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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 (dsgss). Thirdly, for depth-integrated samples the Rouse number (Ro) is

determined directly by calculating the fall velocity (o) based on dss,, the shear
velocity (u. =+/ghS ) and assuming the value of the von Karman constant (k) is 0.4.

For point concentration measurements, the Ro is calculated by fitting the
concentration profile to the measured points. Lastly, SEMEP uses the measured unit
sediment discharge and Ro to determine the unit bed discharge directly. Thus,
SEMEP can determine the unit bed discharge (¢5), unit suspended sediment
discharge (g.), unit total sediment discharge (g,), ratio of measured to total sediment
discharge (¢./9:) and ratio of suspended to total sediment discharge (g,/7,).

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
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coefficient (pc) of 0.98 and Mean Absolute Percent Error (MAPE) of 5%. The high
values of R? 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 R% 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 sedirﬁent 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 (¢/4,) as a
function of u«/w and relative submergence (#/d;) is determined using SEMEP.
SEMEP supports a classification of the primary modes of sediment transport. Itis
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+/w is between 0.5 and 2 the sediment transport occurs as mixed load (both as bed
and suspended load); and when ux/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 ¢/, for mixed loads
(0.5<ux/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
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transport. Furthermore, if the ratio of the measured depth to the representative bed
particle size (h,/d;) is greater than 1,000, the comparison between SEMEP and
measurements of g, 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 Ro. The deviation is most pronounced when the value of Ro is 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 Ro from 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 Ro less 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.

Seema Chandrakant Shah-Fairbank

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 sévere 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 (%) to a
distance 2d; (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 (uz+) 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 (Ro). The
spectrum of particle sizes are divided into bins (particle size classes). Ro is
determined by calculating total sediment discharge based on particles found in the
bed and measured suspended sediment. The value of Ro is varied until the total
sediment discharge calculated based on the bed material and measured sediment
discharge match for a given bin. Ro is 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 Ro for 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 Ro should 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 (&) 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 (is and i5).



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 Ro could 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 Ro for 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 Ro value, 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 Ro are 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 (¢./q:) as a function of the ratio of shear velocity (u+) to
fall velocity (w). 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
(¢s/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 (¢,).

5. Explain the deviation between the measured and calculated Rouse number
(Ron and Ra,).

1.3 Approach and Methodology

Development of the series expansion to solve the Einstein integfals 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 (dsys) 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 (@) 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)).

4, =9, +4, (2.1)
h

g, = [ evdy (2.2)

Where,

g: is unit total sediment discharge;

g» is unit bed sediment discharge;

gsis unit suspended sediment discharge;

h is the flow depth;

a is the minimum depth of the suspended sediment zone;
¢ is the concentration; and

v is 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 (6). The basis for sediment transport

can be explained using the concepts of turbulence and velocity fluctuation.

T A A A
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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).
, dv
V= l[—] (2.3)

I=xy (2.4)

Where,
v’ is the turbulent velocity fluctuation;
/is the Prandtl mixing length ;

dv . . . . . .
- is the velocity gradient in the y direction;
y
k is the von Karman constant of 0.4; and
y is 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.

7= plz[%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

(r =7, = 5, h)and that there is a relationship between the shear velocity and shear
stress (r = ufp).

dv u. v 1.y
=" 5> =—In* (2.6)
dy & u. K Y,

Where,
v is the velocity;
u+ is the shear velocity;
¥o 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:

y=2 ln(9.05 et J (2.7)
K v
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

=—In{ 30.2=

o022 s
Where,

ks is 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

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 () 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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v ____l_ln[u,y)_ Av, +2HW sinz(ﬂy)

U, K v U, K 2h (2.10)
N
law of wall roughness wake flow function
Junction
Where,

Av, is change in velocity in the downstream direction;

Iy is wake flow function; and

mis 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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b. Example (Guo and julien 2008)
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. It is 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 (d;) is used to define the division

between the suspended sediment and bed load layers.

Classification Methods
Sediment Transport Measurement
Source Mechanism Methods
Wash
Load Measured
Suspended Load h
Load SR
Bed “ B <o
Material . s
Load : — e
Unmeasured N dI o R 4
Bed Load Load L - \ / «
’I‘ Wmummmxuuumux_m
Zd.r d

5

Figure 2.5. Classification of Sediﬁlent 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
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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 (2d;).

Sediment can also be considered based on its source. Wash load is defined as
all particles smaller than d,¢ (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. It is 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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O—a)c+a-a—c 2.11
* Oy (2.11)

Where,

o is the fall velocity;

c is the sediment concentration;

& 1s the sediment diffusion coefficient; and

Oc/0y 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).

m

£ :Ku*%(h—y) (2.12)

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).
g, = e, (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—i-y- a J (2.14)

c, y h-a
a
Ro =
o (2.15)
8y 370
w= {[1+0.0139d*] —1} (2.16)
50ss
(G-1gT: (2.17)
G-1)g |3 .
d* = dSOss |:V—2:|

v. = JoiS (2.18)

Where,
¢, is the measured concentration at a specified distance “a” from the bed;
a is the depth where the concentration ¢, is evaluated;
Ro is the Rouse number;
d~+ is the dimensionless grain diameter;
dsgss is the median particle size in suspension;
G is the specific gravity (2.65);
g is gravity; and
v is the kinematic viscosity.

Equation (2.14) provides the concentration at a specified distance y from the bed.
The value of Ro is 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 Ro increases, the bed load becomes a more significant portion of the
total load and as Ro decreases, 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 Ro followed Equation (2.15). This occurred because the
study consisted of only small particle sizes (w is small) and allows the value of x to
vary based on measured velocity profile. However, Anderson (1942) showed that
the value of Ro used 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 Ro. and Ro,, has a tendency to deviate when the Ro, values
were greater than 0.2. In addition, Einstein and Chien (1954) confirmed Anderson’s

finding by recognizing that the Ro. value was much larger than the Ro,, (refer to
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Figure 2.7). Their study showed that the deviation occurs after Ro. was greater than
1, instead of 0.2. All the authors agree that the concentration profile fits Equation
(2.14); however, the value of Ro proposed 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 Ro. and Ro,, 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 Ro.

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 x 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 « and /7 (wake strength coefficient) terms. He
determined that ¥ remains the same in sediment laden flow as it did in clear water,
but /Ty 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 77y coefficient for studies performed from 1981 to 1995, all
studies assume x equals 0.4.

Table 2.1. Summary of Different Wake Strengths

Author 11w (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 et al. ( 1989) 0.077 Over a smooth bed
Wang and Larsen (1994) NA High sediment concentrations
Kironoto and Graf {1995) -0.08t0 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 /7y, 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 7y (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 Ro. His study of the Mississippi River showed that the suspended sediment
concentration would be underestimated if Ro, is used versus Ro,,. In addition, his
data indicated that as the particles coarsened the percent deviation between Ro. and
Ro,, 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 Ro.and Ro,,. There is an
underestimation of the concentration when Ro. is used because the reference

concentration is measured close to the bed.
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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 Ro, 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 Ro,, computed from the slope of the
concentration profile was less than Ro. determined using Equation (2.15), thus
suggesting that the sediment diffusion coefficient (f) is greater than one. When g 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.

23



w a

2
J when 0.1<—«<1 (2.19)

,B=1+2[

U, U,

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
(sediment diffusion coefficient). For stratified conditions « was 0.8 and f was 4,
while for neutral conditions @ was 1 and f 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 Ro,, and Ro,.

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 BedLoad

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 . This section examines the relationship
between the ratio of suspended to total sediment discharge (¢s/4,} as a function of

the ratio of shear velocity to fall velocity (u+w =2.5/Ro). 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
(¢:) 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.

C - 0.0l;/iib (%j%[: »1J f(%) (2.20

ci

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;

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

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

u+is the shear velocity in ft/s; and

w; 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+/® increases, ¢, becomes a small
percentage of q..

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+).

C =0.01yiib(%j%[:"’. -1 f(”% ,) 2.21)

oy}

Where,
u+’ is the grain shear velocity

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

River accounting for Froude number (F7).
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Where,

Fr is the Froude number
Both studies resulted in the graph shifting similar to the Bondurant resuits. 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+/w varied
qs/q: This study is based on « of 0.4 and a ratio of a/h equal to 0.5. The equation is

developed based on a modification of the concentration profile (Equation (2.2)).

g =tal o] [I {h—_y} Ln(L]dy+ I 6(4'*0(%0-5))&,(1]4 (2:23)

a Y yo 0.54 yO

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)

G0

7o (2.25)
(1—3) (1.2~ Ro)
h
4 _ 495 _ 1 1
q, 9, +qs 1+q_b 1+_1__u{la (2.26]
g, 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 # was greater than 1. Thus, there
are two sets of lines in Figure 2.10 to account for the variation in f. 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 (Vv ,) 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 (4/d;) has on ¢,/q,. By combining the concentration
distribution (Equation (2.14)) and the velocity profile (Equation (2.9)), the

following equation is developed:

h Ro
h-y a u, . (302y
= - 7 1 d )
q IC(,[ ) h—aj K“( d )y (2.27)

5
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Equation (2.27) can be further simplified as:

Ro-1
q, =ac, “ L—E{l (60}] +J }
k (1-E) E

Where,
Eis a/h;

1 , Ro

J, = J'(l_—'yj dy' ;and
AN
1 ' Ro

Jy = J‘(l__%} In(y')dy".
E

y

(2.28)

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

were determined to be:

qb = avacn
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.

q, = Qb{l’”(%jll +[2}

Where,
Ro-1 1 ' Ro
11 =0216(1€E)Ro J‘(lﬂyj dy' ;and

E
E Ro-1 1
705
E

1, —0216

30

(2.31)



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.
9, =49, 49, (2.32)

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

{Lr{ﬂjll + 12}

qs ds

2= > (2.33)
RN {Ln(%{—}], + 12}

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

the relative submergence (4/d;) varies based on gy/q, 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 A/d, 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 q/9 Mode of Sediment Transport
(Ro)
<0.2 >12.5 0 No motion
02to04 6.25t0125 0 Sediment Transported as bed load
04tc25 1t06.25 0to 0.8 Sediment Transported as mixed load
>2.5 <1 0.8to 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)

W/t 974 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 (dy/4) (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
(u.+) 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 0.05

al
Yo~ 021 (ﬂ+0.76J +1 (2.34)
w d.

Where,

ux 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 Ro used 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 Ro,, is less than the Ro, ((2.15).
They recognized that there was need to improve the methods used to determine Ro.
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 Ro. 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 Ro to 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 depfh-
integrated sampler was used to measure the suspended sediment concentration and
a particle size distribution was determined for the bed through sieve analysis. Ro is
determined by matching the total load determined based on the measured
suspended sediment and the measured bed material. When the total load matches,
Ro is known for the given bin. Next, a power equation is used to determine Ro for

the remaining bins. Once this is done the load is calculated for each bin and they are

35



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 ,/iRS im and P
2 Nomograph for computing i, 0,
. O _Lip,.y
3 Nomograph for computing the Rouse number from - = —(Pm./l +J, )
lg Y 1
' Puz']l + JZ
4 Nomograph for computing the total load from Qﬂ- ————
I)m']] '+J2'

* Refer to Colby and Hubbell 1961 for these nomographs.
Lara (1966) noticed that the approach for calculation of Ro determined 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 Ro. The regression analysis requires a minimum of two,
or preferably three, overlapping bins (particle size classes) to determine an
exponential relationship between Ro and 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, (@) (2.35)

Where,
C; 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 (k) as 5.5*dss. Lastly, their study also showed that the
calculated u+ had a tendency to be higher and the Einstein correction factor (¥) 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 i (fraction of sampled
suspended sediment for a given bin) and i, (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 Ro value 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 Ro. It uses the method outlined by the
USBR (1955; 1955 revised) and Lara (1966) to determine Ro for 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 Ro could not be evaluated since a minimum of two bins are required.
Next, when overlapping bins exist, a regression analysis is performed to determine
Ro for 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 Ro for fine particles and a smaller Ro for 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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J, (Ro)=j(%j ody'=j[l_—'yj Ody'-f(l"—'y'j ody' (2.36)

o\ Y o\ YV

Rorx
J(Ro)= ————~F,(Ro) (2.37)
F,(Ro)= M—Roi )i (—E—)k_ko (2.38)

: E®! e~ Ro-k\1-E '
J, (Ro)= _l[ln y'(l——'y—j dy'= jln y'(l_—'y'j dy'—Jln y'[}——'—y') dy' (2.39)
E y 0 y 0 y

R 1 &(1 1

J,(Ro)=— ;’;E {zz cot R0ﬂ—1—5+;(;— Ro—kj}_Fz (Ro) (2.40)
_ = (1) F(Ro-k)

F,(Ro)= {FI (Ro){ln E+— _1) + Ro; (Ro—t\ko 1) (2.41)

Where,
E is equal to a/h;
v is equal to y/h; and
k is 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 Ro is 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 li:\lquu;tl;::
2
Coeffici £ Z(XI—‘_X-X),I—?)
poeiaent o R? = (2.42)
etermination n n
—\2 5\
Sl -3730,-7)
i=1 i=1
Concordance Correlation 25,
Coefficient (How data fits  p. T 5 (= —ov (2.43)
to a 45° line) s2+s2+(X-7)
X, -Y)
Mean Square Error MSE g( b ) (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
Error MAPE (2.49
Where,

X is the measured load;
s, Is the covariance;

s2 and s’ are the variances;

Y;is the calculated load;

Y. is the average calculated load;

Y.ma 1S the maximum calculated load;
Y,.in is the minimum calculated load; and
n is 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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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 TowerrRoad 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 Rivgr 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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F{gure 3.2. SOl\ith Platte, North Platte a;ld 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 3.3isa

site map of the Niobrara River in Nebraska.
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Figure 3.3. Niobrara River (Colby and Hembree 1955}

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 Ro,, and

Ro. (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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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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Flgure 3.5. Mlddle Rio Grande (Bartolmo and Cole 2002)

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

g, = [evdy (4.1)
“o(h o 30
g, =[e| —2—"=] Zmn =gy (4.2)
a y h-a) « ds
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
(g») to the reference concentration (c,). Equation (4.3) is the results of his

experiments.

q, 4s
C =— = —
“ ua 1l.6ua (4.3)
When Equation (4.3) is inserted into Equation (4.2), u+ cancels out and Equation

(4.4) is formed.

EP H1-9yY" (605, |
g, =0.213q, o j ( > In| == tdy (4.4)
E

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.

£()- (L‘—yj 1n(-6—°—¥1) (45)

y E
q, = 0216%%2(1’(1’% L(i—_%_—ﬂQAyJ (4.6)
7 =4, +O.216qbﬁ2(f(i)+ Mg“_f(")ij 47

Where,
n is the number of slices.

To calculate the value of ¢,/q; 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

53



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.

E®! [60)

. =0.216g, ————<In| — {J, +J, 4.8

q qb(l_E)R,,{ it (4-8)
Efot [60)

. =q,+0.216q, ———=—<In| — |J, +J, 4.9
q, =4, qy (I—E)Ro{ e 2 (4.9)
Where

1 1 . Ro
J, =J‘(—,yj ay';
A4
1 1— . Ro
J, =Jlny'(—'y-) dy';and
" y
E is 2d/h.

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:

10 l—-—y' Ro 1 l—y' Ro

J - j(__J ay'+ j[_——) & (4.10)
E y 10E y
10E 1—y' Ro 1 l—y' Ro

J,=[n y[—] dy'+ [ In y[—] dy' (4.11)
E y 10E y
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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 )2
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 -39E+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 1 { 1 1 1 1 1 1
===h/ds=100Trap = = r---* h/ds = 100 Series
h/ds=1,000Trap :-+-e* h/ds = 1,000 Series
08 h/ds=10,000 Trap -+ h/ds = 10,000 Series
’ ‘h/ds=100,000Trap  ---+- h/ds = 100,000 Series
0.6
=
=
0.4
0.2
0 1 L 1 L i) J. L J. : 1 — L I 1 I‘i
01 1 10
U«

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+/ due to the rapid

variation in ¢s/g, 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 (4/d;) must be greater than 20 and Ro must
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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D
1. Hydraulic Data:

eeded

Discharge (Q), Flow Depth (#4),

Slope (§),
2. Additional Data:
d;; frombed, d;

50ss

of suspended

sediment, Temperature (7)

I+J2}

' Ro
1—’y J dy'
Yy
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i {1[ b

g, :q,,[1+0.216

Step 2
Calculate o -
* g, =0.216g, | 22|
g, = e, | 225 j WELAPS 1-E£)° | \de
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@ Jl ZJ(_' j dy' Jz :J'hly.(
Ro= Wy J
0.4u.
U, = 1/gRS
9» 4 Series Expansion
* vea 1l6u.a (Solve J, and J,)
Step 3
Calculate
q( = qh +qs . |
Series Expansion

(Solve J,and J,)

Y

Step 4
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Figure 4.2. Flow Chart Describing Calculation of ¢,/4, 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, USDH-48  ¢) Suspended Type- USD-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. Itis 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
g, = [ou,dy (412)

dy

Where,
dy, 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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Efe! 60
q, = O2l6qb W{IH(E J]A +J2A (4‘13)

Where,

1 1 ) Ro

oy :I(—,y] dy';
A4
1 1 \ Ro

I =I(—'y] Iny'dy'; and
A

Aisd/h.

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

out of the equation.

Ro-1
0.216—E—{1n(%qu,A + J“}

9. 1-E e
C]_ = ( E)Roq 60 (4.14)
t 1+0216m{ln(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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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.

q, = Z[min(cv,.,cv,.+1 )+ 0.5*abs(cv;, —cv, + 1)](y,.+1 - y,.) (4.15)

1

Where,

q. is the total sediment discharge

n is the number of point samples

ciis the concentration at given point

v; is the velocity at a given point

yi+1 -y;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.

= . <
] — L,‘ =
i’ >e
——————————— e
hm
h
- e »e
dl’l
| > >

v c
Figure 4.6. Fitted Velocity 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.

U y
=—In| —
) -
Ro
c=ca(h_y ? ) (4.17)
h h-a
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Assume that the value of x is 0.4. The values of u+, y, (depth of zero velocity) , ¢, and
Ro are constants determined from the regression analysis. The calculated measured

and total sediment discharges can be determined from Equations (4.18) and (4.19).
t h—-y a *u y
=|c “1n| = |d
qm j (l( h h _ a) K (yo ] y
Ro
c,hu,( E h
9y = P (l——EJ ln(y—oj']u +J2A}

Ro

hu,

q. =cauaa+c" ! (—E——) In L Jp+J, (4.19)
k \I1-E

(4.18)

o

If the value of d, 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 ¢,, and Equation (4.9) is used to determine ¢, The actual
unit measured sediment discharge (g,;) is known from Equation (4.15) and Ro is
based on the concentration profile (Equation (4.17)). The value of ¢, can be
determined directly since all other variables are known. When evaluating the
theoretical sediment discharges, the Ro,, is used because Ro, 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

Q)

Flow Depth (4),Slope (S}

2. Additional Data:
Representative grain size for
bed (d,,) and suspended
sediment (d, ), Temp.(T)

3. Point data on concentration

and
velocity (PS) or depth
integrated data (DS) on
concentration

Measured sediment discharge - point measurements
g, =Y [min(ev,,cv,, )+ 0.5%abs(ev, —ev, + Dy, - v,)

1

Ro based on
—» Step 3 —» Concentration
Profile
Known measured
sediment
discharge(q, ) . w

from depth o= 0.4u. Step 4
integrated
sampler

Step 2 - Calculated Measured Sediment Discharge

Construct a velocity
and concentration
profile to determine
u,y,c,and Ro,

YES-—»

Point Sampler
Qal%m Series
chu.( E 30h —» Expansion for
Al Lo 0 s

Step 3 - Calculated Total Sediment Discharge
Point Sampler

Calculate
No Ro
:st/h ql = cﬂuaa + c”hu‘ (%) {ln(i].ll + JZ}
K - Yo
Series
l Expansion a

Calculate

Yes h E Ro J

A=y /h—>  , _ C (—j | — 1/, +J,,
' Kk \I-E . :

Step 4 - Total Sediment Discharge -
SEMEP

Series Expansion to
determine J,, and J,,.
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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.

At S
mpler (Rickly Hydrological Company 1997-2007)

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 (gps).
0216, " (h—y a \* (30y
QW =G, + N ( ] ln( }dy (4.20)
a 5.\ Y h-a d s
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The value of Ro is calculated based on Equation (2.15). The value of ¢; is
determined directly since all other variables are known in Equation ((4.20). Then, ¢,
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.

66



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.
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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 gs/q,. The

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

The value of ¢/g: 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 dsy;. The value
of gs/q,is determined by varying the value of relative submergence (#/d;) and uvw.
Equations (4.8) and (4.9) are used to determine ¢,/q.. Figure 5.2 shows the influence
that 4/d; has on u~w as a function of the ¢,/4q, and the modes of transport. The value
of 4/d; is 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 Ro.

0.8

{9793

0.2

0

0.1

"/

_ No Motion | Bed Load i Mixed Load ! Suspended Load
< | I [
Figure 5.2. Modes of Transport as a function of ¢/4,

v

Based on figure it is clear to identify the transport mechanism based on where the
theoretical lines cross ¢,/q;. The mode of transport can be classified as bed load
when the ratio of g/, is less than 0.2; this occurs when u+/w is less than 0.5 (Ro is
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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 ¢/, is
greater than 0.8; this occurs when u+w is greater than 2 (Ro less 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 q7/4: Mode of Sediment Transport

<0.2 >12.5 0 No motion
02to05 5to125 0to0.2 Sediment Transported as bed load
0.5t0 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 Ro is greater than 2.5), the various
lines associated with A/d; 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 (¢,). 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 d;= 1 mm

The figure shows that regardless of flow depth when Ro is 5 (u+/w is 0.5) the ratio of
¢ to ¢, is 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 Ro is 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 2ds to A. 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 d; = 1 mm

Therefore, for the same value of Ro, the total concentration will be higher in a
deeper river (area under curve), thus making /#/d; an important factor when the
suspended load is over 60% of the total load. In this case the ratio of ¢ to ¢, 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,/¢, based on SEMEP as a function of uvw is
accurate (refer to Section 3.1.1) compared with laboratory data. When the data for
q: was reported as “not detected” or where g,/q, was greater than one, tﬁose 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 ¢/¢: 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 ¢,, the measurement occurred from the water surface to a distance 2d; 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 ¢/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+/w 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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Figure 5.6. u+/w as a Function of d- for Flume Data

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+/w > 0.5) and the
red points represent bed load (u+/@ < 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 4« 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 d; and u- is directly related to z-.

Next the data are stratified based on the bed slope (S,) and submergence
depth (4/d;), 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
S, and A/d 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 (¢./q/) 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 ¢,/q; is calculated using SEMEP, outlined in
Section 4.2.
5.2.1 Function of Grain Size and Flow Depth

Measured unit sediment discharge (¢.) is a function of the sampling depth
(hm). 1f the unmeasured flow depth (d,) is constant, then the value of ¢,/q, will
increase as the flow depth increases for a given value of u+/w. Figure 5.9 shows how
d, and percent of measured flow, which cause ¢,/q, to vary. In this graph, d, equals
0.1 meters and 4 is 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; as a function of

ux/w.
1 —_ R
0.8 NS
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"'§
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S
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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¢./q; 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 4,,/k the value of ¢,/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 Ro follows 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 g, 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 4 to 2d; (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).

7=l 122
K d s

VK (5.1)

111(12.2 LJ
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 Ro would 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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The results in Figure 5.11 show the relative location of the measured value of ¢,/4,
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 (p.). 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 Pe
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/w>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, RZ 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 p., 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
qn/q: 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 g, for US Stream

Figure 5.14 shows the relative location of the actual g,,/g, 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 uvw 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 u+/@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, R 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 Pec
All Data 207 1% 2% 098 099

US streams with SS us/w<5 4 -11% 13% 099 081

us/w>5 203 2% 2% 099 099

All Data 46 26% 76%  0.84 0.85

US streams Colorado u~w<5 45 26% 77% 082 0.84
u/m>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 R? 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 pc 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 R? 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 R? Pe
All Data 26 18% 24% 0.48 0.56
Niobrara River u#v®<5 1 45% 45% - -

us/w>5 25 17% 23% 048 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.
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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 R? Pe
All Data 10 19% 0.20 0.40
Flatte River w/w<5 6 17% 031 048
u*/w>5 4 22% 0.38 042
US streams All Data 57 4% 096 0.97
with SS w/w<S5 3 7% 1.00 092
u*/w>5 54 3% 097 098
US streams All Data 46 79% 065 0.73
from Colorado u*/w<5 45 77% 082 084
u*/w>5 1 125% - -
All Data 26 24% 048 0.56
Niobrara River u*/w<5 1 45% - -
u*/w>5 25 23% 0.48 0.57
All Data 139 2% 093 096
Overall u/w<5 55 66%  0.89 0.92
u*/w>5 84 10% 091 094
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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?2
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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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+w 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 >12.5 no motion
021005 5tol2.5 bed load Bed Load Procedure
05t02 125t05 mixed load Einstein Procedure /

Bed Material Load Procedure
SEMEP with low accuracy/
Bed Material Load Procedure
>5 <0.5 SEMEP with high accuracy

2t05 0.5t05 suspended load

5.3 Comparison with the Modified Einstein Method

MEP was developed in 1955 by Colby and Hembree. It is 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 Ro. Next,
when overlapping bins exist, a regression analysis is performed to determine Ro for
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
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determine Ro for each bin. It calculated Ro for 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 ! 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 R? 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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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.
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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 (g,y/4,); 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 Ro based on u+, x and w. Research has shown that there is a deviation
between the measured and calculated Rouse number (Ro,, and Ro.). On average, the
Ro,, is less than Ro. (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 deterrﬁined directly: u», y,, ¢, and Ro. 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 Ro,, and Ro..

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, 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 ¢,,/¢,. The value of 4/d; is held constant.
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Figure 6.1. Variation in ¢,/¢4,based on Percent flow depth measured.

Figure 6.1 suggests that as a higher percentage of flow is measured, a large value of
qm/ét 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 ¢,,/g, is
a function of the measured depth (4,) and u+~w. Table 6.1 summarizes the results in
a tabular form.

Table 6.1. q,./9, Based on the Measured Depth

% Flow qn/q:
h,, (m) Depth
Measured uvw=1 uvs0=25 u/w=10 uvs0=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+v/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) 0.170t00.172m 0.006 m 1,600
b.) Enoree River, SC (Anderson 1942) 3to5.15ft 0.06t0 0.103 ft 3,200 to 6300

c.) Middle Rio Grande at
Bernalillo, NM (Nordin and Dempster 1963) 236t02.56 ft 0.27t0 0.37 ft 11,500 to 12,500

d.) Mississippi River, MS (Akalin 2002) 21to 110 ft 04t02.2ft 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 #/d; and #,, 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 ¢, /¢, and g..
6.2.1 Ratio of Measured to Total Sediment Discharge

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

Figure 6.8.
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The figures compare the value of ¢,/q,; determined by SEMEP to the measured and
calculated g,/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 4/d; increases, so
does the value of u+/w, thus the calculated and SEMEP values of ¢,,/g, are closer to
the measured ¢,/q: 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 ¢g,/q; determined based on SEMEP and
calculated based on the regression analysis under-predicts ¢,,/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 ¢,,/¢; 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 #/d;, 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 4/d; increases 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 4,/d, increases, the percent difference
decreases. However, the results are a function of the site. Table 6.3 summarizes the
number of data points with A,/d; greater than 1,000 and a percent difference less
than 25%.

Table 6.3. Summary of Point Data with 4,,/d; 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 4,/d; 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
gn/q: 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;. 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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able 6.4. Statistical Results from ¢,/
4

% Flow
Data Set A4d; Measur Ratio of Measured
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d SEMEP R" Measured vs
1000 960 MPE MAPE egression
o 1000 93;2 965 21% 21% MPE MAPE
= 1000 89% 930 28% 28% 10% 10%
a 1000 86% 895 28% 28% 15% 15%
= 1000 82% 860 2% 29% 14% 14%
5 w0 7% Bae 3% 31% 13% 13%
E 1000 60% ;31 45% 45% 13% 13%
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© 1000 20% 286 6% 64% 1% 41%
1000 11% 198 46% 46% 60% 60%
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= 55,000 608 38% 280 22% 22%
S~ 98% 53,90 % 409 .
& & 55000 0% 4 900 1% % 2 40%
@ | W 55000  70% 9,500 1% 3% 0% 1%
% 5= 55000 50% 38500 1% 6% % 2%
g™ F ss000  30% iz'sﬂﬂ 11% 21% 2% %
55,000  10% 5'200 3% 28% 2% 4%
= & 75,000 500 -220% 2900 2% 4%
=S . 930 72,500 0% 150 5
B E 75,000 90% : 1% 104 % 17%
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ZE " 110000 s0% o % % 0% 2%
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The results show that 4/d,, hn/d; and 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 ¢,,/q, is less
than the calculated or SEMEP value for ¢g,/q,. 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./d; is 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 4/d;, thus requiring more of the flow depth to be sampled
to get good results. The Enoree River requires 70% of the flow dépth 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 ux, y,, ¢, and Ro are 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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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 1b/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

pataset h/ds % Flow hm/ds Measured vs SEMEP - Total Load Measured vs Regression - Total Load

Measured MSE RMSE ME MPE MAPE MSE RMSE ME MPE MAFPE

1000 96.5% 965 0.008 0089 -0.078 -279% 27% 0002 0.043 -0.038 -13% 13%
1000 93.0% 930 0016 0127 -0.111 -38% 38%
-« 1000 89.5% 895 0017 0131 -0114 -39% 39%
: 1000 86.0% 860 0.019 0139 -0.121 -42% 42%
a 1000 824% 824 0.023 0153 -0.133 -45% 45%
E 1000 731% 731 0.079 0.280 -0.244 -83% 83%
5 1000 59.6% 596 0.203 0451 -0.384 -128% 128%
E 1000 46.7% 467 0205 0453 -0.372 -119% 119%
'6' 1000 28.6% 286 0614 0784 -0.632 -199% 199%
~ 1000 19.8% 198 0168 0410 -0.30% -95% 95%
10006 11.0% 110 0404 0636 -0.500 -181% 181%
1000 5.2% 52 0425 0.652 -0.543 -179% 179%

o 4500 98.0% 4410 253E-05 0.005 0,000 -4% 10% 9.64E-06 0.003 -0.001 -7% 11%
w 4500 96.4% 4,337 312E-05 0006 -0.001 -8% 13%
I~ 4500 89.2% 4,014 948E-05 0.010 -0.007 -20% 20%
E 4500 81.8% 3,682 6.23E-05 0.008 -0.007 -38% 38%
% 4500 69.9% 3,147 3.71E-04 0019 -0.021 -81% 81%
E 4500 58.1% 2,614 0071 0267 -0.150 -278% 278%
‘E 4500 464% 2,087 0077 0278 -0.203 -417% 417%
4500 36.3% 1,633 0097 0312 -0.263 -610% 622%

o= 12,000 87.0% 10436 0.001 0.030 -0.022 -3% 3% 0.002 0.049 -0.044 6% 6%
E : 12,000 67.9% 8,143 0040 0200 -0.185 -26% 26%
g a 12,000 49.8% 5,974 0050 0223 -0.211 -31% 31%
= E 12,000 323% 3,877 0077 0277 -0.244 -35% 35%
& G 12,000 13.4% 1,608 0.264 0514 -0443 -64% 64%

75,000 980% 73,500 0014 0118 -0.081 -1% 1% 0221 0470 0043 14% 2%

75,000 90.0% 67,500 0150 0.387 -0.116 -2% 4%
75,000 70.0% 52,500 0933 0966 0189 1% 7%
75,000 50.0% 37,500 1773 1332 0234 0% 13%
75,000 30.0% 22,500 4179 2044 -0.514 -14% 26%
75000 10.0% 7,500 11870 3445 -2541 -36% 37%

MISSISSIPPL
RIVER - UNION
POINT

110,000 98.0% 107,800 0036 0191 -0.154 -1% 1% 0283 0532 0032 16% 1%
110,000 90.0% 99,000 0.245 0495 -0.265 -2% 3%
110,000 70.0% 77,000 1293 1137 -0487 -5% 7%
110,000 50.0% 55,000 2011 1418 0221 3% 9%
110,000 30.0% 33,000 4423 2103 0611 5% 16%
110,000 10.0% 11,000 8527 2920 -2.028 -20% 22%

MISSISSIPPI RIVER -
LINE 13

90,000 98.0% 88,200 0015 0123 -0.089 -1% 1% 0.852 0923 0.075 22% 5%

(-]
E E 90,000 90.0% 81,000 0153 0391 -0.232 3% 4%
E = 90,000 70.0% 63,000 0165 0406 -0111 -2% 5%
E o 90,000 50.0% 45,000 1316 1147 -0.109 -6% 13%
= E 90,000 30.0% 27,000 6.829 2613 -0.935 -19% 26%
90,000 10.0% 9,000 8670 2945 -2170 -35% 36%
55,000 98.0% 53,900 0002 0042 -0031 -1% 1% 0.038 0195 0025 8% 1%

55,000 90.0% 49,500 0.031 0176 -0.072 -2% 3%
55000 70.0% 38,500 0188 0434 0019 1% 6%
55,000 500% 27500 1439 1.200 0398 6% 19%
55,000 30.0% 16,500 9942 3153 -1.347 -16% 33%
55,000 10.0% 5,500 5842 2417 2330 62% 62%

MISSISSIPPI
RIVER -
TARBERT
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The results in Figure 6.11 to Figure 6.17 and Table 6.5 show that 4/d;, h,, and u+/w
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 h,/d; 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 #,/d; 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 Ro,, and Ro. (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 Ro,, and Ro..
The value of Ro, is determined based on calculating the w based on the dsy5 and
determining the u+ based on the flow depth and slope of a give;l river. In general,
the value of Ro,, is less than Ro.. However, when the Coleman data are plotted, Ro,,
is actually larger than Ro,; this can be attributed to the use of the energy slope (S.)

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 Ro,, compared to the Ro.. The
values of the Ro. 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 Ro,, and Ro. 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 Ro,, and Ro.. He determined that finer
particles had better agreement between the Ro,, and Ro.. The value of Ro matches
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 Ro is 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 Ro,
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 Ro is 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 Ro is 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 (dsgss). Thirdly, for depth-integrated samples the Rouse number (Ro)

was determined directly by calculating the fall velocity (w) based on dsy, the shear
velocity (u. =+/ghS ) and assuming the value of the von Kadrman constant (x) was

0.4. For point concentration measurements, the Ro was calculated by fitting the
concentration profile to the measured points. As a result there was no need to
determine the Ro for each overlapping bin and fitting a power regression to the
data. Lastly, SEMEP uses the measured unit sediment discharge and Ro to
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 (¢./q;). 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 R? 0f 0.92, pc of 0.96 and MAPE of 62% when
u+/w 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 R? of 0.98, pc 0f 0.99 and MAPE of 2%,
compared to BORAMEP values with a R2 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 (¢s/g:) 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 (¢./q:). The relative
submergence (4/d;), the measured depth (%,) and the u+/w were all important
characteristics in total sediment discharge calculations using SEMEP. Figure
6.9 shows that as the value of 4/d; increases, a better estimate was calculated
for ¢./q. Thus, for a given grain size deeper rivers have better total sediment
discharge estimates. Figure 6.10 shows that as the value of 4,/d; increases,
the accuracy of the calculations improve. When values of 4,,/d; 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+/w 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 Ro between the calculated and
measured Ro can be significant when the value of Ro was greater than 0.5
(u+/w<5). This occurs because of low concentration measurements and
measurement errors. In addition, when the value of Ro was 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 Ro was 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 Ro less
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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Appendix A- Modified Einstein Procedure
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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

o Based on Channel Cross Section
o Bed Sediment Sample

Based on calculated velocity

Rouse value determined based on a
trial and error methodology

Water Discharge computed from
formulas (eg. Manning’s)

Single Cross Section

Estimates total sediment discharge
o Includes wash load

Necessary Measurements

o Adepth integrated sediment
sampler

o Water discharge measurement

Temperature Measurement

Based on mean velocity

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 (ur) 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 x.

Figure A-1 - Correction coefficient x based on ks/8

2. Calculate the value of u. = ,/gSR' using the velocity profile

_ 12.27 Z(%j
2 ~575log ———22 (A-1)
«/gSR' dys
Where,

u is the mean velocity;

u+’is the grain shear stress;

g is gravity;

S'is the slope;

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

A is the cross sectional area;

W is the stream width; and

des 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
5=— (A-2)

U

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

4. Calculate the x-axis of Figure A.1. k% = d6%

5. If the 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 P,

30.2;(i

P, =23log— 2 (A-3)

6s
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.

d35 di

v 1.65( RS’) or O.66(RS') (A-4)
Where,

Sis defined as slope;

R’ is the hydraulic radius associated with grain roughness;

d3s is 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
¢ = A-5
(- p) (A-3)
Where,

p is the probability a sediment particle entrained in the flow
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The probability function is determined based on the following Error Function (Yang
1996):

L e A
p =]—- e '6
ﬂ- a ( ]
Where
. B, 1
a isequalto ————;

L

b is equal to i—i;
v 1
B+ is equal to a value of 0.143; and

#o is equal to a value of 0.5.

ERF = e dt (A-7)

2 [
Iz
Therefore, to compute the probability “p”, evaluate the Error function from a to b.

Then, multiply the Error Function by %2 and subtract it from 1.

5. Calculated the bed load discharge

i, =%¢*iby5 J2d?1.65 (in Ibs/sec-ft) (A-8)
i,0, = 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;
75 is the specific weight of sediment;

g is gravitational acceleration;

d; is the mean particle diameter for the given bin range; and
W is the cross section width.
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6. Calculate the suspended sediment discharge

Q.'=43.2mq '

in Ibs/sec-ft
qsi':isyCS'q{(l—E)—ZZ%(ElogPE—lﬂ( / ) (A-10)
Where,

Q. is the suspended sediment discharge for a given size fraction (tons/day)
is is 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,
h is the flow depth

d, is the dsp of the bed material
9. Calculate the Einstein Integrals (], J2, J1’, J2, 11 and I2).

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

PJ +J,

0, =0, P (A-12)
0, = ibe(PmIl +1, +1) (A-13)
Q0 =>0, (A-14)

150



Step C. Calculation of the Rouse number
1. Determine all location where there is overlap.
2. Assume a value for the Rouse number.
3. Ifthe following equations are equal then the assumed rouse number is good.

Otherwise one needs to recalculate the rouse number

9 g %(PJ{ +J;) (A-15)

Iz &y !

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

(a,) (A -16)
Z, =Z —

i
w
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Appendix B - Series Expansion Paper
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TECHNICAL NOTES

Efficient Algoerithm for Computing Einstein Integrals
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Table C.2. Guy et al. Raw Data 1

Experimental Vairables and Parameters for 0.19-mm sand in B foot wide flume
Suspended C tration Total Bed Material
: Water . - - Bed Material | Mean
e e e L S o e e e
- B50ss -

{fé/sec) 109 fx 109 dsg (ft x 10%) |V (ft's)
24 0.0055 0.94 0.76 6.52 18.6 Q 0.463 0 - o087
22A 0.01 0.48 0.43 2.99 175 0 0.463 0 - - 0.78
2 0.015 1.06 0.84 6.68 123 0 0.463 02 0.656 078
228 0.016 043 039 299 178 0 0.463 0 - 087
% 0017 03 a28 2 192 a 0.463 a - 0626 083
25 0.018 093 075 6.45 18.2 1] 0.463 03 0613 087
22C 0.018 0.42 038 2.99 18 0 0.463 0 - - 0.89
30 0.028 1 080 8.91 17 7 0483 37 0.3 0626 1.1
1 0.034 0.58 0.51 3.42 136 0 0.463 1.2 0712 0.643 0.74
31 0.043 1.02 081 10.62 18.1 42 0.423 29 0.433 0623 13
27 0.057 055 0.48 4.08 18.1 - 0.463 4 0.334 0623 0.93
5 0.058 1.03 0.82 1267 16.4 106 0.462 120 0.499 0.64 1.54
23 0.082 0.44 0.40 299 18.1 0 0.463 2 0.498 0.597 0.9
32 0.066 0.95 077 13.64 18.2 - 0.456 281 0.458 0.649 179
8 007 093 075 1481 18.3 506 0.511 519 0.427 0.63 1.99
28 0.079 054 0.48 4.49 18 - 0.463 34 0.518 0623 1.04
33 0.083 1.08 0.84 16.66 17.4 748 0.482 835 0.482 0.656 1.96
23 0.084 0.56 0.49 508 191 3 7463 58 0.558 0.643 113
3 0.092 055 0.48 52 123 - 0.483 84 0.528 0.659 1.18
1 0.039 1.09 0.86 2047 18.9 795 0.351 1300 0.446 0.583 235
13 0.1 0.89 073 21.98 19.3 772 0.371 1240 0.453 0.59 3.09
14 0.106 0.86 071 2212 19.4 950 0.413 1490 0.522 0.564 322
15 0.112 0.79 0.66 2184 19.3 1120 0.482 2000 0.561 0584 3.48
34 0.127 0.52 0.46 7 16.6 393 0.463 503 0.518 0.653 1.68
12 0.13 1.02 081 21.96 19.7 929 0.423 1270 0.436 0.593 269
6 0.13 081 053 814 15.3 550 0.429 851 0.483 0.62 167
7 014 0.68 058 9.66 18 567 0.452 1240 0.493 0614 1.78
35 G.147 052 0.46 7.52 185 729 0.462 993 0.531 0.656 1.81
16 0.156 0.72 0.61 2214 18.8 1350 0.528 2750 0.62 0.597 3.84
10 0.17 0.51 0.45 1168 19.1 861 0.433 2480 0.548 0.587 2.89
9 0.194 0.49 0.44 822 18.6 697 0.397 1210 0.495 0623 2.1
7 0.1 0.67 0.57 221 19.1 4030 0.472 4650 0.544 0.581 4.14
18 03 0.64 0.55 2216 18.9 7270 0.478 9240 0.522 0.597 433
13 035 0.64 055 2219 187 13400 0.495 12900 0.522 0.564 433
39 0.3 0.61 0.53 2233 18.8 20100 0.524 16200 0.485 - 458
20 0.46 05 0.52 2217 185 23300 0.485 23300 0.512 0.59 462
21 0.542 05 0.44 16.13 187 21900 0.469 25200 0.502 - 4.03
38 0.582 0.58 0.51 2 179 31600 0.508 26600 0522 - 474
36 0.845 0.51 0.45 1554 16.8 38800 0.518 35500 0.541 0.676 381
X 095 0.65 0.56 21.84 17.3 57300 0.561 47300 0.512 0.689 4.2

Experimental Vairables and Parameters for 0.27-mm sand in B foot wide flume
Suspended Concentration Total Bed Material Bed M
) Water . ed Material{ Mean
Run Slopg x10° D:p::' ) ':ly:.raul;:: Discharge . Q Temp -T Sampled C; {Particie Size [ Concentration SI:::"::: Particle Size | Velocity

@ (Radius (f) [ gy 0 (ppm)  |-dso (%103 Gy (ppm) i 1035)0 dsp (ftx 109 |V (fus)

S50A 0.007 0.96 077 6.09 14.5 [t} 0638 - - 0.79
50D 0.018 0.91 0.74 6.09 158 0 0.6338 0.5 - 0.856 0.84
a1 a.046 098 a79 986 16 9 0638 12 0705 0.889 1.24
52 0.085 0.94 0.76 1228 16 57 0.638 98 0.695 0.82 163
54 0.084 093 075 13.62 18.3 157 0.538 200 0.607 0.935 1.83
53 0.108 1.02 0.81 15.58 16.9 396 0.584 358 0.584 0.902 1.91
57 0.126 0.48 0.43 511 139 0 0638 93 0.771 0.951 1.33
55 0126 0.75 0.63 11.09 153 407 0.59 550 0623 0.823 185
55 013 1.08 0.85 178 18.1 534 0.689 639 0.645 0.886 2.06
45 0.138 0.84 0.69 21.84 178 679 0.541 1270 0.755 0.951 325
43 0.14 113 0.68 19.23 17.4 556 0.64 931 0.686 0912 213
44 0.183 1.03 082 21155 16.8 623 0.82 833 0.83 0.856 262
42 0.167 0.94 0.76 15.68 148 416 0.902 704 0.656 0.837 209
45 0.167 0.74 0.62 21.76 185 857 0.554 1670 0.853 0.827 368
58 0.185 0.46 0.4 5.75 14.2 33t 0.689 753 0.702 0.902 1.83
47 028 0.36 0.77 21.79 1386 3770 06 4780 0.758 0.863 432
48 D.493 0.59 0.51 2169 159 108000 0.662 9080 0.645 0.856 46
39 0.813 0.55 0.48 21.71 1.2 34000 0.327 28700 0.658 0.787 493
41 0.952 0.45 0.40 15.41 11 43300 0.715 35600 0.636 0.955 428
40 1.022 06 0.52 21.35 10.8 41400 0623 35800 0.656 1.033 4.45
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Table C.3. Guy et al. Raw Data 2

Experimental Vairables and Parameters for 0.13-mm sand in 8 foot wide flume
Shear Velocity u* - (ft/s] Bed :ﬂatenal Kinematic Shear Reynolds factor
Based on| Sample: Viscocity | Stress at 2 Froude " Bed
Run | Based Basehd Velacity | Suspended | Tl % | 455" | “Bed .« N""'h:' 0% Numbecp | Darey | Chezy | Mannings | oo 00 ion
onR on Profile | g (Ib/fis) {Ib/fes) ) (/e [Weishach f| C/g n (ft'")

24 0.037 0.041 0.035 0.0000 0.000 1.12 0.0024 730 0.16 0.0176 245 0.012 Plane
22A | 0037 | 0.039 0.034 0.0000 0.000 1.16 00023 323 020 0.0203 29 0.012 Do.

2 0.064 | 0072 0.032 0.0000 0.000 133 0.0020 630 0.14 0.0656 248 0.024 Ripples
22B | 0045 | 0.047 0.039 0.0000 0.000 115 00022 325 023 0.0234 286 0.012 Plane
2% 0.039 0.041 0.038 0.0000 0.000 1.1 0.0028 226 027 Do.

s 0066 | 0.073 0035 0.0000 0.000 1.1 0.0024 736 0.16 0.0570 245 0.022 Ripples
22C | 0.047 | 0.049 0.040 0.0000 0.000 114 00030 328 024 0.0246 25 0.013 Plane
30 0.085 0.085 0.045 0.0005 0.000 1.17 0.0039 949 0.20 0.0585 247 0.022 Ripples

1 0074 | 0.080 0032 0.0000 0.000 1.28 0.0020 335 0.17 0.0328 233 0026 Do.

N 0.106 | 0.118 0.053 - 0.002 1.14 0.0054 1163 023 0.0669 247 0024 Do.
27 0.084 0.100 0.040 - 0.000 1.14 0.0031 449 022 0.0934 232 0.026 Do.

5 0124 | 0139 0.062 0.0104 0,012 1.19 0.0075 1333 027 0.0643 248 0.024 Do.

23 0.083 0.084 0.042 0.0000 0.000 1.14 0.0034 367 025 0.0779 26 0.023 Do.

32 0128 0.142 0.073 - 0.030 113 0.0103 1505 0.32 0.0504 246 0.021 Dune

8 0.130 0.145 0.081 0.0585 0.060 113 0.0128 1638 0.36 0.0423 245 0.019 Do.
28 0110 017 0.045 - 0.0 1.14 0.0039 493 025 0.1016 232 0.027 Ripples
33 0.150 0.168 0.079 0.0972 0.109 1.16 0021 179N 0.34 0.0590 248 0.023 Dune
28 0.115 0123 0.048 0.0012 0.002 i1 0.0046 570 0.27 0.0949 232 0.026 Ripples

3 0120 | 0.128 0.051 - 0.003 1.33 0.0050 468 0.28 0.0936 232 0028 Do.

" 0.165 0.186 0.084 0.1269 0.208 11 0.0173 2308 0.40 0.0503 2489 0.021 Dune
13 0.153 0.169 0127 0.1324 c.213 1.1 0.0311 2500 058 0.0240 244 0.014 Transition
14 | 0185 | 0171 0132 0.1639 0.267 1.1 0.0340 2517 0861 0.0226 243 0014 Do.

15 0.154 0.169 0.144 0.1908 0.341 11 0.0400 2485 069 0.01%0 241 0.012 Plane
34 0137 | 0.146 0.073 0.0215 0.027 1.18 6.0103 740 0.41 0.0603 231 0.020 Bune
12 0.184 0.207 0.108 0.1591 o218 1.09 0.0229 2517 0.47 0.0472 247 0.020 Do.

6 0.149 | 0.160 0.071 0.0349 0.055 1.22 0.0098 835 038 00732 235 0.023 Do.

7 0.162 0175 0.075 0.0427 0.033 1.14 0.0109 1062 038 0.0774 37 0.024 Do.
35 0.148 0157 0.078 0.0428 0.059 1.12 0.0120 840 0.44 0.0601 231 0.020 Do.

15 0.175 0.190 0.161 0.2331 0.475 1.12 0.0502 2463 0.80 0.0196 238 0.012 Transition
10 0.157 0.167 0.126 0.0784 0.226 1.11 0.0306 1328 071 0.0267 230 0.014 Plane

9 0.165 0.175 0.092 0.0447 0.078 1.12 0.0163 919 0.53 0.0585 29 0.019 Dune
17 0.190 | 0.206 0.175 0.6947 0.802 1.1 0.0592 2439 089 00197 237 0.012 AntiDune
18 0231 | 0.249 0.184 1.2566 1.597 1 0.0654 2497 095 0.0264 236 0.014 De.

19 0249 | 0.269 0.184 23193 2.233 1.12 0.0654 2474 095 0.0308 236 0015 Do.
39 0258 | 0.277 0.195 3.5009 2822 1.12 0.0740 2434 1.03 00292 235 0.015 Do.

20 0.278 0.298 0197 4.0292 4133 112 0.0755 2475 1.05 0.0333 234 0.016 Do.

21 0279 | 0.295 0.176 2.7553 3171 1.12 0.0598 1798 1.00 0.0430 230 0017 Do.
38 | 0308 | 0330 0.203 54226 4.565 1.14 0.0601 2412 1.10 0.0387 233 0.017 Do.

36 0.351 0373 0.166 4.7030 4.303 1.18 0.0532 1647 084 0.0765 230 0.023 Chute-Pool
37 0.414 0.446 0.178 9.7612 8.058 1.16 0.0614 2353 092 0.0902 236 0.026 Do.

Expetimental Vairables and P: s for 0.27-mm sand in 8 foot wide flume
Shear Velocity u* - (ft's) Bed Material Ki " Shear R " Reseistance factor
Based on | Sampled Viscotity | Stress at eyno s_z Froude . Bed
Run Bas;d Bast;d Velacity | Suspended Total %10° v Bed -+ Numb;r 10 Number F w [?a;cyh . Che:sy Mann:’r;gs Configuration
on on Profile | q: (bfts) (Ib/ft-s} {5 (b/f0) eishacl Cy n {'7)

S0A | 0.042 0.047 0.033 0.0000 0.000 125 0.0022 607 0.14 0.0277 237 0.015 Plane
50D | 0085 | 0.073 0.036 0.0000 0.000 1.21 0.0025 632 0.16 0.0598 236 0022 Ripple
51 0108 | G121 0.052 0.0007 0.001 1.2 0.0053 1023 022 0.0763 238 0.026 Do.
52 0.126 | 0.140 0.083 0.0054 0.009 1.2 0.0092 1277 0.30 0.0592 237 0.022 Do.
54 0.143 0.159 0.877 0.0167 0.021 1.13 0.0116 1506 033 0.0601 236 0.022 Dunes
53 0168 | 0.188 0.080 0.0481 0.044 117 00124 1665 0.33 0.0778 239 0.026 Do.
57 0132 | 0.140 0.061 0.0000 0.004 127 0.0071 503 034 0.0881 220 0.024 Ripple
56 0.160 0174 0.080 0.0352 0.048 122 00124 1137 038 0.0711 231 0.024 Dunes
55 0.183 0.213 0.086 0.0741 0.089 1.14 0.0143 1952 035 0.0852 240 0.027 Do.
45 0.176 0.193 0.139 0.1157 0.216 1.15 0.0375 2374 062 0.0283 234 0.015 Transition
43 0.199 0.226 0.088 0.0834 0.140 1.16 00191 2075 035 0.0898 24 0.028 Dunes
44 0.207 0.233 0.110 0.1047 0.140 1.18 0.0233 2287 0.45 0.0630 239 0.023 Do.
42 0202 | 0.225 0.088 0.0508 0.086 1.24 0.0151 1584 038 0.0926 237 0.028 Do.
46 0183 | 0.198 0.160 0.1455 0.283 1.12 0.0494 243 075 0.0235 231 0014 Plane
58 0.157 | 0.166 0.084 0.0174 0.040 1.26 0.0136 668 0.48 0.0855 219 0021 Dunes
47 0.264 0.294 0.182 0.6408 0.809 1.28 0.0644 3240 0.78 0.0371 237 0.018 Antidune
48 | 0286 | 0.306 0.204 18.27117 1.536 1.2 0.0811 2262 1.06 0.0354 225 0.016 Do.
39 0.356 0.379 0.221 5.7575 4.860 1.4 0.0946 1937 117 0.0474 223 0.0t8 Do.

