0131 | 2503 | 1.120
7 | 019 | 0457258065 | 0.047 (0001 (0.002(1504.426| 0677 | 01358 | 2974 | 1276
35 | 019 | 072972973 | 0.050 |0.001 (0.003(1125.5841( 0795 | 0141 | 3.238 | 1.003
16 | 0.19 |0.450909091 | 0052 |0.001(0.002|1363.636| 0.817 | 0161 | 7.584 | 1.289
10 | 012 |0.347177419 | 0.045 |0.001|0.003|1177.829| 0673 | 0132 | 4500 | 1.214
9 | 019 |0576033058 | 0.0358 (0001 [0.003(1234.257 | 0545 | 0121 | 3.242 | 1.451
17 | 0.19 |0.86bEEERE7 | 0.052 |0.001 (0.002)1419.492| 0633 | 0144 | 7.431 | 1.686
18 | 019 |0.786796557 | 0.053 |0.001 (0.002|1338.912| 0535 | 0146 | 7.909 | 2.434
19 | 012 | 1.03575565 | 0.056 |0.001)|0.002|1292.929| 0.521 | 0151 | 8117 | 2.743
39 | 049 (1240740741 | 0051 |0.001|0.002|1170.825| 0549 | 0159 | 2083 | 2.767
20 | 0.19 |0.974895397 | 0.054 |0.001 (0.002(1237.113| 0.454 | 0.145 | G.544 | 3.449
21 0.19 |0.869047619 | 0.051 |0.001|0.003(1065.025( 0.433 | 0.143 | 7.350 | 3.502
38 | 019 (1187969925 | 0.058 |0.001|0.002|1141.732| 0437 | 0155 | 9.053 | 4.027
36 | 019 [1.092957746 | 0.058 |0.001|0.003| 984556 | 0389 | 0158 | 7.269 | 5.042
37 | 019 | 121141649 | 0.067 |0.001|0.002]1155.645] 0374 | 0171 | 8.601 | 6671
Experimental Vairables and Parameters for 0.27-mm sand in 8 foot wide flume
Useful Variables
Run | ds asqt w |ds(f)|2dsth| hids | Ro |dsimm)| Re* |Shields
a04 | 027 #DIvAI 0.077 |0.001|0.002|1504.702) 4145 | 0154 | 1.700 | 0.064
500 | 0.27 u] 0.079 [0.001|0.002(1426.3532| 2715 | 0194 | 1.6875 | 0.156
51 0.27 0.75 0.079 [0.001|0.002(1551.724| 1637 | 0194 | 2771 | 0.433
52 | 027 (0581632653 | 0.079 |0.001|0.002|1473.354| 1413 | 0184 | 3663 | 0.580
54 | 0.7 0.785 0.052 |0.001|0.002|{1457.680) 1299 | 0154 | 4372 | 0742
53 | 027 |1.106145251 | 0.071 |0.001 (0.002|1746.575( 0937 | 0178 | 3.995 | 1.143
57 | 027 u] 0.076 [0.001|0.004| 752,351 | 1.368 | 0194 | 3.040 | 0575
56| 027 074 0.070 |0.001|0.003{1269.036| 1.001 | 0180 | 3.850 | 0.969
55 | 027 |0.835680751| 0.091 |0.001|0.002|1567.489| 1075 | 0.210 | 5186 | 1.235
45 | 027 |0.534645669 | 0.063 |0.001 (0.002|15952.660( 0.520 | 0.165 | 6.540 | 1.299
43 | 0.27 | 0597207304 | 0.031 |0.001 (0.002|1765.625( 0902 | 0125 | 4.872| 1.495
44 | 027 | 074789916 | 0113 |0.001|0.002|1256.095) 1214 | 0250 | 7622 | 1.241
42 | 027 |0.590909051 | 0124 |0.001|0.002|1042129)| 15378 | 0275 | 6426 | 1.055
46 | 027 |0.513173653 | 0.067 |0.001 (0.003|1335.740( 0840 | 0169 | 7.893 | 1.352
58 | 0.27 |0.439575033 | 0.036 |0.001 (0.004| 667.634 [ 1.299 | 0.210 | 4575 | 0.748
47 | 027 |0.792016807 | 0.059 |0.001|0.002|1600.000| 0587 | 0183 | 8540 | 2715
48 | 027 [11.89427313 | 0084 |0.001|0.003| 891.239 | 0684 | 0202 [11.281| Z.663
39 | 027 | 1.18466899 | 0.022 |0.001 (0.004|1651.957 ( 0144 | 0100 | 5159 | 8.287
41 027 |1.216292135 | 0.086 |0.001|0.005( 629.371 | 0577 | 0218 |10.163| 3.631
40 | 027 1156424581 | 0.059 |0.001|0.003| 953.082 | 0391 | 0190 | 8.914 | 5965
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Table C.5. Guy et al. Raw Data 4

Experimental “airables and Parameters for 0.28-mm sand in & foot wide flume

Suspended Concentration

Total Bed Material

. Water N Bed Material Mean
Run  [Stove x10°| Depth | Hydraulic | ooy rge | Tome T g,iou ¢, |Particte Size | Concentration | & on - | Particle Size | Velocity

s i) Radius @) a0y ro ppm) |- ds 2 10%| G, (rpm) (f':: ;n:)“ e (2 109 |V (fus)
7 0.007 1.01 0.1 B.61 139 1] 0.558 1] - - 0.82
8 0.011 1 0.80 7.76 1.9 0 0.558 0 - 0.985 0.97
9 0.023 1.01 0.1 7.76 109 1] 0.558 27 - 0.985 0.96
10 0.041 0.59 0.51 4.16 15.1 0 0.558 1 0.902 0.866 0.68
) 0.045 1 0.0 1073 16.5 1] 0.558 12 0.85 0.985 1.34
13 0.063 1 0.80 13.46 16.4 99 0.558 75 0.663 0.949 1.68
4 0.063 0.86 071 1073 146 1] 0.649 a1 0.65 0.902 1.56
il 0.073 0.59 0.51 4.92 14.9 0 0.558 20 0.906 0.951 1.04
33 0.03 1.06 0.84 158.74 176 377 0.672 330 0.63 0.853 1.86
la 01 0.88 072 127 16.7 403 0.57 405 0.423 1.064 1.8
12 0.108 0.s7 0.s0 719 16 74 0.558 150 0.751 0.886 1.58
14 0.116 0.62 0.54 8.61 15.6 134 0.558 298 0.725 0.853 1.74
20 012 105 083 18.14 156 347 0.672 506 0.607 0923 2.16
2a 0131 092 078 15.19 15.8 5083 0.354 664 0.554 0.918 2.08
21 0131 107 0.84 20.39 16.5 528 0.518 732 0.591 0.866 2.3
19 0.134 0.65 0.56 9.9 14.9 423 0.655 563 0.627 0.87 19
16a 0.134 102 0.1 17.23 15.8 436 0.449 549 0.574 0.a2 2.1
23 0.134 05 074 2202 156 BOB 0.492 1230 0.656 0997 3.02
17 0.136 0.65 0.56 10.01 14.7 62 0.6 a05 0.63 0.892 1.92
3a 0.136 0.8 072 15.28 15.2 445 0.333 733 0.64 0.843 217
18 0141 0.61 0.53 11.96 14.7 439 0.485 1040 0.699 0.814 245
30 0.142 064 055 15.68 145 548 0.462 1370 0.627 0.975 3.06
34 0.1a 0.44 0.40 8.5 14.1 - 0.558 480 0.788 0.951 1.56
22 0.153 0.6 052 14.92 127 442 0.511 1540 0.755 0.951 3
15a 0.158 078 0.63 12.87 13 389 0.446 789 0.62 0.837 2.14
24 0172 0.a2 068 21.98 157 763 0.475 2350 0.639 0893 335
28 0.199 072 0.61 21.85 14.7 972 0.561 270 0.604 103 3.79
28 0.229 055 0.48 158.72 15.1 750 0.586 2760 0.833 0873 357
29 0.278 0.52 0.48 18.7 15.4 1240 0.587 3120 0.886 0929 377
26 0.328 0.5 0.44 15.51 15 1740 0.573 S060 0.82 0.886 383
32 0.47 0.58 0.51 2176 10.8 9490 0.59 10500 0.676 0.848 4.69
27 0.533 0.43 039 15.47 15.1 8240 0.557 11500 0.632 0916 45
3 0.593 0.56 0.49 21.34 10.2 16400 0.613 13000 0.591 0.908 4.76
35 0.515 0.54 0.48 21.33 109 31800 0.619 27600 0.65 0.203 493
r 0.82 0.3 028 8.34 1.6 7820 0.639 19900 0.685 0.935 3.48
38 093 0.4 036 158.26 111 33800 0.698 36100 0.656 0912 477
36 1.007 0.587 0.50 21.38 1.8 47400 0.648 42400 0.669 0.984 4.69

Experimental Yairables and Parameters for 0.45-mm sand in & foot wide flume
Suspended Concentration Total Bed Material
. Water N Bed Material Mean
Run Slope 0 Depth - Hyd.rauln: Discharge - Q Temp -T Sampled C. |Particle Size | Concentration SP.ann:II‘e Particle Size | Velocity

S| MO R ey D - 107 G S e 10 |V
14 0.015 061 053 3.94 10.2 - 0.908 1] - 0.81
13 0.019 038 032 1.84 9 - 0.908 0 - 0.65
17 (1} 098 079 B6.22 12 - 0.908 oz - 0.8
18 0.021 0.81 0.67 8.1 12 - 0.908 12 0.728 - 0.79
15 0.023 0.8 067 .07 1 - 0.908 oz 0.837 1.44 0.79
18 0.031 0.58 0.51 3.62 1.3 - 0.908 0.4 - - 0.78
2 0.036 0.a2 068 79 1 - 0.908 9.4 0.968 135 1.2
3 0.039 0.8a 070 79 1.8 - 0.908 10 0.935 148 1.16
9 0.04 055 0.48 384 12 - 0.908 14 0.361 154 0.88
1 0.042 0.8 0.67 7.88 9 - 0.908 23 1.16 1.44 1.23
) 0.047 07s 063 793 1 - 0.908 27 0.863 152 1.32
il 0.049 038 032 1.95 1.8 - 0.908 4.7 - 146 0.7
4 0.057 063 059 7.94 10 - 0.908 92 1.03 151 1.44
8 0.08 0.51 0.45 3.83 12 - 0.908 7.6 0.846 139 0.93
7 0.078 0.7 060 7.98 1.5 - 0.908 268 0.637 146 1.43
10 0.088 033 030 1.95 10.8 - 0.908 16 14 154 0.75
B 0.038 0.46 041 39 9.5 - 0.908 42 1.44 164 1.07
12 0.106 029 0.27 1.95 n.7 - 0.908 1 0.771 154 0.85
19 0.112 041 037 424 18 - 0.908 208 0.951 157 13
21 0.114 098 077 12.12 18 189 0.31 380 0.82 1.36 1.58
22 0.124 1 0.0 13.54 157 - 133 554 0.791 125 17
28 0.189 0.42 038 4.9 17 - 0.908 e 1.1 1.5 1.47
20 0.193 061 053 8.14 16.4 388 0.43 508 0.633 161 1.68
23 0.247 0.65 0.56 13.34 18 558 0.46 856 0.755 1.4 287
24 0.239 062 0.54 8.73 17 - 1.1 97 0.82 123 1.76
40 0.301 0.81 0.67 21.41 19 N7 0.44 2480 0.81 141 3.32
39 0.364 055 0.48 20.64 19 47 0.43 3960 1.01 151 471
26 0.366 0.34 031 14.45 17 - 0.44 4580 1.14 154 5.38
28 0.366 0.4 036 11.19 16 3870 1.08 4230 1.1 165 382
29 0.369 0.3 028 4.54 17.4 - 1.3 1850 1.19 148 1.89
3 0.432 0.44 0.40 14.85 175 - 1.51 4780 1.25 158 424
2 0.436 033 030 7.9 18 - 1.12 4100 1.21 166 299
36 0.445 019 018 315 19 323 0.65 1370 1.35 15 2.04
41 0.466 0.54 0.48 21.62 18.7 907 0.65 4340 1.38 1.14 5.05
30 0.432 027 025 533 17.2 - 1.38 3550 1.35 157 247
3 0.494 028 0.24 5.58 17 2680 1.02 4610 1.33 148 2.8
34 0.546 028 026 8.44 175 682 0.59 5690 1.45 131 373
33 0.607 0.27 028 10.2 18 - 1.71 6810 1.36 126 4.6
38 0.619 0.5 0.44 21.38 19 732 0.68 B230 1.59 136 5.38
2 0.62 0.43 039 18.87 18.58 782 0.66 8570 1.74 165 5.54
32 0.656 037 034 14.96 18 - 1.56 5180 167 135 5.03
45 0.862 028 0.26 5.58 18.9 280 0.66 9630 1.59 133 2.5
44 0.898 028 026 10.83 19.4 3020 0.93 15100 157 174 478
42 0.986 031 029 13.43 20 4520 1.21 11400 1.72 13 5.36
43 1.01 0.43 039 21.42 18.5 - 0.908 11500 12 157 6.18
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Table C.6. Guy et al. Raw Data 5

Experimental “airables and Parameters for 0.28-mm =sand in 8 foot wide flume

| Shear Velocity u* - (it's) Bed Material Ki Shear R 1 Reseistance factor
Based on | Sampled Viscocity | Stressat | V"' | Froude ) Bed
Run .BaseRd Basehd Velocity | Suspended | 1981 % | 405, | Bed . NumhRer 0% | umber F " I?ahrcyh y Chezy | Mannings | g0 uration
on onh | profile | g by | TS| e (b eishach | Cig™™ | n (5

7 0.043 0.048 0.035 0.0000 0.000 127 0.0023 B52 014 0.0271 237 0.015 Plane

8 0.053 0.060 0.041 0.0000 0.000 1.34 0.0032 724 017 0.0301 237 0.016 Do,

9 0.077 0.086 0.040 0.0000 0.000 138 0.003 703 017 0.0643 237 0.024 Ripples
10 0.052 0.088 0.039 0.0000 0.000 123 0.003 422 020 0.0805 224 0.024 Do,

) 0.108 0.120 0.056 0.0000 0.001 1.19 0.006 1126 024 0.0646 237 0.024 Do

13 0127 0.142 0.071 0.0104 0.008 1.19 0.010 1412 030 0.0575 237 0.022 Do,

4 0.125 0.138 0.067 0.0000 0.004 125 0.002 1073 030 0.0628 233 0.023 Do

il 0.110 0.118 0.046 0.0000 0.001 123 0.004 499 0.24 0.1026 224 0.027 Do,

33 0.156 0.175 0.078 0.0463 0.041 1.15 0012 1714 032 0.0710 238 0.025 Dune
la 0.152 0.168 0.077 0.0399 0.040 1.18 0011 1342 0.34 0.0700 234 0.024 Do,

12 0.132 0141 0.071 0.0042 0.008 12 0010 751 037 0.0635 223 0.021 Ripples
14 0.142 0.152 0.077 0.0090 0.020 121 0012 892 039 0.0612 2248 0.021 Dune
20 0.179 0.201 0.091 0.0491 0.072 121 0.016 1874 037 0.0696 238 0.025 Do

2a 0.178 0.197 0.088 0.0631 0.078 121 0.015 1566 038 0.0732 2348 0.025 Do,

21 0.189 0.212 0.100 0.0340 0.116 1.19 0019 2140 041 0.0637 238 0.024 Do

19 0.155 0.167 0.084 0.0327 0.043 123 0.014 1004 0.42 0.0622 228 0.022 Do,
16a 0.187 0.210 0.089 0.0586 0.074 121 0015 1779 037 0.0791 238 0.026 Do

23 0.179 0.198 0.129 0.1044 021 1.21 0032 227 0.56 0.0344 235 0.7 Transition
17 0.156 0.169 0.085 0.0205 0.033 124 0.014 1008 0.42 0.0618 228 0.021 Dune
3a 0.178 0.196 0.093 0.0530 0.087 122 0017 1565 041 0.0655 234 0.023 Do

18 0.155 0.166 0.109 0.0410 0.097 124 0.023 1208 0.55 0.0369 2248 0.016 Do,

30 0.159 0171 0.135 0.0670 0.168 125 0.036 1867 067 0.0250 226 0.014 Transition
34 0.138 0.146 0.072 0.021 126 0.010 545 0.41 0.0699 17 0.021 Dune
22 0.160 0172 0.139 0.0514 0.178 131 0.037 1424 071 0.0244 224 0.013 Plane
15a 0.179 0.195 0.093 0.03 0.078 13 0.017 1235 0.44 0.0667 230 0.023 Dune
24 0.194 0.213 0.144 0.1308 0.403 121 0.040 2270 065 0.0324 232 0.016 Transition
28 0.198 0.215 0.165 0.1657 0.462 124 0.053 22 079 0.0257 229 0.014 Flane
28 0.189 0.201 0.161 0.0920 0.338 133 0.0s0 1476 0.as 0.0255 222 0.013 Do

29 0.203 0.216 0.171 0.1519 0.382 122 0.057 1607 092 0.0262 221 0.013 Do,

26 0.217 0.230 0176 0.2105 0.612 123 0.080 1577 097 0.0281 220 0.014 Antidune
32 0.277 0.296 0.210 1.6107 1.762 1.38 0.085 1971 109 0.0319 224 0.015 Do,

27 0.258 0.272 0.208 0.9943 1.388 123 0.084 1573 121 0.0292 216 0.014 Do

3 0.306 0.327 0.214 2.7298 2.164 14 0.089 1904 112 0.0378 223 0.016 Do,

35 0.353 0.376 0.222 5.2907 4.592 138 0.096 1929 1.18 0.0466 222 0.018 Do

r 0.271 0.281 0.168 0.5087 1.295 135 0.085 773 112 0.0523 0.7 0.017 Do,

38 0.330 0.346 0.223 4.0231 4.297 137 0.096 1393 133 0.0421 214 0.016 Chutes-Pools
36 0.402 0.430 0.210 7.9048 7.071 1.36 0.088 1966 109 0.0672 223 0.022 Do,

Experimental “airables and Parameters for 0.45-mm =sand in 8 foot wide flume
Shear Velocity u* - (it's) Bed Material Ki Shear R 1 Reseistance factor
Based on | Sampled Viscocity | Stressat | V0 | Froude ) Bed
Run BaseRd Basehd Velocity | Suspended Totalae | -, qp5 g Bed -« NumhRer s Number F W, I?ahrl:yh i Cheﬂ' Mﬂ"":ggs Configuration
on on Profile 4. (Ib/fts) (Ibft-s) (flzi's) (IbfﬂZ) eishacl Cig n (ft"")

14 0.051 0.054 0.038 - 0.000 14 0.0028 353 018 0.0359 213 0.016 Plane
13 0.044 0.046 0.033 - 0.000 146 0.0021 156 019 0.0405 19.9 0.016 Do

17 0.225 0.251 0.036 - 0.000 1.34 0.002 585 014 0.7889 225 0.032 Ripples
18 0.067 0.074 0.036 - 0.000 1.34 0.002 478 0.1a 0.0702 220 0.024 Do

15 0.070 0.077 0.036 - 0.000 138 0.003 458 016 0.0759 220 0.025 Do

18 0.071 0.076 0.037 - 0.000 1.36 0.003 333 01g 0.0761 1.2 0.023 Do

2 0.089 0.097 0.054 - 0.001 138 0.006 713 023 0.0523 220 0.021 Do

3 0.094 0.103 0.052 - 0.001 1.36 0.005 ) 022 0.0635 221 0.023 Do

9 0.079 0.034 0.042 - 0.000 1.34 0.003 361 021 0.0732 210 0.023 Do

1 0.095 0.104 0.056 - 0.001 146 0.008 674 0.24 0.0572 220 0.021 Do

) 0.098 0.107 0.060 - 0.002 138 0.007 77 027 0.0521 218 0.020 Do

il 0.071 0.074 0.035 - 0.000 1.36 0.002 180 021 0.0902 19.9 0.023 Do

4 0.104 0113 0.067 - 0.006 141 0.002 708 031 0.0489 216 0.019 Dunes

8 0.093 0.099 0.045 - 0.000 1.34 0.004 354 023 0.0911 0.9 0.025 Ripples

7 0.122 0.133 0.066 - 0.017 136 0.008 736 030 0.0683 216 0.023 Dunes
10 0.093 0.097 0.038 - 0.000 139 0.003 178 023 0.1330 19.8 0.028 Ripples

B 0.108 0.114 0.052 - 0.001 143 0.005 344 028 0.0911 206 0.025 Do

12 0.096 0.099 0.044 - 0.000 135 0.004 183 028 0.1098 19.4 0.025 Do

19 0.116 0.122 0.064 - 0.007 1.14 0.008 468 036 0.0700 203 0.021 Dunes
21 0.169 0.188 0.070 0.0179 0.036 12 0.010 1264 028 0.1129 224 0.031 Do
22 0.179 0.200 0.075 - 0.058 121 0011 1405 030 0.1105 225 0.031 Do

28 0.152 0.160 0.072 - 0.014 117 0.010 528 0.40 0.0946 0.4 0.025 Do

20 0.181 0.195 0.079 0.0246 0.032 1.19 0012 861 038 0.1075 213 0.028 Do

23 0.211 0.227 0.120 0.0581 0.083 12 0.028 1392 0.56 0.0626 218 0.022 Do

24 0.224 0.240 0.032 - 0.062 117 0013 933 039 0.1490 213 0.033 Do

40 0.256 0.280 0.151 0.1531 0.411 i 0.044 2423 0.65 0.0570 220 0.021 Do

39 0.238 0.254 0.224 0.1203 0.638 11 0.097 2334 1.12 0.0232 210 0.013 Standing Waves
26 0.192 0.200 0.271 - 0.516 117 0.143 1563 163 0.0111 19.8 0.008 Flane
28 0.207 0.217 0.174 0.3465 0.368 12 0.059 1173 098 0.0304 20.2 0.014 Transition
29 0.182 0.189 0.097 - 0.066 1.16 0.018 489 0.61 0.0793 19.5 0.021 Dunes
3 0.235 0.247 0.207 - 0.550 1.16 0.083 1608 1.13 0.0272 208 0.013 Standing Waves
2 0.207 0.215 0.151 - 0.253 1.14 0.044 866 092 0.0415 19.8 0.016 Transition
36 0.161 0.165 0111 0.0079 0.034 11 0.024 349 0.a2 0.0525 18.4 0.016 Do

41 0.267 0.285 0.240 0.1530 0.732 112 0112 2435 121 0.0254 21.0 0.013 Standing Wwaves
30 0.200 0.207 0.128 - 0.148 1.16 0.032 &78 0.84 0.0561 19.3 0.018 Transition
3 0.193 0.199 0.147 0.1166 0.201 117 0.042 598 099 0.0408 19.1 0.015 Do
34 0.214 0.222 0.193 0.0443 0.375 1.16 0.072 900 124 0.0283 19.4 0.013 Standing Waves
33 0.222 0.230 0.239 - 0.542 12 0 1035 1.56 0.0200 19.3 0.011 Do
38 0.298 0.316 0.259 01221 1.038 11 0130 2423 1.34 0.0275 208 0.014 Do

2 0.278 0.293 0.271 0.1107 0.820 112 0.143 127 149 0.0224 0.4 0.012 Transition
32 0.267 0.230 0.251 - 0.721 1.14 0122 1633 146 0.0247 201 0.012 Antidune
45 0.270 0.279 0.129 0.0109 0.418 i 0.032 631 0.83 0.0995 19.4 0.024 Do

44 0.275 0.285 0.247 0.2551 1.276 1.1 0118 1217 159 0.0283 19.4 0.013 Do

42 0.302 0.314 0.273 0.4735 1.194 108 0.145 1539 170 0.0274 19.6 0.013 Do
43 0.355 0.374 0.302 - 1.821 1.12 0.178 2373 166 0.0293 20.4 0.014 Do
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Table C.7. Guy et al. Raw Data 6

Experimental Vairables and Parameters for 0.28-mm sand in 8 foot wide flume
Useful Variables
Run | ds as/at w |ds(f)|2dsth| hids | Ro [ds(mm)| Re* |Shields
7 028 #Dlvil 0082 |0.001|0.002|{1810.036( 3.243 | 0.170 | 1.517 | 0.077
8 028 #lvil 0.059 |0.001|0.002|1792115( 2.497 | 0170 | 1.703 | 0.118
9 028 1] 0053 |0.001|0.002|{1810.036( 1.680 | 0.170 | 1.635 | 0.252
10 | 028 0 0.063 |0.001|0.004|1057.348( 1.796 | 0.170 | 1.762 | 0.263
) 028 1] 0085 |0.001|0.002|1792.115( 1.349 | 0.170 | 2643 | 0.483
13 | 028 132 0.085 |0.001|0.002|1792.115( 1.140 | 0.170 | 3.321 | 0684
4 028 1] 0079 |0.001|0.002|{1325.116( 1.432 | 0.1958 | 3.465 | 0.554
1 | 028 0 0.063 |0.001|0.004|1057.348( 1.346 | 0.170 | 2.106 | 0.468
33 | 028 (1142424242 | 0083 |0.001|0.002|1577.381( 1.263 | 0.205 | 4.554 | 0.860
la | 026 [0.995061725 | 0.068 |0.001|0.002|1543.860( 1.003 | 0.174 | 3.715| 0536
12 | 028 [0.493333333 | 0085 |0.001|0.004|1021.505( 1.146 | 0.170 | 3.292 | 0663
14 | 028 | 0.44966443 | 0.064 |0.001|0.003{1111.111[ 1.054 | 0.170 | 3.562 | 0.787
20 | 0268 |0.685770751| 0085 |0.001|0.002|1562.500( 1.056 | 0.205 | 5.031 | 1.136
2a | 026 |0.676012046| 0.029 |0.001|0.002|2598.870(0.369 | 0.108 | 2.563 | 2.063
21 | 028 (0721311475 00538 |0.001|0.002|2065637 ( 0.676 | 0.1568 | 4.336 | 1.640
19 | 0268 [0.751332149 | 0.081 |0.001|0.003| 992.366 | 1.211 | 0.200 | 4.460 | 0.808
16a | 028 | 079417122 [ 0045 |0.001 |0.002|2271715| 0532 | 0137 | 3.294 | 1.845
23 | 026 |0.494308943 | 0.052 |0.001|0.002|1849.593( 0.658 | 0.150 | 5.228 | 1.502
17 | 028 [0.518811881 | 0071 |0.001|0.003|1083.333( 1.047 | 0.183 | 4.102 | 0.893
Ja | 026 |0.607094134 | 0.033 |0.001|0.002|2297 650( 0.425 | 0.117 | 2911 | 1.894
18 | 028 [0.422115385| 0050 |0.001|0.003|{1257.732(0.750 | 0.148 | 4.261 | 1.075
30 | 028 0.4 0.046 |0.001|0.003|1385.261 [ 0.667 | 0.141 | 5.002 | 1.192
34 | 028 1] 0082 |0.001|0.005| 783.530  1.066 | 0.170 |3.188 | 0717
22 | 028 |0.267012987 | 0.052 |0.001|0.004 |[1174168( 0.759 | 0.156 | 5.404 | 1.083
158a | 028 [0.493023151( 0042 |0.001 |0.003|1681.614| 0531 | 0136 | 3.191 | 1.610
24 | 026 |0.324680851 | 0.049 |0.001|0.003|1726.316( 0.577 | 0.145 | 5.662 | 1.800
25 | 0268 |0.358671587 | 0.064 |0.001|0.003|1283.422(0.740 | 0171 | 7.487 | 1.548
28 | 028 | 0.27173913 | 0.085 |0.001|0.004| 938.567 [ 0.804 | 0.179 | 7.076 | 1.303
29 | 026 |0.397435897 | 0082 |0.001|0.004| 855860 ( 0.800 | 0.179 | 8.212 | 1.493
26 | 026 |0.343073516 | 0.066 |0.001|0.004| 672,600 (0.719 | 0175 |8.219 | 1735
32 | 026 (0903309524 | 0084 |0.001|0.004| 953.051 [ 0.537 | 0.180 | 8.967 | 2.800
27 | 028 |0.716521739 | 0.063 |0.001|0.005| 771.993 [ 0.552 | 0.170 |9.428 | 2.494
31 | 026 [1.261538462 | 0.057 |0.001|0.004| 913.540 (0512 | 0.187 | 9.357 | 3.283
35| 028 (115217313 | 0.0689 |0.001|0.004| 672,375 [ 0.457 | 0.189 | 9.960 | 4.303
37 | 026 |0.3929m4824 | 0073 |0.001|0.007| 469.484 [0.652 | 0.195 | 7.951 | 2333
38 | 026 |0.936286089 | 0.083 |0.001|0.005| 573.066 [ 0.600 | 0.213 |11.338| 3.230
36 | 028 |1.1179245268 | 0075 |0.001)0.004| 879.630 [0.434 | 0.198 |10.012| 5.368
Experimental Vairables and Parameters for 0.45-mm sand in 8 foot wide flume
Useful Variables
Run | ds astat w |ds(f)|2dsth| hids | Ro [ds(mm)| Re* |Shields
14 | 045 0.118 |0.002|0.006| 671.806 [ 5.424 | 0.277 | 2.466 | 0.067
13 | 045 0115 |0.002|0.010| 385.463 [ 5.225 | 0.277 | 2.030 | 0.044
17 | 045 0120 |0.002|0.003|{1079.295( 1.198 | 0.277 | 2.411 | 1.308
16 | 0.45 0120 |0.002|0.004| 892.070 [ 4.066 | 0.277 | 2432 | 0.114
15 | 045 0119 |0.002|0.004| 881.057 [ 3.853 | 0.277 | 2.365| 0.123
18 | 045 0119 |0.002|0.006| 638.767 [ 3.926 | 0.277 | 2455 | 0120
2 0.45 0119 |0.002|0.004| 903.084 [ 3.042 | 0.277 | 3.562 | 0.197
3 0.45 0119 |0.002|0.004| 936123 [ 2.891 | 0.277 | 3493 | 0.2
9 0.45 0120 |0.002|0.006| 605.727 [ 3.576 | 0.277 | 2.833 | 0.147
1 0.45 0115 |0.002|0.004| 881.057 [ 2769 | 0.277 | 3480 | 0.224
2] 0.45 0119 |0.002|0.005| 625.991 [ 2784 | 0.277 |3.960 | 0.235
11 | 0.45 0119 |0.002|0.010| 385.463 [ 4.020 | 0.277 | 2347 | 0.114
4 0.45 0117 |0.002|0.005| 759.912 [ 2.606 | 0.277 | 4.291 | 0.263
8 0.45 0120 |0.002|0.007| 561.674 [ 3.032 | 0.277 |3.021 | 0.204
7 0.45 0119 |0.002|0.005| 770.9256 [ 2.253 | 0.277 | 4.410 | 0.364
10 | 045 0118 |0.002|0.010| 363.436 [ 3.056 | 0.277 | 2478 | 0.194
B 0.45 0116 |0.002|0.007 | 506.608 [ 2.550 | 0.277 |3.298 | 0.270
12 | 045 0120 |0.002|0.012| 319.383 [ 3.014 | 0.277 | 2540 | 0.205
19 | 045 - 0130 |0.002|0.008| 451.542 [ 2.660 | 0.277 |5.098 | 0.307
21 | 045 |0.4373R8421 | 0023 |0.002|0.004|3086.774(0.304 | 0.094 | 1.815 | 2.140
22 | 045 - 0188 |0.002|0.003| 751.860 [ 2.356 | 0.405 |8.291 | 0.465
25 | 045 - 0123 |0.002|0.008| 462,555 | 2.006 | 0.277 | 5.600 | 0.530
20 | 045 |0.763779526 | 0.042 |0.002|0.006|1418.605(0.538 | 0.131 | 2.850 | 1659
23 | 045 |0.B51869159 | 0.047 |0.002|0.005|1413.043( 0.515 | 0.140 | 4590 | 2.115
24 | 045 - 0.160 |0.002|0.006| 558.559 | 1.663 | 0.338 | 7.823 | 0978
40 | 045 (03727642268 | 0046 |0.002|0.004|1840909(0.412 | 0.134 | 5579 | 3.358
39 | 0.45 |0.188636364 | 0.055 |0.002|0.006|1122.449( 0.546 | 0.149 | 9.860 | 2.476
26 | 045 - 0044 |0.002|0.010| 772727 [0.553 | 0.134 |10.196| 1714
26 | 0.45 |0.938534279| 0154 |0.002|0.009| 370.370 [ 1.772 | 0.329 |15.645| 0.822
29 | 045 - 0183 |0.002|0.011|229.008 [ 2.486 | 0.399 |10.928| 0512
31 | 045 0213 |0.002|0.008| 291.391 [ 2.149 | 0.460 |26.939| 0763
27 | 045 - 0163 |0.002|0.010| 294643 [ 1.689 | 0.341 |14.859| 0773
36 | 0.45 |0.235766423 | 0.086 |0.002|0.016| 292,306 [ 1.296 | 0.198 | 6.496 | 0.790
41 | 045 |0.208986175| 0085 |0.002|0.006| 830.769 [ 0.745 | 0.198 |13.957| 2.346
30 | 045 - 0197 |0.002|0.013| 195,652 [ 2.379 | 0.421 |156.260| 0.583
35 | 045 (05813445902 | 0146 |0.002|0.014| 2450898 [ 1.833 | 0.311 |12.796| 0734
34 | 0.45 |0.119859402 | 0.072 |0.002|0.012| 474.576 [ 0.813 | 0.180 | 9.800 | 1.570
33 | 045 - 0234 |0.002|0.013| 157.895 [ 2.543 | 0.521 |34.020| 0.581
36 | 0.45 (0117495957 | 0.091 |0.002|0.007| 735.294 [ 0.722 | 0.207 |15.840| 2758
27 | 045 |0.138008977 | 0.087 |0.002|0.008| 651.515 [ 0.742 | 0.201 |15.973| 2443
32 | 045 - 0219 |0.002|0.009| 237.179 [ 1.961 | 0.475 |34.321| 0943
45 | 045 | 0.02556054 | 0.087 |0.002|0.012| 424242 (0785 | 0.201 | 7678 | 2216
44 | 0.45 0.2 0143 |0.002|0.012| 285.714 [ 1.260 | 0.299 |21.998| 1.555
42 | 045 [0.3964912268 | 0178 |0.002|0.011| 256.198  1.420 | 0.369 |30.618| 1.531
43 | 045 - 0131 |0.002)|0.008| 47F3.566 [ 0.674 | 0.277 |24523| 2893
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Table C.8. Guy et al. Raw Data 7

Experimental Vairables and Parameters for 0.93-mm sand in 8 foot wide flurne

Suspended Concentration Total Bed M ial
. Water . Bed Material Mean
Run | Slope x10° D:p;{h - :y:_mm;: Discharge - O Temp -T Sampled C. |Particle Size | Concentration S':;“C‘;E Particle Size | Velocity
s ) |Radius () o cony G ppm) |- dso Rz 10%| G (ppm) s 1n35]0 deo (ft % 109) | W (ftis)
19 0.013 1.0 0.81 8.06 12.8 0 2038 1] - - 1
25 0.0z2 1.01 0.81 9.83 12.3 0 2038 1] - - 1.22
26 0.22 1.02 081 108 19 0 2.038 1] - - 1.32
27 0.25 1.01 081 11.86 27 0 2.038 28 - 279 1.47
30 0.28 1.03 0.82 10.91 198 0 2.038 0.4 - - 1.32
2 0.03 1.01 081 12.08 0.5 0 2038 0.4 - - 1.48
18 0.037 1.0 0.81 13.42 18 0 2038 2 264 3.15 1.8
28 0.037 1.04 083 14.53 0.7 0 2038 28 285 3.02 1.75
28 0.043 05 0.44 4.62 18.9 0 2038 1] - - 1.16
22 0.043 0.49 0.44 4.49 19 0 2.038 1] - - 1.15
30 0.05 0.51 0.45 5.06 188 0 2.038 - - - 1.25
)l 0.054 05 0.44 5.42 16.8 0 2.038 42 - 322 1.38
15 0.058 1.08 083 16.25 198.7 4.1 2038 BS 258 328 1.93
23 0.082 0.48 0.44 4.1 18.2 0 2038 - - - 1.3
32 0.054 052 0.45 B.25 187 0 2038 26 279 2.98 158
24 0.088 0.42 0.44 5.71 12.3 0 2038 15 - - 1.48
14 0.071 0.59 0.51 7.41 17.4 - 2038 63 272 3.25 16
34 0.08 0.54 0.48 7.08 19.5 - 2.038 73 2.56 282 1.64
16 0.112 1.04 0.83 16.85 19.4 12 2.038 140 269 318 2.03
35 0.13 0.53 0.47 .64 171 - 2.038 201 282 302 1.8
17 0.138 1 0.80 16.83 18.2 30 2038 211 2.89 3.08 21
33 0.145 0.56 0.43 8.18 18 14 2038 253 253 299 1.83
5 0.183 0.93 075 16.41 17.5 80 2062 308 282 2.98 2.2
10 0.192 0.46 0.41 6.9 19 12 2038 450 276 3.22 1.88
7 0.275 1.1 0.87 22.58 18 260 1.38 601 235 243 2.54
36 0.304 0.55 0.48 8.965 17.3 56 2.038 518 269 307 2.04
5] 0.313 1.04 0.83 223 191 281 273 837 216 292 268
7 0.338 053 051 10.1 18.3 357 1.54 822 312 338 2.14
38 0.356 1.02 081 2268 18.9 422 0.94 1080 241 248 278
11 0.333 092 075 222 18.3 614 2038 1180 239 3.15 3.02
g8 0.43 0.s7 0.s0 1.2 17.4 33 13 1420 28 289 246
12 0.437 0.82 073 2219 18.5 656 2.34 1900 249 3.02 3.12
13 0.567 0.82 0.68 2209 18.4 1190 279 2750 263 3.0z 337
9 0.66 0.49 0.44 11.32 18.5 498 265 2620 3.05 317 2.89
3 0.65 06 052 16.48 17.3 2820 287 3110 285 308 343
1 0.71 068 0.58 2233 18.3 3770 1.87 4020 21 328 4.1
2 0.92 053 0.47 2207 18.2 2320 1.79 E140 282 302 82
4 0.94 051 0.45 15.64 18 2340 282 5080 276 3.08 3.83
4 1.12 0.44 0.40 15.67 2.7 2230 1.48 Q4E0 268 3.4 4.45
42 1.16 0.44 0.40 20.44 20.4 1610 216 7320 285 266 5.81
40 1.23 0.33 0.35 15.53 12.6 1470 1.51 10200 347 272 5.11
43 1.26 0.44 0.40 2063 21 2500 23 7000 345 248 5.86
39 1.28 0.43 0.39 20.88 20.5 2300 21 7010 335 3.35 6.07
Experimental Vairables and Parameters for 0.32-mm sand in 2 foot wide flume
Suspended Concentration Total Bed M ial
. Water . Bed Material Mean
Run SIOPES x10° D:F:(h - :V:_'Z"I;f Discharge - O Temp -T Sampled C. |Particle Size | Concentration SI?::'C;E Particle Size | Velocity
) |Radius () ooy ta ppm) |- dso (2 10| G (ppm) it n 1n3510 deo (ft % 10%) | W (ftis)
1 0.014 051 0.4 0.9 0 0.62 1] - - 08
2 0.017 052 0.34 0.83 0 0.62 1] - - 0.86
3 0.112 0.54 0.35 1.31 0 0.62 55 0.886 - 1.24
4 0.0B6 0.54 0.35 1.3 0 0.69 61 0.998 0.854 1.24
30 0.11 057 0.36 1.56 24 0.69 91 0.886 1.021 1.38
29 0.103 0.56 0.368 1.57 9.1 0.69 17 1.2458 1.018 1.43
a 0.138 0.56 0.368 1.838 ) 0616 226 0.782 0.837 1.72
5] 0.118 053 037 1.83 33 0.63 168 0.788 0.854 1.62
2 0.147 058 037 228 168 0.626 455 0.854 1.038 2m
28 0.214 053 0.33 229 251 0.715 787 0.913 1.035 1.85
26 0.2m 071 0.42 267 80 0.643 854 0.933 1.071 1.93
25 0.21 0.66 0.40 2.64 274 0.655 719 0.867 1089 2.05
21 0.184 0.58 0.37 3.13 198 0.538 a07 0.847 1.035 274
22 0.166 0.64 0.32 3.13 498 0.649 1150 0.886 1.051 2.48
24 0.172 074 0.43 3.48 307 0.6595 706 0.847 0.969 2.38
23 0.261 073 0.42 348 227 0.645 1180 0.554 0.916 243
7 0.183 06 0.38 3.48 196 0613 1410 0.925 0.95 295
8 0.194 072 0.42 35 248 0.567 1820 0.926 1.003 2.48
20 0.566 055 035 4.55 1520 0.708 S600 1.012 1.001 4.23
19 0.417 0.56 0.38 4.55 735 0.767 4340 0.831 0.979 4.18
10 0.71 0.5 0.37 473 2020 0.635 5180 1.015 1.001 4.12
9 0.433 0.56 0.38 478 1480 0.688 5530 1.184 0938 4.35
12 0.456 067 0.40 5.32 1480 0.652 3960 0.923 1.051 4.03
11 0.408 06 0.33 5.3 1810 0672 5280 1.035 1.051 4.51
14 0.865 06 0.38 57 5340 0.767 12300 0.906 1.215 4.86
13 073 06 0.38 57 2100 0.737 6780 0.991 1.048 4.84
15 0.835 063 0.33 B.63 19000 0.753 26100 0.501 1.16 5.36
16 0.B35 062 0.38 B.64 14700 0.737 21000 0.564 1.627 5.42
17 0.97 082 0.38 B.79 29500 0.816 29600 0.871 1.103 5.58
18 0.B56 061 0.38 B.52 17400 0777 203800 0.586 1.231 573
3 1.62 0.5 0.38 E.71 41600 0.538 43300 0.5833 - 5.27
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Table C.9. Guy et al. Raw Data 10

Experimental Vairables and Parameters for 0.93-mm sand in 8 foot wide flurme

Shear Velocity u* - (ft's) Bed Material Ki Shear R " Reseistance factor
Based on | Sampled Viscocity | Stress at Eyno 5_2 Froude . Bed
Run | Based | Based Velocity | Suspended Total g 2 10° v Bed ., |MNumber10 Number F I?an:y Cheozjy Mann;:gs Configuration
onR | onh | pofle | g by | VRS e (I/fE) R Weishach ) Ciy n (/)

19 0.055 0.065 0.045 0.0000 0.000 1.09 0.0045 927 0.18 0.0335 208 0.m7z Plane
25 0.076 0.085 0.059 0.0000 0.000 1.1 0.0067 1120 0.1 0.0355 208 0.ma Do,
26 0.240 0.269 0.064 0.0000 0.000 111 0.0078 1213 0.23 0.3318 208 0.054 Do

7 0.270 0.302 0.071 0.0000 0.000 1.02 0.0057 1456 0.26 0.3371 208 0.054 Do

il 0272 0.305 0.053 0.0000 0.000 1.09 0.0078 1247 0.3 0.4264 208 0.061 Do

2 0.083 0.099 0.072 0.0000 0.000 1.07 0.0100 1406 0.26 0.0352 208 0.mz Do,

18 0.033 0110 0.080 0.0000 0002 1.14 0.0124 1471 028 0.0349 208 0.mz Dune
28 0.099 0111 0.054 0.0000 0.003 1.06 0.0137 1717 0.30 0.0324 208 0.mz Do,
28 0.078 0.083 0.061 0.0000 0.000 11 0.0072 523 029 0.0412 18.0 0.m7z Plane
22 0.078 0.082 0.051 0.0000 0.000 111 0.0071 508 0.29 0.0410 188 0.m7 Do

in] 0.085 0.091 0.066 0.0000 - 111 0.0084 574 0.3 0.0420 18.0 0.m7 Do

kil 0.083 0.093 0.072 0.0000 0.000 1.18 0.0059 576 0.34 0.0376 19.0 0.0$6 Do

15 0126 0.141 0.093 0.0005 0.008 1.09 0.0166 1859 0.33 0.0428 208 0.mg Dune
23 0.093 0.099 0.059 0.0000 - 1.1 0.0031 579 0.33 0.0463 188 0.ma Plane
32 0.037 0.104 0.079 0.0000 0.001 1.18 0.0120 BE1 037 0.0381 18.1 0.Me Do,
24 0.093 0.104 0.077 0.0000 0.001 1.1 0.011s B50 037 0.0403 18.8 0.mz Do,

14 0.108 0115 0.083 - 0.004 1.16 0.0132 800 037 0.0414 19.4 0.m7z Dune
M 0111 0.118 0.085 - 0.004 0.0142 805 0.3s 0.0414 192 0.m7 Do

16 0.173 0.194 0.057 0.0016 0.018 1.1 0.0184 1919 0.35 0.0725 208 0.025 Do

35 0.140 0.149 0.054 - 0.012 117 0.0172 315 0.44 0.0545 19.1 0.020 Do

17 0.187 0.209 0101 0.0039 0.028 1.1 0.0139 19039 037 0.0794 207 0.026 Do,
33 0.151 0.162 0.09s 0.0009 0.016 111 0.0175 923 0.43 0.0625 13.3 0.021 Do,

5 0211 0.234 0108 0.0102 0.039 1.16 0.0225 1772 0.40 0.0898 205 0.027 Do,

10 0.160 0.169 0100 0.0006 0.024 11 0.0184 779 0.49 0.0644 18.8 0.021 Do,
k) 0277 0314 0121 0.0455 0.106 1.14 0.0284 2473 0.42 01219 20 0.033 Do,
36 0218 0232 0.106 0.0039 0.036 1.16 0.0218 967 0.43 0.1035 192 0.027 Do

5} 0283 0.324 0129 0.0489 0.053 111 0.0321 2511 0.45 01167 208 0.032 Do

7 0237 0.254 0.110 0.0281 0.065 1.13 0.0236 1117 0.49 0.1125 18.4 0.029 Do,
38 0305 0.342 0.134 0.0747 0.191 1.1 0.0347 2555 0.43 01210 208 0.032 Do,

11 0303 0.341 0.147 0.1054 0.205 113 0.0420 2459 0.55 01021 205 0.029 Do,

g 0.263 0.251 0127 0.0273 0130 1.16 0.0314 1209 0.57 0.1043 18.3 0.027 Do,

12 0320 0.354 0163 0.1135 0.329 112 0.0452 2479 0.58 01029 204 0.02a Do,

13 0.359 0.394 0.167 0.2050 0.474 1.13 0.0538 2445 0.66 0.1092 202 0.030 Transition

a 0.305 0323 0.153 0.0440 0.231 1.12 0.0452 1264 0.73 0.0997 188 0.026 Do

3 0.330 0.354 0.176 0.3621 0.329 1.16 0.0603 1774 0.78 0.0854 19.4 0.02s Do

1 0365 0.394 0.207 0.6566 0.700 1.1 0.0835 26835 0.8s 0.0740 18.8 0.024 Do,

2 0372 0.396 0272 0.3924 1.057 113 0.1432 2439 1.26 0.0465 18.1 0.ma Do,

4 0.370 0.393 0.201 0.2855 0.621 1.14 0.0785 1713 0.95 0.0842 18.0 0.024 Do,

4 0378 0.398 0.238 0.2726 1.159 1.04 0.1102 1833 1.18 0.0641 187 0.020 Do,
42 0385 0.405 0311 0.2567 1.167 1.07 01878 2389 1.54 0.0359 187 0.M6 Standing Vaves
40 0.371 0.3558 0.279 0.1781 1.236 1.09 0.1511 1781 1.46 0.0461 18.3 0.m7z Do,
43 0.401 0.423 0.314 0.4023 1.126 1.05 0.1910 2456 1.56 0.0416 187 0.m7 Do

] 0.400 0.421 0.326 0.3746 1.142 1.07 0.2052 2439 1.63 0.0385 186 0.016 Do

Experimental Vairables and Parameters for 0.32-mm sand in 2 foot wide flume
Shear Velocity u* - (fi's) Bed Material Ki Shear R 1 Reseistance factor
Based on | Sampled Viscocity | Stress at Eyno s_ Froude . Bed
Run Bas:?d Basehd Velocity | Suspended Total g £ 10° v Bed - Numh;r we Number F W I?ahn:yh f Cheozjy Mann:ggs Configuration
o on Profile | g, qbitsy | OWRS | e (b eishach ) Cy n %)

1 0039 0.045 0.041 0.0000 0.000 1.4 0.0033 328 0.z2 0.0057 A7 0.m3 Plane

2 0.043 0.053 0.040 0.0000 0.000 1 0.0030 447 0.1 0.0077 218 0.0ma Do

3 0.112 0.140 0.057 0.0000 0.002 1.39 0.0082 452 0.30 0.0253 28 0.027 Ripples

4 0.099 0.122 0.057 0.0000 0.002 0. 0.0052 736 0.30 0.0195 28 0.023 Do

in] 0.113 0.142 0.053 0.0012 0.004 1.24 0.0078 B39 0.3z 0.0209 220 0.024 Do

2 0.109 0.136 0.065 0.0004 0.006 0.s 0.0082 1001 0.34 0.0182 28 0.023 Dunes

a 0127 0.158 0.078 0.0033 0.013 1.4 0.0119 st} 0.41 0.0169 28 0.022 Do

5 0.118 0.150 0.073 0.0019 0.010 0.92 0.0108 10339 037 0.0171 221 0.022 Do

) 0132 0.166 0.091 0.0120 0.032 1.26 0.01682 925 0.47 0.0136 220 0.020 Do

28 0.163 0.208 0.053 0.0179 0.056 079 0.0134 1475 041 0.0254 222 0.027 Do

2B 0.164 0214 0.086 0.0057 0.071 13 0.0142 1054 0.40 0.0247 225 0.028 Do

25 0.164 0211 0.0z 0.0226 0.059 0.m 0.0163 1670 0.44 0.0212 224 0.025 Do

21 0.147 0.185 0124 0.0193 0.053 1.32 0.0300 1204 0.63 0.0092 220 0.0me Transition
22 0.144 0.185 0111 0.0456 0112 0.4 0.0240 1984 0.55 0.0711 223 0.ma Do

24 0.153 0.202 0.106 0.0333 0.077 1.34 0.0216 1320 0.49 0.0143 226 0.021 Do

23 0.183 0.245 0.108 0.0245 0125 0.81 0.0224 2150 0.50 0.0205 228 0.025 Do

7 0.151 0.191 0133 0.0213 0.153 134 0.0345 1321 0.67 0.0054 221 0.0$6 Do

[z} 0.162 02 0.110 0.0271 0199 0.92 0.0234 1941 052 0.0146 228 0.021 Do
20 0254 037 0193 0.2158 0.795 1.31 0.0724 1776 1.01 0.0112 N8 0.ma Antidunes
19 0220 0.274 0.191 0.1043 0616 09 0.0704 2601 0.93 0.0086 N8 0.me Plane
10 0.291 0.367 0187 0.3013 0773 155 0.0676 1565 0.95 0.0159 221 0.021 Antidunes

a 0239 0.298 0158 0.2207 0325 1 0.0763 2436 1.02 0.0094 28 0.Me Do

12 0243 0314 0180 0.2457 0.657 181 0.0629 1783 087 0.0121 224 0ma Plane
11 0222 0.281 0.204 0.2893 0.965 0.96 0.0807 21 1.03 0.0075 221 0.0ma Antidunes
14 0323 0.409 0220 0.9427 2187 132 0.0937 2209 1.1 0.0142 221 0.020 Do

13 0297 0.376 0.219 0.3735 1.561 0.64 0.0929 3457 1.10 0.0120 221 0.ma Do

15 0322 0412 0.241 3.9303 5.399 136 01127 2483 1.18 0.0115 222 0.ma Do

16 0.280 0.356 0.244 3.0454 4.351 0.93 0.1157 3613 121 0.0086 222 0.0$6 Do

17 0348 0.440 0.251 B.3343 B.271 1.3 0.1226 2661 1.25 0.0124 222 0.mg Do

18 0.283 0.359 0.259 3.7024 4,426 09 0.1288 3584 1.28 0.0078 222 0.ms Do

3 0.453 0.552 0.236 8.7020 10.321 1.2 0.1082 Zran 1.15 0.0244 223 0.027 Chutes-Pools
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Table C.10. Guy et al. Raw Data 11

