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FORWARD

This study was performed under a contract titled "Stability Tests of Riprap in
Flood Control Channels" between the U. S. Army Corps of Engineers, Waterways
Experiment Station, Vicksburg, Mississippi, and Colorado State University. This
report includes the tabluated and mapped data collected during the study, as well as

analysis of the major results. The study plan and program was coordinated between

WES and CSU by Mr. Stephen T. Maynard of WES.
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CHAPTER |

INTRODUCTION

1.1 Background

This study is a continuation of the work to determine the pnint of incipient
failure and other hydraulic characteristics of riprap for providing criteria for design
of stable ripraps in flood control channels. The study initiated in 1981 at Colorado
State University (CSU) by and in cooperation with the U. S. Army Corps of
Engineers, Waterways Experiment Station (WES), Vicksburg, Mississippi. The
previous work was presented in two reports. The first report entitled, "Stability
Tests of Riprap in Flood Control Channels," was prepared by A. A. Fiuzat, Y. H.
Chen and D. B. Simons in October, 1982, and is referred to as the "1982 Report"
throughout this latest report (1985). The second report was entitled, "Supplemental
Stability Tests of Riprap in Flood Control Channels" and was prepared by A. A.
Fiuzat and E. V. Richardson in December, 1983. The second report similarly is
referred to as the "1983 Report" throughout this new report (1985). The equipment,
flume test procedures, and data collection methods are either identical or similar to
those procedures described in the 1982 and 1983 Reports.

Two sizes riprap materials were tested. One material had a d50 = 1.0 in. and
the other had a d50 = 2.0 in. Both riprap sizes had the ETL 1110-2-120 gradation

recommended by WES. The design gradation of the riprap material is



shown in Figure l.1. The design gradation of the riprap material of the 1982 and
1983 Reports is also shown in this Figure. Tests were performed for both size
gradations with the thickness of the riprap set at sto and then at 3d5°. The failure
criterion for both riprap thicknesses was the exposure of the underlying filter
blanket observed after a run. Incipient failure was then defined as the run when the
flume slope was set one increment lower than the failure run. In the following

chapters the experimental program and analysis of data are presented.
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Figure 1.1 Gradation of rinrap material of this study (1985) and the 1982 and 1983 Renorts.



CHAPTER 2

EXPERIMENTAL PROGRAM

The experimental program conducted for this phase of the riprap study
generally follows the procedures and methods described in the 1982 and 1983
Reports.

In this chapter the materials and methods that differ from those of the 1982
and 1983 Reports are explained. Those which are not explained are similar to the
1982 and 1983 Reports.

2.1 Experimental Setup

For the first 18 runs, the test section was 50 ft long with a transition section of
40 ft. From the upstream end of the flume (Station 0) to the beginning of the
transition section (Station é0), rocks of 6 to 10 in. in diameter were cemented to the
flume floor. The 40 ft transition section {from Station 60 to station 100) was made
of 1 in. rocks cemented to the flume floor. For the remaining runs (from run #19 to
94), the test section was reduced to 40 ft and the transition section was constructed
by placing rocks of similar size as the test section in the transition. These rocks in
the transition section were not cemented to the flume floor; instead they were
covered with a wire mesh {chicken wire) to hold them in place. The transition
section was 40 ft long and started at Station 70. The test section started at Station
110. The rocks in the transition section were placed such that the top of the rocks
in the test and transition sections were in the same plane for all riprap thicknesses.

The first 70 ft of the flume was comprised of 6 to 10 in. rocks cemented on the floor.
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2.2 Material
Crushed limestone was used as the riprap material. The specific gravity of the
d__ = 1 in. rocks was 2.68 and the d_, = 2 in. rocks was 2.64. The gradations of the
riprap material tested are shown in Figure 2.1. The gradation of d = | in. riprap
50O

was determined using a mechanical sieve shaker. The gradation of d = 2 in, riprap
50

was established using flat sieves manufactured at CSU for this purpose. The values

of d“/d15 of the riprap material are presented in Table 2.1. In this Table the

values of d /d  of the riprap material of the 1982 Report (for d = | in) and the
50

85 15

1983 Report (for dso = 2 in) are also presented.

Table 2.1 Values of the d es/d L5 of the riprap material of this (1985) Study and
the 1987 and 1983 Reports.

This Study (1985) 1982 Report 1983 Report
d (in) 1 2 1.87 1
50
d /d (in) 2.0 2.4 2.8 4.4
as 1s

For the first series of tests (dso = 1 in., runs # 1- 31) the riprap material
consisted of about 10 percent (by weight) flat rocks. The flat rocks were removed
after the first series of tests. For the rest of the runs, the riprap material met the
shape criteria of the Army Corps of Enginecrs. These criteria (C.0.E. Report -
bm 1110-2-1601, 1970) are:

1. The stone shall be predominately anqular in shape.

2. No more than 25 percent of the stones reasonably well distributed

throughout the gradation shall have a length more than 2.5 times the
breadth or thickness.

3. No stone shall have a length exceeding 3.0 times its breadth or thickness,



2.3 Testing Procedure and Data Collection Proyram

The data collected included bed and water surface elevations, discharge,

velocity profiles using either a pitot-static tube or an Ott meter, and the size: and

location of areas washed free of riprap down to the underlying filter cloth. Trials

were performed with riprap thickness of sto and 3dso.

A "general datum" for each rock thickness was established by the following

procedures:

(h
(2)

()

(4)

The flume was set to the horizontal position.

Water was added to the flume until about 90% of the rocks were covered
with water.