41 0.352 0.371 0.196 5.2046 4.279 1.38 0.0746 13% 1.12 0.0602 218 0.020 Chute-Pool
40 0.414 0.444 0.197 5.8943 5.962 1.38 0.0756 1935 1.01 0.0798 225 0.024 Ds.
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Table C.4. Guy et al. Raw Data 3

Experimental Vairables and Parameters for 0.13-mm sand in 8 foot wide flume

Useful Variables

Run | ds gs/qt w lds(f)|2ds/h| hds | Ro |ds (mm)] Re~ |Shields
24 | 019 0.050 [0.001{0.002|2030.238 3.068 | 0.141 | 1.466 | 0.068
22A| 0.19 - 0.049 |0.00170.003{1036.717{3.096| 0.141 | 1.362 | 0.063
2 | 019 0 0.043 |0.001)0.001)2283.417| 1.520 | 0.141 | 1.107 | 0.208
2281 0.19 - 0.049 |0.001|0.003| 928726 | 2604 | 0.141 | 1.551 | 0.090
26 {019 - 0.051 |0.001|0.005|647.948 | 3.133; 0.141 | 1.611 | 0.067
25 1019 0 0.051 )0.001/|0.002|2008.639) 1.728 | 0.141 {1.434 | 0.213
22c) 0.19 - 0.049 |0.001]0.003{907.127 {2501} 0.141 1605 0.099
30 | 0.18 [1.891891892| 0.048 [0.001(0.001(2159.827( 1.273| 0.141 | 1.779| 0.367
1 0.19 a 0.045 |0.00110.002(1252.700) 1.409 | 0.141 | 1,147 | 0.258
31| 019 - 0.042 0.00110.001)|2411.348{0.888 | 0.129 (1950 0.628
27 | 019 - 0.043 |0.0010.003{1187.805{ 1.228 | 0.141 [ 1628 0.410
5 0.13 0.875 0.048 |0.001{0.001{2229.437| 0856 | 0.141 | 2414 0.784
23 | 0.19 a 0.04S |0.001(0.003)950.324 | 1.317 | 0.141 [ 1.704 | 0.357
32 | 019 - 0.048 |0.001(0.002(2083.333| 0852 0.139 | 2941 | 0.833
8 0.19 | D.97495183 | 0.059 |0.001|0.002|1819.9614 1011 | 0156 | 3672 0.772
28 | 019 - 0.045 |0.001|0.003;1166.307| 1.053 | 0.141 [ 1.824 | 0658
33 | 0.19 {0.894736842| 0.052 |0.001|0.001(2198.170]0.774 ; 0.147 |3.279| 1.106
29 | 0.19 |0.534482759 | 0.050 |0.001|0.003}1203.503{ 1.024 [ 0.141 | 2.028 | 0.616
3 0.19 - 0.043 |0.001{0.003|1187.905| 0852 | C.141 |1.771 | 06862
1" 0.19 |0.611538462| 0.031 |0.0010.001)3105.413| 0.414 ) 0107 | 2984 1.863
13 | 0.19 {0.522580645| 0.034 |0.001)0.002{2398.922| 0509 | 0.113 | 4.271 | 1.454
14 | 019 | 0637583893 0.042 |0.001|0.002|2082.324| 0608 | 0.126 | 4972 | 1.338
15 | 0.19 0.56 0.054 ;0.001,0.002]1633.004} 0.804 | 0.147 (6290 1.113
34 | 0.19 |0.781312127 | 0.048 |0.001|0.003}1123.110| 0.823 | 0.141 | 2.859 | 0.864
12 | 0.19 |0.731496063 | 0.044 {0.001(0.001(2411.348| 0530 | 0.129 | 4.219 | 1.900
B | 0.19 |D.638792102} 0.041 ;0.001[0.002{1421.911]0.640| 0.131 | 2503 | 1120
7 0.19 |0.457258065| 0.047 |0.001(0.002}1504.4251 0677 | 0.138 | 2974 1.276
35 | 0.19 | 072972873 | 0.050 [0.001;0.003{1125.54110795 0.141 | 3238 1.003
16 | 0.19 |0.490809091 | 0.062 {0.001|0.002;1363.636} 0817 | 0.161 |7.584 | 1.289
10 | 0.19 |0.347177418| 0.045 |0.0010.003]1177.829| 0673 | 0.132 | 4.900 | 1.214
9 | 0.19 |0576033058( 0.038 (0.001|0.003{1234.257 | 0548 | 0.121 | 3.249 | 1.451
17 | 0.19 |0.806666667 | 0.052 |0.001[0.002§1419.492| 0633 | 0.144 |7.431| 1686
18 | 0.19 |0.786796537 | 0.053 |0.00%|0.002(1338.912| 0535 | 0.146 | 7.909 | 2.434
19 | 0.19 | 1.03875969 | 0.056 |0.001|0.002]1292.929| 0521 0.151 |8.117 | 2.743
39 | 0.19 |1.240740741 | 0.061 |0.001|0.002(1170.825| 0549 | 0.159 |9.083 | 2.767
20 | 0.19 [0.974895397 | 0.054 |0.001|0.002]1237.113} 0.454 | 0.148 | 8544 | 3.449
21 | 0.19 |0.869047619| 0.051 [0.0010.003]1066.098| 0.433 | 0.143 | 7.350 | 3.502
38 | 0.19 |1.187969925| 0.058 |0.001|0.002(1141.73210.437 | 0.156 |9.053 | 4.027
36 | 0.18 |1.092857746| 0.058 |0.001[0.003} 984.556 | 0.389 | 0.158 | 7.269 | 5.042
37 1019 | 121141649 | 0.067 }0.001]0.002]1158.645| 0374 | 0.171 | 8.601 | 6.671
Experimental Vairables and Parameters for 0.27-mm sand in B foot wide flume
Useful Variables
Run | ds as/at w  |ds(|2dsh| Wds | Ro |ds(mm)| Re* |Shields
80A | B.27 #DIvVO 0.077 |0.001|0.002}1504.702] 4.148 | 0.194 | 1.700 | 0.064
500 | 0.27 1] 0.079 |0.001|0.002{1426.332{ 2.715{ 0.194 | 1.878 0.156
51 | 0.27 0.75 0.079 |0.001{0.002{1551.724{ 1.637 | 0.194 | 2771 0.433
52 | 0.27 |0.581632653| 0.079 |0.001|0.002{1473.354! 1.413| 0.194 | 3.663 [ 0.580
54 1 027 0.785 0.082 |0.001|0.002]1457.680( 1.209 | 0.194 | 4.372 | 0.742
53 | 0.27 |1.106145251 | 0.071 |0.001|0.002{1746.575] 0.937 | 0.178 [3.995 1.143
57 | 0.27 1] 0.076 [0.001|0.004| 752351 | 1.368 | 0.194 | 3.040 | 0.575
56 | 0.27 0.74 0.070 }]0.0010.003}1269.036{ 1.001{ 0.180 | 3.880 | 0.969
55 | 0.27 |0.835680751 | 0.091 [0.001|0.002|1567.489| 1.076( 0.210 |5.186 | 1.235
45 | 0.27 [0.534645569 | 0.063 |0.001)0.002|1552.680| 0620 | 0.165 | 6540 1.299
43 | 0.27 |0.697207304 | 0.081 }0.001|0.002(1765.625| 0.902 | 0.195 | 4.872( 1.498
44 | 027 | 074789916 | 0.113 )0.001{0.002(1266.098]| 1.214 | 0.250 |7.622 | 1.241
42 | 0.27 |0.590206081 | 0.124 |0.001(0.002|1042.129| 1.378 | 0.275 |6.426 | 1.055
46 | 0.27 |0.513173653| 0.067 |0.001]0.003|1335.740| 0.840 | 0.169 | 7.893 | 1.352
58 | 0.27 |0.439575033| 0.086 |0.001(0.004| 667.634 | 1.299 | 0.210 | 4.575 | 0.749
47 | 0.27 |0.792016807 | 0.068 |0.001|0.0021600.000|0.587 | 0.183 |8.540 | 2.715
48 | 027 [11.89427313| 0.084 {0.001|0.003| 891.233 | 0.684 | 0.202 }11.281| 2.663
39 | 027 | 1.18466899 | 0.022 |0.001|0.004|1681.957| 0.144 | 0.100 | 5.159 | 8.287
41 | 027 [1.216292135| 0.086 |0.001(0.005|629.371 | 0.577 | 0.218 (10.163| 3.631
40 | 0.27 [1.156424581| 0.069 |0.0010.003) 953.082 {0.391 | 0.190 | 8.914 | 5.965
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Table C.5. Guy et al. Raw Data 4

Experimental Vairables and Paramsters for 0.2t

8-mm sand in 8 foot wide flume

Suspended Concentration

Total Bed Material

. Water N Bed Material| Mean
Run | Stope x10° D:'"f:' ) :y:‘r:::;; Discharge - Q Tev(:la-T Sampled C, |Particle Size | Concentration sl;la:m:'s Particle Size | Velocity

s ® @ (ffrseq) {ppm} ~dsp ftx 10°)| G (ppm) fix 1033)0 dg (ft % 10%) | V (it's)
7 0.007 1.01 081 B.61 139 0 0.558 0 - - [1:7]
8 0.011 1 080 7.76 19 0 0.558 0 0.985 097
9 0023 1.01 081 7.76 109 1} 0.558 27 - 0.985 0.96
10 0.04% 0.59 051 4.16 154 s] 0.558 1 0.502 0.866 0.88
5 0.045 1 0.60 1073 165 0 0.558 12 aes 0.985 134
13 0.063 1 0.80 13.46 16.4 99 0.558 75 0.663 0349 168
4 0.083 085 o 1073 1486 0 0.649 51 0es 0.802 156
11 0.073 0.59 0.51 492 149 B D553 20 0.908 0.351 104
33 0.09 106 084 15.74 178 377 0672 330 063 0.853 186
1a 0.1 088 072 127 167 403 057 405 0.423 1.064 18
12 0.108 057 0.50 7.19 16 74 0.555 150 0.751 0.886 158
14 0.116 0.62 054 861 1586 134 0.558 228 0725 0.853 174
20 0.12 1.058 0.83 18.14 156 347 0.672 508 0.607 0928 216
2a 0131 0.92 078 1519 15.8 583 0.354 664 0.554 0918 206
2 0.131 1.07 0.84 2039 165 528 0518 732 0.591 0.866 238
19 0.134 0.65 0.56 89 149 423 0655 563 0.627 087 19
16a 0.134 1.02 081 17.23 158 435 0.449 549 0574 082 21
23 0134 091 074 2202 15.6 608 0.492 1230 0656 0.997 3.02
17 0138 085 0.56 10.01 147 262 06 805 063 0.892 1.92
3a 0.136 0ss 072 15.28 152 445 0.383 733 064 0.843 217
18 0.141 0.61 053 1186 147 439 0.485 1040 0693 0814 245
30 0.142 0.64 0.55 1568 145 548 0.462 1370 0.627 0975 3.08
34 0.15 0.44 0.40 55 141 . 0.558 480 0788 0.951 158
22 0.153 06 0.52 14.92 127 442 051 1540 0755 0351 3an
15a 0.158 075 083 1287 13 389 0.446 783 0.62 0.837 214
24 0172 0.82 088 21.98 157 783 0.475 2350 0689 0.893 33
5 0.193 072 061 2185 147 972 0.561 2710 0.804 1031 379
28 0.229 0.55 0.48 15.72 151 750 0.586 2760 0.833 0873 357
23 0.278 0.52 0486 157 15.4 1240 0.587 3120 0.886 0.828 3
26 0.328 05 0.44 15.51 15 1740 0573 5080 082 0.886 388
32 0.47 0.58 051 2176 108 9430 0.59 10500 0.676 0.846 483
2 0533 0.43 0.38 15.47 151 8240 0.557 11500 0.682 0916 45
3t 0.593 0.56 0.49 21.34 102 16400 0613 13000 0.591 0.906 476
35 0815 0.54 048 2133 109 31800 0619 27600 0.65 0903 493
37 0.82 03 0.28 8.34 18 7820 0.639 19300 0.885 0935 3.48
38 093 04 0.36 15.26 1.1 33800 0.698 36100 0.656 0912 477
36 1.007 0.57 0.50 21.38 1.5 47400 0.648 42400 0.669 0.984 469

Experimantal Vairables and Parameters for 0.45-mm sand in B foot wide flume
Suspended Concentration Total Bed Material Bed 1
Water . ed Material | Mean
Run s'“";"mz D:p“; ) :ay:'::';f Discharge - Q Ter(:-g’-l’ Sampled C, |Particle Size | Concentration s‘;::m:: Particle Size | Velocity

@ (Radivs @] 00 G |- (i) Goppm) |t g e 0 | V)
14 0.015 061 053 394 102 - 0908 0 . - 081
13 a.019 0.35 0.32 184 9 - D903 1) - 0es
17 0.2 0.98 078 622 12 0908 07 . 08
16 0.021 081 0.67 51 12 - 6.908 1.2 0728 . 879
15 0.023 08 067 507 1 0908 a7 0.837 144 0.79
18 0.031 0.58 0.51 362 113 0908 0.4 - - 078
2 0.036 0.82 0688 79 1" 0.908 94 0.968 135 1.2
3 0.039 085 070 78 1.5 0.966 10 0.935 1.48 1.16
9 0.04 055 0.48 384 12 0908 14 0.361 1.54 088
1 0.042 08 .67 785 g - 0.908 23 116 1.44 123
5 0.047 075 0.63 793 " 0.908 27 0.863 152 1.32
1 0.049 0.35 032 185 15 0.908 47 . 1.46 07
4 0.057 069 058 7.94 10 0.908 92 1.03 15 144
8 0.06 051 0.45 383 12 0.908 76 0.846 1.39 033
7 0078 07 0.60 7.98 15 0.908 268 0.637 1.46 143
10 0.088 033 0.30 1.95 105 0.908 16 14 1.54 075
6 0.088 0.46 0.41 39 95 0.908 42 1.44 164 107
12 0.108 0.29 0.27 1.95 17 098 1 0.7 154 085
19 0.112 0.41 037 424 18 - 0908 208 0.951 157 13
2 0114 Q.98 077 1212 18 189 0.31 380 082 136 1.58
p2] 0.124 1 0.80 13.54 157 - 133 554 0.791 125 17
25 0.189 0.42 0.38 491 17 - 0.908 378 11 15 1.47
20 0.193 0.6t 053 8.14 164 388 043 508 0633 1.61 168
23 0.247 065 0.56 13.34 16 558 0.46 656 0.755 14 257
24 0.283 0.62 0.54 8.73 17 - i 917 0.82 1.23 1.76
40 0.30m 081 0.67 1.4 13 917 0.44 2480 0.81 1.41 3.32
38 0.384 0.55 0.48 2064 19 747 0.42 3960 1.01 1.51 an
26 0.386 0.34 031 14.45 17 - 0.44 4560 114 1.54 538
28 0.366 0.4 0.36 11.18 16 3970 1.08 4230 i 1.65 3.52
29 0.369 03 0.28 454 17.4 - 131 1850 119 1.48 1.89
31 0.432 0.44 0.40 14.85 175 151 4750 125 1.58 424
27 0.436 0633 0.30 79 18 - 112 4100 121 1.66 299
36 0.446 0.19 0.18 3.15 19 323 065 1370 135 15 204
4 0.466 0.54 0.48 2162 187 907 0.65 4340 138 1.14 505
30 0.492 027 025 533 17.2 - 138 3550 135 157 2.47
35 0.494 0.25 0.24 5.58 17 2680 1.02 4610 1.33 1.48 28
34 0.548 028 0.26 8.44 1758 682 0.59 5690 145 1.31 373
33 0.607 027 0.25 102 16 . 1.71 6810 1.36 1.28 46
38 0619 05 0.44 21.38 19 732 068 6230 1.59 1.38 5.38
27 062 0.43 0.39 18.87 185 752 0.66 5570 174 1.65 554
32 0656 037 0.34 14.96 18 . 1.56 6180 1.67 1.35 5.03
45 0862 0.28 0.26 558 189 250 0.66 9530 1.59 133 25
44 0.8s8 028 0.26 10.83 19.4 3020 0.98 15100 1.57 174 4.78
42 0386 031 0.29 1343 20 4520 121 11400 1.72 1.3 536
43 101 0.43 0.33 21.42 185 - 0908 11500 12 157 6.18
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Table C.6. Guy et al. Raw Data 5

Experimentai Vairables and Parameters for 0.28-mm sand in 8 foot wide flume
Shsar Velocity u” -« (ft/s) Bed Material Kinematic | Shear R " Reseistance factor
Based on | Sampied Viscacity | Stress at eyno s_z Froude N Bed
Run Ba’;d Basa;d Velocity | Suspended Totala | 15, Bed -+ N"mh:' 10% 1 Rumber F e D};Wh f g';}' Mann:ngs Configuration
on on Profile | g (b/its) | (/S | ey hAE) eishac 9 n (/%)
7 0.043 0.048 0035 0.0000 0.000 127 0.0023 652 0.14 0.0271 237 0.015 Plane
8 0.053 | 0060 Q.041 0.0000 0.000 1.34 0.0032 724 017 0.0301 237 0.016 Do.
S 0.077 0.086 0.040 0.0000 0.000 138 0.003 703 017 0.0649 237 0.024 Ripples
10 0.082 0.088 0.038 0.0000 0.000 123 0.003 422 020 0.0805 24 0.024 Do.
5 0.108 0.120 0.056 0.0000 0.001 118 0.008 1126 0.24 0.0648 237 0.024 Do.
13 0.127 0.142 0.071 0.0104 0.008 1.18 0.010 1412 0.30 0.0575 237 0.022 Do.
4 0.125 0138 0.067 0.0000 0.004 1.25 0.009 1073 0.30 0.0528 233 0.023 Do.
1 0.110 0.118 0.046 0.0000 0.001 1.23 0.004 499 0.24 0.1028 24 0.027 Da.
33 0.156 0175 0.078 0.0463 0.041 1.15 0.012 1714 032 00710 239 D025 Oune
ta 0.152 0.168 0.077 0.0393 0.040 1.18 0.011 1342 0.34 0.0700 234 0.024 Do.
12 0.132 0141 0.071 0.0042 0.008 12 0.010 751 037 0.0835 23 0.021 Ripptes
14 0.142 0.152 0.077 0.0090 0.020 1.2 0.012 892 0.39 0.0612 225 0.021 Dune
20 0.179 o2 0.091 0.0491 0.072 1.21 0.018 1874 037 0.0695 238 0025 Do.
2a 0.178 0197 0.088 0.0891 0.079 121 0015 1566 0.38 0.0732 235 0.025 Do.
pil 0189 0.212 0.100 0.6840 0.116 1.18 0.018 2140 04 0.0837 239 0.024 Do.
19 0.155 0.187 0.084 0.0327 0.043 123 0.014 1004 0.42 0.0622 226 0.022 Do.
16a | 0.187 0.210 0.089 0.0586 0.074 121 0.015 1779 037 0.0791 238 0.026 Do.
23 0.179 0.198 0.129 0.1044 0.211 .21 0.032 227 0.56 0.0344 235 o317 Transition
17 0.156 0.169 0.085 0.0205 0.039 124 0.014 1006 0.42 0.0618 26 0.02t Dune
3a 0.178 0.136 0.033 0.0530 0.087 1.2 a7 1565 041 0.0855 234 0.023 Do.
18 0.155 0.168 0.109 g.0410 0.097 124 0.023 1205 0.55 0.0369 25 0.018 Do.
30 0.159 0.174 0135 0.0670 0.168 1.25 0.038 1567 067 0.0250 28 0014 Transition
34 0.138 0146 0072 0.021 126 0010 545 0.41 0.0599 217 0.021 Dune
2 0.160 0.172 0.139 0.0514 0.179 1.3 0.037 1424 0.71 0.0244 24 0013 Plane
15a | 0.178 0.195 0093 00391 0.079 13 007 1235 0.44 0.0667 230 0023 Oune
24 0.194 0213 0.144 0.1308 0.403 1.21 0.040 279 0.65 0.0324 232 0016 Transition
P 0.198 0215 0.165 0.1657 0.462 124 0.053 2m 079 0.0257 23 0.014 Plane
28 0.189 0201 0.161 0.0520 0.338 133 0.050 1476 0.85 0.0255 22 Qo013 Do.
29 0.203 0.216 o171 0.1519 0.382 1.22 0.057 1607 0.92 0.0262 21 a.o13 Do.
26 0.217 0.230 0.176 0.2105 0612 1.3 0.080 1577 097 0.0281 220 0014 Antidune
32 0.277 0.296 0.210 1.6107 1.782 138 0.085 1971 1.09 0.0319 224 0ms Do
27 0.258 0272 0.208 0.9943 1.388 1.23 0.084 1573 1.21 0.0292 216 0014 Deo.
3 0.306 0327 0.214 2729 2.164 14 0.089 1904 112 0.0378 223 0.6 Do.
35 0.353 0.376 0.222 52907 4.592 1.38 0.0%6 1929 1.18 0.0466 22 0.018 Do.
7 0.271 0.281 0.168 0.5087 1.295 1.35 0.055 773 112 0.0523 207 0017 Do.
38 0.330 0.346 0.223 40231 4297 137 0.09%6 1393 1.33 0.0421 214 oms Chutes-Pgois
36 0402 0430 0210 7.9046 7.071 136 0.086 1866 1.09 0.0572 23 0022 Do.
Enperimentol Vairables and Parameters for 0.45-mm sand in 8 foo! wide flume
Shear Velocity u* - (f/s) Bed Material P ; Reseistance factor
R Based on| Sampled ':;;i’:;:;c Slsr::::n Reynolds 2 Froude ch " N Bed
un | Based Bas&:ld Velocity | Suspended Total ¢ 10y Bed -1 Numh‘:r 10 Number F " C:a'::.ych ‘ eg ann:ngs Configuration
onR | on Profite | g, (/i) | OB/ P i) eisha [o7) n (%)
14 0.051 0.054 0.038 0.000 14 0.0028 353 018 0.0359 213 0018 Plane
13 0.044 0.046 0.033 0.000 1.46 0.0021 156 0.19 0.0405 19.9 0.016 Do
17 0.225 0.251 0.036 0.000 134 0.002 585 0.14 0.7888 25 0.082 Ripples
16 0.067 0.074 0.03% 0.000 134 0.002 478 .15 0.0702 20 0024 Do
15 0.070 a.077 0036 - 0.000 138 0.003 458 016 0.0758 220 0.025 Do
18 0.071 0.076 0.037 0.000 136 0.003 333 0.18 0.0761 212 0023 Do
2 0.089 0.097 0.054 0.001 138 0.006 713 023 0.0528 28 0021 Do
3 0094 0.103 0.052 - 0.001 136 0.005 725 022 0.0835 221 0023 Do
9 0.079 0.084 0.042 0.000 1.34 0.003 361 02 0.0732 210 0023 Do
1 0.095 0.104 0.056 0.001 1.46 0.006 674 024 0.0572 220 o021 Do
5 0.038 0.107 0.080 0.002 1.38 0.007 77 0.27 0.0521 218 0.020 Do
1" 0.071 0.074 0.035 0.000 138 0.002 180 0o 0.0502 19.9 0023 Do
4 0.104 0.113 0.087 0.008 141 0.009 705 031 0.0489 216 0.019 Ounes
8 0.093 0.099 0.045 0.000 1.34 0.004 354 023 00911 209 0025 Ripples
7 0122 0.133 0.086 . 0.017 136 0.008 738 0.30 216 0.023 Dunes
10 0033 | 0097 0.038 - 0.000 139 0.003 178 0.3 198 0.028 Ripples
6 0.108 0.414 0.052 000 1.43 0.005 344 028 206 0025 Do
12 0.0%6 0.098 0.044 0.000 135 0.004 183 0.28 19.4 0.025 Do
19 0116 0.122 0.064 . 0.007 114 0.008 468 0.36 203 0.021 Dunes
21 0.169 0.188 0.070 0.0179 0.036 12 0010 1264 0.28 224 0.031 Do
2 0.179 0.200 0.075 . 0.059 1.21 0011 1405 0.30 25 0.031 Oo
25 0.152 0.160 0.072 . 0.014 147 0.010 528 0.40 204 0.025 Do
20 g.181 0.195 0.079 0.0246 0.032 1.19 0012 861 0.38 23 0028 Do
23 G.211 0227 0120 0.0581 0.083 12 o.028 1392 0.56 215 0.022 Do
24 0.224 0.240 0.082 - 0.062 147 0.013 933 0.39 213 0033 Do
40 0.256 0.280 0.151 0.1531 0.419 wmm 0.044 2423 0.65 220 0.021 Do
39 0.238 0.254 0.224 01203 0.638 1 0.097 2334 1.12 210 0013 Standing Waves
26 0.192 0.200 0.271 . 0516 117 0.143 1563 163 198 0.008 Plane
28 0.207 0217 0174 0.3485 0.369 1.2 0.059 1173 0.98 202 0.014 Transition
23 0.182 0.182 0.097 . 0.066 1.6 6.018 489 061 195 0.021 Dunes
3t 0.235 0.247 0.207 0.550 1.16 0.083 1608 1.13 205 0.013 Standing Waves
27 0.207 0215 g.151 - 0.253 1.14 0.044 866 092 188 0.016 Transition
36 0.1861 0.165 G111 0.0079 0.034 iR 0024 348 0.82 184 0.016 Do
4 0.267 0.285 0.240 0.1530 0.732 112 0112 2435 121 20 0013 Standing Waves
30 0.200 0.207 0.128 - 0.148 1.16 0.032 575 0.84 18.3 0.018 Transition
35 0.193 0.139 G147 0.1166 0.20t 1147 0.042 598 0.99 181 0015 Do
34 0.214 0.222 0.193 0.0449 0.375 1.16 0072 900 124 19.4 0013 Standing Waves
3 0.222 0.230 0.239 - 0.542 12 0111 1035 1.58 183 oon Do
38 0.2%8 0316 0.259 0.1221 1.03% 1 0.130 2423 134 208 0014 Do
2 0.278 0.293 0.271 0.1107 0.820 1.12 B8.143 pab24 1.49 204 0.012 Transition
32 0.267 0.280 0.251 - 0.721 114 0.122 1633 1.46 201 0012 Antidune
45 0270 0279 0.129 0.0109 0.419 m 0032 831 083 19.4 0024 Do
44 0.275 0.285 0.247 0.2851 1.276 11 G.118 1217 159 18.4 0013 Do
2 0.302 0314 0.273 0.4735 1.194 108 0.145 1539 1.70 1986 0.013 Do
43 0.355 0.374 0.302 - 1.921 1.12 0.178 2373 1.68 204 0.014 Do

163




Table C.7. Guy et al. Raw Data 6

Euperimental Vairables and Parameters for 0.28-mm sand in 8 foo! wide fume
Useful Variabtes
Run | ds as/qt w  |ds@)|2dsm| s | Ro [ds(mm)| Re* |Shields|
7 (028 #DIVAD) 0052 [0.001[0.002[1810.036] 3.243 | 0.170 | 1.517 | 0.077
8 | D28 #OIVD! 0.059 (0.001(0.002{1792.115} 2.497 | 0.170 | 1.703 | 0.119
9 |08 o 0.056 {0.001{0.002{1810.036| 1.660 | 0.170 | 1.635 | 0.252
10 | 028 0 0.063 [0.001)0.004)1057.348] 1.796 | 0.170 | 1.782{ 0.263
5 |028 0 0085 ]0.001{0.002{1792.115| 1.349 { 0.170 | 2.649 | 0.483
13028 1.32 0.065 {0.0010.002{1792.115( 1.140 | 0.170 | 3.321 | 0.684
4 1028 0 0079 10.00110.002|1325.116( 1.432 | 0.198 | 3.468 | 0.554
1 ]028 a 0083 [0.001]|0.004|1057.348| 1.346 | 0.170 | 2.106 | 0.468
33 | 0.28 | 1.142424242 | 0.038 [0.001}0.002{1577.381{ 1.253 | 0.205 | 4.554 | 0.850
1a | 028 |0.995061728 | 0.068 [0.001|0.002]1543.850| 1.003 | 0.174 {3.715) 0.936
12 | 0.28 }0.493333333 | 0.055 |0.001{0.004{1021.505} 1.146 | 0.170 |3.292 | 0.669
14 | 0.28 | 0.44966443 | 0.064 [0.001]0.003/1111.111] 1.054 | D.170 | 3.562 | 0.781
20 | 0.28 |0685770751 | 0.085 (0.001)0.002|1562.500| 1.056 | 0.205 |5.031 | 1.136
2a | 0.28 (0878012048 | 0.029 |[0.0010.002|2598.870| 0.369 | 0.108 | 2.563 | 2.083
21 | 0.28 |0721311475| 0.058 |0.001/0.002|2065.637| 0.678 | 0.158 | 4.336 | 1.640
19 | 0.28 | 0751332143 | 0.081 |0.001{0.003| 992.366 | 1.211 | 0.200 | 4.468 | 0.608
16a [ 028 | 0.79417122 | 0.045 |0.001|0.002(2271.715( 0532 | 0.137 |3.294| 1.845
23 | 0.26 |0.494308943| 0.052 ]0.001[0.002|1849.533}0.658 | 0.150 | 5228 1.502
17 | 0.28 |0.518811881 | 0.071 |(0.001(0.003|1083.333] 1.047 | 0.183 | 4.102 | 0.893
3a | 028 |0607094134| 0033 [0.001{0.002(2297.650| 0.425 | 0.117 | 2911 | 1.894
18 | 0.26 |0.422115385) 0.050 10.001)0.003]1257.732} 0.750 | 0.148 | 4.261! 1.075
3 | 028 04 0045 |0.0010.003|1385.281| 0.667 | 0.141 | 5002 | 1.192
34 {028 1] 0062 [0.001{0.005]788.530 | 1.068 { 0.170 [ 3.188 | 0.717
22 | 028 |0.287012987 ) 0.052 |0.001{0.004|1174.168( 0.753 | 0.156 }5.404 | 1.083
15a | 028 |0.493029151 | 0.042 0.001(0.003]1681.614| 0531 | 0.136 [ 3.131 | 1.610
24 | 0.28 |0.324680851 | 0.043 [0.001|0.003{1726.316{ 0.577 | G.145 [5.652 | 1.800
25 | 0628 |D.358671587 | 0.054 |0.001)0.003]1283.422| 0.740 | 0.171 |} 7.487 | 1548
28 | 0.28 | 0.27173913 | 0.085 |0.001(0.004| 938567 | 0.804 | 0.179 | 7.076 | 1.303
23 | 0.28 {0.397435897 | 0.063 [0.001(0.004| 885.860 ( 0.800 { 0.179 [8.212| 1.493
26 | 028 0343873518 | 0.086 |0.001|0.004( 872600 |0.719 | D175 |8.213| 1.735
32 | 0.28 [0.903809524 | 0.064 |0.0010.004| 983.051 | 0.537 | C.180 | 8.967 | 2.800
27 | 0.28 |0.716521739 | 0.083 [0.001!0.005) 771.993 1 0.582 | 0.170 | 9.428 | 2.494
31 | 0.28 |1.261538462 | 0.067 |[0.001)|0.004) 913.540 | 0512 | C.187 | 9.357 | 3.283
35 | 0.28 [1.152173913 | Q.069 |0.001;0.004| 872.375|0.457 | 0.189 |3.968 | 4.309
37 | 0.28 |0.392964824 | 0.073 10.001]0007} 469.484 | D652 | 0.195 [ 7.951 | 2.333
38 | 0.28 [0.936286089 | 0.083 |0.001{0.005| 573.066 | 0.600 | 0.213 (11.338] 3230
36 | 028 |1.117924528] 0.075 [0001{0.004]{879630 | 0434 | 0138 |10.012} 5.388
Exparimental Vairables and Parameters for 0.45-mm sand in B fool wide flume
Useful Variables
—
Run | ds as/at w  |ds(f){2dsh| hids | Re |ds(mm)| Re* |Shietds|
14 1 045 0.118 |0.002|0.006( 671.806 | 5.424 | 0.277 |2.466 | 0.061
13 | 0.45 0.115 10.002|0.010{ 385.463 { 6.225 | 0.277 | 2.030 | 0.044
17 1 045 0120 |0.002{0.003|1079.295{ 1.198 | 0.277 (2411 1.308
16 | 0.45 0.120 {0.002)|0.004| 892.070 | 4.066 | 0.277 |2.432| 0.114
15 | 0.45 0.119 |0.002{0.004( 881.057 { 3.853 | 0.277 |2.365| 0.123
18 { 045 0 N9 (0.002(0.006638.767 | 3.926 | 0.277 | 2.458 | 0.120
2 | 045 0.119 [0.002;0.004)| 903.084 | 3.042 | 0.277 | 3582 | 0.197
3 {045 0.119 [0.002|0.004| 936.123 [ 2.881 | 0.277 |[3.499 | 0.221
9 | 045 0.120 (0.002/0.006] 605.727 | 3.576 | 0.277 |2.833| 0.147
1 0.45 0.415 ]0.002|0.004) 881.057 | 2769 | 0.277 |3.480 | 0.224
5 { 045 0.119 [0.002(0.005} 825.991 | 2.784 { 0277 [3.980| 0235
11} 045 D119 {0.002(0.010| 385.463 | 4.020 | 0.277 | 2.347 | 0.114
4 1045 0.117 10.00210.005| 759912 | 2.606 | 0.277 | 4.291 ] 0.263
8 | 045 0.120 |0.002(0.007| 561674 | 3.032 | 0.277 |3.021 | 0.204
7 | 045 0.119 10.00210.005) 770.925 | 2.253 | 0.277 | 4.410 | 0.364
10| 045 0.118 |0.002(0.010| 363.436 | 3.056 | 0277 [ 2478 | 0.194
6 | 045 - 0.116 |0.00210.007 506.608 | 2.550 | 0.277 [3.298 | 0.270
12 | 045 0.120 |0.002/0.012| 318.383 | 3.014 | 0.277 | 2.840 | 0.205
19 | 045 - 0.130 |0.00210.008| 451.542 | 2668 | 0.277 [5.098 | 0.307
21 { 045 |0.497368421) 0.023 [0.002{0.004{3096.774]| 0.304 | G.034 | 1.819 [ 2.140
2|04 - 0.188 |0.002]0.003) 751.880 | 2.356 | 0.405 |B.291 | 0.565
25 1 045 . 0.128 |0.002|0.008] 462.555 | 2.006 | 0.277 | 5600 | 0.530
20 | 045 (0763779528 | 0.042 [0.002{0.006(1418.605] 0.538 | (.131 | 2.850 | 1.859
23 | 045 10651869159 0.047 [0.002|0.005]1413.043| 0.515 | 0.140 | 4.590 | 2.115
24 | 045 . 0.180 [0.002]0.006| 558.559 | 1.663 | D.338 | 7.823| 0.978
40 | 0.45 |0.372764228| 0.046 10.002(0.004(1840.909] 0.412 | 0.134 | 5979 | 3.358
39 | 045 {0.188636364 | 0.055 [0.002]0.006{1122.448| 0.546 | 0.143 19.880 | 2.476
% | 045 - 0044 {0002|0.010| 772.727 [ 0.553 | 0.134 |10.196] 1.714
28 | 045 |0938534279| 0.154 [0.002{0.009| 370.370 [ 1.772 | B.329 {15.645| 0.822
29 | 045 - 0.188 (0.002|0.011] 229.008 | 2.488 | 0.399 (10.928| 0.512
31 [ 045 0.213 |0.002(0.008( 231.391 ] 2.149 | 0.460 (26.939] 0.763
27 | 045 - 0.163 {0.002|0.010] 294.643 | 1.889 | 0.34) (14.859] 0.779
36 | 045 [0.235766423 | 0086 {0.002(0.018) 232308 1.236 | 0.198 |6.496 | 0.790
41 | 0.45 (0208986175 0.085 (0.002(0.006| 830.769 | 0.748 | 0.198 [13.957| 2.346
30 | 045 . 0.197 [0.002(0.013f 185652 | 2378 { 0.421 [15.250] 0.583
35 | 0.45 |0.581344902| 0.146 |0.002|0.014} 245098 | 1833 | 0.311 [12.796| 0.734
34 | D45 [0.119859402| 0.072 |0.002(|0.012| 474576 | 0.813 | 0.180 [9.800 | 1.570
33| 045 - 0234 10.002|0.013| 157.895 | 2.543 | 0.521 [34.020] 0.581
38 | 0.45 |0.117495987 | 0.091 [0.002|0.007}735.294 | 0.722| 0207 [15.840| 2.758
27 | 045 [0.135008977 | 0.087 |0.002(0.008|651.515(0.742 [ 0.201 [15.979| 2.448
32 | 045 - 0.219 |0.002|0.009f 237.179 | 1.861 | B.475 |34.32t| 0.943
45 | 045 | D.02536054 | 0.087 [0.002(0.012| 424.242 1 0.785 | 0201 | 7.678 | 2.216
44 | 045 0.2 0.143 [0.002{0.012{ 285714 | 1.260 | 0.239 {21.998| 1.555
42 | 045 (03364312281 0.178 |0.002[0.011] 256.198 j 1.420 | 0.369 j30.618] 1.531
43 ] 045 - 0.131 }0.002{0.008) 473.568 | 0.874 | 0.277 |24.523| 2.899
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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 flume

w Suspended C i Total Bed MaleriL
ater . Bed Material | Mean
Run | Slope x10? D:'"h - gy::aulif:: Discharge - @ Terpg- T Sampled C, |Particle Size | Concentration s':::m:le Particle Size | Velocity
s ) |Radius ) " goaqy pm)  |-da (x| Gopm) |\ o 09 | V(S
19 0.013 1.01 081 8.06 198 g 2.038 1] - - 1
25 0.022 1.01 0.81 988 19.3 0 2038 a] - - 122
%6 022 1.02 081 108 19 0 2038 0 . - 1.32
7 0.28 1.01 0.81 11.86 27 0 2038 28 . 279 147
30 0.28 1.03 0.82 10.91 196 0 2038 0.4 - - 132
21 0.03 1.01 0B 12.06 205 i} 203 0.4 . - 1.48
18 0.037 1.01 081 13.42 18 0 2038 21 264 315 166
28 0.037 1.04 083 14.53 207 o] 203 28 285 302 175
29 0.043 05 0.44 462 189 o 203 0 . - 1.186
22 0.043 0.49 0.44 4.49 19 o 2038 o - - 1.15
30 0.05 0.51 0.45 5.06 18.9 o 2038 - - - 1.25
31 0.054 05 0.44 542 16.8 1] 2038 42 - 322 1.36
15 0.059 1.05 083 16.25 19.7 41 2033 65 2.58 328 1.93
23 0.062 0.49 0.44 5.1 19.2 0 2033 - - - 1.3
32 0.064 852 0.46 6.25 16.7 1] 2038 b 279 298 15
24 0.088 0.49 0.44 57 19.3 1] 203 15 - - 1.46
14 0.071 0.58 051 7.4 17.4 - 203 63 272 325 16
34 0.08 0.54 0.48 7.08 195 - 208 73 256 282 1.64
16 0.112 1.04 0.83 16.85 19.4 12 203 140 269 3.18 203
35 013 053 0.47 764 174 - 2033 201 282 302 18
17 0.136 1 0.80 16.83 19.2 30 203 21t 289 3.08 2.1
33 0.145 0.56 0.49 8.18 19 14 2033 253 253 299 183
5 0.183 093 075 16.41 17.58 80 262 308 262 298 221
10 0.192 0.46 041 69 19 12 2038 450 276 3R 1.88
37 0.275 1.1 087 2258 18 260 1.38 601 235 243 254
36 0.304 055 0.48 8.96 173 56 2038 519 269 307 204
B 0.313 1.04 083 223 191 281 223 537 216 292 268
7 0.338 058 051 101 18.3 357 154 822 312 3.38 2.14
3B 0.356 1.02 0.81 2269 189 422 094 1080 241 248 278
1" 0.393 092 075 222 183 614 2033 1180 238 315 3.02
8 0.43 057 050 1.2 17.4 313 13 1490 28 288 2485
12 0437 0.89 0.73 2219 185 656 234 1900 249 302 312
13 0.587 082 0.68 22.09 18.4 1130 278 2750 263 3.02 337
9 0.66 0.43 0.44 11.32 185 498 265 2620 305 317 2.89
3 065 0s 0.52 18.46 17.3 2820 287 3110 285 308 3.43
1 0.71 0.68 0.58 233 18.3 3770 187 4020 22 328 4.1
2 0.92 053 0.47 2207 18.2 2320 1.79 6140 2.82 3.02 52
4 094 051 0.45 1564 18 2340 282 5090 2.76 308 383
41 112 0.44 0.40 1567 217 2230 1.48 9480 2.68 3.4 4.45
42 116 0.44 040 20.44 204 1610 216 7320 285 266 581
40 1.23 0.38 035 15.53 19.6 1470 151 10200 3.47 272 51
43 1.26 0.44 0.40 2063 21 2500 2.3 7000 3.45 249 586
33 1.28 0.43 0.38 20.88 205 2300 21 00 3.35 335 6.07

Experimental Vairables and Paramsters for 0.32-mm sand in 2 foot wide flume

Suspended Concentration Total Bed Material

Water Bed Material | Mean
Run |S'ope 0’ D:":‘ - :y:'laul:: Discharge - Q Te’FS' T Sampled C. |Particle Size | Cancentration SF;::"::’E Particle Size | Velocity
B @) |Radius ()| ooy opm) |- (10| o pom) | m;)" dso (R x 109 |V (fvs)
1 0.014 0.5t 0.34 091 1] 0.69 a - - 09
2 0.017 0.52 034 0.88 t] 0839 0 . - 0.86
3 0.112 054 035 1.3 0 069 55 0.886 - 1.24
4 0.086 054 0.35 1.31 0 069 81 0.998 0.854 1.24
30 0.1 057 038 1.56 24 069 91 0.885 1.021 1.39
2 G.103 056 036 1.67 9.1 069 117 1.248 1.019 1.43
5 0.139 0.56 0.38 1.88 56 0.616 226 0.782 0.837 172
5 c.118 059 037 1.88 33 0.69 168 0.788 0.854 1.62
27 0.147 0.58 037 2.28 168 0.626 455 0.854 1.038 2.0t
28 0.214 063 0.39 2.28 251 0715 787 0.913 1.035 1.85
26 0.201 071 0.42 267 80 0649 854 0.933 1.071 193
25 0.21 0.68 0.40 264 274 0.655 719 0.867 1.019 205
21 0.184 058 037 313 198 0538 907 0.847 1.035 274
22 0.166 0.64 0.3% 3.13 498 0.649 1150 0.886 1.051 2.48
24 06.172 0.74 0.43 3.48 307 B.6395 706 0.847 0.969 239
23 0.261 073 0.42 3.48 227 0.646 1150 0.894 0.916 243
7 0.188 06 0.38 3.48 196 0613 1410 0.825 035 295
g 0.194 072 0.42 35 248 0.567 1820 0.826 1.003 2.48
20 0.566 0.55 0.35 455 1520 0.708 5600 1.012 1.001 423
19 0.417 058 0.3 455 735 0.767 4340 0.831 0979 4.18
10 o7t 0.59 037 478 2020 0.636 5180 1.015 1.001 412
9 0.493 0.568 0.36 478 1480 0688 5530 1.184 0935 435
12 0.456 0.67 0.40 532 1480 0652 3960 0923 1.051 403
1 0.408 06 0.38 53 1810 0672 5250 1.035 1.051 4.51
14 0.865 06 038 57 5340 0.767 12300 0.906 1.215 486
13 073 06 0.38 57 2100 0737 8780 0.991 1.049 484
15 0.835 063 033 6.63 19000 0793 26100 0.801 1.16 £.36
16 0635 0.62 0.38 6.64 14700 06737 21000 0.864 15627 542
17 097 0862 038 6.79 29900 0.816 29600 0.871 1.103 5.58
18 0.655 061 038 6.82 17400 0.777 20800 0.886 1.231 573
3 1.62 0.65 0.33 6.71 41600 0.836 49300 0.833 - 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 B foo! wide flums
Shear Velacity u* - (ft's) Bed Material Ki Shear A R Reseistance factor
Based on | Sampled Viscocity | Stressat | V00 | Froude Bed
Run Based | Based | vilocity | Suspended Tﬂ‘:/‘ﬁ';‘ A0y | Bed.r (Numberil®l o oy CU""':L’ M’“:f,';)!‘s Configuration
Profile | g (b/fts) iy | b : 9 | nd
19 0.058 0.065 0.048 0.0000 0.000 1.09 0.0045 927 0.18 0.0338 208 0017 Plane
25 0.076 0.085 0.059 0.0000 0.000 1.1 0.0067 1120 021 0.0385 208 0.018 Do.
26 0.240 0.269 0.064 0.0000 0.000 11 0.0078 1213 023 0.3318 208 0054 Do.
27 0.270 0.302 0.071 0.0000 0.000 1.02 0.0097 1456 0.26 0.3371 208 0054 Do.
30 0272 0.3056 0.083 0.0000 0.000 1.08 0.0078 1247 0.23 0.4264 208 0.061 Do.
21 0088 0.099 0.072 0.0000 0.000 1.07 0.0100 1408 026 0.0352 08 0,7 Do.
18 0098 0.110 0.080 0.0000 0.002 1.14 0.0124 1471 029 0.0349 208 0017 Dune
28 0099 0111 0.084 0.0000 0.003 1.08 0.0137 1717 030 0.0324 208 0017 Do.
28 0078 0.083 0.061 0.0000 0.000 1 0.0072 523 028 0.0412 19.0 0017 Plane
2 0.078 0.082 0.061 0.0000 0.000 i 0.0071 508 029 0.0410 189 0017 Do.
30 0.085 0.091 0.066 0.0000 - 111 0.0084 574 0.31 0.0420 19.0 0017 Do.
3 0.088 0.093 0.072 0.0000 0.000 118 0.0099 576 034 0.0376 19.0 0018 Do.
15 0126 on 0.093 D.0005 0.008 1.09 0.0166 1859 0.33 0.0428 208 0.018 Dune
23 0.093 0.098 0.069 0.0000 - 1.1 000391 579 033 0.0463 188 0.018 Plane
32 0.097 0.104 0.078 0.0000 0.001 1.18 0.0120 661 037 0.0381 19.1 0.016 Do.
24 0.0%8 0.104 0.077 0.0000 0.001 11 0.0115 B50 037 0.0403 1889 0017 Do.
14 0.108 0.115 0.083 - 0.004 1.16 0.0132 800 037 0.0414 194 0017 Dune
34 0.1 0.118 0.085 - 0.004 11 00142 805 0.39 D.0414 19.2 0.017 Do.
16 0.173 0.194 0.097 0.0016 0.018 1.1 0.0184 1919 035 00728 208 0.025 Do.
35 0.140 0.149 0.094 - 0012 147 0.0172 815 .44 0.0548 191 0.020 Do.
17 0.187 0.209 0.101 0.0033 0.028 11 0.0199 1909 037 0.0794 207 0.026 Do.
33 0.151 0.162 0.035 0.0009 0.016 m 00175 923 0.43 6.0625 193 0.021 Do.
5 21 0.234 0.108 0.0102 0.039 1.16 00225 1772 0.40 0.0898 205 0.027 Do.
10 0.160 0.169 0.100 0.0006 0.024 11 0.0194 779 0.49 0.0844 188 0.021 Do.
37 0277 0314 0121 0.0458 0.106 1.14 0.0284 2473 0.42 0.1212 20 0.033 Do.
36 0.218 0.232 0.106 0.0039 0.036 1.16 0.0218 967 0.48 0.1035 18.2 0.027 Do.
6 0288 | 0.324 0,129 0.0489 0.093 1 0.0321 2511 0.46 0.1167 208 0.032 Do.
7 0237 0.254 0.110 0.0281 0.085 113 0.0236 M7 0.49 01125 19.4 0.029 Da.
38 0.305 0.342 0134 00747 0.191 1.1 0.0347 2555 0.49 01210 208 0.032 Do.
1" 0.308 0.341 0.147 0.1064 0.205 113 0.0420 2458 0.55 0.1021 205 0.029 Do.
8 0.263 0.281 0127 0.0273 0.130 1.16 00314 1209 057 0.1043 18.3 09027 De.
12 0320 0.354 0.153 0.1135 0.329 1.12 0.0452 2478 D58 0.1029 204 0029 Do.
13 0359 0.394 0.167 0.2050 0.474 113 0.0538 2445 0.66 0.1092 202 0030 Transition
9 0.305 0.323 0.153 0.0440 0.231 112 0.0452 1264 073 0.0297 183 00% Do.
3 0330 0.354 0.176 0.3621 0399 1.16 0.0803 1774 078 0.0854 18.4 0025 Do.
1 0.385 0.394 0.207 0.6566 0.700 11 0.0835 2535 088 0.0740 19.8 0.024 Do.
2 0372 0.396 0.272 0.3394 1.057 113 0.1432 2433 1.26 0.0465 18.1 0018 Do.
4 0370 0.393 0.201 0.2855 0621 1.14 0.0785 1713 085 0.0842 18.0 0.024 Do.
4 0.378 0.398 0.238 0.2726 1.1589 104 0.1102 1883 1.18 0.0641 187 0.020 Do.
42 0385 0.405 0.311 0.2567 1.167 107 0.1878 2389 154 00389 187 0.016 Standing Waves
40 0.371 0.388 0.279 0.1781 1.236 1.08 6151 1781 1.46 0.0481 183 0.0t7 Do.
43 0.401 0.423 0314 0.4023 1.126 1.05 0.1810 2456 156 0.0416 18.7 0.017 Do.
39 0.400 0.421 0.326 0.3746 1.142 1.07 0.2062 2439 1.63 0.0385 18.6 0.018 Do.
Experimental Vairables and Parameters for 0.32-mm sand in 2 foot wide flum
Shear Velocity u* - (#t's) ed Material Ki i Shear Reseistance factor
Based on| Sampled Viscocity | Stress at Reynolds Froude Bed
Run | Based | Based Velocity | Suspended Total ¢ 5 Bed - Number 10 Darcy | Chezy | Mannings "
onR | onh ty (Suspended | g | 210V | Bed o R Number F \yoishach f] Cig0s | n s | Commguration
Profile | q. (bifts) (is) b/ 9
1 0.039 0.048 0.041 0.0000 0.000 1.41 0.0033 326 0.22 0.0057 Qa7 0.013 Plane
2 0043 0.053 0.040 0.0000 0.000 1 0.0030 447 0.21 0.0077 218 0.015 Do
3 0.112 0.140 0.057 0.0000 0.002 1.39 0.0082 482 030 0.0253 218 0.027 Ripples
4 0.0s9 0.122 0.057 0.0000 0.002 091 0.0062 736 0.30 0.0195 219 0.023 Do
30 0.113 0.142 0.063 0.0012 0.004 124 0.0078 639 032 0.0209 220 0.024 Do
2 0.108 0.136 0.085 0.0004 0.006 08 00082 100 034 0.0182 218 0.023 Dunes
5 0127 0.158 0.078 0.0033 0.013 1.4 00118 688 0.41 0.0162 218 0.022 Do
6 0.119 0.150 0.073 0.0019 0.010 092 00105 1038 037 00171 221 0.022 Do
27 0.132 0.166 0.091 00120 0.032 126 0.0162 925 0.47 0.0136 220 0.020 Do
28 0.163 0.208 0.083 0.0179 0.656 a79 0.0134 1475 0.41 0.0254 22 0.027 Do
26 0.164 0.214 0.086 0.0067 0.671 1.3 0.0142 1054 0.40 0.0247 225 0.028 Do
25 0.164 a.211 0.092 0.0228 0.052 081 0.0163 1670 0.44 0.0212 224 0.025 Do
21 0.147 0.185 0.124 0.0193 0.089 132 00300 1204 063 0.0082 220 86.016 Transition
22 0.144 0.185 o1 0.0486 0112 o8 0.0240 1984 055 00114 223 0.018 Do
24 0.153 0.202 0.106 0.0333 0.077 1.34 0.0216 1320 0.49 0.0143 26 0.021 Do
23 0.188 0.248 0108 0.0246 0.125 0.81 0.0224 2190 050 0.0208 26 0.025 Do
7 0.151 0.191 0133 0.0213 0.153 1.34 0.0345 1321 067 0.0084 21 0018 Do
8 0.162 0.212 0.110 0.0271 0.199 092 0.0234 1941 052 0.0146 28 0.021 Do
20 0.254 0.317 0.193 0.2158 0795 1.3 0.0724 1776 1.01 0.0112 2118 6018 Antidunes
19 0.220 0.274 019 0.1043 0616 09 0.0704 2601 0.98 0.0085 218 0.016 Plane
10 0.291 0.367 0.187 0.3013 0773 155 0.0676 1568 095 0.0159 21 0.021 Antidunes
9 0.239 0.298 0.198 0.2207 0.825 1 0.0763 2438 1.02 0.0094 29 0.016 Do
12 0.243 0.314 0.180 0.2457 0.857 1.51 0.0629 1768 087 0.0121 224 0.019 Plane
11 0222 0.281 0.204 0.2933 0.868 0.98 0.0807 2761 1.03 0.0078 221 0015 Antidunes
14 0.323 0.409 0.220 0.9497 2.187 1.32 0.0937 2208 111 0.0142 221 0.020 Do
13 0.297 0.376 0219 0.3735 1.561 084 0.0929 3457 110 0.0120 221 0013 Do
15 0322 0.412 0.241 3.9303 5.393 1.36 o127 2483 1.18 0.0118 22 0.018 Do
16 0.280 0.356 0.244 3.0454 4.351 093 01157 3613 1.21 0.0088 222 0018 Do
17 0.346 0.440 0.251 6.3343 6.271 1.3 0.1226 2661 1.25 0.0124 222 0919 Do
18 0.283 0.359 0.259 3.7024 4.42%6 09 0.1298 3684 129 0.0078 222 0.015 Do
kil 0.453 0.582 0.236 €.7080 10.321 1.25 0.1082 2740 1.15 0.0244 223 0.027 Chutes-Pools
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Table C.10. Guy et al. Raw Data 11

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

Useful Variables
anantes ..