Experirmental “airables and Pararmeters for 0.93-rm sand in 8 foot wide flume

Run

ds

s/t

Useful Variables

w ds {ft) [2ds'h| h/ds Ro |[ds(mm)| Re* |Shields
18 | 093 #DIv! 0271 |0.004 (0007 | 495584 (10.401| 0621 [S.011 | 0.039
25 | 093 [ #Dnml 0270 |0.004 (0007 | 495584 | 7.985 | 0.621 (10.893| 0.086
26 | 093 [ #0raDl 0270 |0.004 (0007 | 500.421 | 2510 | 0.621 [11.666| 0.667
27 | 083 1] 0273 |0.004 (0007 | 495584 | 2261 | 0621 [14.155) 0.841
30 | 053 i] 0271 |0.004 [0.007| 505.397 | 2219 [ 0621 |11.866( 0.858
21 | 093 0 0271 |0.004 [0.007| 435.584 | G.8964 | 0.621 |13.677| 0.030
18 | 0.93 0 0269 |0.004 [0.007| 455,584 | 6127 | 0621 |14.302( 0111
28 | 083 0 0272 |0.004 [0.007| 510.304 | 6098 | 0.621 |16.158| 0.114
29 | 083 [ #Dnem 0270 |0.004 (0.014| 245,339 | 6.108 | 0.621 |11.213| 0.084
22 | 083 [ #Dren 0270 |0.004 (0.014| 240,432 | B.190 [ 0.621 |11.146| 0.063
30 | 083 - 0.270 |0.004 [0.014)| 250.245 | 7.445 [ 0621 |12.051| 0.076
31 0.83 1] 0.267 |0.004 (0.014| 245339 | 7172 | 0621 [12.366| 0.080
15 | 093 |0.063076923 | 0271 |0.004|0.007| 515211 | 4785 | 0621 |17.310( 0.184
23| 083 - 0270 |0.004 (0.014| 240,432 | 6.829 | 0621 [12.714| 0.020
32 | 083 1] 0.267 |0.004 (0.014| 255152 | 64680 | 0621 [13.569| 0.089
24 | 083 1] 0270 |0.004 (0.014| 240,432 | 6521 | 0621 (14279 0.089
14 | 093 - 0268 |0.004 (0.012| 284593 | 5822 | 0621 (14516 0.122
34 | 083 - 0270 |0.004 (0.013| 264.966 | 5727 | 0.621 [15.837| 0.128
16 | 0.93 [0.085714286 | 0.270 (0.004 |0.007| 510.304 | 3.485 | 0621 |18.062( 0.346
35 | 083 - 0268 |0.004 (0.013| 260.059 | 4495 | 0621 [16.382| 0.205
17 | 093 [0.142180095 | 0.270 (0.004 |0.007| 490677 | 3.228 | 0621 |18.773( 0.404
33 | 053 |0.055335968 | 0270 |0.004 (0.013] 274779 | 4172 | 0621 [17.430| 0.241
5 | 053 | 0.25574026 | 0318 |0.004|0.008| 354952 | 3.329 | 0.753 (24.297| 0.354
10 | 0.3 [0.026666667 | 0270 [0.004|0.015| 225711 | 4.000 | 0621 (18.374| 0.253
37 | 0.93 |0.432612313 | 0198 |0.004 (0.006| 804.348 | 1.577 | 0421 [14.852| 1.341
36 | 0.93 |0.107892807 [ 0.268 |0.004 (0.013| 269.672 | 2.089 [ 0.621 |18.636| 0.437
6 | 093 |0523277467 | 0287 |0.004|0.007| 466360 | 2.218 | 0.680 (25.857| 0.885
7 | 093 |0.434306569 | 0.217 |0.004 |0.012| 383117 | 2.142 | 0.469 (15.027| 0.787
38 | 0.83 |0.390740741 | 0137 |0.004 |0.007 |1085.106| 0.998 [ 0.287 [11.332] 2341
" 053 (0520338983 0262 |0.004|0.003| 451.423 | 1.972 | 0621 |26.547| 1.075
8 053 (0210067114 [ 0187 |0.004 |0.012| 435.462 | 1.660 | 0.3%6 [14.269| 1.143
12 | 053 [0.345263158 | 0295 |0.004 |0.008| 380.342 | 2.084 | 0713 |31.500( 1.007
13 | 093 |0.432727273| 0332 |0.004|0.009| 293807 | 2109 | 0.850 |41.131( 1.046
9 053 (0190076336  0.322 |0.004|0.014| 184906 | 2492 | 0.808 |36.096| 0.740
3 093 (0906752412 [ 0.337 |0.004|0.012| 209.059 | 2380 | 0.875 |(43.632| 0.824
1 0.93 [0.937810945 [ 0.254 |0.004|0.010| 363.636 | 1.610 | 0.570 |[35.270| 1.5685
2 093 (0377850163 | 0.245 |0.004|0.013| 296.089 | 1.544 | 0546 |[43.037| 1.651
4 093 [0.459724951  0.334 |0.004|0.014| 180,851 | 2126 | 0.860 [49.750| 1.030
41 | 093 |0.235232068 [ 0.214 |0.004 [0.016| 287.207 | 1.344 [ 0.451 |33.810| 2.018
42 | 093 |0.219845355 ( 0232 |0.004 [0.016| 203.704 | 1.741 [ 0.658 |G2.804| 1.432
40 | 093 |0.144117647 [ 0216 |0.004 [0.012| 251.656 | 1.389 | 0.460 |38.664| 1.876
43 | 0.93 |0.357142857 | 0285 |0.004 [0.016] 191.304 | 1.747 | 0.701 |6B.735| 1.461
39 | 093 | 032810271 | 0277 |0.004 [0.016) 204.762 | 1.644 [ 0.640 |63.968| 1.538
Experimental “airables and Parameters for 0.32-mrm sand in 2 foot wide flurme
Useful Variables
Run | ds usfat w  |dsifg|2dsh| hids | Ro |dsmm)| Re* |Shields
1 0.32 #DIv! 0.080 |0.001(0.005| 739.130 | 4177 | 0210 [ 2029 | 0.083
2 032 [ #na 0092 |0.001(0.005| 753.623 | 4623 | 0210 2727 | 0.078
3 032 1] 0.081 |0.001(0.005| 782,609 | 1.449 | 0.210 [ 2817 | 0531
4 032 1] 0.104 |0.001 (0.005| 782609 | 2119 | 0.210 [ 4303 | 0.408
30 | 032 |0.263736264 | 0087 |0.001|0.004| 826.087 | 1.532 [ 0.210 | 3518 | 0.551
29 | 032 |007F777778( 0110 |0.001 (0.004) 811.594 | 2023 [ 0.210 | 5621 | 0.507
5 | 032 |0.247787611| 0088 |0.001|0.004| 909.091 | 1.066 | 0188 [3.443 | 0.766
G | 032 |0.196428571| 0103 |0.001|0.004| 855.072 | 1.721 | 0.210 5505 | 0612
27 | 032 |0.369230769 ( 007 |0.001(0.004| 926.518 | 1.126 [ 0191 | 4533 | 0.825
28 | 0.32 |0.318932656 0116 |0.001 (0.004| 881.119 | 1.387 | 0.218 | 7.530 | 1.143
26 | 0.32 |0.093676815 0077 |0.001(0.003|1093.991| 0900 ( 0198 | 4276 | 1.333
25 | 0.32 | 0.38108464 [ 0103 |0.001 {0.004|1007.634| 1.218 [ 0.200 | 7.417 | 1.282
21 | 0.32 |0.218302005 [ 0.057 |0.001(0.004|1078.067 | 0.763 [ 0.164 | 5.069 | 1.202
22 | 032 |0.433043475| 0102 |0.001|0.004| 986.133 | 1.384 | 0198 | 9032 | 0.992
24 | 0.32 |0.434B44193| 0084 |0.001|0.003|1064.745| 1.034 [ 0.212 | 5476 | 1.110
23 | 032 |0.197391304 | 0101 |0.001)|0.003|1130.031)| 1.021 [ 0197 |8574 | 1.788
7 0.32 (0139007092 [ 0.088 |0.0071|0.004| 978793 | 0905 | 0187 |B.103 | 1.121
8 0.32 (0136263736 0.079 |0.0071|0.003|1269.841| 0933 | 0173 |B.772| 1.493
20 | 032 |0271428571| 0087 |0.001)|0.004)| 776.836 | 0689 [ 0.216 [10.441| 2665
19 | 032 [0.189354539 | 0118 [0.007 |0.004| 730,117 | 1.080 | 0.234 |16.235( 1.845
10 [ 032 | 038996139 | 0.086 [0.0071|0.004| 927673 | 0.449 | 0.194 | 7.853 [ 3.992
=) 0.32 (0267631103 [ 0.083 |0.007|0.004| 813,953 | 0.824 | 0.210 [13.640| 2.432
12 | 032 (0373737374 | 0070 [0.001|0.004 (1027607 | 0.558 | 0183 (7772 | 2.840
11 | 0.32 (0344761905 | 0056 |[0.001|0.004| 852.857 | 0.858 | 0.205 (13.985| 2.208
14 | 0.32 (0434145341 | 00597 (0001 |0.004| 792,269 | 0.535 | 0.234 [12.770| 4.101
13 | 0.32 [0.239179954 | 0117 [0.001|0.004| 814111 | 0.776 | 0.225 (19.203| 3.602
15 | 0.32 [0.7272659349 | 0100 [0.001|0.004| 724.451 | 0.608 | 0.242 (14.086| 4.020
16 | 0.32 o7 0111 |0.001 (0.004| 841.248 | 0.781 | 0.225 |19.352| 3.238
17 | 032 [1.010135135 | 0107 [0.001|0.004| 759.804 | 0.606 | 0.249 (15.780| 4.467
18 | 0.32 |0.836538462 | 0120 (0.001|0.004| 785.071 | 0.837 | 0.237 |22.328( 3121
31 0.32 [0.843813357 [ 0112 |0.001)0.004)| 777.512 | 0.482 | 0.255 |15.796| 7.634
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Table C.11. Guy et al. Raw Data 12

Experimental Yairahles

nd Para

eters for 0.3

-mm sand in 2

oot wide flume

Suspended Concentration

Total Bed Material

. Water " Bed Material| Mean
Run | Slope x10° D:"g‘ - :V:.'a“"ff Discharge - Q | "®™ - T| gommuled C, |Particle Size | Concentration S':::'”"f Particle Size | Velocity
s ) |Radius )| e oey €0 o) |-t 0109 Gopm) | O o 109 |V 8]
7 0.025 (1] 0.33 112 1} 0.83 1} - - 1.14
a8 0.087 0s 033 1 1) 083 BB 1 1.048 102
5 0.088 0.49 033 112 15 0.61 47 0.912 1.075 117
11 0.102 0.52 0.34 141 54 0.475 142 1.0089 1.163 1.36
10 0213 043 033 169 568 1.016 460 1.033 1.163 176
B 0.24 0.52 0.4 196 323 0617 732 0.951 1.016 192
4 0.27 0.49 0.33 329 648 0.83 2210 0.968 1.02 343
1 029 051 034 401 393 0383 3090 1.085 1115 402
9 032 0.52 0.4 262 2070 0.934 1960 0.918 1.082 257
12 0.35 0.51 0.34 424 625 0.644 3280 1.13 1.18 424
13 062 0s 033 442 761 105 4990 118 1.12 452
2 08 05 033 4.66 510 0.845 10 115 1.016 476
3 0.81 0.52 0.34 5.4 11000 0.928 18400 0.8a 1.048 683
14 114 052 034 B.04 15300 0.835 18400 1.015 1.082 593
Experimental \airables and Parameters for 0.33-mrm sand in 2 foot wide flume
Suspended Concentration Total Bed Material
. Water : Bed Material | Mean
Run 5|DP;x1['2 D:F:‘ - :V:_'a““ff Discharge - Q | "®™ - T| sampled C, |Particle Size | Concentration S':::m: Particle Size | Velocity
My |Radius {0y 5] ppm) |- dso = 109|  Cy (ppm) o 1035; dyp Rt x 109 |V (fus)
A 0.022 05 033 1.06 0 0.4045 0 1.08
118 0.027 05 0.33 125 1} 0.4045 1} - - 126
16 0.029 05 033 108 1) 0.4045 35 0.443 1.015 1.07
] 0.047 0.51 0.34 1.06 0 0.4045 12 0.443 098 1.06
a 0.063 052 0.34 1.46 g1 0.4045 85 0.985 1.1 143
1 0.097 05 033 185 217 0282 507 0.575 105 19
10 o7 0.48 032 189 56 0.33 452 0.453 117 1.8
] 012 0.51 0.34 21 a2 0.373 1030 0.482 1.445 21
9 0.143 052 034 246 888 0.429 1620 0.45 1.335 242
7 0.183 053 038 232 370 037 1220 0.54 1.408 223
2 0.188 052 0.34 262 1240 0.354 2790 0.423 11 257
3 0.343 052 034 334 3370 0.453 4320 0.443 1.016 327
4 0.433 0.51 0.34 4 2560 0.42 5100 0738 098 4
12 0.447 0.49 0.33 46 3610 0.478 7900 0.689 0.985 479
13 0.695 0.43 033 538 6130 0.443 15100 0.502 0918 561
15 091 0.52 0.34 B.48 8820 0.458 22800 0.557 1.082 B.34
14 0.95 0.51 0.34 6.04 3770 0.452 14600 0715 1147 6.05
Experimental Yairables and Parameters for 0.47-mm sand in 8 foot wide flume
Suspended Concentration Total Bed Material
. Water " Bed Material | Mean
Run | Slope x10° D:"g‘ . :V:.'a“"ff Discharge - 0 | 8™ -T| goinbied ¢, |Particle Size | Concentration S':::'T Particle Size | Velocity
s ) |Radius )| e oey €0 o) |-t (R0 Gopm) |0 109 |V 8]
46 0.084 11 0.a87 14.54 1542 161 - 1.64
47 0.042 075 0.63 9.89 1542 23 114 1B
48 0.052 123 0.94 15.26 1542 59 1.148 155
49 0.173 133 1.00 2132 - 1542 585 0.623 - 2
85 0.047 073 0Es 711 1) 1542 B 1.384 1.602 113
86 0.048 076 0.64 6.92 4800 1542 1B 0.249 1437 114
a7 0.046 075 0.63 6.96 6400 1542 23 021 1.621 116
88 0.048 074 062 71 11400 1542 25 0417 164 12
o 0.053 06 0.52 6.97 6950 1542 el 1.345 1355 145
=] 0.065 06 0.52 7.08 2000 1542 Ell 1.361 1.608 147
93 0.072 062 054 72 1 1542 93 1.482 1.742 1.45
92 0.039 083 0.54 714 6070 1542 106 1.508 1618 143
a1 o7 0.58 0.51 7.12 6400 1542 185 1.443 161 1563
82 0.248 064 055 816 133 1642 429 1.463 1679 16
a1 0.238 0.62 0.54 81 584 1542 545 1351 - 182
52 0.222 055 0.48 8.01 1620 1542 578 1.456 147 181
73 0222 061 043 82 a670 1642 B62 1.609 1.665 167
74 0.215 0.65 0.58 8.18 7970 1542 534 1.42 1827 158
76 0.203 0.63 0.54 8.49 9330 1542 463 1.387 1.456 163
758 0.204 064 055 824 9460 1642 625 1.674 1.443 16
83 0.238 0.57 0.50 801 10700 1542 571 1.361 1.564 177
77 0.199 0.65 0.56 876 12500 1542 639 1.246 1581 166
26 0.201 0.53 0.47 8.31 25000 1542 761 1.066 1.588 194
94 0.237 0.81 0.E7 1.3 7 1542 480 1.404 1624 174
a3 02 091 0.74 15.58 0 1542 568 1151 1633 214
54 0.24 082 0.75 1636 1940 1542 657 1.263 1.468 2.08
56 0.242 03 073 15.36 2360 1542 41100 1.148 - 214
55 0.237 0.84 0.78 1536 4080 1542 7ES 1.164 1692 204
a7 0.258 0.67 0.7 1639 4320 1542 761 1.326 1518 22
58 0.233 03 073 15.28 5270 1542 807 121 1535 211
95 018 08 0.67 1538 28300 1542 1640 1.0938 1771 239
76 0.32 072 0.61 1152 12000 1542 1510 1.089 1.4583 2
53 0.326 065 0.56 15.36 4570 1542 2920 1.312 1535 296
B0 0.342 0.62 0.54 2135 3600 1542 3290 1.427 18938 428
61 0.355 0.61 0.53 2132 6170 1542 3390 1.44 1722 4.36
71 0.531 032 030 822 3600 1642 5260 1.625 1673 3
72 0.5 0.3z 0.30 8.28 7100 1542 5680 1.505 1.888 3.28
70 0.64 03 0.28 8.14 3910 1542 6310 1.476 1515 i
B3 087 043 033 1648 3020 1642 5360 1.633 1.635 446
B4 0.578 0.41 037 1561 6440 1542 5480 183 1801 478
65 0.571 0.42 0.38 156 9050 1542 5160 1.584 1.506 463
66 0.575 0.45 0.40 16.52 12300 1542 5130 1.647 1.626 4.34
80 0.643 0.39 0.38 1827 12100 1542 7140 1.624 1.594 491
a1 0.634 055 0.48 2135 7 1542 4480 2.076 1.584 485
62 0.622 0.54 0.48 2123 4780 1542 4490 203 1.647 469
B7 0.646 0583 0.47 2087 11200 1542 4390 1.994 182 491
79 0.651 055 0.48 213 12400 1542 5760 2.204 1355 4.82
a4 074 0.41 037 1636 7 1542 7100 1.41 164 467
B3 0.734 043 033 15.54 7020 1542 8280 1.601 143 448
98 0.821 0.44 0.40 158 42000 1542 17700 1.237 1.44 451
5] 074 0.53 047 2094 7620 1542 6760 2.181 1738 485
100 079 051 0.45 21.42 106 1542 8440 2322 1.561 528
99 0.808 05 0.44 2127 28800 1542 16100 1.361 1.492 532
ar 0.86 0.37 0.34 1201 5800 1542 8960 2.165 1697 407
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Table C.12. Guy et al. Raw Data 11

Experimental Vairables and Parameters for 0 33-mm sand in 2 foot wide flume
[ Shear Volocity ™ | Bod Matedial | y; Shoar | rovoma [ Roseistance factor |
Based on| Sampled Viscocity | Stress at eYNOIes | Froude i Bed
Run | Based | Based |yo( | Gueponded | 101 & | qg5y | Bed .o |Mumber10®) . i g | Darex CheﬂZg Mann:zﬂs Configuration
onk onh Profile 4 (Ibfts) (Ib/fts) [ (b8 R Weishach f| C/y n (ft"™)
7 0.052 0.063 0.053 0.0000 0.000 1.08 0.0054 528 0.28 0.0062 216 0.013 Plane
8 0.097 0118 0.047 0.0000 0.000 1.08 0.0043 472 025 0.0268 218 0.0z7 Ripple
5 0.097 0.118 0.054 0.0005 0.002 1.08 0.0057 53 029 0.0203 215 0.023 Do
11 0.106 013 0.064 0.0024 0.006 1.08 0.0078 (2] 0.34 0.0178 217 0.022 Dune
10 0.150 0.183 0.082 0.0298 0.024 1.08 0.0130 793 0.44 0.0217 215 0024 Do
B 0.163 0.200 0.029 0.0198 0.045 1.08 0.0152 924 0.47 0.0218 207 0.025 Do
4 0.168 0.206 0.158 0.0665 0.227 1.08 0.0452 1556 0.66 0.0072 215 0.014 Transition
1 0178 0218 0.186 0.0492 03387 1.08 0.0870 1898 093 0.0058 216 0013 Plane
9 0.188 0.zx 0119 0.1692 0.160 1.08 0.0273 1237 0.63 0.0182 207 0.021 Dune
12 0.195 0.240 0.196 0.0827 0.434 1.08 0.0745 2002 1.06 0.0064 216 0.013 Plane
13 0258 0318 0.208 0.1048 0638 1.07 0.0851 2112 113 0.0098 216 0016 Antidune
2 0.293 0.359 0.z 0.7473 1.034 1.08 0.0944 2204 119 0.0114 216 o.os Do
3 0.317 0.390 0.244 1.85633 3.100 1.07 0.1158 2676 130 0.0108 217 0.7 Do
14 0354 0437 0274 218833 3.467 1.08 0.1451 2855 145 0.0108 N7 0017 Do
Experirnental Wairables and Parameters for 0.33-mm sand in 2 foot wide flume
| Shear Velocity u* - (ft's) Bed Material i i Shear A " Reseistance factor
Based on| Sampled Viscocity | Stressat |, V" | Eroude ) Bed
Run .Base; Bass;d Velocity | Suspended Total g | gy Bed -+ N“'"hRE' 10 yumber F I D'al:wh ‘ Chenzg Ma""::gs Configuration
on on Profile 4 (Ihifes) (Ib/fts) ey {Ibsf6) eishacl Cly n (ft'")
1A [ 0.048 0.0s0 0.050 0.0000 0.000 113 0.0048 478 027 0.0081 218 0.3 Plane
118 | D054 0.066 0.058 0.0000 0.000 112 0.0068 a71 0.32 0.0053 216 0.012 Do
16 0.056 0.068 0.060 0.0000 0.000 1.07 0.0048 500 027 0.0082 216 0015 Ripple
B 0.0M 0.088 0.043 0.0000 0.000 1.02 0.0047 £30 0.z2e 0.0137 218 0.019 Do
5 0.083 0.103 0.066 0.0004 0.004 1.02 0.0054 78 0.35 0.0103 27 0.7 Do
1 0.102 0125 0.088 00132 0.031 1.03 0.0140 922 0.47 0.0087 216 0015 Dune
1o 0 0.134 0.024 0.0030 0.024 1 0.0138 864 0.48 0.0nz 215 0.7 Do
g 0.114 0.140 0.098 0.0245 0.068 0.98 0.0185 1095 052 0.0089 216 0.016 Do
9 0.126 0.1585 0112 0.0652 a7 101 0.0242 1246 0.53 0.0082 n7 0015 Do
7 0138 0.187 0.103 0.0268 0.088 1 0.0204 1182 0.54 0.0nz 207 0.0s Do
2 0.144 0177 0119 0.1014 0.228 1.03 0.0273 1297 0.63 0.0095 217 0.016 Transition
3 0.194 0.240 0.141 03512 0.450 1.03 0.0441 1651 0.80 0.0107 n7 0017 Do
4 0217 0.267 0.188 0.3195 0.638 1.04 0.0863 1982 0.89 0.0088 218 0.016 Plane
12 0.218 0.266 0.222 0.5181 1134 1.04 0.0260 2257 121 0.0061 215 0013 Standing Waves
13 0271 0.331 0.261 1.0290 2535 1.09 01317 2572 141 0.0070 215 0014 Antidunes
15 0317 0.390 0.292 17777 4535 1.09 0.1858 3025 185 0.0078 217 0.014 Do
14 0.326 0.401 0.280 0.7104 2751 109 0.1518 2631 149 0.0088 216 0.016 Do
Esperimental Wairables and Parameters for 0.47-mm sand in & foot wide flume
Shear Velocity u* - (ft's) Bed Material Ki 9 Shear A ” Reseistance factor
Based on| Sampled Viscocity | Stressat |, 0, | Froude . Bed
Run | Based | Based | yoio | Suspended | 1001 | g3y | Bed . |Mumber T\ horp | Darcy | Chezy ) Mannings | o oo otion
onR | onh | poite | g (g | TS| ey (b6 R Weishach | Cly n (%)
46 0.153 0.173 0.072 0.021 13 0.0101 1400 0.27 0.0893 227 0.025 Dune
47 0.092 0.1m 0.074 [ #/ALUE 0.002 136 0.0108 882 0.33 0.0:17 217 0.016 Do.
45 0126 0.144 0.068 [ #/ALUEl 0.007 136 0.0089 1402 025 0.0686 229 0.025 Do.
49 0.236 0.272 00865 [ #/ALUE! 0.097 138 0.0145 1926 0.31 0.1482 231 0.037 Do
85 0.093 0.108 0052 [ #vALUE! 0.000 131 0.0052 B73 023 0.0740 218 0024 Ripples
=] 0.097 0.108 0.052 0.0000 0.259 132 0.0053 B56 023 0.0693 207 0.023 Do.
a7 0.097 0.108 0.053 1.0363 0.456 137 0.0055 B35 0.24 0.0660 217 0.023 Do
83 0.093 0.108 0.085 18241 0631 15 0.0058 £92 025 0.0643 N7 0022 Do,
a0 0.094 0.1m 0.0s9 25253 0.380 139 0.0091 E26 033 0.0390 212 0.7 Do.
89 0.104 0112 0.068 15114 0.499 142 0.0094 621 0.33 0.0465 212 0.015 Do
93 0112 0120 0.068 19881 0.008 124 0.0090 725 032 0.0547 212 0.0z0 Dune
g2 0128 0138 0.087 0.0002 0.344 133 0.0088 B77 0.3z 0.0714 213 0.023 Do.
=l 0.138 0.148 0.073 1.3622 0.477 142 0.0102 625 0.35 0.0747 211 0.023 Do
82 0.210 0226 0.075 1.8660 0.036 1 0.0109 1024 035 0.1637 213 0.034 Do
a1 0.202 0217 0.078 0.0338 0.071 128 0.0113 785 0.38 0.1438 212 0.032 Do.
52 0.186 0.198 0.086 0.1478 0137 126 0.0145 790 0.43 0.0960 209 0.026 Do
73 0.195 0.208 0.079 0.4049 0.405 1.24 0.0120 822 036 01251 212 0.030 Do
74 0.197 0.212 0.074 1.4508 0.543 13 0.0108 754 038 0.1442 214 0.033 Do.
76 0.189 0.203 0.079 2.0341 0.649 138 0.0122 772 0.38 0.1153 213 0.029 Do
7a 0.190 0.205 0.075 24714 0.648 1.36 0.0109 7483 035 01314 213 0031 Do
g3 0.194 0.208 0.024 24321 0.704 182 0.0137 BE4 0.4 0nm 210 0.02s Do.
7 0.189 0.204 0.079 26741 0.638 152 0.0120 718 0.37 0.1181 214 0.030 Do
26 0.174 0.185 0.093 3.4164 1670 183 0.0168 533 0.47 0.0728 0.8 0.023 Do
94 0.227 0.249 0.073 B.4818 0.043 128 0.0122 1m 0.34 0.1633 219 0.036 Do.
a3 0.219 0.242 0.09% 0.0025 0.071 119 0.0180 1636 0.40 0.1024 22 0.029 Do.
54 0.240 0.267 0.094 0.0000 0311 125 0.0170 1531 0.38 0.1315 222 0.033 Do
56 0238 0.265 0.097 09297 5267 T 00181 1735 0.40 01225 232 0032 Do,
55 0.241 0.268 0.092 1.3706 0.578 126 0.0163 1522 0.37 0.1379 23 0.034 Do.
a7 0.244 0.268 0.100 1.9457 0.610 119 0.0193 1606 0.42 0.1198 221 0.031 Do
55 0235 0.260 0.095 20743 0724 125 0.0176 1519 033 01213 232 0032 Do,
95 0.197 0218 0.108 25124 3.892 203 0.0232 942 0.47 0.0543 219 0.023 Do.
78 0.251 0.272 0.093 13.6729 1214 14 0.0166 1021 0.42 0.1484 216 0.034 Do
3 0.242 0.261 0138 43131 0897 12 0.0373 1603 065 0.0623 214 0022 Transition
[=1] 0.243 0.261 0.202 21901 1147 118 0.0788 2249 0.8 0.0298 212 0.0s Plane
61 0.246 0.264 0.206 2.3880 1690 12 0.0621 2216 0.88 0.0293 212 0015 Do
7 0225 0234 0.164 4.1042 0.567 1.18 0.0521 871 1.00 0.0425 19.6 0016 Do
72 0.229 0.238 0.168 0.9233 0.823 13 0.0538 798 1.02 0.0427 196 0.016 Do.
70 0.240 0.249 0.176 1.8298 0.649 12 0.0598 853 110 0.0425 19.4 0.016 Do
B3 0.267 0.281 0220 0.9930 1.013 1.16 0.0843 1661 1.20 0.0315 03 0014 Antidune
B4 0.263 0.278 0.238 1.4805 1.451 126 0.1077 1549 131 0.0288 202 0.3 Do.
65 0.264 0.278 0.228 3.1365 1734 134 0.1013 1451 126 0.0288 0.3 0014 Do
66 0.274 0.289 0.212 4.4243 2110 138 0.0875 1415 1.14 0.0354 0.4 0015 Do
a0 0.zn 0.284 0.245 5.9860 2292 143 0.1160 1339 139 0.0268 201 0.3 Do.
=11 0.314 0.33¥% 0.232 5.7647 0747 138 0.1041 1933 115 0.0382 209 0.0M6 Standing Waves
62 0.309 0.329 0.234 0.0047 1837 112 0.1063 2358 117 0.0362 209 0.016 Do
B7 0312 0332 0.238 31728 25838 1.38 0.1076 1913 119 0.0388 2038 0016 Do,
79 0.318 0.340 0.230 7.2928 3019 1.46 0.1028 1816 115 0.0397 209 0.7 Do.
84 0.298 0.313 0.23 8.2444 0.851 123 0.1037 1557 129 0.0358 0.2 0015 Antidune
B3 0.303 0318 0220 0.0034 1.855 124 0.0843 1654 120 0.0405 203 0016 Do,
=] 0.324 0.341 0.z 3.4036 7.357 2,46 0.0950 a7 120 0.0457 204 0.7 Do.
<] 0.334 0.355 0.237 207043 2.349 123 0.1094 2133 1.20 0.0412 0.8 0.7 Standing Waves
100 0338 0.360 0254 49784 1.428 129 0.1256 2087 1.30 0.0372 07 0016 Plane
=z ] 0.340 0.360 0.257 0.0708 7.134 1.96 0.1282 1357 133 0.0387 207 0.016 Antidune
ar 0.324 0.338 0.204 17.68515 1.383 129 0.0808 167 116 0.0552 199 0.0185 Do
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Table C.13. Guy et al. Raw Data 12

Experimental Yairahles and Parameters for 0 33-mm sand in 2 foot wide flume

Useful Variables

Run | ds asiqt w |ds(f)|2dsh| hids | Ro [dsmm)| Re* |Shields
7 ]033 #DOML 0.120 |0.001)|0.005| 602.410 | 4.715 | 0.253 | 4.080 | 0.091
8 | 033 1} 0.120 |0.001)|0.005| 602.410 | 2528 | 0.253 | 3632 | 0.318
5 033 |0.318148936 | 0.079 |0.001|0.006| B03.279 | 1666 ( 01686 |3.069 [ 0428
11 | 033 | 038028169 | 0.054 [0.001(0.005\1094.737 ( 1.029 [ 0.145 | 2.800 | 0.E7F7
10 | 033 |1.234782609 | 0.150 [0.001(0.005| 462,283 [ 2.046 [ 0.310 | 7.690 | 0623
6 | 0.33 |0.441256631| 0.081 |0.001|0.005| 842766 | 1.008 | 0168 [5.060  1.226
4 033 | 029321267 | 0.120 |0.001|0.005| 590361 | 1.449 [ D253 (12243 0966
1 0.33 | 0127184486 | 0.120 |0.001|0.005| 614.458 | 1.371 | 0253 [14.282( 1.080
9 | 033 | 1056122443 | 0.137 |0.001|0.005| 556.745 | 1.460 | 0285 (10.252( 1.080
12 | 033 | 019054678 | 0.122 |0.001(0.005| 604.265 [ 1.273 [ 0.257 |15.316| 1.282
13 | 033 [ 0.15280501 0.156 (0001 |0.005| 476.190 [ 1232 | 0320 [20452| 1783
2 | 033 | 0722925457 | 0.139 |0.001|0.005| 529.101 | 0.967 | 0.288 (19.299( 2.565
3 | 0.33 |0697826087 | 0.137 |0.001|0.005| 560.345 | 0.875 | 0263 [21.203( 3.090
14 | 033 [0631621739| 0.129 |0.001|0.005] 567571 | 0738 | 0270 |22414) 4 060

Experimental \airables and Parameters for 0.33-mm sand in 2 foot wide flume

Useful Variables

Run | ds us/qt w |ds(f)|2dsh| hids | Ro [dsmm)| Re= |Shields

11A | 033 #OMWAO! 0.039 |0.001)|0.005(1236.084)| 1651 | 0123 | 1791 | 0.165

1B | 033 [ #Onal 0040 (D001 |0.005(1236.084( 1502 [ 0123 [2.142 | 0202
16 | 033 0 0.041 |0.001)|0.005(1236.084 )| 1.508 | 0123 | 1.874 | 0.217
6 | 033 1} 0.043 |0.001)|0.005(1260.816) 1.219 ) 0123 | 1943 | 0.359
5 033 |0.0952941158 | 0.043 |0.001)|0.006|126564636( 1.043 [ 0123 [ 2616 [ 0491
1 033 | 0.42800789 | 0.022 |0.001|0.005|1773050( 0.440 ( D086 | 2.410 [ 1.042
10 | 033 0123893805 | 0.031 [0.001(0.005(1432.836( 0.579 ( 0.102 | 2807 | 1.016
8 | 033 |0.361166049 | 0.038 |0.001|0.005|1367.282| 0664 | 0114 (3713 [ 0594
9 033 |0.684210526 | 0045 |0.001)|0.005|1212121( 0772 ( 0131 (4741 [ 1.051
7 | 033 |0303278689 | 0.037 |0.001|0.005|1432.432| 0858 | 0113 [3.798 [ 1.415
2 | 033 | 0444444444 | 0.034 |0.001|0.005|1468.927 | 0.472 | 0108 [4.074 [ 1674
3 | 033 |0780092583 | 0.053 |0.001|0.005|1132.886| 0.550 | 0140 (6722 2.355
4 033 |0.4501960784 | 0.045 |0.001|0.005|1214286| 0422 [ 0128 | 7463 [ 3.187
12 | 033 0456962025 | 0.056 [0.001(0.005(1025.105( 0.526 [ 0.146 |10.225| 2777
13 | 0.33 | 0405960265 | 0.047 [0.001(0.005|1106.095( 0.355 [ 0.135 |10.589| 4659
16 | 0.33 0.382 0.050 |0.001)|0.005(1132.886)| 0.323 | 0.140 |12316] 6.248
14 | 033 (0258219178 | 0.043 |0.001{0.005{1128.319) 0306 | 0138 |11.588) 702

Experimental ‘airables and Parameters for 0.47-mm sand in & foot wide flume

Useful Variables

Run | ds asfat w |ds(f)|2dsh| hids | Ro [dsmm)| Re= |Shields
46 | 0.47 1) 0211 [DD02|0.003| 719844 [ 3042 | 0470 [B.573 | 0366
47 | 0.47 [ #vALUE! 0.208 |0.002)|0.005| 486.381 | 5.175 | 0.470 |8.356 | 0.124
48 | 0.47 [ #vALUE! 0.208 |[0.002)|0.003| 797.665 | 3632 | 0.470 | 7659 | 0.251
49 | 047 [ #/ALUE! 0.208 |0.002)|0.003| 862.516 | 1.908 | 0.470 | 9657 | 0.904
55 | 047 [ #vALUE! 0210 (D002 |0.005| 505837 (4842 0470 [B.099 | 0144
86 | 047 0 0.210 |0.002)|0.005| 492,866 | 4949 | 0470 | B.125| 0137
67 | 0.47 |2271955914 | 0208 [0.002(0.005| 466.381 [ 4936 [ 0.470 | 6.014 | 0136
G5 | 0.47 |268B617628 | 0203 [0.002(0.005| 479.896 ( 4.700 [ 0.470 | 5681 | 0.143
90 | 0.47 [GEE48132564 | 0.207 |0.002(0.006| 389.105 | 5122 | 0.470 | 7604 | 0125
89 | 047 |3.030459428 | 0206 (0.002(0.006| 389.105 4509 ( 0.470 | 7.546 | 0.153
93 | 047 354 0.213 |0.002|0.006| 402.075 | 4.446 | 0.470 | 5481 | 0175
92 | 0.47 (0000653111 | 0.210 |0.002|0.006| 408.560 | 3.679 | 0.470 | 7.793 | 0223
91 | 047 |2832833304 | 0206 (0.002(0.006| 376.135  3.487 [ 0.470 | 7.886 | 0.267
82 | 047 |52.16663178 | 0.223 [0.002(0.006| 415.045 [ 2466 [ 0.470 |11.575)| 0.624
A1 | 047 |04741168602 | 0212 [0.002(0.006| 402.075 [ 2.437 [ 0.470 | 9.120 | 0575
62 | 0.47 [1076052569 | 0.212 |0.002|0.006| 356.680 | 2678 | 0.470 |10.580| 0480
73 | 047 |0999681033 | 0.213 [0.002(0.006| 395,590 [ 2.552 [ 0.470 | 9.798 | 0832
74 | 047 | 2673500979 | 0210 (0.002(0.005| 421.530 ( 2.480 ( 0.470 | 8.710 | 0549
76 | 0.47 |3136520725 | 0208 [0.002(0.006| 408.560  2.559 ( 0.470 | 8.576 | 0.503
75 | 0.47 [3812819182| 0208 |0.002(0.006| 415.045 | 2542 | 0.470 | 8511 | 0513
53 | 047 |3.453690163 | 0202 (0.002(0.006| 369.6580 ( 2.436 ( 0.470 | 8.540 | 0528
77 | D47 |2978584096 | 0202 [0.002(0.005| 421.530 ( 2.479 ( 0.470 | 7.981 | 0.508
96 | 0.47 2046022329 | 0.188 |0.002(0.007| 343.709 | 2635 | 0.470 | 7.436 | 0419
94 | 0.47 [151.0057967 | 0.212 |0.002(0.004| 525282 | 21258 | 0.470 | 9570 | 0755
83 | 047 |0034537563 | 0.215 [0.002(0.004| 590.143 (2222 [ 0.470 |12.484) 0715
a4 | 047 1} 0.213 |0.002)|0.004 | 696,626 | 1995 | 0.470 |11.547| 0.668
66 | 047 [0176524113| 0.216 |0.002(0.004| 563.656 | 2.062 | 0.470 |13.412| 0856
55 | 047 |2370984456 | 0.212 [0.002(0.004| 609.558 [ 1.983 [ 0.470 |11.208| 0.878
57 | 0.47 |3.189990766 | 0.215 (0.002(0.004| 564.202 ( 1.997 [ 0.470 |12.910) 0.886
A0 | 0.47 | 2663978582 | 0213 [0.002(0.004| 563.655 [ 2.047 [ 0.470 |11.743) 0624
95 | 0.47 [0E98496557 | 0.184 |0.002(0.004| 518.807 | 2.142 | 0.470 | 8300 | 0566
78 | 047 |11.18651822 | 0.207 (0.002(0.005| 466.926  1.896 [ 0.470 |10.122| 0.908
59 | 0.47 | 4606408545 | 0215 [0.002(0.005| 421.530 ( 2.056 ( 0.470 |17.812| 0833
60 | 0.47 |1808755519 | 0216 [0.002(0.006| 402.075 [ 2.063 [ 0.470 |26.336) 0.833
&1 0.47 | 1.608385676 | 0215 |0.002|0.006| 395580 ( 2034 [ 0.470 (26434 0851
71| 047 |7.232980054 | 0216 [0.002(0.011| 207.523 [ 2.304 [ 0.470 |21.419) 0.EEB
72 | 047 |1121304096 | 0210 [0.002(0.011| 207.523 [ 2.210 ( 0.470 |19.534)| 0692
70 | 0.47 2819631039 | 0.216 |0.002(0.012| 1945653 | 2.160 | 0.470 |22.560| 0755
B3 | 047 | 098013396 | 0.216 (0.002(0.008| 278.859  1.926 ( 0.470 |29.305)| 0.963
B4 | 047 |1.006281466 | 0.212 [0.002(0.009| 265888 [ 1.922 [ 0.470 |28.834| 0931
65 | 0.47 |1A60B678023 | 0209 (0.002(0.009| 272.374 [ 1.883 [ 0.470 |26.284)| 0.843
66 | 047 [2096611399| 0.208 |0.002(0.008| 291.829 | 1.799 | 0470 |23731| 1.017
80 | 0.47 |2599038513 | 0.206 (0.002(0.009| 252918 [ 1.810 [ 0.470 |26.370) 0.986
&1 | 047 |7.714902641 | 0208 [0.002(0.006| 356.600 [ 1.550 [ 0.470 |25.885)| 1.371
62 | 0.47 |0003034296 | 0218 [0.002(0.007| 350.195 [ 1.658 [ 0.470 |32.227| 1.320
67 | 0.47 [1250192631| 0.208 |0.002(0.007| 343.709 | 1.570 | 0.470 |26.708| 1.346
79 | 047 | 2418023583 | 0.205 (0.002(0.006| 356.680  1.507 [ 0.470 |24.315) 1.407
84 | 0.47 |9682501993 | 0214 [0.002(0.009| 265885 [ 1.708 [ 0.470 |28.979) 1.192
65 | 0.47 |00018088658 | 0.213 [0.002(0.008| 278.859  1.672 [ 0.470 |27.414) 1.240
98 | 0.47 (0462611783 | 0.171 |0.002(0.005| 285.344 | 1.253 | 0.470 |13.872| 1420
B0 | 047 |B.815172208 | 0.214 [0.002(0.007| 343.709 [ 1.503 [ 0.470 |29.772| 1541

100 | 0.47 (3486657476 | 0.211 [0.002(0.007| 330.739 | 1.466 | 0.470 |30.420] 1.584
99 | 047 0009930003 | 0.1687 |0.002(0.007| 324.254 | 1.296 | 0.470 |20.221| 1584
97 | 047 1291071803 | 0.211 [0.002[0.010] 239.948 [ 1.561 | 0.470 |24.381) 1398
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Table C.14. Guy et al. Raw Data 13

Expetimental “airahles and Parameters for 0.54-mrm sand in 2 foot wide flurme
Suspended Concentration Total Bed Material
. Water N Bed Material Mean
Run [Slope 10| Depth - ydraulic | piccharge .0 | TemP T Sampled c, |Particle Size |Cancantration | &2, |Pariicle Size | Velacity
) Radivs ) oy ra o) |t 10| G | m;}“ din 5 10%) |V (i)
1 0.018 081 0.33 1.08 ] 1.772 1} - 0.83
2 0m9 06 0.38 1.12 0] 1.772 o - - 0.86
3 0.026 0.62 0.33 1.21 ] 1.772 06 - 1.585 1
4 0.033 0.59 0.37 1.89 0] 1.772 17 1647 1.526 1.37
B 0.17 072 0.42 245 ] 1.772 37 1.539 1.64 1.74
s 020 0.81 0.45 3.12 0] 1.772 408 1.499 1.575 1.95
20 0.338 072 0.42 4.74 ] 1.772 2620 1.621 1716 3.3
3 0.351 078 0.44 3.82 ] 1.772 1200 1.585 1.203 2.51
A 0331 0.54 0.46 382 a70 1.772 1050 1417 1.699 233
aE 0.243 0.85 0.47 3.3 14500 1.772 0 1.621 1.985 2.15
ils] 0.293 0.85 0.46 3.84 20600 1.772 904 1.482 1.949 23
ac 0.234 0.86 0.45 3.83 24300 1.772 1100 1.524 1.772 228
80 0.198 072 0.42 377 B3700 1.772 521 1787 1.706 265
7 0.328 072 0.42 3.42 ] 1.772 1250 2224 1.804 244
14 0399 0.89 0.47 477 0] 1.772 1790 1.667 1.903 274
144 0368 0.82 0.45 4.78 9580 1.772 1870 1.532 1.837 295
14C 0.377 0.87 0.47 48 22400 1.772 1350 1.738 1.837 2.82
148 0339 o7 0.41 4.84 44100 1.772 2960 1.296 1.837 xal
13 0.408 076 0.43 3.82 ] 1.772 1200 1.463 1.785 2.58
9 0.433 072 0.42 4.16 0] 1.772 1520 1421 1.549 293
10 0.435 0.64 0.33 5.33 ] 1.772 2690 1.706 1.524 43
15 0.551 074 0.43 6.94 0] 1.772 3330 1.821 1.732 478
184 0.55 075 0.43 6.93 14200 1.772 4350 1.519 1.8954 4.76
158 0.537 075 0.43 6.96 40800 1.772 4710 1476 1.837 473
15C 0628 073 0.42 6.93 58600 1.772 7640 1.247 1.722 4.85
13 0.565 072 0.42 6.37 ] 1.772 3380 1.847 1.713 4.52
" 0.768 0.66 0.40 7.48 0] 1.772 8690 2067 1.509 a8
18 0.52 071 0.42 7.62 13200 1.772 3330 1.57 1.87 5.44
184 0.508 0.76 0.43 7a7 1.772 3400 1.804 1.837 a1
188 0.738 0.6 0.41 7.83 37300 1.772 9730 1.558 1.837 5.62
18C 07 0.1 7.59 58700 1.772 22300 1421 1.191 5.54
164 0.83 067 0.40 7.82 11200 1.772 5600 2138 - 592
16B 1075 0.66 0.40 7.84 31500 1.772 10300 1.496 1.713 6.03
16C 1.305 0.65 0.33 7.86 44500 1.772 15800 1.132 1.837 6.14
17 1.175 065 0.33 7.89 ] 1.772 2180 1.46 1.62 6.21
17A 1.365 0.65 0.39 7.83 39600 1.772 21800 1214 1.837 B.17
178 1.923 065 0.40 7.86 51800 1.772 5000 1.46 2.1 5.87
12 1.438 0.64 0.39 7.84 0 1.772 26000 1.486 1.847 B.27
Table C.15. Guy et al. Raw Data 14
Experimental “airables and Parameters for 0.54-mm sand in 2 foot wide flume
Shear Velocity u* - ({t's) Bed Material Ki Shear R factor
Based on| Sampled Viscocity | Stressat | eS| o e ) Bed
Run .Ba.s:d Basid Velacity | Suspended Totalg | g5y, Bed -t Numh:r 10° | Number F w I?ahrcyh . Cheﬂzg Mann:zgs Canfiguration
on on Profile | g, bty | OPFS) | ey (Ihife) eishach f| Cig n ({7
1 0.044 0.056 0.043 0.000 12 0.0035 452 020 0.0078 208 0.015 Plane
2 0045 | 0.081 0.045 0.000 116 0.0041 497 0.22 0.0030 208 0.015 Do
3 0.057 0.072 0.048 0.000 1.17 0.0044 530 0.22 0.0104 209 0.017 Ripples
4 0087 | 0.035 0.055 0,001 1.14 0.0084 708 0.31 0.0077 208 0.015 Do
B 0151 0.199 0.0s2 0.030 1.12 0.0130 1118 0.36 0.0260 213 0.028 Dunes
[ 0170 | 0.229 0.090 0.040 1.1 0.0159 1436 0.3 0.0276 216 0.030 Do
20 0213 | 0.280 0.158 0.357 1.08 0.0484 2240 070 0.0138 21.3 0.021 Transition
a 0223 | 0.297 0117 0.143 1.1 0.0265 1764 0.50 0.0280 215 0.030 Dunes
a4 0.221 0.233 0,103 0.193 1.31 0.0225 1434 0.45 0.0330 216 0.033 Do
BE 0193 0.265 0.099 1762 1.46 0.0189 1296 0.40 0.0304 218 0.032 Da
a6 0208 | 0.233 0105 25878 1.7 0.0218 1150 0.44 0.0303 217 0.031 Do
ac 0.209 0.285 0.105 3035 1.79 0.0214 1095 0.43 0.0313 2.7 0.032 Da
a0 0163 | 0.214 0125 7.854 32 0.0301 596 0.55 0.0131 21.3 0.020 Transition
7 0.229 0.300 0115 0.133 1.06 0.0255 1657 0.51 0.0302 213 0.031 Dunes
14 0246 | 0.338 0126 0.266 1.1 0.0307 217 051 0.0305 21.8 0.032 Transition
14A | 0230 | 0311 0.137 1.723 1.27 0.0362 1905 0.57 0.0222 218 0.027 Do
14C | 0238 | 0325 0.130 3647 1.74 0.0327 1410 0.53 0.0266 217 0.030 Do
4B | 0.212 | D276 0166 7108 241 0.0532 1020 074 0.0124 21.2 0.019 Plane
19 0.238 0.316 0121 0.143 1.04 0.0262 1885 0.52 0.0300 214 0.031 Transition
9 0242 | 0.317 0,133 0197 1.18 0.0368 1834 051 0.0234 21.3 0.027 Dp
10 0.247 0.316 0.205 0.447 1.07 0.0816 2672 0.85 0.0108 210 0.018 Plane
15 0275 | 0.382 0.223 0721 1.04 0.0862 3380 057 0.0116 21.3 0.019 Standing Waves
184 | 0275 0.364 0223 4.046 1.47 0.0963 24729 087 0.0117 214 0.019 Da
18B | 0.272 | 0360 0221 9.904 2.7 0.0851 1563 0.6 0.0116 21.4 0.019 Do
18C | 0292 | 0334 0.228 14.448 298 0.1008 1188 1.00 0.0128 21.3 0.020 Do
13 0276 | 0.382 0213 0,666 1.14 0.0877 2855 0.94 0.0128 21.3 0.020 Do
11 0314 | 0.404 0.276 1.328 1.08 0.1474 3544 1.26 0.00%7 21.0 0.017 Do
18 0.264 0.345 0.256 35930 1.02 01274 3rar 1.14 0.0080 212 0.016 Da
18A | 0.266 | 0353 0.233 0.803 1.44 0.1108 2697 1.03 0.0025 21.4 0.017 Do
18B 0.322 0.419 0.266 11.279 17 0.1369 2231 1.19 0.0111 212 0.018 Da
18C | 0.345 | D480 0.261 18.181 3 0.1326 1293 117 0.0132 21.2 0.020 Antidune
16A [ 0356 0.480 0z2s1 4099 1.35 0.1530 2938 1.27 0.0121 211 0.019 Standing Waves
168 | 0.371 0.478 0.287 10.225 1.93 0.1593 2062 1.31 0.0126 21.0 0.019 Antidune
16C | 0.407 | 0523 0.292 14.787 2.32 0.1857 1720 1.34 0.0145 21.0 0.021 Do
17 0386 | 0.496 0.296 2.260 1.02 0.1695 3957 1.36 0.0128 21.0 0.020 Do
17A | 0416 | 0535 0.294 15.000 227 0.1674 1767 1.35 0.0150 21.0 0.021 Do
178 0.501 0.650 0278 13.954 26 0.1499 15835 125 0.0245 211 0.027 Da
12 0.425 | 0.544 0.299 5.360 117 01735 3430 1.38 0.0151 21.0 0.021 Do
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Table C.16. Guy et al. Raw Data 15

Experimental Vairables and Parameters for 0.54-mm sand in 2 foot wide flume

Useful Variahl
Run | ds st w |dsif[2dsh| hids | Ro [ds(mm)| Re* |Shields
T | 054 . 0240 |0.00Z|0007| 344244 [10714] 0540 | 6204 | 0.003
2 | oss - 0242 |0.002 0007 | 338,600 | 9.975 | 0.540 | 7.048 | 0.033
R - 0241 |0.002|0007| 348,887 | 8.376 | 0.540 | 7.260 | 0.085
1 | 054 - 0242 |0002|0007| 332957 | 7.134 | 0540 |10.286| 0.077
& | 054 - 0243|0002 |[0006| 406321 | 3063 | 0540 12847 0.419
5 | os4 - 0244|0002 |0008| 457111 | 2664 | 0540 |14.572| 0887
o | a4 - 045 |0.002|0.006| 406321 | 2186 | 0.540 26928 0832
8 | 054 - 0244 |0002|0005| 440181 | 2061 | 0540 18670 0.936
84 | 054 - 0236 |0.002|[0005| 474041 [ 1.974 | 0540 |14.569 0951
8E | 054 - 0231|0002 |0008| 496614 | 2178 | 0540 11890 0.748
8B | 054 - 0223 |0.002|0.008| 479,684 | 1.966 | 0.540 |11.060) 0.852
8c | 054 - 0220 |00z |nons| 465327 | 1905 | 0540 10398 0.865
8D | 054 - 0178|0002 [0006| 406321 | 2068 | 0540 | 6902 | 0.488
7 | osa - 0245 |0.002 |0.006| 406321 | 2046 | 0540 |19.184] 0955
14 | 054 - 0244 |0.002|0008| 502.257 | 1,804 | 0540 |20288) 1.215
142 | 054 - 0238 |0002|000s| 462754 | 1911 | 0540 |19.067| 1.026
14c | 054 - 0221|0002 [000s| 490971 [ 1703 | 0540 [13213) 14122
148 | 054 - 0200|0002 |0006| 325034 | 1.812 | 0540 12178 0.812
19 | 054 - 0246 |0.002|0005| 4285894 | 1,948 | 0540 |20.544] 1.081
s | 04 - 0242 |0002|0006| 406321 | 1910 | 0540 21234 1086
10| 054 - 0245 |0.002|[0006| 361174 | 1.936 | 0540 |33.962| 1.064
15 | 054 - 0246 |0.002 |[0.006| 417,607 | 1.699 | 0540 37842 1395
182 | 054 - 0231 |0.002|0008| 423251 | 1.581 | 0540 |26.857| 1.411
158 | 054 - 0205|0002 |000s| 423251 | 1420 | 0540 |17.283) 1377
15¢ | 054 - 0185|0002 [0006| 411964 [ 1201 | 0540 |13542| 1568
13 | 054 - 0242 |0.002 [0006| 406.321 | 1.675 | 0540 |33.044] 1391
1 | 054 - 0245 [0.002|0.006| 372.460 | 1.514 | 0.540 45219 1.734
18 | 054 - 0247|0002 |0006| 400677 | 1791 | 0540 |44.521| 1263
184 | 054 - 0232 |0.002|0005| 420894 | 1642 | 0540 [29.367| 1.320
188 | 054 - 0223|0002 |0.006| 389.391 | 1.329 | 0540 |27.690| 1.864
18C | 054 - 0184|0002 [0.006] 395034 | 1.022 | 0540 |15.441] 2185
164 | 054 - 0235 |0002|0006| 378.104 | 1277 | 0540 36858 2246
168 | 054 - 0215 |0.002|[0006| 372.460 | 1125 | 0540 |26.307| 2.427
16C | 054 - 0203 |0.002 |0006| 366.817 | 0,871 | 0540 22324 2901
17 | 054 - 0247 |0.002|0.006| 366817 | 1.245 | 0.540 51,356 2612
17| 054 - 0205 |0.002|0.006| 366.817 | 0,967 | 0540 |22528) 3.085
178 | 054 - 0195 |0.002 [0006| 363747 | 0750 | 0540 |18.943 4.484
12 | 054 - 0241|0002 [0.006] 361.174 | 1.108 | 0.540 |45 288 3.148
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Table C.17. Platte River Data

River Name Sample No. Date Cm (mg/L) Q (cms) h(m | dnim) | Slope (::Is'?‘) (:f:‘) (rt:-nﬁrfl) ‘(‘3‘[::? W (m) V(r'n"?:)n Temp. (C)

o 1 B8/9/1979 8/9/1979 370 2286 039 0.08| 0809 0.568| 1.524 0.184 835 07 21

E = 1] 8111973 B8/11/1979 120 279 0.49 0.08| D773| 0.471| 1.294 0.135 893 0.64 21

2 .5 2| 812n9rs B8/12/1979 350 3.4 0.59 0.08| 0617 0.441| 0.867 0.090 753 07 185

E = 2 8/4/1980 8/4/1980 310 58.4 073 0.08| D.593| 0.424| 057D 0.125 893 08 20

= 2 B8/5/1980 875/1980 370 58.4 073 0.08| 0.500{ 0.383] 0.813 0.144 89.3 08 20

@ 3 5/5/1980 5/5/1980 950 351 1.91 0.08| 1.462| 0.700| 3.0657 0.052 197 0.93 135

] 4| 9726M979 972601979 100 17.7 0.56 0.08| 1.333| 0.833] 2.0¢ 0.062 396 0.79 175

ol 5| 6201978 BA0ASTS 50| 263 10| 008 0313 0204 0500 0183  am 079 08

£ 5| B£25M1979 B/25/11979 900 107 1.21 0.08| DE04| 0.400( 0.917 0.075 856 1.03 20

’E 5| 817N979 B8/17/1979 1350 385 0.66 0.08| 0.823| 0.581] 1.235 0.096 725 0.62 23

7| 52211980 5/22/1980 1160 351 1.53 0.08| D.773| 0.545 1.000 0.052 146 1.57 19

= 10 5/1/1980 54171980 2120 146 0.86 0.08| 0.827| 0.538] 1.353 0.487 198 0.8 175

_g 12| 4/30/1980 4/30/1980 3710 142 0EB5 0.08| D586 0.426| 0.845 0.591 266 0.83 18

=4 12| 5151980 5/15/1980 330 2N 1.02 0.08| 0.733| 0.492| 0.983 0.200 268 0.99 15

% 12| 5/21/1980 5/21/1980 270 250 057 0.08| DE72| 0.462| 0.931 0.197 268 0.93 182

= 12| 6101980 6/10/1980 120 207 079 0.08| 0679 0.467| 0.946 0.180 260 1 26

12| B£27/1980 B/2711979 710 71.2 085 0.08| 1.294| 0.737| 2.300 0.261 96 0.87 20

Table C.18. Niobrara River Data

Date ‘ (rnc;?L] a (ems) ‘ h (m) ‘ dn (m) ‘ Slope ‘ d50 {mm) ‘ d35 {mm) ‘ d65 (mm) ‘ dflss {mm) ‘ W (m) ‘ VITE:)“ ‘ Temp. (C) ‘
7A3/1543 215 B.B2B 0467 0.091 0.00134 0317 0,254 0379 0147 21 488 0753 23889
3315950 1060 11.100 0438 0.091 0.00170 0309 0.227 0.419 0103 2133 1.088 5000
51111950 1040 16.027 0.576 0.091 0.00180 0217 0.185 0.248 0.113 21.948 1.271 11,667
BFASED 421 7306 0.479 0.091 0.00127 0.293 0.228 0.372 0.145 2133 0747 16.333
92011950 711 9628 0477 0.091 0.00140 0292 0.208 0.353 0,161 21.031 0.93 16111
3151951 1220 12176 0477 0.091 0.00137 0314 0.233 0.394 0.148 21,641 1.188 1,667
427851 674 12,450 0528 0.091 0.00169 0327 0.255 0.399 0116 21 641 1128 14.444
501951 658 8.891 0435 0.091 0.00137 0327 0.255 0.399 0.120 21.3% 0.975 1111
BRAMNSE1 7E2 1.E1D 0.496 0.091 0.00137 0.276 0.220 0.352 0.100 2133 1.185 20.000
7ASM551 470 5438 0479 0.091 000137 0262 0215 0.349 0145 213 07as 25 556
107241951 E72 9.268 0.440 0.091 0.00137 0.247 0.207 0.326 0.121 21.3% 0.931 7.778
4A10/1952 1080 12176 0435 0.091 0.00137 0211 0.173 0.244 0.121 21,641 1128 7.222
a/EA952 . E62 12318 0549 0.091 000137 0286 0.228 0355 0112 21641 0.972 13889
52411952 B90 12.884 0.549 0.091 0.00137 0222 0.186 0.271 0.098 21,641 1.161 2111
BE/1952 B4 8655 0.473 0.091 0.00137 0.256 0.212 0.341 0.094 21.031 0.902 24.444
B19/1952 458 6.513 0.475 0.091 0.00125 029 0.231 0.370 0.162 21.3% 0.655 20,556
THNSE2 462 7872 0432 0.091 0.00129 0331 0.267 0.394 0135 2133 0747 2778
70552 245 £.201 0429 0.091 000114 0288 0.225 0361 0156 21.3% 076 24.444
7AIM952 204 6.003 0.421 0.091 0.00125 033 0.268 0.402 0.135 21.031 0.668 28333
B/29/1952 245 5690 0.440 0.091 0.00121 0.365 0.290 0.440 0.128 2133 0625 2778
91211952 282 £.315 0444 0.091 000137 0323 0.255 0.358 0.160 213 0671 16 657
9261952 346 6625 0.469 0.091 0.00114 0314 0.246 0.382 0.156 21.184 0671 16.111
10A1/15962 448 8.325 0432 0.091 0.00137 0352 0.291 0.414 0.128 21.184 0.869 1111
102315952 482 £.099 0435 0.091 0.00137 0291 0.228 0.367 0128 2133 0.8a7 1111
42211953 BO5 10,336 0.459 0.091 0.00137 0262 0.213 0.351 0,105 21,641 1.024 9.444
TEN9E3 471 772 0517 0.091 0.00137 0267 0.215 0.350 0114 21.031 0.765 20278