The elevation of the water surface was measured along the flume at 10 ft
intervals; at the locations where flow depths were measured.

These elevations were considered as the elevations of the bottom of

channel (general datum) in measuring the flow depth.

Five series of tests with a total of 94 runs were performed. The methods of

testing are summarized in Table 2.2. Other information such as bed slope, water

temperature, area washed, and test duration for each run are presented in

Appendix A.

Table 2.2 Methods of Testing

Test Run Median Riprap Velocity Data Remarks
Series # Size (in)  Thickness Collected By
i (in)

1 1-31 { 2 Ott Meter Data collection was
similar to the previous
reports.

2 32-45 1 2 Ott Meter Repeating the series #1
after removing flat rocks.

3 46-64 1 3 Pitot Tube Flat rocks were removed.

4 65-78 2 4 Pitot Tube Flat rocks were removed.

5 79-94 2 6 Pitot Tube Flat rocks were removed.




As shown in Table 2.2, the test procedure for the riprap of c{50 = 1 in, and
thickness = 2 in. was similar to that of the 1982 and 1983 Reports. For test series
No. 3 to 5, a pitot tube was used to measure the velocities. For these last series of
tests the velocity data were collected at 0.05, 0.10, 0.15, 0.2, 0.3, 0.4, 0.5, 0.7, 0.9D
above the "general datum." In addition, the pitot tube was set on the top of the
rocks and velocities at these points also were measured. These points established by
the pitot tube on top of the rocks will be referred as the "local datums." The
elevations of these local datums in most cases were below the general datum. For
the last 3 series of tests the comprehensive velocity data were collected for every
test, and not only for the incipient failure conditions. Velocity profile traverses
were taken at several locations in the cross sections throughout the test section.

Specific locations are listed for each run in Appendix B.
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CHAPTER 3

DATA ANALYSIS

The failure criterion for the riprap stability study was the exposure of the
underlying filter blanket after a run. For a given discharge, the run at which the
flume slope was one increment lower than the failure run was regarded as the
incipient failure run. In this study the term "incipient failure" was used in place of
"incipient motion" to avoid confusion. Incipient motion condition is considered to
occur when the exerted force by flow just overcomes the resistance force of a
particle to motion without moving the particle. However, at the incipient failure
condition, a substantial amount of riprap material may move without exposing the
underlying filter blanket. The latter condition can occur specially at greater
thicknesses of ripraps.

In this study there were some exceptional cases where the above criterion was
not met. These cases are explained in the following.

The transition section for the first 18 runs was made of 1 in. rocks cemented to
the flume floor, as previously mentioned. The transition section was 40 ft. long; the
elevation of upstream end was 8 in. above the elevation of downstream end with a
slope of 1.7 percent relative to the flume floor. The flow accelerated down this
slope and did not produce a smooth transition into the test section. Because of this
transition section, it was not possible to reach uniform flow depth within the test
reach at discharge greater than 25 cfs, and all riprap failure occurred at the
beginning of the test section due to high velocity of flow. The test result was not
considered to be representative of behavior of the riprap under uniform flow for

flows greater than 25 cfs because of the problems caused by the transition section.
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Therefore, the transition section was reconstructed and the tests were repeated.
Since the above problems were not pronounced for the flow rate of 25 cfs, the tests
were not repeated for the 25 cfs flow rate. The data for runs 8 to 18 were not used
for analysis in this chapter, however, they are presented in Appendices.

In run numbers 27, 37, 41 and 45 the failure occured at the beginning of the test
section and was believed to be the result of local disturbances at the junction
between the transition and test section. These runs were not considered to be the
failure runs but the incipient failure runs. The washed area for these runs was less
than three square feet which occurred at the beginning of the test section.

For run #77 (dso = 2 in, sto thick riprap) failure was not observed when the
flow rate was 25 cfs and flume was at its maximum slope (about 1.9 percent). When
the riprap thickness was increased to 3dso, failure did not occur at flows equal to or
less than 50 cfs and maximum flume slope (run #s 80 and 84). Run #84 was,
however, considered to be the incipient failure run since some of the rocks were
moved and several dips were observed on the riprap surface.

The following methods are used to calculate the bed Shields' coefficients from

the collected data.
1) Using Manning's roughness factor for riprap surface
2) Using Darcy-Weisbach friction factor for riprap surface

3) Using velocity distribution equation

3.1 Calculation of Bed Shields' Coefficient Using Manning's Roughness Factor For

Riprap Surface
The development of the equations to calculate the Manning's roughness factor

for the riprap surface n_ is presented in the 1982 Report (p. 19). This method is a

b
side-wall correction technique (Vanoni, 1975, P. 152) which can be used to calculate
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the average shear stress on the bed, Ty and bed Shield's coefficient C,. The

b
assumptions in this technique are: a) the flow cross-sectional area can be divided
into two parts, Ab and AW where resistance to flow is caused by the bed and the
walls respectively, and b) the mean velocity and energy gradient are the same for
Ab and Aw and Manning's equation can be applied to each part of the cross-section

as well as to the whole. The resulting equations (developed in the 1982 Report) for

this technique are:

2 1
n = -l-‘vﬁ- R g™ .1

= = (3.2)