Run | ds as/qt w  ldsd@|2dsm| nis | Ro [ds (mm)| Re* [Shields
19 [ 093 [ #DVOl | 0271 |0004|0007] 495564 [10.401| 0621 | 9011 | 0.039
25 {093 [ #vO | 0.270 00040007 495584 | 7.985 | 0621 |10.893| 0.086
2 | 093 [ #DvAI | 0270 |0004}0.007] 500491 | 2510 | 0.621 |11.686| 0.667
7 | 093 0 0273 |o.004}0.007] 495584 | 2261 | D621 |14.155| 0.841
30 | 093 0 0271 |0.004|0.007| 505397 [ 2219 | 0.621 [11.886] 0.858
21 | 083 0 0271 |0.004|0.007| 495584 | 6.664 | 0.621 |13677| 0.090
18 | 0.93 0 0269 |0.004|0.007| 495584 [6.127 | 0.621 |14.302] 0,111
28 | 093 0 0272 {0.004{0.007|510.30¢ | 6098 | 0521 |16.158] 0.114
231093 [ #OMO | 0270 |0004]0.014| 245339 | 8.108 | 0.621 [11.213] 0084
2 | 093 #ovo | 0270 |000a]0.014) 240432 8190 | 0621 {11146} 0.083
0 | 093 - 0270 |0.004[0.014] 250245 | 7.445 | 0621 [12.051| 0.076
31 | 083 0 0267 |0.004}0.014| 245333 | 7.172 | 0621 (12.366| 0.080
15 | 093 [0063076923| 0271 |0.004[0.007|515.211 | 4788 | 0621 [17.310( D184
23 | 093 - 0.270 {0.004[0.014] 240432 | 6.829 | 0621 [12.714| 0.090
32 | 093 0 0267 |0.004|0.014| 285152 | 6.460 | 0.621 [13.569| 0.099
24 | 093 i 0270 {0.004|0.014240.432 | 6521 | 0621 [14.279] 0.089
14 | 093 - 0268 |0.004[0.012| 284593 {5822 | 0621 |14.518] 0.122
34 | 093 - 0.270 |0.004|0.013| 262.966 | 5.727 | 0.621 [15.837| D128
16 | 0.93 |0.085714286| 0270 [0.004[0.007|510.304 | 3.488 | 0.621 |18.082| 0.346
3% | 09 - 0.268 [0.004{0.013| 260.059 | 4.495 | 0621 |16.382] 0.205
17 | 093 (0142180095 0.270 |0.004|0.007| 490,677 | 3.228 | 0621 [18.773] 0.404
33 | 093 |0.055335988 | 0.270 J0.004|0.013] 274779 | 4.172 | 0621 [17.430] 0.241
5 | 093 | 025974026 | 0.318 {0.004|0.008354.962 | 3399 | 0789 |24.297| 0.394
10 | 0.93 0026866667 | 0.270 |0.004[0.015| 225711 | 4000 | 0621 |18374| 0.263
37 | 093 |0.432612313| 0.198 |0.004|0.006| 804.348 | 1.577 | 0.421 {14852 1.341
36 | 0,93 |0.107899807 | 0.268 }0.004|0.013| 269872 | 2889 | 0621 [18.636) 0.437
6 | 093 10523277467 | 0287 |0.004|0.007) 466.368 | 2.218 | 0.680 |25857 0.885
7 | 093 |0.434308569 | 0217 |0.004|0.012] 383.117 | 2.142 | 0489 [15.027| 0.767
38 | 093 |0.390740741| 0.137 |0.034|0.007]1085.106| 0.998 | 0.267 [11.332] 2341
11 | 093 |0520338983| 0269 |0.004[0.008] 451.423 | 1972 | 0621 |26547( 1.075
8 | 093 [0.210067114| 0.187 |0.004|0.012| 438.462 | 1.660 | 0.3%6 [14.269] 1.143
12 | 093 |0345263158| 0296 [0.004]0.008| 380.342 | 2094 | 0743 [31.900( 1.007
13 | 093 [0.432727273| 0.332 |0.004]0.009| 293,907 | 2.109 | 0.850 [41.131| 1.046
9 | 093 |0.190076336| 0.322 |0.004{0.014] 184.906 | 2.492 | 0.608 |36.09%| 0740
3 | 093 |0.906752412| 0.337 |0.004{0.012] 209.059 | 2380 | 0.875 {43632| 0.624
1 | 093 |0937810945| 0.254 |0.004{0.010] 363.636 | 1.610 | 0.570 |35.270] 1.565
2 | 093 |0377850163| 0.245 |0.004{0.013) 296.089 | 1.544 | 0.546 |43.087| 1651
4 | 093 |0.459724951| 0.334 [0.004|0.014] 180.851 | 2126 | 0.860 |49.750] 1.030
41 | 093 {0.235232088| 0214 [0.004]0.016 297297 | 1.344 | 0.451 |33.910| 2018
42 | 093 |0.219945355 | 0282 |0.004]0.016| 203.704 | 1.741| 0.658 |62804| 1.432
40 | 093 |0.144117647 | 0216 |0.004|0.019| 251656 | 1.389 | 0.460 |38.664| 1576
43 | 093 |0.357142857 | 0295 (0.004]|0.016] 191304 | 1.747 | 0701 [68.735| 1.461
33 | 093 ] 0.32810271 | 0.277 [0.004]|0.016| 204762 | 1.644 | 0.640 |63.988| 1.588
Expsrimenial Vairables and Parameters for 0.32-mm sand in 2 faot wide flume
Useful Variables

Run| ds as/at w  |dsg@i2dsh| n/ds | Ro |ds mnm)| Re* [Shields
7 | 032 [ #MO | D080 |0001|D005] 733130 | 4.177 | 0.210 | 2029 | 0.083
2 1032 [ #wvor | 0099 |0001|0005] 753623 | 4623 | 0.210 | 2727 | 0.078
3032 0 0.081 [0.001|0.005] 762.609 | 1.449 | 0.210 | 2817 | 0531
4032 0 0.104 |0.001{0.005{ 782.609 | 2119 0.210 | 4303 | 0.408
30 | 032 |0.263736264] 0.087 [0.001]0.004|826.087 | 1.532 | 0.210 | 3518 | 0551
2 | 032 (0.077777778] 0.110 |0.001]0.004] 811534 | 2023 | 0.210 [ 5621 | 0507
5 | 032 (0.247787611] 0.068 (0.001(0.004[909.091 | 1.065 | 0.168 | 3.449 [ 0.766
6 | 032 |0.195428571| 0.103 |0.001|0.004|855.072 | 1.721 | 0210 | 5505 | 0612
27 | 032 |0.389230789 | 0.075 |0.001|0.004| 926518 | 1.125 | 0.191 | 4533 | 0.825
28 | 032 |0.318932656 | 0.116 |0.001|0.004| 881.119 | 1.387 | 0.218 | 7530 1.143
26 | 0.32 |0.093676815| 0.077 |0.001]0.003[1093.991| 0.900 | 0.198 | 4.276 | 1.333
25 | 032 | 0.38108484 | 0.103 |p.001]0.004|1007.634) 1.218 | 0.200 | 7.417 | 1.262
21 | 032 [0.218302095 | 0.057 (0.001]0.004]1078.067}0.763 | 0.164 | 5089 | 1.202
22 | 032 |0433043478| 0.102 {0.001]0.004] 985.133 | 1.384 | 0.198 | 9.032| 0.9%2
24 | 032 |0.434844193| 0.084 ]0.001{0.003|1084.748) 1.034 | 0.212 |5.476 | 1.110
23 | 032 |0197391304| 0.101 |0.0010.003{1130.031{ 1021 | 0.197 |8574 | 1.788
7 | 632 |0139007092| 0.089 |0.001}0004] 978.793 [ 0.905 | 0.187 |8.103| 1.121
8 | 032 {0.136263736| 0,079 |0.001]|0.003)1269.841|0.933 | 0173 | 6772 1.483
20 | 032 |0.271428571 | 0087 [0.001]|0.004| 776,836 | 0.689 | 0.216 [10.441| 2665
19 | 032 [0.169354833| 0118 |0.001|0.004 730.117 | 1.080 | 0.234 |16.235| 1.845
10 | 0.32 | 038996139 | 0066 [0.00t|0.004| 927.673 | 0.443 | 0.194 | 7.659 [ 3.992
9 | 032 |0.267631103| 0038 |00t {0004 812.953 | 0.824 | 0.210 [13640| 2432
12 | 0.32 (0373737374 | 0070 |0.001 [0.004[1027.607 | 0.558 | 0.198 | 7.772 | 2840
11 | 0.32 (0344761305 0.096 |0.001|0004|892.657 (0.856 | 0.205 (13.985| 2.208
14 | 032 [0.434148341| 0097 [0.001|0.004] 782,269 [ 0.595 | 0.234 [12770] 4.101
13 | 032 {0239179954 | 0117 |0.001|0.004]814.111 [ 0.776 | 0.225 [19.203] 3602
15 | 032 {0.727969349| 0.100 |0.001|0.004] 794.451 | 0608 | 0.242 [14.056) 4.020
15 | 032 07 0.1 |0.001|0.004) 841248 | 0.781 | 0225 |19.352 3238
17 | 032 {1.010135135| 0.107 |0.001{0.004| 759.604 | 0.606 | 0.249 [15.780| 4.467
18 | 0.32 |0.836538462| 0.120 [0.001 |0.004| 785.071 | 0837 | 0.237 |22.329| 3.121
31 | 032 |0.843813387 | 0.112 |0.001|0.004] 777612 0.482 | 0255 |15.796| 7.634
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Table C.11. Guy et al. Raw Data 12

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

Suspended Concentration Total Bed Materia

Water Bed Material | Mean
Run S"’V; x10? D:‘::; N :::::’:::;; Discharge - Q T"(:'S' T Sampled C; |Particle Size | Concentration s’:::l.c:; Particle Size | Velocity
. (ft¥/seq) pm) |- dso (X 10%)|  Co (ppm) paptes LAYCE 109 | Vs
7 0.025 05 033 112 a 083 a . - 114
8 oos? a5 033 1 0 ne3 686 1 1.048 1.02
5 0.088 043 033 142 15 a6t &7 0312 1075 147
" 0.102 052 034 1.4 54 0.475 142 1.008 1.163 138
10 0.213 0.43 033 169 568 1.016 480 1.033 1.163 176
6 024 052 034 1.9 33 0.617 732 0.951 1.016 192
4 0.27 049 033 329 848 083 210 0.983 1.02 343
1 029 051 034 401 393 683 3080 1085 1.115 402
9 032 052 034 282 2070 0934 1960 0.918 1.082 257
12 035 051 034 424 625 0,844 3280 .13 118 424
13 062 as 033 442 761 105 4990 118 112 452
2 0B 05 033 465 510 0945 710 1115 1016 478
3 [iR:3] 052 034 54 11000 0928 18400 0.99 1.049 53
14 1.14 052 034 6.04 15300 0885 18400 10815 1.082 593
Exparimental Vairables and Parameters for 0.33-mm sand in 2 foot wide flume
w Suspended Concentration Totat Bed Matesial Soa
. ater I | | pogicr, |Bed Material | Mean
Run s'°"§ xi0? D:"&:" . :’:;:s (;; Discharge - Q TE'{:‘&' T Sampled C; |Particle Size | Concentration sl:::m'l’e Particle Size | Velocity
® (e/seq) ppm) 1 Gx 10| Goem | m:;’ s (X109 |V (fvs)
1A 0.02 05 03 1.06 [ 04045 0 . - 1.08
1B 0.027 05 033 125 ] 04045 ¢ 1.28
16 0.029 05 033 105 o 04045 35 0.449 1.015 1.07
6 0.047 051 0.34 1.06 0 0.4045 12 0.443 022 1.08
5 0.083 052 034 1.48 8.1 04045 85 0.985 11 1.43
1 a.097 0.5 033 185 H7 0.282 507 0575 105 19
10 0117 0.48 032 169 56 0.335 452 0.453 117 1.8
8 0.12 051 034 21 372 0.373 1030 0.482 1.445 211
9 0.143 0.52 0.34 246 888 0.429 1520 0.45 1335 242
7 0.163 053 035 232 370 037 1220 0.54 1.408 223
2 0188 052 034 262 1240 0.354 2790 0.423 i 257
3 0343 052 03 334 3370 0.459 4320 0.443 1.016 3z
4 0.433 0.51 034 4 2560 0.42 5100 073 0.95 4
12 0.447 043 033 46 3610 0478 7900 0.689 0.985 479
13 0695 049 033 539 6130 0.443 15100 0.502 0919 561
15 291 052 034 6.46 8820 0.459 22600 0.557 1.082 6.34
14 298 G651 034 604 3770 0452 14600 0.715 1147 6.05

Exparimontal Voirables and Paramoters for 0.47-mm sand in B foot wade flume

Saspended Concentration Total Bed Material

" Water " Bed Material | Mean

Run s"‘";"mz D:'}::; - m.':"'('f; Discharge - Q TE"'.'S'T Sampled G, |Particte Size | Concentration ;::IE.:: Particle Size | Velocity
atis (esec) (pm) |-G 10| Gotppml |0 d a 107 |V )

46 0.084 1.1 087 14.54 . 1 542 181 - - 1.64
47 0.042 D075 063 9.59 1642 23 1141 16
48 0.052 123 0.94 1526 . 1.542 53 1.148 . 155
49 0.173 133 1.00 21.32 - 1.542 585 0823 - 2
85 0047 o78 0.65 ras o 1842 ] 1.364 1502 113
86 0.048 G676 084 B892 4800 1542 16 0.248 1.437 1.14
87 0.045 075 063 696 8400 1542 23 021 1.621 1.18
83 0.048 074 0.62 71 11400 1542 25 0.417 164 1.2
0 0.053 1) 052 697 6350 14842 37 1.345 1355 1.45
89 0.065 [112] 052 7.08 9000 1.542 3t 1.361 1.509 1.47
93 0.072 062 054 72 1 1542 99 1.482 1.742 1.45
92 0.08 063 054 714 6070 1.582 108 1.509 1619 1.43
N 0.117 0.58 0.51 712 8400 1.642 195 1.443 1.61 153
a8 0.248 064 055 8.16 133 1.542 429 1.463 1679 16
51 0.238 062 054 81 584 1,542 545 1.351 162
52 0.222 0.55 048 8m 1620 13542 578 1.456 1 417 181
73 0.222 061 053 B2 5670 1542 662 1.509 1.565 1.67
74 0215 o065 056 818 7970 1842 534 1.42 1627 158
75 0.203 063 054 8.49 9330 1842 463 1.387 1.456 169
75 0.204 064 055 8.24 9460 1542 625 1.574 1.443 16
53 0.235 057 050 8.0t 10700 1542 571 1.361 1.564 177
77 0199 GB5 056 876 12500 15842 639 1.246 1581 168
95 2.201 053 047 831 25000 1542 761 1.066 1.588 194
94 0.237 [12:]] 087 113 7 1542 480 1.404 1624 1.74
83 02 091 074 15.58 0 1.542 568 1151 1633 214
54 0.24 092 075 1536 1940 1542 B57 1.253 1.469 208
56 0.242 0.9 G673 1536 2860 1542 41100 1148 . 214
55 0.237 094 076 1536 4080 1542 765 1.164 1692 204
57 0.25% 0.87 on 15.39 4320 1.542 761 1.325 1518 22
53 0.233 0.9 0.73 1528 8270 1242 807 121 1535 21
95 0.18 0.8 067 1538 28300 1542 1640 1.099 "7 233
78 032 072 0.61 11.52 12000 1242 1510 1.089 1.453 2
59 0326 065 0.56 15.36 4570 1.542 2920 1.312 1535 296
B0 0.342 062 054 2135 3600 1542 3290 1.427 1699 4.28
81 0355 081 053 21.32 6170 1542 3390 1.44 1722 435
7 0531 032 030 B2 3600 1542 5250 1.525 1673 an
72 055 0.32 030 B.26 7100 1.542 5680 1.505 1588 328
70 064 0.3 028 B.14 3910 1542 8310 1.476 1515 ER)
63 057 043 039 155 3020 1542 5360 1633 1535 448
64 8,578 041 0¥ 1561 8440 1.542 5480 1.63 1.601 476
65 8571 042 033 156 9030 14842 5160 1.584 1.506 463
65 0,575 0.45 0.40 1552 12300 1542 5130 1.647 1526 434
80 0,643 039 0.3% 1527 12100 1542 7140 1.624 1.694 491
a1 0.834 0.55 0.48 2.3 7 1.542 4480 2.076 1584 485
62 0622 054 0.48 223 4790 1842 4490 203 1.647 489
67 0.646 053 047 20.87 11200 1542 4330 1.994 162 491
79 0,651 055 0.4B 2.3 12400 1.242 5760 2.204 1.355 4.82
84 0724 o4 037 15.38 7 1242 7100 1.41 164 467
63 0734 043 0.39 1554 7020 1842 8280 1.801 1.43 448
928 0821 o4 0.40 158 42000 15842 17700 1.237 1.44 451
68 074 053 0.47 2094 7620 1842 8760 218 1738 495
100 079 651 0.45 21.42 106 1542 8440 2322 1561 528
99 0.806 05 0.44 017 26900 1542 16100 1.361 1.492 532
97 0.86 0.37 0.34 12.01 5800 1542 8980 2.165 1897 407
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Table C.12. Guy et al. Raw Data 11

Experimental Vairablos and Parametars for 0.33-mm sand in 2 fool wide flume

[ Shear Veloclty u- () ]

Bed Hai

terlal

Reseistance factor

Kinematic| Shear Reynolds
Run | Based | Based zlasled_on sSampI:dd Total o Vlscnsc ity Strs:s a Number 107 Froude Darcy Chezy | Mannings Bed .
onR onh 'elocity | Suspende: (o) x10°v Bed -« R Humber F weisbodh 1] Grats g Configusation
Profile | g, (bt {ieis) (ib/t€) i “
7 0052 | 0.063 0.053 00000 0000 1.08 0.0054 528 0.28 0.0082 218 0013 Plane
8 0097 | 0118 0.047 0.0000 0000 1.08 0.0043 472 025 0.0263 2186 0027 Ripple
5 0087 | D118 0054 00005 0.002 1.08 0.0057 531 023 0.0203 215 0023 Do
11 0108 | 0131 0.084 0.004 0.008 1.08 0.0079 664 034 0.0179 217 0022 Dune
10 0150 | 0.183 0.082 00299 0024 108 0430 793 044 0.0217 215 0.024 Do
] 0.163 020 0033 0.0198 0.045 1.08 0.0152 924 047 0.0218 217 0.025 Do
4 0169 | 0.206 0.159 0.0865 027 1.08 00492 1556 088 0.0072 215 0.014 Transition
1 0178 | 0.218 0.186 00492 Q387 1.08 0.0670 1833 083 0.0059 218 0013 Plane
9 0189 | 0231 0.119 01682 0180 108 8.0273 1237 063 0.0162 217 ekery] Dune
12 0195 | 0.240 0.1%6 0.0827 0.434 1.08 0.0745 2002 105 0.0064 218 0013 Plane
13 0.258 036 0208 01049 0.688 107 0.0851 2112 113 00038 216 Q16 Antidune
2 0.293 0353 o2 0.7473 1.034 108 0.0344 2204 119 0.0114 26 0.018 Do
3 0317 | 030 0.244 1.8533 3.100 107 0.1159 2576 1.30 00108 217 0.017 Do
14 0.354 0437 0274 28833 3467 108 0.1451 2855 1.45 0.0108 27 0.07 Bo
Experimental Varrables and Parameters for 0.33.-mm sand in 2 fool wida flume
ﬁr_}elo_d["_@_ Bed Material Hinematic | Shear Reseistance factor
Based on| Sampled Viscocity | Stress at Reynolds Froude Bed
Run | Based | Based |\ .ol g ded | Totala s Bed Number 102 Darcy | Chezy | Mannings .
onR on h ity | Suspende: (biits) x10°v ed - ¢ R Number £ \Weishach | Crgt® n () Configuration
Profile | g, (Ib/fts) (fss) bt} 9 (
1A | 0049 | 0080 0.650 00000 0.000 113 0.0049 478 027 00061 2186 ao13 Plane
118 | 0054 | 0086 0.059 0.0000 0900 142 0.0088 74l 032 0.0053 216 0012 Do
1% 0.056 0.088 0.050 0.0000 0.000 1.07 0.0048 500 027 0.0082 216 0015 Ripple
6 0g71 0.088 0.049 0.0000 0.000 102 0.0047 530 026 00137 216 0.019 Do
5 0083 | 0.103 0.066 0.0004 0.004 1.02 0.0084 byl 035 00163 27 oo17 Do
1 0.102 0125 0.088 00132 003t 1.03 0.0150 922 0.47 0.0087 26 0015 Dune
10 0111 0134 0.084 00030 0024 1 00138 884 0.46 00112 215 0017 Do
8 0114 0140 0.0%8 0.0225 0068 0%8 00185 1088 0.52 0.008% 216 0016 Do
9 0126 0155 0.112 0.0682 onz 1.01 0.0242 1246 053 00082 27 0015 Oo
7 0135 | 0167 0103 0.0268 0.088 1 0.0204 182 0.54 00112 a7 o018 Do
2 0.144 0177 0.119 01014 0.228 103 00273 1297 063 0.0095 a7 0.016 Transition
3 0134 0.240 0.151 0.3512 0.450 103 0.0441 1651 0.80 0.0167 a7 0017 Do
4 0217 | 0267 0.185 0.3195 0E36 1.04 0.0883 1962 083 0.0089 216 0.016 Plane
12 0218 0.266 0.222 05181 1134 104 0.0960 2257 121 0.0081 215 Q013 Standing Waves
13 0.271 0331 0.261 1.0290 2.535 1.09 01317 B2 1.41 0.0070 25 Q.014 Antidunes
15 0317 | 0390 0.282 17777 4535 108 0.1659 3025 1.55 0.0076 27 0.014 Oo
14 0.326 0401 0.280 07104 2751 109 0.1518 2631 1.43 0.0088 26 0016 De
Experimental Vairablas and Parameters for 0.47-mm sand in B fool wide fluma
Shear Velocity u* - (#t/s) Bed Material Kinematic| Shear N s Reseistance factor
Based on | Sampled Viscocity | Stress at eymo 3 Froude Bed
Run 6“7: Basl:i Velocity | Suspended T::::: ® | x1ty Bed -1 Numh':r o Number F W ?al:"{h f Cheg Mannf:gs Configuration
on on Profile | g (b/fte {Wb/fts) s bst¥) eisha g’ n ({f#"%)
46 0153 | 0173 0072 0021 1.3 00101 1400 027 0.0893 27 0028 Dune
a7 0.082 010 0074 [ #/ALUE! 0.002 1.36 0.0105 882 033 0.0317 217 0.018 Do.
48 0126 0184 0.068 #/ALUEI 0.007 136 0.0082 1402 0.25 0.0686 29 0.025 Do.
43 023 | 0272 0086 [ AVALUE! 0.087 138 00145 1928 031 0.1482 231 0.037 Do.
85 0099 | 0102 0052 [ #/ALUE! 0Q00 131 00052 873 0.23 00740 218 0.024 Ripples
86 0097 0.108 0052 0.0009 0259 1.32 0.0053 656 023 0.0633 217 0023 Do.
87 0097 | 0105 0.053 1.0363 0.456 137 0.0055 B35 024 0.0560 217 0023 Do,
88 0.099 0108 6.055 18241 0631 15 00053 532 025 00549 27 0022 Do.
Q0 0.09¢ 0101 0.063 25253 0380 13% 0.009t 626 033 0.0350 212 o7 Do.
9 0104 | 0.112 0.089 15114 0.499 1.42 0.0094 (4] 033 0.0465 22 0018 Do.
93 0112 | 0120 0.088 19881 0006 124 0.0030 725 a32 0.0547 212 0.020 Dune
9 0126 | 0135 0.087 0.0002 0.344 133 0.0088 677 032 00714 23 0023 Do
Ell 0138 | 0.148 0.073 1.3522 0.477 142 0.0102 625 03 00747 21 0023 Do.
82 0.210 0.22% 0.075 1.6660 0a3e 1 00103 1024 a3s5 0.1597 23 0034 Oo.
51 0202 | 0217 0.076 0.0339 0.071 1.28 00113 785 0.35 0.1436 212 0032 Do.
52 0186 R%:) 0886 0.1478 0.137 126 00145 730 043 0.0980 208 002% Oo
3 0195 | 0.209 0079 0.4043 0.405 124 00120 g22 038 0.1251 22 0030 Do.
74 0197 | 0212 0.074 1.4508 0.543 1.3 00108 784 035 0.1442 214 0.033 Do.
76 0183 | 0203 0079 20341 0649 138 00122 772 038 0.1153 213 0029 Do.
75 0130 | 0.205 0075 24714 0648 1.38 0.0103 753 035 01314 213 0031 Do.
53 0194 | 0208 0.084 24321 0.704 152 00137 664 0.4% C.1101 210 .08 Do.
7 0183 | 0204 0.079 -26741 089 152 00120 718 037 0.1181 214 0.030 Do
9% 0.174 | 0.185 0023 3.4164 1.670 1.93 0.0168 533 0.47 00729 208 0023 Do.
94 0227 | 0249 0.073 6.4818 0.043 128 00122 1101 034 0.1633 219 0.036 Do.
83 019 | 0242 0038 00025 0.071 118 0.0160 1636 0.40 0.1024 222 0.029 Do.
54 0240 | 0267 0.094 0.0000 03N 125 0.0170 1531 038 01315 222 0033 Do.
56 0.239 0.265 0097 0.9297 5267 111 0.0181 1735 040 061225 222 0.032 Do.
55 0.241 0.268 0.092 1.3708 0578 1.26 0.0163 152 037 0.1379 23 0.03¢ Do.
57 0244 | 0269 0.100 1.9457 0610 119 00193 1608 0.42 0.1193 221 0.031 Do.
58 0235 | 0280 0085 20743 0724 1.25 30176 1519 033 0.4213 222 0.032 Do.
95 0197 | 0215 0.109 25124 3592 203 0.0232 942 047 0.0649 219 0023 Oo.
8 0.251 0272 0.083 135793 1214 t.a1 00168 1021 .42 0.1484 216 0.034 Do.
59 0.242 0.261 0.133 4.3131 0.897 1.2 00373 1603 065 0.0623 214 0.022 Transition
60 0243 | 0.261 0202 2.1901 1.147 1.18 00788 2249 096 0.0298 12 0015 Plane
81 0245 | 0.284 0.206 23980 1530 12 0.082t 2218 088 0.0293 212 0015 Do
n 0225 | 0234 0164 4.1042 0.567 118 0.0521 24l 1.00 0.0425 196 0.018 Do.
72 0229 | 0238 0.166 09233 0823 131 0.0538 79 1.02 0.0427 196 0.016 Do,
70 0240 | 0.249 0176 1.8298 0649 12 00588 853 110 0.0425 194 0016 Do
63 0.267 0.2 0.20 0.9930 1013 116 00343 1661 1.20 0.0315 203 0.014 Antidune
64 0263 | 0276 0.235 1.4605 1.451 126 0.1077 1549 1.31 0.0269 202 0013 Do.
65 0264 | 0278 0228 31365 1734 1.34 0.1013 1451 126 0.0288 203 0014 Do.
65 0274 | 0.288 0.212 4.4243 2110 1.38 0.0875 1415 1.14 0.0354 204 0015 Do,
80 02N 0.284 0.245 5 9560 2292 143 0.1160 1339 139 0.0268 2001 0013 Do.
81 0314 0.335 0232 5.7647 0747 138 0.104% 1933 1.15 0.0382 208 0016 Standing Waves
62 0309 | 0328 0.234 0.0047 1.537 112 0.1083 2358 117 0.0382 209 0.016 Do
67 0312 | 0332 023 31728 2538 13% 01076 1913 119 0.0388 208 0016 Do
79 0318 | 0340 0.230 7.2928 3019 1.46 0.1028 1816 1.15 0.0337 209 07 Do.
84 0208 | 0313 0231 8.2444 0.851 123 0.1037 1857 128 0.0358 202 0015 Antidune
69 0.303 0319 0220 0.0034 1.855 124 0.0943 1554 120 0.0405 203 0016 Da
98 0.324 0.341 o221 3.4036 7357 246 0.0350 807 120 0.0457 204 0017 Do.
88 0334 | 03% 0.237 207043 2349 123 0.1094 2133 120 0.0412 208 0017 Standing Waves
100 | 0339 0350 0.254 49784 1428 129 01256 2087 130 0.0372 07 0.016 Ptane
9 0340 | 0320 0.257 0.0708 7134 1.9 0.1282 1357 133 0.0367 207 0016 Antidune
97 0324 | 0338 0.204 17.8515 1.383 1.29 0.0808 1167 1.18 0.0552 19.9 0.018 Do.
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Table C.13. Guy et al. Raw Data 12

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

Useful Variables

Run | ds as/at w  |ds{®)|2dsh| Was | Ro |ds(mm)] Re* |Shields
7 | 033 #VO 0.120 [0.0010.005] 602.410 } 4.715 | 0.253 | 4.080 | 0.031
8 | 033 0 0.120 {0.001(0005)| 602410} 2528 | 0.253 | 3632 0318
5 | 033 |0.319148936} 0.079 (0.001|0.005(803.279} 1686 | 0.186 | 3.069 | 0.428
11 | 033 | 0.38028169 | 0.054 |0.001(0.005(1094.737| 1.029 | 0.145 | 2800 0.677
10 | 0.33 |1.234782609 | 0.150 |0.001|0.005( 4822831 2046 | 0.310 | 7.690 | 0.623
6 | 0.33 0441256831 | 0031 [0.001|0.005| 842788 1008 0.188 {5080 1.226
4 [ 033 1023321267 | 0120 [OOGT|0.005(590.361 | 1443 | 0253 12.243| 0.966
1 | 0.33 (0127184466 | 0.120 10001 (0.005| 614.458 | 1.371§ 0.253 [14.282| 1.080
9 | 033 {1056122449| 0.137 |0.001|0.005|556.745) 1.480 | 0.285 |10.252| 1080
12 | 033 | 019054878 | 0.122 |0.001|0.005(604.265 | 1.273| 0.257 (15318] 1.282
13 | 033 | 015250501 | 0.156 |0.001|0.005| 476.190 | 1.232 ] 0.320 |20.552| 1783
2 | 033 |0.722925457 { 0.139 (0.001[0.005) 529.101 | 0.957 | 0.288 [19.299| 2.665
3 | 033 |0597826087 | 0.137 (0001 [0.005)|560.245 | 0.875| 0283 (21.203| 3.090
14 | 033 |D.831521733) 0.129 [0001]0.005{ 567571 10.738 | 0270 [22.414] 4.060

_Experimental Vairables and Parametets far 0.33.mm sand in 2 foot wide flume
- Useful Variahles
— 7

Run | ds | asiot w  |dso|zdsm| wds | Ro lds(mm)| Re" [Shietss

1a] 033 #ONV! [1] 0.001}0.005(1236.094[ 1651 | 0123 [ 1.791 | 0.165

1e| 03 [ sovor 0040 |00601{0.005|1236.084] 1502 0123 | 2142 0.202
16 | 033 Q 0041 {0.001(0.005|1236.094( 1.505 | 0.123 | 1.874 | 0.217
6 | 033 bl 0043 10001 (0.005|1260.816} 1.213 | 0123 | 1943 | 0358
S5 | 033 |0.095294118 | 0.043 (0.001(0.005|1285.538 1.043 | 0.123 | 2616 | 0.49t
1 0.33 | D.42800783 | 0.022 [DOC?|D.005(1773050] 0.440 | 0.086 | 2410 | 1042
1@ | 033 (0.123893805] 0031 |0.001|0.005(1432836} 0579 | 0.102 | 2807 | 1.016
8 ] 033 |0.361165049| 0.038 |(0.001(0.005|1367.292| 0.684 | 0.114 | 3.713 | 0.894
9 | 033 |0564210526| 0.048 (0.001(0.005/1212.12t| 0.772| 0.131 | 4.741 | 1.051
7 | 033 (0303278689 | 0037 |0.001)|0.005|1432.432{0.558 | 0.113 |3.798 | 1415
2 | D033 [D.444444444| 0.034 |0.001)|0.005(1468.927| 0.472| 0.108 | 4.074 | 1674
3 | 033 |0.780092593| 0.053 [0.001(0.005|1132.898{ 0.550 | 0.140 |8.722| 2355
4 | 033 |0501960784| 0.045 (0.001(0.005|1214.286| 0.422| 0.128 | 7.468 | 3.187
12 | 033 |0.456962025| 0.056 |0.001|0.005(1025.105{ 0.526 ) 0.146 [10.225| 2777
13 | 0.33 |0 405960265 0.047 |0001)|0005(1106.035] 0.358 | 0.135 |10.583| 4.655
15 1033 0.392 0050 (0001(0005|1132898| 0.323 | 0140 [12315] 6.248
14 1 033 0258219178 0.049 |0.001]|0005(1128.31916.305 | 0.138 |11.598| €702

Expenmental Vairables and Parameters for 0.47-mm sand in 8 foot wide flums

Usefu! Variables
]

Runi ds | gs/qt w  |dsl2dem| wias | Ro dsmm)| Res |shieids
46 | 047 0 0211 {0002{0.003| 719844 { 3.042 D.470 | B573 | 0366
47 | 047 #VALUE! 0.208 |0.002)0.005{ 486.381 | 5.175{ 0.470 [ 8356 0124
48 | 0.47 [ #VALUEI 0.208 |0.002)0.003{ 797.665 | 3.632{ 0470 | 7658 | 0.251
49 | 047 [ #vALUEI 0.208 0.002|0.003] 862.516 | 1.908 | 0.470 | 8.657 | 0.904
35 | 0.47 [ #VALUE! 0.210 |0002|0.005| 505837 | 4842{ 0470 (6099 | 0144
86 | 0.47 [1] 0210 [000G2|0.005] 492.866 | 4.949 | 0470 | B.125{ 0.137
87 | 047 (2271955914 | 0.208 [D.002|0.005} 486381 | 4936 | 0.47C | 6014 6136
83 | 0.47 (2888617828 0.203 |0.002|0.005] 479.896 | 4.700 | 0.470 | 5691 0.143
90 | D47 (6648132554 | 0.207 |0.002|0006) 389.105 | 5.122 | 0.470 [ 7.604 | D125
83 | 0.47 (3030459428 0.206 |0.002{0.006} 389.105 ( 4.599 | 0.47¢ | 7.546 | D.153
93 | 0.47 354 0213 |0002{0.006( 402075 | 4.445 | 0470 [ 8.491 | 0.176
92 | 0.47 (0T00B53111) 0.210 [0.002|0.006} 408.560 | 3.879 | 0.47C |7.793 | 0.223
91 | 0.47 |2832833304 | 0.206 (0002[0.005( 376.135 | 3.467 | 0470 |7.886 | 0.267
82 | 0.47 [52.16863178| 0.223 |0.002)0.005] 415.045|2.466 | 0.470 |11575| 0624
51 | 047 [0.474118802| 0.212 |0.002{0.008( 402.075 | 2.437 | 0.470 |9.180 | 0.575
52 | 0.47 (1076052569 | 0.212 |8.002|0.006( 356660 | 2678 | 0.470 [10.5680| 0460
73 | 0.47 10999661033 0.213 (D.002(0.006( 395.590 [ 25521 0.470 }9.798 | 0532
74 | 0.47 (2673500979} 0.210 |0.002)|0.005| 421530 | 2.480 | 0.470 | 8.710| 0.543
76 | 047 |3.1365207¢8| 0.208 |0.002|0.008| 408.560 | 2.559 | 0.470 | 8.676 | 0.503
75 | 047 |3812819192} 0208 |0002)|0.006( ¢15.045| 2542 | 0.470 | 8511 | 0513
53 | 0.47 |3453690163) 0.202 |0.002)|0.005( 369.650 | 2.436 | 0.470 | 8.540 | 0.526
77 | D.47 | 2978584096 | 0.202 |0.002|0.005| 4215302479 | 0.470 | 7.981 | 0508
96 | D47 |2.046022329) 0.188 |0.002|0.007| 343703 | 2.535 | 0.470 | 7.436 0.419
94 | 047 |151.0057967 | 0212 |0.002|0.004| 525292 {2128 | 0470 (9570 0755
83 { 047 |0034537563| 0.215 (0.002(0.004|590.143 | 2.222 | 0.470 (12.484| 0.715
54 | D47 0 €213 {0.002|0004( 596628 | 1.995 | 0.470 |[11.547| 0.868
56 | 0.47 [0176524113| 0.218 [0.002(0.004| 583658 | 2.062 | 0.470 (13.412] D.856
55 | D.47 [2.370984456 | 0.212 |0.002|0.004( 609.598 | 1.983 | 0.470 |11.208] 0.876
57 | 0.47 |3.1899307€6 | 0215 |0.002)0.004( 564202 | 1.997 | 0.470 [12.10| 0.868
58 | 0.47 |2863978592 0.213 |0.0020.004 | 583.658 | 2.047 | 0.470 |11.743| 0.824
95 | 0.47 [0.699496957 | 0.184 |0002{0.004| 518807 | 2.142| 0.470 |8.300 | D.566
78 | 047 11118651822 0.207 |0002]0.005( 466.926 | 1696 | 0.470 [10.122| D.906
53 | 047 (4.806408545| 0215 |0002{0.005] 421530 | 2.056 | D.470 [17.812| D833
60 | D.47 [1.908755519| 0.216 |0.002{0.005] 402.075 | 2.063 | 0.470 {26.333| D833
61 | D47 (1508395676 0.215 |0002{0.006] 395.590 | 2.034 | D470 {26.434] 0851
71 | 0.47 |7.2328800541 0216 [0.002)10.011{ 207.523 | 2.304 | 0.470 |21.419| 0.668
72 | 0.47 [1121304096| 0210 |D002|0011) 207523 | 2.210 | 0.470 {19.594| B.692
70 | G.47 |2.819831033| 0215 |(0.002|0.012| 194.553 | 2.160 | 0.470 {22560} 0.755
63 | 0.47 | 0.98013396 | 0.216 (D.002|0.008| 276.859 | 1.926 | 0.470 |29.305[ 0963
64 | 0.47 (1.0062814€6| 0.212 |0.002|0.009| 265668 | 1.522 | 0.470 |28.834| D931
65 | 0.47 [1808978093| 0.209 |0.002|0.009) 272.374 | 1,663 | D470 |26.294) 0.943
65 | 0.47 [2.096811393| 0208 |0.002|0.008) 291823 | 1.799 | 0470 (23731 1.097
80 | 0.47 |2592038513| 0.208 (0.002}0.003| 252.918 | +.810 | 0.470 |26.370| O 9E6
81 | 0.47 [7.714302541| 0.208 |0.002|0.C05} 356.680 | 1550 | 0.470 |25.885| 1371
62 | 0.47 10.003034296( 0.218 [0.002[0.007( 350.195 | 1.658 | 0.470 |32.227| 1320
67 | 0.47 11250192631 0.208 |0002|0007| 343708 | 1.570 | 0.470 [26.708| 1346
79 | 0.47 12416023563 | 0.205 [0.002|0.006( 356,680 | 1.507 | 0470 j24.315| 1407
B4 | 047 19682501983} 0.214 |0002|0009( 265688 | 1.708 | 0.470 |28979( 1192
63 | 0.47 |0.001608368| 0.213 {0.002(0.008| 278.853 | 1.672 | 0.470 (27.414| 1.240
98 | 0.47 |0462611793| 0171 |0002(0.008| 285.344 | 1.253 | 0.470 [13.872] 1420
68 | 0.47 |8815172298| 02t4 |0.002(0.007| 343.709 | 1.503 | B.470 (29.772] 1541

100 | 047 [3.486857476| 0.211 {0002(00O7|330.739 | 1,466 | 0.470 (30.420{ 1584
99 | 047 |0.009930003| 0.187 |0002(0.007|324.254 | 1.295 | B.470 (20.221] 1484
97 1 047 }1291071803| 0241 }0.002|0.010| 239.948 | 1.561 | 0.470 |24.391] 1396 |
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Table C.14. Guy et al. Raw Data 13

Experimental Vairables and P: for 0.54-mm sand in 2 foot wide flume
Suspented Concentration Total Bed A ial
. Water . Bed Material | Mean
Run s'“"; x10 D:"“‘ - :V:,’“"" Discharge - Q Te'(','S'T Sampled C, |Particle Size | Concentration s':::'c’l;’ Particte Size | Velocity
0 |Radivs 1) ™ geecy o) |- (10| Goopm) | S0 o 10 | Ve
1 0016 0.61 0.38 1.06 3] 1772 1] - - 0.83
2 0019 06 038 112 0 1772 0 - - 0.9
3 0026 062 0.38 121 0 1.772 08 - 1.585 1
4 0.038 0.58 037 158 sl 1772 17 1.647 1528 137
6 0.7 072 0.42 245 0 1.772 387 1539 164 174
5 0.201 Juk:1] 0.45 312 0 1772 408 1.499 1575 195
20 0338 072 042 474 0 1.772 2620 1621 1716 336
8 0351 078 0.44 382 0 1772 1200 1.585 1.903 25
BA 0.331 0.84 0.46 382 570 1772 1050 1.417 1699 233
8E 0.248 088 047 389 14500 1772 720 1.621 1968 218
88 0.2¢3 085 0.46 384 20600 1.772 904 1.482 1.949 23
8C 0.294 0.85 0.46 383 24300 1.772 1100 1.594 1772 228
80 0.198 072 0.42 377 63700 1772 521 1.787 1.708 265
7 0.388 072 0.42 342 o] 1772 1250 2224 1.804 244
14 0.339 089 0.47 477 0 1772 1790 1.667 1903 274
14A 0.368 0.82 0.45 4.78 8580 1772 1970 1532 1.837 295
14C 0.377 087 0.47 48 22400 1772 1950 1738 1.837 282
14B 0.339 07 0.41 484 44100 1772 2960 1.298 1.837 351
19 0.408 0.78 0.43 382 [s] 1772 1200 1.463 1.788 2.58
9 0.433 072 0.42 418 1] 1772 1520 1.421 1.543 293
10 0.486 0.64 0.39 533 0 1772 2630 1.706 1.824 43
15 0.551 0.74 0.43 6.94 1] 1772 3330 1.821 1732 4.78
15A 0.55 078 043 6.93 14200 1772 4350 1518 1.8954 476
158 0537 075 0.43 6.96 40900 1772 4710 1.476 1837 473
15C 0828 073 042 699 58600 1772 7640 1247 1722 485
13 0585 072 042 6.37 0 1772 3350 1.847 1713 452
n 0.768 0.66 0.40 7.48 0 1772 5630 2.087 1508 58
18 052 071 0.42 7862 13200 1772 3330 187 1.87 5.44
18A 0.508 0.76 0.43 757 1772 3400 1.804 1837 51
188 079 0.69 .41 7.58 37900 1772 9730 1558 1837 562
18C a7 0.4t 759 58700 1772 22300 1421 1191 554
18A 0.8 067 040 782 11200 1772 5600 2198 - 592
168 1.075 068 0.40 784 31500 1772 10300 1.486 1713 6.03
16C 1.305 085 039 786 44500 1772 15800 1132 1.837 6.14
17 1175 0.65 0.39 7.89 0 1772 9180 146 169 621
17A 1.365 0.65 039 783 39800 1772 21800 1.214 1837 8.17
178 1928 0.68 0.40 7.86 51800 1772 5000 1.46 21 587
12 1.438 0.64 0.3 7.84 1] 1772 26000 1,486 1.847 6.27
Table C.15. Guy et al. Raw Data 14
Experimental Vairables and Paramelers for 0.54-mm sand in 2 fool wide flume
Shear Velocity u* - (ft/s) Bed Material Ki i Shear R N Reseistance factor
Basedon| Sampled Viscocity | Stress at eynolds Froude . Bed
Run Bas;d Basehd Velocity | Suspended Totalq |, 4q5,, Bed -« Numb':r 10 Number F W I?a:.yh f Cheozz Mann;ngs Configuration
on on Profile | q. (b | OWRSH | T b/f®) eishach f| C/g n (f"®)
1 8.044 0.056 0.043 - 0.000 12 0.0035 452 020 0.0079 208 0.015 Plane
2 0.048 0.061 0.046 0.000 1.16 0.0041 497 0.22 0.0080 208 0.015 Oo
3 0.057 0072 0.048 0.000 117 0.0044 530 0.22 0.0104 208 0017 Ripples
4 0.067 0.085 0.088 0.001 1.14 0.0084 709 031 0.0077 208 0.015 Do
6 0151 0.199 0.082 0.030 112 0.0130 1119 0.3 0.0260 213 0028 Dunes
5 0170 | 0229 0.090 0.040 11 0.0159 1436 0.38 0.0276 216 0.030 Do
2 0.213 0.280 0.158 0.387 1.08 0.0484 2240 070 0.0139 213 0.021 Transition
8 0223 | 0297 0.117 0143 1t 0.0285 1764 050 0.0280 215 0.030 Dunes
8A | 0.221 0.299 0.108 0.193 1.3 00225 1484 0.45 0.0330 218 0033 Do
8E 0.193 | 0.2865 0.099 - 1752 1.46 00189 1296 040 0.0304 28 0032 Do
88 0.208 0.283 0.106 - 2576 17 0.0218 1150 044 0.0303 277 0.031 Bo
8C 0209 | 0.285 0.105 3035 179 0.0214 1095 043 0.0313 27 0032 Do
8D 0.183 a.214 0125 - 7.554 32 0.0301 596 055 a0z 23 0.020 Transition
7 0229 | 0300 0.115 - 0133 1.06 0.0255 1657 0.5t 0.0302 213 003 Dunes
14 0.246 0.338 0.126 0.266 1.1 0.0307 217 0.51 0.0305 28 0.032 Transition
14A | 0230 | 0.311 0137 - 1723 1.27 00362 1905 057 00222 216 0027 Do
14C { 0238 | 0325 0.130 - 3.647 174 0.0327 1410 053 0.0266 27 0.030 Do
14B | 0.212 0.276 0.166 - 7.106 241 0.0532 1020 0.74 0.0124 212 0.013 Plane
19 0.238 | 0.316 0121 - 0.143 1.04 0.0282 1885 0.52 0.0300 214 0031 Transition
9 0.242 0.317 0.138 0.197 1.15 0.0368 1834 0.6t 0.0234 213 0.027 Op
10 0.247 | 0.316 0.205 0.447 1.07 00816 2572 095 0.0108 210 0018 Plane
15 0275 | 0.362 0223 - 0721 1.04 0.0%62 - 3380 097 0.0116 213 0.013 Standing Waves
15A | 0.275 0.364 0223 - 4.046 1.47 0.0963 2429 097 0.0117 21.4 0.019 Do
158 | 0272 | 0.380 0221 9.904 227 0.0851 1563 0.36 0.0116 214 0.019 Do
15C | 0282 | 0384 0.228 14.446 298 0.1008 1188 1.00 00126 213 0.020 Do
13 0276 | 0.362 0.213 0.666 1.14 00877 2855 094 00128 213 0.020 Do
1 0.314 0.404 0.276 1.328 1.08 01474 3544 1.26 00097 210 0om7 Do
18 0264 0.345 0.256 3.930 1.02 0.1274 3767 114 0.0080 21.2 0.016 Do
18A | 0.266 0.353 0.239 0.803 1.44 0.1108 2697 103 0.00%5 214 ao17 Do
188 | 0.322 0419 0.266 11.279 17 0.1369 2281 1.19 00111 2.2 0.018 Do
18C | 0.345 | 0450 0.261 19.181 3 0.1326 1293 117 0.0132 21.2 0.020 Antidune
16A | 0.356 0.460 0.281 4.029 135 0.1530 2938 127 00121 211 0.019 Standing Waves
16B | 0371 0.478 0.287 - 10.225 193 0.1593 2062 131 00126 210 0.019 Antidune
16C | 0407 | 0523 0.292 - 14.787 232 0.1857 1720 1.34 00145 210 0.021 Do
17 0386 | 0436 0.286 2260 102 0.1695 3957 1.36 00128 210 0.020 Do
17A | 0416 | 0535 0.294 - 15.000 227 0.1674 1767 135 0.0150 210 0.0 Do
178 | 0501 0.650 0.278 - 13.954 26 0.1499 1535 125 00245 211 0.027 Do
12 0.425 0.544 0.289 - 6.360 1.17 6.1735 3430 1.38 0.0151 210 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 Variables

Run| ds as/at w  |dsify[2dsh| Wds | Ro |ds(mm)| Re* |Shields
T | 054 0240 |0002]0.007| 344.244 [10.774] 0540 | 6.304 | 0.033
2 | os4 0242 |0.002|0.007| 338.600 | 9975 | 0540 |7.048 | 0,030
3 | 054 0241 |0.002{0.007| 329887 | 8375 | 0540 | 7.250 | 0.085
4 | 054 0242 |0002|0007| 332957 [ 7.13¢4 | 0540 |10.255| 0077
6 | os4 0243 |0002|0.005] 406.321 [ 3083 | 0540 |12947| 0419
5 | 054 0.244 |0.002|0.005| 457.111 | 2664 | 0540 |14572| 0557
20 | 054 0245 |0.002|0.006] 405321 | 2.186 | 0.540 |25.928] 0832
8 | 054 . 0244 |0.002|0.005] 440.181 | 2051 | 0540 |18.670| 0936
8a | 054 . 0235 (0.002|0005] 474041 | 1974 | 0.540 [14.558] 0951
8E | 054 0231 |0.002|0.005| 496614 | 2.178 | 0.540 |11.990] 0746
8B | 054 0223 |0.002|0.005] 479,684 | 1985 | 0540 |11.080| 0.852
8c | 054 0220 |0.002{0005] 485327 | 1925 | 0.540 |10.398| 0.885
8D | 054 0179 |0.002|0.008] 406.321 | 2.088 | 0540 | B.902 | 0.488
7 {054 0245 |0.002]0.005] 406.321 | 2046 | 0.540 |19.184] 0955
14 | 054 0244 |0.002{0.005| 502257 | 1804 | 0540 |20.255| 1215
14a| 054 0238 (0.002{0.005| 462.754 [ 1911 | B840 |19.067( 1028
14c| 054 0221 |0.002|0.005] 490.971 [ 1703 | 0540 |13213] 1122
148 | 054 0200 |0.002|0.006( 395034 | 1812 | 0.540 [12.78| 0.812
19 | 054 0.246 |0.002|0.005( 428.894 | 1.948 | 0.540 |20.544| 1.061
9 | 054 0242 |0.002|0.008| 406321 1910 | 0540 |21.234| 1.086
10 | 054 0245 |0.002|0.006| 361174 ] 1936 | 0.540 |33.962| 1.054
15 | 054 0.246 |0.002{0.005| 417.607 | 1693 | 0.540 |37.942| 1395
154 | 0.54 0231 |0002|0.005] 423251 | 1591 | 0540 [25857| 1.411
158 054 0205 |0.002|0.005| 423251 | 1.420 | 0540 [17.263] 1377
15¢ | 054 . 0.185 |0.002|0.006| 411964 [ 1201 | 0540 [13.542] 1568
13 | 054 0242 |0.002|0.006] 406,321 | 1675 | 0.540 |33.044] 1.391
1 | 054 0.245 |0.002|0.006| 372.260 | 1514 | 0540 |45.219 1734
18 | 054 0.247 |0.002|0.008] 400677 | 1791 | 0.540 |aa521] 1283
18A | 054 0.232 10.002{0.005| 428.894 | 1642 | 0.540 (29.387 1.320
188 | 054 0223 |0.002|0006| 389391 | 1328 | 0.540 |27.690] 1.864
18¢ | 0.54 0.184 |0.002|0006| 395034 [ 1022 | 0540 |15.441] 2155
164 | 0.54 0235 |0.002|0008| 376.104 | 1277 | 0540 |36.858| 2248
16B | 0.54 0.215 |0.002[0.006| 372.460 | 1.125 | 0.540 |26.307| 2427
18¢ | 0.5¢ 0203 |0.002[0.008] 365817 [ 0.971 | 0.540 [22.324| 2901
17 | 054 0247 |0.002{0005] 366.617 | 1245 | 0.540 |51.356( 2612
17A 1 0.54 0.205 |0.002(0.006{ 366.817 | 0.957 | 0.540 |22.928) 3.035
178 054 0195 {0002|0.008] 383747 | 0750 | 0.540 |18.943] 4484
12 | 0.54 0.241 10.002/0.006) 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{ems) | h(m) [ dn{m) | Slope (;‘2)_ :?: :f:l d"r:::s W (m) VE;" Temp. (O
@ 1 8/9/1979 8/9/1979 370 22 Bl 0.38 0.08] 0303| 0588 1524 0.184 835 a7 21
_'é 5 11 8111979 811111979 120 279 D.49] 0.08| 0773| 0.471 1.294 0135 8383 0.64 21
: 2 2 8121979 8/12/1979 350 31.4 059 008} 06171 D441] 0867 0.080, 75.3 07 18.5]
E « 2 8/4/1380 0/4/1980 310 £8.4 073 0.08] 0.593| 0.424{ 0.870 0.125] 833 0.9 20|
= 2 8/5/1980:! B8/5/1980 370 58.4 0.73 0.08] 0.500) 0.383| 0.813 0.144 89.3 0.9 20
© 3 5/6413880 56/1980 950 351 191 0.08| 1.462 0.700] 3.067 0.062, 197 093 135
€ 4| 97261979 8/26/1979 100 177 0.56 0.08| 1.333| 9.833| 2.091 0.0621 396 0.79] 175
a 2 5| 8201979 /201979 520 253 1.06 0.08| 0.313| 0.204| 0500 0.183! 302 0.79 208
€& 5| 8251979 B6/25/1979 900 107! 1.21 0.08{ 0604{ 0.400( 0917 0.075] 856 103 pis)
g 5| 8n7n979 8M7N979 1350 395 0.66 008| 0823 0581 1235 0.096] 725 0.82] 23
7| 572211980 5/22/1980 1160 351 1.53 0.08] 0.773{ 0.545] 1.000 0.082] 146 167 19
. 10| 51111980 5/1/1980 2120 146 0.86 0.08) 0827 0538] 1.353 0.487| 198 08 175
s 12| 4/30/1980 4/3011980 3710, 142 065 0.08| 0.586] 0.426] 0.845 8591 266 0.83i 18
-4 12| 5/15M1980 £/15/1980 330 271 1.02 0.08| 0.733] 0.492( 0983 0200 268 099 15
E 12| 52111380 5/21/1880 270 250 a97 0.08| 0672} 0.462] 0.931 o197 268 0.93 18.2.
= 12| 8A10A1980 6/10/1980 120 207 079 0.08| 0.679] 0.451| 0946 0.180: 260 1 26
12{ 62741380 612711979 710 71.2 0.85 0.08] 1.254] 0.737] 2300 0261 95 0.87 20
Table C.18. Niobrara River Data
Date | (:;U Q (cms) l h (m) ‘ dn (m} [ Stope | d50 jmm) | 435 mm) ’ d65 (mm) | d5Dss (mm) ! W (m) [ VIIE/:!" Temp. (O ‘
77131848 219 562 0457 009t 000134 6317 0254 0379 0.147 21488 0.753 609
3/3/1950 1060 11.100 0458 0091 000170 0.309 027 0419 0.103 213% 1.088 5000
5114950 1040 16.027 0576 B.091 0.00180 0.217 0.185 0.248 0113 21.946 1.271 11.667
671950 421 7.308 0479 0091 000127 0.293 0228 0372 0.146 213% 0.747 18.333
9201950 71 9628 0477 0031 000140 0.292 0208 0.363 0.161 21.031 0.93% 16.111
3N5M951 1220 12176 0.477 003t 000137 0314 0.233 0.394 0.148 21641 1.158 1867
47271951 874 12.459 0528 0091 0.00169 0327 0.265 0.399 0.116 21.641 1.128 14 444
5101951 558 8.891 0.435 0091 000137 0327 0.256 0.399 0120 21.3% 0.975 1111
5P4N9E1 782 11,610 0.496 0031 0.00137 0.276 0.220 0352 0.100 213% 1.155 20000
7MBHIE1 470 8438 0479 0031 000137 0262 0.215 0349 0.145 213% 0.789 25555
1072471951 572 9,268 0.440 0031 000137 0247 0.207 0326 0.121 2133% 0.991 7.778
4101952 1080 12176 0.485 003t 000137 0211 0.179 0.244 0121 21641 1.128 722
5/@/1952 862 12318 0,549 009t 00037 0286 0.228 9355 0112 21,641 0972 13.889
52411952 890 12884 0549 0091 000137 0222 0186 0271 0093 21641 1.161 21114
6/5192 514 8665 0473 0091 0007 0.256 0212 0341 0.094 21.031 0.902 24.444
51191952 458 513 0.475 0091 000125 0.29 0.231 0370 0.162 21.33% 0.655 20556
741952 462 7872 1492 0091 000129 0331 0267 0394 0135 2133% 0.747 2778
77201962 246 6.201 0.429 00 000114 0.258 0229 0361 0.156 2133% 0716 24.444
7311952 204 6.003 0421 0091 00015 0.3% 0.268 0.402 0.135 21.031 0.663 28333
8/2011952 245 5,890 0.440 0091 00012 0.365 0.290 0.440 0128 21.3% 0625 2778
9n2MeE2 282 6315 0444 00 0OM37 0323 0.255 0388 0.160 213% 0.671 16.667
9/26/1952 346 6626 0.469 0.091 0.00114 0.314 0.246 0.382 0.156 21.184 0671 16.111
10111952 446 8325 0.432 0091 000137 0.352 0.291 0.414 0128 21.184 0.869 1111
10231952 482 5.099 0.435 0o 000137 0291 0228 0367 0128 213% 0.887 1111
42211953 605 10,33 0.459 0031 000137 0262 0213 0.351 0.105 21 641 1.024 9444
781953 471 7.872 0517 0081 000137 D.267 0215 0350 0114 21.031 0.765 20278
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Table C.19. Data from Susitna River, AK

River Cm d50 d35 d65 | d50ss VYmean | Temp.
Name Date (ma/L) Q (ems) h (m) dn {m) Slope mm) | mm | mm) | mm) W (m) i) Q

7/21/2008 297 535 16 008; 00013] 0392 0349 0.436| 0.054 182 19 13

10/6/1983 23 300 1.2 008f 00014] 0.399] 0.354] 0.443] 02277 166 15 05

7/2611985 310 595 1.8 0.08{ 000138 0401 0.355| 0.448| 0.016 185 1.8 12,5
8/31/1983 297 759 2 008{ 00014] 0405 0358 0.453| 0.172 194 2 9

8/4/1982 341 643 1.7 008 00014] 0408 0359 0457| 0.012 184 21 13

9/25/1984 14 238 1.1 0.08| 00012 0412 0364] 0461 0.053 165 1.3 6
5/19/1983 386 612 1.8 008; 00013 0.413] 0363 0463| D.113 188 1.8 45
4141983 4 320 1.2 0.08] 00014] 0414 0365 0.454| 0.108 172 15 B
9/19/1985 110 535 16 0.08( 000138 0.416] 0.365( 0.466( 0.120 181 18 35
B8/26/1984 732 1160 23 0.08] 00014] 0417 0365 0.468| 0.083 194 26 75
8/31/1982 251 547 1.4 0.08] 00013} 0420 0.368] 0.472| 0.034 187 22 38
6/26/1985 251 875 1.9 0.08{ 000138] 0.420] 0368 0.472] 0.074 189 2.4 ]
91371984 27 266 1.2 0.08( 00011 0421 0370f 0.473] 0053 168 1.2 75
8/16/1984 220 430 15 0.08) 00012] 0423( 0.370] 0.475| 0.004 170 1.7 12
7/28/11982 161 872 22 0.08| 00016l 0428 0373 0.482| 0.022 188 21 135

9/6/1985 69 402 1.3 0.08| 0.00138] 0429] 0375 0482 0.014 171 1.8 75

§ 8/25/1982 219 476 1.4 0.08] 0.0013| 0430 0375 0.485 0010 170 2 12
-3 8/18/1982 285 501 15 0.08 0.0014] 0.433| 0377} 0.489| 0.004 170 2 10.6
g 8/13/1985 474 850 19 008} 000138 0433} 0377 0489 0.072 190 23 95
5 7/3/1984 323 634 1.7 0.08/ 00014 0436 0379 0492 0014 184 2 125
& 8/10/1982 289 566 15 008 00013 0.438] 0381) 0495 0.010 182 21 10
5/29/1985 703 1300 2.4 0.08| 0.00138] 0.440( 0.381| 0.500| 0.106 201 27 4
772111982 383 705 1.8 008| 00015 044t 0383 0500 0.014 184 21 135

7/8/1982 145 £86 1.6 0.08| 00013] 0442 0.384| 0500 0.051 182 2 145

512571983 164 547 1.7 0.08 0.0012{ 0.444f 0385 0522| 0.19% 183 1.8 6.5

/19/1982 442 813 1.8 0.08] 00014] 0.447| 03855 0567 0.012 188 24 £5

8/2/1983 521 674 1.8 008 00014; 0448 0387 0567 0.023 183 2.1 14

6/13/1984 279 733 1.7 008| 00014} 0448 0383 0531 0.160 187 22 105

6/8/1983 287 685 1.8 008| 00013] 0451 0.389] 0583 0.137 190 2 10.5

7/30/1984 458 875 21 0.08| 000138; 0.454; 0392 0.6O5 D.078 191 22 12.26
6/23/1983 346 784 1.8 0.08 0.0014{ 0.458] 0.324] 0525| 0.062 187 22 14
71411982 768 872 2 008 00014} 0495 0420 0.850 0.008 190 23 12
811/1983 603 923 19 008( 00015 0558 0.427| 0.702| 0.021 186 27 1"

6/3/1982 769 1010 2.4 0.08) 000138} 5.333| 0.485| 46.000) 0129 191 22 6

6/30/1982 438 855 2 0.08{ 0.0018] 17.684| 0.667| 24.000| 0.015 190 23 115
B/15/1982 181 685 1.6 0.08] 000138| 28000 8.000| 48.000 0.134 183 23 8

6171983 563 1080 2.3 0.08 0.00161 41.465] 34704 483.225| 0.041 202 2.4 9
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Table C.20. Data from Chulitna River below Canyon, AK
River Cm ds0 d35 465 | d50ss Vmean | Temp.
Name Date (mg/l) Q (cms) h (m) dn (m) Slope mm) | mm) | mm | mm) W (m) (mis). ©