173



Table C.19. Data from Susitna River, AK

River Cm d50 d35 d65 dalss VYmean | Temp.
Name Date {mg/L) Q (cms) h {m) dn (m) Slope (mm) (mm) (mm) | {mm) W (m) {m's) ©

Fi21/2008 297 535 16 003 0003 0392 0348 04365 0.054 182 18 13
10/6/1953 23 300 1.2 008 0004 0399 0354 04435 0227 166 15 05
Fi26A1585 310 555 1.8 0.08 000138 0401 0355 04458 0.016 185 1.8 125
873141583 297 759 2 003 00014 0405 0358 0453 0172 194 2 a

8/4/1582 34 543 1.7 003 00014 04058| 0358 0457 0.012 184 21 13

972541584 14 238 1.1 008 00MZ o412 0364 0461 0.053 165 1.3 G
4/19/1583 3586 612 1.8 003 0013 0413 0363 0463 0.113 183 18 45
414415983 4 320 1.2 003 00014 0414 0365 0464 0109 172 15 G
91941585 110 535 16 003 000138 0416 0365 0466 0120 181 19 35
872651584 732 1160 23 003 00014 0417 0365 0469 0.089 194 26 75
8/31/1582 251 547 1.4 003 00013 04200 0368 0472 0.034 187 22 a
G/26/1585 251 a75 14 0.08) 000138 04200 0368 0472 0.074 189 2.4 a
913411584 2 266 1.2 003 0001 0421 0370 0473 0.053 168 1.2 75
GA161554 20 430 1.4 003 00MZ| 0423 0370 0475 0.004 170 1.7 12
7281582 461 a72 22 003 00| 0428| 0373 0482 0.0 184 21 13.5

26515985 =] 402 1.3 003 000138 0429 0375 0482 0.014 171 1.8 75

E 8/25/1582 218 476 1.4 003 00013 0430 0375 0485 0.010 170 2 12
& 8/18/1982 285 a01 1.8 0.05| 0.0014| 0433 0377 0489 0.004 170 2 106
2 81341585 474 850 14 0.08| 000138 0433 0377 0489 0072 190 23 a5
’é 74951584 323 534 1.7 003 00014 0435 0379 04820 0.014 184 2 125
] g/10/1552 285 atala} 1.4 003 0013 0435 03581 0455 0.010 182 21 10
5729415985 703 1300 2.4 008 000138 04400 0351 0.500 0.106 20 27 4
Fi2M882 353 705 1.8 003 00Ms| 0447 0353 0500 0.014 184 21 135

74851582 145 586 16 003 00013 0442 03584 0500 0.051 182 2 14.5

5725415983 164 547 1.7 003 0002 0444 0385 0522 01596 183 1.8 6.5
91971582 442 313 1.4 003 0004 0447 0385 0467 0.2 183 2.4 5.5

8241583 521 674 1.8 003 00014 0445| 0357 0567 0.023 183 21 14

B/1351584 ] 733 1.7 0.0z 0014 0445 0388 0531 0160 187 22 10.5

5/8/1583 287 G55 1.8 003 00013 0451 0389 0583 0137 190 2 10.5

7f30/1584 458 a7s 21 0.03) 000135 0454 0392 0605 0.078 191 22 1225
5723415983 346 7584 1.8 003 00014 0455 0394 0625 0.089 187 22 14
7451582 768 a72 2 003 00014 0495 04200 0850 0.008 190 23 12
g/11/1583 603 943 14 003 0015 0555 0427 0702 0.0 186 27 11

6351582 =] 1010 2.4 0.08) 000138 5.333| 0485 46.000( 0129 191 22 G

573051582 435 855 2 003 0018 17684 0667 24.000) 0.015 190 23 1.5
61541582 181 G55 16 0.08| 000135 28.000( &.000( 45.000( 0.134 189 23 g

6141583 653 1080 23 0.08) 0006 41465 34.704] 45225 0.0M1 202 2.4 a
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Table C.20. Data from Chulitna River below Canyon, AK

River Cm d50 d35 d65 dalss VYmean | Temp.
Name Date {mg/L) Q (cms) h {m) dn (m) Slope (mm) (mm) (mm) | {mm) W (m) {m's) ©

51941583 347 348 149 003 0000558 0744 0551 09365 0.114 95.5 1.8 5.5
972711584 133 212 1.7 008 000039 0750 0594 0205 0.016 101 1.2 4
G/29/1552 1600 g1 25 003 0004 0843 0628 2000 0.005 119 2.4 7
91451584 388 314 149 0.08| 000057 0851 0645 1.400| 0.027 103 16 4
51841534 580 261 1.7 003 000074 09290 0661 Z364| 0079 100 15 4
Gf2241582 g0 552 25 003 0002 02400 0640 4571 0039 109 21 75
10/5/1953 200 260 1.8 0.03) 000044 09255 0614 3143 0.134 101 15 1.5
Fr20AM1583 1240 SEE 2k 0.0s 0001 0881 0892 5778 0082 109 2 g
5722415983 1500 560 27 003 00015 1.000] 0643 4667 0.013 113 22 10
9131583 614 279 1.8 0.08) 000054 1.000( 0605 1.714] 0.500 101 15 5.5

94511585 410 351 23 003 0.0M3| 1.000] 07500 1.935| 0.016 103 1.7 45

761583 2040 830 3.1 008 oooms| 1417 oFeZl 71| 0.042 118 23 16.5

5725415983 235 329 2 008 000055 1.500( 0911 4.286| 0.016 102 16 5.75
243111583 10580 a24 23 0.05 0.001 15671 0525 4818 0052 103 2.1 7

5/9/1583 443 358 2 0.08 0.001 1571 0841 BZ86| 0.012 108 1.8 6.5

211715982 505 450 23 003 000092 1625 0891 4.364| 0.042 108 19 g

H GABA1582 428 41 22 0.08 000055 1.833] 0914 4727 0035 105 18 45
= 9A7H585 544 515 25 008 0003 1.833] 0815 9231 0068 104 2 3
8 B/2/1553 73 4595 24 003 00mZ 197 0895 F714| 003 103 2 75
H 77582 1000 586 25 008 o0o0mzZ| 2222 0852 6.154] 0.008 109 21 a
% 51171584 571 456 22 0.08 0001 2571 0879 7636 0.015 105 2 8.5
= B/9/1552 7B0 479 2.4 003 00M3| 2857 0935 7.385 0.03% 106 18 6.5
2 8171582 1180 520 2k 008 0002 3000 0926 7667 0.009 10 22 ]
% 831582 803 G50 25 003 0004 3143 0832 5846 0.M13 15 23 g
£ 5/31411585 584 510 23 008 0003 3455 1.000( 6667 0.053 104 21 2
E 6/4/1952 424 326 2 0.05| 0.0003| 3579 2000 6.200( 0.024 105 17 G
5 8171584 EE]] 575 2k 003 00MZ| 5200 0957 12000 0.014 108 2 g
7i20/1582 1140 G54 27 003 0002 5667 1.000( 14.400( 0.005 12 21 a
Fi24/15985 a5 Ba7 28 008 0003 5778 1.500( 13.000( 0.007 105 23 6.5

g/201583 1770 634 25 003 0013 B.000| 0833 16.000] 0.015 113 22 6.5

8/28/1584 556 513 2.4 0.08) 000083 6.333| 1.500( 12.444| 0.043 106 2 4

2/8/1582 1680 827 28 003 0002 6500 0964 16839 0.007 114 248 ]

343171583 1500 Fi=is] 28 003 00MZ| B7E9|  1.833| 13867 0.029 113 23 5.5
FiTH5eE2 1110 a03 3.1 003 00014 209 2000 17.524| 0.029 123 248 G
7171584 1010 572 25 003 000095 6209 1.000( 14.000( 0.010 1049 21 g
713171584 a1 549 27 008 00z F.000f 3143 13500 0.018 113 22 G
8/24/1582 g30 515 2.4 0.08 0.001) 7467  3.500| 13778 0.013 109 18 5.5
8111582 7BE 603 25 0.0s 0.001)  7.E00)  2.000) 15.000) 0.015 10 22 g
FA3M582 1270 543 2k 0.08 0.011) 8000 4280 14316| 0.053 114 21 6.5
G/27115985 1240 543 2k 003 00013 8000 1.500( 16.0000 0.014 105 23 6.5
51471554 g25 a44 23 005 o000 9412 3143 16615 0.035 103 22 6.5
8161585 192 1102 3.4 008 0003 10133 4.333 19.3658| 0.027 120 27 7

8/9/1583 4550 1350 3B 0.08) 00026 11.273] 6.286 17.391| 0.031 136 27 g
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Table C.21. Data from Susitna River at Sunshine, AK

River Cm d50 d35 d65 dalss VYmean | Temp.
Name Date {mg/L) Q (cms) h {m) dn (m) Slope (mm) (mm) (mm) | {mm) W (m) {m's) ©
8341583 1030 1630 ns 0.08) 000183 0435 0379 0482 0.013 275 21 10.5
8/9/1582 813 1530 24 008 00Mg| 0447 0382 0578 0.13 290 1.8 10.5
8161582 726 1350 29 003 0005 0453 0390 0591 0.0065 262 1.8 10.5
8241582 704 1770 3.1 003 00022 0455 0388 0692 0.055 305 18 1
972841584 o] 504 21 0.08| 000183 0461 0397 0597 0108 174 14 5
87231582 527 1020 2k 008 0007 0477 0407 0667 0.008 209 2 10
FH2M552 gao 1690 24 003 0015 0450 0413 0783 0.052 246 2 10
973415985 381 1310 2.4 0.08) 000183 0490 0415 0205 0.035 286 2 6.5
/1651584 440 BE7 23 003 000183 0559 0438 0779 0.093 181 1.7 ]
61451582 360 1440 27 003 00014 0553 0433 2000 0172 295 1.8 7
81241585 1680 1920 3.1 0.0 000183 0553 0428 4800 0.030 291 26 8.5
G/25/1585 333 1580 28 0.08| 000183 0615 0445 0.204| 0038 285 2 7
8/30/1582 424 1130 27 003 00015 0655 0444 5000 0.017 206 2 a
@ 1041953 171 73 24 003 004 0692 0458 0981 0175 186 18 2
= 51451584 220 1930 3 0.08| 000183 0692 0439 8.000( 0.057 287 23 7
':.:-: 971171584 168 G50 23 003 000183 0850 0493 5333 0.042 177 16 7
=z 71941582 545 1720 3 008 00022 0857 0467 5714 0.010 305 18 a5
e 81451584 748 1300 27 0.08| 000183 0870 0543 9778 0.016 260 18 a5
5 5524115983 225 1110 28 008 00023 08205 05458 13.000( 0.161 197 2 6.5
i:% 7311584 535 1480 25 0.08| 000183 0207 0630 8.000( 0.022 285 2 10.5
L] 62171552 6583 2240 37 003 0.0M5| 1.000] 0424 220000 0.036 3058 2 7
:E 9121583 167 714 23 008 002 2667 0654 5067 0141 181 17 75
z 8/1/11583 250 1680 28 003 0.0Ms8| 3000 0654 11.333] 0018 275 22 13
952141584 284 838 25 0.0 000183 3.0000 0705 8571 0173 181 19 G
761582 503 1320 27 003 00014 4500 0500 12571 0.012 274 1.8 10
9161585 710 2140 3.4 005 000183 4.88% 0805 11.045| 0.04% 290 22 5.5
5723415983 gs0 1920 3.1 008 00021 5600 0833 11789 0.014 275 23 14
Fi2ansad 950 2200 33 008 000183 E.857| 0667 16.000( 0.024 29 23 ]
5/31/15985 560 1820 32 008 000183 7.555| 4.222 13.200 0.113 285 2 35
8/8/1583 2840 2160 32 003 00021 8000 1.333] 20.174| 0.030 231 23 10
9A7H582 1300 2450 4.1 0.08 0.002) 12522 7273 20444 0.012 305 2 6.5
51841583 396 1230 28 0.08) 000183 13.818| 1.800 24727 0.051 194 22 5.5
7261552 1430 2740 4.4 0053 00024 142865 5333 24.000( 0.03% 3058 2.1 a5
6171583 a71 2130 32 0.08) 00023 16615 8533 25846 0.095 290 23 75
652851582 702 2140 3.4 0.03) 000183 19556 5714 32839 0.014 305 21 11
6351582 847 2050 3.1 0.08) 000183 23.385| 13.000 32.889| 0.085 311 21 75
51041582 414 1830 3.1 003 00015 29.440| 19.840] 40.351| 0.059 311 18 75
Table C.22. Data from Snake River near Anatone, WA
River Cm d50 d35 d65 dalss VYmean | Temp.
Name Date {mg/L) Q (cms) h {m) dn (m) Slope (mm) (mm) (mm) | (mm) W (m) {m's) ©
G/711575 g3 2290 49 008 00005 0412 0346 04758 0.045 186 26 16
2151573 20 1180 38 008 000072 0417 0357 0476 0.049 169 18 14
/241573 a2 2000 47 003 00009 0422 0361 0.484| 0029 181 2.4 14
5131578 g2 2040 47 0.08| 000082 04500 0382 0571 0.018 183 2.4 135
G/A/1573 20 1520 4.4 0.03) 000082 0485 0408 0786 0.055 177 22 14.5
521579 52 1400 42 0.03)] 000078 0454 0411 1.500| 0.002 172 21 13
B/211572 335 37770 a.8 005 000124 0500 0411 0857 0.8 197 33 13
471576 152 1750 4.5 0.03) 000084 05200 0424 08200 0.014 177 22 g
5/8H576 G4 2600 5.4 0.03) 000104 0559 0424 1.000( 0.030 182 27 11
B/7 1579 17 1390 4.1 005 000074 04867 0445 0733 0.054 171 2 13.5
S/THETE 94 2850 5.3 008 000109 0585 0425 1.200 0.050 191 28 13
g SATHETS ] 1440 42 0.08| 000078 0557 0441 0839 0.050 171 21 15
" G157 4 ] 2600 a5 005 000114 06850 0453 0900 0.055 194 3 1.5
] /21579 a4 1720 4.4 0.03) 000054 0654 0479 0846 0.017 177 22 13
E S/2511576 95 2850 5.3 0.08) 000109 0675 0446 1.222 0.051 191 28 13
H 2131578 20 2360 a5 005 000116 0654 0444 B5.000( 0.024 195 3 12
E GA0A576 7 2680 5.2 008 000105 0722 0514 0931 0.068 189 28 13.5
& 552041578 29 1900 4.5 008 000085 0790 0548 1.333] 0.053 177 23 16.5
2 /141574 123 2660 8.2 005 000105 0875 04500 220000 0.015 159 27 1.5
E 5/8/1576 7 2740 5.2 0.0 000107 02400 0640 32.000( 0.079 189 28 15
SABA57E 66 2170 4.8 0.03) 000054 4000 0727 45241 0.026 183 248 1
41811578 54 2650 52 008 000105 25143 18.286 32.000 0.0Z8 189 28 ]
4131576 141 2750 5.2 0.08| 000108 26.657| 0.563| 53.8%5 0.020 191 28 g
4/411575 22 1780 5.3 0.08| 0.000057| 28.000 19429 40825 0.0458 178 23 8.5
41911575 30 2320 49 0.03) 000095 29419 21677 40839 0.058 184 26 ]
5311578 a0 2290 49 0.08| 000095 30222 2000 53.333| 0.012 184 248 12
SA7HE7E 125 2120 4.8 0.08| 000094 30431 2800 50.824| 0.031 183 248 1
4451578 20 1640 43 0.03) 000082 31.273| 20364 485583 0.045 177 21 g5
4211576 34 2380 4 0.08) 000099 32859 18.000( 46222 0.055 186 26 a
521578 42 2170 4.8 0.08) 000094 33600 13.333| 57.600( 0.005 183 248 12
4291575 m 2270 49 0.03) 000095 43.077| 24615 B1.535] 0.013 184 25 12
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Table C.23. Data from Toutle River at Tower Road near Silver Lake, WA

River Cm d50 d35 d65 da0ss Vmean | Temp.
Name Date {mg/L) Q {cms) h {m) dn (m) Slope mm) | mm) | (mm) | (mm) W (m) (m's) (qp
1/17/1985 3000 382 1.2 008 00027 1.273| 0727 4.000] 0165 20 16 ]
@ 1/31/1985 2080 292 1 008 00027 08255 0667 1.834] 0165 2248 12 3
= 221115985 2430 46.7 0.94 003 00027 12000 0O.G00( 4.400 0158 285 17 5.5
- 3231588 7140 90.9 .77 003 00024 0553 0380 1.000( 0.092 g1 1.7 g.5
2 41141585 G560 926 0.76 008 00026 =2.333| 0794 5846 0.029 63 18 1
#n B/7 /1585 23000 253 1.4 0053 00055 20765 12121 30,9759 0.025 Jaie] 248 12
E 6/8/1585 10400 160 1.1 008 00027 10462 4.000( 22000 0.055 5151 23 13
= 11/6/1955 4720 158 1.1 005 00032 8952 34878 14667 0.103 67 22 g.5
E 11/8/1985 5250 151 1 008 00035 w000 2000 129203 0114 67 23 7
= 12551985 1950 g5 0.7a 008 0007 5000 0907 11.240 0150 B3 18 35
'g 14341986 1240 7.2 0.64 008 00021 3741 1.883] 10113 0141 jte] 15 45
] 1/15/1986 9780 235 16 003 00027 13579 7525 23.0458| 0.033 67 2.4 75
‘6 1/25/1986 2570 G4.6 0.73 003 00027 0894 0650 1.586) 0.114 a7 16 6.5
5 2111586 14380 436 1 0.03 0002 1992 1623] 36000 0Nz 245 1.7 4
i:% 1043141586 5410 56.6 0.62 008 00021 4285 22500 8.241| 0.085 52 15 12
@ 111451586 2250 346 0.46 008 0003 1914 15200 3741 0183 53 1.4 a5
E 11721415986 7540 185 1.2 0.08) 00027 159204 10120 29295 0.117 5151 23 a5
[ 1/28/19587 4300 125 1.1 003 0009 7200 1.958 14.689 0.220 64 18 75
2115987 23900 552 23 0.08) 00027 14.000] 3750 30.857| 0.073 70 3.1 g
Table C.24. Data from North Fork Toutle River, WA
River Cm d50 d35 d65 dalss VYmean | Temp.
Name Date (mg/L) Q (cms) h {m) dn (m) Slope mm) | mm) | mm) | mm) W (m) {mis) ©
=5 20215987 12400 132 0.98 008 00032 3161 1786 7.400( 0.096 jte] 2.4 5
2 é 213411586 25980 26.1 0.74 003 00035 3571 1.981 6491 0158 205 17 2
£2 2f26/1586 12500 127 0.85 008 00037 5635 2412 11.800( 0.080 jte] 2.4 8.5
S E 5/8/1585 15200 113 ns 003 00037 90000 4.444( 14.000( 0.065 56 2.4 5
= 5/7/1585 29100 171 1.1 008 00035 9290 3524 17.730] 0.047 56 2.8 5
Table C.25. Data from Clearwater River, ID
River Cm d50 d35 d65 da0ss Vmean | Temp.
Name Date (mg/L) Q {cms) h {m} dn (m) Slope mm) | mm) | mm) | mm) W (m) {mis) (C]p
AEEAETT 29 677 4.1 0.05) 0.000183| ©0.390 0.33% 0442 0055 134 12 10
5841579 1070 1350 4.8 0.08) 0.000325| 0391 0332 0.4459| 0.005 140 21 7
SAANSTT 1 550 4.1 0.03) 0.000184| 0405 0352 0.458| 0.054 134 12 25
651575 46 1560 49 003 000035 04058 0350 0465 0126 141 23 10
481576 95 1040 4.4 0.03) 0.000245| 0423 0363 0.484| 0.010 137 16 G
S1M579 ] g7a 43 0.05) 0000225 0425 0363 0.485| 0.051 136 15 12
5151578 19 1060 4.5 0.03) 0.000262| ©0.4258| 0364 04592 0.080 138 17 8.5
5311579 34 854 43 0.08) 0.000225| 0432 0369 04595 0.0% 136 15 10.5
SA2M576 a1 1950 5.1 0.03) 0.000405( 0441 0362 0682 0.113 143 248 10
6/8/1575 23 1570 4.8 0.03) 0.000345| 0445 0377 0.560( 0.103 141 22 a5
4/811576 53 1200 46 0.0 000028 0455 0356 05660 0.014 139 18 5.5
6/5/1575 35 1410 4.8 0.08| 0000353 0462 0389 0600 0.099 140 21 10
BA10M57S 42 1670 4 0.05) 0.000379| 0465 0394 04895 0137 141 2.4 11
BATHETS 22 1550 49 0.03) 0.000402( 0474 0396 0622 0139 143 23 10.5
5 SABME73 o5 g2y 42 0.03) 0.000195| 0475 0402 0614| 0058 133 1.3 135
] SA7HE7E 19 1070 4.5 0.03) 0.000266| ©O.484| 0405 0.655 0.054 138 17 6.5
f SABAE7Y 4 1310 47 0.03) 0.000302| ©O.484| 0405 0633 0.065 140 2 10
z B121573 11 1060 4.5 0.05) 0.000262( 0485 04100 06300 0141 133 1.7 10.5
g 472841578 &7 841 43 0.03) 0.000215| 0454 0408 0646 0.005 135 1.4 8.5
3 411411578 2 1330 4.8 0.05) 0.000315| 0495 0413 0.780| 0.052 140 2 g.5
o 21157 30 G54 43 0.08| 0.000227| 0510 0422 0660 0.055 136 15 g
GA9M578 5 18 4.4 0.083) 0.000235| 0575 0455 0717 0.058 136 16 145
214411579 32 1050 45 0.08| 0.000252| 0578 0461 0707 0115 137 17 1
/211579 21 1340 47 0.08) 0.000315| 0553 0456 0767 0.108 140 2 1
G857 4 7583 42 003 00002 0617 0500 0734 0.054 123 1.3 10
G/4/1573 2 1150 4.5 0.08| 0.000271| 0623 0508 0738 0.2 139 1.8 12
G1411573 14 1130 46 0.03) 0000275 ©O667| 0542 0792 0236 139 18 11
G/BA1579 1 1100 4.5 0.08) 000027 0675 0574 0777 0185 139 1.8 10
S/261576 42 1660 49 0.08) 0.000357| 0695 0461 4.000( 0.134 142 23 1
561576 a3 1520 49 0.08| 0.000353| 0717 0463 20,000 0.072 142 23 6.5
/2411576 a3 1680 49 008 000035 0719 0447 6626 0162 142 23 1
/23579 &0 1560 4.9 0.05) 0.000359| ©O.862| 0603 25000 0157 141 23 10
SA1A576 185 2270 5.3 0.08) 000049 0917 0454 41.481| 0.065 145 3 10
BA1AE7E 36 1530 49 0.03| 0.000354| 0959 0757 32.000( 0182 142 23 12
6141572 209 2740 5.5 0.08) 000055 27635 5.000] 40.170| 0.043 146 3.4 10
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Table C.26. Data from Mad Creek Site 1 near Empire, CO

River Cm dal d35 d6s | dolss Vmean | Temp.
Name Date {mg/L) Q (cms) h {m) dn (m) Slope (mm) (mm) mm) | {mm) W (m) {m's) ©
== | 52911984 3 0.11 0.18 0.08 0188 1.198| 0753 1.883| 1.198 1.8 0.34 2
§ E 2= B/5/1954 2 0.15 017 0.08 0.188| 0962 05401 1.834| 0962 2.1 0.42 4.5
e E“_a 5/18/1954 g 0.19 0.19 0.08 0188 2395 1.606| 3.766| 2396 22 0.45 3
EE2dL S| B251954 5 0.21 0.z 0.08 0188 2378 1852 3.445| 2378 23 0.46 4
= 7/3/1954 3 0.24 0.22 0.08 0188 22600 1.6506| 3.069| 2260 19 0.57 35

Table C.27. Data from Craig Creek near Bailey, CO
River Cm d50 d35 d65 dalss VYmean | Temp.
Name Date {mg/L) Q (cms) h {m) dn (m) Slope {mm) (mm) (mm) | (mm) W (m) {mfs) ©
4/16/1954 3 0.051 0.25 005 0.0213] 0562 0420 0724 0.569 43 0.047 12
472611984 2 0.38 0.19 0.08 0.0213( 0492 0389 0630 0492 5.4 0.31 13
4/30/1984 3 0.35 0.16 0.08 0.0213| 0B54| 0569 0751 0654 5.2 0.35 14
57311984 5 0.31 022 008 00213 0571 0444 0712 0571 55 0.26 15
o 5/10/1954 9 0.69 0.24 005 00213 0616 0518 0732 0616 5.6 0.44 16
E 5/15/1984 | 12.01439 1.39 0.33 0.08 0.0213| 0B16| 0507 0750 0616 5.9 0.61 17
_g 5/17/1984| 23.0303 1.65 0.35 0.08 0.0213| 0E77| 0545 0841 0677 5.9 0.658 158
=} 5/24/1984| 23.02439 205 0.42 008 00213 0717 0573 0891 0717 5.9 072 19
E,; 5/29/1984 14 225 0.39 0.08 0.0213 0B12| 04589 0760 0612 5.7 0.86 20
= 5/31/1984 | 12958343 1.81 0.35 0.08 0.0213| 0583 0467 0707 0583 5.8 0.76 21
e 6541984 | 7.971014 1.38 0.3 0.08 0.0213 1.866 1,439 2432 1.866 5.8 0.66 23
g 6/11/1984| 12.03125 1.28 0.31 0.08] 0.0213] 2442 2045] 25913 2442 B.7 0.61 24
: 5/19/1984 12,32 125 0.3 0.08 0025 2297 1782 2828 2297 5.7 0.62 25
g B/26/1984 | 11.36364 0.88 0.24 0.08 0.025( 2B56| 2269 3.109| 2656 5.7 0.55 26
© 7/3/1984| 1.333333 0.66 0.25 0.08 0025 0k%2| 0591 0811 0632 E7 0.4 27
=4 7211954 17 0.46 0.19 0.08 0025 0B43| 05500 0753 0643 6.6 0.36 28
S 711671984 20 0.48 0.2 0.08 0.025( 0515 0377 0642 0515 E.6 0.37 29
87141984 5 0.57 0.19 0.08 0025 0728 0611 0.869| 0728 E.B 0.46 30
B8/15/1984 3 0.49 017 0.08 0025 0KB73| 0559 0810 0E73 BB 0.44 £l
8/21/1954 34 1.45 0.48 0.08 0025 0595 0489 0721 059 6.7 0.45 32
9/5/1984 2 0.74 0.22 0.08 0.025] 0515 0389 0642 0515 5.7 0.51 33
Table C.28. Data from North Fork South Platte River at Buffalo Creek, CO

River Cm da0 d35 d63 | d9lss Ymean | Temp.

Name Date (mg/L) Q {cms) h {m) dn (m) Slope mm) | mm) | (mm) | mm) W (m) {mis) (C]p
5/3/1985| 93.96226 10.6 0.66 0.08[ 00107 1647 35000 2497 1647 14 1.1 13
{ 5/6/1985| 84.87395 11.9 073 0.08 0.0$107 1.932( 35000 3175) 1.932 14.5 1.1 13
E 5/9/1985| 127.0073 13.7 0.74 0.08 0.0107( 3870 35.000| 5520 3.870 15 1.2 13
= 5/15/1985| 34.01288 932 0.62 008 00107 2201 35000[ 3150 2201 14 1.1 13
E 5/17/1985| 25.05568 58.98 0.64 0.08 0.0$107 1.625( 35000 2362| 1625 13.5 1 13
g 5/21/1985( 21.03594 9.46 0.66 0.08 0.0107( 0.714| 35000] 0245 0714 14 1 13
] 5/23/1985| 2296137 932 0.67 005 00107 0735 35000 05981 0735 14 1 13
5 5/28/1985| 31.0084 11.9 0.7 0.08 0.0$107 1.260( 35000 2083 1.260 14.5 1.2 13
i:% 5/30/1985 26 12.5 072 008 0.0107| 20589 35000( 3175 2059 15 12 13
5O 5/10/1985 38 18 0.81 005 00107 1391 35.000[ 2314 1.391 15.5 1.4 g
£ < 5/12/1985 15 13.8 0.74 0.08 0.0107(  2124| 35000] 3.338| 2124 15 1.2 15
T BA7/1985 20 127 07 008 0.0107| 0505 35000 1662 0.906 14.5 12 14
= £/19/1985( 13.01724 116 0.7 0.08 0.0107| 0.975] 35.000 1.260( 0.975 14.5 1.2 15
E B/26/1985( 23.03571 11.2 0.69 0.08 0.0107| 0.851| 35.000 1.2458( 0.851 14 1.1 12.5
s 52711985 17 1 074 005 0.0107| 0788 35.000[ 1139 0.788 14 1 13.5
= 5/30/1985( 11.00391 767 0.62 0.08 0.0107( 0571 35000] 0852 0571 13 0.94 13.5
iy 7/241985( 12.00581 5.88 0.63 0.08 0.0107| 0.962| 35.000 1.314( 0.962 13 0.83 14
£ 71111985 2 5.95 0.62 005 0.0107| D0664| 35000 0.541| 0.664 13 0,75 12.5
2 7/16/1985( 11.00372 5.38 0.59 0.08 0.0107| 0.950( 35.000 1.554( 0.960 13 0.71 12.5
7/24/1985| 15.00803 5.23 0.59 008 0.0107] 0555 35000] 0719 0555 13 0.81 13
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Table C.29. Data from Big Wood River, ID

. . Helley
Date (tonsq-’;say-ft) Qcfs) | hify s () Slope Hﬂ;euy(:.rr:;th Hﬂ;?(:.rr:;th S";:::ﬂ”;“ W (i V(rptfes?n
512771958 2753 | 9710 | 3200 0.3 0.0091 .12 421 2031 | 4100 | 698
5/19/1959 25299 | 10200 | 3.380 0.3 0.0091 513 2.44 1223 | #188 | 77
5/21/1959 02611 4580 | 2.300 0.3 0.0091 1.27 0.90 177 | 4to0 | 432
B/8/1998 04177 | 6140 | 2710 0.3 0.0091 220 1.48 362 | #4185 | 624
5/2771959 22123 | 956.0 | 3.200 0.3 0.0091 5.08 3.28 1962 | #4190 | 699
5/19/1959 16008 | 1020.0 | 3.350 0.3 0.0091 2.40 1.48 433 | #e8s | 77
5/26/1959 23140 | 10200 | 3320 0.3 0.0091 2.99 166 716 | #1980 | 708
5/31/1959 1034 | &80 | 3.0%0 0.3 0.0091 3.89 1.93 532 | #185 | Ba7
5/26/1959 16411 | 10200 | 3.320 0.3 0.0091 161 1.10 260 | #1900 | 708
B/17/1959 B.E585_ | 1090.0 | 3.470 0.3 0.0091 11.50 .52 1839 | #4185 | 747
5/29/1959 14761 | 1000.0 | 3.420 0.3 0.0091 2.42 1.41 485 | #4185 | Ga9
52071959 01573 | 304.0 | 2.160 0.3 0.0091 2.3 127 710 | #1.85 | 404
5/31/1959 08523 | 8260 | 3.000 0.3 0.0091 10.68 3.18 0.09 | 4185 | 647
B/5/1998 0264 | 6140 | 2710 0.3 0.0091 163 1.19 230 | #1858 | 624
5/26/1959 14038 | 993.0 | 3.140 0.3 0.0091 4.10 222 577 | 4185 | GB4
5/22/1959 07528 | 7re.0 | 3000 0.3 0.0091 427 1.59 017 | #1.85 | GES
B/5/1998 03788 | 7060 | 2820 0.3 0.0091 1.6 1.00 186 | 4185 | E.08
53071959 17462 | 9o6.0 | 3.430 0.3 0.0091 3.47 169 004 | 4188 | 718
5/29/1959 10124 | 1000.0 | 3.420 0.3 0.0091 1.74 1.21 285 | #4185 | Ga9
5/22/1959 07083 | 7re.0 | 3000 0.3 0.0091 3.78 2.09 017 | #1.85 | GBS
B/3/1998 10957 | o610 | 3.080 0.3 0.0091 1.52 1.29 366 | 4185 | Bi2
53071959 1ESE3_ | 993.0 | 3430 0.3 0.0091 436 1.59 1204 | #4185 | 718
B/16/1959 46123 | 10000 | 3990 0.3 0.0091 11.28 558 1854 | #1885 | 732
5/19/1959 01110 | 339.0 | 2.180 0.3 0.0091 177 1.04 327 | #1.85 | 400
B/15/1959 14184 | 799.0 | 2.980 0.3 0.0091 218 1.34 486 | #4185 | B43
52171959 0.0890 | 453.0 | 2380 0.3 0.0091 .82 0.62 113 | 4100 | 432
B/15/1959 12275 | 799.0 | 2.980 0.3 0.0091 2.20 1.39 392 | #4185 | B43
B/16/1959 15774 | 1020.0 | 3.380 0.3 0.0091 376 2.00 797 | 4185 | 7e7
B/7/1998 0.4545 | BG0.0 | 2.840 0.3 0.0091 220 1.43 357 | 4185 | 666
B/5/1998 02577 | 7060 | 2820 0.3 0.0091 1.46 103 214 | #1.85 | BO9
B/3/1998 0.9577 | 81.0 | 3.090 0.3 0.0091 231 1.39 589 | #4185 | Bi2
B/7/1998 09625 | eeo.0 | 2.840 0.3 0.0091 153 1.14 208 | #4185 | 666
B/26/1959 02036 | 6320 | 2660 0.3 0.0091 B.27 2.56 1904 | #4185 | 682
5/26/1959 08572 | 941.0 | 3.140 0.3 0.0091 1.6 0.91 200 | #4185 | G664
5/23/1959 05492 | 7450 | 2.840 0.3 0.0091 5.68 268 2934 | 41.55 | B8
B/26/1959 01373 | 620.0 | 2660 0.3 0.0091 151 1.0 216 | #1865 | 682
5/20/1959 0.0509 | 390.0 | 2.160 0.3 0.0091 1.13 0.78 177 | 4185 | 404
£/3/1998 01507 | &50.0 | 2.860 0.3 0.0091 1.70 1.21 267 | #1858 | &1
B/16/1959 28208 | 10000 | 3.330 0.3 0.0091 2.90 1.59 721 | #18s | 732
B/16/1959 12506 | 1030.0 | 3.390 0.3 0.0091 2.58 1.60 517 | #1858 | 7e7
5/3/1998 01227 | &50.0 | 2.860 0.3 0.0091 157 1.12 226 | #4185 | 621
B/1471959 03129 | G620 | 2.740 0.3 0.0091 1.25 0.90 170 | 4185 | 583
B/1/1998 02456 | 765.0 | 2.980 0.3 0.0091 1.12 0.7 168 | 4185 | 6.9
5/2/1998 0.4572 | 799.0 | 2.930 0.3 0.0091 1.54 1.05 240 | #1858 | B30
5/1/1998 02476 | 765.0 | 2.980 0.3 0.0091 1.2 0.88 173 | 4185 | 639
B/1471959 02482 | Gee.0 | 2.740 0.3 0.0091 1.09 0.76 165 | 4185 | 583
B/17/1959 28004 | 1090.0 | 3.470 0.3 0.0091 350 1.72 027 | 4185 | 787
B/2/1998 03767 | 7920 | 2930 0.3 0.0091 1.29 0.88 18| 4185 | B0
5/19/1959 0.0202 | 399.0 | 2.180 0.3 0.0091 0.56 0.66 123 | 4185 | 400
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Table C.30. Data from Blackmare Creek, ID

s Helley Smith | Helley Smith | Helley Smith Vmean

Date | onsidayfy| @1 | B0 s ) Slope) gt | w5 mm) | deSmm) | V| ey
o090 | 0036 | 370 | 10% | 03 |00@8]  Z1m ] 25 7w | 22
334092 | 0o0i0 | 170 | o783 | 03 |oo29a] oo 0.5 0.94 2450 | s
470952 | ome7 | 280 | 0943 | 03 |oowm| 10 141 a7 73 | 2m
BA2A090 | 01504 | 1400 | 1719 | 03 |ooo9a| 10 120 252 w50 | aa
526990 | oo2ss | 580 | 1237 | 03 |0oz@| 140 108 195 1760 | 268
BA5AS93 | 01708 | 1190 | 1618 | 03 |o0o9a| 130 10 162 050 | asr
66990 | 0037 | 040 | 1421 | 03 |0.029| 400 148 745 | 3300 | a1
5224090 | 00475 | 000 | 1516 | 03 |oom9a| 130 103 158 10 | am
4231000 | 04744 | 1110 | 1476 | 03 |ooo9a| 130 106 164 7o | a3
EO0ASH | 00966 | 860 | 1433 | 03 |o0298| 160 125 195 200 | 314
BA0ASY3 | 00830 | 1280 | 1662 | 03 |ooosa| 170 121 2.4 050 | 368
Bi4f991 | D032 | 1340 | 1691 | 03 |0029| 190 085 205 50 | ara
5A9A994 | 0020 | 540 | 1205 | 03 |00298] 140 0.83 137 2140 | 261
44184990 | 00411 | 920 | 1470 | 03 |oo29a] 1.0 128 2,45 1800 | 322
BAASS0 | 071524 | 940 | 1482 | 03 |oo:m| 110 ot 151 3’| a3
4264590 | 00s10 | 7e0 | 1388 | 03 |ooo9a| 140 106 167 000 | a0
544991 | ooz | 180 | o800 | 03 |oowm@| 2o 147 3.33 %550 | 168
5A9AS94 | 0050 | 540 | 1205 | 03 |o0298| 130 058 165 2140 | 261
508A%92 | 00245 | 630 | 1920 | 03 |o0298] 170 123 2.33 I | e
44092 | 0093 | 550 | 1213 | 03 |o0293] 160 118 224 3000 | 263
69953 | 00487 | 1330 | 1686 | 03 |ooxm| 120 o 126 300 | ara
547952 | 00221 | 880 | 1433 | 03 |ooz@| 130 0.9 167 3180 | a4
BABAS94 | Do0s2 | 570 | 1229 | 03 |oooss| 100 0.75 128 270 | 266
423991 | 000l | 190 | 0016 | 03 |o0o98| 130 052 17 240 | 172
414990 | 00z | 400 | 1077 | 03 |o029a] 160 130 269 7o | 23
SABADHL | 0064 | 860 | 1298 | 03 |o0293] 130 089 160 300 | e
5434092 | 00179 | 730 | 1660 | 03 |oo29a] 130 100 167 390 | 2@
5084000 | 00977 | 1250 | 1648 | 03 |o029a] ooo 06 131 /o0 | 364
BA1AS9z | DOsE2 | 860 | 1433 | 03 |ooo9a| 170 173 265 3250 | a4
4ABAS90 | 00316 | 670 | 1906 | 03 |o0298| 150 108 227 1910 | 26
5237991 | 00414 | 170 | 1330 | 03 |00298] o0 0.70 124 3450 | 286
57A991 | Do0ss | 280 | 0943 | 03 |Doa@| 080 061 117 2570 | 2m
4o7A992 | 00088 | B30 | 176 | 03 |oo293] oeo 06 101 w70 | 27
4224092 | 000 | S0 | 1245 | 03 |ooo9a| a0 056 148 1017 | 2m
4134990 | 00e1 | 430 | 1407 | 03 |ooosa| 150 119 178 7o | 23
524994 | 077 | 560 | 1221 | 03 |ooosa| 140 110 169 230 | 265
521A%9 | 00206 | 850 | 1427 | 03 |00293] 150 108 218 30 | 312
BABADEE | 00243 | 1250 | 1853 | 03 |00299] 1.4 103 169 3050 | 3es
SEA9%2 | omo7 | 1170 | 1608 | 03 |oo28| 130 055 168 .m | asm
5304991 | 00084 | 1040 | 15% | 03 |omose| 1D 075 18 331 | 3w
415459 | 000G | 140 | 0728 | 03 |oome| 240 145 379 u4m | 18
55A993 | 01715 | 160 | 1832 | 03 |oozme| 1.0 115 228 300 | 40
514994 | 00403 | 1150 | 1697 | 03 |oozse| 1.0 115 203 20 | 3s
5A8AD2 | 00125 | 860 | 1433 | 03 |oo2m| 1.0 08t 143 3050 | 304
4214094 | 00268 | 880 | 1221 | 03 |omems| 1D 0.9 169 1800 | 268
G2rges | 0O0BE | 700 | 1300 | 03 |oo28| 10 100 170 200 | am
4284992 | 0045 | 710 | 1334 | 03 |oome| o080 0.66 127 3130 | 24
BAAAD9Z | 00086 | 730 | 1348 | 03 |ooome| 0.0 069 121 3110 | 2o
BABAD3 | 00194 | 1260 | 1653 | 03 |00298| 0.0 0.70 127 W50 | 365
B2ioss | DODSE | 700 | 1300 | 03 |oo2d| 120 056 149 200 | zm
540880 | 00115 | 530 | 1245 | 03 |oo2ed| 100 076 128 1770 | 27
5A8A994 | 00029 | &70 | 1228 | 03 |omose| 1D 0.9 189 N7 | 268
481991 | oond3 | 150 | o765 | 03 |poze| 060 054 116 240m | 161
5094991 | 00055 | 980 | 1605 | 03 |ooome| 0.0 054 141 3350 | a3a
56953 | 00093 | 490 | 1462 | 03 |oozg| 200 13 257 19680 | 251
420A090 | o002 | 200 | 083z | 03 |ooe| 0.0 052 0.2 500 | 176
5214592 | 00133 | o00 | 1458 | 03 |omems| oo 0.9 117 50 | 3w
EoBADE2 | 00164 | B40 | 1421 | 03 |omose| 100 073 134 J80 | an
4214993 | ooz | 2o | o847 | 03 |oome| 230 161 280 190 | 179
B5A7A994 | 00092 | 640 | 1284 | 03 |ooome| oo 056 123 2150 | 279
4494994 | 00045 | 340 | 1014 | 03 |ooze| 080 053 125 660 | 217
5A7A994 | 00060 | 640 | 1294 | 03 |0028| 1.0 0.0 147 2150 | 279
420A092 | 00029 | B10 | 1260 | 03 |oo2m|  1.00 0.72 132 3050 | 274
5EA951 | o0m2 | 1230 | 163 | 03 |oo28|  1a0 084 164 7o | a3
5O0ASSZ | 0007S | 980 | 1505 | 03 |oome| 0.0 057 115 350 | 33
5A3A991 | 000865 | 490 | 1462 | 03 |oozme|  1.00 0.7t 174 300 | 28
BA2A99Z | 00055 | 830 | 1414 | 03 |08 0.8 064 109 60 | am
500A991 | 00045 | 1040 | 1.6% | 03 |o028| 0.0 0.53 110 30 | 3.
SEA9S | 00011 | 240 | 0890 | 03 |oo2E| 140 074 145 750 | @9
BoAgss | 0005 | 330 | 1067 | 03 |oo28| 100 7t 1209 250 | 2
557954 | 00030 | 420 | 1097 | 03 |nozE|  0s0 0.70 123 630 | 2%
27994 | 0000 | 30 | 1036 | 03 |oozg| 070 052 0.5 Bm | 22
48A994 | 00023 | 250 | 0s04 | 03 |oozse| 100 072 13 60 | 1@
427991 | 00009 | 120 | oeer | 03 |oozs| 130 0.79 292 2000 | 143
4207993 | 00064 | 220 |oe2 | 03 |oo2m| 100 0.79 132 050 | e
5A24093 | 00197 | 120 | 1582 | 03 |omems| 1D 079 10 220 | 349
4274093 | 00043 | 260 | 0917 | 03 |ooowe|  oep 02 0.9 24m | 1%
BAAASS4 | 00013 | 340 | 1014 | 03 |oome| 130 103 177 1Bm | 217
501994 | 00444 | 1180 | 1613 | 03 |oozE| 140 07 178 270 | s
524M094 | 00025 | 860 | 1221 | 03 |o0zme| 1.0 0.83 155 230 | 265
so5Aoo4 | oooe2 | B0 | 1061 | 03 |oo2me| 140 107 168 2140 | 274
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Table C.31. Data from Boise River near Twin Springs, ID

. . Helley
Date dn- {tons/day ) Qe | b his (70 Slape "‘;';f]"(rm')'h "‘;';?’(rm;‘" S"E::;n u;lﬁﬁ W i) V[';"’,‘;;’“
59/1508 TREES) 18500 | 2458 03 oo0s 54 el 0E0 7100|208
5/5/1994 0.0668 13700 | 2023 0.3 0.0038 0.78 0.60 100 | 17057 | 0.9
42651994 0.1798 17600 | 2.324 0.3 0.0038 0.68 0.52 0P8 | 17459 | 043
5/31/1994 0.1372 17900 | 2.346 0.3 0.0038 0.95 0.74 126 | 17467 | 043
6/7/1994 0.0672 13100 | 201 0.3 0.0038 114 0.8 140 | 17400 | 37
5/1/1905 03542 25000 | 2823 03 0.0038 146 116 184 | 1803 | 049
5141994 0.3413 24700 | 2604 0.3 0.0038 0.56 0.54 080 | 18048 | 049
5/5/1994 0.0350 13700 | 2023 0.3 0.0036 113 0.85 13 [ 17057 | 0.9
5/15/1994 0.1376 19000 | 2425 0.3 0.0038 0.71 0.57 089 | 17584 | 044
5/14/1994 0.3263 24700 | 2804 0.3 0.0038 0.65 0.52 080 | 18008 | 049
4/26/1904 0.0345 17600 | 2.324 03 0.0038 0ES 051 0B4 | 17489 | 043
6/15/1995 1.4152 43900 | 3956 0.3 0.0038 103 0.75 138 | 19008 | 060
5/2/1994 0.03%0 13000 | 1.985 0.3 0.0038 0.70 0.57 088 | 16974 | 039
5/25/195 12211 43700 | 3846 0.3 0.0038 108 0.80 140 [ 19000 | 0.59
5/31/1994 0.0795 17900 | 2.346 0.3 0.0038 0.69 0.52 0oz | 17467 | 043
B/22/1905 0.2770 29200 | 3076 03 0.0038 072 056 0oz | 183m | 082
511995 0.2145 25000 | 2629 0.3 0.0038 0.91 0.71 118 | 18038 | 049
5/0/1994 0.3364 22700 | 2676 0.3 0.0038 067 0.54 100 | 17877 | 047
B/22/1995 0.2565 29200 | 3.076 0.3 0.0038 0.75 0.59 085 | 18301 | 082
44251994 0.1527 19400 | 2453 0.3 0.0038 061 0.50 074 | 17618 | 045
5/15/1904 0.0867 19000 | 2425 03 0.0038 064 053 078 | 17584 | 044
6/13/1994 00162 11900 | 1.871 0.3 0.0038 0.66 0.54 09 | 16835 | 038
5/15/1995 0.2935 2200 | 3.248 0.3 0.0038 081 0.63 106 | 18468 | 053
5/0/1995 0.7231 300 | 3.465 0.3 0.0038 085 061 120 [18670 | 0.6
44251994 0.1169 19400 | 2453 0.3 0.0038 0.57 0.57 075 | 17618 | 045
5/26/1904 00468 17700 | 2331 03 0.0038 078 059 104 | 17468 | 043
5/13/1994 0.0217 15500 | 2.458 0.3 0.0038 0.57 0.50 Do0 | 17100 | 208
5/23/1994 0.0294 13600 | 2015 0.3 0.0038 057 0.54 082 | 17045 | 039
5/15/1995 0.2458 2200 | 3.248 0.3 0.0038 0.78 0.63 096 | 18468 | 053
5/4/1995 0. 1642 7300 | 2954 0.3 0.0038 0.77 0.63 085 | 18167 | 080
B/29/1905 0.5991 40400 | 3582 03 0.0038 0.79 0E3 100 | 18862 | 0sa
6/26/1995 12750 45500 | 3,981 0.3 0.0038 0.71 0.5 Do0 | 19140 | 061
5/25/1995 0.6895 43700 | 3546 0.3 0.0038 077 061 088 | 19000 | 059
6/2/1995 2.1480 5710.0 | 4.460 0.3 0.0038 082 0.65 106 | 19478 | 0.65
5/8/1996 0.0542 39200 | 3521 0.3 0.0038 .55 0.73 124 [188.09 | 067
5/4/1905 0.1534 27300 | 2964 03 0.0038 0.76 0E3 0oz | 181e7 | 080
6/29/1995 0.5355 40400 | 3582 0.3 0.0038 0.71 0.57 089 | 18962 | 088
B/25/195 1.1365 45500 | 3.981 0.3 0.0038 065 0.51 082 | 19140 | 06
£/29/1996 1853 53600 | 453 0.3 0.0038 01 0.47 078 | 19635 | 066
5/30/1996 1.0005 43600 | 4079 0.3 0.0038 0.73 0.5 0o4 | 1ales | 062
5711997 15,3140 103000 | 6135 03 0.0038 080 072 133 |2vm0 | 788
5221995 1.1000 50600 | 4.358 0.3 0.0038 082 0.65 108 |19000 | s27
B/15/1995 0.6629 43900 | 385 0.3 0.0038 0.70 0.57 086 | 19008 | 06D
6/10/1996 7.2380 1500 | 5049 0.3 0.0038 17.58 0.8 o7 | 2600 | 7.8
5/30/1996 08564 43600 | 4079 0.3 0.0038 089 0.66 121 [19189 | o062
£/13/1905 0.BBE7 45400 | 4022 03 0.0038 0E5 053 0Bl | 18500 | 607
5/18/1995 09141 44600 | 3,890 0.3 0.0038 0.76 0.59 097 | 1903 | 060
5/26/1994 0.0358 17700 | 2.331 0.3 0.0038 0.74 0.5 087 | 17465 | 043
6/2/1996 16450 57100 | 4.460 0.3 0.0038 0.76 061 085 | 19478 | 065
B/7/1994 0.0168 13100 | zon 0.3 0.0038 0.62 0.54 085 | 17400 | 371
5/18/1905 0.5458 44600 | 3890 03 0.0038 078 0B 098 | 19036 | 00
5121994 0.9055 29100 | 307 0.3 0.0038 0.59 0.53 073 | 18295 | 02
6/13/1994 0.0099 11900 | 1.871 0.3 0.0038 0.47 0.66 063 | 16835 | 038
5/0/1994 0.1504 20700 | 2676 0.3 0.0038 0.57 0.57 076 | 17677 | 047
5/8/1996 0.7124 39200 | 3521 0.3 0.0038 0.5 067 111 18809 | 067
41811994 0345 17200 | 2.294 03 0.0038 045 0E7 086 | 17422 | 043
5221995 05358 50600 | 4.358 0.3 0.0038 0.72 0.5 0oz | 1s0m | 67
6/19/1995 0.5464 45400 | 4022 0.3 0.0038 065 0.52 081 | 18500 | 607
6/3/1994 0.0167 16400 | 223 0.3 0.0038 0.56 0.60 074 | 17345 | 042
B/3/1994 00182 16400 | 2235 0.3 0.0038 0.53 062 077 | 17345 | 042
5/9/1905 0.3642 B0 | 3468 03 0.0038 06 052 084 | 18670 | 06
5291995 30049 53900 | 4538 0.3 0.0038 061 0.49 077 | 19535 | 068
5/2/1994 0.0125 13000 | 1.985 0.3 0.0038 0.54 0.55 071 | 16974 | 039
B/5/1995 1.5309 B3E0.0 | 4735 0.3 0.0038 0.66 0.54 081 | 19675 | 068
51711997 9.1767 10300.0 | 6.136 0.3 0.0038 0.83 0.68 108 |z0700 | 795
5/12/1994 02219 29100 | 3070 03 0.0038 051 0B 0B6 | 18285 | 082
6/5/1995 1.4943 B3600 | 4735 0.3 0.0038 069 0.55 087 | 19675 | 068
B/4/1995 12631 2200 | 4577 0.3 0.0038 058 0.54 085 | 19634 | 067
5/23/1994 0.0126 13600 | 2015 0.3 0.0038 0.65 0.50 083 | 17045 | 039
42111994 0.1517 23500 | 28%7 0.3 0.0038 0.52 062 075 | 17800 | 465
B/10/1995 22621 §1E00 | 5049 03 0.0038 0.59 0.45 0E0 | 20600 | 718
6/4/1995 05316 62200 | 4577 0.3 0.0038 0.70 0.54 091 | 19634 | 067
4181994 0.1246 17200 | 2204 0.3 0.0038 0.42 0.70 051 | 17422 | 043
B/5/1996 16864 75200 | 5195 0.3 0.0038 0.45 0.37 059 | 19984 | 072
442111994 0.0510 23500 | 2837 0.3 0.0038 0.45 0.69 059 | 17600 | 465
B/5/1906 11880 75200 | 5198 03 0.0038 051 0.40 075 | 10984 | 072
5221995 0.7406 55600 | 4.361 0.3 0.0038 0.48 0.39 076 | 19100 | 663
5/22/1996 0.4516 55600 | 4.361 0.3 0.0038 0.5 0.66 400 | 19100 | 663
5/15/1996 0.8571 95300 | 6.010 0.3 0.0038 0.45 0.69 064 | 20300 | 76l
5/15/1996 0.5424 95300 | B.OI0 03 0.0038 0.41 074 051 | 20300 | 7el
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Table C.32. Data from Dollar Creek, ID