(3.3)

where

n, nb, nW =  Manning's roughness factor for the flume (overall), bed, and

wall respectively

average velocity of flow in fps

channel slope in ft/ft

wetted perimeter of channel = w + 2D, in ft
wetted perimeter for bed = w, in ft

wetted perimeter for walls = 2D, in ft

hydraulic radius of channel = A/p = wD/(w+20), in ft
hydraulic radius for bed = Ab/pb’ in ft
hydraulic radius for walls = Aw/pw, in ft

channel width = 8 ft
water depth in ft

T UV nL
wmonown

O
s O
i

W

o

Oz 0 021
z
"

i H
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Substituting the values of p»b =w =8 ft, Pw = 2D, and nW = 0.012 (for smooth painted

wall and plexiglas, Chow, 1959, p. 110-111) in equation (3.3) results in

2
o0 o omy,
n, = [ 8 ]

(3.4)

The value of My calculated from equation (3.4) can be used to calculate the viaues of
the average shear stress on bed and the bed Shields' coefficient. The calculation
procedure is as follows:

1. Calculate n from equation (3.1) for known values of V, R, and S.
Calculate n_ from equation (3.4).

b
Calculate Rb from equations (3.2) for known values of R and n.

FoMowm

Calculate average shear stress on bed using the relationship

Ty = Yy Rb S (3.5)
where Y is the unit weight of water.

5. Calculate C,_ using the relaionship

b
G = ‘Tb - - < Y.waid = (:g 5 (3.6)
YS Yw) 50 Y‘.:'s YW' so $0

where Yg is the specific weight of rock, s is the specific gravity of rocks (y s/Yw),
and dsa is median size of the riprap in ft.

The values of n, Ny and Cb are calculated by the above procedure and results
are presented in Tables 3.1 to 3.5. The values of bed Shield's coefficienl. for
incipient failure runs will be termed the bed critical Shields' coefficient; the bed
critical Shields' coefficient calculated by this method (using Manning's roughiness

factor) will be denoted by Ccn'



15

In addition of the bed Shield's coefficient, the values of the overall Shields'
coefficient C, are also calculated and presented in Table 3.1 to 3.5. The overall

Shields' coefficient is defined as:

DS

C = —(—;_——l")"a:: (3.7

The values of C for incipient failure runs will be termed the overall critical Shields’
coefficient and will be denoted by Cc.

The range and average values of the bed Manning's roughness factor, for the
five series of tests, are summarized in Table 3.6. This Table also contains the

values of Manning's roughness factor calculated by the two following equations:

I. Anderson et al. (1970) equation

1/e

n = 0.0395d (3.8)
so0

where dSQ is in feet, and

2. Strickler's equation (Simons and Senturk, 1977, p. 309)

where d o is in meters.
9

The results in Table 3.6 show that 1) the values of n obtained by Anderson et al.
equation are in agreement with the values of Ny obtained experimentally; and 2)

Strickler's equation underestimates the bed Manning's roughness factor.
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The coefficient of Strickler's equation was modified in order to fit the data.
The modified equation is:
1/

n=d ¢ /22.4 (d,_ in meters) (3.10)

90

The coefficient 1/22.4 was obtained by calculating the corresponding coefficient of
Strickler's equation for each N value given in Tables 3.1 to 3.5 and then averaging
all coefficients. The calculated values of n from equation (3.10) are also presented

in Table 3.6.



Nominal Wetted Overall Bed Bed Bed Overail

Run discharge Flume Average Average Froude premeter Hydraulic Manning Manning Hydraulic Shields Area Shields
1 4 Q slope velocity depth number p=w+2D radijus coef, coef. radius coef. washed coef .

cts s v ,fps D, ft F ft R, ft n ny R,, ft Cp sq. ft c

1 25 0.00367 2.57 1.273 0.40 10.58 0.966 0.034 0.040 1.209 0.032 0.033

2 25 0.00490 3.85 0.906 0.66 9.81 0.739 0.024 0.026 0.847 0.030 0.032

3 2% 0.00617 3.87 0.846 0.74 9.69 0.698 0.024 0.026 0.793 0.035 0.037

4 25 0.00749 4.22 0.74% 0.86 9.49 0.628 0.022 0.024 0.699 0.037 0.040

5 25 0.00872 4.45 0.714 0.93 9.43 0.606 0.022 0.024 0.672 0.042 2 0.044

£t 6 25 0.01012 4.59 0.689 0.97 9.38 0.588 0.023 0.025 0.651 0.047 23 0.050
* 7 2% 0.00869 4.77 0.714 0.99 9.43 0.606 0.021 0.022 0.667 0.041 0.044
28 80 0.00409 3.85 1.386 0.58 10.77 1.029 0.02% 0.029 1.269 0.037 0.040
29 50 0.00490 4.30 1.262 0.67 10.52 0.959 0.024 0.027 1.152 0.040 0.044
30 50 0.00561 4.76 1.282 0.78 10.50 0.954 0.023 0.026 1.137 0.046 0.03 0.050

* 31 80 0.00561 5.06 1.262 0.79 10.52 0.959 0.021 0.024 1.135 0.045 0.051
20 75 0.00284 5.03 2.018 0.62 12.04 1.341 0.019 0.022 1.684 0.034 0.041
21 75 0.00333 5.14 1.886 0.66 11.77 1.282 0.020 0.023 1.600 0.038 0.045

£ 22 7% 0.00407 4.64 1.802 Q.61 11.60 1.242 0.024 0.028 1.600 0.047 12 0.052
* 23 75 0.00343 5,02 1.885 0.64 11.727 1.281 0.021 0.024 1.615 0.040 0.046
24 100 0.00228 4.86 2.479 0.54 12.96 1.830 0.019 0,023 2.014 0.032 0.040
25 100 0.00266 4.62 2.397 0.53 12.79 1.499 0.022 0.027 2.030 0.039 0.046
26 100 0.00308 5.15 2.286 0.60 12.8587 1.455 0.021 0.025 1.917 0.042 2 0.050

. 27 100 0.00318 5.06 2.337 0.58 12.67 1.478 0.022 0.026 1.978 0.045 0.7 0.0%3

f Pailure conditions
* Incipient failure conditions

Table 3.1. Calculation of Manning's and Shields' Coefficients For Riprap of dso = 1 in. and Thickness = 2 in.