5/19/1983 347 348 19 0.08| 0.00088| 0.744{ 0.551| 0.936| 0.114 985 18 55

9/27/1984 133 212 1.7 008/ 000038} 0750{ 05384 0906 0.016 101 1.2 4

6/29/1982 1600 821 28 0.08| 0.0014] 0843 0629( 2000 0.006 119 24 7

9/14/1984 388 314 19 0.08] 0.00057| 0851 0.649] 1.400| 0.027 103 16 4

5/18/1984 580 261 1.7 008 000074 0929 0661 2364 0079 100 15 4

6/22/1982 880 552 25 0.08 0.0012| 0940; 0640 4571) 0.039 109 21 75
10/5/1983 200 260 18 0.08] 0.00044| 0955 0.614] 3.143| 0.134 101 15 15

7/20/1983 1240 566 26 0.08 0001| 098t 0692] 5778 0.052 109 2 8
B/22/1983 1500 660 27 0.08| 00015, 1.000| 0.643] 4.667| 0.013 113 22 10

9/13/1983 614 279 18 0.08] 0.00064; 1000 0605 1t.714) 0.500 101 15 55

9/5/1985 410 391 23 0.08 0.0013} 1.000f 0.750{ 1.938/ 0.016 103 17 45

7/6/1983 2040 830 3.1 008 00015 1417} 0792 7.111] 0042 118 23 16.5

5/25/1983 235 329 2 0.08{ 0.00088] 1.500| 0.911 4.286] 0.016 102 16 6.75

5/31/1983 1080 524 23 0.08 0.001 1571 0.925) 5.818] 0.052 108 21 7

6/3/1983 443 388 2 0.08 0.001 15711 0841 5.286) 0012 108 18 65

9/1/1982 506 430 23 008| 000092] 1625 0891 4.364| 0.042 108 19 6

g B/16/1982 428 411 22 0.0B8] 0.00068{ 1.833] 0914) 4727] 0035 185 18 45
2 917/1985 544 515 25 008 00013] 1833 0815 9.231| 0.068 104 2 3
8 6/2/1983 73 498 2.4 0.08| 00012y 1917 0895 7.714| 0031 103 2 75
3 7711982 1000 588 25 0.08 0.0012] 2222| 0852 6.154} 0008 109 21 9
% 6/11/1984 571 456 22 0.08 0.001 2571 0.879| 7.636| 0.015 105 2 8.5
= 6/8/1982 760 479 2.4 008| 0.0013] 2857 0935, 7.385| 0.03% 106 1.9 65
g 81711982 1180 620 26 0.08| 0.0012] 3000 0926 7667 0.009 110 22 5
% 8/3/1982 803 660 25 0.08| 0.0014] 3.143] 0932 9.846| 0.013 115 23 8
- 5/31/1985 594 510 23 008 0.0013] 3.455 1.000| 6.667| 0.053 104 21 2
= 67471982 24 326 2 008; 0.0008; 3579f 2.000{ 6.200] 0.024 105 1.7 6
S 8117/1984 931 575 26 008| 00012] 5200 0957 12000{ 0014 108 2 6
712001982 1140 654 27 008| 00012 5667 1.000| 14.400| 0.006 12 2.1 9
77241985 985 697 28 0.08f 00013] 5778 1.500| 13.000| 0007 105 23 6.5

8/2/1983 1770 634 25 008j 0.0013| ©.000f 0.833] 16.000] 0.015 13 22 6.5

8/28/1984 556 513 24 0.08| 000083] 6333 1.500f 12444 0043 106 2 4

9/8/1982 1680 827 2.8 008 00012 6500) 0.964| 16.889( 0.007 19 25 5

8/31/1983 1500 765 2.8 00| 0.00M2| 6769 1.833] 13.867| 0.022 118 23 6.5
772711982 1110 903 3.1 0.08] 0.0014] 6909 2000 17.524| 0.029 123 25 B

771171984 1010 572 25 008} 0.00098) 6909 1000 14.000| 0.010 109 21 8
74311984 921 549 27 008] 0.0012{ 7.000| 3.143] 13.500| 0.018 113 22 <]
87241982 830 515 24 0.08 5.001 7.467) 3.500f 13778) 0013 109 19 55
8/11/1982 766 603 25 0.08 0.001 7600 2000f 15.000] 0.015 110 22 6
711311982 1270 643 26 0.08 0.811 8.000| 4.250| 14.316] 0053 114 21 6.5
6/27/1985 1240 643 286 0.08 0.0013; 8.000 1.500| 16.000| 0.014 105 23 6.5
6/14/1984 895 544 23 0.08 0.0011 9.412| 3.143| 1B.615) 0035 108 22 6.5
8/16/1985 192 1102 3.4 0.08 0.0013} 10.133| 4.333] 19.388} 0.027 120 27 7

B8/9/1983 4690 1350 3.6 0.08 0.0026) 11.273] 6286 17.391] 0031 136 27 6

175




Table C.21. Data from Susitna River at Sunshine, AK

River Cm ds50 d35 d65 | d50ss Vmean | Temp.
Name Date (ma/l) Q (cms) b (m) dn (m) Slope mm) | mm) | gmm) | mm) W (m) (m/s) ©
8/3/1983 1030 1630 08 008} 000183| 0436} 0373] 0.492] 0013 275 2.1 105
8/9/1982 813 1530 23 008| 00019 0.447] 0382 0579} 0013 290 18 105
B/16/1982 726 1350 29 008| 00M&| 0453f 0390} 0591 0.005 262 18 105
8/2/1982 704 1770 31 0.08 0.0022| 0.455| 0388 0.692| 0.056 305 19 1
9/28/1984 B8 504 21 0.08| 000183 0461 0397 0597 0.108 174 1.4 5
B8/23/1982 527 1090 2B 0.08 0.0017| 0477} 0.407] 0.667| 0.008 208 2 10
71121982 800 1690 29 0.08 0.0015| 0.490] 0413} 0783} 0052 286 2 10
9/3/1985 381 1310 24 008| 000183] 0.490; 0.415f 0906; 003 286 2 65
5/16/1984 440 897 23 008 00831 0559 0438 0.779; 0093 181 17 5
6/14/1982 360 1440 27 0.08 00014) 0.583] 0433 2000 0172 295 18 7
8/12/1985 1680 1920 31 008{ 000183] 0.583] 0.428| 4.800| 0.030 291 26 85
6/25/1985 333 1580 28 0.08] 0.00183f 0615] 0448 08504| 0.038 288 2 7
8/30/1882 424 1130 27 0.08 0.0015f 0658 0.444) 8.000] 0017 206 2 9
> 10/4/1983 171 793 24 0.08 00014 0632 0.468] 0981 0175 186 1.8 2
£ 6/14/1984 990 1930 3 0.08| 000183 0.692| 0.439] 8000 0.087 287 23 7
E 9/11/1984 163 650 23 008{ 000183} 0.850| 0493} 5333 0042 177 18 7
a 7/19/1982 548 1720 3 0.08 0.0022) 0857 0.467] 5714) 0010 305 19 95
% 8/14/1984 743 1300 2.7 0.08| 0.00183f 0870 0543] 9778 0.0t6 260 1.9 95
5 5/24/1983 225 1110 28 0.08 0.0023] 0.905] 0.548] 13.000| 0.161 197 2 6.5
-5 7/13/1984 633 1430 25 0.08| 000183] 0907 0630 8000 0022 288 2 105
e 672111982 683 2220 37 0.08 00018] 1.000] 0.424f 22000| 0.038 308 2 7
% 941271983 167 714 23 0.08 0.0012| 2667 0654 8067 014 181 1.7 75
z 87171983 950 1680 28 0.08 0.0018| 3.000] 0.b54] 11333 0D.018 275 22 13
9/21/1984 284 838 25 0.08| 000183 3.000] 0706 8571 0173 181 18 5
7/6/1982 503 1320 27 0.08 00014} 4500 0500 12571| 0.012 274 18 10
9/16/1985 710 2140 34 0.08] 0.00183f 4.889) 0.808| 11.048| 0.043 280 22 6.5
6/23/1983 850 1920 31 0.08 0.0021 5600 08333 11.789] 0.014 275 23 14
772811984 950 2200 33 008{ 0001831 6.857) 0667 16.000{ 0.024 291 23 9
5/31/1985 560 1890 32 008 0.00183| 7586 4222/ 13.200f 0.113 288 2 35
8/8/1983 2840 2160 32 0.08 0.0021 8.000] 1.333] 20174| 0030 291 23 10
9/17/1982 1300 2450 4.1 0.08 0.002( 12522| 7.273] 20.444| 0.012 305 2 6.5
£/18/1983 396 1230 28 0.08| 0.00183| 13.818{ 1.8600{ 24727{ 0031 194 22 55
71261982 1430 2740 4.4 0.08 0.0024( 14.286] 5.333| 24.000[ 0.039 308 21 95
6£1/1983 871 2130 32 0.08 0.0023| 16.615] 8533 25.846| 0.095 290 2.3 75
£/28/1982 702 2140 34 0.08; 000183) 19555 9.714] 32883} 0014 305 21 1
6/3/1982 847 2090 31 0.08| 0.00183| 23.385| 13.000| 32.889| 0.085 311 2.1 75
5/10/1982 414 1830 3.1 0.08 0.0015] 29.440] 19.840} 40.381| 0.059 311 19 75
Table C.22. Data from Snake River near Anatone, WA
River Cm d30 d35 d6s | d50ss Vmean | Temp.
Name Date (ma/L) Q (cms) h (m) dn (m) Slope mm) | mm) | (mm) | (mm) W (m) {mis) )
B/7/1978 89 2290 49 0.08| 0.00098| 0.412; 0.346| 0478 0.045 186 286 16
51511979 20 1180 39 008| 000072 0417} 0357 0.476] 0.049 169 19 14
5/24/1979 82 2000 47 0.08 0.0003| 0.422| 0.361 0.484{ 0.029 181 2.4 14
6/13/1978 82 2040 47 0.08] 000092 0.460( 0382 0571| 0.018 183 2.4 135
B/5/1979 20 1590 4.4 0.08| 0.0008z) 0485 0408 0.788| 0.056 177 22 145
57211979 52 1400 4.2 0.08] 0.00078] 0.494] 0.411 1600 0.009 172 2.1 13
6/2/1972 338 37770 58 0.08| 000124 0500 0411 0857 0.018 197 33 13
4711976 152 1750 45 n00s| 000084 0520 0.424| 0820} 0.014 177 22 8
5/5/1976 64 2600 5.4 0.08{ 0.00104( 0559 0424 1000} 0.030 189 27 1"
B/7/1979 17 1390 41 0.08! 0.00074f 0567 0445 0733 0.054 171 2 135
5/2711976 94 2890 53 008f 000108 0588; 0425 1.200) 0.050 191 28 13
g 5171973 58 1440 42 0.08| 0.00078( 0597] 0.441 0.839| 0.050 171 21 15
® 6/11/1974 e8 2600 55 0.08| 000114] 08B50; 0453] 0900} 0.055 194 3 15
g £12211979 54 1720 4.4 008| 000024 0.b654] 0.479] 0.846| 0.017 177 22 13
8 51251976 95 2830 53 0.08| 000109 0675 0.446 1.222] 0.051 191 28 13
2 51311976 20 2360 55 0.08| 0.00116] 0.694] 0.444] 85000} 0.024 195 3 12
§ 6/10/1876 77 2680 52 008} 000106y 0722 0514] 0931} 0068 189 28 135
-4 6/20/1978 29 1900 44 0.08/ 000086 0.790] 0.548{ 1.333] 0.053 177 23 16.5
2 81411975 123 2660 52 0.08| 000105) 0.875 0500 22000 0.015 189 27 1.5
g 6/8/1976 77 2740 52 0.08| 0.00107] 0940| 0640 32000 0.079 189 28 15
v 5/16A1978 66 2170 48 0.03| 0.00094! 4.000| 0.727] 48941 0.026 183 25 1"
4/15/1976 B4 2690 52 0.08| 0.00105| 25.143| 18.286] 32.000( 0.028 189 28 9
4/131976 141 2790 52 0.08| 000108} 26.667| 0563 53895 0.020 191 28 8
4/411978 22 1780 53 0.08| 0.000087| 28.000| 19.429] 40828 0.048 178 2.3 85
41191976 30 2320 49 0.08|] 0.00098( 29.419| 21.677| 40883} 0.058 184 26 9
5/3/1978 50 2290 49 0.08| 0.00098| 30.222] 2000| 53.333] 0.012 184 25 12
5/17/1978 125 2120 43 0.08| 0.000%4] 30.431 2.600| 50.824| 0.031 183 25 11
4/511978 20 1640 4.3 0.08| 0.00082| 31.273| 20.364| 484593| 0.048 177 21 85
4/21/1976 34 2380 5 0.08| 00C099{ 32883 18.000| 46222 0.056 186 26 9
5211978 42 2170 48 0.08{ 0.00094|, 33.600| 13.333] 57.600| 0.008 183 25 12
4/23/1978 111 2270 49 008| 000098} 43.077| 24615 61538 0013 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 | d50ss Vmean | Temp.
Name Date (ma/t) Qems) | h(m) dn (m) | Slope mm) | mm) | mm) | mm) W (m) {mfs) Q
1/17/1985 3000 38.2 1.2 0.08 0.0027 1.273] 0.727| 4.000| 0.165 20 16 5
® 1/31/1985 2080 292 1 0.08 0.0027} 0955 0667 1884 0.165 225 1.2 3
= 27211985 2430 46.7 0.94 0.08 0.0027 1.200) 0.600|] 4.400| 0.158 285 1.7 55
- 3/231985 7140 909 077 0.08 0.0024| 0583 0.380 1.000( 0.092 61 1.7 85
2 41141985 6860 9286 0.76 008| 00028 2333 0794 9846 0.029 63 1.9 1
n 6/7/1985 23000 253 15 0.08 0.0055| 20.766| 12.121| 30.973| 0.025 B3 25 12
8 6/8/1985 10400 160 1.1 0.08| 0.0027( 10.462| 4.000| 22.000| 0.056 66 23 13
£ 11/6/1985 5720 158 1.1 0.08 00032 8952 3579 14.667( 0.103 67 22 85
'§ 11/8/1985 6290 151 1 0.08 0.0035| 6.000f 2000 12.303| 0.114 67 23 7
4 12/9/1985 1980 85 0.78 0.08f 00027| 5000 0907 11940 0.150 63 19 35
§ 17311986 1240 57.2 064 0.08 0.0021 374 1.883| 10.113] 0.141 89 15 45
2 1/19/1986 9780 235 16 0.08| 00027| 13579 7.525| 23.048 0.033 67 24 75
5 1/29/1986 2570 b4.6 073 0.08 0.0027| 0.894| 08650 1586 0.114 57 18 6.5
5 2/11/1986 1430 436 1 0.08 0.002 1.992 186231 3600| 0.112 245 17 4
-E 10/31/1986 5410 56.6 062 0.08 0.0021 4286 22501 8941| 0085 62 15 12
® 11/14/1986 2250 346 0.46 0.08 0.0013 1.914 15201 3.741| 0.183 53 1.4 95
§ 11211986 7540 189 1.2 0.08 0.0027| 15.904] 10.120] 29.296) 0.117 66 23 95
[ 1/28/1987 4300 125 11 0.08 0.0019 7.200 1.958| 14.689( 0.220 64 1.9 7.5
2/1/1987 23900 532 2.3 0.08 0.0027| 14.000) 3.750f 30.857| 0.073 70 3.1 <]
Table C.24. Data from North Fork Toutle River, WA
River Cm d50 d35 d65 | d50ss Vmean | Temp.
Name Date (ma/L) Q (cms) h (m) dn {m) Slope mm) | @mm) | mm) | mm) W (m) mis) Q
x5 2211987 12400 132 0.98 008| 00032 3161 1788 7.400 0.096 59 24 5
g é 2/13/1986 2980 26.1 074 0.08 0.0038] 3571 1.981 5.491( 0.158 205 17 2
£8 2/26/1986 12500 127 085 0.08 0.0037| 5.636f 2.412} 11.800| 0.080 &9 24 85
=] 'g 6/8/1985 15200 113 09 0.08 0.0037{ S.000| 4.444] 14000 0.065 56 24 5
=2 B/7/1985 29100 171 1.1 0.08 00038] 9.290| 3.524| 17.730| D.047 56 28 5
Table C.25. Data from Clearwater River, ID
River Cm d50 d35 d65 | d50ss Vmean | Temp.
Name Date (mg/l) Qems} | h(m) dn (m) | Slope mm) | mm) | @mm) | mm) W (m) (mis) Q
472611977 29 677 41 008| 0.000183; 0.390] 0.339] 0.442 0.055 134 1. 10
5/8A1979 1070 1350 48 0.08| 0.000325] 0.391 0332 0.448]{ 0.005 140 21 7
5/411977 1" 680 4.1 0.08] 0.000184{ 0.405] 0.322] 0.458] 0.054 134 1.2 95
6/6/1978 45 1560 49 0.08] 0.00036f 0.408| 0.350] 0.465| 0.126 141 23 10
4/6/1976 96 1040 4.4 0.08| 0.000245¢ 0.423] 0363} 0.484| 0010 137 1.6 5]
511979 85 575 4.3 0.08] 0.000225] 0.425( 0.363] 0.488( 0.081 136 15 12
5/15/1978 19 1060 45 0.08( 0.000262{ 0.428] 0.364] 0.492| 0.060 138 17 85
5131979 34 834 43 0.08] 0.000225| 0.432) 0389 0.496 0036 136 15 105
512/1976 81 1950 5.1 0.08{ 0.000405] 0.441 0.362] 0682 0.113 143 25 10
6/8/1978 23 1570 48 0.0B8{ 0.000346 0.445] 0377 0.560( 0.103 141 22 95
4/8/1976 63 1200 46 0.08] 000028 04585 0.386] 0466| D.014 139 1.8 55
6/5/1978 35 1410 48 0.03| 0.00033] 0462 0389 0600] 0.099 140 21 10
6/10/1975 4z 1670 5 0.08| 0.000379| 0.466( 0.3%4] 0598 0137 141 24 1"
61711975 22 1650 49 0.08| 0.000402| 0474 0396 0.622] 0138 143 23 105
5 5/16/1973 85 827 42 0.08) 0.000195| 0.475| 0.402| 0614 0058 133 1.3 135
2 5171978 19 1070 45 0.0B| 0.000266| 0.484| 0.406( 0.658] 0.054 138 17 6.5
cf 511611979 a 1310 47 0.08( 0.000302 0.484 0.406f 0.633] 0.065 140 2 10
2 6/12/1978 " 1080 45 0.08| 0.000262| 0.485| 0.410] 0.630{ 0.141 136 17 105
g 4/2811978 B7 841 43 008| 0.000218| 0.494] 0.409f 0.646| 0.005 135 1.4 8.5
3 4/1411976 21 1330 48 0.08{ 0.000318| 0.495] 0.413| 0.780{ 0.052 140 2 85
o 51141979 30 884 43 0.08| 0.000227| 0510{ 0.422, 0.660f 0.055 136 15 8
6/19/1978 5 918 4.4 0.08| 0.000235 0.575| 0.455] 0717 0058 136 16 145
571411979 32 1050 45 0.08] 0.000252| 0.578] 0.461 0.707| 0115 137 17 11
5211979 21 1340 47 0.08| 0.000315( 0.593| 0.456| 0.767| 0.108 140 2 1"
6/18/1979 4 753 42 0.08 0.0002| 0817 0500] 0.734| 0.054 128 13 10
6/4/1979 27 1150 45 0.08] 0.000271 0623 0408 0.738) 0.291 139 18 12
B/141978 14 1130 46 0.08] 0.000275( 0667 0542 0.792| 0.236 139 18 11
6/6/11979 1 1100 45 008] 000027 0e76] 0574 0777( 0185 138 18 10
512611976 42 1660 49 0.08| 0.000367| 0.696] 0.461 4.000( 0.134 142 23 11
5/8/1976 53 1520 49 0.08| 0.000353} 0.717f 0.463| 20.000| 0.072 142 23 65
512411976 53 1680 49 0.08f 0.00036( 0713} 0.447] 6.626| 0.162 142 23 11
51231979 80 1660 49 0.08{ 0.000359( 0.862| 0.603| 2500 0.157 141 23 10
2111976 188 2270 53 0.08] 0.00049] 0917 0.454| 41.481| 0.086 145 3 10
6111976 36 1530 49 Q08| 0.000354f 0959 0757 32.000| 0.192 142 23 12
57111972 209 2740 55 008| 000056 27.636] 9.000j 40.170] 08.043 146 34 10
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Table C.26. Data from Mad Creek Site 1 near Empire, CO

River Cm d50 d35 d65 | d50ss Vmean | Temp.
Name Date (mg/L) Q (cms) h (m) dn (m) Slope mm) | mmy | mm) | gmm) W (m) {mis) Q
x = ° 5/29/1984 3 an 0.18 0.08 0.188 1.198| 0.753 1.883( 1.198 18 0.34 2
§ § 2 3 6/6/1984 2 0.15 017 0.08 0.188f 0.962f 0540 1.834| 0.962 21 0.42 45
O - ?E 6/18/1984 8 0.19 0.19 0.08 0.188] 2396) 14506| 3.766( 2.396 2.2 0.45 3
K] g 5] 6/25/1984 5 o221 0.2 0.08 0188 2378| 1852| 3.448) 2.378 23 0.46 4
En 7/3/1984 3 0.24 0.22 0.08 0.188] 2260 1.508] 3.069] 2.260 19 057 35
Table C.27. Data from Craig Creek near Bailey, CO
River Cm d50 d35 d65 | dS0ss Vmean | Temp.
Name Date (ma/L) Q (ems) h {m) dn (m) Slope mm) | (mm) | (mm) | (mm) W (m) (mrs) ©
4/16/1984 3 0.051 025 0.08 0.0213| 0569| 0.420] 0724 0.563 43 0.047 12
4/26/1984 2 0.38 0.19 0.08f 00213 0492 0389 0630 0.492 6.4 0.31 13
4301984 3 0.35 0.16 0.08| 00213 0.654| 0569] 0751 0654 8.2 035 14
5/3/1984 5] 0.3 022 0.08 002131 05N 0.4441 0.712| 0571 55 0.26 15
o 5/10/1984 9 0.69 0.24 0.08 0.0213) 0B16| 0.518) 0.732] 0616 6.6 0.44 16
E 5715/1984| 12.01439 1.39 033 0.08 0.0213] 0e16f 0507 0.750| 0.616 6.9 0.61 17
_: 5/17/1984| 23.0303 1.65 0.35 0.08 0.0213 0677 0545 0.841 08677 6.9 068 18
=] 5/24/1984| 23.02439 205 0.42 0.08 0.0213} 0717} 0578 0831 0.717 6.9 072 19
g’ 5/29/1984 14 225 039 0.08 0.0213 0612 0.489 0.760( 0812 6.7 0.86 20
s 5/31/1984| 12.98343 1.81 0.35 0.08 0.0213) 0583 0467 0.707; 0583 6.8 078 21
f B6/6/1984| 7.971014 1.38 0.31 0.08 0.0213] 1.866( 1.439] 2.432| 1.866 6.8 066 23
3 5/11/1984) 1203125 1.28 0.31 0.08 0.0213} 2.442) 2048) 2913 2442 6.7 061 24
: 6/19/1984 12.32 1.25 0.3 0.08 0.025; 2297 1782 2828| 2297 6.7 0.2 25
§ 6/26/1984) 11.36364 0.88 024 0.08 0.025) 2656 2269| 3109 2.656 6.7 055 26
O 7/3/1984| 1.333333 0.66 0.25 0.08 0.025) 0B92] 04591 0811 0692 B.7 0.4 prs
-2’ 7/12/1984 17 0.46 0.19 0.08 0.025] 0643| 0550 B.753] 0643 6.6 0.36 28
S 7/16/1984 20 0.48 0.2 0.08 0.025| 05151 0377 0842} 0515 6.6 037 28
8/1/1984 5 057 0.19 0.08 0025 0728 0611} 0889 0728 6.6 0.46 30
B/15/1984 3 0.49 017 0.08 0025 0673} 05531 0.810] 0673 6.6 0.44 il
8/21/1984 34 1.45 0.43 0.08 0025 059%| 04897 0721 0536 B.7 0.45 32
9/5/1984 2 0.74 0.22 0.08 0.025] 0515 0.389] 0.642{ 0.515 6.7 0.51 33
Table C.28. Data from North Fork South Platte River at Buffalo Creek, CO
River Cm 150 d33 d65 | dS0ss Vmean | Temp.
Name Date (mg/L} Q (cms) h {m) dn (m) Slope mm) | mm) | mm | mm) W (m) (mis) Q
5/3/1985| 93.96226 10.6 0.66 0.08 0.0107 1647| 35000{ 2497 1647 14 1.1 13
e.g‘ £/6/1985| 84.87395 1.9 073 0.08 0.0107 1.932| 35000f 3175 1.932 14.5 1.1 12
8 5/9/1985] 127.0073 137 074 0.08 00107 3.870| 35000 5.580{ 3.870 15 12 13
° 5/15/1985| 3401288 9.32 0.62 0.08 0.0107] 2201 35000 3150 2201 14 1.1 13
@ 5/1771985{ 25.05568 8.98 0.64 0.08 0.0107 1625] 35000f 2362 1625 135 1 13
g 5/2171985] 21.03594 9.46 0.66 0.08 0.0107] 0.714] 350001 0945 0714 14 1 13
% 5/23/1985] 22.96137 9.32 067 0.08 0.0107) 0.735| 35000 0.981| 0.735 14 1 13
5 £/28/1985{ 31.0084 1.9 07 008 0.0107 1260 35.000] 2083| 1.260 145 1.2 13
§ 5/30/1985 26 125 072 0.08] 0.0107; 2059 365.000f 3.175| 2.058 15 1.2 13
50 6/10/1985 38 18 0.81 0.08 0.0107 1.391| 35.000] 2314 1.391 165 1.4 8
g < 6/121985 15 13.8 074 0.08 0.0107y 2.124| 35000 3.338| 2124 15 1.2 15
& 6/17/1985 20 127 07 0.08 0.0107{ 0.906| 35.000 1.662| 0.906 145 1.2 14
£ 6/19/1985] 13.01724 1.6 0.7 0.08 0.0107 0.975| 35.000 1.260{ D975 14.5 12 15
g B/26/1985( 23.03571 11.2 069 0.08 00107 0.851| 35.000 1.248| 0.851 14 1.1 125
b3 B/27/1985 17 1" 074 0.08 0.0107| 0.788] 35.000 1.439| 0.788 14 1 135
x 6/30/1985( 11.00381 767 062 0.08 (0.0107] 0571 35000{ 0852 0571 13 094 135
2 7/2/1985( 12.00581 6.88 0.63 0.08 0.0107| 0.962| 35.000 1.314] 0962 13 083 14
£ 711141985 2 5.95 062 0.08 0.0107{ 0.664] 35.000;f 0.841] 0.6b4 13 0758 125
2 7116/1985( 11.00372 5.38 0.59 0.08 0.0107] 0.5860| 35.000 1.554] 0.960 13 071 125
7/24/1985| 15.00803 523 0.59 0.08 0.0107) 0.555] 35000f 0.719] 0.555 13 0.3 13
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Table C.29. Data from Big Wood River, ID

Helley

o i 260 [ 20 | v | o | s vt | | Vg
£/27/1999 2.7535 971.0 3.200 0.3 0.0091 11.12 421 2031 41.90 £.99
6/19/1999 25298 1020.0 3.350 0.3 0.0091 513 2.44 12.23 41.85 7.37
5/21/1999 0.2611 458.0 2.380 0.3 0.0091 1.27 0.90 177 4190 4.32
5/8/1999 0.4177 514.0 2710 0.3 (.0091 220 1.48 3.62 4185 5.24
5/27/1999 22123 956.0 3.200 0.3 0.0091 9.05 3.26 19.62 41.90 6.99
5/19/1999 1.5009 10200 | 3.350 0.3 0.0091 240 1.48 4.33 4185 7.37
5/26/1999 2.3140 10200 | 3320 0.3 0.0091 299 1.66 7.16 41.90 7.08
5/31/1999 1.0314 826.0 3.030 0.3 0.0031 3.89 1.93 9.32 41.85 6.47
5/26/1999 1.5411 1020.0 | 3.320 0.3 0.0091 1.61 1.10 2860 41.90 7.08
6/17/1993 8.8585 1080.0 | 3.470 03 0.0091 1150 652 18.39 41.85 757
5/28/1999 1.4751 1000.0 | 3.420 0.3 0.0091 242 1.41 4.85 41.85 5.89
£/20/1993 0.1573 384.0 2.160 0.3 0.0091 233 1.7 7.10 4185 4.04
5/31/1998 0.8923 826.0 3.030 03 0.0091 10.65 3.18 20.09 41.85 6.47
6/8/1999 0.2664 614.0 2.710 0.3 0.0091 1.63 1.18 2.30 41.85 524
572841993 1.4033 933.0 3.140 0.3 0.0091 4.10 222 8.77 41.85 6.64
£6/22/1999 0.7528 778.0 3.000 0.3 0.0091 427 1.99 10.17 41.85 6.65
6/5/1999 0.3783 706.0 2.820 0.3 0.0091 1.36 1.00 1.86 41.85 6.03
5/30/1999 1.7462 986.0 3.430 0.3 0.0091 3.47 1.69 10.04 41.85 7.15
5/29/1993 1.0124 1000.0 { 3.420 03 0.0091 1.74 1.21 2.85 4185 5.89
b/22/1999 0.7083 7780 3.000 0.3 0.0091 378 2.08 10.17 41.85 6.65
6/3/1999 1.0997 861.0 3.090 0.3 0.0091 1.92 1.29 3.66 41.85 6.72
5/30/1999 1.6563 993.0 3.430 0.3 0.0091 4.36 1.99 12.04 41.85 7.15
6/16/1939 46123 1000.0 3.330 0.3 0.0081 11.28 558 18.54 41.85 7.32
5/19/1939 0.1110 33%.0 2.150 0.3 0.0091 1.77 1.04 3.27 41.85 4.01
b/15/1939 1.4184 799.0 2.990 0.3 0.0091 2.18 1.34 4.86 41.85 6.43
5/21/1399 0.6890 463.0 2.380 0.3 0.0091 0.82 0.62 1.13 41.90 4.32
6/15/1999 1.2275 799.0 2.990 03 0.0091 2.20 1.39 3.92 41.85 6.43
6/18/1999 19774 10200 | 3.390 0.3 0.0091 3.76 200 797 41.85 757
6/7/1999 0.4645 £63.0 2.840 0.3 0.0091 220 1.43 357 4185 566
6/5/1999 0.2977 706.0 2820 03 0.0091 1.48 1.03 2.14 41.85 6.03
6/3/1999 0.9677 861.0 3.090 03 0.0091 2.31 1.39 589 41.85 6.72
6/7/1999 0.3625 £668.0 2.840 0.3 0.0091 153 1.14 2.08 41.85 566
6/26/1933 0.2036 632.0 2.680 03 0.0091 6.27 255 19.04 41.85 5.82
5/28/1999 0.5972 941.0 3.140 0.3 0.0091 1.36 091 2.09 41.85 5.64
6/23/1999 0.5492 7450 2.840 0.3 0.0091 968 268 23.34 4185 6.58
5/26/1999 0.1373 520.0 2.680 0.3 0.0091 1.51 1.09 2.16 41.85 582
5/20/1999 0.0809 380.0 2.160 0.3 0.0091 1.13 078 1.77 4185 4.04
6/9/1999 0.1507 550.0 2.560 03 0.0091 1.70 1.21 267 4185 5
6/16/1999 2.8206 1000.0 | 3.330 03 0.0091 290 1.59 721 41.85 7.32
5/18/1999 1.2506 1030.0 | 3.390 0.3 0.0091 255 1.50 517 4185 757
5/9/1999 01227 550.0 2.560 03 0.0091 1.57 1.12 226 41.85 521
6/14/1993 0.3129 662.0 2740 0.3 0.0091 1.25 0.90 170 4185 553
b6/1/1999 0.2456 765.0 2.990 03 0.0091 1.12 0.77 1.68 41.85 5.39
6/2/1999 0.4972 799.0 2.930 0.3 0.0091 1.54 1.05 2.40 41.85 6.30
b/1/1999 0.2476 7650 2.990 0.3 0.0091 1.24 0.83 1.73 41.85 5.39
6/14/1939 0.2482 668.0 2.740 0.3 3.0091 1.09 0.76 155 41.85 553
6/17/1939 2.9004 1080.0 | 3.470 0.3 0.0031 3.51 172 10.27 41.85 757
6/2/1999 0.3767 7920 2.930 0.3 0.0091 1.29 0.88 1.89 41.85 6.30
5/18/1993 0.0202 339.0 2150 0.3 0.0091 0.86 0.66 123 4185 4.0t
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Table C.30. Data from Blackmare Creek, ID

Ghs Helley Smith | Helley Smith | Helley Smith Vmean

Date | onsiday.fy| @€ | hE0 |hos () Slope| Tucglo " | d3s mm) | des mmy | V| gy
4/31990 0.0316 370 1.046 | 0.3 [0.0299 210 151 281 17.00 2.24
3311892 0.0010 17.0 0783 | 0.3 |0.0299 070 0.56 094 2450 165
4171992 0.0287 280 0.943 | 0.3 |0.0299 1.90 1.4 21 27.33 201
6/12/1831 0.1594 1400 { 1.719 | 0.3 (0.0299 1.80 1.29 252 3550 381
5211990 0.0255 58.0 1.237 | 0.3 |0.0299 1.40 108 195 17.50 268
6/15/1993 01108 1180 | 1618 | 0.3 |0.0293 1.30 1.02 162 2950 387
6/6/1950 0.0397 84.0 1421 | 0.3 10.0299 4.00 1.48 37.15 3300 in
5/22/1931 00475 1000 | 1516 | 0.3 0.0293 1.30 103 156 3410 333
4/23/1990 0.1744 110 1576 | 0.3 [0.0299 130 106 1.64 27 00 3.47
5/20/1991 0.0966 86.0 1433 |1 0.3 {0.0299 1.60 1.25 195 3200 3.14
6/10/1993 0.0830 128.0 | 1662 | 03 |0.0298 1.70 1.2 240 30.50 368
6/4/1981 0.0321 1340 | 1691 | 03 [0.0289 130 085 205 3550 374
541911994 00233 54.0 1.205 | 0.3 {0.0292 1.10 083 137 2140 261
4181990 0.1411 920 1.470 | 0.3 {0.0293 1.80 1.28 2.46 18.00 32
64141990 01524 94.0 1482 | 0.3 |0.0299 1.10 a8 1.51 3300 325
4/26/1390 0.0310 79.0 1.338 | 0.3 |0.0293 1.40 1.08 1687 20.00 3.03
5171991 0.0021 18.0 0.800 { 0.3 |0.0299 220 1.47 333 2550 168
5/19/1994 0.0150 540 1.205 | 0.3 |0.0298 1.30 098 1.65 21.40 2.61
5/28/1992 0.0245 69.0 1.320 { 0.3 {0.0299 1.70 1.23 233 3100 287
471411992 0.0183 55.0 1.213 | 0.3 |0.0293 160 1.18 224 30.00 263
6/3/1993 0.0487 1330 | 1.686 { 0.3 |0.0293 120 0.88 156 3000 373
51411992 0.0221 86.0 1.433 | 0.3 |0.0299 1.30 0.8 167 31.80 314
5/18/1934 0.0092 570 1228 | 03 [0.0299 1.00 8.75 1.28 2170 266
4/23/1991 00017 19.0 0816 { 03 (00299 130 092 171 2420 172
41111990 0.0232 400 1.077 | 0.3 (0.0299 180 1.30 2.69 17.00 2.3
5/16/1991 0.0164 85.0 1.298 | 0.3 |0.0298 1.30 083 1.80 31.00 282
5/131892 0.0179 730 1680 ¢ 0.3 [00299 130 1.00 167 3090 230
5/29/1930 0.0977 1250 1648 | 0.3 |0.0239 0.90 0.86 131 3300 364
5/11/1992 0.0582 85.0 1.433 | 0.3 [0.0299 1.70 123 265 3250 314
4/16/1998 00316 67.0 1306 | 0.3 [0.0299 150 1.08 27 13.10 2.84
51231931 00414 170 | 1.330 | 03 |0.0299 090 070 1.24 3450 286
571991 0.0056 280 0943 | 0.3 |0.0298 0.80 061 117 2570 201
42711992 00083 63.0 1276 | 0.3 |0.0299 0.80 0.61 1.01 2970 277
412211992 0.0110 59.0 1245 | 0.3 |0.0298 110 0.86 1.48 3017 270
41131990 0.0301 430 1.107 | 0.3 [0.0293 1.50 1.19 1.78 17.00 238
512411994 00177 55.0 1221 | 0.3 |0.0298 140 110 1.83 2130 265
5211991 00208 85.0 1427 | 03 {0.0289 150 1.08 218 33.00 312
6/16/1993 0.0249 1250 | 1853 | 03 |0.02%9 1.40 1.03 1.89 3040 365
5/6/1392 0.0297 170 | 1608 | 03 |0.0299 1.30 0.35 168 3400 355
51301991 0.0084 1040 | 1538 | 03 {0.0299 1.10 075 1.82 3330 338
41151991 0.0033 140 0728 | 0.3 |0.0299 210 1.45 379 2400 152
51251993 01715 166.0 | 1832 | 03 |0.0239 160 115 228 3300 408
511171994 0.0403 1150 | 1597 | 0.3 {0.0299 1.50 115 203 2200 352
511811992 00125 86.0 1.433 | 0.3 |0.0298 1.10 0.81 1.43 30.50 3.14
412171994 00288 56.0 1221 | 03 [0.0293 1.30 033 183 18.00 265
6/21934 00068 700 1.300 | 0.3 [0.0299 1.30 100 170 21.00 300
4128/1992 0.0048 710 1.334 | 03 {0.0299 090 0.66 1.27 31.30 291
5141992 00086 730 1.345 | 03 |0.0293 0.80 069 2 3110 294
61161993 00194 1260 | 1653 | 03 [0.0299 090 070 1.27 30.50 3.65
67211934 0.0056 700 1.300 | 0.3 |0.0299 1.20 0.86 1.49 21.00 3.00
£/411990 6.0115 59.0 1245 | 0.3 |0.0293 1.00 a76 1.35 17.70 270
£/16/1994 00029 570 1.229 | 03 10.0293 1.20 0.92 159 2170 266
4/8/1991 0.0043 160 | 0765 [ 03 (0.0299 0.80 a64 1.16 2400 1.61
5/29/1991 00055 98.0 1505 | 0.3 |0.0298 080 064 1.41 3350 Iin
4/6/1993 00068 49.0 1.162 | 0.3 |0.0293 2.00 139 257 1980 2.51
472911991 0.0002 200 | 0832 | 0.3 |0.0299 0.70 0.52 082 25.00 1.76
512111992 00133 90.0 1.458 | 0.3 10.0299 0.90 069 117 3160 320
5/26/1992 0.0164 840 1.421 03 {0.0298 1.00 073 1.24 31.80 31
47211993 0.0022 210 | 0847 | 03 |0.0299 230 1.81 280 19.00 1.79
5171994 0.0092 B4.0 1.284 | 03 (0.0298 0.90 056 123 2150 279
41191994 0.0048 340 1.014 | 03 |0.0293 090 0E3 125 1660 217
511711394 0.0080 64.0 1.284 | 03 |0.029% 1.10 0.80 1.47 2150 279
4/20/1992 0.0029 61.0 1.261 0.3 {0.0298 1.00 072 1.32 3050 274
4/8/1991 0.0942 1230 1638 | 0.3 |0.0298 120 084 164 3790 362
51201992 0.0073 88.0 1505 | 03 |(0.0299 0.90 0.67 1.15 3160 3
5131331 0.0036 43.0 1162 | 0.3 |[0.0299 1.00 0.71 1.74 30.00 251
5/12/1992 0.0056 83.0 1.414 | 03 [0.0299 0.80 064 103 3160 309
5/28/1391 0.0048 1040 | 1538 | 0.3 |0.0299 070 053 1.10 3320 338
£/6/1991 0.0011 240 0890 | 03 j0.0299 1.10 074 1.45 2780 1.89
6/9/1994 0.0015 390 1.067 | 0.3 [0.0299 1.00 0.71 1.29 21.50 229
5/5/1994 0.0030 420 1.087 | 03 |0.0298 0.90 0.70 1.23 16.30 236
57211994 0.0010 36.0 1.036 | 03 |0.0299 0.70 052 035 18.00 222
4181994 0.0023 250 | 0904 | 03 |0.0299 1.00 0.72 1.33 16.30 192
412/1991 0.0003 120 | 0687 | 03 |0.0299 1.30 079 292 21.00 143
472011393 0.0064 220 | 0862 | 0.3 |0.0299 1.00 079 1.32 20.50 182
5/12/1893 00197 1120 | 1582 | 03 |0.0299 1.18 0.79 1.42 2120 349
42711993 00043 260 | 0917 | 03 |0.0299 080 062 0.92 24.00 1.95
8/14/1994 0.0013 348 1.814 | 0.3 {0.0299 1.30 1.03 177 18.20 217
5/3/1994 00444 1180 | 1613 | 0.3 |0.0299 1.30 0.97 1.78 21.70 356
512411994 0.0025 56.0 1.221 | 0.3 10.0293 1.20 0.83 155 21.30 265
57251934 0.0062 €10 1.261 | 0.3 {0.0293 1.40 1.07 1.86 21.40 274
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Table C.31. Data from Boise River near Twin Springs, ID

. . Helley
Date ns (tons/day ) Q) | hif) | hne ) Slope "'ed';;"(:ﬁ;"' "'j;‘;"(;:‘l;“‘ Srr;:'t'h "_:)iﬁﬁ W ify V(’;";;’"
5797194 REE 15500 | 2468 03 e 762 51 080 [ 7100 | 408
561994 00568 13700 | 2023 03 0.0038 078 050 100 |0s7| 0w
412501994 0.1798 17600 | 2324 03 00038 068 052 088 | 17459 | 043
503111994 01372 17900 | 2346 03 00038 099 074 126 | 17487 | 043
677/1994 00872 13108 | 2011 03 00038 114 088 140 | 17am | 37
5/1/1995 03582 25000 | 2823 03 00038 146 116 184 |18038| D49
5141984 03413 24700 | 2804 03 0.0038 066 054 080 | 18018 | 049
5/5/1994 0.0350 13700 | 2023 03 0008 113 085 1% | 17057 | 03
5/16/1994 51376 19000 | 2425 03 D038 071 057 089 | 17584 | 044
5/1411994 0.3263 700 | 2804 03 0.0038 065 062 080 | 18018 | 049
41251954 00945 17600 | 2324 03 D008 065 051 081 | 17453 | 043
B/16/1995 14152 43900 | 3856 03 00038 .03 075 138 | 19008 | 06O
51211994 0.0390 13000 | 1965 0.3 0.0038 070 057 088 | 16974 | 039
572511995 12211 43700 | 3846 03 00038 108 080 140 1300 | o059
5/3111994 0.0795 17900 | 2346 03 00038 069 052 0g | i | o043
512211995 0.2770 20200 | 3076 03 00038 072 056 0m | 18301 | 082
511995 02145 25000 | 2823 0.3 0.0038 091 071 118 | 18038 | 0.9
5/91994 03384 2700 | 267 03 00038 067 054 100 |17877| o4
512211995 0.2585 29200 | 3076 03 00038 075 059 05 |1301 | 052
4/25/1994 0.1527 1940.0 2453 0.3 0.0038 061 0.50 074 176.18 0.45
511611984 0.0957 1900.0 | 2425 03 0008 064 053 078 |17584 o4
6131994 0.0182 1900 | 1871 03 00038 066 054 0% | 18835 038
5151995 02935 32200 | 3248 03 0.0038 081 053 106 | 18468 | 053
£/9/1935 07231 B0 | 3465 03 00038 085 061 120 | 18870 | 0%
412501994 0.1169 19400 | 2.453 03 0.0038 057 057 075 | 7618 | 045
512611904 00488 17700 | 2331 03 5 om8 078 059 104 | 17468 | 043
5191994 o217 15500 | 2.468 03 0.0038 067 050 oe |17100]| 408
51231994 0.0234 13600 | 2015 03 0.0038 087 054 02 | 17045 | 03
51161995 0.2458 32200 | 3248 03 50038 078 063 0% |18468 | 053
5/411995 0.1644 7300 | 2954 03 00038 077 063 095 | 18187 | 0S50
612911995 0.5991 0600 | 3632 03 00038 079 063 100 |86z | 058
61261995 12768 16500 | 3.981 0.3 D.0m8 071 056 oe0 |19110 | 081
5/25/1995 0689 43700 | 3845 03 0.0038 077 061 0s8 |10 | 059
51211995 2.1480 57100 | 4.480 03 0.0038 0 068 106 | 19478 | 065
681995 0.9942 00 | 3621 0.3 0.0038 098 0.73 124 | weage | 087
£/4/1995 01534 7300 | 2954 03 00038 076 063 Us2 | 1818 | 050
6/29/1995 0.5355 40400 | 3.682 0.3 0.0038 0.71 057 0.89 188.62 0.58
61261905 11355 45500 | 3981 03 oo 065 051 0E2 | 19110 | 051
5/29/1995 455D 5390.0 | 4538 03 0.0038 061 0a 078 |19535 | 066
5/30/1995 10006 48600 | 4079 03 0.0038 073 056 094 19183 | Qg2
51711997 153140 103000 | 6.135 03 D038 0.90 072 13 |20 | 795
512211995 1.1000 50800 | 4358 03 00038 082 065 108|190 | 62
5/1/1995 06529 43000 | 3656 03 0,008 070 05 086 | 19008 | 060
51011995 7,233 81500 | 5.043 03 n.0038 17.58 D68 w07 |20 | 7.18
573011995 0.6954 28500 | 4079 0.3 0.0038 069 066 121|198 | 082
£13/1995 06667 5400 | 4022 03 0008 088 053 o8l |18600 | 607
§18/1995 09141 42500 | 3890 03 0.0038 076 053 897 | 19036 | 080
512611994 D038 17700 | 2331 03 50038 074 056 097 | 174e8| 043
6721995 16480 57100 | 4.480 0.3 0.0038 076 061 09 | 19478 | 066
67711994 00168 13100 | 2011 03 0.0038 062 054 p8s | am| 371
51811995 08458 41500 | 3690 03 0.0038 078 061 D98 | 19036 | 060
512/1994 0305 9100 | 3070 03 0.0038 059 053 073 |18295 | o082
5131994 00099 1e0o | 1871 0.3 00038 047 068 063 | 15835 | 038
5891994 0,159 22700 | 2676 0.3 0.0038 987 us7 0% | 17877 | 0w
5811995 07124 2200 | 3621 03 G o038 085 067 111 | 1es0s | os7
41811994 03415 17200 | 2294 03 0.0038 0.45 067 vss |12 | 03
5221905 0.8358 50800 | 4358 03 0.0038 072 056 0% |10 | 627
5191995 05484 15400 | 4022 03 0.0038 065 052 081 | 18500 | 607
6/31994 0.0187 16400 | 2235 0.3 0.0038 058 060 074 | 17345 | 042
67311994 0.0182 16400 | 223 0.3 0.0038 053 062 077 | 17345 | 042
B/9/1995 03642 3/00 | 3265 03 0.0038 066 052 ost | 18670 | 0%6
5/29/199 3.0049 58900 | 45% 03 0.0038 061 0.49 077 | 19535 | 086
5121994 00125 13000 | 1965 03 0.0038 054 059 o71 | 16974 | 039
5151995 15908 63600 | 4735 03 0.0038 066 054 08l | 19675 | 068
51701997 9.1787 10300.0 | 6.1% 03 0.0038 083 058 108 |207.00| 7.95
51211994 02219 100 | 3070 03 0.0033 051 061 066 | 18285 | 052
B/5/1995 1.4943 BI00 | 4735 03 0.0038 069 085 087 | 19%75 | 068
6141995 12631 B2200 | 4677 03 0.0038 063 054 D35 | 19634 | 067
57231994 0.0128 YI60.0 | 2015 03 0.0038 065 050 0E3 | 17045 | 039
412111994 0.1517 2300 | 283 03 0.0033 052 062 075 [17800 | 465
61011996 2 %621 81500 | 5049 03 0.0038 059 045 De0 | 20800 | 718
6/4/1995 05316 E2200 | 4677 03 0.0038 070 054 091 | 19534 | 067
41181994 0.1246 17200 | 2234 03 00038 042 070 08 | 1742 043
B/5/1996 16864 75200 | 5.195 03 0.0038 0.45 0w 059 |19984 | 072
412111994 0.0910 2300 | 2837 03 00038 045 0es 053 |17800 | 465
B/5/1905 11850 75200 | 5195 03 0.0038 051 5.4 075 |19384 | 072
572211996 07908 SEE00 | 4361 03 0.0038 048 0.3 076 |19100 | 663
572211996 0.4916 SEB00 | 4361 03 1.0038 056 068 so0 19100 | 663
5/15/1906 D.8571 95300 | 6010 03 0.0038 0.45 069 06 |2ms00| 781
5/15/1996 05424 35300 | 6.010 03 D.0038 041 074 051 |2m0 | 7mt
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Table C.32. Data from Dollar Creek, ID

" Helley
Date s (tons/day-f) Q) | h( | hos () Slope "‘ﬂ;ﬁiﬁ;‘" "';';;Y(:x;'" Sn;:;hmu;ss W () V('f"v‘;)a"
5411592 03550 7140 [ 1110 73 00146 70 % 230 | %00 | 341
5022/1990 0.0234 670 | 0958 03 00145 1,40 101 200 | %00 | 25
472311990 8.1100 1590 | 1217 03 0.0146 120 086 160 | 2500 | 408
6/16/1993 0.0640 1040 | 1082 03 20146 170 122 23 | 2500 | 324
472711950 00552 970 | 1062 03 0.0146 190 133 271 | 2500 | 312
47190 02148 1360 | 1.186 03 00146 1860 119 225 | 2500 | 375
512/1993 0.0856 1330 | 1159 03 00146 0.70 053 101 | 600 | 371
5611993 0.0564 800 | 0534 03 00146 080 066 112 | 2600 | 218
511990 9,018 610 | 093 03 00145 1.20 087 177 | B0 | 243
41201992 0.0299 290 | 0925 03 00145 110 077 138 | 00 | 239
512/1990 0.0764 520 | 0gm 03 00145 120 082 189 | 2500 | 245
41271990 0.0526 820 | 1013 03 00146 130 091 177 | 2600 | 285
513/1991 0.0290 530 | 0898 03 0.0146 140 105 188 | 2500 | 225
4711992 0.0344 180 | 0819 03 0.0146 140 1.11 189 | 2600 | 7188
B1/1993 0.23% 250 | 1340 03 0.0146 170 122 2% | 250 | 493
5/17/1994 0.035 850 | 0950 03 0.0146 1.90 141 253 | 2500 | 262
B/1E/1993 0.0317 1040 | 1082 03 0.0146 180 128 249 | 2500 | 324
41471992 0.0253 %0 | 0ei2 03 0.0146 0.0 0.48 080 | 2500 | 232
£/1471991 00203 60 | 0912 03 00146 0.0 0564 100 | 2800 | 2%
5/9/1993 0.0940 1390 | 1173 03 00146 1,60 117 225 | 00 | 380
5161991 0.083 800 | 1.007 03 0.0145 130 097 18 | 200 | 282
57281992 0.0086 30 | 0801 03 0.0145 100 072 13 | 2500 | 180
5221991 03892 1500 | 1.1 03 0.0146 150 102 22 | 0 | 3%
11411991 0.0023 160 | 0648 g3 0.0148 1.00 071 133 | 2600 | 118
561991 0.013% 70 | 0813 03 00145 140 1.02 195 | 2m | tes
5/29/1950 0.0728 1060 | 1088 03 00145 200 1.26 2% | 5m | 3w
4129/1991 0.0032 20 | 0713 03 00146 80 062 106 | 500 | 143
41371990 00138 £9.0 | 1.042 03 00146 0.90 089 128 | 300 | 182
4271993 0.0085 %0 | 0737 03 00148 130 096 173 | 0 | 153
49/19%0 0.0200 510 | osss 03 00148 100 078 132 | om0 | 221
5/9/1994 0.0828 1360 | 1.188 03 00146 130 897 182 | »m | 375
4271992 0.0238 70 | pom 03 00148 070 055 oo | o | 27
51261991 00382 1310 | 1156 33 0.0146 100 073 144 | 2% | 368
514/1994 0.0071 550 | 0907 03 00146 090 065 121 | 60| 230
B/151993 00224 1080 | 1088 03 00146 100 071 140 | 8 | 3%
511411932 00107 760 | 0859 03 0.0146 090 067 130 | 3410 | 278
Y2191 0.0065 30 | 0801 03 00146 100 071 139 | 2500 | 160
50261382 0.0080 B0 |08 03 00145 120 091 156 | 8m | 19
4/23/1992 0.0065 540 0.903 0.3 0.0146 1.10 0.74 150 25100 2.28
5191984 0.0148 520 | 0893 03 0.0146 110 084 128 | 50 | 223
5211992 00078 540 | 0.903 03 00146 120 0e8 162 | Bm | 2
5/6/1992 002% 1330 | 1173 03 00146 140 098 20 | % | 380
42601992 00732 80 | 103 03 00145 130 052 185 | 25m | 29
52501983 0.0972 210 | 1334 03 00146 200 145 270 | m | 488
5/5/1994 0.0084 620 | 09m 03 00146 1.20 088 162 | 500 | 245
5121991 00053 670 | o915 03 00146 080 061 125 | 250 | 264
51251994 0.0024 50 | 0858 a3 20146 120 078 199 | ®sm | 208
512371994 0.0096 520 | 0es 03 00146 110 077 141 | sm | 22
4201993 0.0009 170 | ness 03 50145 050 0.43 071 | Bm | 12
51971991 00334 oo | 1007 03 00148 1.0 071 140 | sm | 2e
57231991 0.0791 196.0 1.274 063 0.0145 1.30 0.88 176 36.00 335
429111954 0.0102 850 1.024 0.3 0.0146 1.00 068 1.48 25.00 23
3811992 0.0009 280 | 0753 03 00145 060 043 079 | 2500 | 180
5111992 0.0205 80 | 103 03 00148 080 052 11 | 200 | 29
5171934 0.0059 850 | 0950 03 0.0%4E 1.00 073 17 | wm | 2
51181992 00121 820 | 0938 03 00145 080 06D 112 | o | 245
51271992 0.0128 740 | 0985 03 0.0145 870 055 088 | 2sm | 270
41911934 0.0082 50 | 0916 03 00145 110 076 145 | 2500 | 23
5111994 0.0261 1220 | 113 83 00145 110 072 150 | 2500 | 384
5201991 0.0485 %0 | 1059 03 00148 090 059 132 | 0 | 311
5811994 0.0057 520 | 0893 03 00146 1.00 071 132 | 0| 223
5/18/1994 0.0042 520 | 0893 03 00145 0.8 0.56 108 | 00 | 22
51971994 0.0 520 | 089 03 00148 110 079 154 | 2800 | 223
a9 0.0003 150 | 062 03 00145 1,00 063 166 | 00 | 112
§12/1994 00012 80 | o874 03 00146 0.7 052 om2 | 5m | 214
572411984 0.0025 500 | oes4 03 00146 080 063 10 | 50 | 218
431990 00027 70 | 0869 03 00146 180 1.09 261 | oo | 211
6/9/1994 0.0005 20 | 0753 03 00146 120 075 201 | 2500 | 180
4N71991 0.0006 140 | 0e2l 03 00146 1.20 085 188 | m | 110
67211994 0.0007 10 | o788 03 00146 070 0.49 100 |00 | 207
55/1991 00382 1050 | 1007 03 0.0145 120 078 206 | 2500 | 333
5171991 0.0007 240 | 0721 03 00146 050 041 0es | o0 | 1w
4771994 0.0002 50 | 0633 03 00145 1.40 0.9 198 | 00 | 114
511011994 0.0032 160.0 | 1220 03 00145 060 0.42 076 | 200 | 410
B/14/1994 0.0002 20 | 0704 03 0.0145 080 051 107 | 2500 | 14n
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Table C.33. Data from Fourth of July Creek, ID