. . Helley
Date s (tonsiday-fy Qcfs) | hifg hs () Slope H‘:l'éf]“'(rim;'h H'Z';;“'(ri’r:;th Sruz:lt::n ?55 W (Y V(';'Ues?"
57471592 0.2560 140 | 1.110 03 00146 1.70 1.25 230 | 00 | 341
5/221880 0.0234 B7.0 | 0.958 03 0.0148 1.40 1.01 202 | 2800 | 256
42311880 0.1100 1590 | 1217 03 0.0148 1.20 0.86 160 | 2500 | 408
B/16/1883 0.0840 1040 | 1.082 03 0.0148 1.70 1.2 23 | 2800 | 324
472711880 0.0592 570 | 1.062 03 0.0148 1.0 1.33 271 | 2800 | 3412
471711880 02148 1360 | 1.166 03 0.0148 1.60 1.19 225 | 2800 | 375
51211883 0.0856 1330 | 1.189 03 0.0148 070 053 101 | 2500 | a3m
5/5/1993 0.0564 500 | 0884 03 0.0148 0.0 0.66 112 | 2800 | 218
5171590 0.0186 B0 | 0934 03 0.0148 1.20 0.7 177 | 28500 | 243
412011832 0.0293 590 | 0925 03 0.0148 1.10 077 139 | 2500 | 23
5241990 0.0164 620 | 0.938 03 0.0148 1.20 0.82 169 | 2500 | 248
411211880 0.0528 §20 | 1.013 03 0.0148 1.30 0.91 177 | 2500 | 288
51131991 0.0290 530 | 0.898 03 0.0148 1.40 1.05 186 | 2500 | 228
4711992 0.0344 3|0 | 0819 03 0.0148 1.40 .11 189 | 2500 | 188
B/1/1993 0.2336 250 | 1340 03 0.0148 170 1.2 238 | 2800 | 453
51171884 0.0356 B50 | 0.950 03 0.0148 1.80 1.41 253 | 2800 | 282
B/1B/1883 0.0317 1040 | 1.082 03 0.0148 1.80 1.28 243 | 2800 | 324
411411882 0.0253 560 | 0912 03 0.0148 0.60 0.48 D&l | 2800 | 2.3
511411931 0.0203 560 | 0912 03 0.0148 0.80 0.64 109 | 2500 | 232
B/3/1993 0.0840 1390 | 1.173 03 0.0148 160 117 225 | 2800 | 380
51161931 0.0838 800 | 1.007 03 0.0148 1.30 0.97 1B | 2500 | 282
5/28/1832 0.0086 350 | 0801 03 0.0148 1.00 072 135 | 2500 | 180
512211931 0.3692 1500 | 1.198 03 0.0148 1.80 1.0 222 | 2800 | 396
47441991 0.0023 150 | D644 03 0.0148 1.00 0.71 133 | 2500 | 118
5/5/1991 0.0136 70 | 0813 03 0.0148 1.40 1.0 185 | 2500 | 186
5/28/150 0.0728 1060 | 1.088 03 0.0148 2.00 1.25 285 | 2800 | 328
42911931 0.0032 250 | 0713 03 0.0148 0.80 0.62 106 | 2500 | 143
411311800 0.0138 B0 | 1.042 03 0.0148 0.90 0.68 126 | 3100 | 182
412711553 0.0045 %0 | 0737 03 0.0148 1.30 0.98 173 | 2500 | 153
4/3/1990 0.0200 510 | n.8a9 03 0.0148 1.00 075 132 | 2500 | 22
5/3/1994 0.0828 1360 | 1.166 03 0.0148 1.30 0.7 182 | 2500 | 378
412711532 0.0238 760 | 0.992 03 0.0148 0.70 0.5 ne7 | za00 | 274
5/2611931 0.0382 1310 | 1.154 03 0.0148 1.00 073 144 | 2500 | sE8
57441994 0.0071 550 | 0.807 03 0.0148 0.0 0.65 121 | 2500 | 230
B/15/1593 0.0224 1060 | 1.088 03 0.0148 1.00 0.71 140 | 2500 | 38
511411862 00107 760 | 0.859 03 0.0148 0.0 067 130 | 3410 | 278
41231931 0.0068 360 | 0.801 03 0.0148 1.00 0.71 138 | 2500 | 180
5/26/1562 0.0080 380 | 082 03 0.0148 1.20 0.91 156 | 2500 | 181
412311582 0.0085 540 | 0.903 03 0.0148 1.10 0.74 150 | 2500 | 228
5/18/1584 00148 520 | 0893 03 00148 110 0.84 145 | 2500 | 223
5211152 0.0075 540 | 0503 03 00148 1.20 0.8 162 | 2500 | 28
5/5/1592 0.0295 1390 | 1.473 03 00148 1.40 0.98 200 | zam0 | 30
412811582 00732 B0 | 1033 03 00145 1.30 0.9z 185 | 2500 | 296
52511933 00972 210 | 1334 03 0.0146 200 1.45 270 | 2800 | 460
5/5/1594 0.0064 620 | 0.5% 03 0.0146 1.20 0.88 162 | 2500 | 245
B/1211991 0.0095 670 | 0915 03 0.0146 0.60 0.61 126 | 320 | 264
5/25/15934 0.0024 450 | 0656 03 0.0146 1.20 078 199 | 2500 | 206
5/2311504 0.0096 520 | 0893 03 0.0145 110 077 141 | 2500 | 23
41201553 0.0009 17.0 | 0Bss5 03 0.0145 0.0 0.43 o7 | 2800 | 1.2
5/3/1991 0.0334 800 | 1.007 03 0.0145 1.00 0.71 140 | 2500 | 282
572301931 0.0791 1960 | 1274 03 0.0145 1.30 0.88 176 | 3800 | 33
472111984 0.0102 B0 | 1.024 03 00148 1.00 0.68 149 | 200 | 29
37311982 0.0008 260 | 0753 03 00148 0.60 0.43 079 | 2800 | 1.60
51111982 0.0205 BE.0 | 1.033 03 00148 0.0 0.2 11 | 2800 | 286
511711934 0.0059 a0 | 0.950 03 00148 1.00 073 137 | 2800 | 282
5/18/1882 00121 620 | 0.538 03 0.0145 0.0 0.60 112 | 2500 | 248
5/12/1882 0.0128 740 | 0585 03 0.0145 070 0.5 095 | 2800 | 270
47181884 0.0082 570 | 0916 03 0.0148 1.10 0.76 146 | 2500 | 234
51111884 0.0261 1220 | 1131 03 0.0148 1.10 072 150 | 2500 | 354
5201931 0.0488 850 | 1.059 03 0.0148 0.90 0.68 132 | 2500 | 3n
5/18/1584 0.0057 520 | 0893 03 0.0148 1.00 0.71 132 | 28500 | 223
5/18/1584 0.0042 520 | 0893 03 0.0148 0.0 0.58 108 | 2500 | 223
5151584 0.0030 520 | 0.893 03 0.0148 110 0.78 1B4 | 2500 | 223
41111931 0.0003 150 | 0&32 03 0.0148 1.00 0.68 1BE | 2500 | 142
5/2/1994 0.0012 40 | 0E74 03 0.0148 0.70 0.52 D& | 2800 | 214
512411584 0.0025 500 | 0884 03 00148 0.a0 063 110 | 2500 | 218
4731590 00027 470 | nseg 03 00148 1.80 1.09 260 | 2800 | 211
B/3/1594 0.0005 %60 | 0753 03 00148 1.20 0.78 200 | 2800 | 160
41171931 0.0006 140 | 062 03 00145 1.20 0.66 168 | 2500 | 110
B/2/1994 0.0007 390 | 0768 03 0.0146 070 0.49 100 | anoo | 207
5//1991 0.0342 1090 | 1.097 03 0.0146 1.20 078 206 | 2500 | 339
51141991 0.0007 240 | 0721 03 0.0146 0.0 0.41 068 | 2500 | 147
4711594 0.0002 150 | 0633 03 0.0146 1.40 0.96 196 | 2500 | 114
5/10/1534 0.0032 1600 | 1220 03 0.0145 0.0 0.42 076 | 2500 | 410
5/14/1534 0.0002 220 | 0704 03 0.0145 0.0 0.51 107 | 2500 | 140
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Table C.33. Data from Fourth of July Creek, ID

. . Helley
Date dhs (tons/day-f) 0(cs) | hifg) b () Slope H':l';f]"(rm;'h "ﬂ;‘;"}i’r:;‘h Sn;:::“ 1:55 W (i V(';;;’"
751595 01526 946 | 1280 03 0073 Z¥E] 49 114 | 2700 | 264
B/2011935 0.1229 788 | 1290 03 0.0239 1.8 088 191 | 2360 | 246
B/5/1904 0.0123 245 | 0850 03 0.0239 0.8 053 123 | 270 | 138
E/B/1995 0.0507 g7 | 1120 03 0.0239 0.99 0.76 130 | 2230 | 218
E/9/1995 0.0274 452 | 1080 03 0.0239 085 055 o8l | 2210 | 184
5/26/1935 0.0035 182 | 0740 03 0.0239 0&7 0.43 097 | 2070 | 119
B/2011995 0.0737 788 | 1290 03 0.0239 1.58 1.09 249 | 2380 | 246
B/9/15995 0.0241 452 | 1080 03 0.0239 1.16 0.90 146 | 2290 | 104
67711595 0.0590 B16 | 1.130 03 0.0239 213 1.45 310 | 2280 | 29
B/151995 0.1415 o288 | 1350 03 0.0239 0.90 067 122 | 360 | 289
£/2311995 0.0031 167 | 0710 03 0.0239 0.74 0.43 120 | 2080 | 145
B/1211994 0.0017 123 | 1260 03 0.0239 0.74 053 0g8 | 2120 | 065
£/26/1994 0.0033 234 | 0840 03 0.0239 05 0.47 111 | 280 | 127
B/4/1905 0.0797 Be3 | 1120 03 0.0239 1.39 0.8 274 | 2380 | 249
B/5/1995 0,049 758 | 1110 03 0.0239 1.32 0.8 266 | 2550 | 265
B/5/1995 0.0494 758 | 1110 03 0.0239 1.30 0.2 186 | 2680 | 285
B/151995 0.0915 o268 | 1350 03 0.0239 0.94 056 127 | 2360 | 289
B/2711995 0.7 137.0 | 1.480 03 0.0239 a1 159 03 | 780 | 337
71501905 0.0315 916 | 1280 03 0.0239 1.23 0.74 240 | 700 | 264
5171934 0.0027 247 | nesn 03 0.0239 0,64 0.50 oge | 2070 | 123
B/5/1905 0.0801 810 | 1220 03 0.0239 1.01 056 160 | 2360 | 248
52011934 0.0010 186 | 0780 03 0.0239 115 087 165 | 2030 | 123
£/26/1995 0.0012 182 | 0740 03 0.0239 052 0.43 0ga | 2070 | 119
5/26/1994 0.0013 231 | 0840 03 0.0239 055 0.43 0gs | 2080 | 127
B//15995 0.0143 g7 | 1120 03 0.0239 051 0.49 078 | 2230 | 219
Bi5/1995 0.0614 840 | 1220 03 0.0239 0.99 056 161 | 2360 | 248
62711995 0.2085 137.0 | 1.480 03 0.0239 1.85 1.10 329 | 7780 | 337
5/29/1995 0.0603 1100 | 1420 03 0.0239 1.09 066 tas | zwo0 | 2a7
571505 0.0185 B6 | 1130 03 0.0239 066 0.51 100 | 2280 | 23
5/2911995 0.0526 1100 | 1.420 03 0.0239 085 057 135 | w20 | 280
B/261935 03318 1230 | 1430 03 00239 2% 143 a2 | a0 | 33
B/4/1595 00204 B3 | 1120 03 00239 059 047 076 | 2360 | 249
F/261935 02212 1230 | 1430 03 00239 133 084 2% | 740 | 33
Bi51594 0001t 245 | 0@s0 03 00239 056 045 077 | 270 | 139
57261934 0.0009 %7 | nesn 03 00239 047 0% 061 | 2070 | 129
571954 0.0007 247 | nesn 03 00239 057 0.44 076 | 2070 | 123
572311995 0.0004 1657 | 070 03 00239 045 0% 0E2 | 2060 | 115
572911995 0.0015 256 | 0650 03 00239 053 0.42 0gg | 2100 | 139
B/26/1995 0.0956 1230 | 1.430 03 0.0739 078 053 117 | 770 | am
B/121994 0.0002 123 | 1.260 03 0.0739 052 0.44 060 | 2120 | 066
B/1011994 0.0002 202 | 0790 03 0.0739 0.92 0.70 117 | 270 | 147
B/1011994 0.0002 202 | 0790 03 0.0739 065 0.47 085 | 2070 | 147
572911995 0.0007 %56 | 0650 03 0.0739 0.5 0.44 076 | 2100 | 139
£/26/1934 0.0003 267 | 0890 03 0.0239 0.46 e 057 | 2070 | 129
5/151935 0.0001 80 | 0sm0 03 0.0239 0.8 0.7 04 | 2070 | 073
52311934 0.0002 190 | 0750 03 0.0239 0.42 0.39 053 | 2080 | 111
5/2311934 0.0001 190 | 0750 03 0.0739 0.39 0.55 049 | 2030 | 111
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Table C.34. Data from Hawley Creek, ID

. . Helley
Date Uhe (tons/day-f) Qch) | hif) hes () Slope H‘;';;“'(rm;'h H'Z';;“'('i::;th Sruz:lt::n ?55 W () V(r:vesf'“
32971950 0.0521 98 | 0.497 03 00203 0.9% 27.00 5000 | 1450 | 1.3
5/8/1990 0.0528 08 | 0633 03 0.0203 216 27.00 5000 | 1780 | 185
441211990 0.0375 160 | 0.583 03 0.0203 1.3 27.00 B0O00 | 1690 | 162
472371990 0.0425 172 | 0612 03 0.0203 1.0 27.00 B0O0 | 1700 | 165
47251994 0.0700 235 | 0600 03 0.0203 251 27.00 B0O00 | 1800 | 218
5431990 0.0251 178 | 0630 03 0.0203 1.15 27.00 B0O00 | 1600 | 1.7
4726811994 0.0523 213 | 063 03 0.0203 1.62 27.00 B0O0 | 1650 | 202
41711990 0.0484 190 | 0527 03 0.0203 1.31 27.00 B0O0 | 1700 | 173
451990 0.0481 17.4 | 0583 03 0.0203 1.12 27.00 BIO0 | 1750 | 171
54111992 0.0585 215 | 0640 03 0.0203 1.04 27.00 B0O0 | 1700 | 1.97
5/51994 0.0208 200 | 0586 03 0.0203 1.51 27.00 B0 | 1730 | 198
B/1/1936 0.0708 409 | o7e3 03 0.0203 1.3% 27.00 B0 | 1990 | 262
B/21/1934 00127 155 | 0.550 03 0.0203 1.13 27.00 B0O0 | 1650 | 1.82
B/24/1936 0.0573 294 | 0718 03 0.0203 1.42 27.00 B0 | 1920 | 213
521994 0.0183 203 | 0566 03 0.0203 220 27.00 B0O0 | 1730 | 200
412411932 0.0312 209 | 0645 03 0.0203 0.8 27.00 5000 | 1700 | 1.91
B/4/1993 0.0354 .3 | o7z 03 0.0203 1.93 27.00 B0O0 | 1800 | 248
5/16/1990 0.0234 21.0 | 0673 03 0.0203 1.50 27.00 5000 | 17.00 | 1.83
4261935 0.0529 7.8 | 0592 03 0.0203 0.54 27.00 5000 | 1780 | 169
512011996 0.0291 35 | 076 03 00203 1.3 27.00 B000 | 1970 | 223
5511996 0.0655 402 | 0762 03 00203 1.31 27.00 B000 | 2000 | 264
100611994 0.0045 139 | 0553 03 00203 1.01 27.00 000 | 1820 | 138
41811994 00288 20 | 0617 03 00203 1.63 27.00 B0 | 1720 | 207
472011934 00334 233 | 0588 03 00203 1.79 27.00 BOO0 | 1780 | 222
5/19/1934 00182 229 | 0602 03 00203 1.77 27.00 B0O0 | 1810 | 210
7181996 00179 230 | 0673 03 00203 1.13 27.00 B0O0 | 1820 | 1688
52611996 00247 37 | 070 03 00203 1.28 27.00 B0O0 | 2000 | 248
5411993 0.0187 197 | 0597 03 0.0203 0.87 27.00 G000 | 17.80 | 1.85
512311994 0.0113 03 | 09 03 0.0203 1.38 27.00 B0O0 | 17.00 | 202
7111996 0.0242 2257 |07 03 0.0203 1.3 27.00 G000 | 1810 | 1.98
51211994 0.0119 0.3 | o0&t 03 0.0203 208 27.00 G000 | 17.00 | 1.98
471111994 0.0089 17.1 | 0588 03 0.0203 0.48 27.00 B0O0 | 1660 | 1.5
5/161994 0.0098 210 | 0615 03 0.0203 1.60 27.00 B0 | 1720 | 1.9
5/4/1995 00158 179 | 0593 03 0.0203 0.56 27.00 G000 | 1780 | 1.68
5411992 0.0290 185 | 0.599 03 0.0203 0.91 27.00 B0O0 | 1690 | 1.3
5/3/1994 0.0114 05 | 0595 03 0.0203 1.3 27.00 G000 | 1720 | 200
6/13/1994 0.0086 188 | 0571 03 0.0203 1.18 27.00 B000 | 1680 | 198
5/23/1995 0.0692 163 | 0782 03 0.0203 1.93 27.00 BO.00 | 2210 | 268
5/19/1992 0.0192 17.4 | 0.59% 03 0.0203 1.3 27.00 BO.00 | 80 | 173
412171993 0.0066 138 | 0.508 03 0.0203 0.78 27.00 BO.00 | 50 | 168
5/26/1993 0.0335 w5 | 0710 03 0.0203 0.93 27.00 BO.00 | 1920 | 27
74711994 0.0029 155 | 0537 03 0.0203 0.78 27.00 BO.O0 | B0 | 173
6/13/1994 0.0053 188 | 0.571 03 0.0203 1.78 27.00 GO0 | 1680 | 19
5/17/1993 0.0652 449 | 0746 03 0.0203 1.92 27.00 G000 | 1980 | 309
5371995 0.0167 237 | B2 03 0.0203 1.00 27.00 Bo.O0 | 1910 | 200
5/12/1993 0.0187 254 | 0862 03 0.0203 0.85 27.00 BO.O0 | 1840 | 209
5/26/1934 0.0046 199 | 0599 03 0.0203 152 27.00 BO.00 | 180 | 197
7/19/1935 0.0167 406 |07 03 0.0203 451 27.00 GO0 | 2030 | 260
B/2/1994 0.0019 145 | 0529 03 0.0203 1.80 27.00 G000 | 166D | 168
6/17/1996 0.0292 P22 | 0703 03 0.0203 1.43 27.00 6O.00 | 1980 | 23
£/10/1934 0.0032 185 | 05686 03 0.0203 261 27.00 60.00 | 670 | 168
£/29/1995 0.0195 65.0 | 0.890 03 0.0203 359 27.00 60.00 | 300 | 318
74201994 0.0021 132 | 0521 03 00203 089 27.00 000 | 1570 | 162
74511995 00137 5508 | 0865 03 00203 1.71 27.00 000 | 2280 | 2@
7171994 00013 155 | 0537 03 00203 077 27.00 G000 | 1670 | 173
51711995 00222 39 | 0701 03 00203 119 27.00 G000 | 2020 | 254
521994 0.0059 04 | 0582 03 00203 1.31 27.00 G000 | 1730 | 208
£/20/1995 0.0226 81.6 | 0917 03 0.0203 1.75 27.00 GO0 | 2530 | 3m2
10611994 0.0008 139 | 0.553 03 0.0203 1.09 27.00 gO.00 | 1820 | 138
10/3/1995 0.0064 66 | 0881 03 0.0203 1.16 27.00 GO.00 | 1920 | 208
5/26/1994 0.0026 199 | 0599 03 0.0203 1.47 27.00 G000 | 1680 | 197
£211994 0.0016 165 | 0.550 03 0.0203 1.48 27.00 g0 | 1BE0 | 12
£/29/1934 0.0054 151 | 0.549 03 0.0203 1.09 27.00 gO.00 | 8O0 | 172
821994 0.0010 148 | 0529 03 0.0203 1.48 27.00 BO.00 | 16E0 | 168
£/29/1934 0.0051 151 | 0549 03 0.0203 1.24 27.00 BO.00 | OO | 172
5451994 0.0017 183 | 0575 03 0.0203 1.52 27.00 .00 | 70 | 190
5271994 0.0038 0.4 | 0582 03 0.0203 1.53 27.00 BO.00 | 1730 | 208
54571994 0.0014 183 | 0575 03 0.0203 1.90 27.00 BO.00 | 70 | 190
B/B/1995 0.0223 8.0 | 0.946 03 0.0203 1.55 27.00 BO.00 | 2500 | 37
5171995 0.0812 609 | 0.819 03 0.0203 058 27.00 BO.O0 | 2340 | 37
772011994 0.0004 132 | 0821 03 0.0203 1.00 27.00 GO0 | 1570 | 182
47251996 0.0011 0.2 | 0EeE 03 0.0203 0.6l 27.00 BO.O0 | 1780 | 173
B/13/1935 0.0135 946 | 0.988 03 0.0203 1.25 27.00 BO.O0 | 2570 | 372
B/10/1934 0.0005 185 | 0586 03 0.0203 0.54 27.00 B0 | 10 | 168
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Table C.35. Data from Herd Creek, ID

. . Helley
Date Ohs (tonsiday-fy Qcfs) | hifg h,s () Slope H‘;';f]“'"im;'h H'Z';g"(ri’r:;th Sn::::n 1:65 W () V['f"tfs?"
512511584 0.0000 301 | 0620 03 00113 1.60 0.4z 285 | 2526 | 1.65
512511584 0.0043 01 | 0B 03 00113 0.40 0.48 0&1 | 2826 | 165
B/E/1594 0.0008 36 | 060 03 00113 070 051 nes | 2708 | 171
B//1994 0.0004 315 | 0610 03 00113 0.70 0.54 09 | o9 | 17
B/1211594 0.0034 273 | 0630 03 00113 0.70 0.56 107 | 2585 | 178
B/12/1834 0.0005 273 | 0630 03 00113 1.40 1.08 179 | 2585 | 178
472711305 0.0027 186 | 0.550 03 00113 0.0 057 064 | 2526 | 1.39
412711505 0.0004 186 | D550 03 00113 0.50 0.58 062 | 2826 | 1.3
5/4/1595 0.0003 225 | 0BI0 03 00113 1.10 070 162 | 28516 | 147
5/4/1595 0.0041 225 | 0BI0 03 00113 1.80 1.03 185 | 26516 | 147
5/5/1995 0.0033 234 | 0600 03 00113 0.70 052 099 | 2490 | 1.60
5//1995 0.0015 0.1 | 0670 03 00113 1.40 0.94 205 | 2858 | 167
5/5/1595 0.0293 304 | 0670 03 00113 200 1.15 363 | 2858 | 167
5/1111805 0.0075 1.4 | 0730 03 00113 1.30 0.65 205 | 2891 | 200
571111985 0.0078 N4 | 0730 03 00113 1.30 0.58 253 | 2891 | 200
571411985 0.0053 393 | 0710 03 00113 1.10 0.70 152 | 2881 | 2m
5/14/1885 0.0078 393 | 0710 03 00113 0.70 0.50 10z | 2581 | zm
5/1711885 0.0085 563 | 0.980 03 00113 1.10 0.62 177 | wa0 | 2
511711885 0.0415 563 | 0.980 03 00113 0.70 0.52 119 | 280 | 28
5/18/1505 0.0194 74E | 1.080 03 00113 0.60 0.3 094 | 2657 | 280
5/18/1505 0.0372 745 | 1.080 03 00113 0.50 0.&7 064 | 2657 | 280
52211585 00338 596 | 1.420 03 00113 2.00 1.00 513 | 2880 | 347
52211505 02418 596 | 1420 03 00113 1.80 1.03 405 | 2880 | 347
5/2411905 0.1944 916 | 1.100 03 00113 210 1.24 377 | 2696 | 276
5/2411505 0.1639 916 | 1.100 03 00113 1.20 0.3 180 | 2696 | 276
5/26/1805 0.1520 925 | 1.090 03 00113 1.30 0.91 212 | 2690 | 254
5/26/1805 0.0851 925 | 1.090 03 00113 1.30 0.61 244 | 280 | 277
5231195 0.0539 854 | 1.090 03 00113 220 1.18 441 | 290 | 277
5/29/1995 0.0989 854 | 1.090 03 00113 200 1.28 318 | 2680 | 277
B/5/1995 01717 2870 | 1780 03 00113 540 267 892 | 3093 | 480
B//1995 16972 2870 | 1780 03 00113 450 240 B74 | 3093 | 480
B/5/1995 1.9453 2870 | 1780 03 00113 0.90 0.62 147 | 3083 | 480
B/3/1995 0.3551 1820 | 1.530 03 00113 230 1.67 386 | 2985 | 432
B/3/1995 02787 1820 | 1.530 03 00113 2.40 1.27 398 | 2088 | 43
B/12/1595 0.1785 2410 | 1740 03 00113 570 258 165 | 008 | 452
B/2211585 1.4398 2000 | 1700 03 00113 380 202 778 | 3001 | 444
B/2211585 0.7364 2000 | 1700 03 00113 7.80 492 1216 | 001 | 444
B/2211905 15262 090 | 1.700 03 00113 570 B.61 1364 | 3001 | 444
6/25/1505 1.9415 230 | 1590 03 00113 1.70 1.05 274 | 3044 | 455
5/25/1505 07326 230 | 1500 03 00113 .00 1.60 523 | 3044 | 485
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Table C.36. Data from

Johnson Creek, ID

. . Helley
Date Uhe (tons/day-f) Qch) | hif) hes () Slope H‘;';;“'(rm;'h H'Z';;“'('i::;th Sruz:lt::n ?55 W () V(r:vesf'“
471971954 0.0010 ®20 | 1.739 03 0.0040 05 0. 081 | 9594 | 244
4191934 0.0012 ®20 | 1.739 03 0.0040 0.8 0.45 096 | 8594 | 2.44
42011934 0.0044 5160 | 2.217 03 0.0040 052 0.40 069 | 6731 346
4/2011934 0.0040 5160 | 2217 03 0.0040 0.5 0.42 07 | &7 348
4/26/1934 0.0008 2900 | 1.795 03 0.0040 0.74 058 081 | 8620 | 254
4/26/1934 0.0002 2800 | 1.795 03 0.0040 0.84 0.8 109 | 8620 | 254
42971934 0.0002 /6.0 | 1787 03 0.0040 085 0.49 086 | 86.16 | 253
412911994 0.0007 W/E0 | 1787 03 0.0040 079 08 106 | 8616 | 253
5311994 00022 4560 | 1918 03 0.0040 08 0 114 | 0674 | 277
5311994 0.0015 4560 | 1916 03 0.0040 073 059 089 | o674 | 277
5/4/1994 0.0009 5320 | 2244 03 0.0040 077 05 104 | 6763 | 3651
5/4/1994 00017 5320 | 2244 03 0.0040 1.04 074 145 | 6763 | 361
51011994 0017s 1500 | 3060 03 0.0040 1.08 078 145 | 7627 | 493
51011994 0.0098 1500 | 3060 03 0.0040 08 0 114 | 7627 | 4@
5111934 00177 12700 | 3184 03 0.0040 097 073 129 | 77.46 | 516
51111934 0.0360 12700 | 3184 03 0.0040 1.21 nm® 154 | 77.46 | 516
511511994 00142 B970 | 2769 03 0.0040 1.20 089 157 | 7337 | 44
511511994 00016 B970 | 2769 03 0.0040 1.72 089 164 | 733 | 442
51711994 0003 7080 | 2626 03 0.0040 09 069 127 | 7190 | 418
51711994 0.0042 7080 | 2626 03 0.0040 069 05 087 | 7190 | 418
51161994 0.0021 B920 | 2.495 03 0.0040 091 0 123 | 7046 | 394
51161994 0.0085 B920 | 2.495 03 0.0040 135 1.12 164 | 7046 | 394
512411934 0.0007 2240 | 1.419 03 0.0040 iks) 068 122 | 843 1.89
512411994 00013 2240 | 1.419 03 0.0040 1.05 078 134 | 843 1.89
512611994 0.0030 6220 | 2673 03 0.0040 08 066 117 | 723 | 4
512511994 00032 6220 | 2673 03 0.0040 1.14 081 158 | 7238 | 42
5171994 0.0051 8490 | 2792 03 0.0040 1.10 079 142 | 7200 | 410
5171994 0.0040 8490 | 2792 03 0.0040 090 069 120 | 7200 | 410
5211994 0.0015 7130 | 2525 03 0.0040 1.05 078 140 | 7079 | 398
521994 0.0048 7130 | 2525 03 0.0040 1.08 08 142 | 7079 | 398
581994 0.0003 4830 | 1965 03 0.0040 02 045 084 | 9694 | 285
581994 0.0002 4830 | 1965 03 0.0040 459 1.72 543 | 0604 | 285
£/1411994 0.0002 200 | 1652 03 0.0040 079 0% 112 | 8645 | 2685
£/1411994 0.0002 £200 | 1652 03 0.0040 1.00 07 130 | 8645 | 265
521995 0.0002 1220 | 1856 03 0.0040 077 05 104 | 8647 | 2685
5/2/1995 0.0011 1220 | 1.656 03 0.0040 0.76 0.50 101 | 8647 | 265
5431995 0.0011 4560 | 1.921 03 0.0040 0.74 0.5 094 | 8675 | 277
5431995 0.0008 4580 | 1921 03 0.0040 0.62 052 111 | me7s | 277
5371995 0.0079 B0 | 271 03 0.0040 1.01 0.7s 133 | 27 | 43
5/3/1995 0.0053 g0 | 271 03 0.0040 0.52 053 108 | F2i7 | 43
5/10/1935 0.0118 3340 | 2814 03 0.0040 1.05 0.7 138 | 7383 | 450
5/10/1935 0.0104 40 | 2814 03 0.0040 0.78 0.50 101 | 7383 | 450
5/16/1995 0.0255 12200 | 3.133 03 0.0040 1.03 0.74 144 | 7698 | &O07
5/16/1995 0.0222 12200 | 3133 03 0.0040 0.54 0.8 112 | 7698 | 807
5/17/1995 0.0542 1450.0 | 3.358 03 0.0040 0.93 0.5 127 | r908 | B4
5/17/1995 0.0510 1450.0 | 3.358 03 0.0040 1.02 076 135 | 7908 | 547
5/23/1995 0.0752 1870.0 | 3.720 03 0.0040 1.22 0.89 164 | 8228 | B2
52311995 0.0874 1870.0 | 3.720 03 0.0040 1.43 1.12 183 | 8228 | B2
5241995 0.1380 1920.0 | 3.780 03 0.0040 361 1.73 ¥ | @262 | B19
52411995 0.0690 19200 | 3.760 03 0.0040 1.43 1.08 188 | 8262 | B8
513111995 0.0595 2140.0 | 4.059 03 0.0040 1.31 1.01 170 | 800 | B&7
513111995 0.0885 2140.0 | 4.059 03 0.0040 1.21 092 154 | 8500 | B.&7
5171995 0.0442 2190.0 | 3.964 03 0.0040 237 1.44 484 | 84733 | 656
5171995 0.0921 21900 | 3964 03 0.0040 125 0% 166 | 8433 | B5B
5311995 02615 2670.0 | 4419 03 0.0040 123 08 175 | 8797 | 78
5311995 02797 2670.0 | 4419 03 0.0040 134 09 18 | 8797 | 73
551995 0.0640 21700 | 3949 03 0.0040 114 0ss 148 | B4.21 653
B/5/1995 0.0553 2170.0 | 3.949 03 0.0040 1.45 1.08 195 | B4.21 B.53
B/7/1995 0.0148 17300 | 3.606 03 0.0040 1.00 0.73 138 | 8129 | 591
B/7/1995 0.0385 17300 | 3.606 03 0.0040 1.02 0.7s 143 | 8129 | 591
B/15/1935 0.1253 18800 | 3.728 03 0.0040 165 1.23 217 | 8235 | 613
B/15/1935 0.0703 18800 | 3.728 03 0.0040 1.3 1.0 168 | 8235 | B.13
F/20/1935 0.0135 1440.0 | 3.200 03 0.0040 1.52 1.8 222 | oo | s
B/20/1995 0.0102 1440.0 | 3.200 03 0.0040 1.04 077 13 | 8000 | 558
B/21/1995 0.0173 1340.0 | 3.254 03 0.0040 1.31 099 173 | e 528
B/21/1995 0.0140 1340.0 | 3.254 03 0.0040 1.22 0.94 184 | 7801 528
B/2711995 0.0279 1650.0 | 3.625 03 0.0040 1.79 1.28 307 | s000 | 556
B/27/1995 0.0393 1650.0 | 3.625 03 0.0040 1.31 1.02 168 | 8000 | 55
£/26/1995 0.0192 1600.0 | 3.494 03 0.0040 1.21 0.90 188 | 8030 | &71
£/26/1995 0.0192 1600.0 | 3.494 03 0.0040 1.08 079 142 | 8030 | &7
5/18/1997 0.3502 3450.0 | 4.759 03 0.0040 1.54 1.21 195 | o053 | B2
5/18/1997 0.4253 3450.0 | 4.759 03 0.0040 2.49 1.58 512 | 9053 | &
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Table C.37. Data from Little Buckhorn Creek

. . Helley
Date dhs (tons/day-f) 0(cs) | hifg) b () Slope H';';f]”’(r‘m;'h "‘Z';‘;“'(ri'r:;‘h Srr;::; 1:55 W (i V(';;;;’"
4571500 0007 54 | 0520 0s 00509 076 0&0 09 | 995 | 177
4161930 0.013 99 | 0699 03 0.0509 088 059 118 | 1183 | 3
4191950 0.0041 120 | 0768 03 0.0509 0.77 051 ooe | 1222 | 39
4231990 0.0475 190 | 0959 03 0.0509 134 0.98 183 | 1375 | 524
42411930 0.03855 190 | 0959 03 0.0509 075 0.59 096 | 1376 | 6.24
47261930 0.0552 140 | 0827 03 0.0509 1.41 0.92 222 |12 | ae0
42711930 0.0530 100 | o703 03 0.0509 153 1.09 239 | 1166 | 329
5/2/1990 0.0119 86 | 0g53 03 0.0529 0.8 056 102 | 12 | 2@
5/2/15990 0.0075 81 | 0534 03 0.0509 1.07 078 145 | 1104 | 286
5/4/1590 0.0080 83 | 0642 03 0.0509 127 0.93 173 | 1111 | 273
5/7/1590 0.0043 120 | 0768 03 0.0509 0.8 061 131 | 1222 | 334
52211930 0.0034 94 | 0E®2 03 0.0509 0.77 052 094 | 1147 | 309
£/3011950 0.0609 240 | 1074 03 0.0509 1.45 1.01 211 | 1481 | 789
B/1/1590 0.0885 210 | 1007 03 0.0509 1.40 105 187 | 1412 | 890
B/5/1500 0.0697 160 | 0.883 03 0.0509 1.59 125 198 | 1395 | 525
47311591 0.0003 24 | 0456 03 0.0509 0.47 0.3 061 | 1080 | 065
4571591 0.0090 37 | 043 03 0.0509 0.97 073 131 | am2 | 1.2
47231951 0.0087 32 | oam 03 0.0509 171 1.16 235 | 889 | 105
47301951 0.0029 27 | oA 03 0.0509 121 0.8 161 | 83 | om
581591 0.0770 1o | 073 03 0.0509 0.70 051 0os | 1195 | 381
551591 0.0355 110 | ogs7 03 0.0509 0.8 0&7 127 | 1400 | 09
515951 0.0053 73 | 0603 03 0.0509 137 0.99 189 | 1075 | 240
/7951 0,005 110 | 07 03 00509 136 0.90 205 | 1195 | agt
572011951 00263 120 | 076a 03 00579 119 0.90 153 | 1222 | 3
5211951 00237 130 | 0798 03 00579 119 066 161 | 1248 | 427
572311951 0.0150 150 | 1.030 03 0.0529 0.76 058 098 | 1400 | 1.2
57261951 0.0333 140 | 0827 03 0.0529 157 1.09 228 | 1272 | 460
52911931 0.0167 140 | 0827 03 0.0509 1.00 075 142 | 1272 | 4m0
57301931 0.0181 140 | 0827 03 0.0509 087 085 124 | 1272 | 4m0
B/4/1501 0.0677 180 | 0934 03 0.0509 124 0.76 215 | 1357 | 59
B/1A931 0.0411 180 | 0934 03 0.0509 1.39 0.98 195 | 1357 | 591
47711592 0.0010 41 | D456 03 0.0509 097 059 131 | 925 | 13
41411992 0.0354 95 | 0689 03 0.0509 1.10 0.79 167 | 1154 | 315
47201932 0.0313 120 | 0768 03 0.0509 1.34 1.04 172 | 1222 | a4
42211992 0.0304 120 | 0768 03 0.0509 157 1.13 216 | 1222 | 394
42711992 0.0617 98 | 06% 03 0.0509 0.95 07 154 | 1160 | 32
5/4/1532 0.0505 130 | 0798 03 0.0509 1.2 1.4 24 | 1248 | 4%
E/E1592 00842 150 | n@ss 03 00509 134 107 168 | 1205 | 49
5111992 0,006 130 | 0798 03 00579 107 077 149 | 1248 | 4z
51131992 0.0059 120 | 0771 03 0.0529 0.70 0.54 092 | 1400 | 111
51411932 0.0083 95 | Degs 03 0.0509 0.70 055 089 | 1151 | 312
5/18/1992 0.0750 130 | 0798 03 0.0509 1.78 1.29 247 | 1248 | a2
52011952 0.0408 140 | 0827 03 0.0509 1.09 0.78 148 | 1272 | 4m
572111992 0.0193 130 | 0798 03 0.0509 098 0.72 132 | 1248 | 427
£/26/1992 0.0234 120 | 0788 03 0.0509 1.01 077 140 | 1222 | a3
42111993 0.0084 78 | 0623 03 0.0509 0.98 0.73 138 | w094 | 258
4271953 0.0169 83 | 0882 03 0.0509 1.3 1.08 168 | 1111 | 273
55153 00134 100 | 0703 03 00509 iES 072 135 | 1166 | a8
5121993 0.0218 130 | 0798 03 0.0529 087 066 120 | 1248 | 4z
5181993 0.0691 240 | 1074 03 0.0529 1.3 0.8 207 | 1481 | 769
B/2/1903 0.3355 0 | 1417 03 0.0509 1.47 1.07 204 | 1492 | 854
B/151993 0.1041 20 | 1007 03 0.0509 1.61 1.28 208 | 1412 | 64D
B/16/1993 0.0770 190 | D959 03 0.0509 1.68 126 231 | 1376 | 624
451594 0.0040 25 | 0359 03 0.0509 0rs 059 0os | ais | 082
41911934 0.0030 52 | 0gs7 03 0.0509 0.8 056 120 | 1031 | 2m
472111934 0.0089 78 | 0823 03 0.0509 077 0.56 103 | 1094 | 258
5/4/1594 0.0008 46 | D4m2 03 00509 a7 065 113 | 9s4 | 151
551594 0.0004 46 | D4m2 03 00579 00 il 104 | 954 | 150
£/5/1994 0.0067 120 | 0788 03 0.0529 087 064 123 | 1222 | 34
5101934 0.0188 130 | 0798 03 0.0509 1.28 0.94 173 | 1248 | 4z
51171934 0.0087 130 | 0798 03 0.0509 1.04 0.74 142 | 1248 | 4z
51711994 0.0018 95 | Degs 03 0.0509 0.a0 053 139 | 1181 | 312
5/18/1994 0.0022 85 | De64 03 0.0509 0.79 051 103 | 113 | 2@
£/231994 0.0014 76 | 0623 03 0.0509 069 055 086 | 1004 | 255
52111934 0.0021 78 | 0823 03 0.0509 0.99 0.74 127 | 1094 | 28
5/25/1994 0.0008 94 | 0882 03 0.0509 079 0.59 1os | 1147 | ame
B4 00154 00 | 0703 03 00509 164 125 218 | 1166 | 329
B2/1594 0,005 100 | 0703 03 00579 152 113 J06 | 1166 | 329
B/9/1994 0.0002 86 | 0E53 03 0.0529 0.8 062 113 | 1121 | 2@
B/14/1934 0.0002 55 | o7 03 0.0509 053 0.47 083 | 1060 | 2%

187




Table C.38. Data from Little Slate Creek, ID

. . Helley
Date the ftonsiday-f) Qick) | hify hes () Slope "‘:";E" Smith | Helley Smith | o G "es| gy g | Vmean

(mm) d35 (mm) {mm) (ft/s)

4221558 0.0270 2340 | 1.740 03 0.0268 077 071 126 | 4475 | 308
472211994 0.0937 240 | 1.740 03 0.0268 117 115 286 | 4475 | 309
/2811994 0.0077 1510 | 1550 03 0.0268 0.6 0.41 070 | 4500 | 217
472811994 0.0084 1510 | 1850 03 0.0268 0.53 045 078 | 4500 | 217
5/411994 0.0055 1430 | 1590 03 0.0268 072 & 124 | 4470 | 210
5/411994 0.0057 1430 | 1590 03 0.0268 0.59 054 0s0 | 4470 | 210
5/5/1994 0011 270 | 180 03 0.0268 053 0.46 080 | 4430 | 284
5211994 0.0150 20 | 180 03 0.0268 0.7 68 180 | 4430 | 284
511241994 0.0451 3000 | 1.840 03 0.0268 0.66 061 144 | 4500 | 358
51211594 00222 3000 | 1.0 03 0.0268 0.60 054 0% | 4500 | 358
511841994 0.0052 197.0 | 1670 03 0.0268 0.56 0.49 079 | 4500 | 273
511841934 0.0041 197.0 | 1670 03 0.0268 0.3 03 0%8 | 4500 | 273
52011934 0.0024 1950 | 1640 03 0.0268 0.52 0.44 072 | 4430 | 258
5/20/1394 0.0053 1950 | 1640 03 0.0268 069 064 122 | 4430 | 2%
572311994 0.0020 186.0 | 1.560 03 0.0268 0.8 0.40 068 | 4410 | 285
5/2311994 0.0020 186.0 | 1.580 03 0.0268 053 0.46 080 | 4400 | 285
5/2611994 0.0031 1950 | 1698 03 0.0268 053 045 075 | 4267 | 270
572611994 0.0029 1950 | 1698 03 0.0268 0.54 047 079 | 4267 | 270
573111994 0.0033 1810 | 1540 03 0.0268 0.45 038 062 | 4400 | 24
5/3111994 0.0031 1810 | 1540 03 0.0268 0.44 0 058 | 4400 | 241
5721894 0.0053 1820 | 1630 03 0.0268 066 il 100 | 4400 | 280
6721994 0.0030 1820 | 1630 03 0.0268 0.52 0.51 101 | 4400 | 280
6/7/1994 0.0020 1510 | 1530 03 0.0268 063 0.58 0% | 4300 | 228
6/7/1994 0.0023 1510 | 1530 03 0.0268 0.8 a2 240 | 4300 | 228
6/1011394 0.0007 1260 | 150 03 0.0268 0.5 0.40 082 | 4300 | 19
6/1011994 0.0006 1280 | 1500 03 0.0268 0.4 038 064 | 4300 | 19
6/15/1294 00017 1210 | 1390 03 0.0268 0.61 077 145 | 4300 | 201
61511594 00012 1210 | 1390 03 0.0268 0.54 045 074 | 4300 | 20
6/2211594 00015 1020 | 1450 03 0.0268 0.51 043 071 | 4280 | 167
B/2241594 0.00%7 1020 | 1.450 03 0.0268 0.57 040 051 | 4280 | 167
71111994 0.0041 740 | 1.480 03 0.0268 063 058 079 | %00 | 134
71111994 0.0087 740 | 1.480 03 0.0268 065 0.60 08 | 300 | 134
5/30/1394 0.0000 187 | 0.770 03 0.0268 0.42 0.3 074 | .75 | 078
972611994 0.0003 187 | 0.810 03 0.0268 074 069 142 | 3350 | 088
10/26/1994 0.0006 27 | 0310 03 0.0268 0rs 069 122 | 80 | 073
32911995 0.0143 586 | 1.040 03 0.0268 0.70 D64 114 | |00 | 101
3/2911995 0.0225 586 | 1.040 03 0.0268 0.7 63 102 | 300 | 101
4711995 noo14 816 | 1340 03 0.0268 0.48 041 067 | 4210 | 140
4711995 00033 816 | 1340 03 0.0268 073 il 114 | 4210 | 180
411241995 00045 BEE | 1.200 03 0.0268 k=3 0.48 074 | 380 | 139
471211995 0.0130 668 | 1.200 03 0.0268 062 057 08 | 3980 | 139
411811995 0.0020 705 | 1.280 03 0.0268 0.60 0.5 089 | 3960 | 139
41811995 0.0044 705 | 1.280 03 0.0268 0w & 143 | W@E0 | 139
472711995 0.0043 888 | 1.360 03 0.0268 0.64 059 090 | 4270 | 153
472711995 00078 886 | 1360 03 0.0268 nE3 D64 102 | 4270 | 183
5111995 00029 1240 | 1490 03 0.0268 080 041 074 | 4360 | 194
51111995 00093 1240 | 1490 03 0.0268 053 045 0% | 4360 | 194
5731995 novis 167.0 | 1630 03 0.0268 054 0.6 083 | 4520 | 228
5731995 00107 157.0 | 1630 03 0.0268 05 042 068 | 4520 | 228
511841995 00452 3160 | 2230 03 0.0268 il &3 124 | 4280 | 347
511841995 00348 3160 | 2230 03 0.0268 074 069 128 | 4280 | 347
572441935 0.0227 3030 | 1.890 03 0.0268 063 058 103 | 4450 | 357
572441995 00222 3030 | 1.890 03 0.0268 056 047 052 | 450 | 357
6/1/1395 00229 3270 | 1920 03 0.0268 0.66 0.60 114 | 4550 | 377
6/1/1395 0.0259 3270 | 1.920 03 0.0268 0.70 065 113 | 4580 | 377
6/6/1995 0.0380 B0 | 2080 03 0.0268 067 062 123 | 4550 | 388
6/6/1995 0.0268 B0 | 2080 03 0.0268 0.58 052 091 | 4550 | 388
B/B/1995 0023 3070 | 1820 03 0.0268 it 063 131 | 48E0 | 357
B/B/1295 00193 3070 | 1820 03 0.0268 i 059 115 | 48E0 | 387
6/1111995 00153 2620 | 1780 03 0.0268 068 ne2 125 | 44850 | 345
61411595 [AIRE] 2820 | 1780 03 0.0268 09 ns2 080 | 4480 | 345
6/19/1595 00314 3250 | 1890 03 0.0268 nm & 177 | 4850 | 366
B/19/1595 00154 3250 | 1890 03 0.0268 (il 056 0% | 4550 | 366
B/261595 0.0095 2470 | 1780 03 0.0268 063 &7 108 | 4550 | 299
5/26/1995 0.0080 2470 | 1.780 03 0.0268 061 0.5 095 | 4550 | 299
7/511995 0.0053 183.0 | 1600 03 0.0268 029 053 091 | 4450 | 264
7/511995 0.0040 189.0 | 1600 03 0.0268 (i1 0.43 075 | 4450 | 264
71111395 0.0220 1860 | 1590 03 0.0268 113 157 097 | 4550 | 256
7111995 0.0056 1860 | 1590 03 0.0268 053 0.45 078 | 4550 | 246
77201395 0.0056 978 | 1520 03 0.0268 063 059 116 | W@00 | 167
77201395 0.0043 978 | 1520 03 0.0268 047 039 066 | 3900 | 167
B/211995 00026 571 | 1280 03 0.0268 058 &2 078 | 780 | 121
B/211995 00044 571 | 1260 03 0.0268 ne2 056 0BE | A0 | 121
872011995 00001 396 | 1.140 03 0.0268 100 081 123 | @m0 | 100
971411595 0.0006 273 | 0sm 03 0.0268 056 050 073 | w00 | o0&
A/5/1595 00037 %93 | 1380 03 0.0268 064 09 087 | 4410 | 182
5/10/1595 00175 1790 | 1654 03 0.0268 054 0.46 084 | 4225 | 287
5/7A1595 02233 5570 | 2430 03 0.0268 074 070 144 | 4600 | 474
£/3/1995 0.0580 4070 | 2100 03 0.0268 058 052 097 | 400 | 421
51041935 0.0816 4610 | 2280 03 0.0268 073 068 132 | 4400 | 472
5/19/1395 0.0134 2730 | 1.880 03 0.0268 061 057 123 | 4300 | 344
5/26/1995 0.0491 2240 | 1.710 03 0.0268 062 0.56 100 | 4300 | 322
7731199 0.0017 1360 | 1420 03 0.0268 0.45 039 069 | 4200 | 224
77231995 0.0079 793 | 1410 03 0.0268 047 0.40 065 | 00 | 140
773011995 0oz 607 | 1.300 03 0.0268 0.46 e 062 | |00 | 146
10/26/1996 00003 N6 | 1130 03 0.0268 0.40 03 049 | 330 | 106
11811997 00068 1380 | 1480 03 0.0268 6D 056 080 | 4550 | 211
472911997 00258 2210 | 1770 03 0.0268 059 054 172 | 4800 | 278
5/5/1997 00164 2610 | 1890 03 0.0268 054 0.46 080 | 4500 | 314
5116997 01872 BA70 | 2210 03 0.0268 102 102 73 | 4750 | 599
572011597 00348 5340 | 2300 03 0.0268 042 0 062 | 400 | 499
5/20/1957 0.0432 5030 | 2110 03 0.0268 076 072 167 | 4650 | 482
B/E/1997 0.0147 3970 | 2000 03 0.0268 061 055 051 | 4550 | 424
51211397 0.0497 5220 | 2180 03 0.0268 0.3 078 170 | 4750 | 476
5/24/1397 0.0025 2310 | 1.680 03 0.0268 054 047 091 | 4450 | 3w
772411997 0.0453 1080 | 1450 03 0.0268 062 0.56 126 | 00 | 183
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Table C.39. Data from Lolo Creek, ID

. . Helley
Date s (tonsiday-fy Qcfs) | hifg hs () Slope H‘:l'éf]“'(rim;'h H'Z';;“'(ri’r:;th Sruz:lt::n ?55 W (Y V(';'Ues?"
3/28/1884 0.0027 778 | 1180 03 0.0097 0.60 0.5 D& | o0 | 171
3/2811884 0.0098 778 | 1180 03 0.0097 0.61 0.56 078 | o0 | 171
4/5/1994 0.0184 1520 | 1573 03 0.0097 067 0.62 093 | 4147 | 234
47511994 0.0495 1520 | 1573 03 0.0097 0.94 0.84 1657 | #4147 | 234
41181584 0.0468 5200 | 2630 03 0.0097 0.1 075 136 | 3|00 | 316
411811584 0.0813 3200 | 2630 03 0.0097 0.52 0.74 126 | 3|00 | 318
472211504 0.0842 2400 | 2710 03 0.0097 0.95 0.88 167 | @|o0 | 347
412211304 0.0454 2400 | 2710 03 0.0097 0.52 0.74 126 | am00 | 37
472611334 0.0263 270 | 2210 03 0.0097 0.80 073 125 | @800 | 280
472611334 0.0104 270 | 2210 03 0.0097 0.69 0.64 108 | @800 | 280
42971934 0,004 1800 | 1.870 03 0.0097 0.69 0.64 101 | @m0 | 2s3
42971934 0.0028 1800 | 1.870 03 0.0097 0.58 0.56 088 | 3|00 | 253
5/3/1994 0.0048 1510 | 1.740 03 0.0097 067 063 09 | 3|00 | 2256
5/3/1994 0.0371 1510 | 1.740 03 0.0097 073 0.66 095 | 3|00 | 256
5/6/1994 0.0106 1540 | 1.720 03 0.0097 0.74 0.68 107 | @m0 | 23
5/6/1994 0.0078 1540 | 1.720 03 0.0097 072 0.66 095 | 3|00 | 238
5/10/1884 0.0213 1830 | 1.910 03 0.0097 0.68 063 D& | 3|00 | 260
5/10/1884 0.0102 1830 | 1.910 03 0.0097 071 0.66 105 | @800 | zE0
5/13/1884 0.0045 1640 | 1.730 03 0.0097 0.68 063 095 | 3|00 | 255
5/13/1884 0.0104 1640 | 1.730 03 0.0097 072 0.66 09 | 3|00 | 255
5/18/1884 0.0125 1240 | 1570 03 0.0097 0.68 0.64 094 | oo | 221
5/18/1884 00112 1200 | 1570 03 0.0097 0.68 0.62 100 | @00 | 22
52111884 0.0104 1260 | 1570 03 0.0097 0.63 0.58 0& | 3|00 | 219
52111884 0.0037 1260 | 1570 03 0.0097 0.58 0.54 0& | ;|00 | 219
5/25/1884 0.0022 870 | 1.300 03 0.0097 0.5 0.50 075 | 3700 | 186
5/25/1884 0.0043 570 | 1.300 03 0.0097 0.64 0.60 0@ | 3700 | 1.86
51271154 0.0031 795 | 1230 03 0.0097 0.65 0.61 0& | 3Fo0 | 185
52711584 0.0038 795 | 1230 03 0.0097 067 0.63 09 | 3Fo0 | 185
B/A/1994 0.0068 36 | 1.000 03 0.0097 0.74 0.68 107 | @2 | 12
B/A1994 0.0012 B36 | 1.000 03 0.0097 0.64 0.60 09 | ;|20 | 162
B/13/1584 0.0011 B3t | 1.020 03 0.0097 0.2 0.48 D& | ;@50 | 174
B/13/1584 0.0078 B34 | 1.020 03 0.0097 0.93 0.3 162 | 3ma0 | 174
B/17HB34 0.0085 170 | 1.430 03 0.0097 0.73 0.68 113 | 3w20 | 208
311511595 0.0212 2100 | 2.080 03 0.0097 0.78 0.71 125 | @800 | 288
311611585 0.0095 2100 | 2080 03 00097 0.7s 0.68 116 | 3|00 | 288
31171585 0.0044 1890 | 1.970 03 00097 065 0.60 093 | 3m00 | 240
31171885 0.0025 1890 | 1.970 03 00097 0.68 0.61 104 | 3®O0 | 20
/2211585 00140 2180 | 2180 03 00097 073 0.74 140 | 3800 | 254
32211585 0.0229 2180 | 2180 03 00097 0.84 077 131 | @m0 | 284
3/25/1505 00149 1890 | 1810 03 00097 0.7s 0.68 147 | @800 | 243
/2511505 0,006 1690 | 1810 03 0.0097 072 067 115 | a0 | 243
/2811505 0.0040 1en | 1510 03 0.0097 0.7 0.64 10z | a7o0 | 204
312911505 0.0021 Ma0 | 1510 03 0.0097 0.66 0.61 107 | a0 | 204
441995 0.0603 650 | 2460 03 0.0097 079 073 120 | 300 | 288
4571995 0.0529 2650 | 2460 03 0.0097 1.02 0.99 169 | 3m00 | 288
5/3/1995 0.0156 260 | 2180 03 0.0097 0.92 0.89 165 | 3800 | 278
5/3/1995 0.0129 260 | 2180 03 0.0097 0.3 0.7g 151 | 3800 | 278
5/10/195 0.0224 750 | 250 03 0.0097 0.9 0.64 104 | @m00 | 2E7
5/10/1805 0.0332 750 | 2580 03 0.0097 [EE] 077 149 | am00 | 287
51311805 0.0474 660 | 2850 03 0.0097 0.92 0.86 189 | 3800 | 284
51311805 00143 2660 | 2850 03 0.0097 067 063 109 | am00 | 284
511711805 0.0526 360 | 2740 03 0.0097 116 1.265 255 | @00 | 208
5/1711805 0.0845 360 | 2740 03 0.0097 124 1.23 220 | @00 | 208
5/16/1805 0.0295 2710 | 2860 03 0.0097 1.00 0.94 186 | 3800 | 284
5/18/195 0.0191 2710 | 2560 03 0.0097 0.71 0.65 101 | sm00 | 24
572211935 0.0067 210 | 2230 03 0.0097 073 0.69 218 | 3|00 | 265
52211995 0.0071 210 | 2230 03 0.0097 074 0.71 234 | 3|00 | 266
5/31/1985 0.0338 1490 | 1563 03 0.0097 1.10 205 448 | 37 | 23
5/31 /1995 0.0578 1490 | 1563 03 0.0097 195 272 713 | #ar | 23
B/2/1995 0.0058 1460 | 1583 03 0.0097 0.95 1.42 33 | M | 2
B/2/1995 0.0195 1460 | 1583 03 0.0097 165 244 505 | #1277 | 229
B/5/1995 0.0207 1790 | 1840 03 0.0097 0.99 0.93 283 | 3|00 | 245
B//1995 0.0079 1790 | 1.840 03 0.0097 0.88 0.90 365 | 300 | 245
B//1995 0.0298 1460 | 1883 03 0.0097 1.26 2.06 366 | 4127 | 229
B//1995 0.0346 1460 | 1883 03 0.0097 210 254 468 | M2 | 29
B/16/1585 0.0800 578 | 1.310 03 0.0097 1.56 266 B71 | 3700 | 204
B/16/1885 0.0376 578 | 1.310 03 0.0097 135 228 503 | 3700 | 204
B/22/1885 0.0232 845 | 1.410 03 0.0097 117 1.95 438 | 3Fo0 | 180
B/22/1885 0.0524 845 | 1.410 03 0.0097 1.96 283 B53 | 3700 | 1.80
B/30/1885 0.0220 B45 | 0.990 03 0.0097 1.01 1.00 348 | 3700 | 178
B/30/1885 0.0484 B45 | 0.990 03 0.0097 262 463 1870 | o0 | 178
51141997 0.0453 521.0 | 3.590 03 0.0097 077 0.71 122 | @00 | 413
5111997 0.0778 521.0 | 3.590 03 0.0097 0.0 072 121 | w00 | 413
52011897 0.0754 5730 | 3.450 03 0.0097 1.01 0.91 177 | 3o | am
51201897 0.0822 5730 | 3.460 03 0.0097 1.00 0.91 163 | oo | am