Sl



Nominal Wetted Overall Bed Bed Bed Overall
Run discharge Flume Average Average Froude premeter Rydraulic Manning Manning hydraulic Shields Area Shields
# Q slope velocity depth number pow+2D radins coef. coef, radiue coef, washed coef.
cfs -] v .fps D, £t ¥ j 44 R, £t n ny, Ry, ft Ch sq. It [+
33 25 0.00998 4.40 0.684 0.94 9.37 0.584 0.024 0.025 0.648 0.046 0.049
34 25 0,01088 4.5L8 0.703 0.95 9.41 0,598 0.024 0.026 0.667 0.052 0.055
35 2% 0.,01186 4,72 0.672 1.01 9.34 0.5718 0.024 0.025 0.637 0.054 0.057
t 36 25 0.01337 4.95 6.618 1.11 9.24 0.535 0.023 0.024 0.587 0.056 7.2 0.059
* 37 25 0.01204 4.77 0.651 1.04 9.30 0.560 0,023 0.025 0.617 0.053 2.7 0.056
£ 32 50 0.00558 4.90 1.300 0.76 10.60 0.981 0.022 0.025 1.178 0.047 10.8 0.052
* 41 50 0.00475 4.7% 1.353 .71 19.71 1.011 0.022 0.025 1,215 0.041 2.8 0.046
£ 38 75 0.00402 5.02 1.832 0.65 11.66‘ 1,257 0.022 0.026 1.599 0.046 0.4 0.053
£ 39 78 0.00377 5.00 1.842 0.65 11.68 1.261 0.021 0.028 1.597 0.043 0.1 0.050
* 40 76 0.003456 4.84 1.918 0.62 11.84 - 1.296 ¢.021 0.025 1.659 0.041 0.047
42 100 0.00314 4.97 2.371 0.57 12.14 1.489 0.022 0.027 2.013 0.045 0.053
43 100 0.00403 4.90 2.415 0.56 12.83 1.506 0.0285 0.032 2.119 0.061 0.070
£ 44 100 0.00436 5,20 2,210 0.62 12.42 1.424 0.024 0.029 1.931 0.060 17.7 0.069
* 45 100 0.00354 5.09 2.332 0.59 12.66 1.473 0.023 0.028 1.999 0.051 2.5 0.0569
£ Palilure conditions
*

Table 3.2. Calculation of Manning's and Shields' Coefficients for Riprap of d50 = | in. and

Inciplent failure conditions

Thickness = 2 in. (after removing flat rocks).

9l



Nominal Wetted Overall Bed Bed Bed Overall

Run discharge Flume Average Average Froude premeter Hydraulic Manning Manning Hydraulic Shields Area Shields
* Q slope velocity depth number p=w+2D radius coef, coef. radius coef. washed coef .

cts S vV ,fps D, ft F ft R, ft n ny Rb' ft cb sq. ft c

46 2% 0.00880 4.37 0.720 0.91 9.44 0.610 0.023 0.028 0.€679 0.043 0.045
47 25 0.01011 4.61 0.688 0.98 9.38 0.587 0.023 0.024 0.649 0.047 0.050
48 25 0.01313 5.02 0.640 1.11 9.28 0.552 0.023 0.024 0.606 0.057 0.060

* 57 25 0.0147% 5.02 0.625 1.12 9.25 0.541 0.024 0.026 0.595 0.063 0.066
f 58 25 0.01626 5.82 0.568 1.29 9.14 G.497 0.022 0.023 0.539 0.063 23 0.066
49 50 0.00526 4.94 1.268 0.77 10.54 0.963 0.021 0.024 1.139 0.043 0.048
50 50 0.00636 $.36 1.169 0.87 10.34 0.905 0.021 0.023 1.0583 0.048 0.053
52 50 0.00726 5.74 1.096 0.97 10.19 0.860 0.020 0.022 0.987 0.051 0.057

£ 53 50 0.00802 5.66 1.095 0.95 10.19 0.860 0.021 0.024 0.996 0.057 37.4 0.063
f 54 50 0.00732 5.64 1.111 0.94 10.22 0.869 0.021 0.023 1.004 0.052 2.3 0.058
f 55 50 0.00732 5.03 1.245 0.79 10.49 0.949 0.024 0.028 1.144 0.060 3.7 0.065
* 56 $0 0.00647 5.11 1.231 0.81 10.46 0.941 0.023 0.025 1.118 0.052 0.057
59 75 0.00423 4.90 1.907 0.63 11.81 1.291 0.023 0.028 1.682 0.051 0.058

* 60 75 0.00817 5,11 1.814 0.67 11.63 1.248 0.024 0.029 1.618 0.060 0.067
f 61 75 0,00621 5.5%0 1.714 0.74 11.43 1.200 0.024 0.028 1.533 0.068 49.5 0,076
62 100 0.00406 4.63 2.513 0.51 13.03 1.543 0.027 0.035 2.232 0.065 0.073

f 63 100 0.00457 5.25 2.210 0.62 12.42 1.424 0.024 0.030 1.937 0.063 2 0.072
* 64 100 0.00409 8.10 2.298 0.59 12.60 1.460 0.024 0.030 2.002 0.058 0.067

f Failure conditions
* Incipient fajilure conditions

Table 3.3. Calculation of Manning's and Shields' Coefficients for Riprap of dso = 1 in. and

Thickness = 3 in.