Helley

Date hs (tons/day £y Qs | b hins () Slope ”‘;';;V(:"r:;"‘ "‘:;g"(:"r:;"' Sn; ih (:ss W ) V(:,':;’"
TG0 515% 515 | 1200 73 00238 71 W 114 | 2700 | 264
52011935 01229 788 | 1290 03 00238 128 088 1o | 2380 | 248
6/5/1994 0.0123 245 | 085 03 0.0233 085 ) 123 | 2070 | 138
681905 0.0507 517 | 1120 93 0.0238 099 076 130 | 23| 218
5/9/1905 0.0274 62 | 1080 03 0.0238 085 088 o8t | 210 | 184
5/25/1995 0.0035 182 | 0740 03 00238 g7 049 0e7 | 2070 | 119
52011995 00737 788 | 1290 03 0.0238 158 109 219 | 2380 | 248
591995 00221 %2 | 1080 03 00238 118 0.9 146 | 210 | 184
B/7/1995 0.0590 616 1.130 03 0.0238 213 1.45 3.10 229 23
5151995 01415 928 | 1350 03 0028 090 g7 12 | 2380 | 289
5/23/1995 0.0031 16.7 0710 03 00238 n74 0.48 120 2060 1.15
B/12/1994 Dgp17 123 | 1280 03 00238 074 063 088 | 2120 | 08e
5251994 00033 54 | 08w 03 00238 085 o047 111 | ws0 | 127
61441995 00797 83 | 1120 03 00238 139 088 274 | Be0 | 249
B/5/1995 00498 758 | 1110 03 00238 13 081 266 | 2550 | 265
B/6/1995 00494 758 | 1110 03 00238 130 0% 18 | 2550 | 285
611541995 0.0915 928 | 1380 03 00238 30 068 127 | 380 | 288
512711985 0.3741 1770 | 1460 03 00238 311 159 0% | 780 | 3%
75511995 00315 345 | 1280 03 0.0238 123 074 2a | 2700 | 264
51711994 00027 247 | 080 03 0.0238 0564 0.50 0g8 | 2070 | 123
551995 00201 840 | 1220 03 00238 101 0.68 150 | 2360 | 248
51201994 00010 185 | 0780 03 00238 116 087 165 | 2030 | 12
5281935 00012 182 | 0740 03 00238 052 0.43 0g0 | 2070 | 119
57261994 0008 24 | 0840 03 00238 055 0.43 0gs | 280 | 127
5/8/1905 00143 517 | 1120 03 0.0238 061 0.49 078 | 230 | 218
651995 0.0614 840 | 1220 03 00238 0.99 0.55 161 | 2360 | 248
812711935 0.2085 1770 | 1480 03 00238 186 110 39 |78 | 3%
572311995 0.0803 100 | 1420 03 00238 1.09 066 193 | 7w | 2m
5771995 0.0165 616 | 1.130 03 0.023 068 by 1m | 2w | 23
512911995 0.0526 100 | 1420 03 0023 088 os7 135 | 77 | 287
BI26N935 03318 1230 | 1430 03 0.0238 238 143 32 |7m| 3
61411995 0.0204 3 | 1120 03 00238 059 047 078 | 260 | 249
612611995 02212 1220 | 1430 03 00238 133 058 2% | 7w | 3w
B/5/1994 00011 245 | 08s0 03 00238 058 0.45 077 | w70 | 138
517811994 0.0003 %7 | oo 03 0028 047 038 061 | 270 | 129
511711994 0.0007 247 0.680 03 00238 057 0.44 076 20.70 123
h/23/1988 0.0004 16.7 0710 63 0.0238 0.45 036 062 206.60 115
5291995 00016 %5 | oem 03 00238 053 042 o6 | 2100 | 139
5/25/1995 0.0956 1230 | 143 03 00238 076 053 197 | 7a0 | 3m
5121994 0.0002 123 | 1280 03 00238 082 0.4 0g0 | 2120 | 088
5101994 0.0002 202 | o7e 03 00238 0m 070 17 | 2w |
6/10/1934 0.0002 %2 | 0780 03 0.0238 065 047 oss | w70 | 17
5291195 0.0007 %6 | 0850 03 00238 055 044 076 | 2100 | 139
57281984 0.0003 %7 | 0% 03 0.0238 0.45 037 057 | 070 | 129
5/151995 £.0001 80 | o570 03 0.0238 038 0w pat | w70 | o073
52311994 5.0002 190 | 0720 03 00238 042 0.39 053 | 03 | 111
551984 0.0001 190 | 0750 03 00238 0.39 055 pas | 2030 |
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Table C.34. Data from Hawley Creek, ID

. . Helley
Date hs {tons/day.f9) Q (cfs) | h(f) hns (fY) Siope H'::;;y(:l:;'h H(;lé;y(:‘:;th Sn;'i;l':“t;SS W (f9 V(':/z;l n
3/291990 0.0521 98 0.497 0.3 0.0203 096 27.00 60.00 1450 1.36
5/8/1990 0.0528 208 0633 a3 0.0203 2.16 27.00 60.00 17.80 1.85
4/12/1990 0.0375 16.0 0.583 0.3 0.0203 1.39 2700 60.00 16.90 162
4/23/1990 D 0425 172 0.612 03 0.0203 1.05 2700 60.00 17.00 165
4/25/1994 0.0700 235 0.600 03 0.0203 251 27 00 60.00 18.00 218
5/3/1990 0.0251 17.8 0630 03 0.0203 115 27.00 60.00 16.00 1.77
4/28/1934 0.0523 213 0638 03 0.0203 1.82 27.00 60.00 16.50 202
411711980 0.0484 18.0 0.627 03 0.0203 1.31 27.00 60.00 17.00 179
47641990 0.0481 17.4 0.583 a3 0.0203 1.12 27.00 60.00 17.50 1.71
51111992 0.0585 215 0.640 03 0.0203 1.04 27.00 60.00 17.10 197
5/5/1934 0.0205 200 0.586 03 0.0203 1.51 27.00 60.00 17.30 1.98
6/111996 0.0709 408 0.783 03 0.0203 1.36 27.00 60.00 19.90 262
6211994 0.0127 16.5 0.550 03 0.0203 113 27.00 60.00 16.50 182
6/241996 0.0573 294 0.718 03 0.0203 1.42 27.00 60.00 13.20 213
5/2/1994 0.0183 203 0.586 03 0.0203 220 27.00 60.00 17.30 200
472411992 0.0312 209 0.645 03 0.0203 0.88 2700 60.00 17.00 1.91
6/4/1993 0.0354 313 0.702 03 0.0203 1.93 27.00 60.00 18.00 248
5/16/1990 0.0234 210 0.673 03 0.0203 150 2700 60.00 17.00 183
472611995 0.0523 17.8 0592 03 0.0203 0.84 27.00 60.00 17.80 1.69
5/20/1996 0.0291 N5 0716 03 0.0203 1.35 27.00 60.00 19.70 223
6/5/1996 0.0655 40.2 0.762 03 ($.0203 1.31 27.00 50.00 20.00 264
10/6/1994 0.0045 138 0.553 03 0.0203 1.01 27.00 60.00 18.20 1.38
4/18/1984 0.0288 220 0.617 03 0.0203 1.63 27.00 50.00 17.20 207
44201994 0.0334 233 0.589 03 00203 1.78 27.00 50.00 17.80 222
5/18/1994 0.0182 229 0.602 03 0.0203 1.77 27 00 50.00 18.10 210
7/3/19%6 00179 230 0673 03 0.0203 113 2700 60.08 18.20 1.88
5/28/1996 0.0247 357 0720 03 00203 126 27.00 60.00 20.00 248
5/4/1933 0.0187 18.7 0.597 03 0.0203 0.87 27.00 50.00 17.80 185
5/23/1994 00113 203 0.592 03 0.0203 1.38 27.00 60.00 17.00 202
71111996 0.0242 257 0711 03 0.0203 1.38 27.00 60.00 18.10 1.99
511211994 0.0118 203 0.601 03 0.0203 2.05 27.00 50.00 17.00 1.99
471111984 0.0083 17.1 0.558 03 0.0203 0.48 27.00 60.00 16.60 188
511641994 0.0098 210 0.615 03 0.0203 1.60 27.00 60.00 17.20 199
5/4/19%5 0.0155 17.9 0.593 03 0.0203 0.86 27.00 60.00 17.80 1869
51411992 0.0290 185 0.599 03 0.0203 091 27.00 €0.00 16.90 1.83
5/3/1994 0.0114 205 0.595 03 0.0203 1.38 27.00 50.00 17.20 2.00
6/131394 0.0066 18.8 0.571 03 0.0203 1.19 27.00 50.00 16.80 1.96
5/2311995 0.0692 46.3 0.782 0.3 0.0203 193 27.00 60.00 2210 268
5/18/1992 00192 17.4 0596 03 0.0203 138 27.00 60.00 16.80 173
42111993 00066 138 0508 03 0.0203 0.78 27.00 60.00 16.50 165
5/26/1993 0.0335 375 0.710 03 0.0203 0.93 27.00 60.00 19.20 275
71111994 0.0029 155 0537 0.3 0.0203 0.78 27.00 60.00 16.70 173
67131994 0.0053 18.8 0.571 03 0.0203 1.78 27.00 50.00 16.80 196
5171993 0.0852 449 0.746 03 0.0203 192 27.00 60.00 19.50 3.09
5/3/1995 0.0167 237 0.620 03 0.0203 1.00 27.00 60.00 19.10 200
5/12/1993 0.0187 5.4 0.662 03 0.0203 0.85 27.00 60.00 18.40 209
5/26/1934 0.0046 189 0.5%9 03 0.0203 152 27.00 £0.00 16.80 1.97
711941935 0.0167 406 0770 03 0.0203 451 27.00 60.00 20.30 2.60
8/2/1934 0.0019 14.8 0529 0.3 0.0203 1.80 27.00 60.00 16.60 168
6/17/1996 0.0292 322 0.703 0.3 00203 1.43 27.00 60.00 19.50 235
5/10/1994 0.0032 18.5 0.586 0.3 0.0203 261 27.00 60.00 16.70 1.88
6/29/1995 0.0195 650 0.890 0.3 0.0203 3.69 27.00 60.00 23.00 318
772011994 0.0021 13.2 0521 0.3 0.0203 0.89 27.00 60.00 15.70 162
7/541995 0.0137 56.8 0865 03 D 0203 1.71 27.00 £0.00 2250 292
77711994 0.0013 155 0.537 03 00203 0.77 27.00 60.00 16.70 173
541741395 0.0222 359 0.701 0.3 0 0203 1.19 27.00 €0.00 20.20 254
B/2/1994 0.0069 204 0.582 03 0.0203 1.3 27.00 60.00 17.30 203
B/20/1995 0.0226 816 0917 03 0.0203 1.75 27.00 60.00 2530 352
10/6/1994 0.0008 139 0.553 03 0.0203 1.03 27.00 60.00 18.20 1.38
10/3/1995 0.0084 26.6 0.681 03 0.0203 1.16 27.00 60.00 19.20 203
5/26/1994 0.0026 199 0.593 03 0.0203 1.47 27.00 60.00 16.80 197
6/2111994 0.0016 16.5 0.550 03 0.0203 1.48 27.00 60.00 16.50 182
6/28/1994 0.0054 15.1 0.549 03 0.0203 1.09 27.00 60.00 16.00 172
B8/2/1994 0.0010 14.8 0529 03 0.0203 1.48 27.00 60.00 16.60 168
6/29/1994 0.0051 15.1 0.549 03 0.0203 124 27.00 60.00 16.00 172
5/6/1994 0.0017 18.3 0575 03 0.0203 1.52 27.00 60.00 16.70 1.90
6/2/1994 0.0033 204 0582 03 00203 153 27.00 60.00 17.30 203
6/5/1994 00014 18.3 0.575 03 0.0203 1.90 27.00 60.00 16.70 190
6/8/1995 0.0223 839.0 0.948 03 0.0203 155 27.00 6000 2500 3.76
5/1/1935 0.0812 509 0.8139 03 00203 0.68 27.00 60.00 2340 317
7/20/1994 0.0004 132 0521 03 0.0203 1.00 27.00 60.00 15.70 162
4/25/1996 0.0011 20.2 0.665 03 0.0203 0.61 27.00 60.00 17.50 173
6/13/1995 0.0135 946 0.988 03 0.0203 1.26 27.00 60.00 2570 3.72
6/10/1994 0.0005 185 0.585 03 0.0203 0.84 27.00 60.00 16.70 1.88
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Table C.35. Data from Herd Creek, 1D

Helley

Date ans (tonsiday.f) Q@) | hify hrne () Slope Hz';;y(:]':';lh "‘;';;"(;’:l;"‘ Srr(nj:.l:deS W 0 V(gl‘g'"
TEEAGA 0.0000 T1 [ 060 73 50173 i) ) 28 | BH | 6
52511984 0.0043 11 | 0sd 03 00113 0.40 049 0 | %5 | 185
#/8/1994 0.0008 315 | 060 03 00113 070 051 nee | 2709 | 171
551994 0.000 5 | 660 03 00113 070 05 nes | 7o | 17
61211994 0.0034 73 |oem 03 00113 0.70 0.55 107 |58 | 178
B/1211994 0.0005 73 | oem 03 00113 140 1,00 179 | 55 | 178
42711995 Qoo 196 | 0550 03 00113 050 05 061 | 2526 | 13
4271995 0.0004 196 | 0550 03 20113 050 059 og2 | 2% | 139
51411995 0.0003 29 | 0510 03 00113 110 070 12 | %6 | 14
5/4/1995 00041 29 | o610 03 00113 150 103 195 | 2518 | 147
5/5/1995 0.0033 234 | 0600 03 00113 0.70 052 099 | 2490 | 160
581995 0.0015 31 | os70 03 00113 140 0.94 206 | %58 | 1er
5/3/1995 0.0203 101 | o6 03 00113 200 115 388 | %58 | 1&7
51171995 0.0075 14 | o7 03 00113 130 088 206 | B9 | 2w
5111095 ous se | o7 03 0133 130 oe8 25 | 2881 | 2om
51411985 00053 13 | 0710 03 00113 110 070 152 | 2581 | 202
5/1411995 0.0078 13 | 0710 03 00113 070 050 102 | 581 | 202
51711995 0.0055 %3 | D9 03 00113 110 062 177 | %50 | 22
51711995 0.0415 53 | 090 03 00113 070 08 1he | w80 | 228
51911995 n.0194 746 | 103 03 00113 0.60 053 0o | 65 | 290
51611995 0.0372 746 | 1080 03 00113 0.50 05 0Bt | 65 | 290
572211995 00339 %5 | 1120 03 0013 200 1m0 519 | %90 | 317
52211995 0.2476 996 | 1120 03 90113 180 103 405 | 2% | 317
52411955 0.1944 %6 | 110 03 00113 210 124 377 | %% | 278
52411955 01639 916 | 1100 03 00113 120 083 180 | mew | 276
561995 01520 926 | 102 93 00113 130 091 212 | 690 | 28
5061955 5.0881 926 | 10 03 00113 13 081 241 | %o | 27
57911995 0.0533 854 | 1.090 03 00113 2: 118 s | e | 277
572911995 0.0989 854 | 1000 03 0o113 20 128 318 | %9 | 277
651995 01717 270 | 1780 03 00113 550 267 832 | 3093 | 480
B/E/1995 15072 870 | 1780 03 00113 450 240 874 | 3093 | 480
B/6/1995 19463 2870 | 1780 03 0.0113 0.90 062 147 | 193 | 480
5/9/1995 03551 1820 | 1530 03 00113 230 157 3% | 2985 | 432
6/2/1995 52787 1820 | 1530 03 00113 2.40 127 393 | 285 | 4%
6/1211995 0.1755 2410 1.740 0.3 00113 570 253 11.65 30.08 4.52
B/221195 14398 2090 | 1700 03 00113 380 2m 778 | 101 | 44
B/22/1996 0.7364 208.0 1.700 03 0.0113 780 492 12.16 30.01 444
612211995 15262 2030 | 1700 03 00113 978 561 1384 | 3001 | 444
5251995 18415 230 | 1500 03 00113 170 105 274 | 044 | 485
5251195 0732 230 | 1590 03 00113 300 180 523 | 3044 | 4g5
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Table C.36. Data from

Johnson Creek, ID

Helley

Date s (tons/day ) Qicls) | hey fns () Slope | Meliey Smith | Heley Smith o ith ds5| Wy | Ymean
(mm) d35 (mm) (ft's)
(mm)
VTR 5010 %20 | 178 3 0.0040 ] EE) 081 | 5594 | 244
4191934 0.0012 320 | 1739 03 00040 065 0.45 095 | 8594 | 244
472011994 00044 5160 | 2217 03 0.0040 052 0.40 063 | 731 | 346
4201994 00040 5160 | 2217 03 0.0040 055 0.42 071 | &7 | 348
41281994 0.0006 300 | 179 03 0.0040 074 058 Do4 | BB | 28
41281994 00002 300 | 1798 03 0.0040 084 085 108 | @2 | 254
472911994 00002 30 | 1787 03 0.0040 065 0.49 08 | 8616 | 253
472911994 0.0007 3o | 1787 03 0.0040 079 n&D 106 | 816 | 283
5631994 00022 1560 | 1918 03 £.0040 085 065 114 | e7e | 27
5311994 0.0015 4560 | 1918 03 0.0040 073 059 nse | esra | 277
51411994 0.0003 5320 | 2244 03 0.0040 077 058 104 | o763 | ast
51411994 00017 5320 | 2244 03 0.0040 108 074 145 | e783 | 351
6101994 00178 11500 | 3060 03 0.0040 108 078 165 | 7827 | 183
51011934 0.0098 1500 | 3060 03 0.0040 065 065 T |7 | sm
571111994 00177 12700 | 3184 03 0.0040 09 073 126 | 708 | 518
51111994 0.0360 12700 3.184 03 0.0040 1.21 092 154 77 .46 516
5/15/1994 0.0142 897 0 2.768 03 0.0040 1.20 0.89 1567 73.37 442
5/15/1994 0.0018 /9740 2768 03 0.0040 122 089 164 7337 442
5/17/1994 0.0036 7880 2628 03 0.0040 085 063 1.27 71.90 4.18
5/17/1994 0.0042 7880 | 268 03 00040 069 055 oEr | 710 | 418
5/18/1994 0.0021 6920 | 2485 03 00040 091 065 123 | 7046 | 3%a
51811994 00065 920 | 2495 03 0.0040 135 112 162 | 7046 | 384
572411994 0.0007 220 | 1419 03 00840 093 068 122 {843 | s
5/24/1994 00013 2240 1.419 03 00040 1.06 0.78 134 B84.31 1.89
512511994 0.0030 g20 | 2673 03 00040 088 0.66 117 | 7238 | 428
5/25/1994 0.0032 8220 2673 03 0.0040 1.14 0.81 1.58 7238 4.25
6/1/1994 0.0051 8490 2792 03 0.0040 1.10 079 1.42 72.00 410
6/1/1994 0.0040 849.0 2792 03 00040 030 069 1.20 72.00 4.10
57211934 00015 7130 | 262 03 0.0040 106 073 1. | 7079 | 308
67211994 2.0048 730 | 26% 03 00040 108 0.80 142 | 7079 | 3oe
£/8/1994 0.0003 830 | 1966 03 00040 062 0.45 084 | 8694 | 285
£/8/1994 0.0002 830 | 1965 03 00040 45 172 543 | 694 | 285
5/141994 0.0002 4200 | 1852 03 0.0040 07 055 112 | sea5 | 268
5/14/1994 00002 200 | 1852 03 0.0040 100 71 130 | 8645 | 266
5211995 0.0002 220 | 185 03 00040 077 0.8 100 | 8847 | 265
5211995 00011 1220 | 1855 03 0.0040 075 08 101 | eea7 | 265
5/3/1995 0.0011 4580 | 1921 03 0.0040 074 059 001 |esrs | 277
5731995 0.0008 4580 | 1.921 03 00040 082 062 111 | esrs | 277
5/3/1995 0.0079 8510 | 2711 03 0.0040 101 075 13 | | 1
591995 00083 8510 | 2711 03 0.0040 08 063 1@ | 2| am
5101995 oorie 940 | 2614 03 0.0040 105 077 138 | 7383 | 420
5/10/1995 0.0104 9340 2814 0.3 0.0040 B.78 0.50 1.01 73.83 450
5/16/1995 0.0255 12200 3133 03 0.0040 103 074 1.44 76.98 507
5/16/1995 06222 12200 | 3133 03 0.0040 n8s 085 112 | e, | so
51711995 00542 12500 | 3258 03 0.0040 0g3 0.9 122 | 79w | sa
51171995 0.0510 1450 0 3.358 03 0.0040 1.02 0.76 136 79.08 547
5231995 0.0752 18700 | 3720 03 0.0040 122 0.9 164 | 8228 | B2
52311995 0.0874 18700 | 3720 03 0.0040 143 142 183 | 8228 | B2
5241995 0.1380 19200 | 3760 03 0.0040 351 173 BE2 | 8252 | 619
572411935 0.0690 19200 | 3760 03 0.0040 1.43 108 183 | m262 | 619
573111995 00598 21400 | 2058 03 0.0040 131 101 170 |ssm | ser
53111995 00885 21400 | 4089 03 00040 121 ge2 154 | 8sm0 | ser
5/1/1995 00882 21900 | 3964 03 0.0040 237 144 484 | 843 | 5%
6/1/1995 0.0921 21900 | 394 03 00040 1% 0% 166 | 8433 | 658
57311995 02515 28700 | am9 03 0.0040 123 0.6 175 | s | 7m
57311995 02797 20700 | 4419 03 00040 134 0.9 182 |ew | 73
6/6/1995 0.0640 21700 | 3949 03 00040 114 085 148 |4 | 653
6/6/1995 0.0553 21700 | 3949 03 0.0040 145 108 195 | 842 | 653
6/7/1995 0.0148 17300 | 3506 03 0.0040 1,00 073 138 | e1» ] 59
5/7/1995 50385 17300 | 3606 03 0.0040 102 075 13 et | 59
641511995 01263 18800 | 3728 03 0.0040 165 129 217 | @3 | 613
6/15/1995 00703 18800 | 3728 03 0.0040 133 108 168 | 23| 613
§/2011995 30135 14400 | 3200 03 0.0040 152 109 22 | ew | s
§/2011995 0.0102 14400 | 3200 03 0.0040 104 0.77 1% | eoo0 | 588
6/21/1995 00173 13400 | 3254 03 £.0040 131 099 173 {7811 ] &%
512111995 0.0140 13400 | 3254 03 0.0040 122 094 150 |78 ] 5
BI2711995 0029 16600 | 3625 03 0.0040 179 129 3w | B | 5%
52741995 0.0393 16500 | 3625 03 0.0040 131 102 168 | BO.OD | 556
512811995 00192 16000 | 3.494 03 0.0040 121 090 189 |3 | sn
B/28/1995 0.0192 16000 | 3.494 03 0.0040 108 079 12 |sxn | sn
5181997 03502 3500 | 4759 03 0.0040 154 121 195 | %053 | am
5181907 0.4253 3500 | 4759 03 0.0040 249 1.58 si2 | oz | sm
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Table C.37. Data from Little Buckhorn Creek

Helley

Date dne (tons/day ol | heg s () Slope “‘;‘;ﬁ”;’;‘;“ "';‘;?(z',:;‘h Sn;::ll':n TGS W i) V(’;,"s)a"
1BNSE0 56078 51 05 53 5.0509 76 ) 0% 1 5% | 177
411611990 00135 9o | 06w 03 0.0509 088 069 18 | 1163 | 32
4191990 0.0041 120 | o788 a3 0.0509 077 061 098 | 1222 | 34
4231990 0.0475 190 | 0959 03 0.0509 134 0.98 183 | 1376 | 62
42411980 0.0385 190 | o9m 03 0.0509 075 059 0% | 1376 | 624
472611950 00562 1o | 087 03 0.0609 141 0% 222 | 1272 | 480
472711950 0.0530 100 | o703 03 0.0509 163 109 23 | 1188 | 328
521990 0019 85 | 0853 03 0.0509 081 065 12 | 2| 2m
521890 0.0075 81 | 0834 03 0.0509 107 078 15 | 1ioa| 286
5141190 0.0080 83 | 0642 03 0.0509 127 093 173 | | 273
5711390 0.0048 120 | 078 03 0.0503 085 051 13 | 122 | 3%
57221990 0.0034 9+ | oes 03 £.0509 077 082 094 | 1147 | 308
5E0N1390 00608 240 | 1074 03 0.0509 145 101 o1 | et | 788
511950 00885 20 | 1007 03 00509 140 108 187 | 12| Bw
651920 0.0897 160 | 083 03 0.0509 158 125 199 | 1318 | 525
4399t 0.0003 24 | 0456 03 0.0509 047 0 061 | 10s0 | os
4581991 0.0090 37 | o 03 00509 097 073 131 | s | 12
4231981 0.0087 32 | 0404 03 0.0509 171 116 2% | 863 | 108
47301991 0.0028 27 | osm2 03 00509 121 088 151 | s: | oeo
581991 0.0770 1o | 07® 03 0.0503 0.70 051 gss | 1185 | 38
591 0035 Mo | ossr 03 00509 088 07 127 | 14m0 | oss
511511981 0.0063 73 | 003 03 0.0509 137 0.9 1es | 1075 | 240
517n831 00095 1o | g7 03 0.0503 1% .90 205 | 1195 | 381
5201391 0.0269 120 | a7es 63 0.0509 119 090 153 | 1222 | 3%
50171591 0023 130 | o798 03 00509 119 086 161 | 1248 | a2
5231991 00150 150 | 1.030 03 0.0509 076 By 0es | 1400 | 112
5261991 00333 110 | os 03 0.0509 157 108 228 | 1272 | 4%0
£29/1991 00157 140 | 087 03 0.0509 1100 075 12 || 4
5501981 goist 140 | 08 03 0.0509 087 065 120 | 1272 | 480
B/4/191 0.0677 180 | 0934 03 0.0509 124 078 215 | 1357 | 591
61171991 oot 180 | 0934 03 0.0509 139 098 195 | 1357 | 59
4711992 30010 41 | 04 03 01509 0w 069 131 | 9% | 13
47141992 0.0354 96 0639 03 0.0509 110 079 157 11,54 315
4/20/1992 00313 120 0.768 03 0.0509 134 1.04 172 1222 394
42211992 00304 120 | o788 03 5.0509 157 113 216 | 1222 | 39
4271992 00517 38 | 06% 03 0.0509 095 067 150 | 1160 | 32
5/411992 0.0505 130 | 0798 03 00503 152 148 2401 | 128 | 1z
5811992 0.0842 150 0.865 0.3 Q0609 134 1.07 168 1295 493
5/11/1992 0.0606 130 0.798 03 0.0609 1.07 0.77 149 12.48 427
5131982 0.0059 120 | o771 03 0.0509 070 054 092 | 1400 | 111
511411982 0.0089 a5 | 0ess 03 5.0509 070 0.5 088 | 11& | 342
5181992 0.0750 130 | o7os 03 0.0509 178 129 247 | 1228 | a2
5201992 00408 140 | oz 03 0.0509 103 079 148 | 1272 | 480
5011992 00133 130 | 0798 03 0.0509 098 072 132 | 1248 | 42
£0EN952 00234 120 |o7es 03 0.0509 101 077 110 | 122 | 304
4211353 0.0084 75 | oe2s 03 0.0509 0.9 073 138 | i0es | 256
42711983 0.0169 83 | 0842 03 0.0509 135 16 168 | | 273
5/6/1993 00134 100 | 0703 03 00509 0% 072 1% | e | 3w
51211993 00218 130 | 0798 03 0.0509 087 066 120 |12 | 4w
5181993 00591 240 | 1074 03 0.0509 133 085 207 | 1281 | 7.08
£2/1993 03365 %0 | 1117 03 00509 147 107 200 | 14m2 | 854
$/15/1933 0.1041 210 1.007 03 00509 161 1.28 2.03 1412 6.90
5/16/1993 00770 18.0 0.959 03 0.0503 168 1.26 231 13.76 6.24
433 0.0040 25 | 039 03 0.0509 075 059 0% | 815 | 0@
4N3/1934 0.0030 62 | oss 03 0.0500 0.9 066 120 |03 | 208
42111984 0.0089 78 | o6 03 0.0509 077 058 103 | 1004 | 2%
541994 0 0006 45 | oam 03 0.0509 087 065 113 | 8s | 15
5511994 0.0004 46 | 042 03 0.0509 080 063 1o | sm | 15
591994 0.0067 120 |07es 03 0.0509 087 064 123 | 22| 3w
5101994 0.0188 130 | a7e8 03 00509 128 094 173 | 2@ | az
51111994 00087 130 | 0798 03 0.0508 104 074 142 | 1248 | a2
5/1711994 o008 95 | 0685 03 00509 0580 053 138 | s | 3
5151994 00022 83 | 0854 03 00509 073 061 1@ || 2@
572311994 0.0014 78 | 0623 03 0.0509 069 055 086 | 1004 | 256
52411994 0.0021 78 | 0623 03 0.0509 099 074 127 | 1094 | 228
5/25/1994 0.0008 94 | 0882 03 0.0509 079 059 19 | nar | 30
572/1994 00154 105 | 0703 03 00509 164 125 Ji8 | 1es | 3s
51211994 00085 0o |c703 03 00509 152 113 206 | 185 | 328
521984 00002 86 | 0es3 03 0.0509 085 0E2 113 x| 2m
5/14/1994 o0m2 59. | n5e7 03 00509 083 047 083 | 1080 | 227
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Table C.38. Data from Little Slate Creek, ID

Helley
Date s (tons/day ) Qel) | hify s () Stope | Mejey Smuh | Helley Smih |g i gos| wigy | VMmoo

(mm) d35 (mm) (mm) (ft's}
e 00270 2340 | 1740 3 0,058 077 071 1% | @78 309
4221984 00927 2360 | 1.740 03 0.078 117 115 255 | 4475 | 309
£126/1994 00077 1510 | 1550 03 0,028 0.48 0.41 070 | 4500 | 217
412811994 0.0084 1510 1 550 6.3 0.02e8 0.53 0.45 078 45.00 217
5411994 0.0055 1430 | 1590 03 0.0268 072 087 124 | aa70 | 210
51411934 0.0037 1430 | 1590 03 0.0268 059 054 050 | 4470 | 210
5//1994 00111 2370 | 1840 03 0.0268 053 0.46 080 | 4430 | 284
5/9/1994 0.0150 2370 | 1840 03 0.0288 071 068 180 | 4430 | 204
512/1984 0.0491 3000 | 1.940 03 0.0268 066 08 144 | 4500 | 358
5121934 00222 3000 | 1940 63 0.0268 050 054 090 | 4500 | 358
516/1994 0.0052 1970 | 167 03 0.0268 056 049 079 | 4500 | 273
5/18/1994 6.0041 197.0 | 1670 03 0.0288 039 035 058 | 4500 | 273
51201994 0.0024 1950 | 1640 03 0.0268 052 0.44 072 | 4430 | 255
51201994 0.0063 1950 | 1640 03 0.0268 069 064 122 | 43| 2%
523/1964 0.0020 1850 | 1580 03 0.028 0.48 048 063 | 4410 | 255
5/23/1994 0.0028 1850 | 1560 03 0.0268 053 045 080 | 40| 25
5/26/1984 0.0031 1950 | 18698 03 0.028 053 0.45 075 | 4267 | 270
51261984 0.0039 1950 | 159 03 0.0268 054 0.47 079 | 4267 | 270
5311994 0.0038 80 | 1540 03 0.0258 0.45 038 062 | 4400 | 251
5131/1994 0.0031 1810 | 150 03 0.028 0.44 037 058 | 4400 | 251
Br2/1984 00083 1820 | 1630 03 0028 066 061 100 | 4400 | 250
67211994 0.0030 1820 | 160 03 0.0268 052 051 101 | aeoo | 250
67711994 00020 1510 | 150 03 0.0268 063 058 097 | 4300 | 228
871994 0.0023 1510 | 153 03 00268 081 082 240 | 4300 | 228
5/10/1994 00007 1280 | 1500 03 0.028 055 050 0s2 | 4300 | 19
6/10/1994 0,000 1280 | 1.500 03 0028 na 038 064 | 4300 | 19
B115/1994 00017 210 | 139 03 0.0268 081 077 145 | 4300 201
61151994 0.0012 1210 | 1.39 03 0.0268 054 0.4 074 | 4300 | 208
61221994 00015 1020 | 1.450 03 0028 08 0.3 an | a2s0 | 187
512211994 00037 1020 | 148 03 0.0268 057 050 0ol | 4280 | 167
7111994 0.0041 740 | 1460 03 0.0%8 063 058 079 | w00 | 134
71171994 00087 740 | 1.460 03 00268 065 060 083 | %0 | 134
8301994 0.0000 87 | 07 03 0.02688 0.42 0.38 074 | 375 | 075
9128/1934 00003 187 | 0810 03 0.0268 074 059 12 | 350 | oes
107261984 0.0008 27 | 0510 03 0.0268 075 069 122 | s | o073
312911995 00149 536 | 1040 03 0.0268 070 064 118 | 3600 | 100
31291995 00225 536 | 1040 3 0.0268 077 069 102 | ®woo| 100
4711995 o014 816 | 1340 03 0.0268 0.48 041 067 | 4210 | 150
471955 0.0039 816 | 1340 03 0.0268 073 068 114 | 4210 | 150
4127199 0.0046 665 | 1200 03 0.0268 055 048 074 | 380 | 13
4121995 00130 658 | 1.200 03 0.0268 062 087 086 | 180 | 139
191995 0.0020 205 | 1260 03 0.0268 0.60 054 083 | 9960 | 139
41181995 00044 705 | 1280 03 0.0268 097 0e7 149 | 280 | 133
42711995 0.0043 888 | 1.360 03 0.0268 064 059 0o0 | 4270 | 163
42711995 gome 888 | 1360 03 00268 0 064 102 | 2m | 183
5171995 0.0029 1240 | 1430 03 0.0268 050 041 074 | 4350 | 194
511/1995 0.0093 1240 | 1490 03 01268 053 0.45 095 | 4350 | 194
5r3/19%5 oot8 1670 | 153 03 00268 o0& 0.4 083 | 452 | 228
5/3/1995 00107 670 | 15630 03 0 0258 081 0.42 088 | 4520 | 228
5/18/19% 00452 3160 | 2230 03 0.0268 06s 063 128 | @250 | 347
5/16/1995 0.0348 360 | 2230 03 0028 072 069 18 | 2| 34
50471995 0037 3030 | 1890 03 0.0268 063 058 108 | a450 | 357
5024/1995 002 3030 | 1590 03 0.028 056 0.47 092 | 4450 | 357
6/11995 00229 3270 | 1920 03 0.0268 068 060 118 | ass0 | 377
€11/1395 00259 70 | 1920 03 0.0268 070 055 118 | ase0 | 377
B/6/1995 0.0380 380 | 2050 03 0.0268 067 062 123 | 4550 | 3m8
6/6/1995 00268 3480 | 2050 03 0.0269 058 052 091 | 4550 | 388
BB/1995 0023 W70 | 1820 03 00268 068 0€3 131 | 460 | 38
6/81995 0.0193 3070 | 1820 03 0.0268 054 059 115 | 4560 | 3857
B/14/1995 090153 2620 | 1780 03 0.0258 066 062 125 | 4450 | 345
61141995 00113 2620 | 1780 03 00258 0.59 052 09 | 4450 | 348
619/1995 00314 3%0 | 1890 03 0.0268 092 087 17 | ass0 ] 3es
B/19/1995 00154 350 | 1890 03 0.0268 062 056 098 | 4550 | 366
B/25/1995 0.009 2470 | 1780 03 0.0263 063 087 108 | 4550 | 299
6126/1995 0.0080 u70 | 1780 03 0.0268 061 058 095 | 4550 | 299
76511995 0.0053 1890 | 1500 03 0.0%8 0£9 053 091 | 4450 | 264
7651995 0.0040 1690 | 1,600 03 0.028 052 ) 075 | aas0 | 25
711111995 0.0220 1850 | 1590 03 0.0268 119 167 W97 | 4550 | 2%
71111995 00056 1660 | 1.590 03 0.0268 053 0.45 073 | 4550 | 2%
71201995 0,005 978 | 1520 03 0.0268 063 0&g 145 | 300 | 167
71011935 00043 978 | 152 03 0.0268 0.47 039 065 | 3900 | 167
£/2/1995 00026 571 | 1250 03 0.0268 0.58 052 078 | wso | 121
8/2/1995 00044 57.1 | 1250 03 0.0268 062 056 08 | 780 | 120
8/24/1995 £.0001 396 | 1.140 03 0.0268 100 081 123 | 190 | 100
911401995 0.0008 73 | 09w 03 0.0268 056 050 073 | %00 | o087
45199 0.0037 993 | 1380 03 0.0258 064 053 087 | 410 | 182
5/10/199% 00175 1790 | 1854 03 0.0268 056 0.46 0ss | 4225 | 257
5117/1995 0223 5570 | 2430 03 0.0288 074 070 144 | s600 | a74
6/3/1996 0.0580 w70 | 2100 03 0.0268 0.58 052 097 | 400 | 420
£10/1996 0.0816 10 | 2250 03 0.0258 073 068 132 | 4400 | 472
6/19/199 00134 2730 | 1880 03 0.0268 061 057 123 | w300 | 344
51251996 0.0491 240 | 1.770 03 0.0268 062 055 1 | o | 32
708/19% 00017 1360 | $.420 03 0.0268 045 039 06 | 4200 | 224
71231996 0.0079 793 | 1410 03 0.0268 0.47 0.40 085 | 70 | 150
770/19% 0.0022 607 | 1300 03 0.0268 0.45 039 062 | 3300 | 146
107251996 0.0003 a5 | 1130 03 0.0268 0.40 035 043 | 33 | 106
ans/997 0008 1380 | 1460 03 0.0268 0.60 0.6 080 | 4550 | 21
47291997 00258 210 | 1770 03 0.0268 0.99 0.94 172 | as00 | 276
5911597 D064 %10 | 1890 03 00268 054 0.46 080 | 4500 | 314
5/16/1997 0.1872 8470 | 2210 03 0.0268 102 102 73 | 40| s
57201997 0.0348 5340 | 2300 03 0.0268 0.42 03 062 | 4600 | 499
52911997 0.0492 5030 | 2110 03 098 0.7 072 167 | 4550 | a@2
6/6/197 00147 3970 | 2000 03 0.0268 061 055 oo | 4650 | 424
61211997 00457 520 | 2150 03 0.0268 063 078 170 | 4750 | 476
612471357 0.0025 2310 | 1680 03 00268 05 0.47 0o | 4450 | 307
712411957 0.0463 1080 | 1.450 53 0.0268 0.62 056 125 | 4000 | 183
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Table C.39. Data from Lolo Creek, ID

Helley

Date ns (tons/day-f) Qs | b s (9 Slope Ht::;;y(:'r:‘;'h "';';?’(;:;"‘ s";:;r:n 1:55 W "(':/‘;;’“
3591999 567 778 | 1180 i3 a0057 75 0 080 | B0 | 170
372911984 0.0098 778 | 1180 03 0.0097 061 0.5 978 | %o | 171
4/5/1984 0.0184 1520 | 1573 03 0.0097 067 e 0o | #er | 2m
4151984 0.0499 1520 | 1573 03 9.0097 0.94 084 157 | a1 | 23
4191984 00465 208 | 253 83 0.0097 081 075 126 ]380 | 318
4191384 00513 200 | 2630 03 00097 082 074 125 | .00 | 346
42N%8s 00842 300 | 2710 03 0.0097 0.99 086 167 | 3800 | 3w
42211984 0.0284 3400 | 2710 03 0.0097 082 074 12 | mom| 3
42611984 0.0263 2370 | 2210 03 0.0097 0.0 073 125 | o0 | 290
42611994 00104 270 | 2210 03 0.0097 0e9 064 1ce | moo | 290
42211994 0.0084 1800 | 1870 03 0.0097 0Es 064 101 | o | 283
4251994 0.0028 1800 | 1870 03 00097 059 055 0ss | 3|oo | 253
531994 00028 1510 | 1740 03 0.0097 07 063 095 | oo | 226
§/3/1994 0.0371 1510 | 1740 63 0.0097 073 065 098 | 3800 | 22
56994 0.0106 150 | 1720 03 00097 074 088 107 | Boo | 2%
561994 0.0078 1540 | 1720 03 00097 072 065 08 | mm | 2
5101984 0.0219 1830 | 1910 03 50097 068 0563 087 | moo | 260
5/10/1894 0.0102 183.0 1.910 03 0.0097 0.71 0.66 1.06 33.00 260
511311994 0.0046 1640 1730 0.3 00097 0.68 0.63 0.98 38.00 2565
5131984 00104 1640 | 1738 03 0.0097 072 066 099 | W00 | 2%
5181934 00125 1240 | 1570 03 00097 0569 064 091 | B00 | 221
5181994 o112 1200 | 1570 03 30097 068 062 100 | mo0 | 22
5211994 0.0104 1260 | 1570 03 0.0097 063 0.8 0Bt | 3o | 218
52111994 0.0037 1260 | 1570 03 0.0097 059 054 0s2 | Boo | 218
512511994 0.0022 870 | 1300 03 0.0097 055 0.0 076 | ¥ | 168
525/1984 0.0043 870 | 1300 03 0.0087 054 0.0 0ss | oo | 188
52711984 0.0031 798 | 1230 03 9.0097 065 061 089 | 3o | 18
50711994 0.0039 798 | 1230 03 0.0097 067 063 0% | 3w | 18
5/9/1994 0.0088 836 | 1000 03 00097 074 068 1w | 820 | 182
50/1994 00012 636 | 1000 03 0.0087 064 0.60 0% | Ba | 18
61311984 0.0011 891 | 1020 03 0.0097 052 0.48 080 | 850 | 174
51311994 0.0078 891 | 1020 03 0.0097 0.3 083 152 | ms0 | 174
51711984 0.0085 170 | 1430 03 0.0097 073 068 113 | B2 | 209
3151995 0.0212 2100 | 2080 03 00097 078 071 125 | oo | 28
311511995 0.0096 2100 2080 03 00097 075 0.69 116 38.00 265
31711995 0.0044 1890 | 1970 03 6.0097 065 060 p9e | .m0 | 240
31711995 0.0025 1830 | 1970 03 0.0097 066 061 104 | oo | 250
372011985 00140 2188 | 2180 03 00097 079 074 140 | moo | 26
32211995 00229 2180 | 2180 03 0.0097 084 077 131 | oo | 284
32511995 00149 1890 | 1810 03 00097 075 069 117 | o | 243
372541995 0.0068 1630 | 1810 03 00057 072 067 115 | moo | 243
30911995 £.0040 1180 | 1510 03 0.0097 070 064 102 | woo | 20
3291985 0.0021 180 | 1510 03 0.0097 065 061 107 | awos | 204
41811995 0.0803 2%50 | 2480 03 0.0097 079 073 129 | B0 | 285
481995 0.0529 %50 | 2480 03 00097 1.02 09 188 | o | 285
531995 0.0156 260 | 2180 03 0.0007 032 039 165 | woo | 275
5731995 00129 250 | 2180 03 0.0097 0e3 079 151 | oo | 275
5101935 0.0224 2750 | 2580 03 0.0007 089 064 104 | oo | 28
51011995 00332 750 | 2880 03 0.0097 083 077 149 | oo | 28
5131995 00474 %60 | 2550 03 0.0007 0% 0.86 189 | 3800 | 284
5131095 0.0149 %60 | 2550 03 0.0097 067 063 100 | 300 | 284
£1711995 00526 3160 | 2740 03 00097 1.18 126 255 | 3w | 298
51711995 0.0945 3B | 2740 03 00097 122 123 220 | 8w | 29
5/18/1995 010295 710 | 2560 03 0.0097 1.00 081 1ea | moo | 284
511811995 0.0191 2710 2560 03 0.0097 071 065 1.01 38.00 2.84
51221995 0.0087 2210 2230 0.3 0.0097 073 0.69 2.18 38.00 2.6
57221995 0.0071 210 | 2230 03 0.0097 074 71 23 | Bm | 2
5311995 00338 1290 | 1563 03 00097 110 205 i | 3w | 23
53111995 0.0578 1290 | 1563 03 00097 195 272 713 | mw | 23
67211995 0.0058 1460 | 1553 03 00097 095 142 sw | siw | 22
61211995 00195 1460 | 1553 03 00097 185 241 505 | a1 | 229
61511995 0.0207 1730 | 1940 03 0.0097 099 093 283 | 30 | 245
5511995 0.0079 1790 | 1940 93 00097 068 090 3g5 | B0 | 245
£/8/1995 0.0298 1460 | 1553 03 00097 125 206 38 | a1 | 22
51811995 0.0346 1250 | 1553 03 0.0097 210 254 19 | w7 | 22
6/16/1995 0.0800 979 | 1310 53 0.0097 156 266 571 | woo | 204
5161935 0.0376 979 | 1310 03 0.0097 1.35 22 503 | woo | 2o
5/2211995 0.0232 a5 | 1210 03 0.0097 17 196 433 | woo | 1w
672211395 0.0524 945 | 1410 03 0.0097 195 283 659 | 7w | 1@
BA0N995 0.0220 545 | 0990 03 0.0097 101 100 389 | w0 | 178
8301995 0.0484 B45 | 0390 03 0.0097 262 463 970 | | 178
51197 0.0453 5210 | 3590 03 00097 077 071 12 | moo ] 413
5111997 0.0778 5210 | 3580 03 0.0097 080 072 121 | w00 ] 413
5201997 0.0754 5730 | 3480 03 0.0097 1.07 0.1 177 | e | am
5/20/1997 0.0622 5730 | 3.460 03 00097 1.00 0.91 153 | 700 | 49
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Table C.40. Data from Main Fork Red River, ID

. " Helley
Date s (tonS/dayf) (e | he s (59 Slape "ﬂ;;"‘::;‘" ”ﬂ;‘;’(:';;"' Sm(;hg) 65 W "(';‘v‘s;"‘

799 5673 77 | 120 53 5055 i3 7% 168 ] 3080 | 277
45611994 01110 787 | 1200 03 0.0055 14 109 18 | e | 2w
411211994 0026 516 | 1.230 03 0.0055 081 066 0w | 30 | 222
412194 00072 56 | 1230 03 00055 078 080 12 | 3| 22
41201994 01972 260 | 190 03 0.0055 115 084 150 | 3450 | 475
47201934 02243 2850 | 1.990 03 00055 ¥ 050 165 | 3450 | 475
5371994 00358 180 | 153 03 0.0055 2% 116 296 | 230 | 300
5511994 0.0288 185 | 153 03 00055 096 075 135 | 23| 300
5611994 03041 1810 | 1690 03 0 0055 180 110 246 | 200 | 303
5571994 0.3097 1610 | 1690 03 D005 147 115 197 | 2o | 3
591994 00761 1700 | 1700 03 00085 ) 121 22 | 27| 34
501994 00418 700 | 1700 03 00055 085 068 o= 3
51011934 01917 1660 | 1690 03 00085 279 154 6150 | 3260 | 309
51011934 0.1488 1660 | 1.690 03 00085 150 116 196 | 3260 [ 309
511271994 00599 1510 | 1640 03 D 00E5 134 105 7 | mw | 268
512199 0.0274 1510 | 1640 03 00085 0% 072 7 | mw | 2ss
5/16/1934 Dot 1000 | 1380 03 00055 133 111 15 | 3e0 | 23
5161990 0.0i% 1000 | 1360 03 0.0065 089 071 113 | weo | 233
5711984 0.1154 1640 | 1650 03 0.0065 1% 109 189 | 340 | 302
51711994 01343 1640 | 1650 03 00065 141 109 18 | 340 | 302
512011934 03250 1390 | 1600 03 00085 125 0% 162 | 31e0 | 283
5201994 D253 1300 | 1600 03 20055 131 105 183 | 3190 | 283
52311994 312650 1100 | 1400 03 0.0055 105 077 (s7 | 30 | 2a2
52311994 0 1508 1100 | 1.400 83 0.0055 138 035 172 | e | 24
512411994 0.0244 wro | 143 3 00055 122 094 157 | 3160 | 235
52411994 00402 1070 | 1430 03 00085 12 087 141 | 3160 | 23
52511994 0.0091 1040 | 1410 03 00085 089 085 120 | 30 | 232
5751934 00195 1040 | 1410 03 00055 0o 072 11 | 310 | 232
572511934 0.0105 w46 | 1.3 03 0005 208 141 24 | 340 | 2:
51251994 00197 %45 | 1350 03 00055 101 a7 138 | 3140 | 221
53171994 0.7 787 | 1290 03 00085 050 0.40 us | 3100 | 196
53111994 00165 787 1.2 03 00055 074 062 088 | 3100 | 1%
6211594 0 0038 w1 | 130 03 00055 hr 068 1oz | 30 | 22
67211994 00260 w1 | 130 03 00085 064 050 081 | 3140 | 220
6/5/1934 000%8 73 | 121 03 0.0055 081 068 0% | 310 | 198
6611994 00166 73 | 1210 03 0.0085 075 064 087 | 3100 | 198
6971994 00175 732 | 1190 03 0.0085 092 o7 124 | e | 192
671994 0.0039 732 |0 03 00085 an 059 087 | w90 | 1@
E122/1994 0.0085 753 | 1150 03 00085 088 064 119 | a0 | 212
£22/1994 00033 759 | 1150 83 0.0085 054 042 069 |3t | 212
62711994 00024 528 | 1160 03 00085 059 0.4 052 | 3080 | 184
6/27/1994 £.0009 628 | 1.160 03 00085 057 0.43 ore | men | 184
71281994 0.0000 172 | o0 03 0.0055 062 052 075 | 280 | 075
873011994 0.0000 10s | 061 53 0.0055 077 059 1 | 2| os
873011934 00000 104 | 050 03 00055 079 062 102 | men | oBr
12011994 0.0000 93 | 06w 03 00085 085 068 115 | 250 | o
91201994 00000 99 | 0s00 03 00085 061 05 073 | 7750 | 056
311995 0.0062 a7 | 1om 03 D005 058 04 D67 | 29%0 | 138
anngs: 0.0034 a7 | 1en 03 0.0065 056 a4 o7 | 28 | 138
40995 00048 796 | 1290 93 00065 070 05t 095 |30 | 21
4211995 00116 736 | 1790 03 0.0085 13 112 170 [ 30 2n
an7ness 0.0058 782 | 1280 03 00055 083 &0 115 | 300 | 207
an7nsss 0.0058 782 | 1280 03 00055 109 07 149 | moo | 20
an7Ness 00323 303 | 1530 03 00085 151 120 189 | :; | 223
42711995 00040 03 | 130 03 00085 118 074 183 | 3130 | 229
5/6/1995 00562 260 | 1870 03 00085 150 10 20 | & | 34
55/1995 00534 260 | 1870 03 00085 09 ses 13 | 3380 | 34
5811935 00629 3530 | 1.950 03 00085 132 093 187 | 4500 | 410
5611995 0.0960 3530 | 1980 03 00055 13 100 173 | 500 | 410
5/14/1995 02520 3270 | 1940 03 00085 148 117 187 | 000 | 443
51111995 0078 370 | 1940 03 00055 11 D84 t4r | a000 | aa3
511211995 00295 20 | 180 03 0.0065 183 133 253 | 430 | an2
5121995 0.0773 10 | a0 03 00065 152 119 to2 | azen | an2
5/16/1995 00274 1920 | 1760 03 00055 085 061 132 | 3270 | 38
511611995 50376 1920 | 1.760 03 00085 172 079 302 | 270 | 318
£N71i995 00240 1980 | 15850 03 00085 118 084 62 | B | 3w
51771935 00742 1990 | 1850 23 00085 m 1.09 192 | 3w | 3%
52411995 00613 1380 | 1810 03 00055 097 077 127z | 200 | 23
502411995 01434 1380 | 1610 03 0085 143 116 176 | 200 | 28
505/1995 00349 1300 | 1530 03 0,005 760 066 037 | 3180 | 265
5725/1995 00191 1300 | 1580 03 00065 080 065 v | 3 265
61/1935 0.0456 1200 | 1280 03 0.0065 m 080 1s5 | e | 23
511/19%5 00329 1000 | 1380 03 00085 117 089 151 | 360 | 23
68/1935 0.0245 1310 | 1550 03 0 0065 100 087 13 | e | 270
6/8/19%5 00425 1310 | 1550 03 00085 259 1.24 w5 | 3e0 | 270
5131995 00057 St | 1330 03 00085 078 08 ve | 320 | 22
£/13/1935 00120 st | 1330 03 0.0085 117 08 1w | maw | 22
6122/1995 00073 918 | 1430 03 00085 064 048 ves | mao [ 22
62211995 00110 918 {1430 03 0.0085 1.08 077 13 | | 22
6/30/1935 00014 a7s | 1030 03 00085 069 07 114 | e | 1w
630/1995 0.0007 a4 | 100 03 00055 057 043 077 | mm | e
77311995 0.1226 10 | 1770 03 00085 228 167 207 | 260 | 32
7031935 0,039 1850 | 1770 03 00085 148 109 200 | 260 | 329
712411935 6.0020 %0 | 1000 03 00055 112 084 @ | mo| 17
712411995 0.0002 %0 | 1000 03 00085 084 059 121 | 270 | 127
311995 0.0006 %3 | 0910 03 00055 088 053 3 | 230 | s
8411935 00002 %3 | 0910 03 0.0085 230 161 205 | 2830 | o038
1011/1995 00302 a1 | asi0 03 00085 053 045 076 | 2850 | 0%
41011995 0.4700 4630 | 2680 03 0.0065 142 107 189 | 4000 | 400
4124996 00521 wen | 170 03 00085 093 075 ta | 4030 | 386
51311996 00808 710 | 1740 03 00055 17 097 166 | 4000 | 387
51611996 01833 wra | 2860 03 00085 0.98 074 13 |42 | 42
519/1936 (5547 5450 | 3.130 03 00085 150 113 200 | 4020 | 482
6/11/1996 0.0244 1450 | 1580 03 0.0055 060 0.45 079 | 3230 | 3M
£/28/1996 €029 g12 | 121 03 00085 133 101 175 | 3o | 214
3281997 00218 1140 | 1440 03 00055 17 083 170 | ;70 | 274
301997 00623 3450 | 2050 03 00055 070 0.8 085 | B& | 416
5071997 00527 3930 | 230 03 5055 0’6 0£6 10 | 850 | 418
51371997 01589 w730 | 2710 03 D085 122 091 1o | W | e
6971997 0.0185 1470 | 1460 03 20085 13 082 26 | 2| 312
612311997 0.0047 1020 | 1270 03 30055 0% 045 07e | 31en | 256
71271997 00017 537 | 1010 03 30085 03 05 043 | ;s | 182
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Table C.41. Data from Marsh Creek, ID