189




Table C.40. Data from Main Fork Red River, ID

) i Helley
Date s ltonsiday-f oich) | hify bes (0 Slope "':";‘["V"i'r:"'h "‘j";‘;"(ri'r:;‘h Smith d65| W (f9 V"'"U‘:;’"
fmmy
FEREE] T0E73 767 | 1.200 03 0.0065 21 066 188 | 5080 | 217
47541394 ERERL] 787 | 1200 03 0.0065 141 109 183 | 3080 | 217
47121994 0.0246 916 | 1.230 03 0.0085 081 066 098 | 340 | 222
47121994 00072 516 | 1230 03 0.0065 07 60 102 | 3140 | 22
472071934 01874 2850 | 1.9%0 03 0.0085 115 084 159 | 3480 | 475
4720/1994 02243 2650 | 1.990 03 0.0065 10 nen 180 | 3B | 475
5/3/1394 0.0359 1480 | 16530 03 0.0065 229 116 29% | 3230 | 300
5/3+1894 00268 1480 | 1630 LE] 0.0065 0% n7s 135 | 3230 | am
5/5/1394 0.3041 1610 | 1530 03 0.0085 180 110 248 | 3200 | 303
5/5/1394 03097 1610 | 1690 03 0.0065 147 115 187 | 3200 | am3
5/9/1394 0.0761 1700 | 1700 03 0.0085 162 121 22 | 3270 | 314
5/9/1394 00413 1700 | 1700 03 0.0065 085 n6a 111 | 327 | 3
5/10/1954 0.1817 166.0 1.680 03 0.0065 279 1.54 B1.50 3260 3.08
5/10/1994 01468 1860 | 1690 03 0.0065 150 116 196 | 3260 | 303
51201954 0.0599 151.0 1.640 03 0.0065 1.34 1.08 1.71 3220 285
5/12/1994 00274 1510 | 1640 03 0.0085 iE:] 072 127 | 32 | 28
5/16/1994 0.0121 100.0 1.380 03 0.0065 1.33 1.1 1489 31.60 233
5/16/1994 00138 1000 | 1380 03 0.0085 [E] [ikd] 113 | 3160 | 233
5/17/1994 01154 1640 | 1650 03 0.0065 e 109 168 | 3240 | am2
5/17/1994 01343 1840 | 1550 03 0.0085 141 .09 183 | 3240 | a3
5/20/1994 03260 1390 | 1600 03 0.0065 1% nga 162 | 31e0 | 283
5/720/1994 0.2533 1390 | 1500 03 0.0085 131 105 163 | 3180 | 283
5/23/1994 01260 1100 | 1.400 03 0.0065 106 ik 15 | 3te | 24
5/23/1994 0.1508 1100 | 1.400 03 0.0085 1.28 095 172 | 3 | 242
5/24/1994 00244 107.0 | 1430 03 0.0065 122 ng4 157 | 3160 | 23
5/24/1994 0.0402 1070 | 1430 03 0.0085 112 ner 141 | 3180 | 23
5/25/1994 0.0091 1040 | 1410 03 0.0065 089 064 120 | 3tE0 | 232
5/25/1954 0.0195 104.0 1.410 03 0.0065 081 072 1.19 31.80 232
5/26/1994 00105 546 | 1350 03 0.0065 208 144 264 | 3140 | 221
5/26/1954 0.0117 9456 1.350 03 0.0065 1.01 077 134 31.40 22
5/31/1994 0.0037 787 | 1290 03 0.0085 050 040 066 | 3100 | 196
53111954 0.0165 78.7 1.290 03 0.0065 074 0.62 0.68 31.00 1.96
5/2/1394 0,033 %01 | 1380 03 0.0085 ] nea 102 | 340 | 2:;0
5/2/1394 0.0260 s01 | 1380 03 0.0065 064 50 oat | 3140 | 220
B/5/1394 0.0099 773 | 1210 03 0.0085 081 nga 0% | 3100 | 198
5/5/1394 00166 773 | 1210 03 0.0065 07 064 oe7 | 3100 | 198
5/9/1394 00178 732 | 1190 03 0.0085 092 07 124 | 080 | 192
5/9/1394 000139 732 | 1190 03 0.0065 072 059 oa7 | 3080 | 182
5/22/1994 0.0085 758 | 1150 03 0.0085 088 064 118 | 30 | 212
6/22/1994 00033 758 | 1150 03 0.0065 054 042 068 | 3110 | 212
8/27/1994 0.0024 528 | 1180 03 0.0085 058 044 082 | 3080 | 164
6/27/1994 0,000 528 | 1.160 03 0.0065 057 043 07s | 3080 | 164
7/28/1994 0.0000 172 | 079 03 0.0085 062 052 075 | 2850 | 075
8/30/1994 0.0000 104 | 06; 03 0.0065 077 059 102 | 2780 | 0Bt
8/30/1954 0.0000 10.4 0.620 03 0.0065 0.79 0.62 1.02 27.80 081
8/20/1994 0.0000 99 | 06m 03 0.0085 085 066 115 | 2780 | 056
952011954 0.0000 949 0.600 03 0.0065 061 0.51 0.73 27.80 0.56
47311395 0.0082 147 | 1070 03 0.0085 054 042 067 | 2950 | 138
4/3/1995 0.0034 447 1.070 03 0.0065 0.56 0.44 0.70 29.80 1.38
47121935 0,008 796 | 1290 03 0.0085 070 [iE] 09 | 310 | 2
471271995 00116 796 | 120 03 0.0065 139 112 170 | 3t | 21
47171935 0.0058 782 | 1280 03 0.0085 083 0e0 105 | 300 | 207
471771995 00058 762 | 1280 03 0.0065 101 n7n 148 | 3100 | 207
472771935 00323 03 | 130 03 0.0085 151 1.20 189 | 3190 | 223
472711995 00040 503 | 13m 03 0.0065 118 074 163 | 3130 | 223
5/5/1395 0.0582 2180 | 1.870 03 0.0085 150 107 210 | 33s0 | 340
5/5/1395 00534 260 | 1.870 03 0.0065 094 069 135 | 3380 | a4t
5/8/1395 0.0589 3530 | 1.950 03 0.0085 132 093 187 | 4500 | 440
5/3/1395 0.0980 3530 | 1.950 03 0.0065 131 100 173 | 4500 | 410
5/11/1935 0.2320 5270 | 1.940 03 0.0085 1.48 117 187 | 4000 | 443
5/11/1995 00758 370 | 1940 03 0.0065 111 064 141 | 4000 | 443
5/12/1995 0.0295 3210 | 1.800 03 0.0085 183 133 253 | 4380 | 412
5/12/1995 00778 210 | 1800 03 0.0065 152 119 192 | 4380 | 412
5/16/1995 00274 1920 | 1.780 03 0.0085 0.8s ik 132 | 320 | a8
5/16/1995 00376 1920 | 1760 03 0.0065 172 079 a2 | 3270 | a8
5/17/1935 0.0210 1930 | 1.850 03 0.0085 1.16 0&s 162 | 3300 | a3
5/17/1995 00742 1990 | 1.850 03 0.0065 1.44 109 192 | 3300 | aar
572471995 00813 1380 | 1510 03 0.0085 097 077 127 | 200 | 282
5/24/1995 01434 1380 | 1610 03 0.0065 143 116 176 | 3200 | 282
5/25/1995 00349 1300 | 1.580 03 0.0085 0.80 066 097 | 380 | 268
5/25/1995 00191 1300 | 1580 03 0.0065 080 065 09 | 3180 | 265
B/1/1395 0.0458 1000 | 1.380 03 0.0085 111 n&n 145 | 3180 | 238
6/1/1395 00329 1000 | 1.380 03 0.0065 117 069 150 | 3160 | 23
5/8/1395 0,025 1310 | 1.550 03 0.0085 1.00 067 139 | 3180 | 270
5/3/1395 00425 1310 | 1550 03 0.0065 258 124 &l | 3180 | 270
B/13/1995 0.0057 911 | 1330 03 0.0085 078 061 0% | 3120 | 223
6/13/1995 00120 511 | 13m0 03 0.0065 117 nea 147 | 31w | 223
8/22/1995 0.0033 918 | 1430 03 0.0085 064 048 088 | 380 | 222
5/22/1995 00110 518 | 1430 03 0.0065 106 077 133 | 3te0 | 22
8/30/1995 00014 7.4 | 1080 03 0.0085 089 [ikd] 104 | 2880 | 147
6/30/1995 0,007 74 | 1080 03 0.0065 057 043 077 | 2880 | 147
77311895 01226 850 | 1.770 03 0.0085 27 167 287 | 3280 | 329
71311395 00384 1850 | 1770 03 0.0065 1.48 109 200 | 3280 | 329
772471935 0.0020 30 | 1000 03 0.0085 1.12 084 138 | 2970 | 127
772471995 0,002 360 | 1000 03 0.0065 084 059 121 | 2970 | 127
8/3/1395 0.0008 253 | 0810 03 0.0085 0.84 053 134 | 2930 | 098
8/3/1395 0,002 263 | 080 03 0.0065 230 161 295 | 2930 | 099
10A11/1995 0.0002 211 | 0810 03 0.0085 058 045 078 | 2850 | 080
4710/1996 04700 4530 | 2680 03 0.0065 142 107 189 | 4000 | 400
4724/1996 0.0521 2780 | 1.750 03 0.0085 0.98 075 140 | 4030 | ase
5/13/1996 0.0808 710 | 1740 03 0.0065 129 ngr 166 | 4000 | ae7
5/16/1996 0.1833 4870 | 2880 03 0.0085 098 074 135 | 4020 | 420
5/19/1996 05647 6460 | 3130 03 0.0065 150 113 200 | 4020 | 462
5/11/1996 00244 1450 | 1.580 03 0.0085 060 045 078 | 3230 | 304
5/26/1996 00290 812 | 1230 03 0.0065 133 101 175 | 3100 | 214
37281997 00214 1140 | 1.440 03 0.0085 117 [ik:z] 170 | 3070 | 274
4730/1997 00423 350 | 2080 03 0.0065 070 nsa 085 | 3850 | 416
510/1997 0.0827 393.0 2.340 03 0.0065 0.84 0.66 1.10 38.80 418
5/13/1997 01559 4740 | 2710 03 0.0065 122 sl 159 | 3980 | 442
B/9/15897 0.0165 147.0 1.460 03 0.0065 1.33 0.82 246 3230 312
6/23/1997 00047 1020 | 1.270 03 0.0065 058 045 074 | 3160 | 254
712701997 0.0017 £9.7 1.010 03 0.0055 0.31 0.25 0.43 30.50 1.82
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Table C.41. Data from Marsh Creek, ID

. . Helley
Date s (tonsiday-fy Qcfs) | hifg hs () Slope H‘:l'éf]“'(rim;'h H'Z';;“'(ri’r:;th Sruz:lt::n ?55 W (Y V(';'Ues?"
511711584 00677 2430 | 1900 03 0.0067 1.63 1.29 208 | 3840 | 3.3
51171884 0.0487 2430 | 1900 03 0.0067 222 1.59 382 | 3|40 | 335
51171884 0.0851 2430 | 1900 03 0.0067 1.80 1.44 286 | 3|40 | 335
5181584 0.0307 1880 | 1.590 0.3 0.0067 2255 211 2612 | 3|40 | 3N
5181584 0.0230 1880 | 1.590 0.3 0.0067 237 1.72 380 | |40 | 31
5181584 0.0223 1880 | 1.590 03 0.0067 1.95 1.62 275 | w40 | 3n
52711534 0.0815 2390 | 1.780 03 0.0067 2.48 1.70 362 | 3900 | 365
512711334 0.0890 2390 | 1750 0.3 0.0067 1.65 1.28 218 | 3000 | 365
5/3011534 0.0422 1740 | 1.560 0.3 0.0067 161 1.7 216 | 3720 | 280
5/30/1934 0.0704 1740 | 1.560 0.3 0.0067 1.64 1.29 211 | Fz0 | 290
B/5/1994 0.0143 1530 | 1.520 0.3 0.0067 1.99 1.55 293 | 340 | 245
B/5/1994 0.0030 1530 | 1.520 0.3 0.0067 1.60 1.12 223 | 3|40 | 245
B/3/1994 0.0051 190 | 1380 0.3 0.0067 1.4 1.16 180 | a0 | 23
B/3/1994 0.0018 190 | 1380 0.3 0.0067 1.47 1.20 183 | a0 | 23
B/11/1984 0.0019 95.3 | 1330 0.3 0.0067 1.7 1.03 162 |30 | 189
B/11/1984 0.0014 95.3 | 1330 0.3 0.0067 0.97 072 126 | 380 | 189
5/5/1995 01326 1880 | 1.2680 0.3 0.0067 263 1.68 993 | 5360 | 264
5/5/1995 02267 1880 | 1.260 0.3 0.0067 512 248 950 | 53B0 | 284
5/10/1885 0.0501 2210 | 1110 03 0.0067 1.10 0.1 151 | s280 | 37
5/10/1885 0.0844 2210 | 1110 03 0.0067 1.41 1.04 206 | 5250 | 347
5/11/1885 0.1244 2800 | 1250 03 0.0067 272 1.45 592 | 5680 | 408
5/11/1885 0.1688 2800 | 1250 03 0.0067 1.51 1.06 210 | 8880 | 408
5/12/1885 0.1130 26680 | 1210 03 0.0067 1.48 1.05 207 | 5710 | 3
5/12/1885 0.1580 2660 | 1210 03 0.0067 1.74 1.21 262 | 5710 | 37
5/16/1885 0.3888 2460 | 1320 03 0.0067 1.4 0.93 250 | B430 | 4.4
5/16/1885 0.4588 2460 | 1320 03 0.0067 1.88 1.20 325 | B430 | 414
5/2111885 0.1304 s080 | 1620 03 0.0067 1.95 1.24 378 | 7m0 | 381
5/2111885 0.1173 s080 | 1620 03 0.0067 310 1.2 852 | 7m0 | 381
52211885 01118 5210 | 1700 03 0.0067 216 1.30 408 | 7980 | 377
5221505 0.1307 5210 | 1700 0.3 0.0067 2.08 1.32 375 | 7980 | 377
52411595 0.0792 5100 | 1630 0.3 0.0067 3.88 1.62 276 | 7950 | 367
52411595 0.0594 5100 | 1630 03 0.0067 1.95 1.3 204 | 7950 | 37
5/26/1595 0.1112 4890 | 1520 03 0.0067 225 1.2 372 | 7940 | 440
5/26/1595 0.1248 4890 | 1520 03 0.0067 2.43 1.63 385 | 7940 | 4.0
5/25/1595 0.0368 210 | 1600 03 0.0067 1.84 1.24 310 | 7900 | 348
5/25/1595 0.0552 210 | 1600 03 0.0067 2.08 1.40 345 | 7900 | 348
5/28/1505 0.0355 4740 | 1580 03 0.0067 1.27 0.88 189 | 7o40 | 388
5/28/1505 0.1474 4740 | 1580 03 0.0067 1.82 1.32 205 | 7940 | 365
5/3011585 00776 5320 | 1.740 03 0 0067 164 1.12 28 | 8000 | 380
5/3011585 0.0871 5220 | 1740 03 0 0067 229 1.4 397 | Boon | 380
B/4/1595 02703 g210 | 3000 03 0 0067 212 1.3 378 | 4810 | A3
B/4/1595 0.1684 g210 | 3000 03 0 0067 185 1.24 208 | 4810 | A3
B/E/15995 07027 E210 | 3060 03 0 0067 3.49 2.04 B45 | 4310 | 589
B/E/15995 0.8087 E210 | 3060 03 0 0067 3.42 2.44 498 | 4810 | &89
B/A/1995 0.0549 5SRO0 | 1830 0.3 00067 8.21 132 2342 | oooo | am
B/A/1995 0.2550 SRO0 | 1830 0.3 00067 2336 .61 2567 | oooo | am
B//1995 0.1613 569.0 | 1830 0.3 0.0067 7.34 29 1464 | 8000 | 362
B/111155 0.1511 4750 | 1670 0.3 0.0067 211 1.32 35 | 7940 | are
B/1111905 0.0893 4750 | 1670 0.3 0.0067 354 1.90 654 | 7940 | are
61311995 0.1756 BG1.0 | 1.580 0.3 0.0067 365 1.62 145 | @200 | 4n
61311905 02110 BG1.0 | 1.580 0.3 0.0067 253 1.49 576 | 8200 | 411
62011595 0.0670 567.0 | 1.770 0.3 0.0067 161 1.10 246 | 8020 | 304
62011595 0.0894 567.0 | 1.770 0.3 0.0067 1.82 1.25 277 | B0z0 | G
B/26/1505 0.0621 567.0 | 1.850 0.3 0.0067 197 1.265 312 | 8050 | 363
B/26/1505 00718 S67.0 | 1.850 0.3 0.0067 148 1.04 220 | 80s0 | 363
77441595 0.0319 401.0 | 1.500 0.3 0.0067 1.70 1.13 253 | 7880 | 363
77441595 0.0198 401.0 | 1.500 0.3 0.0067 1.96 1.34 32 | 7860 | 363
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Table C.42. Data from Middle Fork Salmon River

. . Helley
Date s (tonsiday-fy Qcfs) | hifg hs () Slope H‘:l'éf]“'(rim;'h H'Z';;“'(ri’r:;th Sruz:lt::n ?55 W (Y V(';'Ues?"

511311887 23708 T1700.0 | 5620 03 0.0041 1.0 075 173 |21300| 928
511311897 42207 1700.0 | 5820 03 0.0041 3.40 1.85 1562 | 21500 | 9.28
5/1511897 7.0808 13600.0 | B.271 03 0.0041 1070 5.83 1593 | 22000 | 1073
5/1511897 52727 13600.0 | B.271 03 0.0041 5.47 267 1287 | 22000 | 1073
5161897 5.9808 14600.0 | 5.229 03 0.0041 1452 B.75 mEE | 22243 | B23
5161897 B.8035 14400.0 | B.192 03 0.0041 2.08 1.15 488 | 22185 | 519
51171897 3.1422 15300.0 | B.432 03 0.0041 073 0.&7 094 | 22180 | 11.23
51171857 75847 15300.0 | 5.432 03 0.0041 275 1.33 77 | 22150 | 1123
511811957 18.4893 15000.0 | 5.302 03 0.0041 .20 364 1805 | 22537 | B0
511811957 10,9814 14800.0 | 5.255 03 0.0041 893 411 1900 | 22280 | B
572211957 38611 12300.0 | 5.783 03 0.0041 260 1.19 074 | 21652 | 578
572211997 5.0524 12300.0 | 5.783 03 0.0041 2458 18.11 377 | 21662 | 578
572411997 11748 11300.0 | 5575 03 0.0041 0.83 0.62 126 | 21366 | 557
572411997 1.9098 11300.0 | 5575 03 0.0041 1.68 0.97 403 | 21386 | 567
52611997 25877 9810.0 | 5.289 03 0.0041 308 1.3 1806 | 21100 | B
52611997 0.8578 9910.0 | 5.289 03 0.0041 0.7 0.66 126 |2n00| 83
572711997 1.4203 gas0.0 | 4671 03 0.0041 1292 352 217 | 20700 | 844
52711897 1.0386 8930.0 | 4871 03 0.0041 2954 7.73 ;|aE1 | 20700 | B44
5/28/1897 1.9689 5330.0 | 4885 03 0.0041 26.39 13.82 724 | 20367 | 488
5/28/1897 5.0032 5330.0 | 4885 03 0.0041 13.92 7.07 2181 | 20367 | 468
5/28/1897 0.4802 8830.0 | 5.010 03 0.0041 0.90 0.66 137 | 20884 | 500

5/28/1857 29252 8900.0 | 5.027 03 0.0041 1782 870 2485 | 20580 | 503
5/3011897 10736 5800.0 | 5.153 03 0.0041 1.25 0.3 184 |21080| &80
5/3011897 35392 10000.0 | 5.153 03 0.0041 3.06 1.84 518 | 21050 | &40
5/31 11897 53188 10900.0 | 5.488 03 0.0041 1446 5.06 M83 | 21245 | 548
5/31 11897 B.8055 11100.0 | 5532 03 0.0041 10.69 3.91 1968 | 21306 | 553
B/2/1997 15901 12100.0 | 5.742 03 0.0041 1.3 0.52 060 | 21586 | 574
B/2/1997 47818 11900.0 | 5.701 03 0.0041 12.45 357 2418 | 21540 | 570
B/3/1997 5.1163 1200.0 | 5588 03 0.0041 172 5.1 1931 | 21500 | B.O9
B/3/1997 1.4651 1200.0 | 5588 03 0.0041 365 1.07 1960 | 21500 | B9
B/4/1997 20843 1600.0 | 5638 03 0.0041 1.48 0.95 257 | 21454 | 564
B/4/1997 5,653 1600.0 | 5638 03 0.0041 B.15 3.81 014 | 21454 | 564
B/5/1997 25775 12000.0 | 5.722 03 0.0041 722 1.87 1558 | 21688 | 572
B/5/1997 77428 12000.0 | 5.722 03 0.0041 12.91 7.78 M54 | 21568 | 572
B/G/1997 1.1959 11200.0 | 5.553 03 0.0041 2.03 1.18 45 | 21336 | 585
B/G/1997 5 4537 11200.0 | 5553 03 0.0041 1463 7.91 2646 | 2133 | 585
B/7/1597 18628 10900.0 | 5485 03 0.0041 29.39 13.45 4684 | 21245 | 548
B/7/1597 1.9862 10R00.0 | 5.456 03 0.0041 35.43 2275 230 | 21214 | 547
B/121887 0,549 B0 0 | 5638 03 0.0041 140 0.&1 283 | 21454 | 564
B/1211857 21097 118000 | 5817 03 0.0041 277 1.49 53 | 21425 | &5&2
B/18/1857 03038 BE00.0 | 5002 03 0.0041 169 1.0 328 | 20643 | 500
B/18/1857 01838 87000 | 4578 03 0.0041 107 0.78 1B0 | 20506 | 498
B/201597 02029 78900 | 4516 03 0.0041 147 0.96 245 | 20450 | 840
B/201597 0.1355 78300 | 4616 03 0.0041 117 0.3 170 |20480 | @40
B/2211997 0.0331 B510.0 | 4390 03 0.0041 0.61 0.61 113 | 19594 | 439
B/2211597 0.0185 6490.0 | 4385 03 0.0041 0.0 0.46 078 | 19584 | 4.3
62311997 00178 BO00.0 | 4210 03 0.0041 0.64 0.49 063 | 19850 | 7.49
62311997 0.0260 B020.0 | 4210 03 0.0041 0.71 0.55 091 | 19850 | 7.49
B/2411597 0.1531 5380.0 | 3.864 03 0.0041 4359 36.97 48.99 | 19660 | 7.00
B/2411597 0.0081 52900 | 3.864 03 0.0041 0.9 0.52 091 | 19660 | 7.00
B/2511857 00112 5000.0 | 3516 03 0.0041 0.86 063 125 |18788 | 382
B/2511857 0.0067 4980.0 | 3510 03 0.0041 065 0.0 0&4 | 18787 | 3o

B/251857 0.0174 47900 | 3887 03 0.0041 0.95 0.71 134 |18330 | G40
B/261857 0.0064 49200 | 3887 03 0.0041 074 0.5 102 | 18330 | G40
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Table C.43. Data from North Fork Clear River

. . Helley
Date Uhe (tons/day-f) Qch) | hif) hes () Slope H‘;';;“'(rm;'h H'Z';;“'('i::;th Sruz:lt::n ?55 W () V(r:vesf'“

472071954 0.0948 10500.0 | 7.692 03 0.0008 072 0% 093 | 26665 | 500

4/2011934 01177 10600.0 | 7.918 03 0.0008 071 0.54 081 | 26680 | &.11

42371934 0.0575 11600.0 | 8.164 03 0.0008 088 0.50 081 | 26600 | 539

42371934 0.0324 11500.0 | 8.140 03 0.0008 0.50 0.46 079 | 26780 | 5.3

/251934 0.0678 11100.0 | 8.042 03 0.0008 0.70 0.5 089 | 26697 | 525

/251934 0.0552 9980.0 | 7.758 03 0.0008 072 057 092 | 26451 | 4.94

4/26/1934 00102 69300 | 6.855 03 0.0008 0.54 0.50 081 | 25625 | 4.00

412611994 00137 B0.0 | 6849 03 00005 06 054 084 | 25619 | 400

51211994 0.0051 55200 | 6347 03 00005 06 048 084 | 25123 | 351

5211994 0.0030 54900 | 6335 03 00005 05 0.41 0B8 | 25141 | 350

5511994 0.0089 56400 | 6.393 03 00005 068 052 088 | 25170 | 3%

5511994 0.0057 56300 | 6.369 03 00005 067 05 085 | 25166 | 35

5971994 0.0097 BE30.0 | 7.385 03 00005 07 052 098 | 25119 | 454

591994 00352 B640.0 | 7.366 03 00005 084 061 119 | 26122 | 454

511111994 0.0070 87800 | 7.419 03 00005 0 051 082 | 265150 | 459

51111934 00217 87100 | 7.408 03 00005 07 054 095 | 265140 | 457

511411934 0.0089 72500 | B.961 03 00005 097 069 138 | %7 | 4

511411934 0.0045 72100 | 6948 03 00005 0 052 083 | 25714 | 410
51711934 00016 50300 | B.465 03 00005 05 042 073 | 25243 | 380
51711994 0.0027 50000 | B.454 03 00005 079 0E2 R e
51161994 0.0064 6170.0 | 6.591 03 00005 08 061 111 | 25388 | 375
51161994 0.0043 6150.0 | 6563 03 00005 073 0% 095 | 25360 | 374
512311994 00032 50400 | 6.154 03 00005 08 068 117 | 24925 | 334
512311994 0.0007 50200 | B.146 03 00005 1.41 1.12 179 | 24916 | 333
52611994 0.0017 48800 | 6076 03 00005 07 057 087 | 24846 | 327
52611994 0.0051 48400 | 6.070 03 00005 089 069 120 | 248% | 3%
513111994 00013 30300 | 5607 03 00005 077 061 099 | 24337 | 285
53111994 0.0014 30400 | 5612 03 00005 0% 07 13 | 24342 | 285
5311994 0.0007 30600 | 5622 03 00005 048 0% 065 | 24353 | 286
5311994 0.0009 30400 | 5612 03 00005 067 052 087 | 24342 | 285
551994 00032 39500 | 5666 03 00005 117 08 163 | 24402 | 290
551994 00016 39900 | 5685 03 00005 054 0% 086 | 24424 | 290
£/1311994 0.0008 35600 | 5.470 03 00005 047 0% 070 |28 | 273
£/1311994 0.0011 36000 | 5.491 03 00005 07 0D 097 | 24206 | 275
51111995 00018 47600 | B.036 03 00008 06 048 082 | 24801 | 329
5171995 0.0018 47600 | 6.0%6 03 0.0005 0.8 0.54 110 | 24801 | 323
5/4/1995 0.0248 D00 | B.673 03 0.0005 1.28 0.90 177 | 25448 | 383
5/4/1995 0.0089 FIB0.0 | 6666 03 0.0005 053 0.48 083 | 25442 | 3m
5571995 0.0400 B150.0 | 7.243 03 0.0005 0.7s 0.5 097 |25983 | 4.3
5571995 0.0412 B140.0 | 7.240 03 0.0005 0.54 050 117 | 28987 | 4.3
5/11/1935 0.0485 9710.0 | 7.686 03 0.0005 0.7 0.54 092 | 26388 | 4.8
5111935 0.0652 97200 | 7.689 03 0.0005 0.74 0.5 098 | 26391 | 4.8
5/15/1995 0.0245 77100 | 7.108 03 0.0008 077 059 100 | 256864 | 4%
5/15/1995 0.0599 77000 | 7.105 03 0.0008 1.18 082 169 | 25861 | 425
5/16/1995 0.0358 B900.0 | 7.462 03 0.0008 16.70 1.43 030 |Zwies | am2
5/18/1995 0.0508 BE70.0 | 7.454 03 0.0008 0.50 052 106 | 26181 | 451

5/22/1995 0.0183 B570.0 | 7.367 03 0.0008 0.70 0.54 091 | 261.03 | 452
5/22/1995 0.0303 8580.0 | 7.370 03 0.0008 0.91 071 121 | 26106 | 453
5/26/1995 0.0204 52200 | B910 03 0.0008 0.74 057 096 |289.00 | 4.56
5/26/1995 0.1004 52200 | B910 03 0.0008 1.14 0.84 1581 | 28900 | 458
513011995 0.0346 8510.0 | 7.350 03 0.0008 0.91 0.70 122 | 26087 | 451

513011995 0.0134 B490.0 | 7.344 03 0.0008 0.56 051 086 | 26082 | 450
521995 0.0211 8930.0 | 7.471 03 0.0008 0.73 0.57 084 | 26197 | 459
5211995 0.0099 8850.0 | 7448 03 00008 083 02 114 | 26176 | 461

B/4/1995 00273 9030.0 | 7.499 03 00008 083 064 115 | 26222 | 468
B/4/1995 0.0230 9050.0 | 7505 03 00008 069 054 088 | 26227 | 457
551995 0.0510 92300 | 7555 03 00005 109 077 164 | 2272 | 472
B/5/1995 0.0307 9310.0 | 7.577 03 0.0005 0.85 053 127 | 26292 | 474
B/7/1995 0.0289 7020.0 | 6665 03 0.0005 1.22 087 170 | 28654 | 403
B/7/1995 0.0148 7010.0 | 6662 03 0.0005 0.81 053 105 | 28651 | 403
B/15/1935 0.0127 s110.0 | B.183 03 0.0005 0.0 053 103 | 2495 | 3%
B/15/1935 0.0053 5110.0 | B.183 03 0.0005 0.1 052 106 | 2495 | 3%
£/19/1935 0.0030 4BE0.0 | 5993 03 0.0005 0.79 052 103 | 24756 | 318
£/19/1995 0.0042 45800 | B.001 03 0.0008 0.74 059 094 | 24765 | 320
B/22/1995 0.0076 45000 | 5922 03 0.0008 087 057 115 | 24680 | 313
B/22/1995 0.0049 4470.0 | 5909 03 0.0008 087 0.8 118 | 24686 | 311

124111995 5.4678 33700.0 | 11.719 03 0.0008 525 1.50 13269 | 29105 | 9.93
124111995 20.0964 34400.0 | 11.801 03 0.0008 361 1.64 11.39 | 29158 | 10.04
124411995 0.7634 14700.0 | 8.850 03 0.0008 .81 062 111 | 27900 | 578
124411995 0.3620 14800.0 | 8.850 03 0.0008 0.58 0.54 086 |279.00 | 579
/1711997 07416 32800.0 | 12.680 03 0.0008 19.90 1.30 ¥ |20 | s&2
51711997 1.4195 32400.0 | 12.680 03 0.0008 3.78 1.56 1331 | 29800 | 862
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Table C.44. Data from Rapid River, ID

" " Helley
Date hs (tons/day-f) Qefs) | hif s () Slope "‘3';3"(2:;" "ﬂ;‘;"(i:;h Smith d65| W (fy) V('f"'j‘;;’"
fmm)

EZGE RIS 526 | 0760 3 0122 T13 [ 1598 | 4640 | 151
4771594 oot 553 | 07 n3 00122 ng2 061 203 | 4650 | 163
4771594 0010 553 | 07N n3 00122 145 nar 271 | 4650 | 163
5101934 0.0403 w20 | 1880 03 00122 111 074 178 | 5880 | 33
5101934 0.0037 w20 | 1880 03 00122 130 085 201 | s950 | 353
SA1/1934 0.0855 w20 | 1890 03 00122 168 1.03 300 | 5950 | 349
SA11/1934 01231 220 | 180 03 00122 221 120 BES | 5950 | 349
5191934 0.0072 730 | 1480 03 00122 1.52 085 362 | 5380 | 298
5151934 0.0048 730 | 1480 03 00122 ikE 060 103 | 5380 | 298
512501934 00123 2620 | 130 03 00122 133 ikn 206 | s700 | 320
512501934 0.0147 2620 | 1330 03 00122 113 078 175 | 5700 | 320
512711934 0.0191 289.0 | 1.440 03 00122 1.23 075 219 | 8330 | 349
£127/1934 0.0093 280.0 | 1.440 03 00122 064 047 0687 | 5830 | 349
5/1/1954 0.0050 268.0 | 1.440 03 00122 115 ik 173 | 8500 | 32
57141994 ooy 2480 | 1440 n3 001z i i1 nen | &500 | 321
5731894 0.0041 260 | 130 n3 0oz nén 060 113 | 5410 | 37
5731994 0,009 260 | 1310 n3 0oz 13 0@ 213 | A410 | 37
7241934 0.0 812 | nen n3 00122 208 137 a06 | 4840 | 183
7241934 00054 812 | nem n3 001z 155 113 216 | 4840 | 193
Br241934 0.0 538 | 060 n3 [ilifE7] i} [il:3 12 | 4670 | 150
B/71594 00176 7230 | 140 n3 00122 152 101 240 | &200 | 280
B/71594 00041 7230 | 1480 n3 00122 155 [ik:3 274 | &200 | 280
51594 0on7 1850 | 130 n3 00122 146 100 216 | 5200 | 275
51594 0.0z 1850 | 130 n3 00122 098 it} 150 | 5200 | 278
EA141934 0.0024 1.0 | 1.370 03 00122 132 ik} 181 | =000 | 28
EA14/1934 0.0056 1910 | 1.370 03 00122 124 0.0 170 | 000 | 28
E/23/1934 0.0022 130 | 1.230 03 00122 .10 074 181 | 4800 | 233
E/23/1934 0.0024 1350 | 1.230 03 00122 .08 077 161 | 4800 | 233
1072501994 0.0053 537 | 0.830 03 00122 288 1.3 795 | 4580 | 140
12/5/1904 0.0001 23 | 0E; 03 00122 118 1.02 139 | 4400 | 118
212401955 0.0170 524 | 0.990 03 00122 361 202 524 | 4500 | 138
212411935 00309 524 | 080 n3 001z 444 230 612 | 4500 | 138
301935 0,053 514 | 1.0m n3 0oz 108 n73 146 | 4860 | 186
301935 00033 514 | 1.0m n3 0oz 125 n@3 187 | 4880 | 186
41131935 00403 B0 | 1260 n3 00122 168 121 268 | &80 | 237
41131935 0.080R B0 | 1260 n3 001z 195 130 a3 | ma80 | 237
41201995 0.00R2 1210 | 1110 n3 [ilifE7] 123 091 1E0 | 5120 | 211
41201995 00027 1210 | 1110 n3 00122 1002 073 145 | 5120 | 21
41261995 00023 180 | 1120 n3 00122 134 neg 203 | s120 | 212
41261995 NIRE] 180 | 1120 n3 00122 131 ngr 174 | 5120 | 212
5121996 00257 30 | 10 n3 00122 k) ik 146 | 5920 | a89
5121935 00213 T30 | 1810 03 00122 110 iE 186 | 5920 | 389
5151935 00221 ;ED | 1500 03 00122 1.24 0.80 1.9 | 5040 | a&7
SA5/1935 0.0078 MED | 1500 03 00122 1.15 [ikg) 171 | 5940 | aEr
512501935 0.1908 5270 | 1880 03 00122 1.56 057 265 | 6190 | 488
512501935 0.0843 5270 | 1880 03 00122 1.50 089 326 | 6190 | 488
SFA0/1935 0277 B30 | 2230 03 00122 587 1.95 2070 | 5980 | 488
5011995 01338 5380 | 2230 03 00122 219 1.34 379 | 5980 | 486
SAD/1935 0.m08 450 | 1695 n3 001z 1652 i3 43 | B33 | 36
AAD/1935 0.0780 B0 | 1695 n3 0oz 255 158 var | B33 | 36
512311935 01045 5160 | 1870 n3 0oz 184 108 367 | G200 | 457
512311935 01613 5160 | 1870 n3 0oz 104 064 181 | B200 | 457
121935 01231 5570 | 1900 n3 0oz 152 iz 267 | G200 | 488
12/1935 0.0802 se70 | 1900 n3 0oz 124 nén 188 | B200 | 486
5/7/1895 00840 5840 | 1930 n3 0oz 131 ik:3 185 | 3T | 409
5/71895 04086 5840 | 1930 n3 00122 ) 265 E40 | B3TD | 483
BATH995 04475 G780 | 2440 n3 001z 170 0% 324 | G100 | 663
BATN995 07443 G780 | 2440 n3 [ilifE7] 211 120 406 | G100 | 463
BA01995 RERD] 5670 | 1900 n3 [ilifE7] 3720 12,69 032 | B1E1 | A19
201995 03101 5570 | 1900 n3 00122 180 237 GER | G160 | &19
231995 00633 5000 | 2000 n3 00122 091 59 151 | 5500 | 448
231995 000756 5000 | 2000 n3 00122 09 [il:3 157 | ss00 | 448
BA271995 04623 5400 | 1990 n3 00122 175 113 206 | G230 | &34
BA271995 01576 5400 | 1990 n3 00122 184 120 a1 | G230 | a3t
251995 0067 5550 | 2070 n3 00122 107 071 159 | 5700 | 498
231905 NiGE: 5850 | 2070 n3 00122 059 [il:1 156 | 5700 | 495
761995 0.o7s 4530 | 1780 03 00122 132 080 240 | 8070 | 429
761995 0.0288 4530 | 1780 03 00122 185 1.08 272 | 8070 | 429
7101935 0.0957 420 | 1740 03 00122 1.58 135 311 | 8050 | 435
7101935 0.7 420 | 1740 03 00122 1.3 ikn 220 | 8050 | 435
5/31995 0.0857 1890 | 1.380 03 00122 503 204 873 | 5230 | 281
5/31995 0.0087 1890 | 1.380 03 00122 1.45 089 270 | 5290 | 281
712111935 0.0043 710 | 1521 03 00122 073 050 1.9 | seo0 | sz
7R21/1935 0.m3 Eri R 03 00122 1.58 1.05 230 | =00 | 327
823/1935 0.008% 1340 | 1170 03 00122 206 110 373 | 8110 | 224
8123/1935 0.0280 1340 | 1170 03 00122 472 266 742 | 8110 | 224
912/1935 0.0041 %92 | 1080 03 00122 221 1.23 407 | 4320 | 200
10/5/1995 0.0018 840 | 0870 03 00122 1.85 1.25 271 | 48980 | 188
1291995 00314 1060 | 1.040 03 00122 1.12 0.0 152 | 4940 | 199
361896 00084 896 | 0340 n3 001z ks 063 139 |40 | 193
441241935 00321 30 | 138 n3 0oz 255 153 418 | B30 | 305
453011935 0.0056 2330 | 1440 n3 0oz 06 051 ngr | &0 | 278
54151935 34678 seE0 | 2400 n3 0oz 569 147 1447 | B30 | a8
512311935 0153 5720 | 1350 n3 0oz 139 0@ 245 | G100 | 407
5125/1935 01180 se80 | 1970 n3 0oz 362 213 TOR | G100 | 488
5/3/1896 09388 7080 | 2130 n3 0oz 8.9 a67 1905 | BOSD | £33
101995 1 B508 9450 | 2430 n3 00122 545 189 1280 | B30 | BT
271995 0.04B7 720 | 180 n3 001z 049 040 orn | G100 | 438
751995 0.0084 2880 | 1450 n3 001z 113 077 164 | 5BAD | 353
151995 0T 1370 | 1170 n3 [ilifE7] 07a n&7 112 | sns0 | 233
10/2/1996 0T W6 | 1067 n3 [ilifE7] [iked &1 nge | 4827 | 190
26251997 0.0003 870 | 0980 n3 00122 041 na 05 | 46520 | 191
57201897 0m7s 750 | 1480 n3 00122 052 041 071 | &850 | 219
SATAN9AT 7093 1300 | 2710 n3 00122 758 am 1308 | B4s0 | 70
51231997 12180 8370 | 2490 n3 00122 479 270 617 | 6100 | 561
B/An897 03904 9420 | 2420 n3 00122 519 249 1s0 | B250 | B3
B/A1597 04540 5350 | 2410 n3 00122 345 277 531 | B300 | B23
EAB1997 00560 810 | 2080 n3 00122 189 128 07 | B200 | &47
773997 0.0044 3800 | 1800 03 00122 132 079 280 | 5900 | 404
5301997 0.0033 1180 | 1190 03 00122 273 141 270 | 4900 | 207
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Table C.45. Data from South Fork Payette River, ID

. . Helley
Date s (tonsiday-fy Qcfs) | hifg hs () Slope H‘:l'éf]“'(rim;'h H'Z';;“'(ri’r:;th Sruz:lt::n ?55 W (Y V(';'Ues?"
471811884 0.0333 B4ED | 1630 03 0.0040 0.43 0.3 054 | 16341 | 320
411811884 0.0771 B4ED0 | 1630 03 0.0040 8.54 1.25 1860 | 16341 | 320
412011504 0.1878 1270.0 | 1.868 03 0.0040 0.64 0.51 D& | 17839 | 386
412011504 0.2848 1270.0 | 1.868 03 0.0040 0.71 0.58 08 | 17839 | 386
412511504 0.0845 1800 | 1.810 03 0.0040 073 0.58 09 | 16700 | 376
47251154 0.0280 11800 | 1.810 03 0.0040 0.64 0.54 077 | 16700 | 376
472711504 0.0353 5250 | 1677 03 0.0040 075 0.58 097 | 18655 | 3.3
472711334 0.1195 g250 | 1677 03 0.0040 1.04 0.76 157 | 1eess | 333
57241994 0.1837 20 | 1548 03 0.0040 1.80 1.0 607 | 15786 | 297
5/2/1994 0.4067 20 | 1548 03 0.0040 876 1.78 207 | 18786 | 297
5/4/1994 0.1785 20 | 1548 03 0.0040 1.9 1.0 417 | 5786 | 297
5/4/1994 0.0798 20 | 1548 03 0.0040 0.98 0.74 137 |1ares | 297
5/3/1994 02187 17100 | 2.044 03 0.0040 0.56 0.43 072 | 19023 | 443
5/3/1994 0.1404 17100 | 2.044 03 0.0040 1.3 0.52 213 | 19023 | 443
571111984 0.3391 20100 | 2187 03 0.0040 0.61 0.48 077 | 19907 | 488
5111884 0.4350 21100 | 2.187 03 0.0040 073 0.&7 093 | 19907 | 488
5/14/1884 03612 2150.0 | 2200 03 0.0040 1.18 077 /38 | 19985 | 492
51411884 0.3537 2150.0 | 2200 03 0.0040 1.25 078 3213 | 19988 | 482
5/16/1884 0.0882 16300 | 2.013 03 0.0040 0.64 0.53 078 | 18827 | 4.3
5/16/1884 0.0851 16300 | 2.013 03 0.0040 0.68 057 08 | 18827 | 4.3
5/1711884 0.0813 1500.0 | 1.960 03 0.0040 0.65 053 078 | 18482 | 447
5/1711884 01168 1500.0 | 1.960 03 0.0040 0.3 0.65 112 | 1@a@2 | 417
5/2311884 0.0312 10400 | 1.742 03 0.0040 078 0.58 107 |1oee | A2
52311884 0.0431 1040.0 | 1.742 03 0.0040 1.28 1.05 156 | 17086 | 352
5/25/1884 0.0827 12800 | 1.848 03 0.0040 0.84 0.64 114 |1777E | sEs
5/25/1504 0.0a11 12800 | 1.848 03 0.0040 0.95 072 150|177 | 388
5/31 11584 0.1294 15200 | 1.968 03 0.0040 072 0.58 093 | 18545 | 4.9
5/31 11884 0.0836 15200 | 1.968 03 0.0040 0.64 0.50 D& | 18545 | 4.9
B/2/1994 0.2765 1550.0 | 1.981 03 0.0040 1.95 0.92 034 | 18624 | 423
B/2/1994 0.1288 1580.0 | 1.981 03 0.0040 0.68 0.55 D& | 18624 | 4.23
B/G/1994 0.0741 13100 | 1.576 03 0.0040 0.73 0.58 nen | 17958 | 391
B/G/1994 0.0580 13100 | 1.576 03 0.0040 0.68 0.55 D& | 17959 | 301
B/1311584 0.1600 10800 | 1.747 03 0.0040 0.98 0.7s 13 (17121 | 353
B/1311584 01781 10800 | 1.747 03 0.0040 1.30 0.&7 203 | 17121 | 343
5/1/1995 0.0553 12300 | 1.838 03 0.0040 078 063 ne7 | 17717 | 30
5171995 0.2043 12300 | 1838 03 0.0040 1.13 0.4 146 17747 | 380
5/2/1995 0.0508 13300 | 1.885 03 0.0040 072 0.58 0& | 18018 | 304
5/2/1995 00411 13300 | 1888 03 0.0040 0.8 0.5 0& | 18018 | 304
5/B/1995 03472 1BA0.0 | 2093 03 0.0040 0.95 0.74 126 |18951 | 479
5/B/1995 0.1604 1BA0.0 | 2093 03 0.0040 090 0.68 121 [18951 | 439
5/9/1995 02239 1760.0 | 2.491 03 0.0040 079 0.65 096 | 163.00 | 439
5/9/1595 0.2429 1760.0 | 2.491 03 0.0040 0.8 0.69 119 [16300 | 433
5/16/1935 0.3070 21400 | 2.197 03 0.0040 074 0.59 092 | 19968 | 491
5/16/195 05156 21400 | 2.197 03 0.0040 0.3 0.65 110 | 19968 | 491
5/1711505 1.0414 24900 | 2.856 03 0.0040 0.95 073 130 | 16900 | 508
5/1711805 17219 24800 | 2.858 03 0.0040 123 0.86 176 |1900 | 508
5/2211805 0.6397 3050.0 | 2.463 03 0.0040 0.3 067 107 | 21556 | 578
5/2311805 1.2108 3050.0 | 2.463 03 0.0040 0.98 073 176 | 21556 | 578
5/2311805 28670 3050.0 | 2.463 03 0.0040 533 1.45 1852 |21555 | 578
5/25/1505 15843 27900 | 2393 03 0.0040 1.07 0.80 156 | 21145 | 558
5/25/1505 1.0404 27900 | 2393 03 0.0040 075 0.61 091 | 21145 | 585
5/30/195 18210 2000 | 2524 03 0.0040 0.98 072 185 |21912 | =99
5/30/195 23686 2000 | 2524 03 0.0040 117 0.81 176 |21912 | 599
5/31/1995 1.7756 00 | 3724 03 0.0040 51.33 1.10 3283 | 18600 | 647
B/3/1995 0.9544 41600 | 2722 03 0.0040 39.09 26.29 5010 | 23081 | G/
B/4/1995 0.7096 42100 | 2732 03 0.0040 37.09 2228 5112 | 23110 | 671
B/4/1995 06750 42100 | 2732 03 0.0040 20.54 1279 226 | 23110 | 671
B/5/1995 12333 47100 | 2833 03 0.0040 53.79 3659 7872 | 277 | 07
B/5/1995 0.9529 47100 | 2.833 03 0.0040 117 072 7 |27 | 0
B/14/1885 0.1085 39300 | 2672 03 0.0040 2270 16.76 073 | 22768 | BAD
B/14/1885 05182 3930.0 | 2672 03 0.0040 0.93 0.68 1817 | 22769 | BAD
B/18/1885 0.7382 37100 | 2623 03 0.0040 075 0.61 091 | 22488 | 533
B/18/1885 15142 37100 | 2623 03 0.0040 1.89 0.98 1041 | 22188 | B33
B/20/1885 0,633 32000 | 2.501 03 0.0040 0.1 063 107 |2178 | 54
B/20/1885 1.0652 2000 | 2.501 03 0.0040 175 0.90 116 |21781 | 591
B/26/1885 0171 3640.0 | 2807 03 0.0040 2258 297 %33 | 22395 | 6%
B/26/1885 0.6966 3640.0 | 2.807 03 0.0040 171 0.52 B3 | 22395 | B
B/271385 0.6243 43100 | 2753 03 0.0040 22.44 1.00 BE.EE | 23228 | 678
B/271595 07822 43100 | 2783 03 0.0040 1.95 0.92 1801 |73228 | &7B
51171897 32147 B390.0 | 3.125 03 0.0040 1.14 0.5 164 |25280 | &4
51171897 3.8790 B380.0 | 3.125 03 0.0040 0.97 075 134 | 25280 | &4
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Table C.46. Data from South Fork Red River, ID

. . Helley
Date s (tonsiday-fo Qichy | h i) b, (1) Slope "‘Z';en"(:’:l')‘" "‘:";eﬁ"(f‘m;'h Sn;::ll:n n)lﬁﬁ W ) V(’f"';;’"
451994 0057 EER e 00146 13 0% 126 | %a0 | 164
4/5/1934 0.0013 75 | a6 03 00146 0.66 0.5 083 | a0 | 164
413/15304 0.0014 a1 | s 03 00146 052 0.47 n&2 | m | 183
4131994 0.0013 41 | nea0 03 00146 0.70 0.54 0 | %m0 | 189
47211994 0.1045 1500 | 1.620 03 0.0146 118 0.89 15 | 2m | am
472171504 0.1331 1500 | 1620 03 00146 112 054 150 | = | 08
4/26/1994 0.0538 1340 | 1580 03 00146 121 0.8 16 | 2= | 288
4/25/1394 0.0410 1340 | 1580 03 00146 13 0.9z 224 | moo | 288
5721994 0.0183 573 | 13m0 03 00146 125 0.6 186 | 2750 | 279
5721394 0.023 573 | 13m0 03 00146 13 0.9 193 | 2750 | 279
5/4/1394 o.o017 g6 | 1300 03 00146 071 0.5 0o0 | wen | 242
5/4/1394 0.0018 g6 | 1300 03 00146 0.70 057 0Es | wED | 242
591394 0,035 1010 | 1.440 03 00146 118 0.6 164 | 20 | 2865
5031354 0.0142 1010 | 1.440 03 00146 1.4 0.8 162 | 210 | 26
5/12/1504 0,010 1020 | 1370 03 00146 0.8 0.5 103 | 7780 | 260
5/12/1994 0.0922 1020 | 1.370 03 00146 134 1.08 186 | 2790 | 26
5/16/1994 0oz 74 | 1240 03 0.0146 .09 0.6z 125 | 2730 | 2m
5/15/1504 0.0034 74| 1240 03 00146 0.91 071 1% |z | 2m
5/17/1394 0.0081 %20 | 1380 03 00146 0.9 074 126 | 770 | 28
5/17/1994 0.0034 520 | 1350 03 00146 0.80 0.6 10 | 270 | 28
5/20/1564 0.0853 503 | 1am 03 00146 317 217 471 | wan | z3s
5/20/1504 0.0254 503 | 1am 03 00146 137 (i 176 |z | 2@
5/23/1994 0.0037 fa7 | 1230 03 00146 114 081 161 | 270 | 208
5/23/1994 0.0010 g7 | 1230 03 00146 0.7z 05 0o | 70 | 208
5/24/1304 0.0005 B2 | 12 03 00146 051 0.48 076 | wan | zoo
5/25/1994 0.0003 54 | 1210 03 00146 0.7t 0.5 093 |z | a0
5/25/1994 0.0004 54 | 1210 03 00146 0.89 0.56 113 | 270 | 190
B/1/1994 0.00% 757 | 1270 03 00146 112 0.5 140 | 7o | 2o
B/1/1994 00124 757 | 1270 03 00146 13 109 171 | 70 | 2o
6/14/1994 0.0002 476 | 1060 03 00146 0.5 0.43 07 | zwo | 1e
5/14/1394 0.0004 475 | 1.060 03 0.0146 0.80 062 104 | 2700 | 167
B/27/1504 0.0158 442 | 1o 03 00146 0.90 071 1 | a0 | 15
6/27/1994 0.0014 442 | 1010 03 00146 0.53 0.40 085 | man | 1s7
7121994 0.0021 25 |07 03 00146 110 0.8 13 | =60 | 118
7/12/1504 0.0002 25 | o7m 03 00146 078 053 116 | =60 | 118
7/28/1394 0.0001 128 | 0580 03 00146 0.5 044 075 | %20 | os8s
7/28/1994 0.0001 128 | 0.580 03 00146 127 077 229 | %2 | oes
5/29/1394 0.0003 73 | 052 03 00146 125 0.90 169 | 2480 | 05
5/25/1304 0.0007 73 | o0s; 03 00146 079 051 105 | 2480 | 05
5/20/1994 0.0003 53 | 0.430 03 00146 133 118 150 | 2440 | 0856
5/20/1994 0.0001 53 | 0.430 03 0.0146 071 0.50 100 | 2440 | 056
4541355 0.0089 32 | 1150 03 00146 093 0.7z 128 | 2150 | 168
4151995 0.0021 3|2 | 1150 03 00146 105 0.76 120 | 2150 | 188
413199 00019 626 | 1.150 03 00146 064 0.50 083 | zao | zm
4/13/1595 0.0072 26 | 1.150 03 00146 116 080 167 | 70 | zm
420/1595 .01 519 | 1.000 03 00146 10z 077 130 | =80 | 18
420199 0.0034 519 | 1.090 03 00146 099 0.76 130 | 80 | 189
47251199 0.0072 564 | 1.090 03 00146 0.8 063 1@ | =0 | 1@
4/25/1595 0.0036 544 | 1.090 03 00146 084 0.5 110 | a0 | &7
5031395 00519 160 | 1470 03 00146 106 0.76 142 |23 | 2%
5731355 0.0551 1260 | 1.470 03 00146 112 0.8z 14 | 230 | 29
5/10/1395 0.0156 Z00 | 1810 03 00146 108 0,75 144 | 3450 | 3o
5/10/1395 00130 Z00 | 1810 03 00146 080 0.70 120 | 3450 | aes
5/12/199 0.0281 270 | 1790 03 00146 197 13 3% | 40 | 378
5/12/139 0.0345 270 | 1790 03 0.0146 170 119 259 | ms0 | 378
5/15/1396 0.0143 700 | 1699 03 00146 112 GEL 125 | =58 | 349
5/16/199 0.0226 1700 | 1699 03 00146 129 0oz 180 | 258 | 349
5/18/199 0.0269 1860 | 1650 03 00146 128 091 175 | 2=m | 3w
5/15/1395 0.0707 180 | 1680 03 00146 165 119 248 | moo | 3%
5/23/1396 00232 1820 | 1700 03 00146 131 1m 176 | =m0 | 32
5/23/199 0.0421 1820 | 1.700 03 00146 154 113 216 | 20 | 3
5/25/1395 00133 1400 | 1580 03 00146 163 116 244 | =m0 | 308
5/25/1395 0.0536 1400 | 1580 03 00146 161 124 214 | oo | 308
531199 0.0076 150 | 1530 03 00146 147 1.04 221 | =m0 | 270
5/31/199 0.0093 1150 | 1530 03 0.0146 141 101 19 |20 | 270
B/5/1355 0.0225 150 | 1640 03 00146 154 116 205 | man | 276
551395 0.0226 1250 | 1640 03 00146 144 1m 211 | ma0 | 278
6/14/199 0.0260 a1 | 1390 03 00146 121 0.3 154 | 2740 | 277
B/14/1395 0.0047 g1 | 1390 03 00146 099 0.74 130 | 740 | 227
B/20/15395 0.0017 763 | 1310 03 00146 077 051 0o | wan | 214
6/20/199 0.0024 763 | 1.310 03 00146 113 0.90 152 | 2740 | 214
76541355 0.0004 28 | 100 03 00146 0.5 051 085 | man | 154
77541355 0.0026 438 | 1070 03 00146 110 0.5 13 | o0 | 154
717199 0.0003 ;04 | 0930 03 00146 132 1.0 188 | m70 | 123
717199 0.0001 ;04 | 0990 03 00146 1.00 0.6 152 | = | 123
7/31/1598 0.0002 216 | 0720 03 00146 o84 055 147 | a0 | 114
7/31/1398 0.0000 26 | 0720 03 00146 071 052 07 | man | 114
8741395 0.0004 188 | 0710 03 00146 084 0.5 147 | %80 | 0%
8711355 0.0004 188 | 0710 03 00146 142 0.6 227 | man | 098
8/15/1396 0.0 190 | 0670 03 00146 071 052 097 | men | oes
4731396 0.0221 569 | 1.090 03 00146 1.00 0.78 17 | 20| 1
411199 0.0426 3020 | 2000 03 0.0146 1.04 077 15 | 4m | 428
5/14/1396 0.0320 2530 | 1870 03 00146 173 0.5 177 | ;a0 | 3
5/17/1396 0.0806 ;|90 | 2280 03 00146 231 131 153 |00 | 473
5/28/199 0.0050 0.0 | 2072 03 00146 075 0.5 0% | 220 | a4
B/17/1596 0.0076 050 | 1240 03 00146 0.9 0.74 206 | 7on | 300
44101597 0.0249 349 | 0780 03 00146 0% 0.74 13 | o0 | 169
57211397 0.0067 992 | 1.450 03 00146 120 0.6 165 | 3250 | 287
5811357 0.0851 357.0 | 1.990 03 00146 133 0.0 200 | 3420 | 454
51141507 0.1072 380 | 2130 03 00146 270 168 448 | o0 | 448
5/13/1997 0.1499 4580 | 2280 03 00146 145 0.9 234 | 380 | 629
651357 00151 1700 | 1610 03 00146 167 1.04 280 | 270 | 349
771597 0.0079 374 | 0750 03 0.0146 o8z 0.5 fod | o0 | &
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Table C.47. Data from South Fork Salmon River, ID