Ll



Nominal Wetted Overall Bed Bed Bed Overall

Run discharge Flume Average Average Froude premeter Hydraulic Manning Manning Hydraulic Shields Area Shields
# Q slope velocity depth number P=w+2D radius coef, coef. radius coef. washed coef.
cts s Vv ,tpe D, £t r £t R, ft n fb Rb. ft cb sq. ft c
16 24.8 0.01193 4.65 0.681 0.97 9.38 0.582 0.0258 0.027 0.625 0.027 0.030
77 25.2 0.01858 5.27 0.598 1.20 9.20 0.520 0.02% 0.027 0.554 0.038 0.041
65 50.1 0.00998 5.03 1.246 0.79 10.49 0.950 0,029 0.033 1.089 0.040 0.045
66 $0.0 0.01378 6.13 1.019 1.07 10.04 0.812 0.025 0.028 0.901 0.045 0.051
* 67 80.2 0.01519 6.36 0.987 1.13 9.97 0.792 0.025 0.027 0.876 0.049 0.055
68 50.2 0.01796 6.71 0.935 1.22 9,87 0.758 0,025 0.027 0.834 0.055 0.061
f 69 50.3 0.01888 6.63 0.948 1.20 9.90 0.766 0.026 0.029 0.847 0.059 59.8 0.065
f 78 $0.2 0.01579 6.14 1.022 1.07 10.04 0.814 0.027 0.030 0.908 0.052 5.5 0.059
£ 70 7.0 0.01110 6.65 1.410 0.99 10.82 1.043 0.024 0.028 1.197 0.049 64.1 0.087
71 75.1 0.00781 6.33 1.483 0.92 10.97 1.082 0,022 0.025 1.236 0.035 0.042
. 72 77.5% 0.00937 6,81 1.423 1.01 10.85 1.050 0.022 0.028 1.193 0.041 0.049
73 100.5 0.00731 6.43 1.954 0.81 11,91 1.313 0.024 0.028 1.574 0.042 0.052
* 74 100.2 0.00840 6.62 1.891 0.85 11.78 1.284 0.024 0.029 1.537 0.047 0.058
£ 75 101.0 0.01066 7.00 1.804 0.92 11.61 1,243 0.02% 0.030 1.484 0.058 27 0,070

f PFaillure condition
* Incipient failure conditions

Table 3.4. Calculation of Manning's and Shields' Coefficients for Riprap of dso = 2 in. and
Thickness = 4 in.

8L
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Nominal Wetted Overall Bed Bed Bed Overall

Run discharge Flume Average Average Froude premeter Hydraulic Manning Manning Hydraulic Shields Area Shields
* Q slope velocity dspth number p=w+2D radius coef. coef, radius coef. washed coef .

cts S v ,.fps D, tt r ft R, It n ny, q,, ft Cy 8q. ft (o4

79 25 0.01180 4.42 0.710 0.92 9.42 0.803 0.026¢ 0.028 0.651 0.028 0.031
80 25 0.01870 8.17 0.607 1.17 9.21 0.627 0.026 0,027 0.563 0.039 0.042
81 50 0.01205 5.90 1.068 1.01 10.14 0.843 0.0256 0,028 0.940 0.041 0.047
82 50 0.01544 6.47 0.966 1.16 9.93 0.7178 0.024 0.027 0.858 0.048 0.05%
83 50 0.01724 6.76 0.928 1.24 9.86 0.753 0.024 0.026 0.827 0.052 0.059

* 84 50 0.01879 6.61 0.970 1.18 9,94 0,781 0.026 0.029 0.866 0.059 0.067
85 75 0.00898 6.19 1.519 0.89 11.04 1.1012 0.024 0.028 1.276 0.042 0.050
86 75 0.01098 6.58 1.414 0.98 10.83 1.045 0.024 0.028 1.200 0.048 0.087
81 75 0.01206 6.63 1.423 0.98 10.85 1.050 0.025 0.029 1.212 0.063 0.063

* g8 7% 0.01359 6.88 1.312 1.04 10.74 1.022 0.026 0.029 1.175 0.058 0.068
f 89 75 0.01565 6.84 1.399 1.02 10.80 1.036 0.028 0.032 1.203 0.069 9.6 0.080
90 100 0.00866 6.97 1.808 0.91 11.62 1.245 0.023 0.0217 1.469 0.047 0,057
91 100 0.00938 6.96 1.796 0.92 11.59 1.239 0.024 0.028 1.468 - 0.050 0.062
92 100 0.01084 7.39 1.711 1.00 11.42 1.198 0.024 0.028 1.408 0.056 0.068

* 93 100 0.01189 7.44 1.698 1.01 11.40 1.192 0.025 0.029 1.405 0.061 0.074
£ 94 100 0.01300 8.02 1.572 1.13 1.128 0.023 0.027 1.306 0.062 15 0.0718

£ Fallure conditions
* Incipient failure conditions

Table 3.5.

11.14

Calculation of Manning's and Shields' Coefficients for Riprap of dso = 2 in, and

Thickness = 6 in.