Helley

Date s (tons/day-f9 Qe | hi | P Slope "'::;;”(:;;'" "‘L’;?’(,ﬁz;"‘ Sn;::“ t:ﬁﬁ W V(';",‘;]a"
1771097 5667 230 1755 73 00057 63 T® 206 | BB | 3%
5171984 0.0487 2430 | 1.900 03 0.0057 2: 159 3@ | man | 3%
5/17/1994 0.0851 2430 | 1,900 03 0.0087 190 144 266 | 1|40 | 335
51191994 0.0307 1880 | 1590 03 0.0087 285 211 %12 | 340 | 3N
5191994 00230 1880 | 1.590 03 0.0067 23 172 350 | w0 | 311
51911994 00223 180 | 1590 03 0.0087 195 152 275 | ®ao | 31
52711994 0.0815 290 | 1760 03 0.0057 245 170 30 | .00 | 385
5/2711994 0.0890 2390 | 1780 03 0.0087 168 128 219 | o0 | 385
53011984 0.0422 1740 | 1580 03 0.0087 161 127 216 | w2 | 2w
530/1994 0.0704 1740 | 1680 03 0.0087 164 129 211 | 7o | 2
6/5/1994 0.0143 1530 | 1520 53 0.0087 1.99 155 293 | muw | 245
551994 00030 1530 | 1520 03 00087 150 112 223 | ma | 2
591994 0.0067 180 | 130 03 0.0087 102 116 180 | Bao | 23
591994 00018 190 | 1350 D3 0.0087 147 1720 183 | a0 | 23
B1141994 0.0019 %3 | 1330 03 0.0087 127 103 162 | 30| 199
6111984 0.0014 %3 | 133 03 0.0067 ne7 072 126 | 3110 | 199
5/8/1985 01326 1880 | 1280 03 0.0087 263 158 993 | 5380 | 284
/81995 02257 1880 | 1280 93 0.0067 512 249 950 | 5380 | 284
51011985 0.0501 210 | 1110 03 0.0067 110 a8 151 | s | 387
510/1395 0.0844 210 | 1110 03 0.0067 a1 104 206 | 2250 | 357
5/1119885 01244 2800 1.250 03 0.0067 272 1.46 692 55.80 4.08
51111995 0.1688 2600 | 1250 03 0.0087 151 106 21 | s5e0 | 408
511211995 0.1130 280 | 1210 03 0.0057 148 105 20 | &7 | 397
51211995 0.1580 %80 | 1210 03 0.0057 174 121 262 | &710 | 397
5161385 03888 3460 | 1320 03 00067 146 093 251 | 6430 | a4
5161985 0.2588 360 | 1320 03 0.0057 188 120 325 | e430 | 414
512111995 01304 5090 | 1620 03 0.0057 198 124 378 | 7900 | 3@
52111995 01173 5090 | 1620 a3 0.0087 310 152 952 | 7900 | 381
52211595 0.1115 5210 | 1700 83 0.0087 216 130 408 | 7980 | 377
52211995 0.1307 510 | 1700 03 0.0087 208 132 375 | 7880 | 377
5241995 0.0792 5100 | 1630 03 00087 380 162 27 | 88 | 387
5241195 00594 5100 | 1630 03 0.0087 1.95 1% 204 | 7950 | 387
512611985 01112 @90 | 1520 03 0.0087 225 152 372 | 7940 | 10
512611985 01248 4290 | 152 03 8.0087 213 163 388 | 7840 | 410
52811985 0.0365 oo | 1em 03 00057 184 124 30 | 7900 | 318
52811995 0.0552 20 | 1em 03 00087 208 110 345 | 7900 | 318
572911935 0.0359 4740 | 1580 03 0.0087 127 089 189 | 7940 | 368
57291985 0.1474 749 | 4580 03 00087 192 132 205 | 7940 | 265
573011995 00776 20 | 1740 03 00087 164 112 25 | sooo | 390
573011995 0.0871 20 | 1740 03 0.0087 2729 146 397 | eooo | 390
67471895 0.2703 8210 3000 03 0.0067 212 1.32 378 48.10 6.03
6/4/1995 0.1684 8210 3.000 0.3 0.0067 185 1.24 298 4810 6.03
5641395 0.7027 8210 3.060 03 0.0067 3.43 204 6.45 4810 588
6/6/1995 (.8087 821.0 3.060 03 0.0067 342 2.44 498 48.10 5.88
6/8/1995 00649 %90 | 1.830 03 0 0057 821 3 nao | oo | 382
6/8/1995 02550 590 | 1830 03 00057 2% 881 %67 | aooo | 382
5/8/1995 01513 £690 | 1830 03 00057 734 295 1484 | e0g0 | 3@
1141995 01511 750 | 1670 03 00057 211 12 358 | 7940 | 378
B/1141995 0.0893 4750 | 1670 03 0.0067 354 130 851 | 7940 | 378
5/1311995 0.1756 8610 | 1.980 03 0.0057 365 162 1485 | @200 | 411
541311995 0.2110 g10 | 1980 03 0.0057 253 149 575 | g200 | 411
672011995 0.0870 5570 | 1770 03 0.0067 161 110 245 | 802 | o4
612011995 0.0894 %70 | 1770 03 0.0087 182 125 277 | sz | 304
6/25/1095 0.0821 5570 | 1850 03 0.0067 197 126 312 | 00 | 383
B/25/1995 0.0718 5570 | 1.850 03 0.0087 148 104 20 |eos | 383
71411395 0.0319 w10 | 1500 03 0.0087 170 113 253 | 7880 | 383
71411995 0.0198 4010_| 1500 03 0.0087 1.95 134 321 | 7860 | 363
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Table C.42. Data from Middle Fork Salmon River

. . Helley
Date ans (tons/day f) Qieh) | i) | hes () Slope "ﬂ;;ﬂ;ﬁ;‘h "’Z';?’(im;“‘ SrnL:‘!:n a85| w @ V(:/‘;;‘"
53997 73708 117060 | 5620 3 50041 0 575 173|230 9.8
5131997 12207 17006 | 5820 03 00041 340 1.55 1562 | 21300 | 9.8
5151997 7.0309 135000 | 6.271 03 0.0041 10.70 583 1699 | 22000 | 1073
5151997 82727 135000 | 6271 03 0.0041 547 267 1287 | 2000 | 1073
5/16/1997 99608 14600.0 | 6229 03 00041 14.52 675 068 | 2243 623
5161997 5.8035 144000 | 6192 03 00041 208 115 489 | 2195 | 619
5171997 31422 153000 | 6432 03 0.0041 0.73 057 0od | 2150 | 1123
5171997 75847 153000 | 6.432 03 0.0041 275 133 776 | 22180 11.23
5181987 16,4893 150000 | 6.302 03 00041 920 364 1806 '| 233 | &30
518987 10.9914 14800.0 | 6265 03 00041 893 an 1900 |22m]| e
51221997 38611 123000 | 5.783 03 00041 260 119 074 | 2652 | 578
52211997 80524 123000 | 5783 03 0.0041 2168 18.11 B77 | 21852 | 578
51241997 11748 13000 | 5575 03 00041 063 0B 126 | 21366 | 557
512411997 13086 113000 | 5575 03 0.0041 168 097 403 | 21388 | 587
§126/1997 25677 98100 | 5289 03 00041 308 138 1806 | 21100 | 837
5126/1997 08578 99100 | 5289 03 0.0041 08 066 126 |2nm| 8%
52711997 14203 88500 | 4871 03 0.0041 1292 382 37 | 20700 844
52711997 1,035 89300 | 4871 03 0.0041 264 773 B | 20700 644
512811997 19683 83300 | 4885 03 00041 %39 1362 w24 | 20367 | 489
5/28/1997 80032 83300 | 488 03 00041 13.92 707 291 | 20367 | 469
572911997 0.4802 88300 | 5010 03 0.0041 050 065 137 | 20554 | 501
5291997 29252 89000 | 5.027 03 00041 17.82 870 2495 | 20580 | 503
5301997 10735 98900 | 5.153 03 00041 125 063 194 | 21050 | 860
5301997 35392 100000 | 5153 03 00041 306 1864 513 | 21050 | 880
5311997 53189 103000 | 5.488 03 0.0041 14.46 B.05 a3 |21245| 548
5311997 §8055 11000 | 6532 03 0.0041 1069 391 1969 | 21306 | 559
6121907 1.6901 121000 | 5742 03 0.0041 135 a2 1060 | 2159 | 574
81211997 47818 112000 | 5701 03 0.0041 12.45 357 2418 | 21540 | 570
631997 91163 112000 | 5588 03 0.0041 172 581 1931 | 21500 | B899
B/31997 1.4851 12000 | 5588 03 0.0041 365 107 1961 | 21500 | 899
51411997 20649 116000 | 5638 03 0.0041 1.48 095 257 | 21454 | 584
Bi4N1997 956953 116000 | 563 03 00041 619 381 1014 | 21451 | 584
5151997 25773 120000 | 5722 03 00041 722 1.87 16.58 | 21568 | 572
b5/5/1997 7.7429 120000 | 6722 03 00041 12.91 7.79 20.94 21568 572
551997 11999 112000 | 553 03 0.0041 203 118 458 | 21338 | 585
51997 54837 112000 | 5553 03 00041 1463 791 %45 |213% | 555
871997 1.86828 10900.0 | 5.488 03 0.0041 2939 13.45 46.94 212.45 549
B711997 19562 108000 | 5466 0.3 00041 3543 2275 4230 21214 547
51211997 08949 116000 | 5638 03 00041 130 0381 289 | 21454 | 55
6121997 21097 115000 | 5617 03 00041 277 149 5% | 21425 | 552
519/1997 03038 88000 | 5002 03 00041 169 102 32 |o0543 | 500
61911997 0.1838 87000 | 4978 03 0.0041 107 076 160 | 20508 | 498
6/20/1997 02023 78300 | 4616 03 0.0041 1.47 0.96 245 20480 8.40
52011997 0.1385 76300 | 4616 03 0.0041 147 083 170 |2005 | san
672211997 00331 B5100 | 4390 03 00041 081 061 113 |19594 | 439
61221997 00185 64900 | 4385 03 00041 060 0.46 078 | 19584 | 439
B23/1997 00178 B0000 | 4210 03 00041 064 0.49 083 | 19850 | 7.48
612311997 00260 60200 | 4210 03 06041 071 055 091 |15 | 748
B12441997 01531 5300 | 3864 03 00041 4369 B 89 [19660 | 700
512471997 so081 52900 | 3864 03 00041 069 052 091 |1sen | 700
B/251197 00112 D000 | 3918 03 00041 066 063 125 |1eres | 3@
B/25A1957 0.0087 19800 | 3910 03 00041 065 0.50 o84 |1erer | 39
61261957 00174 7900 | 3987 03 00041 095 071 134 |18330 | 640
51261997 D064 49200 | 3987 03 00041 074 055 102 | 18330 | 649
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Table C.43. Data from North Fork Clear River

Helley

Date s (tons/dayf) oy | hig s () Stope "‘;';ﬁ"(zm;'h "';';g”(;:;‘" Srr;::'l:" e)lGS W V(';'UZ;’"
T LT 5,094 105000 | 7.892 93 50005 57 %% 093 | %569 | 508
42011994 0.1177 106000 | 7916 03 0.0005 071 0.54 0o | 26590 | 51
4231994 0.0575 116000 | 8184 03 0,000 065 050 o84 |z800| 538
47231994 0.0324 12000 | 8140 03 0.0005 06D 0.46 079 |780| 536
412511994 0.0578 111000 | 8042 03 0.0005 070 055 08 | 2697 | 525
472611998 0.0552 99800 | 7.758 03 0.0005 072 057 0% | 26451 | 94
41281998 5.0102 BY00 | 6855 03 0.0005 06 0.50 081 | 2625| 400
721994 0.0137 89100 | 6649 03 00005 068 054 084 | 2819 | 400
5211994 00051 55200 | 6347 n3 0.0005 063 0.48 o84 | 2123| 350
51211994 0.0030 54300 | 6.33 03 00005 053 0.41 0g8 | 25111 | 350
5/5/1994 n.008e 56400 | 6393 03 00005 068 052 088 | s170| 356
&/5/1954 0.0067 55300 | 6389 03 00005 067 053 085 | 5186 | 355
5/9/1994 0.0097 85300 | 7.3%5 03 00005 071 052 0% | 26119 | 454
591994 00352 85400 | 7388 03 00005 058t 051 119 |w12| s
5111984 00070 87500 | 7419 03 00005 065 051 0g2 | B0 | 4s8
51111984 0217 87100 | 7.408 03 00005 071 054 0es | B0 | 457
5/14/1994 0.0089 72500 6.961 03 0.0005 097 0658 1.38 25726 411
5/14/1994 0.0045 72100 5.948 D3 0.0005 065 D52 0.83 267 14 410
/1711994 0.0016 58300 6.465 03 0.0005 055 0.42 073 26243 363
5171594 0.0027 55000 | 6.454 03 0.0005 079 062 12 |2n| 3w
51811994 0.0054 51700 | 6.591 03 0.0005 o2 061 i | 38| 375
51811994 0.0043 51500 | 5583 03 20005 973 056 0o | 25360 | 374
52311994 00032 50400 | 5154 03 0.0005 088 068 117 | 21925 | 33
5231994 0.0007 50200 | 5145 03 0.0005 141 112 178 | 26998 | 333
5261994 00017 48600 | 5078 03 0.0005 a7 o0& oer | 8| 327
572611994 0.0051 48400 | 6070 03 00005 By 289 120 | 2837 | 3%
53111994 00013 3300 | 5607 03 00005 077 061 0m |2433 | 285
5311924 00012 36400 | 5612 03 00005 098 071 133 | 24382 | 288
5/3/1934 0.0007 38600 | 5622 03 00005 048 038 085 |24353| 286
6/3/1994 0.0009 38400 5612 0.3 0.0005 0.67 052 087 243.42 285
6/6/1894 0.0032 3950.0 5.666 03 0.0005 1.47 0.83 163 244 02 290
6/6/1994 0.0016 39900 5685 03 00005 0.54 0.38 0.86 24424 292
B/13/1994 0.0006 3560.0 5470 03 0.0005 0.47 0.36 070 241382 273
B/13/1994 0.0011 36000 5.491 0.3 0.0005 0.76 0.60 0.97 24206 275
5f1/1995 0.0016 47600 6.036 0.3 0.0005 0.63 0.48 0.82 248.01 323
5/1/1995 008 47600 | 5036 03 0.0005 083 064 110 | 2801 | 32
51471995 0.0248 54000 | 6673 63 0.0005 1.28 Q.90 177 | 25448 383
51411995 0.0089 53800 | 6665 03 00005 063 0.48 oes {2842 | am
531995 0.0400 81500 | 7243 03 00008 075 0.59 097 |25e89 | 239
5/8/1595 00412 51400 | 7.240 03 0.0005 054 0,80 117 | 28087 | 439
51111995 00485 97100 | 7686 63 00005 071 0.54 0o |38 | 48
5/11A19985 0.0652 97200 | 7.688 0.3 0.0005 074 0.55 0.98 2839 4.66
5/15/1995 0.0248 77100 | 7108 03 0.0005 0.77 0.59 1.00 25864 4.76
£A15/1995 00599 77000 | 7 105 03 00008 118 B 169 | 25881 | 425
5181995 00358 89000 | 7 482 03 00ms 16.70 143 030 | %8s | s
5181995 00508 88700 | 7454 a3 00005 080 062 106 | 6181 | 461
512211995 0.0183 85700 | 7367 03 0.0005 0.70 054 091 | 2103 | 452
5221995 00303 85800 | 7370 63 0.0005 091 071 121 | 26106 | 453
51261995 0.0204 82200 | 6910 a3 00035 074 057 0% |2900] 456
505995 0.1004 82200 | 6910 03 00005 114 084 151 | 25000 | 458
52011385 0.0345 85100 | 7.350 03 00035 081 070 12 | 2087 | 45
5301995 0.0134 84900 | 7344 03 0005 0565 351 085 | 25082 ] 450
5211995 0.0211 89300 | 7471 03 00005 073 057 094 |28197 | 483
£1211995 0.0099 BES00 | 7448 03 00005 083 062 114 | 8178 | 481
B14/1995 0.0273 9000 | 7493 03 00005 0e3 064 115 |2 | 466
B/4/1995 0.0230 90500 | 7505 03 0.0005 0Es 054 oBe | 2227 | 487
§15/1995 0.0510 92300 | 7.655 03 00005 1.09 077 184 | 72| 47
B/5/1995 0.0307 93100 | 7577 03 0.0005 085 0563 127 | w292 474
6711995 0.0289 70200 | 685 03 0.0005 122 087 170 | =650 | 403
B7/1995 0.0148 70100 | Be82 03 0000 081 053 105 | 2651 | 403
511511995 00127 51100 | 5183 03 00005 0.0 083 103 | 24955 | 336
5/15/1995 0.0083 51100 | 6183 03 00005 081 062 106 | 955 | 3%
#/1911935 0.0020 16500 | 5993 03 0.0005 079 062 103 | 758 | 319
£/19/1995 00022 46800 | 5001 03 00005 074 D59 0o |2a765| 30
B/221995 0.0076 45000 | 5922 03 0.0005 087 067 115 | 2680 | 3.3
§/2211985 0.0049 44700 | 5909 03 0000 o8 065 118 | 2666 | 311
12/1/1995 8.4678 337000 { 11.719 03 0.0005 5.28 1.50 13.69 29405 933
12111995 20,0964 344000 | 11801 03 00005 361 164 138 |29488 | 1004
12/411995 07634 147000 | e.850 93 00005 081 982 111 | 27908 | 579
12/411995 03520 148000 | B850 03 00005 068 054 086 | 2790 | 579
517957 07418 328000 | 12650 03 D 00E 19.90 130 %8 | 00| 862
N7N987 14195 324000 | 12650 93 0.0005 378 155 1331|2800 | 862
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Table C.44. Data from Rapid River, ID

" . Helley
Date s (tons/day-f) Q) | h) fons €F) Stope "‘;';;' Smith | Helley Smith |, G "oes| wag | VT

() | 435 gmem) | SR tvs)

A 70008 575 | 076D o3 0072 3 063 18 | %40 | 151
WIEN 000t 553 | 0720 53 00122 082 061 Jm | w50 | 163
471194 0.0150 553 | 0720 03 0.0122 125 087 a7t | w20 | 183
5/10/1994 0.0403 3420 | 1860 03 00122 1 0.74 178 | 880 | 353
511011994 0.0937 3420 | 1660 03 0012 130 088 2 | g | 38
51111994 0.0656 320 | 1680 03 00122 188 103 3w |50 | 340
51111994 0.1231 320 | 1680 03 00122 221 1.20 568 | @50 | 349
5191190 0.0072 2350 | 1.480 63 0012 152 08 362 | 5380 | 2%
5/19/1994 £.0046 2350 | 1.480 03 00122 079 06D 03 | 8380 | 2%
51251934 0.0123 %20 | 1.380 03 00122 133 087 206 | &0 | 32
512511994 00147 %20 | 1380 03 00122 113 078 175 | &0 [ 320
51/1984 0.0191 2880 | 1.440 03 00122 13 07s 219 | man [ 348
51271994 00093 2690 | 1.440 03 00122 064 047 087 | 5930 | 348
6/1/1984 0.0060 2480 | 1440 03 00122 115 078 173 | 00 | 321
6/11984 00017 2480 | 1440 03 00122 067 0.0 oen |00 | 32
613/1994 0.0041 260 | 1310 03 00122 050 00 113 | sa10 | 317
6311994 0.0029 260 | 1310 03 00122 136 084 213 | 5410 | 307
7124199 0.0068 812 | 0320 03 002 208 13 305 | 4840 | 193
712411994 00084 312 | oaw 03 00122 185 113 216 | 440 | 193
87241994 0.0004 335 | 0%0 03 00122 082 0ge 12 | 4870 | 189
6701394 00176 230 | 1480 03 00122 152 101 240 | 5200 | 290
6711994 0.0041 230 | 1480 03 o122 155 0.% 274 | 5200 | 2%
6/9/1994 0017 1850 | 132 03 00122 146 1.0 216 | 5200 | 275
6/9/1994 0.0024 1850 | 1320 03 00122 098 064 150 | 5200 | 275
6/1411994 0.0024 1910 | 1370 03 00122 132 o8 19 | 5000 | 28
6/1411994 0.0036 1910 | 1370 03 00122 124 0.50 170 | s000 | 281
629/1594 0.0022 1350 | 1230 03 00122 110 874 18 | oo | 233
£/20/1994 0.0024 1350 | 1230 03 00122 108 077 16 | w00 | 233
10251994 0053 57 | 0sm 03 00122 288 139 795 | 580 | 140
12/5/1934 0.0001 23 | 0sn 03 00122 119 102 13 | as00 | 118
2241995 §o170 624 | 0990 03 00122 3861 202 52 | 500 | 138
22411995 00308 62¢ | 0930 03 00122 4.48 2m 612 |a500 | 138
37301995 0.1053 914 | 1000 03 00122 108 078 186 |0 | 185
33011995 00033 314 | 1000 03 00122 125 08 18 | w0 | 185
1131895 0403 1600 | 1260 03 00122 169 121 288 | s | 237
4131995 0.0508 1600 | 1280 03 00122 195 130 3% | se0 | 2%
420n9%5 0.0082 210 | 111g 03 00122 12 0% 160 | s120 | 21
4201995 0.0027 219 | 110 03 00122 102 073 145 | 5120 | 21
42601995 0.0029 g0 | 1120 03 00122 135 0.9 20 |5 212
4261935 0.0118 180 | 142 03 00122 131 097 17¢ | mw | 212
51201995 00267 3730 | 1610 03 00122 069 059 146 | 5920 | 360
51211995 00213 3730 | 1610 03 00122 110 069 186 |55 | 380
5/15/1995 0.0221 360 | 1500 03 00122 124 0.80 196 | s0a0 | 387
51151995 0.0078 3460 | 1500 03 D02 135 077 171 | ssa0 | 387
512611995 0.1806 5270 | 1860 03 00122 156 07 265 | 6190 | 466
5/25/1995 0.0843 5270 | 1860 03 00122 140 0.8 3% | 6190 | 488
5/30/1995 02177 6380 | 2230 03 00122 587 195 070 | 580 | 486
57301935 0.1338 6380 | 2230 03 00122 219 134 379 | me0 | 86
51011955 0.0209 360 | 169 03 0mz2 162 086 am |®®m | 3
5/10/1995 00790 3460 | 1695 03 0012 295 159 780 | =3 | 368
5231199 01045 5160 | 1870 03 00122 185 1.09 367 | gm0 | s
50231996 0.1613 5160 | 1870 03 00122 104 064 181 | 6200 | as7
61211995 0.1231 570 | 1900 03 00122 162 088 297 | 200 | 488
€/12/1995 0.0802 570 | 1900 03 00122 124 Ty 12 | 6200 | 486
6/7/1395 00841 5840 | 1930 03 00122 12 085 195 | 6370 | 9
5711995 0.5085 5860 | 1920 03 00122 6€9 286 640 | 6370 | 489
617/1995 0.4475 a780 | 2440 03 00122 170 0.9 32 | 6100 | 683
6/17/19%5 0.7443 5780 | 2440 03 00122 21 120 s | 5100 | 563
62011995 0.1110 5970 | 1900 03 00122 & 1369 0% | 6160 | 513
6/20/19%5 03101 5970 | 1900 03 0012 180 2% ges | 6160 | 519
6/23/1905 00633 500 | 2000 03 00122 091 038 151 | 5500 | .48
6/23/1995 0.0756 =000 | 2000 03 00122 083 0% 157 | 8500 | 445
612711995 0.4623 8400 | 19%0 03 00122 175 113 295 | 6230 | 534
612711995 01576 6400 | 1360 03 00122 185 120 312 | 6230 | 53
6/29/1995 0.0867 50 | 2070 03 00122 107 071 159 | 570 | 495
£/29119%5 00586 5550 | 207 03 00122 0.9 08D 15 | 5700 | 495

761395 0.0175 830 | 1780 03 00122 132 080 220 | 6070 | 42
7161395 00268 530 | 1780 03 00122 185 108 2712|6070 | 429
71101995 00867 20 | 1740 03 00122 128 1% 301 | B0%0 | 43
71101935 00177 2420 | 1740 03 00122 139 087 20 |s0s0 ] 43
8731935 0.067 1890 | 1350 03 0.0122 603 204 673 | 5290 | 261
87311995 0 0067 1690 | 1380 03 0.0122 145 0.8 270 | s290 | 260
7211985 0.0643 710 | 150 03 00122 073 o050 108 | s | 37
12171995 00130 710 | 1520 03 00122 158 105 2® | o | 327
803/1995 0.0069 1340 | 1170 03 0012 206 110 313 |50 224
87231935 0.0260 1340 | 1170 03 00122 472 268 7@ |si0) 224
/1211995 00041 592 11080 03 00122 22 123 a7 |49 | 200
105/19%5 0.0019 820 | 0970 03 00122 195 125 2711 | gm0 | 1ss
11128/1995 0.0314 1060 | 1040 03 00122 112 0.8 152 | 2940 | 199
361986 0.0084 396 | 0540 03 00122 069 063 13 |49t | 19
42195 0.0321 2370 | 1320 63 00122 288 153 a8 || 308
4/30/19% 00066 2330 | 1440 03 00122 08 051 om |20 ] 278
5/16/19% 34639 960 | 2400 03 00122 89 147 1447 | 6360 | 6ue
5/23/19% 0153 5720 | 1950 03 00122 139 034 246 | 6100 | 497
5201199 01180 5690 | 1970 03 00122 382 215 708 | 8100 | 489
6311996 09368 7090 | 21% 03 00122 8.9 387 1905 | s0s0 | 533
6/10/195 16208 9460 | 2430 03 00122 g45 159 1300 | 6300 | 627
£/2711995 0.0457 0 | 1820 03 00122 0.49 0.40 070 | e100 ] a3
716/19% 0.0084 230 | 1420 03 00122 113 a7 1580 | 5350 | 353
8/15/1995 00011 o | 03 00122 078 087 112 | 5080 | 23
1072/1996 0.0011 %6 | 1067 03 Qo2 07 061 0% |82 | 1%
20501997 0.0003 &7 | 09 03 0012 0.41 0% 05 | 4620 | 191
5nneer 0.0178 2750 | 1420 03 00122 0e2 0.41 071 | ses0 | 319
5171997 7.2093 13000 | 2710 03 00122 758 282 1308 | 6450 | 720
512311997 12180 €370 | 24%0 03 0012 479 270 847 | 6100 | 561
6731397 0304 9420 | 2.4 03 00122 519 246 1160 | 6250 | 609
6151997 04540 9350 | 2410 03 00122 348 227 531 | 6300 | 623
6/19/1997 0.0660 6910 | 2020 03 00122 199 1% 3w | e2m0 | 547
7131997 0.0044 3800 | 1600 03 00122 12 079 280 | 800 | 404
97301397 0.0033 1180_| 1.150 03 00122 223 .41 279 | o | 207

194




Table C.45. Data from South Fork Payette River, ID

Helley

Date aslonsidayfy | Qi) | B | i) siope 1 M | e Smit 165 W () e
4/18/1994 0.0333 8460 | 1.630 03 0.0040 0.43 035 0.54 163.41 320
4/18/1994 0.0771 8460 | 1630 03 0.0040 9.54 128 18.60 183.41 320
4/20/1994 0.1878 12700 | 1.858 0.3 00040 064 05t 0.80 178.39 3.86
4/20/1994 0.2848 12700 | 1.858 0.3 00040 0.71 0.59 0.86 178.39 3.86
4/25/1984 0.0948 1180.0 § 1.910 03 0.0040 0.73 0.56 0.96 167.00 376
47251934 0.0280 11800 | 1.910 03 0.0040 064 054 077 167.00 3.76
412711994 0.0353 9250 1677 03 0.0040 075 058 a97 166.53 333
4271394 0.1195% 9250 1677 03 0.0040 1.04 078 1.57 166.59 333
5271994 0.1837 7210 | 1548 03 0.0040 1.80 1.06 16.07 157,88 297
5211894 0.4067 210 1.548 03 0.0040 8.76 178 2107 157 86 297
5/411994 0.1755 7210 1.548 03 0.0040 159 1.02 4.17 157.86 297
5/4/1994 0.0798 7210 | 1548 03 0.0040 098 074 137 157 .86 297
5/9/1994 0.2187 17100 | 2044 0.3 0.0040 058 043 072 180.23 4.43
5/9/1994 0.1404 17100 | 2044 03 0.0040 1.38 0.82 3213 180.23 443
5/11/1994 0.3391 21100 | 2187 03 0.0040 061 0.48 077 199.07 488
5/11/1934 0.4350 21100 | 2187 03 0.0040 0.73 057 093 199.07 488
511411994 0.3612 21500 | 2.201 03 00040 118 077 3635 199.688 492
5/14/1934 0.3537 21500 | 220t 03 0.0040 126 078 3213 199.88 492
5/16/1994 0.0882 16300 | 2013 03 0.0040 0.64 0.53 078 188.27 4.33
5/16/1934 0.0851 16300 | 2.013 03 0.0040 0.69 0.57 083 188.27 4.33
5/17/1994 0.0919 15000 | 1.960 03 0.0040 065 0.53 079 184.92 417
5/17/1994 D.1168 1500.0 | 1.960 03 0.0040 0.83 0.65 1.12 184.92 417
5/23/1934 0.0312 10400 | 1.742 03 0.0040 078 0.58 107 170.86 3.52
52311934 0.0431 10400 | 1742 03 0.0040 128 1.08 156 170.86 362
572511934 0.0827 1250.0 | 1.848 03 0.0040 0.84 064 114 177.78 3.83
572511984 0.091 12500 | 1.848 03 0.0040 098 072 1.50 177.78 3.83
5/31/1934 0.1294 15200 | 1.968 03 0.0040 072 0.56 0.93 185.45 419
5/3111994 0.0836 15200 | 1.968 63 0.0040 064 0.50 082 185.45 418
5/2/1994 0.2765 1550.0 | 1.981 03 0.0040 1.96 0.92 20.34 186.24 423
6/2/1994 0.1266 1550.0 | 1.981 03 0.0040 0.63 0.55 084 186.24 423
6/6/1994 0.0741 13100 | 1876 03 0.0040 073 059 0.90 179.58 39
6/8/1994 0.0580 13100 | 1.876 03 0.0040 0.69 0.55 0.86 179.58 391
6/13/1994 0.1600 1050.0 | 1.747 9.3 0.0040 0.99 0.75 138 17121 353
6/13/1994 0.1781 10500 | 1.747 0.3 0.0040 1.30 087 203 17121 353
5/111995 0.0553 12300 | 1.838 03 0.0040 0.78 063 097 17717 380
5/1/1995 0.2049 1230.0 | 1.838 03 0.0040 113 054 1.46 177147 3.80
51211985 0.0508 13300 | 1885 03 0.0040 072 0.58 089 180.18 394
5211995 0.0411 13300 | 1885 03 0.0040 068 0.55 184 180.18 3.94
5/8/1995 0.3472 16800 | 2.033 03 0.0040 0.96 074 126 189.51 433
5/8/1995 0.1604 1680.0 | 2.033 03 0.0040 0.90 0.68 121 189.51 4.39
591995 0.2239 17680.0 | 2.491 03 0.0040 0.79 0.65 0.26 163.00 433
5/3/1995 0.2429 1780.0 | 2.491 03 0.0040 0.88 0.69 118 163.00 4.33
516/1935 0.3070 21400 | 2197 03 0.0040 074 0.59 092 199.68 4.91
5/16/1935 0.5158 21400 | 2197 03 0.0040 083 0.65 110 199.68 491
511711995 1.0414 24500 | 2858 03 0.0040 0.95 073 1.30 169.00 505
51171995 17219 24900 | 2858 03 0.0040 1.23 0.86 1.78 163.00 505
572211995 0.8397 3080.0 | 2453 0.3 0.0040 0.83 067 1.07 21556 578
572311995 1.2108 30500 | 2.463 03 00040 0.98 073 1.78 21556 578
5/23/1995 28670 30500 | 2463 03 (0.0040 5.38 1.45 16.92 21556 578
57251985 15843 2790.0 | 2.393 03 0.0040 1.07 0.30 156 211.45 555
5/25/19%5 1.0404 2790.0 | 2393 03 0.0040 0.75 061 09 211.45 5.55
5/30/1995 1.8210 32900 | 2524 03 0.0040 0.98 072 1.85 21912 599
5/30/1935 2.3686 3290.0 | 2524 03 0.0040 117 0.81 1.78 219.12 598
53111995 1.7756 3630.0 | 3724 0.3 0.0040 51.33 110 3283 156.00 6.47
6/3/1995 0.9544 41600 | 2722 03 00040 39.09 2829 50.10 23051 B.67
6/4/1995 0.7098 42100 | 2732 03 0.0040 3709 2228 51.12 231.10 8.71
6/4/1995 0.6750 42100 | 2732 03 0.0040 2054 12.79 29.26 231.10 8.71
6/5/1935 1.2333 47100 |} 2833 03 0.0040 6379 3883 78.72 23877 707
B8/5/1995 0.95629 47100 | 2833 03 0.0040 117 072 27.36 236.77 7.07
6/14/1995 0.1085 3830.0 | 2672 03 0.0040 2270 16.76 3073 22769 6.50
6/14/1995 0.5182 39300 | 2672 03 0.0040 0.9 0.69 18.17 22769 6.50
6/19/1935 0.7382 37100 | 2623 03 0.0040 075 061 0.91 22488 6.33
6/19/1995 16142 3710.0 | 2623 03 0.0040 1.63 n.es 10.41 22488 6.33
6/2019%5 06933 3200.0 | 2.801 03 0.0040 0.81 063 1.07 217.81 591
67201995 1.0652 32000 | 2501 03 0.0040 175 0.90 11.16 217.81 5.91
6/26/1995 0.8171 3640.0 | 2607 03 0.0040 2258 297 3633 22395 6.27
6/26/1995 0.6966 3640.0 | 2607 03 0.0040 1.71 0.82 2838 | 22395 6.27
6/27/1995 0.6243 4310.0 | 2753 03 0.0040 22.44 1.00 6668 | 23228 678
6/27/1995 0.7922 4310.0 | 2.753 03 0.0040 1.95 0.92 18.01 232.28 678
1711997 3.2147 63900 | 3.125 03 0.0040 1.14 085 154 252,90 8.14
51171997 3.8790 6390.0 | 3.125 03 0.0040 0.97 0.75 1.34 252.90 8.14
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Table C.46. Data from South Fork Red River, ID

Helley

Date dns (tons/day-f) Q) | b ) Slope "f";;y(:';;'h "‘;';‘;y(i:';h Sml:;-@ 85| W (i) V(':fs)a"
ITHEE 0.0057 75 | 0.860 03 0016 13 085 746 | %80 | 164
4/51934 00013 79 | 0.860 03 00145 066 053 083 | 2680 | 154
41131994 0.0014 31 | 0880 03 00145 062 0.47 082 | w7 | 183
41131934 0.0013 41 | oo 03 00146 070 054 0w | mm | 163
4211994 0.1045 1500 | 1620 03 00145 118 089 153 | 2900 | 308
42171904 0.1331 1500 | 1620 03 00146 112 0.84 150 | 200 [ 308
412611934 0,053 1340 | 1560 03 00146 121 0.88 163 | 2800 | 288
4726/1994 0.0410 1340 | 1560 03 00146 139 092 224 | 2900 | 288
5121994 0.0183 73 | 1380 03 00146 125 0.86 186 | 2750 | 279
5721994 0.0293 73 | 130 03 00146 1.38 099 193 | 750 | 279
5/411934 0.0017 886 | 1390 03 00146 0.7t 0.56 0% | 2760 | 242
57411934 0.0019 886 | 1390 03 00148 0.70 057 086 | 760 | 242
5/5/1994 0.0359 1010 | 1.440 03 0048 118 085 164 | 810 | 266
5//1334 00142 101.0 | 1.440 03 0.0146 1.14 083 16 | 2810 | 265
5/12/1934 0.0110 1020 | 1370 03 00146 083 069 103 | 2790 | 261
5/12/1994 00322 1020 | 1370 03 00146 134 108 186 | 2790 | 261
5/16/1934 00127 711|120 03 00146 109 oe 145 | 2730 | 204
5/16/1994 0.0034 711 | 120 03 0.0146 091 071 126 | 2730 | 204
51771984 0.0081 920 | 1350 03 00146 099 074 146 | 270 | 258
5171594 00034 520 | 1380 03 00146 080 063 103 | 270 | 258
5720/1994 0.0863 w3 | 1370 03 00146 317 217 a7 | 7| 23
57201984 0.0284 903 | 1370 03 06146 137 107 1726 | 73| 23
5/23/1994 0.0037 £97 | 127 03 00146 114 0581 i61 | 270 | 208
5231994 00010 9.7 | 1230 03 00146 072 057 030 | 2710 | 208
5241994 0.0003 682 | 1230 a3 00146 061 0.48 076 | 2730 | 200
572511994 00003 654 | 1210 03 00146 on 0.55 093 | 2710 | 130
52511994 0,0004 854 | 1210 03 00146 089 066 113 | 2710 | 190
6/1/1984 0.0033 51 | 120 03 00148 112 085 10 | 2710 | 207
B/1/1394 00124 757 | 1270 03 00145 13 108 171 | 270 | 207
6/1411994 0.0002 75 | 1080 03 00146 058 0.43 076 | 2700 | 167
6/14/1994 0.0004 476 | 1060 03 00146 080 062 104 | 2700 | 187
6271934 0.6168 42 | 1010 03 00146 0% 071 120 | :80 | 187
62711994 00014 42 | 1010 03 00146 053 0.40 065 | %80 | 15
7/12/1894 0.0021 25 | 072 03 00148 110 0.85 137 | w60 | 118
7121994 0.0002 25 | 0720 03 00146 078 053 116 | 280 | 118
712811994 0.0001 128 | 0560 03 00146 058 0.4 075 | 220 | o089
71281994 0.0001 128 | 050 03 00146 127 077 22 | 2620 | o088
872911994 00003 73 [o0520 03 00146 126 0.90 183 | 2480 | 055
8/29/1594 00007 73 |50 03 00145 079 051 105 | 2480 | 055
92011994 0.0003 59 | 0.430 03 00145 133 118 t50 | 2440 | 056
972011994 0.0001 53 | 0.430 03 00145 071 050 1o0 | 2440 | o038
4/5/1395 0.0089 02 | 1180 03 00148 093 072 128 | 2150 | 168
4651895 0.0021 392 | 11580 03 00148 105 076 140 | 2150 | 168
4131995 0.0019 626 | 1.150 03 00146 064 050 oes |z | 202
4131395 0.0072 626 | 1.150 03 00146 118 0.80 187 | 2710 | 202
472011895 0.0101 519 | 1.09 03 0146 1.02 077 130 | 280 | 189
472011995 00034 519 | 1.080 03 0146 099 076 130 | 680 | 189
412501995 00072 544 | 1090 03 00148 080 063 102 | %80 | 187
41251395 0.0036 544 | 1090 03 00146 084 065 t10 |80 | 187
531935 0.0513 1260 | 1.470 03 00146 106 076 142 | B30 | 29
5/3/1995 0.0551 1260 | 1.470 03 0.0146 112 082 147 | B30 | 295
5101995 0.0156 2300 | 1810 03 00146 108 079 144 | 3450 | 389
51011995 00130 2300 | 1810 03 00146 0% 070 120 | 3450 | 389
51211995 0.0281 270 | 1790 03 00146 197 135 33 | 3450 | 378
51121995 0.0345 270 | 1790 03 0.0146 1.70 119 259 | 3460 | 378
511611995 00143 1700 | 1699 03 0.0146 112 081 143 | 2858 | 349
5/16/1995 0.0228 1700 | 1699 03 00146 129 0.92 180 | 2858 | 340
5118/1995 0.0269 1860 | 1650 03 00146 1.28 091 125 | 00 | 337
5181995 0.0707 1860 | 1650 03 00146 185 118 248 | 2900 | 3%
52311995 0.0232 1620 | 1.700 03 00148 134 1.02 176 | 2800 | 321
57231395 0.0421 1620 | 1.700 03 00146 154 113 216 | 2900 | 321
572511995 00133 1400 | 1560 03 00146 163 116 241 | 2300 | 308
52511995 0.0538 1400 | 1.580 D3 00146 161 124 214 | 2800 | 308
573171995 00076 150 | 1530 03 00146 147 104 2 | s 27
57311985 0 0093 1150 | 1530 03 00146 1.41 101 1% | 210 | 270
6/5/1995 0.0225 1250 | 1.640 03 00146 150 116 205 | 2850 | 278
6/6/1395 00226 1250 | 1640 23 00146 144 102 211 | w5 | 278
61411995 0.0250 881 | 1.30 03 00146 121 093 158 | 240 | 227
611411995 0.0047 881 | 1380 03 00148 093 n7a 13¢ | 240 | 22
6/20/1395 0.0017 763 | 1310 03 00145 077 081 098 | 740 | 214
6/20/1995 0.0024 763 | 1310 03 00146 113 0.80 15 | 2740 | 214
78199 0.0004 538 | 100 03 00146 066 051 oss | 90 | 154
7/6/1395 0.0028 @38 | 1070 03 00146 110 0.86 13 | 290 | 154
71711395 0.0003 04 | 0930 03 00148 132 1.03 169 | %670 | 123
717199 0.0001 304 | 0930 03 0.0146 1.00 0,66 152 | %70 | 123
713111995 0.0002 216 | 0720 03 0.0146 064 053 147 | 2680 | 114
7311995 0.0000 216 | 0720 03 0.0148 071 052 097 | smen | 114
8711995 0.0004 188 | 0710 03 00146 084 0.59 147 | 680 | 095
8/7/1995 0.0004 188 | 0710 03 0.0146 12 0.69 227 | %80 | 095
811511995 0.0001 180 | 0670 03 0.0148 071 052 087 | w60 | 085
4311996 00221 548 | 1.090 03 00145 100 078 127 | 2710 | 184
411199 0.0426 3020 | 2000 03 00146 104 0.77 153 | 3400 | 428
5/14/199 0.0320 2530 | 1.670 03 00146 123 086 177 | 280 | 381
5/17/19% 0.0806 3890 | 2.260 03 00146 231 131 453 | 3o | 479
5726/19% 0,000 2680 | 2072 03 0.0148 n7s 058 0% | 2920 | 441
B/17/1596 0.0076 1050 | 1240 03 00145 098 074 206 | 2790 | 3o
4/10/1997 0.0249 349 | 0760 03 00146 096 074 132 | 2890 | 1ee
5011997 0.0067 332 | 1.450 03 00148 120 085 185 | 3250 | 287
591397 0.0851 3570 | 1.9%0 03 0.0146 13 0% 200 | 3420 | 454
511111997 0.1072 3280 | 2130 03 00146 270 168 448 | 3090 | 449
5131997 0.1493 5580 | 2.2680 03 00146 146 035 234 | 3440 | 52
65611997 0.0151 1700 | 1610 03 00145 167 104 280 [ 2870 | 349
70111997 0.0079 374 | 0750 03 0.0148 082 068 104 | 2700 | 183
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Table C.47. Data from South Fork Salmon River, ID

Helley

Date e (tansiday f9 Qs | b b (1) Slope Hﬂ.g;'(::;'h "ﬂ;"‘:""‘l"'*' smim ass| wey | VSO0
{mm)

IS To7E 700 | 4278 5 70025 57 [ES 05 (Wi 278
301985 ang 03 oco2s 07 057 09 [wmm| 203
4301986 3710 03 0ouz5 ot 067 16 |iwsoo | 2m
51685 1080 03 09025 062 08 o1 Jioam| 22
57211985 4509 03 0.0025 098 on 1w {wom| 272
5771535 4520 03 00025 092 02 12 |oem| 270
s8N1985 4; 03 00025 066 052 0m |is00| 298
5911935 18 03 00025 o7 063 ow |wem| 2o
5151985 sl 03 00025 08 065 0% |wsm| 24
5/16/1985 {11 03 0w 060 0 078 |ism| 220
sn7noms 4380 o3 06035 23 088 118 |wem| 251
52171985 50% 03 00025 a9 o 126 | noo| 33
511988 520 03 00025 05 073 12 32
5221188 5260 03 00025 07 063 o 34
231885 5110 03 05 068 056 o8 385
5/23/1385 5420 03 00025 1.02 075 132 385
52911985 109 3 00025 1.9 116 1.9 335
So9n9E5 o 03 00025 164 Ik 210 335
s30585 {100 03 00025 151 a7 195 313
31985 450 03 0002 1'% IE] 218 2%
661195 03 10035 152 19 195 283
6611985 03 00025 18 Vg 18 308
671588 03 000z 105 az9 1w 31
en1E85 03 o025 08 o7 0 281
611211985 03 0.0025 mm 085 143 258
67711985 03 00025 110 o8 18 212
srgN9ss 03 0.0025 100 079 13 221
6/19/1%95 03 00025 117 058 150 210
625N1985 03 0.0025 "2 079 I V62
261155 a3 00025 109 080 15 157
7RNSEE 03 00025 149 128 175 110
71011985 a3 130 110
711711985 03 157 099
7n8N%35 03 109 099
71231985 53 arr coz
73001985 62 103 093
an0nees 02 153 075
22195 03 I3 295
1031588 03 a7 I
pre 03 09 320
472371988 o3 124 308
201938 03 IE 260
5095 3 103 330
SN 03 et 386
s 03 0% EE
523985 03 099 3%

1525 03 22 380
52711565 03 162 47
52911925 03 156 508
5301926 03 V4 554
61211586 03 2% 53%
snss 03 T3 ER
e61585 03 10 a8
Br7/1986 03 2 42
B85S 03 Ya 45
6n0NEs 03 215 378
62411265 03 V34 228
441971934 03 o8 188
4/19/1%54 33 1.38 188
47201954 03 1.43 214
420134 03 182 214
4281994 03 128 182
8N4 03 152 18
47291594 03 115 177
4291394 03 149 177
5311534 53 13 169
5/3/1994 03 144 163
s/1594 03 059 176
51471594 03 13 176
510/1984 2 o7 234
5101933 03 033 234
51111984 03 0.38 297
5/11/1934 23 osg 297
5151934 03 114 250
51511984 03 152 250
5M711938 73 092 p)
5N7N924 83 130 229
S/B1934 23 120 215
/3811994 03 1056 235
2411904 03 059 21
5241994 2.3 033 n
s25n930 03 12 225
25194 03 577 225
611934 3 175 23
61111994 53 076 23
5/2/1934 03 101 2.2
5271994 3 134 a2
B/B/193d 03 072 178
BEN924 03 154 178
61471932 0.3 1.27 1.50
6/14/1994 03 1.3 1.80
51211925 03 12 2y
50201995 03 1% 237
561395 03 2% 243
5411995 03 181 243
5811995 03 13 3ie
5011995 03 Va5 518
511071295 03 174 1000 £k
5/10/1985 03 156 11000 33
51161995 03 1% 109.68 3.8
516N335 03 212 109.58 319
SN7NM935 03 220 193t 33
5171355 03 e |nox| 3w
5231935 03 1 |mx| 3w
5231935 03 153 {12 | 39
241995 03 173 2| 39
S0un95 03 v |mn| 1%
5311995 03 6 {n3te| am
53111595 03 tm e 43
sr1585 03 t62 |u3s2| 445
6111935 3 18 |15 4
531195 03 1ee ians| des
531195 03 200 | oz | aes
66/1995 03 303 |n3e | a3
a6/1955 03 v 3| oam
571955 03 252 {uiza) sm
6711935 23 m || ke
615155 03 v lmss| 3w
&n151995 03 T fnies| 387
2011395 03 iu |vou| 3m
2011955 03 2 |nota| 33
82111955 g3 1284 107 60 325
BR1N95 n3 189 107.00 3%
62711995 0z 153 1077 351
62711955 53 17 | ze
511801937 03 183 11671 531
5131857 a5 9500 03 218 (et | set
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Table C.48. Data from Squaw Creek from USFS, ID

Helley

Date s (tons/day.f) Q) | hiy) | bes () Slope ”f,'_l';"(:z;‘h "z';?’(:'r':.;‘" va;:;r:n 1)165 W () V{,’,',Z;’"
T K] 52 e 73 0010 % ™ 335 | 785 | 140
BI4/1991 00553 103 | ooo 03 0.0240 146 1.08 197 | eoo | 180
51411991 0.080 128 | 0784 03 0.0240 167 1.20 243 | 810 | 201
51411993 0.0340 71 | 075 03 00240 115 070 208 | 720 | 145
5121933 Q0178 85 | 0710 03 0.0240 595 068 w7 | Tm | 1w
571711993 0.1878 140 0.753 03 0.0240 1.26 084 188 8.20 226
572011993 01482 174 | 0% 03 0.0240 132 089 190 | 830 | 245
57261993 0.0323 150 | 0783 03 0.0240 111 078 163 | 770 | 248
5311983 00117 132 | 0785 03 0.0240 104 072 145 | 760 | 222
81011993 o117 129 | opoe 03 0.0240 135 0.7 188 | 740 | 23
7071383 001E6 55 | 0560 03 0.0240 161 098 290 | 700 | 163
45194 00029 95 | 0649 03 0.0240 093 052 172 | 760 | 193
4281994 o.0011 78 | 05 03 0.0240 085 051 10 | 7sa | 4
5/1211994 00168 133 | oess 03 0.0240 177 107 319 | 770 | 282
5161994 0.0048 108 | 0850 03 00240 135 088 201 | 7m | 22
51191904 0.0025 102 | ne3 03 0.0240 121 078 1@ | 7w | 217
5231984 0,001 104 | 06s 03 0.024 127 078 217 | 70 | 22
5261994 0.0075 103 | o5 03 00240 132 085 202 | 7an | 221
51211994 00228 10 | os 03 0.0240 189 119 305 | 750 | 23
6/211994 012 10 | osw 03 00240 109 067 161 | 750 | 23
6/211994 0.0041 1o | osx 03 00240 137 082 224 | 75 | 23
6211994 0.0016 1o | osx 03 040 174 115 400 | 780 | 23
5211994 00177 110 | osx 03 0040 369 20 83 | 750 | 231
5/101985 00078 126 | 0711 03 0.0240 092 063 137 | 760 | 234
5161995 0.00%5 117 | oe77 83 00240 104 0E7 176 | aos | 214
52411995 00163 151 | 0716 03 5.0240 155 101 245 | 780 | 270
53111995 00213 186 | 0719 03 0.0240 136 091 197 | 790 | 293
61935 00146 205 | a7 03 30240 274 154 504 | 833 | 347
6131995 00645 212 | 0693 03 5.0240 555 273 13t | 8en | 347
51911995 0.016¢ 25 | 072 03 00240 188 118 345 | 900 | 351
51281995 00347 171 | 0705 03 s 126 088 173 | 750 | 320
30611996 0.0018 113 | 0645 03 00240 059 044 078 | 750 | 233
4/9/1996 00149 187 0.768 03 0.0240 0a7 0.56 1.48 7.70 317
4/23/1996 0.022% 138 0.648 03 0.0240 325 179 6.84 7.60 280
£/6/1996 00147 121 0.637 03 0.0240 2.41 1.31 531 7.50 254
5221996 0.0389 203 | o754 03 0.0240 184 095 468 | 970 | 415
5811996 0.0716 323 | 0759 03 00240 484 205 15 | 0o | a2
51411995 0.0675 01 | 0873 03 0.0240 122 072 303 | na | 418
51131996 10901 536 | 1075 03 0.0240 569 273 128 | 110 | 449
51711996 05274 53 | 0928 03 0.0240 593 285 tre | tim | 4w
512411996 01000 205 | 0668 03 0.0240 291 166 574 | 1070 | 34
7111995 0.0204 200 | 0555 03 00245 139 073 238 | 1060 | 340
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Table C.49. Data from Squaw Creek from USGS, ID

Helley

Date s (tons/day-f) Q) | hi) | b Slope "‘:";;"(:":‘;'“ "ig;”(:z;"‘ Svr;:‘l:n 1;65 W@ V"f'"/‘;)a"
EA7AGEE 008 756 | 0560 3 0100 T8 753 087 | 2280 | 150
5171994 0.0030 26 | 0860 03 0.0100 088 084 117 | 2280 | 150
5/20/1984 0.0019 %6 | 08w 03 00100 093 069 125 | 23 | 144
5/20/1994 0.0021 286 | 08% 03 0.0100 1.01 073 141 | 230 | 144
572611994 0.0000 249 | 0850 03 0.0100 0.46 0% 057 | 2250 | 131
§/25/1994 0.0008 249 | 0850 03 0.0100 060 0.4 080 | 2250 | 131
512711994 0.0020 73 | osno 03 0.0100 054 0.44 067 | 2250 | 144
512711994 0.0024 279 0.870 03 0.0100 0.53 0.43 065 2250 1.44
£/9/1994 0.0001 170 | o7 03 00100 050 041 076 | 2100 | 103
521984 £.0002 11 | 0750 03 00100 089 056 125 | w80 | oo
61211994 0.0001 141 | 0750 03 00100 061 052 074 | 080 | 090
41261995 00357 283 | 1.0 03 2.0100 0.70 055 097 | 200 | 126
472611995 0.0402 23 | 1020 03 00100 063 051 ve3 | 2200 | 12
4201995 0.0175 26 | 1030 03 00100 065 054 083 | 2330 | 13
472911995 00175 26 | 103 03 0.0100 084 087 105 | B3| 1
51211985 00268 .43 | 1070 03 00100 062 053 a7s | 2380 | 13
£/4/1995 0.0173 343 1.070 03 0.0100 068 0.54 090 2360 136
51541995 0.0022 3b»7 1080 03 03100 0.44 039 0.49 23.90 1.38
5211895 0.0102 3k7 1.080 03 0.0100 0.6t 050 078 2390 138
5/6/1995 0.0431 88 | 1230 03 00100 061 0.49 07e | 2480 | 151
5/6/1595 0.0882 88 | 1230 03 00100 0.8 048 070 | 2480 | 181
5/8/1995 0.0089 50 | 1250 03 00100 045 0.40 050 | 2490 | 183
5/9/1985 00166 551 | 12m 03 00100 08 046 070 | 2580 | 179
5/9/1995 00248 51 | 1200 03 00100 081 059 111 | 2580 | 179
5121985 00332 766 | 1350 03 00100 051 044 o6z | %10 | 218
51211985 00814 785 | 138 03 00100 0.5 0.47 see | s | 218
51401995 0.0086 519 | 1300 03 0.0100 068 053 0es | 2480 | 122
511411995 0.0073 619 | 1300 03 00100 0.45 040 052 | 2480 | 192
5161995 0.0265 B4O | 1430 03 00100 065 050 oot | ww | 227
5/16/1995 00216 840 | 1430 03 00100 071 052 1w | sw | 2w
518995 00825 150 | 1510 03 0.0100 208 111 s | sm | 27
518/1995 00529 150 | 1510 03 00100 1.90 106 3m | o | 27
51911995 03152 1380 | 1630 03 00100 268 165 561 |20 | 299
5/19/1995 0.0865 1380 | 162 03 0.0100 769 151 nes | w20 | 2%
5/19/1995 0.1652 1380 | 16% 03 0.0100 171 106 379 | 220 | 299
5/21/199 0.1267 156.0 | 1560 03 00100 405 170 w079 | 03 | 329
5211995 00686 1560 | 1560 03 00100 1.41 090 242 | .| 32
§722/1995 00577 1540 | 1560 03 00100 158 093 277 | ;s | 378
572211995 IRREi 1640 1580 03 00100 4.30 220 922 30.50 3.18
52311995 0.0406 1610 | 1560 03 0.0100 089 065 128 | o3| 3I:
5/23/19%5 0.0370 1610 | 1580 03 00100 070 054 0o | B2 | 33
52011935 00532 80 | 160 03 00100 190 1.10 a5 | @l 2w
5/24/1995 0.0872 1380 | 1620 03 0.0100 388 187 1o | w70 | 28
5/29/1995 0.0489 1280 | 1540 03 0.0100 1.93 147 33 | 840 | 293
§29/19% 0.1539 1280 | 1540 03 00100 10.29 321 758 | B | 29
529/1995 0.0268 1280 | 1540 03 00100 176 059 354 | 2840 | 293
B4/1995 05119 %70 | 1520 03 00100 106 072 190 | 410 | 380
B4/1995 06900 %70 | 1520 03 00100 117 082 195 | 4610 | 380
B/7/1995 0.1805 2000 | 1270 03 0.0100 1.00 066 200 | 4480 | 351
67/1995 01471 2000 | 1270 03 00100 084 063 118 | 4460 | 380
6111995 0143 1500 | 1100 03 00100 095 062 2m | @m; | 32
B/111995 0.3310 150.0 1.100 03 00100 1.59 0.88 565 42.30 3.2
6/1141995 0.4845 150.0 1.100 03 00100 1.31 086 217 4230 322
B/14/1995 0.4283 %20 | 1490 03 0.0100 074 057 106 | 4530 | 374
B/14/1995 0.5541 2620 | 1.490 03 00100 0.99 071 224 | 451 | 374
B/16/1995 0.6058 250 | 1420 03 00100 145 091 309 | 4290 | 369
6/16/1995 0.4098 250 | 142 03 0.0100 0.4 063 118 | 4s00 | 360
B2111995 00374 1540 | 1130 03 00100 057 047 070 | 4w | 315
612111995 0.0787 1540 | 1130 03 00100 0er 062 140 | 4310 | 318
67231995 0.1200 w70 | 1090 03 00100 085 053 nes | 260 | 319
6231995 0.1521 170 | 1090 03 00100 079 059 115 | 4260 | 319
71301995 0.0429 1320 | 1070 03 00100 080 059 123 | a0 | 208
7/3/1995 0.0381 1320 | 1070 03 00100 1.54 1.00 219 | 4170 | 298
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Table C.50. Data from Thompson Creek, ID