] | Helley
Date G (tons/day f) Qefy | b hos () Slope H‘;';:V':m"‘" H‘;']";V':,:"‘" Srr;::r:“ d'liﬁ W (R V";Z?"
EEES 00785 12700 | 4270 03 0.0025 076 05 097|070 | 278
47301985 0.0058 7760 | 3710 03 0.0025 073 05 083 |103m | 203
47301985 00121 760 | 3710 03 0.0025 08t 087 106 |1m00| 203
5/1/1985 0.0082 9530 | 4080 03 0.0025 08 [ivE] 081 |103m | 228
51271985 0.0738 13200 | 4540 03 0.0025 0.9 [ikg] 13 [10700| 272
5/7/1985 0111 1200 | 4520 03 0.0025 0.2 [ik] 122 [1mo0| 270
5E/1985 0.0468 15300 | 4720 03 0.0025 066 05 083 | 10900 | 298
55971985 0.1019 14500 | 4590 03 0.0025 076 053 os2 |10em | 287
5/15/1985 0.0562 10700 | 4.140 03 0.0025 060 [iC5 0% | 10500 | 248
5/16/1988 0.0088 10500 | 4130 03 0.0025 060 0.8 078 | 10600 | 240
511711988 0.0500 12100 | 4380 03 0.0025 088 089 118 [ 10800 | 281
52111985 0.453 18700 | 5.080 03 0.0025 091 [ikg) 125 | 1000 | 33t
52211985 06875 20400 | 5.260 03 0.0025 093 [ikg] 120 [11200| 348
5221985 12857 20400 | 5.280 03 0.0025 078 08 oo | 12m | 348
52311985 02035 22400 | 5420 03 0.0025 068 0.5 0814 | 13m0 | 388
52311985 07115 2400 | 5420 03 0.0025 102 07 132 [11300| 365
52911985 19725 16200 | 4.990 03 0.0025 149 116 192 [10900 | 33
5/29/1985 17248 16200 | 4.990 03 0.0025 164 130 210 | 10900 | 33
5/30/1935 12963 16000 | 4740 03 0.0025 150 147 195|100 | 343
57311985 12407 14200 | 4500 03 0.0025 1.66 128 218 | 10800 | 2%
6571985 0.4259 13600 | 4.440 03 0.0025 152 119 195 |10800 | 283
651985 0.8545 1610.0 | 4750 03 0.0025 148 118 18 | 11000 | 308
6/7/1985 02182 16100 | 4770 03 0.0025 105 079 tag | 1000 | 312
B/11/1985 0.0943 11600 | 4.190 03 0.0025 082 i 102 | 10800 | 261
6/12/1985 02358 11700 | 4270 03 0.0025 111 0 143 | 10800 | 258
B/17/1985 00752 8210 | 3770 03 0.0025 112 i 1o [1os00 | 212
B/16/1985 01714 70 | 3770 03 0.0025 1.00 [ikE] 130 [10s00| 221
6/19/1985 0.0552 8040 | 3670 03 0.0025 117 [l 150 | 10400 | 210
B/25/1985 0.043 5140 | 3140 03 0.0025 102 [ik] 1 [10100| 16
B/2/1985 0.0882 4800 | 3080 03 0.0025 1.08 080 150|100 | 1ar
75971985 00120 2660 | 2410 03 0.0025 149 128 175 [1o000 | 110
74101985 0.0058 2580 | 2350 03 0.0025 102 s 130 [1o000 | 110
7171985 0.0015 2110 | 2190 03 0.0025 118 [ 157 | sam | oo
74181985 0.0002 2110 | 2160 03 0.0025 081 058 108 | sm0 | oos
702311985 0.0002 1860 | 2080 03 0.0025 053 048 077 | @m | 1w
743011985 0.0016 1850 | 2030 03 0.0025 08 057 103 |sem | 0@
82011985 0.0006 1370 | 1890 03 0.0025 112 [ 152 | o7 | o7s
42211956 0.2243 14900 | 4720 03 0.0025 0.98 07 126|100 | 29
42311986 0.3604 19300 | 5.200 03 0.0025 202 134 273 11100 | 3
42411985 0.2569 17100 | 4910 03 0.0025 [k 05 og7 | 1900 | 32,
42511956 03364 16100 | 4920 03 0.0025 034 [iky) 124 [1ozoo | 306
42911986 02075 11200 | 4080 03 0.0025 1.01 07e 13 |weoo | 260
52011996 0327 17300 | 4930 03 0.0025 082 088 103 |nooo | 3m;
502111998 0.9459 22400 | 5.420 03 0.0025 083 058 11 [n3oo | 368
52211908 06636 19200 | 5170 03 0.0025 s i 0% |11200 | 3m
5231906 0.4435 17500 | 4.920 03 0.0025 [ikE] 053 0% |00 | 326
5026/1996 14956 23100 | 5380 03 0.0025 152 103 223 | 11300 | 380
52711906 2.4870 32300 | 6230 03 0.0025 116 i 162 | 11500 | 447
5/20/1998 30478 4300 | 7370 03 0.0025 1.08 078 185 | 11500 | 508
5/30/1998 1031 52600 | 7546 03 0.0025 141 102 181 |1ie9s | 501
612/1985 54263 43800 | 7.008 03 0.0025 1.66 116 238 | 11873 | 538
61371985 15785 4300 | 7.020 03 0.0025 167 113 243 | 12100 | 518
6/E/1985 5.5009 20000 | 5968 03 0.0025 177 131 243 |11307 | 428
6/7/1985 10018 27400 | 5720 03 0.0025 158 118 217 11300 | 4
6/E/1985 8.8791 32200 | 6213 03 0.0025 177 131 246 | 11375 | 45
6/10/1986 55135 22300 | 5320 03 0.0025 158 118 215 |11100 | 378
67241986 0.1389 8910 | 3.790 03 0.0025 1.04 [i:7] 134 |1@o | 228
41911994 0.019 6450 | 3301 03 0.0025 053 049 081|379 | 188
4/19/1994 0.0148 6450 | 3.301 03 0.0025 111 08l 13 |1are | tee
42011594 0.0611 6230 | 3633 03 0.0025 115 iy 143 | 10524 | 214
42011994 0.0516 6230 | 3633 03 0.0025 083 053 112|524 | 214
42811994 0.0221 6110 | 3231 03 0.0025 099 [ikgd 128 |waer | 1e
42811994 00198 6110 | 3231 03 0.0025 123 09 152 |waer | 1m
42911994 0.0074 5790 | 3.163 03 0.0025 g 058 115 |wais | 17w
42911994 00106 5790 | 3.163 03 0.0025 1.21 0w tae s | 17w
50371990 0.0042 530 | 3068 03 0.0025 1.04 [ikE] 130 w2 | 163
50371994 00125 530 | 3068 03 0.0025 116 i ta4 w270 | 163
51471994 00019 5750 | 3.154 03 0.0025 [iET] [iRs) 069|311 | 178
5/4/1991 0.025 5750 | 3.154 03 0.0025 102 e 137 || 178
5/10/1994 00131 13700 | 4441 03 0.0025 062 09 077|183t | 28
5/10/1994 0.0622 15700 | 4441 03 0.0025 078 sl 093 | 1834 | 28t
501171994 0.0482 14500 | 4590 03 0.0025 [ikE] st 0% |1886 | 297
501171994 00344 14500 | 4590 03 0.0025 [ing) 05 088 | 1886 | 297
5/15/1994 0.0080 10800 | 4058 03 0.0025 088 088 114 |wess | 250
5/15/1994 00153 10800 | 4058 03 0.0025 107 07 152 |wess | 250
51711994 0.0031 @310 | 3814 03 0.0025 i3 050 052 |mwsos | 22
5/17/1994 0.0840 9310 | 3814 03 0.0025 1.03 08l 130 |1ses | 229
5/18/1994 0.0129 6240 | 363 03 0.0025 0.94 07 120 |10s25 | 2.8
5/18/1994 0.0053 6240 | 3635 03 0.0025 0.4 058 106 | 10525 | 2.8
52411994 0.0028 8020 | 35% 03 0.0025 059 053 089 | 10509 | 211
52411994 0.0044 8020 | 359 03 0.0025 075 050 083 |10509 | 211
502511994 0.0051 870 | 3759 03 0.0025 1.05 073 142|576 | 225
502511994 0.0025 w70 | 3759 03 0.0025 059 045 077 |ws7e | 228
6/171931 0012 %30 | 3873 03 00025 143 117 175 lws22 | 2a
61171994 0.0088 %80 | 3873 03 0.0025 062 050 076 |mwe22 | 23:
61211991 0.0026 880 | 3710 03 0.0025 [ikZ] i 101 |wsss | 221
61211991 0.0053 880 | 3710 03 0.0025 104 07s 130 |wsss | 221
6871994 0.0005 5880 | 3.182 03 0.0025 [iE 043 072 |1w324 | 178
651994 0.0045 5680 | 3.182 03 0.0025 129 1.08 150 |32 | 178
6/14/1994 0.0083 180 | 2947 03 0.0025 101 [ikE] 127 w20 | 16
6/14/1994 0.0057 810 | 2947 03 0.0025 101 07s 13 w2 | 16
50211995 0.0341 980 | 3904 03 0.0025 095 076 122 |we3s | 23
5011995 0.0238 5880 | 3004 03 0.0025 098 07e 126 |we3s | 23
5/3/1995 0.0107 10300 | 3969 03 0.0025 1.66 122 228 | 10859 | 243
5/3/1995 00215 10300 | 3969 03 0.0025 133 108 161 |1wese | 243
5/9/1995 00534 16300 | 4824 03 0.0025 09 088 128 |1ges | 318
5/9/1995 0.0428 16300 | 4824 03 0.0025 101 07 125 |1ges | 318
5/10/1995 0.1264 17100 | 4910 03 0.0025 131 0% 174 1o | 33
5/10/1995 0.1045 17100 | 4910 03 0.0025 123 0.9 15 | 1iooo | 33
5/16/1995 12098 17000 | 4835 03 0.0025 1.60 131 18 |1gss | 318
5/16/1995 22128 17000 | 4835 03 0.0025 1.65 131 212 |1oses | 319
5/17/1995 3.1365 18800 | 5031 03 0.0025 1.69 133 220 |11031 | 338
5/17/1995 13148 18800 | 5031 03 0.0025 142 112 181 13| 3.
52311995 14082 25300 | 5655 03 0.0025 111 st 17 [1mw| 3w
5231995 09358 25300 | 5655 03 0.0025 1.21 [T 158 1220 39
502411995 16232 25000 | 5629 03 0.0025 1.38 110 173 1212 | 308
502411995 26578 25000 | 5629 03 0.0025 1.30 108 165 [1212| 308
57311995 0.2342 20300 | 5992 03 0.0025 0.5 [ 116 [ 11314 | 43
57311995 0.2333 20300 | 5.992 03 0.0025 091 05 130 [ 13| 43
6/1/1995 0.4166 31100 | B.134 03 0.0025 1.22 0.a0 162 | 11352 | 448
6/1/1995 0.1947 31100 | B.134 03 0.0025 0.98 073 128 11352 | 448
6/3/1995 08568 3300 | B.324 03 0.0025 1.38 1.02 18 | 11403 | 464
6/3/1995 17014 300 | B.324 03 0.0025 149 110 204 | 11403 | 454
65/1995 19353 20400 | B.000 03 0.0025 229 163 303 | 11346 | 431
6571995 29615 29400 | 6.000 03 0.0025 1.62 124 217 | 11318 | 431
6/7/1995 21213 23600 | 5.433 03 0.0025 1.92 146 252 | 11173 | 382
6/7/1995 16648 23500 | 5433 03 0.0025 1.69 129 233 11173 | 38
B/15/1995 0.2476 24100 | 5548 03 0.0025 [T 058 17 |mes | 3er
B/15/1995 0.0879 24100 | 5548 03 0.0025 07e 051 100 |1es | 3er
62011995 0.1035 18300 | 4978 03 0.0025 098 075 134 |[nois| 33
62011995 0.0939 18300 | 4.978 03 0.0025 1.66 109 248 | 11014 | 333
62111995 0.1421 17100 | 4.860 03 0.0025 112 06 1o |1zoo | 325
62111995 02411 17100 | 4.860 03 0.0025 1.05 [ikg] tag |1wzoo | 325
62711995 0174 20200 | 5175 03 0.0025 115 083 153 [no77 | 3s
62711995 01327 20200 | 5175 03 0.0025 098 un 17 |norr | 3m
5/18/1997 89113 50800 | 7.425 03 0.0025 1.35 1.00 18 |ne7t | sm
5/18/1997 8.1830 50800 | 7.425 03 0.0025 1.58 117 218 | 11671 | &8
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Table C.48. Data from Squaw Creek from USFS, ID

. . Helley
Date e (tons/day-f) Qicl) | hif) s () Slope "‘Z';EV(:I':I;‘" "‘Z';;"(:ﬂ;‘h Srr;::'r:n?ﬁﬁ W (fo V(';f;"
E/221991 D213 B2 | 0749 03 D00 EE T34 3% | 7@ | 140
Bi4/1591 0.0553 103 | na03 0.3 0.0240 1.48 108 197 | so0 | 1e0
B/ 41991 0.0606 128 | 0784 0.3 0.0240 167 120 243 | 810 | 201
50471593 0.0340 71 | oers 03 0.0240 115 0.70 208 | ra | 148
5/12/1993 0.0178 g5 | o710 03 0.0240 0.95 0Es 147 | 740 | 182
5/17/1993 01878 4n | 073 03 00240 126 084 188 | am | 2%
£/20/1933 01482 174 | 08B 03 00240 13 09 ton | &a0 | 245
5/26/1993 0.0323 150 | 07e3 0.3 0.0240 111 076 163 | 770 | 248
Bi3/1593 0017 132 | 07es 0.3 0.0240 104 072 145 | 7e0 | 22
B/10/1933 007 128 | Desd 03 0.0240 135 07 188 | 740 | 251
74741593 0.0188 B | 0580 03 0.0240 161 0.8 200 | ron | 163
47251934 00023 56 | 0R49 03 00240 093 052 172 | 780 | 193
472611934 00011 78 | n&m 03 00240 086 051 141 | 7a0 | 175
5/1211934 0.0766 133 | 06% 0.3 0.0240 177 107 318 | 770 | 28
£/16/1934 0.0048 108 | 08D 0.3 0.0240 135 08 20 | 7en | 2z
£/15/1934 0.0025 02 | 064 0.3 0.0240 121 078 1az | 740 | 217
£/23/1934 0.0061 04 | 065 0.3 0.0240 127 076 217 | 740 | 224
£/26/1934 0.0075 03 | 060 0.3 0.0240 132 0Es 202 | 740 | 221
Bi2/1594 0.0228 N0 | 067 0.3 0.0240 189 119 305 | ran | 23
Bi2/1594 0.0012 1o | 0ew 0.3 0.0240 109 0E7 161 | 7e0 | 23
5241594 0.0041 1o | 06w 03 0.0240 137 082 224 | a0 | 23
5271594 0.0018 1o | 067 03 0.0240 174 115 400 | raD | 23
B394 00177 1n | g7 03 00240 369 202 832 | a0 | 23
5/1011955 0.0078 126 | 071 0.3 0.0240 0.9z 053 137 | 7e0 | 234
£/16/1955 0.0055 17 | 067 0.3 0.0240 1.04 &7 176 | so8 | 214
£/24/1935 0.0763 151 | 0716 0.3 0.0240 155 101 246 | 7e0 | 270
£/3111935 0.0213 166 | 0719 0.3 0.0240 136 0.5 17 | 7o0 | 203
E/1595 0.0746 205 | o7 0.3 0.0240 274 154 504 | B | a4
B/1341935 0.0645 212 | ness 0.3 0.0240 555 273 1134 | sen | a47
B/15/1935 0.064 25 |om2 0.3 0.0240 168 118 345 | om0 | 38
5/26/1935 0.0347 174 | 0705 03 0.0240 128 0 173 | 7e0 | 329
3/26/1995 0.0018 13 | 0845 03 0.0240 0.58 0.44 o7e | ra0 | 23
4941596 00143 187 | 07Ep 03 00240 a7 056 148 | 70 | 317
472311995 00223 138 | 0648 03 00240 3% 179 BE4 | 7e0 | 280
E/5/1596 0.0147 121 | 067 0.3 0.0240 241 131 53 | 780 | 254
£/221199 0.0369 03 | o7se 0.3 0.0240 164 0.6 468 | 970 | 415
£/26/1995 0.0716 23 | o7 0.3 0.0240 454 20 1152 | 1000 | 428
BA4/1596 0.0675 401 | 0873 0.3 0.0240 1.42 0.72 303 | Moo | 48
B/13/1995 1.0001 536 | 107 0.3 0.0240 £.50 273 1282 | 1100 | 449
B/17/1995 0.5274 453 | 0928 0.3 0.0240 £33 258 1174 |11 | 432
B/24/1995 0.1000 246 | ness 0.3 0.0240 281 168 574 | 1070 | =4
74141596 0.0004 200 | 0es 0.3 0.0240 139 0.79 2% | 1060 | =40
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Table C.49. Data from Squaw Creek from USGS, ID

. . Helley
Date Ohs (tonsiday-fy Qcfs) | hifg h,s () Slope H‘;';f]“'"im;'h H'Z';g"(ri’r:;th Sn::::n 1:65 W () V['f"tfs?"
511711584 0.0086 256 | 0.560 03 00100 066 0a3 D& | 2280 | 1.60
51171584 0.0030 296 | 0.8A0 03 00100 0.8 0.64 147 | 2280 | 1s0
512011584 0.0013 266 | 0.890 03 00100 0.93 0.68 125 | 2230 | 144
5/2011534 0.0021 266 | 0.890 03 0.0100 1.01 073 141 | 2230 | 144
5/25/15934 0.0000 249 | 0.840 03 0.0100 0.46 0.3 067 | 2280 | 131
52511534 0.0008 248 | 0850 03 0.0100 0.60 0.45 nel | 2280 | 131
512711534 0.0020 78 | 0870 03 0.0100 0.54 0.44 067 | 2250 | 1.4
52711584 0.0024 278 | 0870 03 0.0100 0.53 0.43 065 | 2250 | 1.4
B/3/1594 0.0001 170 | 0780 03 00100 0.0 0.41 076 | 2100 | 103
B/1211584 0.0002 141 | n7a0 03 00100 0.88 0.5 125 | o080 | 080
B/1211584 0.0001 141 | 070 03 00100 061 0.2 074 | 2080 | 000
412611505 0.0337 6.3 | 1020 03 0.0100 0.70 0.56 097 | 2200 | 1.2
412611505 0.0402 2.3 | 1.020 03 0.0100 0.63 0.51 083 | 2200 | 1.6
412311805 0.0175 326 | 1.030 03 0.0100 0.66 0.54 083 | 2330 | 1.3
472971305 0.0175 326 | 1.030 03 0.0100 0.84 067 105 | 2330 | 13
5/4/1995 0.0266 343 | 1.070 03 0.0100 0.62 053 075 | 2360 | 1.3
5/4/1995 0.0173 343 | 1.070 03 0.0100 0.68 0.54 090 | 2380 | 1.3
5/5/1995 0.0022 357 | 1.080 03 0.0100 0.44 0.38 048 | 2380 | 1.3
5/5/1995 0.0102 357 | 1.080 03 0.0100 0.61 0.50 078 | 2380 | 1.3
5/5/1995 0.0431 45 | 1230 03 0.0100 0.61 0.48 078 | 2480 | 151
5/5/1995 0.0882 455 | 1230 03 0.0100 0.58 0.48 070 | 2480 | 151
5/5/1995 0.0063 510 | 1.240 03 0.0100 0.45 0.40 080 | 2480 | 1.63
5/3/1595 00168 551 | 1.200 03 00100 a7 0.48 070 | 2aE0 | 179
5/9/1595 0.0248 851 | 1.200 03 00100 0.&1 0.58 111 | 2880 | 179
511211505 00332 766 | 1340 03 00100 0.51 0.44 062 | 2610 | 216
5/1211905 0.0414 766 | 1350 03 0.0100 0.56 0.47 068 | 2610 | 216
5/1411505 0.0086 619 | 1300 03 0.0100 0.68 053 093 | 2480 | 1.92
5/1411805 0.0073 518 | 1300 03 0.0100 0.45 0.40 052 | 2480 | 1.2
5161805 0.0265 540 | 1.430 03 0.0100 065 0.0 09 | 2880 | 2%
5/16/1995 0.0216 540 | 1.430 03 0.0100 0.71 0.52 107 | 2880 | 2%
5/18/1995 0.0825 180 | 1510 03 0.0100 208 .11 440 | 2800 | 270
5/18/1885 0.0528 150 | 1510 03 0.0100 1.0 1.06 333 | 2800 | 270
5/18/1885 03182 1380 | 1530 03 0.0100 268 1.65 561 | 2820 | 299
5/18/1885 0.0855 1380 | 1.530 03 0.0100 7.68 1.51 284 | 220 | 208
5/18/155 0.1B52 1380 | 1530 03 0.0100 1.71 1.0 378 | 2820 | 299
52111595 0.1267 156.0 | 1.560 03 0.0100 4.08 1.70 078 | 030 | 329
52111585 0,085 1860 | 1.560 03 00100 1.41 0.0 242 | 3030 | 329
52211505 00577 1540 | 150 03 00100 1.56 0.93 277 | =080 | 348
512211505 01131 1540 | 1580 03 00100 430 220 522 | 3080 | 348
5/2311905 0.0406 1610 | 1580 03 0.0100 0.9 0.65 126 | 3030 | 3%
5/2311905 0.0370 1610 | 1580 03 0.0100 070 0.54 094 | 3030 | 3%
5/2411805 0.0532 1360 | 1620 03 0.0100 1.90 1.10 445 | 270 | 287
5/2411305 0.0872 1360 | 1620 03 0.0100 388 1.67 129 | 2070 | 267
5/29/1995 0.0459 1260 | 1540 03 0.0100 1.93 117 332 | 2840 | 203
5/29/1995 0.1539 1260 | 1540 03 0.0100 1029 321 2378 | 2840 | 203
5/28/1885 0.0266 1260 | 1.540 03 0.0100 176 0.98 354 | 2840 | 253
B/4/1995 05119 7.0 | 1520 03 0.0100 1.06 072 180 | 4610 | 380
B/4/1995 0.5800 267.0 | 1520 03 0.0100 117 0.82 185 | 4610 | 380
B/7/1995 0.1805 000 | 1.270 03 0.0100 1.00 0.68 200 | 4480 | 351
B/7/1995 0.1471 000 | 1.270 03 0.0100 0.84 0.63 119 | 4460 | 350
B/11115885 01435 1500 | 1.100 03 00100 0.95 062 241 | 4230 | 3z
B/11115885 03310 1500 | 1.400 03 00100 150 0.8 565 | 4230 | 3z
B/1111585 0.4846 1500 | 1.400 03 00100 131 0.86 217 | 4230 | 3z
B/1411905 0.4263 2620 | 1.490 03 0.0100 074 057 106 | 4530 | 374
6/1411505 0.5541 2620 | 1.490 03 0.0100 0.99 0.71 224 | 4530 | 374
B/16/1805 0.6056 250 | 1420 03 0.0100 145 0.91 308 | 4450 | 369
B/16/1305 0.4098 250 | 1420 03 0.0100 0.84 063 118 | 4400 | 380
B/21/1995 0.0374 1540 | 1.130 03 0.0100 0.7 0.47 070 | 4310 | 345
B/21/1995 0.0787 1540 | 1.130 03 0.0100 0.7 0.62 140 | 4300 | 318
B/23/1885 0.1200 1470 | 1090 03 0.0100 0.65 053 084 | 4280 | 319
B/23/1885 0.1521 1470 | 1090 03 0.0100 079 0.58 115 | 4280 | 319
7/3/1995 0.0429 1320 | 1070 03 0.0100 0.0 0.58 125 | m70 | 288
7151995 0.0381 1320 | 1070 03 0.0100 1.54 1.00 218 | 4170 | 208
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Table C.50. Data from Thompson Creek, ID

. . Helley
Date ane (tonsiday-f) Qcs) | hif s {0 Slope H';';f]”’(r‘:m;'h "‘Z';‘;“'(ri':l;‘h Sn;:::n ?ss W (i V(':U‘;;’"
/1171995 00149 N8 | nes 03 00153 047 04 056 | 1854 | 269
£/1211995 0.0653 439 | 0872 03 0.0153 083 051 123 | 1869 | 289
5/1211995 0.0403 439 | 0872 03 0.0153 0.5 051 0ge | 1969 | 269
5/14/1995 0.0089 M9 | 077 03 0.0153 057 0.46 106 | 1775 | 28
5/14/1995 0.0299 N9 | 077 03 0.0153 080 050 110 | 1775 | 2
5/14/1935 0.0129 N9 | 077 03 0.0153 057 0.54 0ge | 1775 | 229
5/16/1995 0.0391 g51 | 093 03 0.0153 0.56 0.47 072 | 1939 | 309
5/18/1995 0.1125 744 | 1033 0.3 0.0153 087 051 132 | 203 | 353
5/16/1995 0.1395 744 | 1033 03 0.0153 0.7 057 0o0 | 2036 | 359
572111995 0.1365 gaa | 1072 03 0.0153 0.93 0,64 145 | 2074 | ars
572111995 0.3390 gaa | 1072 03 0.0153 1.29 0.95 186 | 2074 | ars
52311995 0.0840 g0 | 1058 03 0.0153 0.8 055 135 | 2080 | a&7
5231995 0.0739 g0 | 1058 03 0.0153 0.70 051 113 | 2080 | a&r
5261935 0.0707 56 | 0992 03 00153 07s 057 0 | 1995 | a9t
5261935 . 0652 56 | 0992 03 00153 078 060 102 | 1998 | as
573011995 0.1515 765 | 1043 03 0.0153 0.74 058 096 | 2045 | 359
573011995 0.1530 765 | 1043 03 0.0153 0.79 051 102 | 245 | 3m
B/4/1905 0.4102 118.0 | 1.193 03 0.0153 097 058 133 | 2104 | 448
B/4/1505 0.5424 118.0 | 1.193 03 0.0153 1.02 0.74 135 | 2104 | 448
B/5/1995 0,994 1240 | 1218 03 0.0153 111 080 161 | 2212 | 40
B/5/1995 06602 1240 | 1218 03 0.0153 0.8 05 128 | 212 | 4m
57771995 0.1405 g3 | 1084 03 0.0153 058 052 095 | 2085 | 381
B/7/1995 0.1573 g3 | 1084 03 0.0153 0.70 055 093 | 2085 | 381
B/9/1995 0.1557 B51 | 0995 03 0.0153 085 052 126 | 1@97 | am
B/9/1995 0.1267 B51 | 0995 03 0.0153 0.7 0.54 101 | 1me7 | am
B/1211995 0.4481 g5.4 | 1.080 03 0.0153 1.13 075 21 | 282 | 379
B/1211935 04309 g4 | 1080 03 00153 ooz 07 138 | ma2 | a9
B/GA995 07014 gan | 1095 03 00153 eI 134 765 | 2096 | 367
B/16/1995 0.4122 890 | 1095 03 0.0153 154 1.00 739 | 209 | 367
B/161995 05773 890 | 1095 03 0.0153 1.39 0.94 271 | 209 | 367
B/2111935 0.0297 570 | 0948 03 0.0153 053 0.44 067 | 1950 | 309
B/2111995 0.0249 570 | 0948 03 0.0153 053 0.44 067 | 1950 | 309
B/2211995 0.0547 51 | 093 03 0.0153 1.04 0.70 149 | 1939 | 303
B/2211995 0.0172 51 | 093 03 0.0153 0.73 0.50 111 | 1939 | 303
B/25/1995 0.0843 702 | 1014 03 0.0153 0.72 0.54 102 | 2007 | =43
B/25/1995 0.0793 702 | 1014 03 0.0153 0.70 052 101 | 2007 | 343
70411995 0.0279 458 | naoz 03 0.0153 077 0.57 103 | 1a01 | e
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Table C.51. Data from Trapj

per Creek, ID

Helley

Date Gh: tonstday-f) Qicfy | hif) b () Slope "Ed';ﬁ”‘:"r“n""‘ "Ed';';”':‘m"‘" Sn;::ll:" ?65 W ifty V('f':f':?“
479 [ 55 | 0472 03 [ T [ER 281 | B | 0@
4711984 000N 58 | 042 03 an414 049 040 072 | 1606 | 088
47741994 0.0188 B8 0.472 03 0.0414 236 087 369 16.05 089
47131994 0042 81 | ns® 03 an414 201 i3 266 | 1625 | 088
4/13/1994 0.0102 8.1 0.506 03 0.0414 1.85 081 264 16.25 058
471311931 0.0024 51 | nE 03 00414 0.98 e 21 | e | oms
472211994 0.0677 B35 1.139 03 0.0414 258 092 436 18.89 295
472241994 01726 B3.5 1.139 03 0.0414 388 264 718 18.89 285
4271994 00061 5 | 1011 03 an414 107 070 23 | 1848 | 280
A72741994 0.0078 46.9 1.011 03 0.0414 1.40 078 251 18.48 251
50441991 0 458 258 | 0798 03 0414 403 270 72 | e | 1w
5/411994 0.0376 258 0.793 03 0.0414 287 204 407 17.69 182
50401991 0.0707 %58 | 079w 03 00414 478 238 776 | res | s
5/541994 0.0026 30.4 0852 03 0.0414 2.18 089 354 17.90 199
5651991 0.0568 14 | nEs 03 00414 373 278 580 | iren | 199
5511904 004 347 | 08 03 an414 33 228 501 | 1a0E | 213
5/3/1994 0.0436 347 0.898 03 0.0414 293 201 454 18.08 213
5/11/1994 0 25 | 087 03 a4t 251 144 3 | ree | 206
571141994 0.1495 325 0875 03 0.0414 372 275 526 17.99 206
5/12/1984 0008 297 | 084 03 0414 288 218 1 | e | s
511241994 0.0181 297 0.845 03 0.0414 346 227 629 17.87 196
5/18/1994 0.0090 06 | 073 03 00414 213 0 2m | ran | 1B
5/16/1994 0.0009 206 073 03 0.0414 133 068 286 17.40 161
5/17/1991 0.033 297 | 08 03 00414 3.03 227 A | e | 1me
/171904 =T 27 | 08 03 an414 325 231 468 | rer | 1%
5201934 0.0402 %55 | 079 03 00414 3.23 220 49 | s | 18
52011904 0 0GR %5 | 0756 03 an414 374 244 528 | 17EE | 181
57231994 0.0484 265 0.807 03 0.0414 3.19 228 476 17.73 185
52311994 009 %5 | o8 03 an414 318 238 a0 | 1773 | 188
5724/1994 0.0125 246 0.784 03 0.0414 264 209 335 17.63 178
52411994 0.008R 245 | 0784 03 0414 273 219 3 | 17es | 178
572511994 0.0415 228 0.761 03 0.0414 322 240 4.47 17.53 1.70
57251994 0.0 228 | 0781 03 00414 273 211 g2 |78 | AT
57261994 0.0028 212 0.733 03 0.0414 221 1.18 277 17.44 164
52611994 0.0010 212 |07 03 00414 208 038 283 | 1 | 1B
5141934 0onsa 175 | Deea 03 an414 130 078 23 | T | 148
64141994 0.0126 17.5 0686 03 0.0414 246 169 319 17.20 1.48
521994 00174 151 | 0E47 03 a4t 271 206 3g | ol | 1
B/241994 0.0025 151 0.647 03 0.0414 092 070 173 17.01 137
B/1981 [iliiz] 125 | 0601 03 0414 212 122 2B | 1878 | 124
B/841994 0.0022 125 0601 03 0.0414 1.4 078 256 16.78 124
B5/1991 0004 125 | 0801 03 00414 218 e 308 | 1e78 | 12
B/3/1994 0.0020 1.0 0571 03 0.0414 203 095 307 16.62 1.15
5/9/1991 00031 1o | osn 03 00414 208 0w o0 | teez | 108
51904 0,003 1 | a5 03 an414 314 176 Bea | 16E2 | 115
£/221994 [ilize 190 | 0708 03 00414 258 1.1 38 | ra | 188
52211904 00254 180 | 0708 03 an414 236 155 288 | 1ran | 1%
B/22/1994 0.0578 18.0 0.708 03 0.0414 259 195 338 17.30 155
572811994 .00 123 | ages 03 an414 07 046 14 | e7TE | 12
B/28/1994 0.0057 12.2 0595 03 0.0414 103 073 195 16.75 122
B/2B/1994 00004 122 | 0895 03 0414 o5 070 185 | 1B7A | 122
711311994 0.0003 BS 0.465 03 0.0414 050 070 1.42 16.00 087
7/13193 00020 55 | 0485 03 00414 078 063 0w | e | osr
711311994 0.0007 BS 0.465 03 0.0414 1 077 210 16.00 087
851931 0.0008 14 | 039% 03 00414 058 072 20 | 155 | o
81904 0,000 14 |03 03 an414 168 i 245 | 1555 | 070
851931 n.0008 14 | 03% 03 00414 222 12 291 | 1553 | o
87281994 00010 21 |z 03 an414 3 0 0Ee | 172 | 047
B8/25/1994 00011 21 0.296 03 0.0414 132 085 224 14.72 047
872811994 00011 21 |z 03 a4t 228 a7 37 || ow
972041994 0.0003 17 0273 03 0.0414 27 238 307 14.50 042
8201994 0001 17 |0 03 an414 2m & 3 | uEn | 0w
972041994 0.0000 17 0273 03 0.0414 056 053 186 14.50 042
4195 00044 120 | 0&0 03 0414 172 130 2% || 113
A/5/1995 0.0093 12.0 0610 03 0.0414 150 121 186 17.10 1.13
4/1241995 0 00D 120 | 060 03 0414 198 118 280 | tron | 114
4/12/1995 0.0019 12.0 0.600 03 0.0414 224 170 283 17.20 1.14
472011935 0.0008 95 | 0560 03 00414 157 122 20 | 7o | 1ms
472041995 0.0006 95 0.560 03 0.0414 21 153 280 17.00 105
472811935 00084 1 | 0&m 03 00414 219 181 28 | o | 10s
47501305 0,000 14 | asm 03 an414 ] 163 3o | aran | 118
5/1/1938 00142 28 | 070 03 00414 a0 127 261 | 1m0 | 183
5/1/1985 0003 28 | n7en 03 an414 203 150 288 | e | 163
5811938 01519 g0 | 12310 03 00414 364 226 706 | 2080 | 3m
5511995 02280 B0 | 120 03 an414 iy 308 1365 | 08 | a0
571141995 01067 B81.5 1.870 03 0.0414 334 231 5.46 2090 279
5/11/1995 [l 815 | &0 03 a4t 308 215 4m | onan | 278
5/15/1995 0.0293 435 0.982 03 0.0414 263 183 372 18.38 241
5/15/1995 00299 $35 | nom 03 an414 27 165 305 | 183 | 241
51741995 0.0514 53.0 1.160 03 0.0414 286 210 391 18.50 248
5/17/195 00218 530 | 1160 03 0414 234 188 318 | 1880 | 248
572211995 0.0106 53.0 1.140 03 0.0414 217 161 284 18.50 249
572211995 000w 530 | 110 03 0414 251 182 33 | 1msn | 249
5/24/1995 0.0344 46.8 1.080 03 0.0414 325 227 536 18.30 224
52441935 00127 485 | 1080 03 00414 2.2 178 327 | 1m3 | 2:
573041995 0.0016 335 0.960 03 0.0414 196 1.44 2861 18.10 199
53011935 0,003 335 | 090 03 00414 250 198 316 | 180 | 199
B71995 0.0308 40.8 1.020 03 0.0414 310 198 689 18.20 197
87711935 00190 408 | 100 03 00414 250 181 EE T I L
5/14/1995 00149 %1 | 064 03 an414 351 264 572 | e | 15
B/14/1935 00033 5.1 | 0an 03 00414 20 150 281 | 1w | 153
£/18/1995 00134 181 | 0740 03 an414 288 218 383 | e | 136
B/19/1995 00151 18.1 0.740 03 0.0414 283 206 391 18.00 136
71995 .00 05 | a&Do 03 a4t 126 S 166 | 1700 | 1m
74511995 0.0002 105 0.610 03 0.0414 1.41 1.04 193 17.10 1.02
7/181995 .00 73 | asa0 03 an414 096 072 176 | 1870 | 077
B/3/1995 0.0001 43 0.490 03 0.0414 1.41 1.04 193 15.30 0.56
83195 [iliii 13 | 0490 03 0414 254 218 357 | 1530 | 08
B/8/1995 0.0001 45 0500 03 0.0414 200 131 300 15.40 057
81995 00001 45 | n&00 03 0414 1m 068 180 | 1540 | 0s7
B8/14/1995 0.0001 35 0.470 03 0.0414 200 131 300 14.80 0.49
8/14/1938 00004 35 | 0470 03 00414 219 153 293 | 1A | 049
4/12/1996 0.1364 B4.5 1.260 03 0.0414 356 235 B.15 18.40 267
5/15/1998 04157 935 | 1490 03 00414 258 208 43 | 2070 | 340
572141996 0.0491 B84.0 1.350 03 0.0414 745 295 2345 21.20 284
£/13/1998 0.0098 267 | 08 03 00414 084 08 181 | 180 | 178
51251196 00015 125 | aEn 03 an414 076 [ 17 |7 | 142
47111997 0.0008 64 | 0520 03 00414 00 058 280 | 1570 | 089
571957 01341 57 | nain 03 an414 329 217 53 | 1aa | 240
B/11/1997 0.00% 490 | 0@ 03 00414 280 177 4 | e | asr
5722197 00058 25 | om0 03 an414 EE 21 718 | 15e0 | 2
B8/18/1997 0.0002 40 0.360 0.3 0.0414 1.19 082 195 15.80 068
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Table C.52. Data from Valley Creek, ID 1

. . Helley
Date s (tonsiday-fy Qcfs) | hifg hs () Slope H‘:l'éf]“'(rim;'h H'Z';;“'(ri’r:;th Sruz:lt::n ?55 W (Y V(';'Ues?"
471871884 0.0108 2460 | 1546 03 0.0040 067 047 095 | 7413 | 215
411811884 0.0123 2460 | 1546 03 0.0040 0.61 0.48 078 | 7413 | 215
472111504 0.1192 2850 | 1643 03 0.0040 1.29 0.98 1BE | 742 | 232
472111504 0.0822 2850 | 1643 03 0.0040 1.30 1.00 1BG | 742 | 232
412611504 0.0138 2210 | 1479 03 0.0040 1.00 0.78 133 | 7386 | 208
42611584 0.0041 2210 | 1479 03 0.0040 117 0.94 142 | 7386 | 208
42811504 0.0065 1690 | 1.324 03 0.0040 1.18 0.83 170 | 728 | 177
472811334 0.0136 1690 | 1324 03 0.0040 1.35 .11 163 | 726 | 177
5/3/1994 0.0194 1660 | 1315 03 0.0040 161 1.16 234 | 7206 | 175
5/3/1994 0.0165 1660 | 1315 03 0.0040 1.20 0.88 1E0 | 7206 | 178
5/5/1994 0.0123 1850 | 1375 03 0.0040 1.41 1.13 177 | 7263 | 1ms
5/5/1994 0.0051 1850 | 1375 03 0.0040 1.99 1.40 273 | 7263 | 185
511011934 0.0947 3360 | 1758 03 0.0040 0.99 073 142 | reE2 | 282
511011934 0.2335 3360 | 1758 03 0.0040 1.44 1.04 200 | 7am2 | 282
51211934 0.4188 080 | 1904 03 0.0040 1.67 1.20 23 | /689 | 279
5/12/1884 0.2666 4080 | 1904 03 0.0040 1.51 1.14 200 | 7689 | 279
5/15/1884 0.0457 3830 | 1734 03 0.0040 1.33 0.92 186 | 7E09 | 259
5/15/1884 0.0297 3830 | 1754 03 0.0040 1.88 1.3 285 | 7609 | 259
5/1711884 0.0245 3180 | 1721 03 0.0040 1.42 0.93 222 | 7853 | 246
5/1711884 0.0393 3180 | 1721 03 0.0040 1.80 1.34 261 | 7853 | 246
5/18/1884 0.0767 2040 | 1664 03 0.0040 1.60 1.2 213 | 7809 | 23
5/18/1884 0.0525 2040 | 1664 03 0.0040 1.44 1.08 181 | 7508 | 23
52411884 0.0842 210 | 1479 03 0.0040 1.42 1.09 185 | 73sE | 203
5/2411884 0.0794 2210 | 1479 03 0.0040 1.32 1.0 171 | 7386 | 208
5/26/1884 0.1481 2630 | 1564 03 0.0040 1.97 1.2 257 | 7428 | 218
5/26/1504 0.1817 2630 | 1564 03 0.0040 2.08 1.61 268 | 7428 | 218
B/1/1994 0.1530 3360 | 1758 03 0.0040 1.67 1.23 200 | 7882 | 282
B/1/1994 0.0728 3360 | 1758 03 0.0040 1.98 1.40 285 | 7882 | 242
B/3/1994 0.0408 2050 | 1666 03 0.0040 0.93 0.70 143 | 7a11 | 2%
B/3/1994 00172 2050 | 1666 03 0.0040 1.72 0.95 36 | 7811 | 2%
B/G/1994 0.0231 2640 | 1592 03 0.0040 1.25 0.90 174 | 7481 | 223
B/G/1994 00107 2640 | 1582 03 0.0040 1.33 1.05 167 | 7481 | 223
B/1311584 0.0160 2530 | 1564 03 0.0040 1.3 1.00 181 | 7428 | 218
B/1311584 0.0063 2530 | 1564 03 0.0040 238 1.67 316 | 7428 | 218
5/2/1995 0.0300 2660 | 1601 03 0.0040 2.00 1.3 372 | 7459 | 224
5/2/1995 0.0040 2660 | 1601 03 0.0040 1.54 1.0 22 | 7459 | 224
5/3/1995 0.0780 2770 | 1623 03 0.0040 1.23 0.93 166 | 7477 | 208
5/3/1995 00199 770 | 1B 03 0.0040 172 111 260 | 7477 | 2
5911995 0.0962 20 | 183 03 0.0040 211 1,85 208 | 7638 | 266
5911995 01401 F20 | 183 03 0.0040 257 1.75 374 | 7638 | 266
5/101195 0.1536 060 | 1.651 03 0.0040 1.11 0.61 147 |z | 278
5/10/1985 0.2203 6.0 | 1.651 03 0.0040 161 1.20 226 | 7672 | 275
5/1711505 0.0a11 5410 | 2139 03 0.0040 1.10 072 156 | 7646 | 3.3
5/1711505 0.0870 5410 | 2139 03 0.0040 0.91 0.62 134 | 746 | 32
5/16/1905 0.1475 5560 | 2166 03 0.0040 1.26 0.89 175 | 7664 | 38
5/16/1805 0.1704 5560 | 2166 03 0.0040 126 0.90 177 | 78B4 | 38
5/2311805 0.3686 BA0.0 | 2350 03 0.0040 1.50 .11 203 | 7977 | 364
5/2311805 0.4601 BA0.0 | 2350 03 0.0040 201 1.3 283 | 7977 | 364
5/2411805 0.4160 BRE.0 | 2350 03 0.0040 140 1.0 1893 | 7982 | 388
5/2411305 0.3984 BAE.0 | 2350 03 0.0040 1.47 1.10 197 | 7982 | 38
53111805 0.1294 7560 | 2455 03 0.0040 1.11 079 157 | e03s | 384
53111985 02327 7560 | 2455 03 0.0040 155 1.09 231 | B038 | 364
B/1/1995 02150 7RE.0 | 2458 03 0.0040 148 0.97 237 | B04s | a&
5/1/1995 01764 7EE.0 | 2458 03 0.0040 1.49 1.00 23 | 8048 | 387
B/4/1995 0.1856 8930 | 2629 03 0.0040 1.76 1.15 280 | 8138 | 419
B/4/1995 0.1561 8930 | 2629 03 0.0040 175 1.20 285 | 8138 | 419
B/5/1995 0.3954 10300 | 2789 03 0.0040 215 1.4 332 | 8219 | 4851
B/5/1995 0.1764 10300 | 2789 03 0.0040 143 1.0 200 | 8219 | 451
B//1995 0.0851 10300 | 2.789 03 0.0040 125 0.88 171 | &8 | am:
B//1995 0.1716 10300 | 2.789 03 0.0040 160 1.10 247 | 8219 | 451
B/13/1885 0.2501 786.0 | 2.455 03 0.0040 1.36 1.05 181 | @038 | =84
B/13/1885 0.1617 786.0 | 2.455 03 0.0040 151 1.09 263 | 8038 | 384
B/20/1885 0.0B04 B39.0 | 2563 03 0.0040 1.16 0.84 161 | 8088 | 408
B/20/1885 0.1182 5390 | 2563 03 0.0040 166 1.16 253 | B09E | 405
B/27/1885 0.8502 B47.0 | 2573 03 0.0040 282 203 391 | 8104 | A7
B/27/1885 07120 B47.0 | 2573 03 0.0040 243 1.72 330 | 8104 | A7
B/25/1885 0.5366 B07.0 | 2646 03 0.0040 216 1.47 341 | Bl44 | 42
B/25/1885 0.9025 B07.0 | 2646 03 0.0040 225 1.53 337 | 8144 | 4m
5/18/1897 1.0486 14200 | 3.183 03 0.0040 233 1.53 38 | 8411 | &
51811897 1.0693 13000 | 3.158 03 0.0040 5.5 3.21 06 | 5398 | 527
B/7/1997 02511 12300 | 3.000 03 0.0040 1.54 1.22 185 | @324 | am4
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Table C.53. Data from Valley Creek, ID 2

B B Helley
Date s (tons/day-f0 Qcfs) | b b () Slope H'L';E“'(ri':")‘h HZ';?'{;':];‘“ Srr[-:;hm-;lﬁﬁ W (fY V{rf"ues?"
TRER 0273 12300 | 3.000 ] 0.0040 23 T2 508 | o924 | 404
5/10/1934 0.0420 200 | 1723 0.3 0.0040 129 0.96 171 | 7555 | 2.4
5A0/1994 01735 300 | 1723 03 0.0040 182 1.40 249 | 7555 | 248
5/10/1994 0.0290 00 | 1723 0.3 0.0040 133 1.04 170 | 7555 | 2.4
51511994 0.0412 3590 | 1604 03 0.0040 192 139 270 | 7616 | 261
5/15/1994 0.1074 3530 | 1.804 0.3 0.0040 1.4 117 183 | 7818 | 281
5/16/1934 0.0922 040 | 1687 0.3 0.0040 195 142 287 | 7827 | 240
51611994 0.0030 040 | 1687 0.3 0.0040 0.80 0.63 104 | 7527 | 240
5/16/1934 0.0270 040 | 1687 0.3 0.0040 245 1.7 344 | 7827 | 240
5171994 0.0026 20 | 1732 0.3 0.0040 123 0.90 185 | 7562 | 248
51711934 0.0041 240 | 173 0.3 0.0040 120 0.9 152 | 7562 | 248
5/20/1994 0.0013 2490 | 1551 0.3 0.0040 1.03 0.0 127 | 7418 | 218
5/20/1934 0.0042 2430 | 1551 0.3 0.0040 165 122 23 | 7418 | 26
52311994 0.0043 2200 | 1476 03 0.0040 150 125 199 | 7354 | 203
5/23/1994 0.0038 2200 | 1.475 0.3 0.0040 114 0.88 144 | 7354 | 203
5/26/1994 0.0771 2490 | 1551 03 0.0040 £ 219 472 | 7418 | 26
5/26/1994 0.0054 2080 | 1551 0.3 0.0040 181 125 282 | 7418 | 208
5/26/1934 0.0959 50 | 1777 0.3 0.0040 115 0.91 145 | 7596 | 256
5/268/1994 0.0712 50 | 1777 0.3 0.0040 154 1.20 197 | 7596 | 25
B394 0.0071 2380 | 1525 0.3 0.0040 2% 156 306 | 7396 | 201
B/3M 994 0.0018 2380 | 155 0.3 0.0040 1.07 0.8 134 | 7396 | 2.1
B/E/1994 0.0017 200 | 1475 0.3 0.0040 121 0.89 162 | 7354 | 203
BB 994 0.0016 200 | 1476 03 0.0040 207 1.9 429 | 7354 | 2m
B/10/1934 0.0021 193.0 | 1.399 0.3 0.0040 121 0.99 148 | 7285 | 189
BA0/1994 0.0009 193.0 | 1.399 03 0.0040 136 1.1 165 | 7285 | 189
4/23/1995 0.0015 2130 | 1.474 0.3 0.0040 073 0.55 096 | 7352 | am
472311995 0.0169 2190 | 1.474 03 0.0040 126 0.97 163 | 7352 | 202
4/30/1995 0.1418 2380 | 152 0.3 0.0040 217 153 317 | 73sa | 212
47301935 01365 230 | 1529 0.3 0.0040 189 139 269 | /3@ | 202
5731995 0.2280 2670 | 1599 0.3 0.0040 172 126 242 | 7457 | 224
5/3/1995 0.1837 2670 | 1599 0.3 0.0040 192 147 259 | 7457 | 2m
5141995 0.1985 780 | 1625 0.3 0.0040 152 1.14 202 | 7473 | 229
50471995 0.1052 2780 | 1626 0.3 0.0040 1.90 1.40 261 | 7479 | 229
5051995 01224 340 | 1857 03 0.0040 169 120 254 | 7655 | 270
5/5/1995 0.1176 |40 | 1857 0.3 0.0040 195 134 200 | 765 | 270
5081995 0.0849 3430 | 1773 03 0.0040 166 124 23 | 7583 | 25
5/5/1995 0.0341 3130 | 1.773 0.3 0.0040 130 0.99 170 | 7583 | 255
5971995 0232 3750 | 1839 03 0.0040 175 132 244 | 7642 | 267
5/9/1995 0.2460 750 | 1639 0.3 0.0040 164 127 221 | 7642 | 267
5/10/1935 0.1193 300 | 1.849 0.3 0.0040 176 129 251 | 7649 | 269
5101995 0.1280 3800 | 1649 0.3 0.0040 200 1.46 275 | 7649 | 269
5/11/1935 0.0223 4500 | 1.983 0.3 0.0040 154 0.99 240 | 7743 | 294
51111995 0.0485 4500 | 1983 0.3 0.0040 193 127 289 | 7743 | 294
5/15/1935 0.1004 3830 | 1865 0.3 0.0040 143 1.14 173 | 7661 | 272
51511995 0.0337 330 | 1.865 0.3 0.0040 187 134 278 | 7681 | 272
5/15/1995 0.0265 3830 | 1865 0.3 0.0040 28 201 395 | 7661 | 272
51711995 0.4232 517.0 | 2.099 0.3 0.0040 181 126 271 | 7821 | a8
51711995 0.2748 517.0 | 2.09 0.3 0.0040 23 155 353 | 7821 | 306
51911995 0,560 5520 | 2157 03 0.0040 140 105 188 | 7858 | 3%
5/19/1995 0.6557 5520 | 2157 0.3 0.0040 281 1.9 115 | 785 | 328
52111995 0.8965 6040 | 2298 03 0.0040 191 139 281 | 7a08 | 342
5/21/1995 0.3920 G040 | 203 0.3 0.0040 20 136 307 | 7909 | 342
572011995 0.2986 B30 | 2285 03 0.0040 155 101 245 | 793 | 351
5/22/1995 0.6614 380 | 2.5 0.3 0.0040 151 105 223 | 793 | a5
572411935 0.4867 250 | 2270 0.3 0.0040 208 139 295 | 7928 | 348
5/24/1995 0.2914 250 | 2070 0.3 0.0040 1.99 132 289 | 7928 | 348
5/28/1935 0.5359 5320 | 2124 0.3 0.0040 158 1,15 220 | 783 | 3
5/268/1995 0.49%64 5320 | 2124 0.3 0.0040 1.0 126 266 | 7837 | 30
5/29/1935 0.3108 5770 | 219 0.3 0.0040 172 127 246 | 7883 | 334
5/29/1995 0.4554 5770 | 219 0.3 0.0040 210 1.49 285 | 7883 | 334
5/30/1995 0.2392 410 | 2094 0.3 0.0040 142 1.00 202 | 7943 | 353
57011995 0.4054 6410 | 2.294 0.3 0.0040 3.04 193 450 | 7943 | 353
Bi2/1995 0.9745 7730 | 2485 0.3 0.0040 248 169 355 | 8055 | 390
BI2M 95 0.9351 7790 | 2486 03 0.0040 313 213 465 | 8055 | 390
B/5/1995 0.33%7 8900 | 2625 0.3 0.0040 248 147 399 | 8133 | 418
BI5H 95 0.2017 8900 | 2676 03 0.0040 148 101 226 | 8133 | 418
B/7/1995 0.0913 7730 | 2478 0.3 0.0040 160 1.12 233 | 805 | 389
B/7 11995 0.2087 7730 | 2.478 03 0.0040 271 170 127 | 805 | 389
5/9/1995 0.7154 7200 | 2.408 0.3 0.0040 365 225 573 | 8009 | a7s
B//1995 0.5804 7200 | 2408 0.3 0.0040 189 135 282 | 8009 | 375
61211995 0.3408 6200 | 2762 0.3 0.0040 167 1.19 242 | 7924 | 347
5/23/1935 0.4529 5770 | 219 0.3 0.0040 403 275 534 | 7883 | 334
B/23/1995 0.8017 5770 | 219 0.3 0.0040 278 1.9 406 | 7883 | 334
5/23/1995 0.4859 5770 | 219 0.3 0.0040 249 170 364 | 7883 | 334
B/26/1995 0.6545 8150 | 2532 0.3 0.0040 20 143 303 | 808t | 399
F/26/1995 0438 8150 | 2532 0.3 0.0040 1.9 133 281 | sogt | 399
7651995 0.2657 5990 | 2229 0.3 0.0040 160 123 243 | 7903 | 340
7/5/1995 0.4138 598.0 | 2009 0.3 0.0040 172 128 248 | 7903 | 340
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Table C.54. Data from West Fork Buckhorn Creek, ID