61
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Table 3.6 Values of Bed Manning's Roughness Factor Calculated From
Experimental Data And Equations Listed

I —————" " - " U _— - — A 1 s S Yoo T o Vot oo e e B . i WA A M B Sk S Bl S Y B WD Sl o i AR AR e B e M ke S ek Vi S S e B A A T Wl i S e e S e S

Test Riprap Size Experimental data Anderson Modifieq
Series dSO d90 ny n et al. Strickler Strickler
# in in. range average equation eguation eguation
A O e o T L T e T T e s o e S o T e M T e T e o T o T D T T T D e T I o A O e o S S T e T S I S T S S T N T T T RN I T I e e
1 1 1.3 .022-.029 0.026
2 i 1.3 .024-.032 0.026
3 1 1.3 .022-.035 0.026
i,2,3 i 1.3 .022-,035 0.026 0.026 0.022 0.025
4 2 1.3 .025-.033 0.028
5 2 2.9 .026~,032 0.028
4,5 2 2.9 .025-.033 0.028 0.029 0.025 0.029

A — o —" ] — " - — W — . 7 U Tk o o o S o o T s T e U o o Sl oD o S ot M i S 2 . NS . Sl O D U S, B o Sk b s . V. Vo S St
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3.2 Calculation of Bed Critical Shields' Coefficient Using Darcy-Weisbach Friclion

Factor For Riprap Surface

This method is similar to the method presenled in Section 3.1, that is, a
side-wall correction technique which results in average values of shear stress on bed
and bed Shields' coefficient. The only difference between these two methods is that
in section 3.1 the Manning's equation was used to describe the relationship between
resistance to flow and hydiaulic parameters while in  this section the
Darcy-Weisbach equation is used to describe such a relationship. The development
of the equations for this method are presented in the 1982 Report (p. 22). The

resulting equations are:

R b S
Cb = W— (3.11)
S0
Ccf = Cb for incipient failure runs
2 gSR gSR
Yoo - b (3.12)
8 f fb
£ o= fe(F-1f) (3.13)
b~ 4 w :
Rv R
o= (3.14)
w
where

Cb = bed Shields' coefficient

Ccf = bed critical Shield's coefficient

Rb = hydraulic radius for bed in ft

R = channel hydraulic radius in ft

f, fb, fw = Darcy-Weisbach friction factor for the flume, bed and wall

respectively
R,R W = Reynolds number for channel and wall respectively

The calculated values of the bed critical Shields' coefficient for incipient

failure conditions (Ccf) are presented in Table 3.7.
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Riprap Nominal Overall Overall Wall Bed Bed Bed

median Riprap discharge Run Flunme Average Average hydraulic Reynolds friction friction friction hydraulic Shields
slze thickness Q # slope velocity depth  radius number factor R/f factor factor radius coef,
in. in. efs S v, fps D, ft R, ft R f £l fy Ry Cer

1 2 25 7 0.00869% 4.77 0.714 0.606 1.16E+06 0.060 1.94E+07 0.015 0.068 0.688 0.043

1 2 50 31 0.00561 5.06 1.262 0.959 1.9%E+06 0.058 3.59E+07 0.013 0.067 1.188 0.048

1 2 75 23 0.00343 5.02 1.88% 1.281 2.57E+06 0.045 5.73E+07 0.012 0.060 1.720 0.042

1 2 100 27 0.00318 5.06 2.337 1.475 2.99E+06 0.047 6.33E+07 0.012 0.068 2.116 0.048

1 2 25 37 0.01204 §.77 0.651 0.560 1.07TE+06 0.076 1.40E+07 0.015 0.086 0.633 0.05%

1 2 50 41 0.00475 ¥.71 1.353 1.011 1.90E+06 0.056 3.42E+07 0.013 0.070 1.271 0.043

H 2 75 40 0.00345 4,84 1.918 1.296 2.51E+06 0.049 5.10E+07 0.012 0.067 1.761% 0.043

1 2 100 45 0.0035% 5.09 2.332 1.473 3.00E+06 0.052 5.78E+07 0.012 0.075 2.128 0.05%

1 32 25 57 0.01475 5.02 0.625 0.541 1.09E+06 0.082 1.33E+07 0.016 0.092 0,609 0.06%

1 3 50 56  0.00647 5.11 1.231 0.941 1,92E+06 0.060 3.20E+07 0.014 G.074 1.166 0.054

1 3 5 60 0.00517 5.11 1.814 1.248 2.55E+06 0.064 4.01E+07 0.013 0.087 1.698 0.063

1 3 100 64 0.00409 5.10 2.298 1.460 2.98E+06 0.059 5.0HE+07 0.013 0.086 2.12% 0,062

2 ] 50 67 0.01519 6.36 0.987 0.792 2.01E+06 0.077 2.63E+07 0.014 0.092 0.952 0.052

2 ] 75 72 0.00937 6.81 1.423 1.050 2.86E+06 0.055 5.23E+07 0.012 0.070 1.338 0.045

2 4 100 74 0.00840 6.62 1.891 1.284 3.40E+06 0.063 5.36E+07 0.012 0.088 1.772 0.053

- 7 65 T "~ > o I U 00 T o T S L o o e o O 7 9 - o o T . O A o ] T 1 7 o e o 2 o

2 6 50 84 0.01879 6.61 0.970 0,781 2.06E+06 0.086 2.39E+07 0.014 .
2 6 75 88 0.01359 6.88 1.372 1.022 2.81E+06 0.076 3.72E+07 0.013 0.097 1.31 0.06%
2 6 100 93 0.01189 744 1.698 1.192 3.55E+06 0.066 5.38E+07 0.012 ©.089 1.603 0.068