Helley
Date s (tons/day £ ok | hig fins () Stope "z‘;eﬂ"(:m:'" "‘;‘,';;y(m:"‘ s"(.:;r:'1 .:ss W "(’f'"/‘;)a“
5/1111995 0.0148 11.8 0858 a3 0.0153 0.47 0.41 0.56 18.54 283
5/1211995 0.0663 439 0.872 03 00153 0.83 0.61 1.23 18.69 269
5/12/1995 0.0403 439 0872 03 B8.0153 065 0.51 0.88 18.69 269
511411935 Q.0088 319 0787 03 0.0153 Q67 Q.46 1.06 17.75 228
5/14/1995 0.0299 3Ns 0.787 0.3 0.01583 0.80 0.60 1.10 17.75 2.28
511411985 0.0128 31.9 0.767 03 0.0153 0.67 0.54 0.86 17.75 2.28
5/16/1995 0.03%1 551 0.938 03 0.0153 0.58 0.47 0.72 19.39 3.03
5/1811935 0.1125 74 4 1.033 03 00153 087 0.61 1.32 20.36 353
5/18/1995 0.1395 744 1.033 03 0.0153 071 0.57 090 20.36 353
512111935 0.13585 83.4 1.072 0.3 0.0153 093 0.64 1.45 20.74 375
5/21/1995 0.3390 83.4 1.072 03 0.0153 1.28 095 1.66 20.74 376
5231995 00840 800 | 108 03 0.0153 083 055 13 | 2080 | 387
5231995 0.0738 g0 | 1058 03 0.0153 070 051 113 {2080 | 38
5/26/1985 0.0707 656 0.992 0.3 0.0153 0.756 0.57 099 19.95 3.31
5/26/11985 0.0652 656 0992 03 0.0153 0.78 0.60 1.02 19.95 33
5/3011984 0.1516 76.5 1.043 0.3 0.0153 074 0.58 0.95 20.45 358
5/30/11985 0.1530 76.5 1.043 0.3 0.0153 079 0.61 1.02 20.45 3468
6/4/1885 0.4102 118.0 1.139 0.3 0.0153 097 068 1.33 21.94 4.48
6/4/1995 0.5424 118.0 1.189 03 00153 1.02 0.74 136 21.94 4.48
B/5/1995 0.9948 1240 1.218 0.3 0.0153 1.1 0.80 151 2212 460
B/5/1995 3.6602 1240 1.218 0.3 0.0153 091 065 128 2212 460
B6/7/1995 0.1405 86.3 1.084 03 00153 068 052 095 2085 38t
B/7/1995 0.1573 86.3 1.084 03 0.0153 070 055 0.93 2085 381
6/9/1995 0.1857 E6.1 0.8%5 0.3 0.0153 085 062 125 19.97 332
6/9/1895 0.1267 65.1 0.995 0.3 0.0153 0.71 054 1.01 1997 332
6/12/1995 0.4481 895.4 1.080 0.3 0053 1.13 0.75 211 20.82 379
641211935 0.4309 B854 1.080 0.3 0.0153 0.57 07 1.38 2082 379
B/16/1935 0.7014 820 1.095 03 053 3.08 134 765 20986 367
B6/16/1995 0422 83.0 1.085 23 0.0153 164 1.00 7.39 20.96 387
6/16/1935 05773 89.0 1.095 03 0.0153 1.39 0.94 271 20.96 3.687
6/21/1995 0.0297 57.0 0948 03 0.0153 053 0.44 0.67 19.50 3.08
6/21/1995 0.0249 57.0 0.948 03 0.0153 053 0.44 0867 19.50 3.08
6/22/1935 0.0547 551 0938 0.3 0.0153 1.04 070 1.49 19.39 303
6/22/1985 0.0172 551 0.938 0.3 0.0153 073 0.50 1 19.39 3.03
6/25/1985 0.0843 702 1.014 03 0.0153 072 0.54 1.02 2017 3.43
6/25/1995 3.0793 79.2 1.014 03 00153 0.70 052 1.0t 2017 3.43
7141985 0.0278 48.8 0.902 0.3 0.0153 077 0.57 1.03 19.01 2.84
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Table C.51. Data from Trapper Creek, ID

i mith
Date s ttons/day ) Qefy | W) |t Slope “ﬂ;’;’;‘,‘" "‘d‘;’(;m,

ERED 70108 7472 73 TG 7 GE7
4771384 0.0050 0.472 03 00414 049 0.40
4711894 0.0188 0.472 03 0.0414 236 097
4131994 0.0492 0.505 03 o4 20 086
4131934 0.0102 0.5056 03 0.0414 185 091
41131984 0.0024 0.508 03 0.0412 0% 068
42211984 0.0677 1139 03 0.0414 258 092
472211984 0172% 1.139 0.3 0.0414 388 254
4271984 0.0061 1011 a3 0.0474 107 070
A7271984 0.0078 101 03 00414 140 078
5/4/1994 00456 0799 o3 0.0414 4723 270
57411994 0.0376 0.793 063 0.0414 287 204
5411994 0.0707 0.799 03 0.0414 476 2%
5/5/1994 0.0028 0.852 03 0.0412 218 088
s/5i190 0.0586 0652 03 00414 i 275
smn90 00402 089 33 00414 333 2

5/9/1994 00436 0838 a3 00414 293 201
51111994 0.0226 0.875 03 00414 25 144
5111994 01495 0875 03 Q0414 372 275
5121994 0.0059 0845 03 a0414 295 203
5121994 g0 0.845 [1%] a4 3.46 227
5/16/1994 0.0080 073 03 00412 213 097
516/1994 0009 07N 03 0.0414 1.33 088
5171994 00363 0.845 0.3 0.0414 303 22
51711994 00304 0645 03 0041¢ 3% 231
52011904 00482 0795 03 00414 33 2

572011934 0.0685 0795 D3 00414 372 244
5231994 30488 0.807 03 00414 319 228
5231994 0.0609 0.807 03 00414 315 235
52411994 00125 0.784 03 00414 264 208
5241994 00085 0.784 03 DI 273 219
51251994 0.0415 6.761 03 0.0414 122 240
51251994 00362 0.781 83 00414 273 21
57261994 0.0028 0739 03 00414 221 118
5/26/1994 0.0010 073 03 0.0414 208 095
6111998 0003 0686 03 00ate 130 078
B/1/1984 00126 0686 03 00414 2.46 169
6/2/1994 00174 0647 03 00414 27 208
6/2/1994 00025 0647 03 00414 092 070
6/8/1934 00054 as01 03 0.0414 212 122
5/3/1994 Q0022 0601 03 00414 143 078
6841994 00049 as01 03 00414 216 095
6/9/1994 00020 asn 03 00414 203 095
B/2/1984 0003 9571 03 00414 208 %2
6/9/1994 00003 9571 03 0.0414 314 176
612211994 00536 0708 03 00414 268 149
6/22/1994 00254 6708 03 00414 236 156
6/22/1934 00578 6708 03 0.0414 259 195
6/28/1994 00004 0595 03 50414 077 058
6/28/1934 00057 0555 03 00412 103 073
612811594 00004 0595 03 00414 097 070
7N13/1984 00808 0.465 03 00414 090 o7
7131984 00020 0.465 03 0.0814 078 a63
7131994 00007 0 465 03 0.0414 1t 0.77
887199 0.0008 3% 03 anate 098 072
aBn9a 00003 03% 03 00414 168 088
2871904 00005 039 03 00414 Py 12
B8/28/1994 oooe 3296 03 00414 0.46 b
82311994 o011 0.206 a3 00414 1.32 nes
8/29/1934 00011 0.2%5 23 00414 225 107
972001834 00003 0.273 03 00414 27 2

972011994 00001 0.273 03 0.0414 200 PE:74
9/20/1994 00000 0.273 53 an4dz 0.96 ns53
461995 0.0C44 0.610 a3 o0 172 (4}
4/6/1995 00099 0.610 03 0412 150 121
4121995 00050 0.600 23 00414 196 148
4112/1885 00019 0.600 03 00414 224 170
472011995 0.0006 0.560 23 0.04t4 167 122
472011985 00006 0.560 63 00414 211 153
41261985 00084 0570 03 004i4 219 161
426/1995 000 0570 03 00414 222 163
5111995 00142 0780 0.3 a0d1e 1.80 127
51/1595 00035 0780 03 00414 203 151
5/9/1995 01519 1230 0.3 00412 364 226
59/1995 02250 1230 03 00414 507 309
511/1995 0.1067 1870 03 aons1a 334 231
&ninges 0098 1870 03 00414 305 215
515/1985 0.0298 0982 03 00414 263 183
snsnos 00299 0582 03 00414 277 165
51711995 D0s514 1160 03 00414 286 210
5171935 00218 1160 03 00414 234 1Ee
5/221995 00108 } 140 03 0pal4 217 161
522/1995 0.0082 1140 03 Q0414 251 182
572411995 0.0344 1.080 03 00414 325 27
52411995 00127 1080 03 oo414 242 175
5301995 0.0016 3960 03 00414 1.96 144
5/30/1995 0.0036 0380 0.3 00414 250 1.%8
5711995 0.0308 1020 03 0.0414 310 198
6/7/1995 0.0130 1020 03 00414 250 1,84
61411995 0018 0840 03 00414 381 284
614/1995 00033 0840 03 0041 204 151
619/1995 00134 0740 03 00414 2 218
B/18/1995 00t51 0740 03 00414 283 208
7/5/1995 00002 0610 a3 08414 126 0%
7/5/1985 00002 2810 03 00414 141 104
7181995 00002 0530 03 00414 096 072
8/3/1395 00001 0.490 03 00414 141 104
B/3/1995 00002 0490 23 0.0412 294 218
8/8/1995 [vsel] 0500 03 00414 200 13
6/a/1995 00501 0.500 0.3 00414 1.00 065
B8/14/1995 0 0co1 0.470 23 00414 200 1.3
B/14/1995 00004 0.470 03 0.0414 219 153
4121199 01364 1.260 03 00414 356 23
511511986 04157 1430 93 00414 295 208
52111986 00481 1.350 03 00414 7.45 295
61131905 00099 038 03 00414 Do 060
B/2EN9%E 0005 0630 03 0.0414 0.76 057
AMNg97 00006 0.520 03 00414 0.0 055
S7n9er 01341 0910 23 no414 329 217
e1/1557 0.0095 0280 83 00414 280 177
822117 000 072 03 0.0414 385 214
8/18/1957 00002 0360 03 00414 118 082

Helley
Smith d65
(mm)
28
072

201

Wi

16.05
16.05
16.05
1625
18.25
16.25
18.89
189
18.48
18.48
1769
1769
17.69
17.90
17.90
18.08
18.08
1793
17.99
17.87
1767
17.40
17.40
1787
1787
1763
17.68
1773
1773
1763
1763
17.63
17.63
17.44
17.44
17.20
17.20
7.0
1701
16.78
16.78
18.78
16.62
16.62
16.62
17.30
1738
1730
1675
16.75
1875
1600
16.00
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Table C.52. Data from Valley Creek, ID 1

Helley

Date s (tons/day ) Qcl) | W | e Siape "':";;"(z':‘;'h "‘:";?’;’l"";‘" Sn;:::n ?55 W (0 V:;,’;f“
PYIREET] 56105 %0 | 156 3 3,004 e 03 095 | 7613 | 215
4191994 00123 260 | 1545 03 0.0040 061 0.48 078 | 7443 ] 215
42111994 01182 250 | 1643 03 50040 129 0.98 188 | a:2 | 2m
42111994 0.0822 250 | 1643 03 0.0040 130 100 168 | 4@ | 23
4261994 00138 210 | 1479 03 0.0040 1.00 0.7 13 | 735 | 203
42511984 0.0041 210 | 1479 03 0.0040 117 0.94 122 | 735 | 20
42811994 00089 1890 | 132 03 £.0040 118 0583 170 | 2. | 17
4261994 00135 1690 | 1.3 03 0.0040 135 111 183 | 7218 | 177
5/3/1994 0.0194 1860 | 1315 03 £.0040 1861 116 23 | 7208 | 175
531994 0.0165 1660 | 1315 03 0.0040 120 088 160 | 7208 | 175
5/5/1994 0.0123 180 | 1478 03 0.0040 1.1 113 177 | 723 ] s
£/5/1994 0.0061 180 | 1375 03 0.0040 199 140 273 | 7283 | 185
5101984 0.0947 3BO | 1758 03 0.0040 099 073 12 | me | 25
5101994 0.2335 3%0 | 1758 03 0.0040 142 104 201 | s | 2m
51211984 0.4188 2080 | 1904 03 00040 167 120 23% | 7689 | 279
51211984 0.2665 4080 | 1904 03 0.0040 151 114 201 | 7689 | 279
51511984 0.0457 330 | 1784 03 0.0040 133 0% 188 | 7600 | 259
5151984 0.0297 330 | 179 03 00040 188 135 285 | 7609 | 259
5n7M984 0.0245 390 | 1721 03 0.0040 1.2 0.93 22 | 7883 | 248
51711984 0.0393 390 | 1721 03 0.0040 180 134 261 | 7553 | 246
51181984 0.0767 2040 | 1664 03 0.0040 160 12 213 | 7509 | 2%
5181954 00525 2040 | 1664 03 0.0040 144 108 191 | 7500 | 2%
52411984 0.0942 210 | 1479 03 0.0040 142 108 ves | 73g | 203
52411984 0.0794 210 | 1479 03 0.0040 132 102 1711 | 73 | 203
52611994 01481 2530 | 1.564 03 0.0040 197 152 25 | 7mam | 218
57261994 0.1817 2530 | 1564 03 0.0040 208 181 288 | 748 | 218
611190 01530 3w0 | 1758 03 0.0040 157 123 20 | e | 2%
6111934 oo72s 3%a | 1758 63 0.0040 198 140 285 | e | 252
B3/1904 0.0406 2950 | 1686 03 0.0040 093 070 Ta3 | 7511 | 23
6311924 00172 2950 | 1666 03 0.0040 172 099 381 | 811 | 2%
511994 0.0231 %40 | 1582 03 0.0040 125 0.90 174 | 7as | 223
5/5/1994 0o %40 | 159 03 0.0040 133 105 167 | 7451 | 22
B13/1994 00160 2530 | 1568 03 0.0040 138 1.00 191 |74 | 2718
511311994 0.0088 %30 | 1560 03 00040 238 167 315 | 74 | 218
502/1395 0.0300 280 | 1601 03 0 0040 200 131 322 | 7453 | 224
57211995 9,004 %80 | 1601 03 00040 154 108 221 | 7459 | 224
57311995 00780 2770 | 1523 03 0.0040 123 093 188 |74 | 2%
57311995 00199 2770 | 1523 03 0.0040 172 111 281 | 7477 | 228
5131995 0.0962 3720 | 1833 03 0.0040 211 155 298 | 783 | 266
5/9/1995 0.1401 3720 | 1833 03 0.0040 257 175 374 | 78m | 266
5101995 0.1538 3960 | 1881 03 0.0040 111 081 147 | 7E72 | 278
51011995 0.2203 3960 | 1881 03 0.0040 1861 120 2% | 772 | 275
51711995 0.0911 5410 | 2139 03 0.0040 110 072 158 | 7846 | 323
51711995 0.0870 540 | 2139 93 0.0040 091 062 134 | 7808 | 323
5181985 0.1475 5580 | 2186 93 0.0040 128 089 175 | 7684 | 38
511811995 0.4704 w80 | 2186 03 0.0040 128 090 177 | 7ese | 378
5231995 0.3686 B00 | 2350 03 0.0040 150 111 2m | e | 3w
5031995 0.4801 B800 | 2350 03 00040 201 135 283 | 7977 | 364
50411985 0.4160 B0 | 2359 03 0.0040 1.40 102 193 | 7982 | 3es
50411335 0.3984 B850 | 2359 03 0.0040 147 .10 197 | 798 | 385
53111985 01294 7560 | 2455 03 0.0040 111 073 157 | 803 | a4
573141995 0.2327 756.0 2.455 03 0.0040 1.55 1.09 231 80.38 3.84
51111995 0.2150 7650 | 2488 03 00040 148 g7 237 | soss | 3w
51111995 0.1765 7660 | 2488 03 0.0040 1.49 100 2% | 845 | 3w
61411995 0.1856 8930 | 2623 03 0.0040 178 115 280 | 8135 | 418
51411995 01561 8930 | 2629 03 0.0040 175 120 785 | 8135 | 418
61511995 03954 10300 | 2789 03 00040 215 142 33 | 8219 | 45
5511995 01784 10300 | 2788 03 00040 143 102 200 | 8218 | 48
5511995 0.0981 10300 | 2789 03 0.0040 125 029 171 | s3] s
B/5/1955 01715 10300 | 2788 03 0.0040 160 110 247 | 8219 | a5t
6/1311995 02501 7560 | 2455 03 00040 138 105 181 |03 | 3
611311995 01617 7560 | 2455 03 0.0040 181 109 263 | =038 | 384
B20/1995 0.0504 890 | 2563 03 0.0040 116 064 161 | 8098 | 405
5201995 01182 B0 | 2563 03 5.0040 165 116 253 | 8098 | 405
512711985 0.8502 8470 | 2573 03 0.0040 28 203 301 | 8ioa | 407
BI27/1995 07120 8470 | 2573 03 0.0040 243 172 330 | 8104 | 407
5281995 0535 5070 | 2546 03 0.0040 216 147 341 | 8144 | 42
51281995 0.9025 970 | 2545 03 0.0340 225 153 337 | 814 | 42
5181997 10486 14200 | 3183 03 0.0040 2% 153 386 | 811 | 53
5181997 1.0693 12000 | 3155 03 0.0040 525 321 106 | 839 | 52
57197 0.2511 12300 | 3000 03 0.0040 1.54 122 195 | 8324 | 43
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Table C.53. Data from Valley Creek, ID 2

Helley

Date ans (tons/day-f) Qs | hy hns () Slope "‘:';;” Smith | Helley Smith | o oy | w gy | Ymean

mm) | 35 (mem) | ST {ft's)
TAED] 0223 13300 | 3500 73 0040 792 T8 508 | @asa | 494
5/10/1994 0.0420 3200 | 1723 03 0.0040 129 0% 171 | 7855 | 248
5101994 0.1235 200 | 1723 03 0.0040 182 1.40 249 | 7555 | 246
5/10/1994 00290 300 | 1723 03 0.0040 133 104 170 | 7555 | 246
5/15/1994 0.0412 380 | 1804 03 0.0040 192 133 270 | 7608 | 261
5/151994 0.1074 ;60 | 1804 0.3 0.0040 1.46 117 183 | 7808 | 261
5/16/1994 00922 3040 | 1687 03 0.0040 195 142 287 | sz | 240
5/1611994 5.0030 3040 | 1667 03 0.0040 .80 053 1oa |27 | 240
5/16/1994 0.0270 3040 | 1887 03 0.0040 246 174 344 | 7527 | 240
51711994 0.00% 240 |12 0.3 0.0040 123 030 165 | 7582 | 248
51711994 0.0041 3240 | 1732 03 0.0040 120 0.92 152 | 7582 | 28
572011994 00013 2400 | 1551 03 0.0040 1.03 080 127 | 7418 | 218
52011994 00042 280 | 1551 03 0.0040 166 122 23 | 7418 | 216
572311994 0.0043 2200 | 1475 03 0.0040 158 125 199 | 7354 | 20
52311994 0.0038 200 | 1476 03 0.0040 1.14 088 142 | 7380 | 203
5/26/1994 00771 280 | 1861 03 0.0040 33 219 472 | 7ae | 2%
5/26/1984 0.0054 2480 | 1581 03 0.0040 181 125 282 | 7418 | 2%
5/2811994 0.0969 350 | 1777 03 0.0040 116 091 146 | 7596 | 285
572811994 0.0712 50 | 1777 03 0.0040 154 120 197 | 7598 | 255
57311994 0.0071 280 | 152 0.3 0.0040 226 186 316 | 739 | 211
6/3/1994 00018 2360 | 152 03 0.0040 107 982 13¢ | 739 | 211
£/8/1994 0.0017 200 | 1476 03 0.0040 1.21 0.89 162 | 7354 | 203
E/8/1994 00016 208 | 1476 03 0.0040 297 198 129 | 735 | 203
£/10/1994 0.0021 1930 | 1399 53 0.0040 121 0.98 148 | 7285 | 189
£/10/1994 0.0009 1930 | 1399 03 0.0040 136 111 165 | 7285 | 189
472311995 0.0015 290 | 1.474 03 0.0040 073 0.55 0% | 7352 | 2
47231995 0.0169 2190 | 1474 03 0.0040 126 0.97 163 | 3m | 2m
47301995 0.1419 200 | 158 03 0.0040 217 153 317 |73 | 21
473011995 0.1368 7390 | 1528 0.3 0.0040 188 138 269 | 73s | 212
5/31995 0.2280 %70 | 159 03 0.0040 172 126 242 | 7457 | 224
5/3/1995 01837 %70 | 1509 03 0.0040 192 147 259 | 7257 | 224
51411995 01985 2780 | 16% 03 0.0040 152 114 202 {7478 | 29
5411995 0.1052 2780 | 1628 03 0.0040 190 140 261 | 7479 | 229
5611995 0.1224 140 | 1857 03 0.0040 169 120 264 | 7655 | 270
5/6/1935 0.1176 340 | 1857 03 0.0040 196 134 2a0 | 7655 | 270
5811995 0.0849 3430 | 1773 53 0.0040 166 124 2m | 7593 | 28
581995 0.0341 3430 | 1773 03 50040 130 .95 170 | 7593 | 285
5/9/1995 0.2382 750 | 1838 03 0.0040 175 132 20 | 12| 287
5911995 0.2460 750 | 1839 03 0.0040 164 127 221 | 7642 | 287
5/101995 0.1199 %00 | 1849 03 0.0040 176 128 261 | 7648 | 269
5/10/1995 0.1280 00 | 1849 03 0.0040 200 145 275 | 7648 | 289
5/11/1995 0.0223 4500 | 1983 03 0.0040 154 0.99 240 | 7743 | 29
51111995 0.0485 4500 | 1983 03 0.0040 193 127 289 | 7743 | 204
5/151995 0.1004 360 | 1865 03 0.0040 1.43 114 179 | 7881 | 272
5/15/1995 0.0337 3|0 | 1885 03 0.0040 187 134 278 | 7661 | 272
51151995 0.0265 388.0 | 1866 03 0.0040 282 201 395 | 7861 | 272
5/17/1995 0.4232 517.0 | 209 93 0.0040 16t 126 271 | 821 | 318
51711995 0.2748 5170 | 2099 03 0.0040 238 155 353 | 7821 | 316
5/19/1995 0.5680 5520 | 2157 03 0.0040 140 105 168 | 7858 | 3%
5/19/1995 0.8567 5520 | 2157 03 0.0040 281 168 415 | 7888 | 3%
52111995 0.8965 6040 | 2238 03 0.0040 191 139 281 | 7908 | 342
5/211995 0.3920 BI4D | 2238 03 0.0040 202 136 307 | 7909 | 342
5/221995 0.2986 B30 | 2206 03 5.0040 155 101 245 | 793 | 3&
572211995 0BE14 B30 | 2285 03 50,0040 151 105 223 {793 | 351
572411995 0.4667 6250 | 2270 03 0.0040 206 139 205 | 7928 | 348
5/24/1995 0.2914 250 | 2270 03 0.0040 198 132 289 | 7928 | 348
5281995 0.5359 5320 | 2124 03 0.0040 158 116 220 |7y | =
572811995 0.4964 5320 | 2124 03 0.0040 180 126 286 | 78% | 32
5/2911995 0.3108 5770 | 2198 0.3 0.0040 172 127 246 | 7883 | 3m
5/28/1998 0.4554 5770 | 219 0.3 0.0040 210 149 285 | 7883 | 334
5/301995 0.2392 B410 | 2294 03 0.0040 142 100 202 | 7843 | 3m3
573041995 0.4054 6410 | 2204 03 0.0040 304 193 450 | 7943 | 383
57211995 0.9746 7790 | 2486 03 0.0040 248 169 35 | e0ss | 390
6/2/1995 0.9361 7790 | 2485 03 0.0040 313 213 465 | 6055 | 390
51511995 03357 8900 | 2628 03 0.0040 248 147 399 |83 | 41
6/5/1995 0.2017 8900 | 262 03 0.0040 148 101 225 | @13 | 418
57711995 0.0913 7730 | 2478 03 0.0040 160 112 233 | e0s1 | 389
6/7/1995 0.2087 730 | 2478 03 0.0040 271 170 127 | o5 | 3eg
£/9/1995 0.7154 7200 | 240 03 0.0040 385 225 573 | eoge | 37
5/9/1995 0.6604 7200 | 2.408 03 0.0040 168 138 282 | @ge | 37
B/12/1935 0.2408 6200 | 2262 03 0.0040 167 119 282 | 7824 | 347
B/23/1935 0.4529 5770 | 2.1% 03 0.0040 403 275 534 | 78a3 | 334
B/2311995 08017 5770 | 219 03 0.0040 278 168 406 | 7883 | 334
6/23/1995 0.4859 5770 | 249 03 0.0040 249 170 384 | 7863 | 3.34
6/28/1995 0.6546 8150 | 253 03 0.0040 203 143 302 | somt | 299
6/28/1995 0.4%8 8150 | 252 03 0.0040 168 133 201 | sog | 39
7151995 0.2657 5980 | 2229 03 0.0040 168 123 243 | 79m | 340
71511995 0.4138 598.0 | 2209 03 0.0040 172 128 248 | 7903 | 340
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Table C.54. Data from West Fork Buckhorn Creek, ID

. . Helley
Date s (tons/day f) el | R | hes ) Slope "‘;';;V(:"r“n;‘h “ﬂ;‘;”(ix;"' Srr;::::n .:55 W V('f':fs;’"
4/9/1980 0.0189 390 1.068 03 0.0320 192 129 28t 22.48 1.63
4/131990 0.0860 420 1.080 0.3 0.0320 1.66 1.15 236 2280 1.71
4/16/1990 0.2104 Ba0 1.170 0.3 0.0320 209 1.48 280 24.81 225
4/24/11990 0.1144 119.0 1.307 03 0.0320 1.63 1.18 229 2788 328
4/2411950 0.1383 130 1.295 03 0.0320 1.57 1.20 210 2760 317
4/27/1890 01375 71.0 1.189 03 0.0320 1.74 130 2.3 2523 237
5/4/1990 0.0095 490 1.1 03 00320 218 1.34 320 23.49 1.88
5/22/1990 0.0190 500 1115 03 0.0320 1.40 1.04 1.80 2388 191
5/30/1990 0.2697 1563.0 1.368 03 0.0320 2.10 1.48 276 29.26 383
5141990 00772 1100 | 1288 03 0.0320 242 1.58 3w | oas | an2
4941891 0.0028 210 0.951 03 0.0320 0.76 0.57 0.99 19.95 i1
471541931 0.0025 120 0.858 03 0.0320 0.96 073 131 17.90 078
47231991 0.0107 230 0967 03 0.0320 1.66 1.20 233 20.30 117
4301991 0.0028 210 0.951 03 0.0320 1.01 076 136 1995 1.1
5941991 0.0286 820 1.221 03 0.0320 1.38 1.05 182 2594 260
511511991 0.0270 430 1111 03 0.0320 1.89 1.38 255 23.49 1.88
5171931 0.0195 720 1.192 03 0.0320 1.22 0.89 163 2530 2.39
5201931 0.0072 790 1.212 03 0.0320 1.35 1.02 179 2576 254
5211991 0.0354 730 1.185 03 00320 1.81 1.34 249 2537 2.4
5231391 0.0247 107.0 1.062 03 0.0320 128 094 172 2975 361
5/2811991 0.021 950 1254 N3 0.0320 137 1T 1.86 2669 285
572941991 0.0331 M0 1.244 03 0.0320 1.93 1.36 267 26.47 277
513071991 0.0098 940 1.252 03 0.0320 152 1.11% 21 26.64 283
67471891 0.0597 1330 1.334 03 0.0320 1.49 1.16 1.93 28.48 351
/1113 0.0337 1260 1.321 03 0.0320 1.69 1.26 233 28.19 3.38
4719972 0.0333 340 1038 03 0.0320 170 117 241 2189 1.50
4141992 0.0702 590 1.149 03 0.0320 192 125 298 2435 2.1
42011992 D.0635 500 1.153 0.3 D.0320 205 134 307 24 43 214
412211992 0.2427 580 1.146 03 0.0320 1.81 1.24 286 2427 2.09
4/27/1992 0.0137 61.0 1.156 0.3 00320 127 0.94 1.70 2450 216
51471992 0.0929 820 1.221 03 0.0320 197 1.32 276 25.94 2.60
5/6/1992 0.1348 1130 1.295 03 0.0320 160 1.13 235 2760 317
511141992 0.0315 810 1218 0.3 0.0320 1.16 0.82 1.60 2588 258
511311992 0.0109 B30 1.163 03 00320 093 069 1.27 24 66 2.20
£/14/1992 0.0105 61.0 1.156 03 0.0320 1.58 1.07 240 2450 216
5/1841992 0.0076 770 1.207 0.3 0.0320 1.28 0.87 1.76 2563 250
51201992 0.0174 830 1.248 0.3 0.0320 1.11 081 1.43 268.58 23
5/26/19392 0.0038 770 1.207 0.3 0.0320 155 1.12 217 2563 250
411311993 0.0077 30.0 1.018 0.3 0.0320 0.60 0.46 0.78 2137 1.39
4241993 00445 330 1033 03 0.0320 1.99 1.48 2.87 2176 1.47
41271993 0.0160 400 1.070 0.3 0.0320 250 201 3.09 2259 1.66
£/6/1993 0.0078 67.0 1176 03 0.6320 1.00 0.76 1.45 24.95 2.29
5/12/1993 0.0660 1140 1297 0.3 0.0320 1.31 0.58 1.95 27 .65 3.19
6/9/1993 0.0137 1310 1.330 0.3 00320 1.59 1.16 219 28.40 3.48
B/1511993 0.1343 1120 1292 03 D.0320 1.86 1.35 2.59 2755 3.15
6/16/1993 D.0431 127.0 1322 03 0.0320 161 117 227 28.23 3N
4/18/1994 0.0008 330 1033 03 0.0320 1.02 0.72 126 2176 1.47
4/19/1994 0.0034 420 1.080 03 0.0320 0.77 0.53 1.14 2280 1.71
412111994 0.0080 79.0 1212 03 0.0320 093 0.63 136 2576 254
57211994 0.0012 29.0 1.009 03 0.0320 158 1.15 218 21.23 1.36
5/4/1994 0.0012 370 1.055 03 0.0320 1.43 1.0 20 2225 1.58
57511894 0.0007 410 1.075 03 0.0320 1.59 1.20 212 2268 168
5/9/1994 0.0195 127.0 1.322 03 0.0320 1.23 0.90 1.65 2823 341
51011984 00145 151.0 1365 03 0.0320 1.28 0.95 1.69 2218 3.80
5/11/1994 0.0159 1340 1336 03 0.0320 152 1.18 201 2852 3453
8/17/1994 0.0316 790 1212 03 00320 185 1.3 255 2576 254
51171994 0.0290 79.0 1.212 D3 0.0320 196 1.45 2738 2576 2.54
5/18/1994 0.0214 67.0 1.176 03 0.0320 224 157 306 24.95 2.29
5/18/1954 0.0083 670 1176 0.3 0.0320 2.16 1.67 2868 2495 2.29
511941994 0.0027 62.0 1.160 03 0.0320 161 1.18 220 24 58 2.18
5/2341994 0.0014 520 1.123 03 0.0320 1.56 1.17 2.08 23.76 195
52441994 0.0012 56.0 1.138 03 D.0320 124 0.98 158 2410 205
5/25/1994 00162 640 1167 83 00320 124 097 157 2473 222
512511994 0.0032 B4.0 1.167 03 00320 1.31 1.01 170 2473 2.22
b/2/1994 0.0032 730 1195 03 0.0320 1.30 0.96 1.76 2537 2.4
6/9/1994 0.0017 410 1075 03 0.0320 1.39 1.06 1.83 2269 1.68
6/14/1994 0.0094 40.0 1.070 03 0.0320 1.47 1.10 1.95 22.59 1.66
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Table C.55. Data from Coleman Lab Data

Discharge Velocity Sediment Concentration
Run (cms) Se 40 h tm) ym | oam ey Total | Total | | o
(m/md) | (mgt) [ "
2 0.064 0.002 0.105 0.171 0] 0.00021 1} 22525
0.165 0.00e 0705 8.50E-04 22525] 7.7197%
0.159 0.012 0768 6.40E-04 1695 7.436028
0.153 0.018 0817 5.20E-04 1378| 7.228388
0.147 0.024 0.852 4.20E-04 1113| 7.014814
0.141 0.03 0.883 3.70E-04 980.5| 6.888063
0.125 0.046 0.938 2.80E-04 742| 6.609349
0.102 0.089 0.975 2.40E-04 B536| 6.455199
0.08 0.091 1.03 1.40E-04 371] 5.916202
0.048 0.122 1.049 8.10E-05| 214.65] 5.369009
0.034 0137 1.043 6.50E-05 172.25( 5.148947
0.019 0.152 1.03 5.00E-05 132.5| 4.886583
0.008 0.162 1.023 3.00E-05 795| 4.375757
0.171 1.023 795] 4.375757
3 0.064 0.002 0.105 0172 0| 0.00021 0 4505
0.006 0.68 1.70E-03 4505 B8.412943
0.012 0738 1.20E-03 3180| B8.064636
0.018 0.795 9.70E-04] 2570.5| 7.851856
0.024 0.836 7 60E-D4 2014) 7.607878
0.03 0.87 6.80E-04 1802 7.496652
0.046 0.922 5.30E-04] 14045 7.247437
0.069 0.963 3.90E-04 1033.5( 6.940706
0.091 1.025 2.60E-04 662.5( 6.496021
0.122 1.048 1.60E-04 397 5( 5985195
0.137 1.039 1.10E-04 281.5) 567504
0.152 1.028 7.30E-05 193.45| 5.265019
0.162 1.02 4 80E-05 127.2| 4.845761
1.02 4.845761
4 0.064 0.002 0.105 0.00021 0 7420
0.006 0.665 2.80E-03 74201 8.911934
0.012 074 1.90E-03 5035{ 8.524169
0.018 0.802 1.50E-03 3975 B8.28778
0.024 0.829 1.20E-03 3180] 8.064636
0.03 0.863 1.00E-03 2650( 7.882315
0.046 0.922 7.50E-04 1987.5] 7.584633
0.069 0.965 5.90E-04 1663.5| 7.354682
0.091 1.023 3.70E-D4 980.5| 6.888063
0.122 1.049 2 20E-04 583| 6.368187
0.137 1.048 1.40E-04 371| 5.916202
0.152 1.033 1.00E-04 2650 857973
0.162 1.024 5.60E-05 148.4] 4.999911
0.171 1.024 148.4] 4999911
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Table C.56. Data from Coleman Lab Data

Sediment Concentration

Discharge Velocity
Run | tcms) R I N N I B T s = T
(m*m¥) | (mgsL)
5 0.064 0.002 0.105 0.171 0] 0.00021 0 10600
0.006 0.662 A00E-03]  10800| 9.258609
0.012 0717 2.60E-03 £890| 8.837825
0.018 0.788 1.90E-03 5035| 8.524169
0.024 0.814 1.60E-03 4240| 8.352319
0.03 0.852 1.40E-03 3710| 8.218787
0.046 0911 1.10E-03 2915| 7.977625
0.069 0.968 7.80E-04 2067| 7.633854
0.091 1.028 5.00E-04 1325| 7.189168
0.122 1.038 2.80E-04 742| 6.609349
0.137 1.047 2.00E-04 530 6.272877
0.152 1.03 1.30E-04 344.5| 5.842094
0.162 1027 8.60E-05 227 9| 5.428907
0.171 1.027 227 9| 5.428907
6 0.064 0.002 0.105 0.17 o[ 0.00021 0 13515
0.006 0.652 510E-03]  13515] 9.511585
0.012 0727 3.20E-03 8480| 9.045466
0.018 0.766 2.40E-03 6360| 8.757784
0.024 0.805 2.00E-03 5300| 8.575462
0.03 0.848 1.70E-03 4505| 8.412943
0.046 0.905 1.20€-03 3180| 8.064636
0.063 0.951 9.60E-04 2544 7.841493
0.091 1.037 6.20E-04 1643| 7.404279
0.122 1.054 3.40E-04 901| 6.803505
0.137 1.049 2.30E-04 609.5| 6.412633
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 6.20E-03| 16430/ 9.706864
0.012 0.709 4.00E-03|  10600| 9.268609
0.018 0.77 3.20E-03 8480 9.045466
0.024 0.604 2.50E-03 6625| B8.798606
0.03 0.849 2.10E-03 5565| 8.624252
0.046 0.924 1.50E-03 3375| 8.28778
0.069 0.952 1.20E-03 3180) 8.064636
0.091 1.03 7.60E-04 2014| 7.607878
0.122 1.061 430E-04] 1139.5| 7.038345
0437 1.051 3.00E-04 795| 6.678342
0.152 1.04 1.80E-04 477} 6.167516
0.162 1.027 1.10E-04 2915 5.67504
0.17 1027 291.5| 5.67504
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Table C.57. Data from Enoree River

Velocity C ation in ppm by grain size (ppm) Total C
Sample Number Temp F Total Depth v (fsec | 0074 | 6474 | 0475 | 0246 | 0350 | 0.495 | 0701 | (ppm) |
FERT 0 0 836.55
_ 5 0.1 0 245 8.1 B 86 5 2 ) 836.55
g 0.15 187 24 85 453 67.1 1209 | 822 0 3.4
& 0.45 23 23 38 168 438 %54 887 0 2508
s 075 215 14 55 168 26 6.3 585 D 180.1
g 135 29 15 48 134 6.4 81 105 0 1144
2 195 285 22 53 136 178 75 2.4 0 86.8
o 255 325 7. 103 155 135 103 105 0 67.2
315 363 28 39 93 10 102 75 0 a7
363 37
47 0.094 o 088 281 66 215 56 55 0 163.79
& 0.15 208 07 21 39 137 %66 292 0 76.2
a 0.45 205 1 27 58 109 2.4 157 0 565
pot 075 19 08 3 63 75 189 24 0 £8.9
e 135 255 08 14 34 6.2 12 14.1 0 71
s 195 233 06 09 32 57 8.8 6.2 0 2.4
= 255 275 06 21 36 45 8 49 0 37
w 315 272 13 23 42 36 45 22 0 18.1
375 2.1 1 23 42 24 13 07 0 19
47 21 11.900
45,86 ) ] 567.6
42 0.084 g 14 44 2 67 25 270 0 567.8
g 015 185 3 5 169 81.1 160 160 0 406
Z 0.45 185 0.9 19 98 276 58.2 575 0 185.9
bt 075 167 11 29 77 157 %8 332 0 96.4
e 135 277 08 38 66 136 27 135 0 65.3
s 195 265 08 13 6.1 104 9.1 141 0 16
b} 265 29 09 21 22 10.4 13.1 6.2 0 349
w 315 338 12 18 4.1 a4 19 07 0 172
375 277 05 2 19 36 32 28 0 14

€ (2-1940 at 17:07)

E (7741 a115:20)

E (7741 at 16:07)

272
3.2
22
16
14
23
25
21

71
6.4
79

27
48
24
25

12
74

6.1
22
18
19
07

26
89
72
49
28
17
05
04

oooooooo

45| 186.09

3.3 142.7
10.9 838
4 608
28 19.8
7.2 324
0 277
5} 187
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Table C.58. Data from Middle Rio Grande

Concentration, ppm of indicated sizes Bed Composition ... Percent Finer then Indicated
o Stope | Vs A o (me
Date | Reach |Temp°F|Q (ch}| SERY | oo | W0 | Horizon | Doum® |y | #v8Y {0uocTy e vasfn 25025 0.25.050] Totar no62 U125 ozsom | 05 mm | 4mm |5 07 | o (s fmm) sm,‘g..'.';ﬁ..
256 0 fi] @70
520953 |Bemalto A2] 71 | 2150 |o0oos| 311 [ 70 | A orse2|zazmer| 0 | vm | ew | wr | @0 | o7 | a1 | 2e | ms | @9 | 0w | om | ow | ooes
B 0607571 2983336 | 1310 569 3% B B0
¢ 12%715 30067 | 20 | s | . | e | 7
D 1240 398 ps:]
£ ES

0 E
D318765| 3.16 840 403 59 1791 05 37 341 743
0.777429| 359 1070 156 16 1623
1271795

£/4/1953 |Bemalilic A-2 62

mooo»

6411953 | Bernalifio C

6/4/1953 | Barnalilo €
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Table C.59. Data from Mississippi River - Union Point 1

Disth Distance from Velocity Suspended Sediment Grain Size Sediment Concentration (ppm)
ischarge
Date | Location | Gage | Temp€Q) | ™o R"e"'(;‘)* Point; W) | y® | "y 0s2 | 0425 | 025 | 0425 | Sand | Fine | Total | LnC
3 & 443 9
504 443)  15%| 204%| e27%| 88w 1me| 2134 349} 5855072
2|  408] 114w 636w| ssew| @2%| 15| 262 2027] 551218
) ) 33| 448 16%| 440%| 948%| 94%| ees| 2125] 281.1] se3mrt
27-Feb88 | Union Point |Knox Landing 9 1010854 1.086 198  418] a5%| 449%| 1000%| 10000%| s82| 2839| 3221| 5774882
66| 388 1.1%| 174%| 953% s94%| 2147 2081| 4238|6.049262
13| 258] t4%| 220%| 972% 0% 2| 2638  5338| 6.280021
ol 117 5338
6 66|  6.67 228
594]  B57| 44%| 330% 703%| o7.8%| 192 2088  228| 5.429346
52 84| a7%| 481%| 9ae%| o73w| 1] 34| 2515 5527403
27.Feb98 | Union Paint |Knox Landing] 9 1010854 1558 o 9B 28 g?-é:’; g;f:f; g-gz“j @A e 34390; 553'_22;;1
68| 668 11%] 180%| 966%| ©86%|  304| 249 553 6315388
13| 557] o2%| 6% 933w 992%| ossa| 2457 1241.1| 7123753
ol 308 12411
3 66 6.93 2108
s94| 593 56%| 463%| o04%| o32% 258 18|  2108| 5.349961
) 462 B49| 66%| 254%| e8s%| o2ew| 27| 2155 2422 5489764
o ! 3| 652 27%| 243w e22%] o3e%| est| 279  296| se903s
27-Feo-38 | Union Point | Knox Landing| 9 1010854 2.2% 198]  505| 16%| 162%| 915%| 987%| 1953 1965 3918| 5.970752
66| 425 11%| 117%| 755%] 995%| 2596 1905 450.1| 6.10847
13 343 06% 115%| 847%| 990%| 2885| 2167| 505.2| 6.224954
o] 154 5052
=3 %[ 7.8 2283
504 708 63% 358% 67.4%| g26%| 23] 08| 2283 5.430881
392 79| 73%| 409%| e8| orew| 38| wrs| 2393 5477718
! ! B 75| 19%| 383%| eo0w| g1 2 1947  2237| 5410308
27-Feb-98 | Union Paint |Knox Landing| 9 1010854 294 168] 63| 25% 292%| 653%| 938%| 658| 2233 289.2| 5667118
56 65|  44%| 324%| 76.4%| ga2u| 615 2238 2853 5653541
11 392 21% 118%| 449%| o9a9% 1183 2268| 345.1| 5843834

2.1% 11.8%{ 449%| 849% 3451

2788
56.7 475 6.0%| 418%| B51%| 100.0% 153 629 278.8| 5.630495
441 463 75%| 512%| 957%| 100.0% 29.1 2791 308.2| 6.730749

. ) 315|458 s5e%| 496%| 950% 983% 316 277.4] 308} 5733341
23-Mar98 | Union Point |Knox Landing 9 1063325 1020 189  444] 21%| 218%| 96%| 989%| 1288 318] 4468} 6102111
63| 347 18%| 189%| 967%| o93%| 19s4| 204 2279.4| 7731668
13 302 o0s%| 124%| 981%| 99s%| 6207 2713 so20] 6793468,

of 2x 8920

7 & 701 260.3
603 700 96%| 590%| Bo2w| 928%| sl 257 2603|5568
w9 79| 08%| 522%| 9at%| osow| 28| 2217 2483 5514638
! ! 335  682| 40%| 492%| 9s2m| orew| 21| 2458  267.9] 5590614
23Mar98 [ Union Paint |Knox Landing| 9 1063325 1755 01 703 12%| 132%| 961%| 99.4%| 2021 2401] 4822| 6178359
67| 627 o08%| 127%| 97w 2% 2733] 259 5192 6252289
13 se2| 1% 170%| 9% 933%| 2865 272 5285 6270043

ol _aw 5285

ES B 771 2724
72| 77| a2%| 305%| 955%| wv0%| a24] 20| 2724 5607272
s6| 82|  42%| 251%| o79%| 988%  s58] 280 3156 5750478
) ! 4 72|  s2%| 270%| e80%| 97.8%)  552]  254] 309.2| 5733088
23-Mar-98 | Union Paint |Knox Landing 8 1083325 2214 2|  e0s| 26%| 184%] es8%| weo%| 1045|2198 324 5.780744
ol a7a| 12| 108w e73%| w91%| 2m4] 2535 4739 6.1609%
16 355 0.4%| 41%| 791%| 99.1% 678 238 1116.0| 7.017506

o 107 1116.0

EY ) 2034
so| 388 73%| 512%| 959%| csaw| 7] 267 2434] 5494705
2 38| 97%| 414w| ea1w| ssou|  2re| 78|  2751] s617135

g

23Mard8 | Union Paint |knox Landing|  © — 3001 | 375] 74%| 305%] 811%| 1000% 37| 2658 309:3| 5736312

18 347 47%] 493%| 918%| 972% 531 273.6] 326.7| 5.789042|
8 3.36 7.2%| 30.4%| 808%| 99.0% 58.3 293.8] 351.9| 5.863347
12 1.5 22%| 185%| 618%| 94.2% 118.9; 288 406 9| 6.008567
0 095 406.9
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Table C.60. Data from Mississippi River - Union Point 2

Distance from Suspended Sediment Grain Size Sediment Cencentration (ppm)

Discharge Velocity
Date | Location | Gage | TempfQy |™" 0 ™" | RefemcePoint| h(R) | y() | "™ | 0gg2 | 0425 | 025 | 0425 | Sand | Fine | Total | LncC
69) 9 157 1806
69| 621  ab2| 7% 475w o24%| sazw| 239 1se7|  1808| 5.196285
07| 43| ao7]  21%| s11%) 1000%| 1000% w|  1797]  1897| 5245444
o ) 35| 345|  343] 46%| s3ew%| 1000%| twoow| 258 2527|283 s6287
10-Apr98 | Union Point JKnox Landing) 16 | 1.107.752 O g3l 207]  3m|  3ow| 7| ssaw| wooow| 3ase| 57| 19278 526985
62.1 69| 348| 05%| 168%| 979%| 1000w 1311| 1835|3148 5751302
676 14 272 o07% 208% 957% 973% 13| 2138]  3448| 584295
o 2x 3448
76 70[ 744 1745
7 e3| 78|  a1%| 293%| 973%] oo 19 57|  1748] 5162408
2 s9| 793 9sw| 670%| 1000%] 1000% 41| 192l 183.3] 5211124
. 3 3| 7.31]  17%| ad1%| 1000%| 1000%| 244 tesE|  210] 5.3¢7108
10-4pr38 | Union Point |Inox Landing) 18 1107752 1643 ! 21| 73| 0% 257%| 976w 985% 10ss| 1583 2682 5591733
63 7| 598l 02%| 186%] 962%| 5% 2513 1664| 417.7| 6034763
686 14 4% 04%| 3:94%| 97.9%| 5% 2033 1758 3792 593088
of ew 3792
B B 71 259
g1l 729 71f 139%| s28%| 931%| 1000% 82| 1377] 1459| 4982921
23| s57| 6% 02% 175%| s7ew| 3w ers| 508 2183] 538867
) ! w5 405 658 27%| 278%| e93w| 1woow| e 1438  181.4] 5200705
10-Apr58 | Union Paint |Inox Landing; 16 1.107.752 2241 57| 243  sms| 12wl wow| 809w oes%| e wees| 47| serses
729 81| a11] 04% 82%| #62%| ssow| 257 1678 35| 592918
79.4 16| 304 00w 77% 749%| 918%| 29| 3078 5168| 6.247658
o zer 5168
E]] 50 6.4 1622
3 54 64| 44%| 452%| 901%| 1000% 11.3] 1408 1522 5025195
18 42| 618| 00% 308% 828%| 1000% 2| 1778  1998| 5297317
o ) 0 30| 623 07% 184%| 543%| w00%| 607] 1709  2316| 5.445012
10-4pr:98 | Unian Point | Knox Landing 16 1107752 2843 2 18| 699 15%| 250%| 631%| 955%| 488 1597| 208.5| 533993
54 6|  515| 22%| 268%| e€54%| 6% 32| 1558 194 5267858

14%| 185%| 46.4%| 91.4% 758 148.9: 224.7| 5.414765|

69 621 422 55%| 49.8%| 96.0%| 100.0% 521 3141 36512 5.90318
207 48.3] 3.85] 29%| 525%( 971%| 986% 474 2784 325.8} 5.786284
345 345 3.29 35%| 528%| 91.4%| 957% 65.9] 261.2 327.1} 5.790268!

17-Apr-98 | Union Point |IKnox Landing| 16 1089422 100 Jg3l 207  a02| 19%| a73| 9a9%| 9m1u| e22| 297 3592 588379
62.1 5.9 35| 0o 199%| 953%| sa7u| 1569 3076| 4645| 6.140082
67.6 ta] 232 18%| 228%| 957%| w90%| 1784] 3002 4786 6170885

o 214 4785

b2l 71 116 3032
71| ess| 78|  33%| 720%| osew| 100%| s3] 289l 3032| 5714303
23| 297 667| 168%| 66w 943%| 1000%| 187 2227|2414 5486485
! 38| 35| 643 12% 208%| 952% 992w 1113 2938 a05.1| 6.004134
17-Apr98 | Union Pomnt |Knox Landing) 16 1089422 1548 497 213|578 31w 248%| 936%| 988%| 1125| 2681 3806| 5941729
639 7a| 4o 17w 167%| ea7w| oren|  207| 2972]  5042| 6222073
696 14 33| oew| 172%| 935%| w874 2312) 28490 4861 6186414

of 274 4861

& ] 86 3057
63| 621 86| 105%| s09% 1000% 1000%| 131 2006] 3037 571604
27 483 801 58%| 8% 660%| 100.0% | 2454 2714 5603598
- ' 35| 3¢5 799} 15%| 131%| 819%| 1000%| 94| 2727| 3721| 5919163
17-4pr-98 | Union Point |Knox Landing 16 109,422 2247 g3l 07| 7| 17%|  Bsw| 75w seaw| e8| 3253  4769| 6.167307)
62.1 69| 798 12%| B4%| 757%| 989%| 1935 75.1] 4886| 6.14975
67.6 14 583 ©03% 57%| 765%| 92%| 77| 2523  e00s| 6397929

9 b 6006

57 57 71 299
57] 513 71|  a0%| 460%| es0%| 1000w 186 2804 299| 5700444
174 09|  64s| 48%| 76%| B15%| s4%| 38| 2995 3383 582399
. ! 25| 285 508 94%| 312%| 819%| 1000%| 427 3315 3742 592479
17-Apr98 | Union Paint | Knox Landing| 16 1069422 296\ 9| 7a|  am|  3a%| 28%| 32| o79% 85| 3086 3918| 5970241
513 57| 3% 19%| 149% 512%| 1% 1173] 2965 4138| s.025383
559 11| a7e| oew| 135%| 406%| o20%| 2073| 2768 4842 6182408

ol 379 4842
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Table C.61. Data from Mississippi River - Union Point 3
Discharge Distance from Velocity Suspended Sediment Grain Size Sediment Cancentration {ppm)
Date | Locadon | Gage ( Temp(Q | "5 )™ | ReferncePoint) h) | y@ ) "™ gps5 | 0425 | 025 | 0425 | Sand | Fine | Total | LnC

]
73 73 52 484
73| &7 52| an0%| 486%| 1000% to00%| 275  1209]  14g.4] 4.938811
28| 51 42|  08%| 306%| 975% 100.0% 760 1385|  2145] 538831
- ) 35| 365 38| 19%| 402%| 973%| 1000%| 531 1343 e6.53| 4197853
8-May-98 | Unian Point | Knox Landing| 19 1219937 Y094 sl 218l 38| cow| 282%| 967%| 1000%| 602 1843 2443 5498397
85.7 73l 322] 02| 282%| o7a%| weew| 1032 1514 2543 553815
75 15] 238 08%| 279%| 955%| 987%| 1251 1384| 2635] 5574053
o 09 %635
72 72 76 1195
72| eas| 761 a4%| 67.4%| 956%| 1w00%| 184 1034 1195| 4783318
26| s04] 74| 7% 286w 9asw| 1000%| 717 128|  199.7| 5296818
. ) £ | 749 04%| 299%| 975%| 1000% 685 57|  2255| 641832
6-May-38 | Union Point |Knox Landing| 19 1219937 1652 s04|  216|  B72| 12%| 278% 956%| 1000%  913| 1438  235.1[ 546001
648 72] 673 08% 183%| 961%| 989% 2098 1331 3437| 5.839769
706 14 435] 05%| 86%| 973%| 997%| 11314 2146 1346.0| 7.204893
of 12 13¢6.0
72 72 989 263
72|  6a8| 93] ©9% 169% 686%| 1000% 1089 1364 2463 550855
ote|  s04]  923) 38%| 347%| e7.4%| to00%| 285  116.4]  144.9] 4976044
- ) 3 3w 942 28%| 214%| 772%| 972%| s 11|  1g7.8| 523378
8-May98 | Unian Paint [Knox Landing) 19 1219.957 2276 s04 216 9771 03%| 7s%| B8s0%| @so%| 1583 301 288.4| 5664308
648 72| 902 03%| 7% 858%| 2% 479 1399 s678| 6341769
706 14 01%| 79%| s54%| sso%| 2122|1159  320.1| 5793318
o 328.1
E EZ 1393
58| 522 20%| 451%| 882%| 1000% 18 1213]  1393| 4.93663
174 208 1a%| 24.2%| 61.1%| 95.4% 51 1159  186.9| 5.117395
. ) 2 2 31%| 286%| 786%| 1000% 297 1754|2048 5322034
8-May-98 | Union Paint | Knox Landing) 13 1.219.9%7 298 o8| 174 22%| 177%| 510%| s4g%| e23) 127.4]  2097| 5345678)
522 58 30% 182%| 513%| 1000% 571 1317|1888 5240888
5.8 12 : 03%| 54%| 255%| e91%| 3207 1102)  4349] e075118
0 1343
I : 5 5| 415 236.4
57| 513 4150 80%| 59.8%| 1000%| 1000% 134 223 236.4| 5465525
171 38| 319  00%| 48.2%| 911%| 1w000%| 189 2967 3158( 5754476
$4ung8 | Union Pint |Knox Landng| 8| 736773 1047 5 Tl 335|  oo%| eeew| W00W| 0% 16| w3 29| osareme
513 57| 25|  62%| 369%| 938%| 85%| 361 295  331.1) 580242
559 11 104]  00%| 325% 936%| 843%| ees| 3332 3981 5985703
o 104 3981
&0 8] 589 2445
6 saf 588 18| 301%| 959%| 1000% 8| 2165 2445| 5400218
18 0 53| 06%| 413%| 977%| 1000% 24| 2018 258| 5.416764
) . 30 o 527|  28%| 204%| 945%| 986%| 77.1] 2403  317.4] 5760163
-ung8 | Union Paint [Knox Landing| 28 735773 1613 ) 18|  488| 04%| 153% 950%| 1000%| 1141 2573|  3714] 59817
54 6| 38| 19w 244%] o049%| oss%| 88 264 315| 5762673
88 12) 233  05%| 13.1%| 954%| 991%| 1534 2521  4055| 6005121
o 103 4055
5 & 3 2314
63| 567 63| 133%| 667%| 100.0% 100.0% 51| 283  231.4] 5444148
189 441 6| B63%| 575% 938% 1000%|  126| 2275 2401 5481068
o ) sl 318 882 27%| 333% 680% 1000% 193 252]  2713| 5603225
9-JunS8 | Unicn Point [Knox Landing 25 738773 22| Wi 89| s57| 02| 1024 67.4%| 99.1%| 1966 2322 3888} 5953065
56.7 83 407] 03% 84%| 634%| 1000% 21| 241 3451 5843834
61.7 13| 355  01%| 12%| 46.1%| 96.2%| 9584 2455 12039| 7.00322
o 2% 12039
® % ] 323
as| 414 47| 14w esw| s1aw| es2%| 97| 2708|3623 5892473
138) 322|504 65%| 435%] 804%| 1000% 95| 2428 2521| 5.529826
o ) 3 Bl a9 17%| 487%| 906%| 1000%| 218 2334 2552 5502048
8-Jun38 { Unicn Paint |Knox Landing| 28 736773 2923 22| 138|432 18%| s58% 938%| 100%| 22| 2398 261] 556452
44 46| 391 00%| 31%| eso%| woow| 338 wsa| 387 s7mE

0.2%] 253%) 530%| 96.1% .5 5.685279

a7l 23 48] oo%| 256%| 846%| 1000% 107 2155 2262| 542142
1] mo| a5 oow s08% s2%| tonow| 135 1932] 2087|5332
o ) y ! : 0 69 6%|  100.0% 7l 2029 '3 5.