. . Helley
Date Ohs (tonsiday-fy Qcfs) | hifg h,s () Slope H‘;';f]“'"im;'h H'Z';g"(ri’r:;th Sn::::n 1:65 W () V['f"tfs?"
47571580 00186 0 | 1088 03 00320 T 129 28 | 2248 | 163
411311580 0.0860 420 | 1080 03 00320 1.65 1.15 23 | 2280 | 171
471611590 0.2104 650 | 1.170 03 0.0320 209 1.49 280 | 2481 | 225
472411500 01144 190 | 1307 03 0.0320 1.63 1.18 229 | ZFea | 4
472411500 0.1393 130 | 1295 03 0.0320 1.57 1.20 210 | Z7B0 | 347
452711500 0.1375 710 | 1.189 03 0.0320 1.74 1.30 23 | 2823 | 2%
57441990 0.0095 490 | 11 03 0.0320 218 1.34 320 | 2349 | 188
52211560 00190 500 | 1115 03 00320 1.40 1.04 180 | 2388 | 191
&/3011500 0.2697 1530 | 1368 03 00320 210 1.4 276 | 2926 | am
B/1/1590 0.0772 100 | 1.266 03 0.0320 242 1.50 360 | 2746 | 342
4371991 0.0025 210 | 0951 03 0.0320 0.76 057 09 | 1995 | 111
471501931 0.0025 120 | 0859 03 0.0320 0.96 073 131 [ 1700 | o078
47231931 0.0107 230 | 0967 03 0.0320 1.65 1.20 233 | 2030 | 147
47301991 0.0028 210 | 0951 03 0.0320 1.01 0.76 135 | 1885 | an
5/3/1991 0.0285 g20 | 1221 03 0.0320 1.3 1.05 182 | 2884 | 2ED
51511931 0.0270 90 | 1111 03 0.0320 1.89 1.3 285 | 2349 | 1.8
511711931 0.0195 720 | 1192 03 0.0320 1.2 0.88 163 | 2530 | 239
52011931 0.0072 790 | 1212 03 0.0320 1.3 1.0 179 | 2576 | 254
52111931 0.0354 730 | 1.195 03 0.0320 1.61 1.34 248 | 2837 | 24
512311931 0.0247 107.0 | 1.062 03 00320 1.28 0.94 172 | 2975 | 3&
512611931 0021 850 | 1284 03 00320 137 1.0 186 | oA | 288
512911991 0.0331 910 | 1244 03 0.0320 1.99 1.9 267 | 647 | 277
5301991 0.0095 940 | 12462 03 0.0320 1.52 .11 21 | 2664 | 289
B/A4/1991 0.0597 1330 | 1334 03 0.0320 1.49 1.16 183 | 2848 | 351
B/11A1531 0.0387 1260 | 1.321 03 0.0320 1.69 1.2 233 | 2819 | 339
4771992 0.0333 340 | 1.039 03 0.0320 1.70 117 241 | 2189 | 1.0
471411952 0.0702 530 | 1.149 03 0.0320 1.92 1.25 208 | 2435 | 211
472011832 0.0835 B0 | 1.153 03 0.0320 205 1.34 307 | 2443 | 214
42211882 02427 580 | 1.146 03 0.0320 1.81 1.24 286 | 2427 | 209
412711832 00137 B1.O | 1.146 03 0.0320 1.27 0.94 170 | 2480 | 218
5/4/1992 0.0825 g20 | 1221 03 0.0320 1.97 1.32 276 | 2884 | 26D
5/5/1592 0.1348 130 | 1295 03 00320 1.60 1.13 238 | 2FE0 | 347
511111862 00315 B0 | 1218 03 00320 1.16 0.2 1B0 | 2588 | 258
511311582 00109 B30 | 1.163 03 00320 0.93 0.68 127 | 2486 | 2w
5/1411932 0.0105 610 | 1.156 03 0.0320 1.50 1.07 240 | 2450 | 216
5/16/1932 0.0075 770 | 1207 03 0.0320 1.25 0.7 176 | 2563 | 20
5/2011852 0.0174 930 | 1249 03 0.0320 .11 0.61 145 | 25 | 281
5261182 0.0036 770 | 1207 03 0.0320 155 1.12 217 | 2863 | 240
411311953 0.0077 00 | 1016 03 0.0320 0.0 0.46 078 | 2137 | 1.3
472411953 0.0445 a0 | 1033 03 0.0320 1.99 1.40 287 | 2176 | 147
472711883 0.0160 00 | 1070 03 0.0320 240 201 308 | 2259 | 166
5/6/1993 0.0078 670 | 1.176 03 0.0320 1.00 0.76 145 | 2495 | 2
5121883 0.0B&0 140 | 1297 03 0.0320 1.31 0.88 185 | 2765 | 319
B/3/1993 0.0137 1310 | 1330 03 0.0320 1.50 1.16 218 | 2840 | 348
B/15/183 0.1343 120 | 1292 03 0.0320 1.56 1.3 288 | 2756 | 345
B/1B/1593 0.0431 1270 | 1322 03 0.0320 151 117 227 | w23 | 3m
411811584 0.0008 B0 | 1033 03 00320 102 072 125 | 2176 | 147
411811584 0.0034 420 | 1080 03 00320 077 0.3 114 | 2280 | 17
472111584 0.0080 790 | 1212 03 00320 0.93 0.68 136 | 2576 | 254
5/2/1994 0.0012 290 | 1.009 03 0.0320 1.56 1.15 218 | 2123 | 1%
5/4/1594 0.0012 370 | 1055 03 0.0320 1.43 1.01 200 | 2225 | 150
5/5/1504 0.0007 10 | 1078 03 0.0320 1.50 1.20 212 | 2289 | 168
5/9/1504 0.0195 1270 | 1322 03 0.0320 123 0.90 165 | 2823 | a4
511011934 0.0145 1510 | 13685 03 0.0320 126 0.9 169 | 298 | 38D
571111984 0.0159 1340 | 133 03 0.0320 152 1.15 200 | 2852 | 343
5/1711884 0.0316 790 | 1.212 03 0.0320 1.85 1.31 285 | 2676 | 254
5/1711884 0.0290 790 | 1.212 03 0.0320 1.96 1.45 278 | 2876 | 254
5/18/1884 0.0214 670 | 1.176 03 0.0320 224 1.57 306 | 2495 | 229
5/18/1884 0.0083 670 | 1.176 03 0.0320 216 1.67 268 | 2495 | 2.9
5181584 0.0027 520 | 1.160 03 0.0320 151 1.18 220 | 2458 | 218
52311584 0.0014 520 | 1123 03 0.0320 1.56 117 208 | 2376 | 1.5
512411584 0.0012 550 | 1138 03 00320 124 0.98 165 | 2410 | 208
512511584 00162 Ba0 | 1.167 03 00320 124 .97 167 | 2473 | 2w
52511584 0.0132 Ba0 | 1.167 03 00320 131 1.01 170 | 2473 | 2w
B/2/1994 0.0032 730 | 1195 03 0.0320 140 0.9 176 | 2537 | 24
B/3¥1994 0.0017 10 | 1078 03 0.0320 1.39 1.06 183 | 2269 | 166
5/14/1534 0.0094 400 | 1070 03 0.0320 1.47 1.10 185 | 2289 | 166
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Table C.55. Data from Coleman Lab Data

Discharge Velocity Sediment Concentration
Run Se da0 h {m) ¥y (m) aim)
(cms) (m/s) Total Total LnC
(m¥m?) {my/L) n
2 0.064 0.002 0.105 0.171 0| ©0.00021 0 22525
0.165 0.006 0.705 8.50E-04| 22525 7.715796
0.158 0.012 0.768 5.40E-04 1656( 7.436028
0.153 0.018 0.817 5.20E-04 1378( 7.228388
0.147 0.024 0.852 4.20E-04 1113[ 7.0145814
0.4 0.03 0.583 3.70E-04 980.5| 6.888063
0.125 0.046 0.935 2.80E-04 742 B.609349
0.102 0.069 0.975 2.40E-04 636| B.455199
0.08 0.091 1.03 1.40E-04 371 5.916202
0.043 0122 1.049 8.10E-05| 214.65( 5.355009
0.034 0137 1.043 5.50E-05 172.25] 5148947
0.019 0.152 1.03 5.00E-05 132.5| 4.886583
0.009 0.162 1.023 3.00E-05 78.5| 4375757
0.171 1.023 75.5) 4.375757
3 0.064 0.002 0.105 0.172 0| ©0.00021 0 4505
0.006 0.68 1.70E-03 4505 8.412943
0.012 0.738 1.20E-03 3180| B8.064536
0.018 0.795 9.70E-04| 25705 7.851856
0.024 0.536 7 BOE-04 2014| 7607878
0.03 087 5.50E-04 1802 7.496652
0.046 0922 5.30E-04 1404.5| 7.247437
0.069 0.963 3.90E-04 1033.5| 6.240706
0.091 1.025 2.50E-04 BE52.5] 6.496021
0122 1.048 1.50E-04 357.5] 5985195
0137 1.039 1.10E-04 251.5] 567504
0.152 1.028 7.30E-05 193.45| 5.265018
0.162 1.02 4.80E-05 127.2| 4.845761
0.172 1.02 127.2] 4.845761
4 0.064 0.002 0.105 0.171 0| ©0.00021 0 7420
0.006 0.665 2.80E-03 7420 8.911934
0.012 0.74 1.80E-03 5035| 8.524165
0.018 0.802 1.50E-03 3575| 8.28778
0.024 0.529 1.20E-03 3180| 8.064636
0.03 0.863 1.00E-03 2650| 7.882315
0.046 0922 7 .50E-04 1987.5| 7.594633
0.069 0.965 5.90E-04 1563.5| 7.354652
0.091 1.023 3.70E-04 580.5| 6.888063
0122 1.049 2.20E-04 583 B.368187
0137 1.045 1.40E-04 371| 5.916202
0.152 1.033 1.00E-04 265 557973
0.162 1.024 5.60E-05 148.4| 4.999911
0171 1.024 148.4] 4.999911
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Table C.56. Data from Coleman Lab Data

Discharge Velocity Sediment Concentration
Run Se da0 h {m) ¥y (m) aim)
(cms) (m/s) Total Total LnC
(m¥m?) {my/L) n
5 0.064 0.002 0.105 0.171 0| ©0.00021 0 10600
0.006 0.662 4.00E-03 10600 9.2586509
0.012 0717 2.B0E-03 6590| 8.857826
0.018 0.788 1.90E-03 5035| 8.524168
0.024 0.814 1.60E-03 4240| 8.352318
0.03 0.852 1.40E-03 3710| 8.218787
0.046 091 1.10E-03 2915| 7977625
0.069 0.968 7 .B0E-04 2067 7.633854
0.091 1.028 5.00E-04 1325( 7.189168
0122 1.038 2.80E-04 742| B.609349
0137 1.047 2.00E-04 530 B.272877
0.152 1.03 1.30E-04 344.5| 5842094
0.162 1.027 8.60E-05 247 9| 5428507
0.171 1.027 227.9] 5428507
B 0.064 0.002 0.105 0.17 0| ©0.00021 0 13515
0.006 0.652 5.10E-03 13515 9.511555
0.012 0.727 3.20E-03 8480| 9.045466
0.018 0.766 2.40E-03 B360| 8.757784
0.024 0.805 2.00E-03 5300| 8.575462
0.03 0.545 1.70E-03 4505| 8.412943
0.046 0.905 1.20E-03 3180| 8.064636
0.069 0.951 9.60E-04 2544| 7.5841493
0.091 1.037 B.20E-04 1643( 7.404279
0122 1.054 3.40E-04 501 B.803505
0137 1.049 2.30E-04 B09.5| B.412535
0.152 1.026 1.40E-04 371 5.916202
0.162 1.031 7. 70E-05| 204.05( 5.318365
0.17 1.031 204.05( 5.318365
7 0.064 0.002 0.105 0.17 0| ©0.00021 0 16430
0.006 0.639 B.20E-03 16430 9.706564
0.012 0.709 4.00E-03 10600 9.2586509
0.018 077 3.20E-03 8480| 9.045466
0.024 0.504 2.50E-03 B625| 8.798606
0.03 0.549 2.10E-03 5565| 8.624252
0.046 0.924 1.50E-03 3975| 8.268778
0.069 0.962 1.20E-03 3180| 8.064636
0.091 1.03 7 B0E-04 2014| 7.607878
0122 1.061 4.30E-04 1135.5| 7.038345
0137 1.051 3.00E-04 7595| B.678342
0.152 1.04 1.80E-04 477 | B.167516
0.162 1.027 1.10E-04 291.5] 567504
017 1.027 281.5] 567504
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Table C.57. Data from Enoree River

Velocity Concentration in ppm by grain size (ppm) Total C
Sample Number Temp F Tutal Depth ¥ iftisec) 0424 | 0475 | 0246 | 0351 | 0495 | 0701 | (ppm)
4316 i a 836.55
— 5 0.1 1] 8.1 33 86 285 422 1] 836.55
% 0.15 1.87 85 453 B7.1 1308 822 1] 336.4
'; 0.45 23 38 16.8 438 95.4 88.7 1] 250.8
- 075 215 5.5 16.8 326 65.3 58.5 0 180.1
by 135 28 48 131 26.4 381 3058 1] 114.4
‘&, 1.95 285 53 138 17.8 274h 204 1] 86.8
o 255 325 10.3 155 135 10.3 105 1] 67.2
3.15 363 32 9.3 10 10.2 7h 0 43.7
5 3.63 43.7
|
45.86 0 1] 153.79
47 0.094 1] 2.81 6.6 218 BG 56 0 183.79
& 0.15 2.08 21 3.3 137 266 292 1] 7B.2
é 0.45 205 27 58 109 204 157 1] 56.5
s 075 19 3 6.3 7.5 18.9 2.4 0 58.2
2 135 255 14 3.4 6.2 11.2 14.1 1] 371
=2 1.95 233 09 32 a7 8.8 B.2 1] 25.4
o 2585 275 21 38 45 8 49 1] 23.7
w 3.15 272 23 4.2 36 22 0 18.1
378 21 23 42 2.4 13 07 1] 11.8
4.7 2.1 11.800
|
45.86 0 1] 587.8
42 0.084 1] 44 20 67 225 270 1] 587.8
g 0.15 1.85 g 16.9 B1.1 160 160 1] 406
= 0.45 1.85 12 9.8 276 58.2 57.5 0 155.9
s 075 1.87 22 77 167 35.8 332 0 96.4
2 135 277 38 6.5 136 27 13.5 1] 65.3
= 1.95 265 13 B.1 10.4 9.1 14.1 1] 416
o 255 296 21 22 10.4 131 6.2 0 4.2
w 3.15 3.38 13 4.1 4.4 49 07 1] 17.2
378 277 2 1.9 36 3.2 28 1] 14
4.2 277 14
. |
45.86 0 1] 186.09
= 5.15 0.103 1] 3.95 12 2548 42 57 186.09
=2 0.15 0.58 3 87 223 255 46.4 363 1427
= 0.45 1.59 4 9 15.6 21.2 21.8 1.8 63.2
E 0.7s 1.52 23 9 11 16.4 16.5 4 60.3
3 195 2.04 1.4 37 3.9 31 4.4 28 19.8
- 2585 24 2 48 55 54 B.8 72 32.4
o 3.15 267 13 32 5.2 77 9 0 7
- 378 21 22 4.1 5.7 6.4 1] 1] 18.7
5.15 2.1 18.7
|
75.2 0 1] 52.82
— 37 0.074 1] 5 71 12 26 1] 52.82
] 0.15 0.73 5.8 6.4 7.4 8.9 1] 1] 3.7
2 0.45 1.11 43 79 B 72 1] 1] 27 B
® 075 1.26 28 4 6.1 4.9 0 0 19.4
= 135 1.77 21 27 2.2 28 1] 1] 10.8
"‘:‘r’ 195 1.62 35 4.8 1.8 1.7 1] 1] 141
o 2585 1.74 42 24 19 05 1] 1] 118
3.45 1.7 23 25 o7 0.4 0 0 g
3.7 1.7 3
|
752 0 1] 311.35
= 3 0.06 1] 8.6 232 50 78 148 0 [ 3135
2 0.15 08 B7 15.8 3.4 39 2.7 1] 118
‘.; 0.45 2 25 4 11.4 18.1 1.3 1] 49.4
- 075 1.89 58 85 10.8 7B 122 1] 48.3
bl 135 2.48 27 28 4.4 22 33 0 17.3
= 195 24 28 3.2 4.3 21 05 1] 147
w 255 1.76 13 1.6 23 1.4 1] 1] 8.6
3 1.76 86
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Table C.58. Data from Middle Rio Gran.de

. Stope | Voo ) ppm of indicated sizes Bed Composition ... Percent Finer then Indicated 4, (mm)
Date Reach | TempF | Q () "y | qoagy| W (M | Horizon | D @]y 9V | 20,0625 |0.625.0.125(0.125.0.26|0.25.0.50 | Total "r':iz "r'r?rznﬁ 025mm | 05 mm | 1 mm |9 M) |doo (mm | deg (mm) | o SO0 ed
25 0 0 70
6/2/1953 |Bemalilo A2| 71 | 2150 D000 311 | 270 | A 0.275862 | 2422667 | 1300 7% 637 a7 | =0 | o7 41 Ze | ®me | w9 | 0F | 0m | 0 [ili=
B 0.807571| 2963333 | 1310 569 3% 8 | z.0
c 1236715 | 3.018867 | 1240 500 28 63 | 287
D 1708667 | 3260 | 1240 38 239 58 1935
E 2265087 | 3288 | 1150 09 168 3 1650
256 | 3268 1650
248 0 0 1791
6/4/1953 |Bemalilo A2 | B2 | 2090 |Do008| 312 | 270 | A 03876 | 316 | 640 489 403 53 179 | 0 37 | 341 | 73 91 02 | 03 | & 00525
B 0777423| 389 | 1070 ;1 158 16 1623
c 1271795 | 387 | a7 366 261 7 1581
D 169963 3673333 | 861 267 169 13 1330
E 2156522 3513333 | 837 281 189 ES] 1330
248 |3513333 1330
2.3 0 0 1850
6/4/1953 | Bemalilo C | 71 | 2070 |o0008| 233 | W6 | A 0.317204 | 1506667 | 695 355 £ b 1880 | 03 18 B9 | &8 | 78 | 03 | 042 06 00525
B o7eszst| 241 | 830 il 208 18 1370
c 1iga| 282 | 778 48 117 a 1149
D 1583893 | 2.906667 | 734 248 124 15 1121
E 2034483 | 26876867 | 753 181 81 5 1030
235 | 2876657 1030
247 0 0 1590
6/41953 | Bemalilo E | 70 | 1780 |o0008| 2689 | 288 | A 0.371988 | 3.096667 | 774 33 N ] 150 | 06 25 | 437 | 1B 99 023 | 0z | o3 00825
B 0815182 3313333 | 627 = 291 f5] 1380
c 125307 | 342 | B2 238 258 34 1351
D 1691781 |3.376667 | 763 189 185 14 131
E 2092 | 3L | e75 156 120 6 957
247 | 3m 57
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Table C.59
.59.Da i
ta from Mississippi River - U
- Union Po

int1

Date
Location
Gage i \
Tomp €O Dlsccl}:rge l{];lan[:e from
ernce Point
h
i) ® | ym | Voo pended Sodiment brad
: rain Size
27-Feb-88 | Union Paint EE : f F : : 'c
- | 5 - . 0.425 Sand Fil -
1,010,85. i | ; Tm
,1 - B rol Tl e seek o
2 406 11a% G36% 8 Sl eazul 1 =
« i i o 2% nw 5.9 2131
3 2 % i 9; e Bk 11.5 236.2 2 73| S22t
. o 5% u 4; 100.0%| 1000.0% o = 2;77 st
27 0 . 1.4% 2 o Ho3% 9943 i o1 W
Feb-38 . 6 i T /n :
Union Paint | BB - : : ZDQ =
Knox Landi . : 2 1 ]
ng | - < - 70 263.8 533.8 2001
010,854 it . E
i g - : 4;’6 33.0% 70.3% = —
2 ol 7% 48.1% b oo e o
k- : Lh B 94.6% 97.3% : oy
i 7% 97.2% " & i
3 - 5 7 o ik Al 203.4 2 e
: | = : D; 2% a1 a1 44 51.5| 5527443
| : i U i : 2 B3 L . 301] 5.7071
27-Feb-88 . [ o : - - : : . 1
Union Paint | EE s . : 24 =
Knox Landing 9 o . : : ; ? -
- A - - - 1241.1| 7.123753
. b f 3% 90.4% e
2 ot 6.6% 25.4% % e = ste
Bl esal are o sa0% |
At A3%| G@2%| 536% Bi| s 2 siom
: | 5 e 11.700 2% o = s 242.2| 5489764
= ul 915 o| 1953 : ol
27 o % 11.5% R s F
Feb-98 . 5 z : /D | . 39
Unian Point | K] | 58 s BBDO/ : - =
nox Landing 9 o ;IUB D % : r
- ; 2 — — 805.2| 6.224954
. £ 2 .8% 87.4% o
F T 2% o 4% 926% 22 Y
- . 1.9% 38.3% S s ; 7
= 3% 89.0% " g =
58 B 256 2.2 S| o 1% 2
: : éz 51 32.47: ?gj% o 5529 194.7 2;? ?’ o1
4%l 32 4% 2 o
23 D 5 : 12’: :H B:/U : goj’z gj ngo B ggg‘g 289.2| & EEY?‘?g
-Mar-38 | Union Point (K 83 83 : T : BO/D . 225.5 =
= 9 - — % sl 223 345.1| 5.843834
L = 478 6.0% 41.8% -
W‘DQD 15 i 8% 85.1%
il i & g %[ 1000% o
i L5%[ 52| 967%| 10009 a5 oe
8 > < o ] .9 2788
83 = 51 oo B1% D% 9.1 2791 30 2
: 3. T . gnu 96.6% 95.9% e e o s
4 1 .9% 96.7% . b s il o1
23+ a %[ 12.49 e = 0
tdar88 | Union P 57 ’ : . s -
oint | Knox L. 57 : : - . % :
3 | | < - 620.7 7.3 5} ol & 7andoe
- . — = 92.0| B.793466
o - . 0% 89.2% s
83 8 0.8% 52.2% . 0% : =
e 2 s 22 o o 46 2457 26
1 E; 0% B 2; gﬁ 2% 97 6% 325 St 2422 e
13 . i 1 U o 75 & Z1 5514638
oz o 4% 24, e
- B ; 2 15% 127% 96.7% 99.2% 21 Jio o o
Union Po | : - - 2 -
int |Knox L : 993% 45.9 51 59
: | : : 33 e 9.2| 6.252289
- SE 1 = — 528.5| 6.270043
. : o o 2 5% 95.5% 99.0% 7
9
o 22 azh 2 1% 87.9% 98 °D P o ot
2 7.0% 88.0% 2o : s
. A 26% 18.4% BE Bt o Eg g = s .
; 3 1.2% ph .
g i g_4n° 10.9% B?.ﬁ”f’ﬂ B 0 o o i
23-M 0 % FRE b 99.1% 2195 33568
ar-98 | Union P ED ED : ./o - 0 - 2 -
oint | Knox Landing 9 : - 991% 878 5233.5 ! Wauggg
ii}
- : - = = 1116.0| 7.017506
. e - 2% 95.9% K
2 1w 7% 41.4% . Ee -
¢ 3 7 3D5; S o 16.7 2267 2 i
E : = : anu s Do; o . 43.4| 5.494706
: = i : d:’ﬂ o1 1% 3 ZU/D z8 72 275.1| 5617135
s 2 > o c a7 309.3| 5.734.
a o 16.5% : et =6 .
i3 B o . = 326.7| 678!
5 . 115.9 2936 3918 & Eaggdz
288 406.9| 6 00852;
406.9
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Table C.60. Data from Mississippi River - Union Po

int 2

Discharge Distance from Velocity pended Sediment Grain Size Sediment G ppm)
Pate | Location ) Gager | Temp Q) | gy ™ | Reformen Point ) 000} ¥ | Cwg ™| oosz | 025 | 025 | 0425 | Sand | Fine | Total | Lnc
E) B 462 806
69 B2 482 17%| 475%| 924%| 93z%|  239) 1867 1806 5196285
07| 483 407 21%| 511%| 1000%| 1000% 0| 1787|  1887| 5245444
) 305 345 343 45%| 538%| 1000%| 1000%|  256| 2507 27aa3| &A287
10-Apr98 | Union Point | Knax Landing 16 1107752 1078 163 07 391\  30%| 477%| 03%| 1000%| ad4em|  1s7e|  1s27E| 526185
B2.1 69 349 05% 16.8%| 97.9%| 1o00%| 1314  1mas| 3148 5713w
676 14| 272 orw| o08%| @57 97.3% 31|  2138]  3448| 5642965
0| 2z 3848
7 70 744 7456
7 B3| 744|  41%| 433%| 0973%| 1000%| 188 1557|  1746| 5162498
21 19|  7o3| 99| &7.0%| 1000%| 1000%|  141|  1892| 1833 6211124
) £ 3| 73| 17%|  441%| 1000%| 1000%|  244] 1856 210| 5347108
10-Apr98 | Union Point|nox Landing| 18 1107 782 1843 4 21 731  0E%| 257%| 976%| 985%| 1033 1583 2682| 5591733
53 7| sm|  02%| 186%| 962%| 98A%| 2513 1EE4|  4177| G0347A3
a6 14| 43|  04%| 39.4%| 979%| 995%| 2033 1759 a3792| so3a0m4
0| 492 782
] ] 7. 1455
g1 7239 74| 139%| m28%| 931%| 1000% 82| 17| 1459| 4982821
203|  s67| 698 02%| 17.5%| @76% 973%| 675 1508 2193| 538587
) s 408 GEB|  27%| 278%| @93%| 1000%| 6| 1438  181.4| 6200005
10-Apr98 | Union Point|nox Landing| 18 1107 782 2224 S67|  243)  558|  12%| 100%| 899%| 985%|  651| 1896 2747| 461368
729 BA| 41|  04%| B82% B62%| 990%| 2057 1678 3735 5922918
794 16| 30| 00%|  77%| 749% 918% 09| 3078|5168 624765
0| ze 5163
&0 &0 6.4 1622
[ 54 64| a4%| 452%| oe01%| 1o00%| 113 1a09|  1522| 6024195
18 42| e 00%| 338%| 828%| 1000% 22| 1778 1998 5297317
' n | Bz3|  07%| 18.4%| 543%| 1000%|  e07| 1708  2316| 5.446012
10-Apr8 | Union Foint | Knox Landing| 18 110782 2943 2 |  B99| 1A% 250% 631%| 9saw| 488 1897  o20As| 5339939
54 6 515 22%| 268%| 654%| 996%| 32| 158 134| 5267050
EX 12| 3m| 14w 185%| 454%| 914%|  75E|  1483|  2247| 5414766
] IR 2247
) B9 422 365.2
69 B2 422 a5%| 498%| 960%| 1000%|  &21| 3141| 3e62| 490318
7| 483|385  29%| 528%| 97.1%| ORE%|  47.4| 2784|3258 578284
) 3¢5 345 329 35%| 528%| 914%| 0957%|  659| 2612  327.1| 5790266
17-Apr98 | Union Point | Knox Landing 16 1083422 1040 183 07 402 19%| 473%| 949%| 9E1% 2.2 297| 3592 5883079
B2.1 69 35 09%| 199%| 953% 997%| 1968|3076  4645| 6.140962
B7.6 14| 232  16%| 228%| O67%| 990%| 178.4| 3002  4786| 6.17096s
o 214 4785
71 71 7.6 3032
71| eas|  7.16| 33%| 720%| 958%| 1000%| 443 2589  3032| 5714393
23|  497|  667| 166%| 56G%| 943%| 1000%| 87| 2227|2414 5486455
35| 38A| 643 12%| 208%| 962%| 992%| 1113|2938  4051| 6004134
17-Apr=98 | Union Point |<nax Landing 18 1089422 1648 497|213 578  31%| 248%| 936%| 9aE%| 1125 268.1| 3806| 5941743
639 7a|am| 17w 7% 947w 9 E% 7| 2972|  s042| 6222973
596 14| 33|  06%| 17.2%| 935%| o87%| 2312 2549  4861| G.1@6414
[ 4RB 1
E 2 8.6 3037
B3| 21 86| 105% 509%| 1000%| 1o00%| 14| 2908 sma7| s7ie04
;7| 483 01|  s58%| 366%| 660% 1000% 26| 2454|2714 5603594
3¢5 345 789| 15%| 131%| 819% 1000%| 24| 227  3721| 5319163
17-Apr=98 | Union Point |<nax Landing 18 1089422 2247 /3| 207 788 17%| 86%| 778%| 992%| 1516 3063  4769| B187307
B2.1 69| 7oa|  12%| B4%| 757%| 9a9w| 193s|  o7s1| 4686 614978
7.6 14| 5Ea|  03%| 57%| 785%| 992%| 3477 2629|  6O06| 6.397929
i 46 G006
Gl G 7. 299
57| 513 74| a0%| 450%| ee0%| 1000w  ies|  2a0s 299| 5700444
174|398  G4B|  45%| 376%| B15%| 954%| 3mB| 2095 3393 sa8zaEas
/5 285 504 9.4%| 312%| 819%| 1000%|  427| 3315 3742| 592473
17-Apr=98 | Union Point |<nax Landing 18 1089422 2,966 X 17.1 43|  34%| 128%| B32%| 979% 85| 3066 3916| 5970241
513 57| 38|  19%| 149%| 512%| 951w 117.3] 2985 4138|6263
5.9 11| 37a| 09w 135%| 408%| 920%| 2073  27e9|  484.2| 6162498
[ - 4842
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Table C.61. Data from Mississippi River - Union Po

int3

Discharge Distance from Velocity pended Sediment Grain Size Sediment G ppm)
bate | Location Gage | Temp(Q | "o R”f‘""('f:t‘; Point| R | ¥y | e | ooz | 0425 | 025 | 0425 | Sand | Fine | Tetal | LnC
7 7 52 1264
73| w7 52| 40%| 66%| 1000% 1000%| 275  1208]  148.4| 4299910
218 51| 424 08%| 206%| 07.5%| 1000% 76| 1395 2145 536831
) 5| A 38| 19%| M02%| 07.3%| 1000%|  531| 1343  E5.A3| 4197653
8-May-85 | Union Point |knax Landing 9 1219937 1084 511 219 326  00%| 282%| 8R7%| 100.0% B02| 1841|2443 5498307
E57 73| 322| 02w 2092%| o97.1%| o89w| 1032| 1511|  2543| s53mss
75 15| 298| 06%| 279%| d55%| @a7%| 1261| 130.4| 2635| 5574053
o oos 2635
72 72 761 155
72| eas| 71|  44%| G67.4%| 0956%| 1000%| 14|  031|  1195| 4783316
26| s04|  7aa|  17%| 206%| @45%| 1000%| 717 120|  199.7| 5296816
) * 6| 749) 04w 200%| ovsw| 1000%| o5 157|  268| salem
BMay:98 | Union Point|inox Landing 9 1215557 1882 s04| 216 672 12%| 278%| O966%| 1000%|  913|  1438)  2351| 5460011
B8 72| 679  06% 18.3%| O61%| 089%| 2046 139.1| 3437| 5839769
706 14| a3s|  05%| 86%| 973%| 997%| 1131.4] 2145 1346.0| 7204803
o 1 13460
72 72 94 2063
72]  ea@| 988 09% 169%| 0606%| 1000%| 1058 136.4] 2463| 650655
26|  s04| 93|  35%| 347%| 87.4%| 1000%| 285 1164  1448| 4976044
) ® | 942  28%| 21.4%| 772%| o72%| 488 11| 167.8| 5235370
BMay:98 | Union Point|lnox Landing 9 1215557 2278 w04 216 977  03%|  76%| @90% 989%| 1583| 130.1|  280.4| 6664348
B8 72| om2|  03% b7%| 856% os2w| 4o  1395|  £67.8| 6341769
706 14| B3B|  04%| 70%| f54%| o60%| 2122(  1155| 3281| 5793318
[ 281
= ES 6.8 1393
50| s22 66|  29%| 461%| 69.2%| 1000% 18| 1213 1383 49363
174 06| 707|  tam| 242%| 611%| 954% 51| 1153|  186.8| 5117395
= 3 7| aiw| 286%| 78e%| 1000%| 297 1751|  2048| 5320034
BMay-93 | Union Point | Knox Landing) 19 1398 2969 ane| 74| e84 22%| 17.7%| 510%| 948%| e23] 1274 2087| 5345678
522 58| 766 20% 19.2%| 513%| 1000%|  &7.1| 131.7|  166.8| 5240688
T 12| 478]  03%| 5a%| 255%| 691%| 3247  110.2|  4348] 6075116
[ - 4349
57 g7 4.5 236.4
57| 813 416 00%| 526% 1000% 1000%| @ 13.4 23| 2364| 6465525
171|398 319  00%| 482%| 91.1%| 1000%| 188 2087|  3156| 6754476
%8| 288 371 00%| 722%| 1000%| 1000% 58| 2063 2501 6545500
S-Jun-98 | Unian Point | nox Landing & [EHE 14 39 171 325  32%| G9A%| 1000%| 1000% 46| 2383  2528| 5532994
513 57| 253 62| 369% 038% o085 3 205 3311 581242
T 11 104  00%| a25% 936%| 943%|  B49| 332 3981 598703
o 104 398.1
&0 B0 549 2045
6 sa|  soa| 1% 1% 969%| 1000% 26| 2165|  2445| 5499215
18 2 53| 0B%| 413%| 97.7%| 1000% 24 o01B|  2268| 6418764
) 1 20| 627|  26%| 24.4%| o46%| o98e%| 77| 2403 3174 6760163
S-Jun-98 | Union Peint. | knox Landing | 28 S 1813 2 8| 486  04%| 153%| 950%| 1o00%| 1141|2673 9714] a9
54 6| 38|  10%| 244%| o04ow| o095%| 36| 2464 315| 5752673
T 12| 238 05w 131%| 95.4%| 091%| 1534 2521|  4055| 6.ODS121
o 13 055
&3 S 6.3 FETR]
63| 567 63| 133%| 6e7%| 1000%| 1000% 51| 223 2314 5444148
188 441 B| 63| 575w o938%| 1000%| 128 275  2401] s4m10%
8| 318 &8  27%| 333%| 880%| 1000%| 193 2652|2713 6603225
S-un-S8 | Union Faint | Knox Landing) 28 S 2% a1 189 657 02%| 102%| 67.4%| 92.1%| 1s66 2322 309.8| 596306
6.7 63|  407| 03%  0.4%| 634%| 1000% 121 2241|2451 5843834
617 13| 3ms| 4% 1.2%| 461%| o62%| os04|  2455| 12039| 7003322
o coo 12038
5 5 17 EZE]
aB| 414 47| 14w 8sw| &11%| os2%| 917 /08| 3523| 5892473
138 322|  s0s|  Bsw| 436%|  e04%w| 1000% 95| 2428 2521 55208
2 2| aso|  17w| d87%| o0e%w| 1000%| 218 2334 2552 542048
#-Jung8 | Union Paint\lnox Landing| 26 78773 295 22 138  432|  18%| s58% 938w 1onow| 212 23es 261 556452
a4 46| 391  00% 341%| 669%| 1000%| 336 2761| 3087| sriE
451 o8| am|  02% 253%| 530%| 961%| 64| 239.4|  2045| seesare
o zer 2045
47 47 44 262
17| a3 44|  00%| 266%| 84B%| 1000%| 107 2165  222| 642142
11| 320] 452  00%| 506%| 982%| 1000%| 136 1932  2087| 6331268
28| 234 238  00%| 536%| 936%| 1000% 17| 2028 2189 6293173
FAug98. | Union Paint |f<nox Landing 9 571.934 1050 329 141 386  00%| 424%| 959%| 1000% 04| 1888 2192| 5360985
23 47| 248| 00w 229%| o63w| oaew| 0ss|  18sd 295| 5686575
4561 i 12| 02| 157%| 965w oao% 197| 1982|3962 6S7ea
0 1.2 962
G B[ 603 026
5 45| 603 00%W| e%| o9v2%| 1000% 19| 1836|2026 5311234
15 6| 643  32%| 0% o2aw| o973%| 204 1mes| 2189 s3resds
% 25| a75|  10%w| 258%| 033%| io00%|  a07|  1m26|  2133] E3e
FAugH8 | Union Point\inox Landing) 31 571,934 128 E5 15| A1|  03%| 125%| me2%| 99.0%| 1023 1738 2827| A6443m6
5 s| 488 03%| 101%| 678%| 1000%| 1232 2245  aav7| 585134
18 1| 220| 04%| 7% @62% 994%| 3634 2076 &71.0| b.3arame
[ 5710
E [ 6.1z EX
5 45| 612 30%W| 382%| 882%| 1000%| 126 1715 1841 5215478
15 | sos|  17w| 414w 7o7w| iooow| 13| 2214 235| 5450588
% 5[ 531 21w| a30%| 670%| 1000%| 148 185.4] 2002 5299317
FAugHd | Union Point | Knox Landing) 31 571934 222 a5 15| se8|  19%| 229%| 63sw| 1oon%| 357 20| 2357| 5.4625%
5 a| 481 02%| 63%| 283%| 953%| 148.1| i7as| 3277 6792098
I 1| 247| 08%| 6% 300% 9s8%| 1755 1685  284.0| 5897154
[T 3640
3] [ 45 185.8
41| 89| 45| 00% 481%| e67%| 1000% 44| 1854 1898 6208871
123|287 455  7owm| e32w| essw| 1000% 59 184|  189.9| 524649
5[ o0& 427 32%| 204%| 0903%| 1000% o| m3g| 1928| 5281653
FAugdd | Union Point | Knox Landing) 31 571,934 290 n7 123|  428|  a5%| 712%| 924%| o5s% 94| 178.4| 1878| 5.235378
e 41| 269) 4% 653%| 787%| 1000% 75 192|  189.5| 5244308
a2 08| 239 26%| 340%| 604%| 049%|  4208| 2261|  269.0| 6594711
o oo 2690
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Table C.62. Data from Mississippi River - Line 13 1

" Discharge | Distance from Velocity | Suspended Sedi it Grain Size Analysis Sedi Gi ion (ppm)
Date Location Gage Temp €O | ™"ickg™ | Refernce Point h ) v i) (fsy | 0062 | 0.125 0.25 0475 | Sand | Fine | Total | LnC
7 w7 749 2534
07| 93] 7i9| 6%  411%|  @00%|  953%| 423  211.4|  253.4| 5534969
Line 13 015 2.1 749) 688  28%| 330%| o27%| oss%| 594 1094 2573 5552184
535 535  B7s|  49%| 38E%| 948w seaw| 557  2084|  2821| ssemre
27-FeotB ‘:;T‘E”'C”h Knox Landing ¢ 857,119 1793 749 2.1 72| Ba%| 43%|  wow|  980% 47.4) 1855  2329| 5450809
%.3 107|628 1.7%| 176%| 73%| 898%| 1544) 193]  3487| 5854212
104.3 21 609 27%| 275%|  e35%|  943% 92| 8s7|  277.7| sE2Esa1
i 7T
Ed 57 6.95 2158
97| @73 ®B85| 52%| 27.0%| &78%| 948%|  on5|  1993|  2198| 5392718
Line 13 018 1 679) 921 23%| 354%| 932%|  968%|  4398| 1781|  2219| 5402207
85| 486|908 1R%| J36%| 895%| 989% 122]  2433|  3853| 5900719
2-Feb8 ﬁ;ﬂyj’gh Knox Landing ? 857.119 213 [ 201 @26 2aW| 221w  E9iw|  oeew| 1034]  2328|  3363| salEond
7.3 97| 578 16%| 220%| 893%| 973%| 1076 206 3126| 5744924
9.1 19 31| 22%| 157%|  Br7w|  o16%| 2131 20| 4531) B G113
i 4531
2] B 752 2235
] G 752 10.0%| 4%  797%| @09%| 245 188 2235 5409411
Lins 13 0/5 57| 823  BO2|  22%| 2:23%| mmew| 73w 494 88| 237.2] 5465904
2058|  aas|  BE7|  47%| 338%|  oraw| 1000%| 845 20a8|  28m.4] seerel
27-FebtB \:{a:‘«l(edénh Knox Landing ¢ 857.119 2449 2.3 267 785  09%| 145%|  98.7%| 99.4%| 2858 187.5| 4531 B.116113
0.1 59 608  04%| 123%| o48%| 990%| 5693 2862 826.5| 6715989
&2 18| 372| 0B%| 128%| 935%| 997%| s572]  2182|  7754| B6sasr9
i 7754
70 70 549 736
70 63| 618  BE%| 401%|  788%|  912%| 258 2091 236| 5 463832
Line 13 /5 210 49) 621  49%| 394%|  911%|  978%| 543 1872  2414| 5486889
% 36| 478  17%| 291%| 974%| 985%| 1156 2251|  3406| 5830709
oo \i::adgh Knox Landing 2 857119 28 49 2 467|  1GW| 294w orawm|  oasw| a03a|  am3|  B121| 641AE96
] 7| aes| 17w 293%| e7r2m%| @91%| 1982 2153 4145 B027073
60.6 14| 20t 47%| 1%  oe0%w| or7w| 1648  2628|  427.6| 6053158
i 4275 6.1
107 07| 656 265
07| o83 eS8l  s2w| 400w  @3%| 9% El 224 265| 5541264
Lins 13 0/5 2.1 749 69| 43%| 306%| 9a8%| orow| 422 2335  2757| sE19m3
535 535 52| 47%| 2% 942w gseaw|  e27| 2438 3083 5724588
23-Mar58 ﬁ{;‘f’;h Knox Landing ¢ 855124 1785 749 2.1 719 5a%|  270%|  93.0%|  98.7% 592 2275 288.8| 56587ES
%3 07| G5B 29%| 224%| G07%| 958%|  794) 2408 20| 5 76E321
1049 21 574 54%| 264%|  910%|  980%| 677 2541|  3418| 5834226
i 3418
Ed 55 7.99 2531
95|  BsA| 798|  99%| 224%| 923%| 086%| 677 2954| 2931| 56A0GI4
Line 13 /5 65| 66| 707|  51%| 298%| o04%| oB4%|  534] 2370 2906|6719
75| 476 G758  18%| 156%| 89.9%| 991%| 1339|2417  3756| 592m60s
23Mar 98 ‘ﬁ;iyed’gh Knox Landing 2 855124 2068 655 85 a24] 04w mew|  oiewm| 97w 3341 76|  £517| Bataond
85 95| 543  53%| 276%| o44%| 986%| 1034) 2793  3927| 594751
9.1 19| 43| 52%| 235%| @24%| 986w 857 201| 3258| 5786284
i 58
&7 & 6.09 2716
67| 783 888 121%| 385%| 034%| 987% 187 2518)  2716| 560433
Line 13 015 2.1 509 @62 48| 267%| o22%| om7%|  so8| 2623 3221| 5774852
435 435  Bo8|  BE%| 503%| 940w gserw| 241  23a8|  25.9| sssEan
23-MarB \:{a:‘«l(edénh Knox Landing ¢ 855124 2489 0.9 26.1 78| 36%| % 982%| 100.0% 1| 2338 274.9] 561E47
78.3 87| B&7|  1.2%| 135%| o9r.3%| 99.4%| 2608|2335  494.3) 6203143
8.3 17| Bar| 1% 125%|  orew|  99.0% 35| 3021|  6e7.1| B.50294
i 8671
75 75 5a7 76
75| 67| &57|  B5%| 600%|  009%| 955% 34 251 285| 5652489
Line 13 015 25| 526 645]  71%|  418%| 929%| gss%| 325 25| 287.5| 5661223
5| 376 602|  45%| 4%  919%| 967%|  592)  2668|  316.1| 574A059
23-Mar98 ‘::iy:’cnh Knox Landing @ 855124 2890 55 25 428 274 231w oeew|  o90%| 1451  o6es| 401 6| 5996457
675 7h| 46|  17%| 220%| 966%| 990%| 1766 2315  407.1| 6009059
735 15 183  0@%| 148%| 949%| 996% 32| 2872  6392| 6460217
i 5392
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Table C.63. Data from Mississippi River - Line 13 2

" Discharge | Distance from Velocity | Suspended Sedi it Grain Size Analysis Sedi Gi ion (ppm)
Date Location Gage Temp €O | ™"ickg™ | Refernce Point h ) v i) (fsy | 0062 | 0.125 0.25 0475 | Sand | Fine | Total | LnC
710 Tio] 924 1753
11.0 9a) 924  37%| 393%|  e9.2%| 100.0%|  20.2| 1474|1753 5166499
Line 13 015 B0 77 85| 20%| 324%|  o38%| 1000%| 382 1323|1705 5138735
55 55 oi2]  19%|  407%|  93.1%| 1000%| 298| 119.8) 1497 5008833
10-Apr58 ‘:;T‘E”'C”h Knox Landing 1® 910249 1801 77 33| 831 22%| 385%|  856%| 100.0% 24| 16 179| 5187386
9 1 892  08%| 430%|  9r.5%| 100.0% 26| 18| 174.6] 5162498
107.8 22| 813  08%| 338%| 958%| 1000%|  s01| 1555  2056| 5325033
i 056
00 0] 10.03 155 1
100 90| 003]  22%| 459%| 100.0%| 1000%| 254 130]  155.4| 5046002
Line 13 018 00 70 B95|  09%| 9E0%|  943%| 1000% 33| 1535  1985| 5228431
50 50| B74|  OB%| 175%|  792%| 950%| 206 1896  2102| 5348069
10-Apr-283 ﬁ;ﬂyj’gh Knox Landing 1 910249 2072 70 an GO7|  naw| 230w ouew|  992% 521 1413 193.4] 526471
Ell | G73)  02% 102%| B96%| 973w 1982) 1124  3106| 5736506
%80 2| ses|  06%| 181%|  @73%|  979% 185 1433|  3083| 5734312
i 3093
Ed ) 7 1433
52| @28 7| 5o%|  745%| 100.0%| 100.0% 95| 1338 1433 406404
Lins 13 0/5 76| 44| 728 38%| B41%|  923% 100.0% 112 1407|1519 5023222
46 46| 728 10%| 459%|  o97.8%| 1000%| 375 1g5.4|  1929| 5262172
10-Apr-58 \:{a:‘«l(edénh Knox Landing 1 910249 2433 64.4 276 788 04%| 144%| 915%| 988%| 1553 1488 3042 5717685
2.8 52| 728  04%| 139%| 93.4%| o9E%| 1939 52| 3459 581615
902 18 48] 05%| 149%| 948%| 993% 181 1294|3104 & 7ares2
i 3104
76 76 33 1895
76| @84 23] 24%| 671%| 1000%| 1000% 67| 1728|  1895| 5244359
Line 13 /5 28| &32]  343]  5R%| R27%|  O76%| 1000% 61| 1503|  18B.4[ 5114395
E 3| 205  0n0%| 332%| 99.4%| 1000%| A0z 52| 2022| 5309057
10-Apr-38 \i::adgh Knox Landing 1 910249 280 532 28 a12] 11| 2ew|  osewm|  oanw|  11B4]  135|  2479| 541305
60.4 76| 282 03%| 169%| 973w 995%| 1751|1178 2927|5798
745 15| 201  04%| 124%| o5.4%m| 93sw| 395  1598|  479.3] 672927
i 4793
110 110] 624 2947
1.0 9a)  B24|  385%| 335%| 93.0%| 1000%| 251 2696 2947 5585958
Lins 13 0/5 3.0 77| 58| 18%| 248%|  88.5%| o48%| 462 2862|3124 5741284
55 55 444 18%| 354%| 945%| o82%| 333 o282 3215 5772908
17-Apr58 ﬁ{;‘f’;h Knox Landing 1 8o.762 1788 77 33| 392  10%| 285%|  89.6%| 100.0% 513 3038  354.9] 587183
Ez] 1 513|  0R%| 231%| G86%| 958%| 578 262 06| 5 783625
107.8 22 4| 0B%| 198%| e88%| 1000%| 836 2r53| 3598|5630
i 3589
0 W 9.3 3052
05| 945  @973|  21%| 28E%| @21%| 979%|  443| 2608  3052| 6720967
Line 13 /5 a5 734 98] 09%| 196%| 922%| 1000%| 661 264|  330.1| 5.799398
55| 526 982 03%| 199%| 936%| 1000%| 7e8| 2978| 37a37| 92as3
17-Apr-38 ‘ﬁ;iyed’gh Knox Landing 1 8e8752 208 735 kil a6l 10w 128w ma1w|  eraw| 1411 omms 306| 5 9ER4E2
%5 105 78]  06% 154%| o04%| g94%| 1256 271|  396.6| 598298
1.8 21 748 03%| B3%| 635%  985%| 2692 2863  5555| B319889
i 5555
El 3 732 2649
5.1 819 732 110%| 575%|  835%| 100.0% 136 2713|  2840| 5652138
Line 13 015 73| 837|732 17e%| 320%| wa2w|  sesw| 517|805 3112 574043
455 455|732 45%| 403%|  msw|  sesw|  7a7| 2678|3425 saman
1758 \:{a:‘«l(edénh Knox Landing 1 83762 2458 637 273 734 32%| 228%|  94.9%| 100.0% 525 287.4|  368.9| 5913233
1.9 X 685  01%| B4%|  91.2%| 996%| 3681 263|  651.1| B.478563
.2 18 27| 06%| 108%| 9ai%| 95w 3811  2888|  B27| B.ass20
i 5297
77 77 549 3067
77| 93|  548] 151%| 647%| 100.0%| 1000% 129  2938| a087| &ra5er
Line 13 015 21 539) 674  13%| 266%|  BB6%| 1000%| 547 2516 3063 5724585
5| 86| 62|  29%| 66%| 959%| 1000% 74| 2954  389.4| 591188
17-Apr-98 ‘::iy:’cnh Knox Landing 1 898,752 2834 539 231 a1B|  31%| A6%|  oe0%|  1000% @31  orad|  3e9a| s o0eAgE
593 77| 388 6B%| A06%| 967%| 1000%| 435 a661|  409.6| BOISI6T
755 16| 238 17%| 147%| o64%| 96.4% 21| 2773 4913| 6197055
i 913
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Table C.64. Data from Mississippi River - Line 13 3