. T o A 5 o 4 " -] - ] " o0 U O 7 o W B S G o A P B T " o " > o T T wn Y P A S A A e o T . 7 T O e

Table 3.7 Calculation of Bed Critical Shields' Coefficient Using Darcy Weisbach Friction Factor

ae
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3.3 Cailculation Of Bed Critical Shields Coefficient Using Velocity Distribution

Equation

The Prandtl-Von Karman velocity distribution equation is used in this section to

calculate the bed critical Shields' coefficient C ov

equation is presented as (Chow, 1959, p. 202)

U =5.75 Uylog 22
S

where

velocity at height z [L/T] in ft/sec
shear velocity [L/T] in ft/sec

vertical height above the "bed" [L.] in ft
equivalent roughness height [L.] in ft

N CC
(1]

Equation (3.15) can be written as

U =575U,log z + 5.75 U, log _'iﬂ__
s

or
U =alogz+b

where

a =575U,

b = 5.75U, log '}I‘?‘
s

Equation (3.17) indicates that if velocities are

The Prandtl-Von Karman

(3.15)

(3.16)

G.17)

(3.18)

(3.19)

plolled versus depth on

semi-logarithmic paper the value of shear velocity, U,, can be determined from the

slope of the line passing through the data points. The value of "b" can be evaluated

by using known points on the line. The magnitude of ks then can be calculated from

equation (3.19). For a known value of U, the critical bed shear stress, T and

corresponding Shields' coefficient, C oy SN be determined as follows:
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T T T, for incipient failure runs
T, = puUZ (3.20)
T
c
cC =—-—L (3.21)
cv (YS’ YW) d 50
where
Yy = specific weight of rocks
Yo = unit weight of water

The graphs of velocity distribution versus depth for incipient motion runs are

presented in Appendix C (indicated by the run number). The calculated values of
Ccv and ks are presented Tables 3.8 and 3.9. The values of Ccv and ks are obtained
from the velocity profiles along the centerline of the flume (Y=4.0 ft) and across the
middle section of the test reach (X=125 ft for run No. 7 and X=130 ft for the rest of
the runs). When the velocity profile lines were drawn through the data points
adjacent to the riprap surface low values for Ccv and ks resulted. Examples are run
No. 57 (Y=4.0 ft, line #2) and run No. 84 (Y=4.0 ft, line #3) where Cev = 0.020.

To evaluate the effect of the bottom elevation on the logarithmic distribution
of the velocity profile, a comparison was made between velocity profiles plotted
using four different elevation datums. Two of these datums are the "general datum”
(GD) and the "local datum" (L.D) as defined in Chapter 2. The other two datums are
selected to be a distance dso/2 below the GD and LD (that is, GD - dsolz and LD -
d5°/2). The velocity distribution for some selected runs (runs No. 67, 74, 76, 84, 88,
and 93) are plotted using these four datums. The graphs of velocity distributions for
these runs are presented in Appendix C. As shown in these graphs, the data points
adjacent to the riprap surface did not coincide with the velocity distribution line
drawn through the remainder of the data points when the "local datum" was used.

The effect of using these four different datums to evaluate the
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bed Shields' coefficient Ccv can be observed by referring to the values presented in
Table 3.10. These values indicate that the magnitudes of Ccv are generally highest
when the LD - d5°/2 datum is used, and lowest when "general datum" is used. In the
next section, the values of Ccv that are obtained using the "general datum" will be

compared with the values of Shields' coefficient obtained in sections 3.1 and 3.2.
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Riprap Discharge Location Bed shear Critical Roughnes

Thickness Q of vel. Line Ux stress Shields factor
RUN # in, cfs profile # b a b/a fps pst coef. kg, ft
T 2 25 Y=5.0" 6.03 3.00 2,010 0.522 0.528 0.060 0.293
X=125"* 6.17 3.27 1.887 0.569 0.627 0.072 0.38¢9

31 50  Y=4.0" 5.77 3.07 1.879 0.534 0.552 0.063 0.396
X=130¢ 1 5.67 2.97 1.909 0.517 0.517 0.059 0.370

2 6.03 2,96 2.037 0.515 C.514 0.059 0.275%

23 75 Y=4.0" 5.60 2.90 1.931 0.504 0.493 0.056 0.352
X=130" 5.43 2.73 1.989 0.475 0.437 0.050 0.308

27 100 Y=4.0" 4.83 2.60 1.858 0.452 0.396 0.045 0.416
X=130° 1 4.83 2.50 1.932 0.435 0.366 0.042 0.351

2 5.57 3.07 1.814 0.534 0.552 0.063 0.460

Average 0.057 0.361

37 2 25 Y=H4.0" 6.53 3.16 2.066 0.550 0.585 0.067 0.257
X=130" 6.70 3.37 1.988 0.586 0.666 0.076 0.308

by 50 Y=4.0' 5.33 3.10 1.719 0.539 0.563 0.064 0.572
X=130* 5.40 2.67 2.022 .46k 0.418 0.048 0.285

4o 75 Y=4.0" 5.27 2.40 2,196 0.417 0.338 0.039 0.191
X=130¢ 5.33 2.36 2.258 0.410 0.326 0.037 0.165

iis 100 Y=4.0" §.83 2.13 2.268 0.370 0.266 0.030 0.162
X=130° 5.23 2.43 2.152 0.423 0.346 0.040 0.211