3-Aug:98 | Union Paint | Knox Landing| 31 571.934 B (] - oo i;i:/i o oW ;e 1w b pecditd
023 a7]  248| 0o0w| 229%| o953%| cee%| 1058 189|  295| 5.686975
451 09 12]  02%| 57%| os5%| mew| 197] 1982 3952 5979392

ol 12 3952

0 sl 609 2026
5 | 603 00w 76w 972%| 1000% 19| 1838 2026| 5.311234
15 | s8] 32%| mow| w23%| 973w 04| 18es| 2169| 5.37943
) ! % 5| 575 10w 258%| 933%| i000%| 07| 1826 2133 5327
3-Aug8 | Union Point JKnox Landing| 3% 571934 1625 35 18] &1 03%| 125%| 862%| 990%| 1029| 1798 2827| 5644385
s 5| 46| 0% 1041%] 678%| 1000%| 1232 2245 77| 585134
4 | 22| 01w 67%| e62%| 99.4%| 34| 2078 &710| 6.347389

o 22 571.0)

0 0 64z 1841
5 5| 612] 39%| 2% es2%| 100w 128] 18| 1844 5215479
15 3 595 17%| 414%| 707%| 1000% 139 2211|  235| 5459568
! v % 5| 531]  21%| 30wl 670%| 1000%| 128] 1854  2002| 5299317
3AugS8 | Union Point |Knox Landing| 31 571934 222 » 15| 558 19% 229% 638% 1000%| 357| 00| 2357 5.46256
s 5| 481 02%| 63% 283% 3% 1491 1786 3277 5792009
P 1| 247] 06%| 65% 300%| 968%| 1755 1885  3640| 5897154

o 24 3640

I A 458 1698
a1 39| 454 00%| 481%| 667%| 100.0% 44| 1854)  1898| 5.245971
123 287] 455 79%| 632%| B835% 100.0% 59| 184  188.9| 526438
. ) 05 208|427  32%| 294%| 903%| 100.0% 9| 1e38] 1928] 5261853
3Aug®8 | Union Point |Knox Landing) 31 571,334 201 g7l 23] 48| 4sw| 712w 2w ess% 04| B4 13738| 5236378
%9 41]  288| 64w 553% 787%| 100.0% 78| 182 1895 5244389
02 08| 239] 25%] 240%| e04w| es9%| 429|261 2690| 5.594719

ol o 269.0
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Table C.62. Data from Mississippi River - Line 13 1

" Discharge { Distance from Velacity | Suspended Sediment Grain Size Anal Sediment Concentration (ppm)
Date | Location | Gage | TemplQ | ") | Refornce Poim | "9 VO | w9 [ 0052 | 0125 | 025 | 042 | Sand | Fine | Towt | LnC
o B R AT 7534
07 93  748] 6% 41| o00%| 953% 423) 2111|2524 553080
L 13 D/ 21| 748  ees| 26% 339%| o27%| 65%| 84| 199.4| 2578| 555218
) 535| 535 675  49% 386%| o48%| 91%| 57| 2054 2621| 5560726
Z-Fends) offydo - |KooxLanding 9 857.113 173 718 321 72| 64w 43.1%| o72%| esow] 474 1855 23:29| 5450009
%3 107 628 t7%| 176%| 731%| ssgw| 1544 1903 3487| 5854212
wsel 2| emel 27w 27sw| masw| eedw o 1857 2777 562541
0 a1y
£ 57| 8.9 FEE
97| er3| 89| s2m| wow| mwew| seen| w5 w3 298| 539718
e 13 075 21 ezs| 921| 23%| 34%| 2w eew| 438 71| 2219|5402
! 85| 5| 98| 15w 236%| easw| esw| 122 233  3653] 5900719
ZFen) offfydo - |KnoxLanding 9 85719 2115 679 .1 826 23w 221%| ee1w| se6w] 1034 2329 3363 5818004
o7a| a7l 578 vew| z20%| sesw| or3w| io7e| 205  3126| 674492
91 vol 31| 22%| 157%|  e77%|  erew| 23| 20|  es31|B11e113
o 4531
B2 S T 235
83| 804 752 101%| Baw| 79r%| eesw| 245 199 2235 5400411
Lo 130/ %7{ 623 80| 22% 23w 86w 973% 94| 81| 237.2] 5468904
45| aa8| 867 47%| 338%| 97.4%| 1000%| 845 2049 209.4] 565781
FFeb8| ofttyde - |Knoxiandng) 9 857.113 2449 623 7| 755 09%| 145% 967% o94%| 258 1875 453.1] G.06113
80,1 89| 608| 0wl 123% oa8%| o990%| 3| 2552 6255 6715989
87.2 18l 372l omw| 126%| 935w eazw| s 2182  7754| Bes3se
0 7754
70 70 5.19 26|
74 63| 519 8w 4a00%] 7esw| o12%| 3| 81| 23| 5463
e 13015 210 o  s21|  asu| waw| 911w orew| s43| 1872 2415 5486869
! 3 3 a7el 7% 21% o oms%| s 251 3408 5830709
ZFeb®| ofbiydro - |Knoxiendng) 3 857.113 2918 P 2 ae7|  18%| 2% 973%| o8s%| 3038 3083| 6121 641689,
° 63 7| aes| 17w 293w 972w w1%| e 2153 a1as|eo2rors
885 14 281 47w| 3% 960w 77| 64| 2628 427.6| 6056188
D 4278 61
- w7l 7] 656 255
07 %3] 65| 82% 4nuw| 923%| o7e% 3| 224 28| 551
e 1308 31|  7as| 69| 43w 316%| ousw| 70w 422| 2335 2757] 5619313
' s535| 535 829 47%| 27.0%| 942%| oa1%| 627| 24365 308.3| 572455
BMarB| olbydre - Knoxtandng) 9 885,124 1788 749  321| 719]  sa%| 27.4%| 330%| 987%| 5927|2275 286.8| 5656765
w3 107 658| 29%| 224%| 607%| 958%  794| 2406 30| 5768321
1043 24|  s78)  sawm| 4% 910%| wson| w7 2841  3418| 5830228
0 3418
E5 % 7.59 230
95| @] 7o9| 39%| 204%| w23w| osew| &7 254  2931] 5600514
e 13078 85| @ss| 707| 51%| 209% @ew| o84%| 534 232 2906| 6671948
! 75| 475 675 18%| 158%| 69.9%| 991% 139 2017| 3756 5928525
ZMacSB | oftydio - |KnoxLandng) 9 855124 2,088 5| 25 524 4% 68w o1ew| orow| 3301] 2078 s517| 6313004
55| 95| 53| 53% 27.8%| oaa%| 986%| 105.4| 2793  3827| 5947250
931 19| a38] 52w 235%| 924%| 86%| 857 2401| 3258 5786088
0 3258
a7 87 8.69] 2716
87|  783| ems| 12w % 9sa%| ssz%| 197 2519 2715 56043
e 13 075 %1 609| B2 45%| m7%| o2 7w s98| 2623  324| s774882
35| 35| 808 86w 03w 90w @e7w| 261] 2348 2689| 5556442
BMardB| ofHydro - |knoxLandng) 9 855124 2459 609 261 79| 36%| 391%) 982%| 1000%| 411 2338] 2749| set6a07
783 87| eer| 12w 135%| 73w edw| oe08| 235  49s3| 6203143
853 17| e27]  viw| 125%| orew| sanw| 3s| 3021| se71| 650200
0 667 1
78] 78] 557 285]
75|  e75| 55|  65% 00w cnowl ess% 3| 251 285| 5650409
Lo 13005 25| 525  5a5| 7.4%| 41w 29w essw| 35| 25| 2675| se61229
! ws|  ws| sm| 45| %aw| orowm| we7w| 592|259 316.| 5756058
ZMar%h | offydie - |koox Landing| 9 835124 2590 525 26| 428 27%| 23%| 968%  a0%| 1451 2565|  4016| 5995457
&75| 78| 42| 17| 220%| sesw%| saow| 1758| 2315 4071 5009089
735 15l 183 08%| 148% 249%  eew| 382 2872 6392| 6.460217
0 639.2
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Table C.63. Data from Mississippi River - Line 13 2

: Discharge | Distance from Velocity | Suspended Sediment Grain Size Analysis | Sediment Concentration (ppm)
bate | lLacation | Gage | Temp (G} (tﬁ)g Refernce Paint | " & VO | “wg [ ol 0425 | 025 | 0425 | Sand | Fine | Total | LnC
o] 10| 924 1753
10 99| e2¢| 37%| 3w w2%| 1000%| B2 144] 1753 5166499
tine 13078 TS| | on|  rom| e saow| 1mon| me| es| 1| soem
) 12| 19%|  407% 1% 0% : : 7] 5.
10-Apr8 | of Hydio |Knox Landing| 18 91024 tan 7 3 83| 22% 3B5%| o66%| 100w a| 1558 179] 598738
Intake Ch 99 1| 82| 08w 430% 5% 1000% %| 1ms| 1748 516208
1078 22| 813] 08%| 338%| 958% 1000% 501| 1555 2056| 532607
0 256
[ 0] 100 554
100 90| 1003 22%| 459%| 100.0%| 1000%| 254 13|  155.4] 5006002
Line 13015 S| | 67| oen| inew| 7eww| 80w me| iee 203 s
) a|  oew| 17 2% ! ! Y .
10:-Apr98 | offydro | Knox Landing| 16 910249 20m2 10 |  sg7| 08w 282w wsw| waw] 52| 1413 1934 24780
Intake Ch 0 10 873 02w 102% 896%| 3% 1982 1124 3108|5735
%0 2| ssa|  oew 1% 873w o7ew|  ies| 1433 3093 573312
0 3093
52 52 7 53
52| 828 7| sow| 7asw| 1oow| tew|  es| 138  1433) 4964
Lne 13075 Tal Tl 7| vm| wow| orow| tobow| | 1sse| 1ere s
! 4 : 11%| 45 B%|  100.0% g . :
10-Apr-98 | of Hydro  |Knox Landing| 16 910.249 2433 644 28| 769 04%| 144% 915% 98E%| 1553 1489 3042| 5717885
nteke Ch 828 92| 7280 04%| 139%| o3e% o9s%| 939] 152 3459| 58415
%02 18 s8] os%| 148 94B%| 993%| 18| 1294 31045737882
0 310.4
78 76 3 185
78| 684 33)  24%| s7.1%| 1000% 1000%| 67 1728|1895 5204389
! o 33 . 0% : 2| 5.
10-Apr98 | of Hydro | Knox Landing] 16 910.249 2889 5320 28| 32| viw| 228%| 9s5%| o90%| 1164 135  247.9) 5513025
Intake Ch 884 78| 282 o3w| 69% w3w| sesu| 7s1| ws| 2927 se79um
745 15 21| 0w 124%|  9san|  eesw%|  aes| ime| 4793 67237

10 9| 624 35w 338%| 930%| o00%| 261 2ess| 2947| smasess
Line 13 D/ 330 77| e8] 18%| 208%  885%| 84e%| 462 2662 3124| 5744284
55 55| a4a] 18%| /4% 5% 982w ;3| 2882  w15| 5772008
17her®8 | ofthydio |KknoxLandng) 16 898.752 1786 77 33| 392] 10%| 285% 886%| 1000% 513 3036 3549| 5671656
ntake %9 1 513]  06%| 231%| 8B%| 958% 578 2672 25| 5783825
1078 22 3] oe%| 198%| @8e%| 1o00%| e3s| 2753 3s89| 5863044
0 3589
05| 05| 973 3052)
05| 915 973  21%| 288%] 921%| 979% 443 2608| 3062| 572087
e 13 0/S 35| 735 98 09%| 196%] 922%| 1000% 66 64| 3301 579939,
s25|  s25| os2| 03%| 199%| 3% 100w 758 2079 3737| s23asa
17-hpr98 | ofydro - \Knox Landing) 16 898,752 2098 735 315 g8 10%| 120%| sa1w| e73w| 1411|2668 39| 5986452
ntake 945 105 78|  06% 154%| 90.4%| 99.4%| 1258 271 39%6.6] 5962928
1023 21| 78| 03%| 83%| 835% 985% 2692 2863| 5555| 6319869
0 5555
& I 2048
91| siol 73 110w s7sw| s3e%| toow|  13s] 2713 2849 ses2m
Lne 13 D15 273 earl 73 178%| 320%| 932%| e8w| s17] 2595  3112] 572043
! 455 58| 73| asw| 403%| 915%| essw| 747] 2678 3425| 5636272
17-pr38 | ofbpdio - |Knox Landing} 16 898.752 2454 67| 23| 734 32%| 226%| o4ow| 1o00%| 825 2874 3699| 591323
ntake 819 91| ess| 1% 8a%| 912w eoew| 3war 83| 6511 6 478563
892 18 17| 06%| 109% 941%| o25%| 3811 2086| 629.7| 6.445244
0 6297
77 7] 549 306.7]
77| a3 54| 51| se7ew| io00%| oow| 128 2938  3087] s72ser
Lne 13645 21|  sas|  s74] 13w 266%| ees%| ooow| sa7| 2518 3063 572485
! 85| 35| 521| 22%| 268%| 959%| 100.0% 74| 2954| 3s94| sories
17-AprgB | oftiydto - fknox Landing| 16 898.752 2834 539 231| 516  31%| 316%| 960w 1000% @31 2752 3683 530888
ntake 69.3 7.7 388 B6%| 306% 9B7%| 1000% 435 366.1|  409.6| 6015181
755 18| 239|  17%| 47|  @6a%| ea%|  21a| 2773 4013 6197085
0 4913
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Table C.64. Data from Mississippi River - Line 13 3

o Discharge | Distance from Velocity | Suspended Sediment Grain Size Analysis Sediment Concentsation (ppm)
Date | tocation | Gage | TemplO | ity | ReferncePoint | N0 Y™ | w9 [ 0052 [ 0.5 | 025 | 0425 | Sand | Fine | Total | LnC
14 114 92t 138.7

114 102.8) 9.2 3.6% 32.9%: 97.0%) 100.0%)| 27 .4, 11 3] 138.7| 4932313
342 798 967 0.7% 3R2.5% 90.7% 100.0% 31.8 144.4 176.2| 517162

Line 13 B/S

) 57 57| oss| 06%| 209% 932% 981%| 4468|1087 1533 503237
8May 98 | ofHydro  Knox Landing} 19 1120828 1787 798  342] 1006 31%| 151% 622%| 1000%] 13¢1] 1248 2589|5544
Intake Ch 26| 114 o7& osw| B7%| ss1w| ooow| sz 1m3] 17| 5170484
t17| 23] 744 oaw| 14w 7e5%| 83w 1723 1228  204.9| 5606636

of 2949

£ ) MRS 2118
02 ots| 18| 07w 2e%| serw| orew  7s| 13s|  211'e| 538
Line 13 /5 ML Tal | dow| mow|  ore| imow| wal iny derd] s

" A ! R 2% .0% . . 164..
8-May98 | ofHydro [Knox Landing] 19 | 1120828 202 714l a0s| e8| 05w 17.4w| 780w ozew| 98| 1282 24| 5411645
Intake Eh o18| 02| 782 1sw| 109%| 719%| o70%| 2045 1323 336.38| 581940
100.0 2| s7] 03w 177%| 05%| 995%| 1435 126.4]  29.9) 5598052

0 %99

& 7 R E] 1615
87] 783 873 12w 8% oW 1000%| 421 1195|1616 5085124
o 507 I IO
BMay B | ofHydo (Knox Landing| 19 1120828 24% 508| 26| 937 42%| 639%| 875%| 1000% 135 1251| 1387] 4932313
Intzke Ch 783 87| 902| 07%| 11.1%| 947%| 989%| 2277| 1532 380.9| 5342537
853 17| 7et 27w mawl 4w wew! 47s 1308  sss4l635we

o 558.4

EQ ] 7.0
81| 7290 52| 182%| s54%| 100%| 1000% 161 | 37| agrn
Line 13 15 Wi| w5 58| i»u| oev| %a%| 1000%| 51| 16| ol &ater
! 0. 0. 8] 12%| 241%|  95.2%| 100.0% 3 : ; 1
BMaySh | oftlydn  fknoxbandng) 19 1120828 2855 57| 243] 601 140%| 383%| 926% 1000% o677 180 2477 6512218
ntake 729 81 502) 65% 18.2%| 98.9%| 1000%] 2159 1455  351.4] 5889385
794 16 331] 22%| 303% 7% 993% 1e01| 1258 2859) 5655642

o 2859

99|  sat 55%| 658w 740w o9rew| 214 2533  27a7| sevses
) 17 693 : 33% 341%| Bo0w| 1000%| 138 218  2318) 5445875
Line 13 D/S
35| 195 . so%| 6% 901%| 1000%| 149 2198 2305| 5 457456
Slun®® | oftydre - |KnoxLanding) 26 566,002 1 693 297 56% 423%| 673%| 1000%| 1298 2275 24058 5 483083
ntake 89.1 29 | 30%| 56.8%| 905%| 1000% 32 29| 2682 5591733
97.0 2 53%| m3w| e55% 1000%| 6.4 202]  2s8.4| 555e508
0 2564
9 94 5.2 238
94| sas| 512 55w sew  oaaw| iwoow| 143 amrl  2m| s
12| es8| 368 20% m1%| 7a7%| 100w 413  291] 2704 559002
Line 130/8
I a7\ ass| oow| 5% 839w 1000%| 464| 2577 3038| s7sw
Slun®E | oftydte  |KnoxLandng 28 566.002 208 658 282 443 14| 133%| 634%| 987%| 624| 2525  4149] 6026038
ake 845 94 34 03%| 81%| 556%| 963%| 2541| 2565 5108/ 6235587
921 1.9 337 0.4% 20.1% B62.6% 99.0%)| 180.5] 244.8 425 3] 5.052795
0 253
& ET ] 2165
81| 720|733 13w| 9% en3w| i00ow] 18| 251 2169 537943
23| me7|  731] 206%| 454%| 07w ssrw| 88| 242 53| 55333
Line 13 0/S
405 a5 682| 23% 297%| 95B%| 990% 529|225 2754 561825
SlunSh [ oftlyde - (KnoxLandng| 28 566,002 2478 s57{ 243 6 13%] 207% onsw o.1%| 124] 2519 3859| 5955578
ntake 729 81 565|  05%| 75%| 638% 99.1% 73 2704|  6431| 64663
73.4 16| 431  01%| 9% 804% 92%| 56| 2599 8495| 6.744648
0 8495
&9 o] 4 393
63| 621] 4p3| 00w 0% 520w iwo0ow| 03] wmel  3393] se2mes
07| s3] 44| e7%| 533%| seew| woow| 79l 23l 22 s
Line 130/
345 3a5| 431 sew| 702%| 4w 4w 81 283 4| 550898
Flun®h | ofHydro - |KnoxLandng) 28 566,002 285 83 27| 404| 33%| e17% eso%| 1000%| 235 35|  339.5| 582452
ntake 62,1 69 36) 00%| 535%| 910%  948% 24| 2756 318| 5762061
6756 14| 247]  0a%| 3B6%| 97.2%| 7% 1715 2595  431) 6066108
o ) 4310
88| 792l 249 om| msw| esiw| i000%| 109 a1 219] 5380072
%4 Bi6| 315 62% 654%| 988%| 1000%| 108  181] 191.8{ 5296453
Line 13 O/S
) 1 a| 38| 143%| 408%| 939%| 1000%| 65| 179.4] 1859] 5225209
FhopSh | ofHydo | Knos Landing) 31 459.967 173 616 254 291| B2%| 459% 902%| 1000% 82| 81| 189.2] 5242808
ntake 792] 88| 33| s0%| 488%| e63% o75%| 121] 1895 201 5306288
9.2 18| 1580 05%| 3% 577% 976%| 631 2037| 2668 5506499
o %58
CE & 569 3179
83 747|  583| 29%| ss9%| wsw| 1w00%| 41| 2ms| 2179 538403
us|  sei 52| b2%| 45.4%| 857%|  98.2% 18 iee1|  2041) 531881
Line 13D/S g
) a15|  ms| 52| a2w| 27s%| 859w 5% 31| 1988|278 5428088
FAugSB | offlydo inon Landing) 31 459,987 2076 581 249  a67| 25%| 4% eas%| too0%| 223 60| 2073 5334187
ntake 747 83 46| 00%| 19.4%| 884%| 1000%| 533 1912|  244.5( 5439215
813 v7|  3sa)  oBw| 128% 69w seaw| 122 2052  3u24| 58308
0 424
73 73847 218
73] es7|  s17|  isw| srew| sa2%| 000w 27| 1es3|  218| 5384405
3 28 sia| 77| 2aw| s73%|  es7w| erew] 49| 182 213153782
Une 1308
%5\ 35| 763 07%| 200% 942%  9B.6% 63| 1908 2535| 553758
FAUGS | offiyto Knox Landing| 31 459,967 2474 511 219)  ees|  os%| 278%| 957w 100%| 1012|193  2995| 5702114
ntake 65.7 73 588] 04% 257% 958%) 9vs%| 1178 2008 3187 576425
715 15| 655 00%| 176%| 914%| wsew| e8| 211 5299 6272888
o 5299
5 3 Y 911
57| s3] 47| as%| 204%| 953w esew| 135 ve| 91| 5252707
171] 98|  541|  a2%| 201%| w2%| ooew| 07| 1848 1955 52758
Lne 13 0/S
285 285|493 22%| 236%| 3% 966% 2| 2004  2224| 5400478
FAughh | offydo - Know Landing| 31 459,967 2581 ;3] 170  471)  21%| s57%| 7% 9a0%| 3| 2008 2668 5586430
niake 51.3 57| 372] 09%| 588%| 985%| 1000%| 825 1984 2808| 563893
559 11| 312]  o05%| 4085%| 95.4%| 975%| 1212] 2257] 3469|5807
0 369
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Table C.65. Data from Mississippi River - Line 6 1

: Discharge | Distance from Velacity | Suspended Sediment Grain Size Analysi: Sediment Concentration (ppm)
Date | location | Gage | Temp(O |ty | Reforncepoint | " ve o) 0425 | 025 | 0425 | Sond | Fine | Total | LnC
233

e @
am| 42 ; 34% 655%| e97% 948w w3 2207|  29| 568073
Line 6 /S of tag0| 336 . 24%| 443%| 957%%| 985%| 613 1858 247.1| 5500793
Auziliary ) 2400 2 . 22%| 3aa%| wsw| o7sw| sz 2473 3055 s7295
ZFebB| e [KroxLanding 9 783520 3 60| 144 i a3%| es1%| 957%| 000w s 31| 3787| 5.936744
Channel 220 48 ! 07w 221%| e93%| 1000%| 21| 2684|  493:2| 5 200015
.00 1 . 07%| 381%| oe9w%| 982w%| 2078 2678 4754 6 164157,
0 4754
75 78] 6. 215
760| 684 ! 16% 342%| ma%| w7 ;o s8] 2215 s.a00ex
Line 6 DfS of neo| 532 ! 48%| 467%| 97.9%| 992%| 514 1888 2402| 5.481472
Auziliary ) 3800 £ : 17%| 3%  970%| s87% 1171 1913 308.4) 5731308
AFeb%B | gy |KnoxLanding| 9 78350 3 5320 28 14%  234%) 958%| 99.3% 1%5.1) 2338] 3887} 5.952808
Channel 6840 78 04%| 141%| 962%| 92%| 08| 2392| 5998 5306505
7450 15 08% 153%| 959%| ©91%| &3 2316 7679 BsawS
o 7679
83 2224
80| 801 g 25%| s46%| 049w 97ew| 421|103 2224 5408478
Line 6 DJS of %70 623 ; sew%| 73sw| saowm| o7ew%| 678 2023 2700 550872
Autifiary 4450 445 ! 4% 216%| 1000% 1000%| 1458| 2057|  391.5) 5e6998
WFebBl e [KnoxLanding 8 783520 4050 6230 267 ! 24% 321%| 962%| e81%| =8| 1932  203| seO173
Channel 80.10 89 : v1%|  156%| 0% o90%| 322 219 5412 Bosares
87.20 18 ! a2%|  119%| 950%| 990%| 471.1| 2343] 705 4| & ssa78s,
0 7054
Eq] 50 24
900, 81 ! 50%| 650% 0% 950%| 144|200  2244) 541343
Line 6 /S of 27.00 63 i ag%| ow| 9% 9w 26| 29| 2455| 55037
Auzifiary 1500 P : 44| a3.a%| 952%| 972w 28| 1713  2081| 531881
FFebB| e |KnoxLandngy 9 83520 ane 6300 7 : 72%| 498%| ~ 935%| 96.4%| e 203 2329| 5450809
Channel 8100 9 9| ta4%| 346%| 894%|  942% 3 2761 30.1) 5736895
.20 18 : 12%| 17.4%| easw| ooaw| 1404  208| 3s54f 5e73200

354 59
52 52 344 268.1
50| 458 3ad| 79w a0s%| 920%| weswl 03 2578 ze8t|seeass
Line 6 /S of 1580 4]  344| 53%| 368% 953% 1000% 79| 2319| 2696| sso7681
Auziliary 2600, % 308 20% 19.4% 912%| 989% 1094] 2394] 3488 5850499
BMar98 | ke [KnoxLandmg| 9 sus13 3218 360 158] 288 21% 183% 910w sa2w%| 33| 2273  3648| s89e801
Channel weol 52| 208 11| o1%| 8i3w| 77w %6 33270 7683] 5osdts
51.00 1| 18] orw| eaw| e17% oes%| 40| 2903 7503 B620473
ol o 7503
) 8] 646 203
gon| 04| 68| s9%w| 23%| wsewn| woow| a3z 2ms| 2903 seroes
Line 6 DS of ®70| 623 668l 38%| 5% 948%| w3w| 717] 2534] 35157803
Auziliary asso| 445 623  34%| 224%| 74w we3%| 1079l 2139 3278 5792400
BMar98| e [KnoxLandmgf 9 844513 3825 6230 267 601  18%| 152%) 084%| 1000%| 2525 2717 6242| 6.261873
Channel go10| 89| 428 10%| 127% 9o7e%| o9s%| 408 2634| e6594| 6.49133
8720 18| 305| 06w 74%| 8% c96%| es05| 290 9805 5oee06d
ol aos 9805
%5 95 562 2665
950 55| 582 43w 243%| 944%] 9sawn| 82| 283  2865| se57730
Ling 6 DS of 850| 65| 607 122%| 435% 913% 1000%| 218 2328|2544 5538908
Autiliary 50| 478  678] 39%| 246%| 939% waw| 17| 297 2814 sezerry
BMar9B | e  |KnoxLandingl 9 844513 400 6650 285 63 36%| 206%| 950%| 9% 4| 25| 2046 5eessr9
Channel e550| 95| s09 09% so%| arow| wrewl emd| 237  3871| 5osesss
93.10 vo| 29| s7w 31owm| eawm| orew| 27| a9 5228|6258
o i 5226
EE) 85| 286 o
po0| eo1| 285  tow| 93%| st sasw| tese] 22| aore sororr
Ling 6 DIS of %70, 623 29| 111%| 370%| 815%| 1000%| 142] 30| 3542| sesems2
Auziliary ! aas0| 448  375) 115%| 423%| 946%| 1000% 12| 3243 333 5818000
BMar9B| g |Knox Londing) 9 842513 4743 6230| 27| 365| 65%| 382%| 6% 89.1%| 207 319.4]  3441| 5840932
Channel 0] 89|  315| 35% 267%| 4w aow| 1| 2103  266.4| 5.58e008
87.20 18| 241  asw| 402%| o38%| 973w| 283 2045 2728 secerae
ol 2os 28]
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Table C.66. Data from Mississippi River - Line 6 2

" Discharga | Distance from Veloci Suspended Sediment Grain Size Analysis Sediment Concentration (ppm)
Date | Location | Gage | Temp (O | ™™ | efomce point | M0 LI DOl K - - T Y T B Y
= B 4w 1128
aml  aa3|  41a]  oow| 32w sa1w| 000w 33| 785 1126] 4725616
Line 6 VS of 1470  3¢3]  405| 35%| 36.4%| 948%| 1000%| 253 1499 75| 5164786
Auziliary ) 25| 248 39| o00% 267% 941% 97s% 43| 157.4]  200.1| 5238817
10498 | e |KnoxLanding| 18 856512 3.203 3630| 1270 29| 20%] 259%| 972w 3w 733 1509 2242 5412539
Channel .10 as| 219 os%| 159%| 957%| se2w| 1613 128  2893f 5667484
800 | ves] 02w 128%| 930%| 9e4wm| 2208 1197 3402] 582953
ol 1o 3402
60| 80 6.45 5|
8.00 72| eas| som| s15%|  sa1%| 100w 138 812 95| 4553877
Line 6 O/S of 24.00 5| 694 54w 82w 971w 100.0% 5| 1324 1674 5233045
Auziftary ! 0.0 o 673 0w 207 o7sw| 100w eos| s031] 1839 521432
104pr%8 | “jyge  |Knoxlending) 16 856,512 378 56.00 24l ee7l  0sw| 1sew| osewl camw| 2ws| 1248] 21| ssme:2
Channel 720 8| 646 03% 109% 950%| 997%| 488 1178| 5304] 6281125
78.40 16 408 1% 104%| 985%| seew| 31| 1278 5w 623215
o 98 5099
0] 100 7.45 1267
10.00, o 748| 17%| 304w| 7% 00%| < ws| 89a]| 1267] 4841822
Line 6 DVS of 3000 | 77| oew| 333%| 1000% 1000%| 328 919  1245| 4824305
Auziliary 50,00 50|  eEs| 12% 244%| 97.2% 98.8% 9| 611 157.1] 5056883
10-Apr98 | " jake  |KnoxLanding) 16 855,512 405 70.00 30| am2| 1s%| 139%| 939% 1000%| 1:26| 719 2045| 532088
Channel 90.00 | 4es| 08w 137%| 947%| 983%| 2009 653 2662] 5584248
98.00 2| 312 02%  52% 1% 992%| 395 839 4789] 6971492
ol e 4789
% %] 399 843
90| 64| 39| 28%| 634% 0% 100w 103 ra| 843 4430382
Line 6 OfS of 28| 672 327]  41%| 418%| 1000%| 1000%| sa| 048 1312 4876723
Auzifiary ) 48.00 |  319] 17w m7%| 947w to0o%|  a24] 922  1345| 4902307
0498 | Tpiye  |KnoxLanding} 16 856512 4576 6720| 288 343| 09%| 192%| 915w orow! 762 s83| 1325| amesses
Channel g540] 98| 308| o08%| 238%| 917%| 1000% e8| 529| 1209] 4794564
94.10 19 235  05%| 62%| 5721%| 1o0w| 2053 1283 396} 5975335
ol 103 3935
15 8] 468
aso| 2| as8| 23%| 430%] 00w 00w w2 3m9| 3721| 5919163
Line 6 /S of vao|  336]  aae| Bsw| 354%] wow| 1000%| 442] 380| 3923|9707
Auziliary ! 2400 | 383 16w| te7w| 934w| 000%| 1115 3037 4152| 602876
7-AprOB | e (KnoxLandingl 16 793350 3159 3360  14.4)  349|  02%| 155%) 910%| 990% (:22| 3108|  443| 6097
Channel 30 48  307] 10%| 148%| 898% ore%| 1718 2999 471.7| 6156343
47.00 1 2] o06%| 99%| @67% 98ew| 2632 2948  558] 6.320359
o 192 5500
% ] 2048
92| e8| 62 36%| 461% 982w 00w 57| 2591|2848 5651787
Line 6 DS of 2780 644 579 18w 223%| 971%| 00w 87| 307 4024 5997407
Auziliary ) .00 4|  574] 25%| 286%| 972%| 1000% 09| 2676 317.5| 5760478
7-hpr98 | “pe  |KnoxLandingl 16 793350 362 6a40| 278 568| 07%| 17.4%| 940% 990%| see| 3051  408| 00I4I5
Channel g260 92 381 o02%| 105%| o935%| o95%| 2023 2833| 4962| 6208970
02 18] 198 05%| 98%| 949%| s9s%] 2543 2814| &157| 6245525
o 1w 5157
5 E 4
970| 873|  5a4d| 146%| 0% 1000%| 1000w 1855|2088 311.4|s741078
Line 6 DfS of 20| 679  519| 08W| 238%| 943%| 100.0% 8| 2811 3291|5796
Auzifiary ws0| a8 57| aaw| 224%| wew| 100w ar7| 280|  327.7| 5792000
W-AprOB L ake  |KooxLandng| 16 793350 4131 6790 29.4|  534| 25%| 255% 967%| 1000% as| 2770 3127| 574524
Channel o730 97  a73| 3am| ‘e7w| 748w 1000% 1508| 3048 4557| 6121835
3510 19 300  05% 92% 776% 1000%| 1983 2623| 4208 6041682
o zm 4206
Ez] w3 236
90| e8| 378 32%| 39| 728w esrw| 81| 2655 2896 564765
Line 6 /S of 760  644] 355  66%| 4a1%| 1000% 1000%|  184| 2667|2654 5580107
Auziary ! . .00 | 384]  34%| 7w 921% 100.0% 2| 2933 3183|5769
7498 | Cpgke  |KnoxLending| 16 793350 4895 sea0| 278  as| 13| 413% 1000%| 1000% ~ 219| 283.1]  311| 5739783
Channel g280| 92 326 64w ew| 1000%| 000% 36| 2105 2481] 551382
90.20 18 208] 62%| 514%| 938% 000%| 73]  317] 3543 5897978
o 20 3843
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Table C.67. Data from Mississippi River - Line 6 3

Discharge | Distance from b9 oy Velocity | Suspended Sediment Grain Size Analysis Sediment Concentration (ppm)
cfs) Refernce Point y (ft/s) 0.062 1.125 0.25 0.425 Sand Fine Total LnC

EZ 32 364 2747
3.20 288 364 50%| 627%| 100.0%| 100.0% 214 253.3] 2747| 561568
9.60 224 3.49 7.7%| 56.9%| 100.0%| 100.0% 13.8] 218 231.8| 5.445875

Date Location Gage Temp €O

o 1600 | 345 19w s14%| w05%| 9s2%| 149 298|  2345| 5457458
S4unS8 | Union Point | Knox Landing| 26 Soa g7 39 2240 98| 305| 66%| 515%| 946%] 1000%| 129| 278 2405 548272
Beo| 32| 253 19w a72%| 49w 1000w 22| 23| 82| 559173
3140 o8| 168] 116%| soow| oss%| 1000%| wea| 22| 2584 555450

ol 153 2584

70 70| 546 pE)
700 63| 546 56% 489%| on1w| s3] 13| 27| 28| sazzem
200 o 527| s0% s28%| oaa%| 000w 413 291|  2704| 5.599002]
. 3500 38| am9| 0% a20%| 918w gsaw| 1] 2577 3ms| s7esy
9-Jung8 | Union Point fknox Landing| 26 S0a817 3786 4800 2| 4| ae%| 288%| so7%| ovew| s24] 2525 4149 6026038
63.00 7 43| 13w 228%  912%| 1% 2541] 2%5|  5106| 623557
68.60) 14 32| 05%| 60% 719% o71%| 1805 2648 4253 6052795

o 27 253

ﬁ\ 83 6.37 2169
830] 747| 637] 32%| 4s0%{ oaw| omaw| 118 2051 2169| 5.370436
u%| 581 6| 06%| s04% 728%| 796%| 88| 2362]  253| 55330
. 450l  avs| 57| 12%| 450%| 849%| 973w  s20| 2225| 2754| 5618225
8Jun88 | Union Paint |Knox Landing| 26 o817 403 sgi0| 249 693 19%| 320%| e40%| 992%] 124 2619] 3859| 5955678
7a70| 83| 475 20%| 386w 01w 97w 3| 01| 6431 54663
ma| 17| 37 02%| 9% 7a4w| 973% sses| 2699 saas| 6 7ased

o 15 8495

84 B 274 393
40| 758 274] 09% 3% 791%| 99s%| 1we| w4l 3393 5.80688s
%20 588 259 39% 20%| weaw| iooow| 79 233 w2 sams

. . . bs

oo |t foinen| 5 | e ow|  EH 3 i RE B BE o B ke
7560 84 287 129% 439%| stow| esew| 424l 255 38| 5762051
@3 17| 212  20%| B2w| 9s7%| sw3w| 71s]  2as|  431| essics

2100 1e9|  3es| 133%| 733%| 1000%| 1000%  23) 188l  187| 5231109
26%| s06% 0% eoew| i3] es| 2048 5321087
.
3Auqa8 | Union Point |Knox Landng| 31| 384264 3204 Sou| eow| oaam| 00| s 1ere| ooy saiee
a1%| s1o%|  erew| imow| 13| 2121 2257] s a9y
27%| 473%| 5% 1000%| 198 223  2428) 5.492238
2428
209 Ef
30%| 535%| 9wl 1000w  sa| 19e7] 2098 s3siss
36% 2% o76%| 1000%| 253 1928  218.1| 538494
Ly o ©; 2
3.Aug®8 | Union Point |Knox Landing| 31 384,264 3785 Sl ALLRl Tam| Sl BT 9 2201) 53
21%| 28wl ou7w| erew| s8s| 1992  2577| 5s1786
04%| 68%| 705%| esew| 4m1| 2034 6395| 6460687
5395
35,1
6% 322% 79.4%| 9s0%| 35| 2008 2351| 5480011
06%| 593%| 95.0%| 1000% 78| oms| 2275 542715
. o .
snos | v o] 1 | | W oEW I S 4 E) e
as%| 1% s05%  e60w%| 1079 289 3msl| seroas
02%| 78%| 762%| %64%| 7m7| 268 98556852235
955 5
5097
08%| 23%| 2% 410% we7| 23| 6097 6aramer
81%| 407%| 907%| 1000%| ~ 242| 2348  259| 5556628
o o b
3Augg8 | Union Point |Knox Landing] 31 384264 4589 3% el Mzn l0mw D4 %29 0083 e
: 35%| E05%| 1000%| 1000%| 155 1989|  214.4|5367843
40| 6| 1so0s|  33%| s3a%| we7%| 1omow| 85| omme 239 546763
ol s =006 2329
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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 O DIS:;:;’B Refernce Paint h (o y ) Ve(:;:;!y (mm) Percent Finer Sediment Concentration (ppm)
(] 0.062 0.125 0.25 0425 Sand Fine Total LaC

g @ W/ 482 293
480 432 482 3a%| e55%| e97w| wsw| 23 2707 293 5.680173]
Line 6 D/S of 1440  338| 443] 24%| 443%| 957%| e8sw%| 613 1858| 247.1| 5500793
Auziliary ) 2400 21 a48]  22%| 344%] o06%| wew 82 2473 3055 572198
e8| Ty e |Kmox Landing 783520 3 3360 44|  427|  43%] 681%] 957%| 100w 08 31| 3787| 5.93%744
Channel 4320 48| 383] 07w 21% ee3n| w00 251 68| 493.2] 6200915
7.00 1| 254 07| 3saw| 9a9%| 982w| 2178 2678 4754 6164157

of o3 4754

3 75 76| 6.98 %15
760 e84l 698 16%| 342% 8o1%] @7%| 309 18| 2215] 5400023
Line 6 D/S of 280  532] 883 48% 467% 979%| @ 514  1sas]  2402] 5481472
renon| Auziiery ) 38.00 B B77] 7% 301%] 0% %7l 171] 1913 3084|5731
P0IBTy ke |KnOx Landing 78350 38n 53200 28] 578  14%| 234%| 958%| ss3w| 11| 2336 3887 5952008
Channel 68.40 78 5| 04%| 141%| %2%| 992%| 306 2392 5998/ 63965
74.50 15| 369 08%| 153%| 9% 1% 5%3| 2316 7679 6e4%s

of 27 7679

3 5] asf 721 234
8ss] 8ot 721{  25%| sas%| 39w orsw] 424 1e3{ 2224 5404078
Line 6 O/S of %70 823 635| 58%] 735%| 9a9%| 976%| erel 2023 2701 5598792
opog | Auziiary ) 4080 50| 448l 681 34%| 216%] 1000% 000w s8] 257  3915| 5969%08
b9 T ok | N0 Landing 783520 ! 6230 267 681 24%| 321% 92w wmiw| s3] ea2 203 ses0i73
Channel 80.10 8ol  437] 1% 186%] %0%| we0%]| 322 219|  541.2| 6293789
87.20 18 307 a2w| 119%] 950%| 990%| 4711 2343) 705.4| 6558765

o 14 705.4

3 | o 32 3204
9.00 81| 392 50%| 850% 900% %50% 144 20| 224.4] 541343
Line 6 VS of 27.00 53| 509 48%| 380w e89% @a%| 426 2029| 2455] 5503297
Auziliary ) .00 5| 439)  aaw| 84| 92w  wow| 38| 73| 2041] s3:set
AFebIB| ) ke | o Landing 835N 4718 63.00 27 342 72w 496%| 935%| 94%| 299 203|  2329| 5450508
Channel 81.00 3 29| 144%| 34B%|  994%| 942% B 741 31015736895

886% 99.4% 148.4 206 355.4| 5.873244

5.9

9 52 52| 344 288.1
s20| e8] 34| 79w 05w 20w wew| 23 2578 2881| secaEs
Line 6 /S of 1560) 364  3.44] 63%| 8% 953%| 1000%| 9| 2319 2698 5597681
Auziiary %.00) 6| 308 28%| 19a%| o12%| esowu| 100a| 2m4| 3smsf 5854409
BMar8B | ape  |Knox Landing 844513 3218 40| 158] 258 21%| 183% 910%| se2w| 133 2273 3s456] 5.698801
Channel weo| 520 208 viw| 9w ei3wn| wr7w| ams| 3327| 7683| 664418
5100 1| 13| o7%| saw| e17%| essw|  as0| 203 7503 6620473

ol o 7503

5 ) o 2903
soo| e04| 645 s9w| 323w aesw| 1000w 37| 2es| 2003| s670915
Line 6 /S of %70 623| e68| 38%| 265%| 948%| 973w 717 2534  3251[s784133
Auziliary ) aa50| 445|623 34%| 224%| ora%| 3% to7e| 2198 3278| 5792a04
BMaIB| T ke | o Landing 844513 385 6230 267 601 18%| 152%] 8% 1000%| 2528 27| 5202 6 2m1ar3
Channel so10| 89| 42| 10%| 127%] o76w| 995%| 408 2534 6o9.4| 49133
87,20 18] 305 0B%| 74%  968%| 996% 65| 290 980.5| 6 6880B3

o im 9605

3 % %] 582 65
9s0| 855 582 43w 203%| 944%| 9menm| sz 2m3) 2865 5657739
Line 6 /S of 50|  e6s|  6O07| 122%| 435%| 913%| 10an%| 218| 2326  254.4| 5530008
Auziliary 50| 475 678 39%| 246% 939%| omawm| s17| 2097 2814|5307
BMacdB| ke | o Landing 844513 4010 60| 285\ B3| 36%| 246%| 950%| 57.9% 571 2375 29456) 5685619
Channe! g550] 95| 509 09w Bo%| ero%| o7e%| 1634 2237 387.1] 5.95mee3
93.10 19| 298| 57%| 319% %aw%| orew| 1627| 3s99| 5226| 6256816

o 2 5226}

9 B w285 078
soo| 801 288| 10w 93%| oa1w| wsw| 1ese] 22 s078|s010727
Ling 6 /S of %70 623|298 11%| 0% 815w 1000% 142 30| 3542| seeeme2
N Auziltary ! ws0|  4a5|  375]  115%| 423%|  946%| 1000% 12| 3243 333 5818004
BMar98 | ke [Knox Landing 844513 4743 6230 267 385 55%| 382%| 936%| 894%|  247| 319.4] 3441 5 ea00m2
Channel si0| 89| 35| 35%| 267%| o04%| e80w| 4| 2103 266.4] 556490
7.20 18| 241  asw| 402%| oaew%| eran| w3 2e45| 2728| 5608739

ol zes 728
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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 PO Discharge Refernce Point h (f9 y (f) Velacity {mm) Percent Finer Sediment Concentration (ppm)
(cfs) g -
0.062 0.125 025 0.425 Sand Fine Total tnC
6 ® B i 1128
asol a1 414  oo%| 382%| waiw| iooow| 343  7es| 1128|4728
Line 6 DS of 170l 33| s0s| 3sw| 3saw| oasw| rwoow| 251] e8] 175| 5.16a788
Auziliary ) 280|208 392  00%| 267% 911%|  975% 5| 73] 2001 5208817
T0-AprIB | ipakg | Knox Landing 856,512 3.203 30| 147 298|  20%| 289%| %l 3wl 733 809  2242| 5412539
Channel 14.10) 48| 218 0s%| 159%| 957%| 2% 1613 28] 2893 se6v4ee
48.00) | 18 02% 128%| 0% 4% 2005 1197 3402 582053
of o8 3402
3 80 80 6.45] 95
8.00] 72| Bas| 50| s15%|  oarw| iwow| 138 s12 95| 4553877
Line 6 D/S of 2400 56| 694 54%| 22% 971%| 1000% ss| 1324 1872 523308
‘Auzilan ! 40.00) sl 673 10w 247%| 978%| o00%| ens| 031] 1839 5214392
10Apr08 | AUEEY |knox Landing 856512 3778 56,00 2| 667| 08w 158% os9w| 996%| 25| 1245 3821) se91m
Channel 7200 8| 64| 03% 109%| 950%| arw| aws| 1178  5314] 6281145
78.40 16| 409] aiw| 104w gesw| eve% 3821|1278 5099 6234215
of 308 5099
® 0| 0| 7.5 1267
1000 so| 748 17 wawm|  sa7w| 000w  ws|  esa| 1267 asete
Line & /S of 3000 70| 77| osw| 333%| 1o00%| o00%] 326 o] 1245| 4824308
Auziiary 5000 so| eee| 12%| 204% 972%| 988% | 11| 1571 5056883
10Ape98 |7 ke |FE0x Landing 856512 405 7000 3|  462| 1s%| 139% 939%| 1000%| 1326 719| 2045 5320568
Channet 90.00 10| 488 0% 137%| 947%| 983%| 28| 653 266.2| 5584248
98.00) 2| aw2]  o2w| s2%|  eetw|  ea2%| e8| s3ef w789 6171492
ol 188 4789
3 % 6| 399 4.3
960| 854 393 28%| 634%| 930%| 1000%| 103 7| 83| 43432
Line 6 /S of »80| 672  327|  41w| 418%| 1000%| 000w 4| 1048 1312] 4876723
Auziliary i 1800 a8 318 v7%| 307%|  9arw| 00w 24| 922) 13456 av02307
10-A0r58 | 7 take | ox Landing 856512 45678 6720 28| 343 09%| 192%| 91s%| grow| 2 63 1325| 4886563
Channel 86.40) 96| 308| 08% 238% 017% 1000% 68| 529 1209 4794384
94.10) 19] 235 05%| 62%| 57.1%| 1000% 2653 1283] 3938597535

480 43.2] 468, 2.3%)| 430% 100.0%)| 100.0% 39.2 3329 372.1| 5919163

Line 6 D/S of 1440 38| 449 85%| 35.4% 59w i000%| a2 81| 3923] so72027
Auziliary ) 2400 2] 383 1ew| 187%| a34w| 1000%| 15| 3037 w82 6o
7-AprS8 | age | Knox Landing 793350 3159 33s0| 144 38| 02w 155%| otow| s0%| 1322|308 43| sosasy
Channel 320 48 307 10%| 148%| sosw| 978%| 1718 2089| 4717| 6 156343
4700 1 2| osw| sou| esrw| e%| 32| 2048]  se8| 6 32430
o e 5580
G 7] 7] I 2848
920 &8 B2 36%| 41| w2%| 1000% 257 291| 28a8| 5651787
Line 6 /S of 77g0| 644 573 vew| 23%  or1w| 000w 817 37| 2024 5997447
Auzilia 46.00 4| 574l 26w 8e%| 2% 1000% g9 2676| 317.5| 5760478
T-aprs8 | O Knox Landng 793.350 3% 6440 276 sesl o07%| 174%| 9a0%| 990%| g9l 3051 04| 6.00IATS
Channel s280 92| 381 024 105%| o35% 995% 2123 2038| 962| 6208079
s020f 18 198 05%| 98%| 949%| 9% 2543 2614|5157 6252
o e 5157
® o7 o7 54k 3114
o70| o3|  sas| 1as%| .ow| 1000% w00%| 1ss| 2959 311 4f 5741078
Line 6 DAS of 20| e8| 519 06%| 236% 943%| 100.0% @8 w1 3291|5732
Auziliary 850 488 57| 44%| 224% 976w 1000%| 77| 20| 327.7] 579000
AP take [KnO Landing 793,350 413 5790| 201|534 25%| 255% %s%| 1000% 45| 77| 327| 574524
Channel o0 97| 473  3awm| 87%| 748%| 1000%| isoo| 30as| a557| 6121835
9510, 19 309 05%| 92% 776% 1000%| 1583 23| 4208| 6.041682
ol 2; 4208,
G 5 92| 378 2836
o0l e28| 378 32w 339%| 726w e87%|  184| 255|236 sea7ses
Line 6 /S of el 644|355  66%| 441%| 1000%| 1000%| 184 267 51] ssE007
Auziliary %00 | 384 34w 371%  921%| 1000% x| 2033 83| 5762994
A8 | ptake  {Knox Landing 793350 46%5 6aad| 76| 381 13%| a13% 1000% t000% 218 2891 311 5739793
Channef g280| 92| 326 64w 376%| 1mow| 1000% I;s| 2105 28155132
90.20) 18 208] 2% 514% o38%| 1000%| 473 37| 3643 5697978
o zor 343
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Table C.70. Data from Mississippi River - Tarbert Landing 3

Suspended Sediment Grain Size Analysis

Distance from

Date | Locaton | Gage | Temp(Q) |PSCHI9R| Retomnce Paint | hew | yey |Vee (mm) Percent Finer Sediment Concentration (ppm)
) 062 | 0425 | 025 | 0.4%5 | Sand | Fine | Yotal | LncC
= 7] R 2747
3200 288 384 60%| 627%] 1000%| 1000%| 214 2533) 2747 seises
Line 6 /S of 980 224 38| 77%| seow%| 100w woow| 138 28] 231.8] 5445875
Avzilary ! 16.00 B 35| 19%| 514%| 905w 9s2%| 149] 2198| 2365| 5 457056
S-dun88 | g | Landing 04517 347 240 98| 305| 66% 515%| 945%| 1000%| 128 227.6| 2405| 548272
Channel 880 32 25| 9% a72%] 8a9% 00w 22 23|  2882| 559173
ata| 08 164 116%| 509%| 955%| 1000% 64| 242 2584 5554509
ol 153 284
F3 70 70 5.46 |
7.00 63| 58] 56% 489%| 911%| @a3w| 143] 237 23| 5472201
Line 6 O/S of 2100 | 527 50w s28%| 944w 1000%| 413 281  2704| 5.50%02
Auziliary ) 350 3 489 04%| 420%| 916%| 9a4%| 61| 2677 3038 571637
BB | ke |<Nox Landing 4817 3788 19.00 21| 418 aaw| 286%| 07%| o7ew| i624] 2525 4149| 6.026039
Channel 6300 7| 43| 13w 226%] 912%| a1%| 2541 2565 51086| 6238587
60|  14] 32| 05% 60% 719% 97.1%| 1805 2048 4253 6052795
o 27 4253
£ EE] w637 2169
83| 7470 637 32%| 450w 24w maw] 18| 51| 2169 537043
Line 6 /S of %] 581 6| 06w| 504w 728%| 796%| 188 2342 253 55330
Auziliary aso] 45| 57| 1ow| asow| saew| 973w| s29| 2225 275.4| ser88
SUunBB | ke |Knox Landing SoaB7 4093 sg10| 249 693  19%| 329% 940%| 992%|  124| 219 3859| 5955578
Channet 7a70] 83 475 20%| 38sw| wiw| %] w3 wot| sa1| s4ee3
gta0] 17| 37| 02w 9e%| 7aew| 3w sms| 2599 8495 67asses
o i3 8495
% 54 E R 3393
ganl 758 274| 09w 63w 7e1w| ssw| 109 384 3393| 52mes
Line 6 DS of 5200 588 269 39% ev0w 9Bwm| 1000%| 79| 3| 2w 54773
Auziliary 200 | 238 2% 704w 93s% w0o%| 81| 2283 246.4 5505956,
e B 04817 4703 sg80] 252 288 88%| 721%] 956%| 1000%| 235|  315| 33985| 5524524
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Appendix D - Computer Solution to ¢/,

221



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=qgs
ActiveCell(i,j+ 3+ (3*(j- 1))).Value=qgs / 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

gs=0

Fori=z1Tostep-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

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
Nexti
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qt=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("EinsteinIntegralComputations.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

qm=(0.216 *E » (Ro- 1) / (1 - E} » Ro) * (Jal * (Log(60 / E)) +Ja2)
qt=1+(0.216 *E ~ (Ro-1) / (1 - E) » Ro) * (Je1 * (Log(60 / E)) + Je2)

ActiveCell(i,j+ 3 + (6 * (j - 1))).Value = gm
ActiveCell(i,j+ 4 + (6 * (j - 1))).Value = qt
ActiveCell(i,j+5+ (6 *(j- 1))).Value=gm / 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 SIUNITS
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 CalCUlatiUnSi 0.503
gm (kg/m-sec) = ‘ 0.590
gm1 (kg/m-sec) = 0.590
gb (kg/m-sec) = 0.001
gs (kg/m-sec) = 0.546
qt (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/qt = 0.896420641
FROM CALCULATION gs/qt = 0.99791942
FROM MEASURED DATA gm/qt = 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 |, j, k As Integer

Dim Cm, Q, h, dn, a, ds, d35, d65, W, Vmean, T, densityW, densitysS, g, qm, RSm, ustar,
vis, fall, z, psil, psi2, psi, phi, gb, qb1, 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

qm = 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*gb(E)"(z-1)/(1-E)*z]{[In(60/E)]}]1a+]2a}

gb1=0

qb2 =40
gml=0
Eprime=dn /h
E=2*ds/h

Workbooks("EinsteinIntegralComputations.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

qb =(gb1 +qgb2) /2
qml=(0.216*gb*E"(z-1)/(1-E)*z) * (Log(30 *h / d65) *]1a + ]2a)

deltagm = (qm1 - gm)
If deltagm > 0.00001 Then
gb2=gb
End If
If deltagm < -0.00001 Then
gbl=qb
End If
If Abs(deltagm) < 0.00001 Then
Exit For
End If
Count =i
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 = gm
IfJ1a=0 And]J2a =0 Then

gqml =gm
End If

ActiveCell(5, j + 1).Value = gqm1

IfJ1a=0And]2a =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]2a =0 Then
qs =qm

Else

gs=(0.216*gb*E~(z-1)/(1-E) " z) * (Log(30*h / d65) *]J1e + ]2e)
End If

234



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=0To (Extent- 1)

Call Input_Values
Call BedLoad

qt=qb+gs
qum = gt - qm

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.

2. Determine the representative particle size per each bin based on the

geometric mean

3. 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

0.4u.

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 27t

1984, where the measured suspended sediment concentration was 50.5 kg/s.

Table G.1. Input Data Summary from 9/27,/1984

average velocity Vmean (m/s) =

Temperature (C) =/

SampleNumber} 1 | 2| 31415161 718]92]10111112}13]14]15]16]17
measured suspfanded sediment 2 ° 8 8 22 8 g g 2 8 ololololoalala
concentrationCm (mg/L)=| < [~~~ - N0l = ||
flowrate (cms) = 212
flow depth h (m) = 1.7
unmeasured depth dn (m) = 0.3
Slope = 0.00039
SISIBIR]|SC L3S R[IB|SI2[BI~]z]x
e particle sizeas| = | S | S| 2| S| S| 8|88/ 8|2|5|2|S[21%8
representative particle sizeds| S | Y[ Q| SIX I |QIS182|1319185 NE1E
mm)=S|S|S|=|N[F|S|IRIBS|T|IX]|B|In]O|N|®
Qlelelelelelem|f iRl el-|yNIY]
Slo|lo|lo]lolo|loc|joc|oclo~]|aluv]l~|N]|T|®
d35 (mm) = 0.59375
dé65 (mm) = 0.90625
cross sectional width W (m) = 101
1.2
4
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