Date Location Gage Tem Discharge | Distance from Velocity | Suspended Sediment Grain Size Analysis Sediment Concentr:
Y PCO | e | Reforce Point he - ¥ '“: ffs) | 0062 | 0.125 | 035 025 | Sand | Fine- ] Tal | InC
14 921 1387
1.4 1026 921 36% 32.8% 97.0% 100.0% 74 113 138.7| 4932313
Line 13 /S 34.2 79.8 9.67 07% 32.5% 90.7% 100.0% 3.8 144.4 176.2| 517182
B-May-98 of Hydro | Knox Landing 19 1190828 1787 a7 &7 9.86 0.6% 29.8% 93.2% 98.1% 446 1087 153.3| 5.032397
Intake Ch ) 798 342 10.08 3.1% 15.1% B2.2% 100.0% 1341 1248 258.9| 5556442
102.6 1.4 781 0.5% 2B.7% 89.1% 100.0% 647 113 176| 5.170484
"7 23 714 0.4% 14.1% 76.5% 98.3% 1723 1226 25849 5686636
2849
102 102 1115 2118
10.2 91.8 11.18 0.7% 21.6% 89.7% 97.9% 779 1338 21
Line 13 s 306 74 10.78 15% 2.1% 91.2% 100.0% 63 1218 151: gg?ggﬁ
B-hay-58 of Hydra | Knox Landing 19 1170826 2032 a1 al 10.16 4.0% X .9% 87.2% 100.0% 431 a3 164.4| 5102302
Intake Ch 714 06 G881 0.5% 17.4% 78.8% 97 8% 9558 1262 224| 5411646
9.8 102 7.82 15% 10.9% 1% 97.0% 20458 1323 336.8| 5.819489
100.0 3 57 0.3% 17.7% 90.5% 99.5% 1435 126.4 289.9| 5598052
2839
a7 87 8.73 1616
8.7 783 873 12% 33.8% 96.8% 100.0% 421 195 161.6| 5.0851
Line 13 /S 26.1 60.9 8.5 74% 66.2% 97.1% 100.0% 16 1361 1521 5 024533
B-May-58 of Hydro | Knox Landing 19 1 120628 2458 435 435 8.74 0.0% 27.0% 95.3% 100.0% 62.1 131.2 193.3| 5.264243
Intake Ch ' B0.9 261 9.37 4.2% B3.9% 87.5% 100.0% 138 1281 138.7| 4932313
;E g ?; ?S? g;:f H 1;% 94 7:/u 98.9% 277 153.2 3B0.9| 5942537
I h 1% 96.4% 99.6% 4276 130.8 568.4| 6.326076
556.4
a1 a1 5.23 137.1
8.1 729 523 18.2% 55.4% 100.0% 100.0% 16.1 121 137
Line 13 VS 243 56.7 518 71% 47 B% 100.0% 100.0% 15 183.7 195; ggg??;é
B-hay-58 of Hydra | Knox Landing 19 1170826 2655 405 405 58 12% 24.1% 95.2% 100.0% 571 1521 209.2| 5343291
Intake Ch 66.7 243 6.01 14.0% 36.3% 92.6% 100.0% 67.7 180 2477| 5512218
729 g1 5.02 6.5% 18.2% 98.9% 100.0% 2159 145.5 361.4| 5.609985
79.4 1 g 3.31 22% 30.3% 96.7% 99.3% 160.1 1258 285.9| 5.655642
2859
a9 99 4.1 247
9.8 851 471 5.5% 65.8% 74.0% 91.8% 214 2533 2747| 561568
Line 13 /S 297 69.3 4.78 33% 34.1% 69.0% 100.0% 138 218 231.8| 5.445675
9-Jun-98 of Hydro | Knox Landing % 566 2 1771 48.5 485 495 5.0% 40.6% 90.1% 100.0% 149 219.6 234.5| 5.457456
Intake Ch ) B9.3 27 517 5.6% 42.3% 87.3% 100.0% 12.98 2276  240.58| 5483053
89.1 99 4.08 3.0% 56.8% 90.5% 100.0% 22 239 268.2| 5591733
97.0 3 3.09 5.3% 30.3% 85.5% 100.0% 16.4 242 256.4| 5554509
280.4
94 94 5.12 23
9.4 846 512 5.5% 51.6% 93.4% 100.0% 14.3 2237 23
Line 13 VS 8.2 658 368 2.0% 28.1% T47% 100.0% 413 2291 270 3 g g;ggég
9.Jun-98 of Hydra | Knox Landing % 566 002 2089 47 47 485 0.9% 34.6% 83.9% 100.0% 46.1 2677 3038| 671637
Intake Ch b 65.8 232 4.43 1.4% 13.3% 63.4% 9B.7% 162.4 2525 414.9| 6.026038
04.6 9.4 34 0.3% 8.1% 55.68% 96.3% 2841 2565 510.6| 6.235587
92.1 1 g 337 0.4% 2001% B2.6% 99.0% 1805 2448 425.3| B.052795
4253
81 a1 733 2169
8.1 729 733 13% 26.9% B0.3% 100.0% 1.6 2051 216.9| 5.3
Line 13 /S 243 56.7 731 20.5% 46.4% 90.7% 96.7% 186 2342 253 5 Sggggg
9-Jun-98 of Hydro | Knox Landing % 566,002 2478 40.5 405 6.82 23% 20.7% 95.6% 99.0% 529 2225 275.4| 5618225
Intake Ch ' 56.7 243 5} 13% 21.7% 90.6% 98.1% 124 261.9 3B5.9| 5.955578
729 8.1 565 0.5% 7.5% 83.8% 99.1% 373 2701 6431 6.4663
9.4 1 g 431 0.1% 6.9% B0.4% 99.2% 5896 269.9 849.5| 6.744648
8435
69 [a:] 4.03 3383
6.9 B2.1 4.03 0.0% 28.0% 52.0% 100.0% 109 3284 33
Line 13 DvS 207 483 4.4 B.7% 53.3% 84.4% 100.0% 79 2313 Zﬁgg 58;??’?2
9.Jun-98 of Hydra | Knox Landing % 566 002 2855 345 345 431 8.4% 70.2% 92.4% 92.4% 181 2283 246.4| 5506956
Intake Ch b 48.3 a7 4.04 3.3% 61.7% 85.0% 100.0% 235 315 338.5| 5.624524
62.1 69 36 0.0% 53.5% 91.0% 94.8% 424 2756 318| 5762051
B7.6 1 é 247 0.4% 3B.6% 97.2% 98.7% 171.8 2505 431| B.06E108
431.0
a8 iz} 249 219
8.8 792 248 2.68% 36.6% 95.1% 100.0% 108 208.1 219| 5389072
Line 13 /S 264 616 316 6.2% 65.4% 98.6% 100.0% 1068 181 191.8| 5.256453
Fhugd8 of Hydro | Knox Laning 3 159 967 1791 44 44 318 14.3% 40.8% 93.9% 100.0% B.5 179.4 185.9| 5225209
Intake Ch ) B1.6 264 291 8.2% 45.9% 90.2% 100.0% 8.2 181 189.2| 5.242805
79.2 8.8 337 5.0% 48.8% 86.3% 97.5% 121 189.5 201.6| 5.306286
86.2 1 E 156 0.5% 28.3% 57.7% 97 B% 631 203.7 2B6.8| 5.586499
68
a3 a3 5.69 2178
8.3 747 5.69 29% 55.9% 92.68% 100.0% 141 2058 21
Line 13 /S 249 58.1 5.2 6.2% 46.4% 85.7% 98.2% 18 186.1 ZDZ ? 553?1%2?
3 Aug98 of Hydro | Knox Landing 3 450 96T 2076 4.5 415 5.28 4.2% 27.6% 85.9% 99.5% 31 196.8 227.8| 5.428468
Intake Ch b a8.1 249 4 87 2.5% 29.4% 8B8.6% 100.0% 273 180 207 3| 5334167
AT 8.3 416 0.0% 19.1% 6B.4% 100.0% 533 191.2 244.5| 5499215
813 1 S 354 0.6% 12.8% B6.9% 99.1% 1372 2052 342.4| 583598
3424
73 73 8.17 218
7.3 BE.7 817 15% 51.8% 94.2% 100.0% 27 1953 21
Ling 13 OvS 218 511 771 2.4% 57.3% 95.7% 97 B% 249 188.2 213 ? g gg?;gg
E of Hydro | Knox Landing 3 458 967 2474 3.5 3645 7EB3 0.7% 29.0% 94.2% 98.6% B3 190.8 253.6| 5535758
Intake Ch ’ a1.1 219 6.44 0.5% 27.8% 95.7% 100.0% 102 198.3 299.5| 5702114
B5.7 73 5.89 0.4% 257% 95.68% 99.5% 178 200.8 3187| 576425
75 1 g 565 0.0% 17.6% 91.4% 98.6% 3086 2211 529.9| 6.272608
5289
&7 &7 4.87 191.1
8.7 5.3 4.87 3.5% 29.4% 95.3% 98.8% 135 1778 191
Line 13 VS 17.1 399 541 4.2% 21.1% 9 .2% 100.0% 0.7 1848 195; 55233222
3 hugdE of Hydra | Knox Landing 3 458 967 2681 856 2B45 493 2.2% 236% 93.3% 96.6% 20 2024 222.4| 5404478
Intake Ch /8 171 471 21% 55.7% 97.7% 95.0% 663 200.5 2B6.6| 5.586499
51.3 57 372 0.9% 56.8% 98.5% 100.0% G258 198.1 2806 563693
55.9 1 gl 312 0.5% 40.5% 96.4% 97.5% 121.2 2287 346.9| 5.849037
3469
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T
able C.65. Data from Mississippi River - Line 6 1

Date i
Location Gage Temp (°C) Discharge | Distance from
(cf) | Refernce Point h iy y f) VE(::}C“Y Suspended Sediment Grain Size A
) ze Analysis i
Line B DAS of 4 & 4]_52 0062 | 0125 | 025 T | Sand F.r ion (ppim)
s renen oy 480 eE) e = ine Total LnC
ke, |Knox Landing E 783,52 1ea0| T ed3  24% 655%|  69.7%|  94@nl 22 293
Channel &0 3211 2600 Sa 4da] 2 2;“ se3n  oeru|  omsw| 8 2 07N 293) 5GA0IT3
200 | | 2% Shan 0G%| ek G2 185.8)  247.1) 5508793
a0 44 sarlasm W K| 00| W 7.3 3055| 57219
oo o 3 07wl 2% @an W0k zt S| 378.7| so367ae
L2 (S| row| saoe| sl s ses ot
Lot o ot . o 8| 4754 6164157
27-Feb- Auziliar g0.4 B
Feba | Y |knox Landing E 7835 2280|532 ES? lg/ 342%|  89.1%| 967%| 3 215
Channgl 520 381 38.00 | ] B | s IS s
Bl wm B e Jw S0 S 17 1888  2402| 5481472
63.40 B B Law maw sl sl 1o 1913|  308.4| 5731398
2450 7ol fl o ow | mowl  mau| e 2366|  3987| 5962308
518 (| A aew| smii| es|  ome| sre eie
Line B D45 of -2 I BT B
27-Feb- Auziliar . 01 Bra
soga| NV |knox Landing| 9 78352 1 2224
ke s0 4090 1150 23 pm ot A;w 735%|  oe9%m|  9rE% ps ; 1803|  222.4| 5404478
mE el BE| aw 2ew 00%| 00K 153 o3| 2704 55989
s010 o7 BB 24% miw %ol miw| % 257|  391.5| 5969986
& 20 asl 4wl iW isewl  seow|  smou| sz 1.2 203| 5680173
52 o 118%| 950%| 990w 4711 28| 541.2| 5293789
Line & /8 of . I 7083 B ERATE
27-Feb- Auziliar a s
Feoda| Y iox Landing| 9 7825 . T B Bl R a1
e 520 4718 45.00 45 439 ,14; 300%|  89.9%|  981% ,éé 210  224.4| 541343
R EEE R EEE
g s 93.5% 96,49 204.1| 53186
M
R s 17.4%|  Gam|  o94%| 1494 2744l 3M01| 5736395
N . 206 gggj 5673244
ine 5 OIS of 52 3.44 5.9
it | | AuEilar 5200 458
oo | AT |kinox Lansing ] 8445 15.80 64 g jj g 9%|  405%  929%|  968% E 288.1
Channel 513 3218 e I T I | T omn| 7ol ol 3| s
B0 Wl skl 2e% lodu 2| 9| 1094 2318  269.8| 5597681
a0 se2m 21w @anl 0wl 2wl 193 2394|3485 5850499
51.00 E R | Z7.3) 3645 5895801
0 P o  B4%|  B17%|  99.5% 150 3327 7BB3| BRA4IB
Line & VS of . gg 8] 6.6 205|  750.3) 620473
23-Mar- Auziliar 201 203
Mards | T knox Landing| 3 8445 | B B e 2903
Channgl 513 3825 O B ] 7 2mEl ZnE sEmmel
e T B 2634 3261| 578133
80,10 570 DI % 15| Sedw| 000%| S Jtos| 3278 5 7e2ane
&7 0 8ol s 10% 127%|  arew|  99.5% i o7i7|  524.2] 6.261673
3 7.4% . 06 2634
o i | 95.8%| 996%| 6905 659.4 649133
Lina /S of o w50 ) Jo0 5| B EE0ES
23-Mar- uziliar: ;| 855 g
a8 | Y knox Landing) 9 81451 L e e B 265
e 513 4010 22-50 75 6| 3 9;: ﬁg:f o3| 000%| 2 é gggg 286.5| 5657739
85:28 22 g 5652 se%| 208 ggg:ﬁ S?SZ“ sio| 227 gg: j g gg???
5310 e g 3;: 3?.9:& 51.0%|  976% 12; 1 537-5 294.6| 5.635519
0 T 9% 98| grEw| 1827 237|  387.1) 5958683
Lin /S of - B3] 286 IS 2 E B
23-Mar- uziliar: 201 28
von | Y inox Landing| 9 B4 513 o T SR e e Dk e 1 078
Channsl ' e hggl me 3w 0 R e B Tial oi| ool < oosw
‘ER R R BEE
o a 3
a7.20 18 541 igﬂﬁ: ig ;Vﬂ 90.4%|  98.0% 52? 3134 344.1| 5.840932
o Soa %|  93.8%| 97.3% 83 3| 266.4] 5581959
2045\  2728| 5606739
728
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T
able C.66. Data from Mississippi River - Line 6 2

Date i
Location Gage Temp (°C) Discharge | Distance from
(e Refernce Point h if y f) VE(::}C“Y Suspended Sediment Grain Size A
'5) 0. ize Analysis Sed
Line B D/S of Fl 9 43 4:'-14 = 01%5 025 ﬂ-“Z);s Sand Fi: ppm)
10-Apr-98 Auziliary .50 4.1 414 0.0% . e Total InC
Intake|Fn0x Landing 15 8565 14.70 343 405 350° 2% a4.1%|  100.0% En) 28
Channel 512 3203 1 o) T - = Bt
3430 7 Jas ’ ww 26.7% 94.1% 97.5% 13 1433 175| 5.164786
110 e ol  orow w3 733 167.1|  200.1] 5.298817
B0 ; 219 Ds% 15.avfu 7% 992%| 1613 150.8|  224.2( 5.412539
1 1= P e 11 Ry A 128| 2893 5867484
R - SE e 19.7|  3402| 5829534
10-Apr- Auziliar 72 02
g3 | Y ok Landing| 16 - 24.00 I Bas S0% Lok ikl I000% %
e 512 3778 40.00 m| el 1 éf’ M/2%|  971%|  100.0% 352 812 96| 4553677
56.00 2 7| Do ?A 7%|  O7.8%| 1000%| 0B 1324} 16744 523245
72.00 e ] 1031 1839) 5214350
7640 16 4m| 0w 109n/° %0%|  997%| 4168 124B)  3621| 589192
. o e 6| 04%|  oeAw|  99m%| 3824 N7.6) 5344 6261145
Line B /S of 10188 o] 745 127.8|  509.9) 6.234215
10-Apr Auziliar : a0 o023
oo | Ay Gangng| 15 o 3000 T ; ;f é TRl dn| e 00%| ¥ 167
Channel 512 4085 50.00 sl EEs| 1 gvf' sman| 000w o0ow| @ 2 8a1) 1267 4841522
000 @ em@) 1% 4% @2%|  EE% = 918 1245| 4524306
o000 e 13.9%|  93.9%| 1000%| 1326 11| 157.1) 5056883
5500 e 13.7%| 947w  omaw| 2ms 28| 2045 5320888
a S 6| 52%| 89.1%|  99.2% 3% 65.3|  268.2| 5584248
R : SS i 39|  478.9| B.171492
10-Apr Auziliar 854 89
org8 | el koo Landing| 16 8565 2660 672 33? 58/ B3.4%|  93.0%| 1000%| 1 843
Channal 512 4578 48.00 o e B ] e B 74| BA3| 4431380
g7a0| e 343 oo 07%|  947%| 1000%| 424 D48l 1312 4676723
o6 40 fa) o Do 192%|  @15%| 97o%| 762 922  1345| 4902307
Amwmmw
R G| B.2%|  57.1%|  100.0%| 2853 528 130.9| 4794964
N - 1283 gggs 5.975335
ine 5 D/S of 48 4.68 °
nongg | Al 480 432
pros | VY o Landing) 18 793 361 12.40) 36 j ig é 36 430%|  1000%|  1000%| 3 21
Channel 280 3,169 24.00 R B B e oo ma Ted) T2l soe
e | v 18.7%|  93.4%| 1000%| 1115 381  3923| 5972027
a0 e uaw 155%|  91.0%|  99.0%| 1322 3037| 4152 B.02676
o ; 1ok 148%| B98%| 978%| 1718 108 43| 6.09357
0 o 6|  99%| B867%| 98.8%| 2632 2998 4717| B 156343
R : gé - & 2918 558| 6324359
17-Anr Auziliar 828 san
prog | U o Laneing| 18 — B | o B 2818
Channel 30 385 B0 L ] | e R L
Gidn|  we|  ses| 07 ?B B%|  97.2%| 1000%| 499 307 AD241 5 H9TaAT
8280 el fml 7w Inm Sl S0m @9 276|375 5 To0TS
9020 Tal 1wl o 35’ J35%|  99sm| 2123 205‘ 404| 6001415
B e B | I Ry
Lina /S of - a7 54 LA 2T B
17-Apr- uziliar: 5 &3 &7
ors | AT ko Landing| 16 793360 e I B I ) ol B 3114
o0 21 e 44% 4% 97.6%| 1000% i : 328.1| 5796362
g;_?g e j;: 2;.;; %6.7%|  100.0% 742 252?83 327.7| 5.792099
) Ta sl e B 7is%| 1000%| 1509 304 312.7| 5.745244
0 3 2%|  77E%|  100.0%| 1583 48| 4557| 6121835
Lin /S of o 92 3.8 23 E0E BOME
17-Apr uziliary 828 3 9 28
pr98 | ake  |Knox Landing| 1B 793350 2760l B44] 3 22 S ;;ﬂ BO%|  726%|  887%| 18 236
276 381 T30 %l g21%|  100.0% 265.1| 5580107
Bol W 3R en el o oo
T8 3| b Bi4% 1000%| 1000%|  37E[ 2105 3111 5739793
R 6| 938%| 1000%| 473 317 2481 5513632
364 3| 5897978
3643
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Table C.67. Data from Mississippi River - Line 6 3

" Discharge | Distance from Velocity | Suspended Sedi it Grain Size Analysis Sed Gi ppm)
Date Location Gage Temp €0 | ™k Refernce Point h ) v i) (fsy | 0062 | 0.125 0.25 0475 | Sand | Fine | Total | LnC
7] 3| 364 2747
320|288  3B4]  60%| 627%| 1000%| 1000%|  214] 2533 2747| 561560
980| 224  348]  77%| 5e.0%| 100.0%| 100.0% 138 218|  231.8| 5445875
16.00 6| 345)  19%| 514%| onsw|  95.2% 149 2196|  234.5| 5457456
S-Jun-58 | Union Point | Knox Landing E Soas17 817 2240 96| 305  BE%| S515%|  946%| 100.0% 129 2278|  2405| 54822
28.80 32| 253 9% a72%|  849%| 1000%| 292 239|  288.2| 5591733
31.40 06 164 11B%|  50.9%|  95.5%| 100.0% 8.4 242| 2584 5554509
o 163 2584
70 70 546 738
7.00 B3| 54B|  5E%| 489%|  911%|  933% 143 247 738| 5 472271
21.00 49 527  50%|  A28%|  944%| 1000%| 413  2991|  2704| 5599902
. 36,00 36| 488  04%| 420%|  918%| 944%| 451 2677 3038| 571637
Fdun3 | Union Point | Knox Landing *® So4at7 3788 4300 21 418] 44w  omew|  ourw|  ovew| iB24] 2625 4143 6mEnmm
6300 7| 4| 13w 228%|  @12%| @m1%| 2541 2665  5106| 6235587
68 60 14| 322| 0&%| B0%|  719%| 971%| 1805 2448|  4253| 6052795
o 27 1253
EE] 8| 6.7 21649
230|  747|  B37|  32%| 450%| o24%| o3.4% 118 2051|  216.9| 5379436
2000 g8 B 0B%| 504%| 728%| 79.6% 188 2342 263| 5533389
neo| a5 57| 12%| 450%| Ba9%| 973w 520 2225  275.4| sEi52s
S-Jun-58 | Union Point | Knox Landing = Soast7 4083 58.10 249 53| 19%| 320%| 940%| 99.2% 124 2619| 3859 5955578
74.70 83 475  20%| 8%  90.0%|  97% 3| 2704|  B43.1| 64683
&1.30 7 37| 02%|  98%| 744%| 973%| 5896) 2608|  B435| 6744548
o a8 8435
el Ba| 204 3393
B40|  75B|  274]  09%| G3%| 791%| 998% 09| 34|  3393| 562EEGS
2620 588|250  39%| G90%|  951%| 1000% 79 2313|2382 54773
. 1200 2| 23| 2% 704%|  935%| 1000% 181 2083|2464 5506956
FdunG& | Union Point | Knox Landing *® So4st7 4703 4880 252 268  8aw|  721%|  o5ew|  1000% 35 315|  338.6| AA2A
75 60 84| 287| 129%| 439%| @19%| 966%|  424] 2755 31| 5762051
62.30 17| 212|  20%| 32w  os7w| 933w 1715 2895 431 6.065108
o 145 4310
21 21 365 187
210 189 385|  13.3%| 733%| 100.0%| 100.0% 21| 1843 187| 5231109
530 147|385 26%| S06%| 8.0%|  909% 131 1918|2048 5321057
10.50 105 287|  21%|  s24%|  915%|  100.0% 89 1972  2081| 5.328381
FAug8 | Union Paint | Knox Landing I 34264 3204 14.70 53] 273  65%| E23%|  88.3%| 100.0% 118 191.8] 2037 5318548
18.90 21 282 41%| &10%|  &78%| 1000% 136 2121|2257 5419007
2060 04 357|  27%| 473%|  6865%| 1000% 188 223| 2428 5492238
o 203 2428
56 56| 4.2 058
560  &04|  452)  30%| 635%|  90@%| 1000% 151 1947|  2088| 6306155
80| a2 22| 36%| 671%| o76%| 1000%| 263 1m2e|  218.1| 5384gsd
. 2600 28 292]  11%| 414%| 934%| 934%| 297 1914 2001| 5394082
FAug38 | Union Paint {l<nox Landing 3 B4 378 am0 164 a07|  0RW| AW 956w 9a7% 213 183 275 5| 5A1E5AD
5040 56| 306  21%| 286%| 917%| 976%| 585 1992 257 7| 545179
5490 T 093]  04%| G8%| 705%| 956%| 4361| 2034 5395| b 460GE7
o 0@ 5395
76 76 3.9 2351
760 684  378)  06%| 322%| 7o4w|  osow| 345 2008 235.4| 5480011
2280  532]  347|  06%| 93w  9sow| 1000%|  270)  1oos| 2278 542715
38.00 3 37| 04%| 451%|  mow| sesw|  a42]  1o00| 2343 5sEe02
FAugd8 | Union Paint | Knox Landing I 34264 4108 53.20 28 307|  02%| 383%| 943%| o78% 8| 2148 3028 5713073
68.40 76 212|  05%| 201%| 90s5%| e0%| 1079 288 338 5819469
74.50 15| 1@844|  02%|  7.8%| 782%| osaw| 7oa7|  2988| os5s| meEzs
0| 124575 9555
73 78] 207 505 7
7a0| 711 227 08%|  23%| 200%|  410%| 3967 213|  609.7| 6412967
2370 553 194 B1%| 407%| 907%| 1000%| 242 2348 259| 5 556828
. 950 385 17| 33%| B09%| 940%| 1000%| 204 oE28| 10033) 691105
SAug98 | Union Paint {Inox Landing 3 384264 4559 5590 237 nge| 00w E30%| 951w 1000% 123 1wa4| 2087 5 a9
7110 79 093]  38%| G0&%| 1000%| 1000% 156 1988|  214.4| 5.367843
77.40 16| 15008| 33%| &94%| 967%| 1000%| 285 2084|2369 5467Ed8
o| 18006 2369
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Table C.68. Data from Mississippi River - Tarbert Landing 1

Distance from

Suspended Sediment Grain Size Analysis

Date Location Gage Temp Q) Dis;:':;sarge Refernce Point hif) yifY Vetlf':};::'i!y (mm) Percent Finer Sediment Concentration {ppm)
] 0.062 0.125 0.25 0.425 Sand Fine Total LnC

El G B 482 293
480|432  482|  34%| ess%| sorw|  oasw| 23 207 203| 5680173
Line B /S of 1240  338|  443]  24%| 443%| 957%| o8s5%| 63| 1858 247.1) 5509703
Auziliary 2400 26| 448|  22%| 344%| o0e%| orE%| 82| 247.3]  3085| 572195
AFEOTB | ke |HN0% Landing 83520 s 3360|144 427  a3%| 6B1%| 957%| 1000%|  406| 33m1| 3787| 593674
Channel FER] 48] 383  07%| 20%| e93%| 1000%| 2281  2881|  4932( 6200m5
47.00 1 254 07%|  38a%|  940%| 982%| 2176 267.8)  475.4| B164157

o 203 4754

El 76 76| 6.08 215
760| 684  R9B|  16%| 342%| 891%| 967%| 09| 1908|221 5| 5400423
Line B VS of 2260  532]  BB3|  48%| 67%| 979%| 992%|  514) 18e8|  2402| s4mia72
Auziliary 30.00 3| B77|  17%|  a01%|  97.0%|  98.7%| 1171 1913 3084 5731398
AP e [ Landing 8350 2am 5320 28] 578  14%| 234%| 958%| 993%| 1551 2336 3807 5962808
Channel B&.40 76 5 04%| 141%| 982%| 992%| 06| 2%92|  5396| 6396598
7450 16| 388  OR%| 153%| 989%| 991%| 53] 2316 7678| BE436E

o o 7679

El 2] B 121 7224
aon| a0t 71| 26%| &ap%| 948%| e7re%w| 421 1803  2224| 5404478
Line B VS of 2670| 623|635  58%| 735%| 949%| 97e%| 676 on23|  2701| 5s9A7eR
Auziliary 4460|445 681|  34%| 216%| 1000%| 1000%| 1456) 2457 391 5| 5969966
AL e [ (o Landing 783520 4,080 6230 67| 66| 24%| a21%| 962%| 98.1% a3E 1992 203 5 RENNT3
Channsl 8010 89 437  11%| 156%| 960%| 990%| 3222 219|  541.2| 6293789
a7 20 18| 307|  42%| 119%| 950%| 990%| 4711 23¢3|  7054| 655a765

o 146 7054

El Ell 50 3.92 2244
2.00 al 392|  50%| 650%| 90.0%| 950%| 144 20| 224.4] 541343
Line B /S of 27.00 63| 508  48%| 380%| 88.9%| 08.1%|  428| 2028 2455 5503207
Auziliary 500 45| 438 aa%| 48.4%| o52%| or2w| 328 1713  2041| sass
AL e [ Landing 783520 4718 63.00 Fid 342)  72%|  408%|  oasw|  oR4w 29 203|  232.9| 5450809
Channel 81.00 ] 28| 14.4%| 346%| 04w 042% | 27a1|  3101| 5736608
3.20 18| 233 12%| i7.4%m|  eeew| go4w| 1404 206|  355.4| 5673244
o 115 355 4 59

E] 52 52| 344 268.1
520|468  344]  79%| 408%| wow| sesw| 3| e8| 2881| see3as
Line B /S of 1560| 34| 344  B3%| 368%| 953%| 1000%| 30| 2318 2698 5597681
Auziliary 26.00 26| 308|  28%| 19.4%| 91.2%| o88%| 1094 2394 3488 5851409
M| |HN0% Landing 1513 38 3640 158 288  21%| 183%| 910%| 992%| 137.3| 2273 3645 5898801
Channel 16.80 52 208  11%|  9a%|  @13%| grw| 4386 37| 7883 BEas
51.00 1 134)  07%|  BA%|  81.7%|  98.5% 60| 2003 7503| B.620473

o o4 7503

El 2] B 6.6 7903
aon| a0t 646  59%| 323%| 968%| 1000%| 437 2466 2003 5670915
Line B /S of 2670 523|668  38%| 265%| 948w 973%| 717 2634 3251| A7Am3
Auziliary 2450 445 623 34%| 224%| oram| 993%| 1078) 2198  3278| 579240
BMarfB | e | o Landing Ba4513 3825 6230 67 601 18%|  152%|  oB4wm| oonw|  zAaA|  amir| A242| BoRIEF3
Channel 8010 89| 428  10%| 127%| orew| 995% 06| 2534 6594 649133
a7.20 18| 305|  06%| 74w 96w gs9ew| WS 200|  980.5| 6.686063

o a0 5605

El E5 55| 5.2 2665
950 @56  682|  43%| 243%| ga4%| oBa%| s82|  288|  omms| sEATT9
Line B VS of 2850  BBS|  BO7| 122%| 435%|  913%| 1000%|  218) 232B|  254.4] 5530008
Auziliary 4780  A75|  B7B|  39%| 246%| 939%| 984%| 517 2097| 081 .4] sEIrr

23-Mar96 Knox Land B44 513 4010

o Intake nox Landing ‘ : BE.50 265 63| 36%| 246%| 950%| 979% 571 2ars|  2946| sEEEEID
Channel 85,50 35 509 09%| B9%| @10%| 97B%| 1634] 2237  397.1| 5950683
93.10 19| 208  57%| 319%| 961%| 97@%| 1627| 3599| 5226| 6.246816

o o048 5205

El 2] B3] 2.06 107 8
ga0| a0t 286  10%|  93%| 941%| 995%| 16858 242|  a07.8| BOW07TT
Line B /S of 2670  B23] 288 11.1%| 0%  81.5%| 1000%| 142 40|  354.2| 5869852
Auziliary 4850 445 378 118%|  423%  946%| 100.0% 12| 3243 3383 5818004

23-Mar98 Knox Land 844513 4743

ar Intake nen Lansing 62,30 67 365  58%| 2%  0EE%|  £9.0% 247 3194  344.1| 5840932
Channel 80,10 89  318|  35%| 7% 904%| 980%|  s61| 2103  266.4| 5584999
.20 18| 24|  45%| a02%| omew| ora3w| 283  2ms|  2728| se0sr

o 208 2728
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Table C.69. Data from Mississippi River - Tarbert Landing 2

Distance from

Suspended Sediment Grain Size Analysis

Date Location Gage Temp Q) Dis;:':;sarge Refernce Point hif) yifY Vetlf':};::'i!y (mm) Percent Finer Sediment Concentration {ppm)
] 0.062 0.125 0.25 0.425 Sand Fine Total LnC
G [E] ®m 4 1128
290|441 44| 00%| 382%|  941%| 1000%| 343 785 1128 4729818
Line B /S of 1470 343 405|  38%| 364%|  948%| 1000%| 251 1498 175| 5.164786
Auziliary 200 245 382 00%| 267w 4w 9rs% 43| sa|  2001| 52087
TRAPRIB | ke |HN0% Landing fse512 8.2 se30| 147|298  20%| 259%| or2w%| 993%| 733  1608|  2242| 5412530
Channel 1110 49 219  0s%| 159%| 957%| 992%| 1813 128| 2893 5867484
48.00 1 198  02%| 128%| 03.0%| 09.4%| 2205 1197|  340.2| 5820534
o 198 3402
15 il | 645 9
.00 72| Bas|  s0%| &15%|  941%| 1000%| 1398 @2 95| 4553677
Line B VS of 2000 56 B94|  54%| 282%|  971%| 1000% 55| 1az4| 187 .4| 5733248
Auziliary mnon M| B73|  10%|  247%| 978%| 1000%| @08 1031|  1839| 5214392
WAREE | e |1 Landing BEB 12 e 600 21 BG7|  0B%| 158%| 959%| 09B%| 2376 1246 3621| 569192
Channel 7200 B B4B|  03%| 108%| 950%| 997%| 4168  117.6) 5344 5281145
7840 1Bl 408 01%| 104%| 985%| 996%| 3821 1278| s088| 6234215
o 398 5039
G 00 o] 7.5 1267
10,00 on| 75| 17%| a04%| 997%| 1000%| 76| @94| 1267 4841622
Line B VS of 00 70| 771 09%| 333%| 1000%| 1000%| 326 918 1245 4824305
Auziliary 5000 50| BEB|  12%| 244%| o972%| 998% 9|  GB11|  157.1| 5056083
10ARESE | e | Mo Landing BEB.512 4085 70.00 an| 482 1% 139%| 939%| 1000%| 1326 718 2045 5320688
Channsl 90,00 0|  488| 0&%| 137%| 947%| 983w 2009 53|  2662| 5sa4248
96,00 2| at2| 02w 52| @91w|  992% 95| B38| 4789| B171492
o 188 4789
G % 96 3.99 543
960 64| 393  28%| 634%|  930%| 1o0o0w| 103 74| ea3| 4434382
Line B /S of 2880  e72] 37| 41%| M18%| 1000%| 1000%|  284) 0ss|  131.2] asmErs
Auziliary 1m0 48 318 17%|  307%|  947%| 1000%| 424 922 1348 4902307
10ApE28 | e | Laneing 85 512 4678 67.20 88 343)  09%| 1902%|  osw| 070w 76.2 56.3|  132.5( 4.886583
Channel 86.40 a6 308 08%| 238W|  o17%|  1000% 63 528  1209] 4794564
94.10 1ol 23 05% G2 57| 100.0%| 2853 1283  3036| 5975338
o 103 3036
16 48 48] 468 2.1
480|432 48| 23%| 430%| 1000%| 1000%| 32| @2e|  3721| soimes
Line B /S of 1240|338 448  85%| 354%| o9e.9%| 1000%| 442 3481|3923 so7anay
Auziliary 20.00 20| 383]  18%| 187%|  93.4%| 1000%| 1115 3037  #152| 60276
TFAPLEB | ke (D03 Landing 793.350 3159 s3e0| 144  343|  02% 155%| 910%| 990%| 1322|3108 443 BI93ET
Channel 1320 48] 307 1.0%| 148%| e98%| grsw| 1718 2098  a71.7| 6158343
47.00 1 2| oB%| 99| eerw| omew| os32]  oms 68| 5.324359
o se 558.0
G 2 52 652 645
axm| 2@ 62| 36%| 461%| oaaw| 1000w 257 2691|  2948| sesiTer
Line B /S of 2760  B44] 579  18%| 223%| oriw| 1000%| 817 307  4024] 5earar
Auziliary 600 46| 574 25%| 286%|  972%| 1000%| 498 2676 3175 5760478
TTAREEE | e |10 Landing 793360 382 54,40 76| AGB|  07%| 17.4%| 940%| 990% smal  a0A 1 04| 6001415
Channel 8280 52| 381 02%| 105%| 935%| 995%| 2123 2838|  496.2( 6206979
90.20 18| 193] 05%| 98%| 949%| 99.6%| 2543 2614| 5157| 6.245525
o 19 5157
15 Ed a7 544 314
970|  B73|  &44]  146%| 360%| 1000%| 1000%| 185 29s8|  311.4] s7a1078
Line B VS of 2910 679|519  08%| Z36%|  943%| 1000% 18| 2811|  329.1| 5 79R362
Auziliary ms0| 485 57| 44%| 224%|  976%| 1o00%| 477 260|  327.7| 5792099
WARSE | e |10 Landing 793350 413 67,90 21 534 28%| 255%|  957%| 1000% a5 hr7|  3127| svasms
Channel 87.30 97| 473|  34%| B7%| 748%| 1000%| 1508) anas|  4557| 612183
95,10 19| 308 0&%| 92%| 776%| 1000%| 1583 2623|  4206| 6041682
o oo 1206
G B 5| 370 2636
920 828  378]  32%| 339%| 728%| serw| 181 2855  2838| sEa7ses
Line B /S of 2760  B44] 355 GE%|  440%| 1000%| 1000%|  184) 67|  2851| ss8mor
Auziliary 1600 46| 384 34%| 3% 921%| 100.0% 25| 2033 318.3 5762904
17-Apr-38 Knox Land 793350 4695
o Intake nox Landing 64.40 276 381 1.3%|  #1.3%| 100.0%| 100.0% 219 2891 31| 5739793
Channel 5280 82| 328 64%| 6%| 1000%| 1000%| 36| 2105 2481|5138
90.20 18| 208  B2%| 514%| 93e%| 1000w 473 317|  364.3| 5.897078
o 200 3643
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Table C.70. Data from Mississippi River - Tarbert Landing 3

Distance from

Suspended Sediment Grain Size Analysis

Date Location Gage Temp Q) Dis;:':;sarge Refernce Point hif) yifY Vetlf':};::'i!y (mm) Percent Finer Sediment Concentration {ppm)
] 0.062 0.125 0.25 0.425 Sand Fine Total LnC

% 2 T 2747
320|288  3m4|  B0%| 627%| 1000%| 1000%|  214] 2833  2747| sEises
Line B /S of 960 224  348)  77%| 569%| 1000%| 1000w 138 218|  231.8| 5445875
Auziliary 16.00 6| 345)  19%| 514%| 08w  9s2w|  149] 21098  2345] 5457458
FuneEE | e |FNO% Landing S48 817 240 96| 308 G66% 51.5%| 946%| 1000%| 128 2076|2408 548272
Channel 28.80 32| 253  19%| a72%|  840%| 1000%| 292 239|  288.2| 5591733
31.40 06| 164  116%| 00%| 955%| 1000%| 164 242| 2584 5554508

o 163 2584

% 70 70| 546 238
7.00 B3|  54B|  5E%| 489%| 911%| 933%| 143 2437 738| 5 472271
Line B VS of 21.00 49 527  50%|  A28%|  944%| 1000%| 413  2991|  2704| 5599902
Auziliary 35.00 35| 489 04%| 420%|  918%| 944%|  461| 2677 3038| 571637
FINFE o | (e Landing oty a8 19.00 21 418 44%| 88%| 907%|  978%| 1624 2525  4149| 60ZA038
Channel B3.00 7| 438  13%| 228%|  910%| 98.1%| 2541| 2565  5106| 623887
58 60 14| 322  0&%| B0%|  718%| 971%| 1805 2148|  4253| B052795

o o 1253

& EE] 3| 6.7 2169
a30|  747|  G37|  32%| 450%| ooaw| oeaw| 118 51| 2169| 537aae
Line B VS of 2080|  s81 6|  0B%| &04%| 728%| 796%| 188 2m2 263| 5533309
Auziliary 50| 415 57| 12%| 450%| 849w 973w  520) 2225  275.4| AE1A205
GG e | Lanéing soast7 4083 5810 249)  593|  19%| a209%| 940%| 992% 124 28|  3859| 5955578
Channsl 7170 83| 475 20%| |E%| 901%| 97% 73| 24|  B431| 64683
a1.30 17 37| 02%| 98%| 744%| 973%| 5896) 2698|  B495| 6744648

o s 8495

% el B4 274 3393
g40| 758  274)  09%| 3% 7o0%| gosw| 09|  ama| 3333 sazeess
Line B /S of 2620  sms| 250  39%| E90%|  96.0%| 100.0% 79| 2313 2382 54773
Auziliary 2m 42| 238 2% 704%| 935%| 1000%| 18| 2283 2484 5506955
I | Laneing 417 4703 5880 52 288 ga%|  721%|  056%|  100.0% 35 315|  338.5| 5.824524
Channel 7560 54| 287| 120%| 430%| 10w 6% 424 2755 318 5762051
8230 17| 212|  20%| 32| osrw|  osaw| 1715 2608 431 B.06E108

o 145 4310

3 21 21 365 187
210 188 3es|  13.3%| 733%| 100.0%| 100.0% 21| 1843 187| 5231109
Line B /S of 630 147 385  26%| 506%| o2.0%| 09w  131) 1915  2048| 5321087
Auziliary 050 108 297  21%| s74%|  915%|  100.0% 89| 1972  2081| 5328381
AU | e [Hn0x Landing 304254 3.4 1270 53| 273 65% 623%| @23% 1000%| 118 1918| 2037| 5316848
Channel 18.90 21 282 41%| 51.0%| 67.8%| 1000%| 1368|2121 2257 5419207
2060 04| 357 27%| 473%|  88.5%| 1000%| 198 223| 2428 5492238

o 203 2428

El 56 56| 4.7 055
560  a04|  452|  30%| 53w onow| 1o0ow|  151)  1aa7|  20s| 53sE15s
Line B /S of a0 392 42| 36%| 571%| o7e%| 1000%| 253  1@28|  218.1| 5384954
Auziliary 2800 28 292 11%| a14%|  934%| 934%| 207 1914  2201| 5394082
FAUGIE | e [ Landing 384264 3785 3920 168 307 06%| 2B5%| 956%| 987% ©5 193 275 5| 5 A1E5AD
Channel 5040 56| 306  21%| 286%| 917%| 976%| 505 1992  2577| 555179
5490 1 093 04%|  68%|  70.5%|  956%| 4351|2034 6395 6460657

o  o@ 6395

3 76 76 3.9 235,10
760| 684  379]  0G%| 322%| 794%| gs0%| 345 2008|  2351| 5460011
Line B VS of 2280  532]  317|  0B%| 593%| 952%| 1000%|  279| 1998 25| 542715
Auziliary 30.00 3 37| 04%| 451%|  919%| 964%|  442] 19071|  234.3| 5 45Re02

3Aug-98 Knox Land 364,264 2108

o Intake nosLansing - ' 53.20 28 307|  02%| 98.3%|  943%| 97.9% @8] 2148  3028| 5713073
Channel 58,40 76 212]  05%| 91%| 905%| 960%| 1079) 2289|  3368| 5819469
7450 16| 1984|  02%|  78%| 782%| 984%| 7o87| 2966|  9e56| 6BR2ZIS

0| 124575 9555

El 75 73] 2.07 509 7
70| 711 227  0@w|  23%| 202%| 410%| 3967 213 609.7| B.412087
Line B /S of 2370|553 194  81%| 407%|  907%| 1000%| 242 2388 260| 5556828
Auziliary 50| 385 17| 33%| 60.3%| 942%| 1000%| 204 os28| 10033| E91105

3Aug-98 Knox Land 364,254 4659

v Intake nox Landing 55,30 237 0.98 00%| B30%|  95.1%| 100.0% 123 1934 2057| 5326419
Channel 7110 79 083  35%| 605%| 1000%| 1000%| 155 1988|  214.4] 5367843
77.40 16| 15008  33%| 59.4%| om7w| 100.0%| 285 2084|2389 s4evedm

o] 15006 2369
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Appendix D - Computer Solution to g4/
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USING SERIES EXPANSION
Sub Einstein_Integral()
Dim i, j

Fori=1To 42
Forj=1To 4
Workbooks("Qs-Qt vs rouse - Series Expansion.xls").Activate
Sheets("Sheet1").Select
Range("A4").Select

Ro = ActiveCell.Offset(i, 1)
Range("B2").Select
E = ActiveCell.Offset(1,j + (3 * (j - 1)))

Workbooks("EinsteinIntegralComputations.xls").Activate
Sheets("Einstein Calculator").Select
Range("C17").Select

ActiveCell(1, 1).Value = Ro
ActiveCell(2, 1).Value = E

Range("C32").Select
J1 = ActiveCell.Offset(0, 0).Value
J2 = ActiveCell.Offset(1, 0).Value

Workbooks("Qs-Qt vs rouse - Series Expansion.xls").Activate
Sheets("Sheet1").Select
Range("C5").Select

ActiveCell(i,j+ (3* (j - 1))).Value=]1

ActiveCell(i,j+ 1+ (3 *(j - 1))).Value = ]2

gs=(0.216 *E”~(Ro-1)/(1-E) *~Ro) *(J1 * (Log(60 / E)) +]2)
qt=1+(0.216 *E~(Ro-1)/(1-E) "~ Ro) *(J1 * (Log(60 / E)) +]2)

ActiveCell(i,j+ 2 + (3 *(j - 1))).Value = gs
ActiveCell(i,j+ 3 + (3 *(j- 1))).Value=qs / qt

Next

Next
End Sub
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USING TRAPIZODAL RULE
Sub Integration()

Dim Ro, w, h, ds, E, step, dy, y, y1
Dim gs As Double, gb As Double
Dim i As Integer, j As Integer

step =10000
Forj=1To 141

Sheets("Trap Program").Select
Range("A1").Select

Ro = ActiveCell.Offset(j, 0).Value
h = ActiveCell.Offset(j, 2).Value

ds = ActiveCell.Offset(j, 3).Value
Ct = ActiveCell.Offset(j, 5).Value

a=2%*ds

hprime =a* 10

dy = (hprime - a) / step
y=a

yl=a+dy

qs=0

Fori=1Tostep-1
rect=(((h-y)/y) " Ro*Log(30*y /ds))
trap = (((h - y1)/y1)"Ro * Log(30 * y1/ds) - (((h - y)/y)"Ro * Log(30 *y / ds)))
gs =qgs + Ct* (rect + trap * 0.5) * dy
y=yl
yl=yl +dy
Nexti

dy = (h - hprime) / step
y = hprime
y1 = hprime + dy

Fori=1Tostep-1
rect=(((h-y) /y) * Ro*Log(30*y / ds))
trap = (((h-y1)/y1)"Ro * Log(30*y1/ds) - (((h-y)/y) " Ro * Log(30*y/ds)))
gs =qs + Ct* (rect + trap * 0.5) * dy
y=yl
yl=yl +dy
Next i
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qgt=1+gs

Sheets("Trap Program").Select
Range("G2").Select
ActiveCell(j, 1).Value = gs
ActiveCell(j, 2).Value = qt
ActiveCell(j, 3) =qs / qt

Next j

End Sub
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Appendix E - Computer Solution to qm/q:
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Sub Einstein_Integral()
Dim i, j

Fori=1To 80
Forj=1To 4
Workbooks("MeasuredvsTotal.xls").Activate
Sheets("Program").Select
Range("A4").Select

Ro = ActiveCell.Offset(i, 2)
Range("C2").Select

A = ActiveCell.Offset(0,j + (6 * (j - 1)))
E = ActiveCell.Offset(1,j + (6 * (j - 1)))

Workbooks("EinsteinIntegralComputations.xls").Activate
Sheets("Einstein Calculator").Select
Range("C17").Select

ActiveCell(1, 1).Value = Ro
ActiveCell(2, 1).Value = A

Range("C32").Select
Jal = ActiveCell.Offset(0, 0).Value
Ja2 = ActiveCell.Offset(1, 0).Value

Workbooks("MeasuredvsTotal.xls").Activate
Sheets("Program").Select
Range("C5").Select

ActiveCell(i,j+ 1+ (6 * (j - 1))).Value = Jal
ActiveCell(i,j+ 2 + (6 * (j - 1))).Value =Ja2

Workbooks("EinsteinlntegralComputations.xls").Activate
Sheets("Einstein Calculator").Select
Range("C17").Select

ActiveCell(1, 1).Value = Ro
ActiveCell(2, 1).Value = E

Range("C32").Select

Jel = ActiveCell.Offset(0, 0).Value
Je2 = ActiveCell.Offset(1, 0).Value
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Workbooks("MeasuredvsTotal.xls").Activate
Sheets("Program").Select
Range("E5").Select

ActiveCell(i,j+ 1+ (6 * (j - 1))).Value = Jel
ActiveCell(i,j+ 2 + (6 * (j - 1))).Value = Je2

gm=(0.216 *E~ (Ro-1)/(1-E) *Ro) *(Jal * (Log(60 / E)) +]Ja2)
qt=1+(0.216 *E”*(Ro-1) /(1-E) *Ro) *(Jel * (Log(60 / E)) + Je2)

ActiveCell(i,j+ 3 + (6 * (j - 1))).Value = gqm
ActiveCell(i,j+4 + (6 * (j - 1))).Value = qt
ActiveCell(i,j+5+ (6 *(j - 1))).Value=qm / qt
Next

Next

End Sub
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Appendix F - Calculation of Total Sediment Discharge
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Numerous calculations can be made at the same time, this sample input and output
sheet only shows a single datum.

Table F.1. Input Sheet of Proposed Program

UNITS SI UNITS
Sample Number = 5/25/1983
measured suspended sediment

concentration Cm (mg/L) = 164

flow rate (cms) = 547

flow depth h (m) = 1.7
unmeasured depth dn (m) = 0.08
Slope = 0.001200
representative particle size ds (mm) = 0.544
d35 (mm) = 0.585
d65 (mm) = 0.522
cross sectional width W (m) = 183
average velocity Vmean (m/s) = 1.8
Temperature (C) = 6.5
density water p (kg/m3) = 999.588
density of sediment ps (kf/m3) = 2648.909
gravity g (m/s2) = 9.810
unit measured suspended sediment

discharge gm (kg/m-s) = 0.590
(RS)m (m) = 0.00047
Shear Velocity u* (m/s) = 0.141
Viscosity v (m2/s) = 1.813E-06
Fall Velocity w (m/s) = 0.017
Rouse number = 0.503
representative particle size from

suspended sediment d50ss (mm) = 0.196

The input can handle both SI and English Units. The variables in green are

calculated automatically.
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Table F.2 - Output Sheet of Proposed Program

Sample Number = 5/25/1983
Number of Iteratic=~ — 28
Rouse number z Total Load Calculations 0.503
gm (kg/m-sec) = 0.590
gm1l (kg/m-sec) = 0.590
gb (kg/m-sec) = 0.001
gs (kg/m-sec) = 0.546
gt (kg/m-sec) = 0.547
qum (kg/m-sec) = 0.057
MY CAL (kg/s) 100.07
ACTUAL (kg/s) 92.838
Percent Difference -8%

BORAMEP total sediment discharge

(tonnes/day) 19,215
BORAMEP (kg/s) 222.593
Percent Difference -140%
FROM CALCULATION gm/qgt = 0.896420641
FROM CALCULATION gs/qt = 0.99791942
FROM MEASURED DATA gm/qgt = 0.97

The variables in green are calculated automatically. The quantities not highlighted
(Actual Total Sediment Discharge and BORAMEP Total Sediment Discharge) must be
manually inputted
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Dim Units As String

Dim i, j, k As Integer

Dim Cm, Q, h, dn, a, ds, d35, d65, W, Vmean, T, densityW, densityS, g, qm, RSm, ustar,
vis, fall, z, psil, psi2, psi, phi, gb, gb1, gb2, qm1, gs As Double

Sub Input_Values()

Input_Values allows the known data to be recorded and used to determine the load

Workbooks("BedLoadVariation.xls").Activate
Sheets("Input Data").Select
Range("B1").Select

This program can calculate load in English and SI Units. Therefore it is important to
identify the system of units.

Units = ActiveCell.Offset(0, 0).Value

Data necessary for load calculations

Cm = ActiveCell.Offset(2, j).Value

Q = ActiveCell.Offset(3, j).Value

h = ActiveCell.Offset(4, j).Value

dn = ActiveCell.Offset(5, j).Value

S = ActiveCell.Offset(6, j).Value

ds = ActiveCell.Offset(7, j).Value

d35 = ActiveCell.Offset(8, j).Value

d65 = ActiveCell.Offset(9, j).Value

W = ActiveCell.Offset(10, j).Value
Vmean = ActiveCell.Offset(11, j).Value
T = ActiveCell.Offset(12, j).Value
densityW = ActiveCell.Offset(13, j).Value
densityS = ActiveCell.Offset(14, j).Value
g = ActiveCell.Offset(15, j).Value

gm = ActiveCell.Offset(16, j).Value

RSm = ActiveCell.Offset(17, j).Value
ustar = ActiveCell.Offset(18, j).Value
vis = ActiveCell.Offset(19, j).Value

fall = ActiveCell.Offset(20, j).Value

z = ActiveCell.Offset(21, j).Value
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Converting particle data which is measured in mm into feet or meters based on the
system of units

If Units = "SI UNITS" Then
ds=ds /1000
d35=d35 /1000
d65=d65 /1000
Else
ds =ds /304.8
d35=d35/304.8
d65 =d65 /304.8

End If

End Sub
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Sub BedLoad()

In determining the suspended load the Rouse number and the unit bed load
discharge are unknown factors. The bedload can be determined using the Einstein
bed load function. The rouse number is determined based on fitting the
concentration profile to the measured sediment load.

The concentration of the measured zone is determined using a depth integrated
sampler. In order to determine the rouse number the bisection method is used until
the estimated Rouse number proves a good estimate of the measured load.

qm = [0.216*qb(E)*(z-1)/(1-E)*z]{[In(60/E)]]1a+]2a}

gb1=0

gb2 =40
gml=0
Eprime=dn / h
E=2%*ds/h

Workbooks("EinsteinIintegralComputations.xls").Activate
Sheets("Einstein Calculator").Select
Range("C17").Select

ActiveCell(1, 1).Value =z
ActiveCell(2, 1).Value = Eprime
Range("C32").Select

J1a = ActiveCell.Offset(0, 0).Value
J2a = ActiveCell.Offset(1, 0).Value

Fori=1To 20000

gb = (gbl +qgb2) /2
gml=(0.216*gb*E*(z-1)/(1-E)"z)* (Log(30*h /d65)*]1a+]2a)

deltagm = (qm1 - qm)
If deltagm > 0.00001 Then
gb2=qb
End If
If deltagm < -0.00001 Then
gb1l=gb
End If
If Abs(deltagm) < 0.00001 Then
Exit For
End If
Count =1
Next
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Store Data from the bisection method.

Workbooks("BedLoadVariation.xls").Activate
Sheets("Results").Select
Range("B1").Select

ActiveCell(2, j + 1).Value = Count
ActiveCell(3,j + 1).Value =z
ActiveCell(4, j + 1).Value = qm
IfJ1a=0 And]J2a =0 Then

gml =gm
End If

ActiveCell(5, j + 1).Value = qm1

IfJ1a=0 And]J2a =0 Then
gb=0

End If

ActiveCell(6, j + 1).Value = gb

Determining the unit suspended sediment discharge

Workbooks("EinsteinIntegralComputations.xls").Activate
Sheets("Einstein Calculator").Select
Range("C17").Select

ActiveCell(1, 1).Value =z
ActiveCell(2, 1).Value = E

Range("C32").Select
J1e = ActiveCell.Offset(0, 0).Value
J2e = ActiveCell.Offset(1, 0).Value

IfJla=0 And]J2a =0 Then
gqs =qm

Else

gs=(0.216*gb*E* (z-1) /(1 -E)*z) * (Log(30*h / d65) *]J1e +]2¢e)
End If
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Store data from the suspended sediment analysis.

Workbooks("BedLoadVariation.xls").Activate
Sheets("Results").Select
Range("B1").Select

ActiveCell(7,j + 1).Value = gs

End Sub

Sub TotalLoad()
Workbooks("BedLoadVariation.xls").Activate
Sheets("Input Data").Select
Range("E1").Select
Extent = ActiveCell.Offset(0, 0).Value

Forj=0 To (Extent- 1)

Call Input_Values
Call BedLoad

qt=gb +gs
qum =gt - gqm

Store Data from the total load analysis.

Workbooks("BedLoadVariation.xls").Activate
Sheets("Results").Select
Range("B1").Select

ActiveCell(8,j + 1).Value = qt
ActiveCell(9, j + 1).Value = qum

Next

End Sub
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Appendix G - Computer Solution based on Bins
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Procedure

The following procedure outlines the method used to determine total sediment

discharge based on dividing the sample into bins.

1.

Based on the percent of sediment within each bin, div e the measured

suspended sediment concentration.

Determine the representative particle size per each bin based on the

geometric mean

Calculate Total Sediment discharge:

a.

In cases where suspended sediment is measured calculate total

sediment discharge based on the following approach: Assume that

the rouse number is known as Ro=

and the bed discharge is
04u.

determined based on the measured sediment discharge. Then the
suspended sediment discharge is determined by integrating the
concentration profile from h to 2ds. The total sediment discharge is
calculated by adding the bed discharge and suspended sediment
discharge.

In cases were the program could not calculate a bed discharge based
on the bisection method, where the material found in the bed was not
measured in suspension, or when the Rouse number was greater than
5 the Einstein Bed Load equation is used. The calculated bed
discharge is then multiplied by the percent of material found in the

bed of that size.
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4. Sum up all sediment discharges to determine the total sediment discharge.

Sample Input Data

A sample input data sheet is shown in Table G.1. The data are from September 27th

1984, where the measured suspended sediment concentration was 50.5 kg/s.

Table G.1. Input Data Summary from 9/27/1984

Sample Number| 11 2| 3] 4|56 7] 8|9]10]11]12]13]14]15]|16/|17
measured susp(_anded sediment g gg_ gg_ gg_ 2 gg_ gg_ g E g_ ololololalole
concentrationCm (mg/L)= ||~~~ N]o]a o]
flowrate (cms) = 212
flow depth h (m) = 1.7
unmeasured depth dn (m) = 0.3
Slope = 0.00039
NEIHHEEIREBERBEEEHEEERE
oO1M| N~ n — (9\] o0} — ™ o
representative particle size ds bl N IR Bl N I S A B L BN R T R A NN A B
mm=[2|S[8|2[|3[gle[3]5]|3a|8|x5|2|8]3
eleleleleleleld|MNYle|lqayNw]R
c|lo|oc|oc|lo|lo|lo|lo|olo|ld]|la|w]|a|N]T]|®
d35 (mm) = 0.59375
d65 (mm) = 0.90625
cross sectional width W (m) = 101
average velocity Vmean (m/s) = 1.2
Temperature (C) = 4
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