Average 0.050 0.269

57 3 25 Y=4.0¢ 1 6.40 3.33 1.922 0.579 0.650 0.074 0.359
2 5.63 1.73 3.254 0.301 0.175 0.020 0.017

X=130" 1 7.23 3.90 1.854 0.678 0.892 0.102 0.420

2 6.83 2.90 2.353 0.504 0.493 0.029 0.132

56 50 Y=4,0" 5.90 3.10 1.903 0.539 0.563 0.064 0.375%
X=130" 1 5.73 2.60 2.204 0.452 0.396 0.045 0.188

2 6.07 3.17 1.915 0.551 0.589 0.067 0.365

60 15 Y=b,0° 5.70 3.43 1.662 0.597 0.690 0.079 0.654
X=130* 6.03 2.46 2.451 0.428 0.355% 0.041 0.106

64 100 ¥=4.0" 5.17 2. 44 2.119 0.42% 0.349 0.041 0.228
X=130" 5.53 2.50 2.212 0.435 0.366 0.042 0.18%

Table 3.8 Calculation of Bed Critical Shields' Coefficient Using Velocity Distribution
Equation for dsg = 1 in. Riprap.
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Riprap Discharge Location Location Bed shear Critical Roughness

RUN thickness Q of vel. of origin Line Us stress shields factor
# in. cfs profile {2=0) L 4 b a b/a fps psf coef. | 9 4 4
67 4 50 Y=4.0° Gp 1 8.00 4.13 1.937 0.718 1.000 0.089 0.347

2 7.90 3.67 2,153 0.638 0.789 0.046 0.211

GD-d50/2 6,70 3.70 1.811% 0.643 0.802 0.047 0.464

LD 7.87 4.67 1.685 0.812 1.278 0.075 0.619

LD~-d50/2 6.80 4.3 1.438 0.823 1.311 0.077 1.098

12 15 Y=4.0" GD 7.56 3,83 1.974 0.666 0.860 0.050 0.319
X=130" GD 1 7.80 3.717 2.069 0.656 0.833 0.049 0.256

2 7.87 2.97 2.650 0.517 0.517 0,030 0.067

14 100 V=4.0' [c10] 1 6.80 3.13 2.173 0.5844 0.574 0.034 0.202
2 7.40 3.13 2,364 0.544 0.574 0.034 0.130

X=130* GD 7.40 3.17 2.334 0.551 0.589 0.035 0.139

GD-450/2 7.20 3.69 1.981 0.642 0.798 0.047 0.336

LD 7.33 3.83 1.914 0.666 0.860 0.050 0.366

LD-d50/2 7.12 4.33 1.644 G.153 1.099 0.064 0.680

Average 0.050 0.374

84 ] 50 Y=4,0° GD 1 8.27 3.77 2.194 0.656 0.833 0.049 0.192
2 7.73 3.30 2.342 0.574 0.638 0.037 0.136

3 7.93 2.43 3.263 0.423 0.346 ¢.020 0.016

GD-450/2 1 8.20 4.86 1.687 0.845 1.384 0.081 0.616

2 7.93 4.85 1.635 0.843 1.379 0.081 0.695

3 8.39 4.16 2,017 0.723 1.014 0.059 0,289

LD 1 T.87 4.70 1.674 0.817 1.295% 0.0786 0.635

2 8.03 3.03 2.650 0.521 0.538 0.032 0.067

LD-d50/2 1 1.70 5.96 1.292 1.037 2.082 0,122 1.5832

2 8.50 4.89 1.738 0.850 1.402 0.082 0.548

88 78 Y=4.0° GD 8.30 4.017 2.039 0.708 0.973 0.0587 0.274
GD~d50/2 8.16 5.04 1.619  0.877 1.489 0,087 ¢.721

LD 3 8.10 4.87 1.663 0.847 1.390 0.082 0.651

2 8.40 4.17 2.014 0.725 1.019 0.060 0.290

LD~d80/2 1 7.80 5.47 1,426 0.951 1.754 0.103 1.125

2 8.40 5.38 1,561 0.936 1.697 0.099 0.824

93 100 Y=4.0* GD 8.36 4.86 1.720 0.845 1.384 0.081 0.5871
GD-450/2 8.10 5.44 1.489 0,946 1.735% 0.102 0.873

Lp 8.23 5.00 1.646 0.870 1.465 0.086 0.678

LD~d50/2 7.93 5.80 1.367 1.009 1.972 0.116 1.288

Average ¢.,076 0.606

e o o s s i o - g o e

GD = General Datum
LD = Lecal Datum

Table 3.9 Calculation of Bed Critical Shields' Coefficient Using Velocity Distribution Equation
for ds, = 2 in. Riprap.

Le
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Table 3.10. Values of Gy for Some Selected Runs Calculated
Based on Four Different Datums

" — o S - —— (o Ml Qs ot Yol o T Bonh S M i i Wi i et S el i WO W B S e Mk M B o St U e A i s W A T S B i ol Ml S W, B W S M S S b

Run Discharge Location Datums
# Q of vel. Line———————— e e
cfs profile # GD GD-g;n /2 LD LD-dgg /2
e N e e T R T T T e T I e e L I N T O Y O N S e i e e N R A Y T R S R N S A T S R S N M AT M S IR s R e I AR N A N e D e
76 25 X=130' 0.020 0.039 0.028 0.056
67 50 ¥=4.0" i 0.059 0.047 0.0756 0.077
50 2 0.0486
74 100 X=130' 0.035 0.047 0.050 0.064
34 50 ¥=4.0"' i 0.049 0.081 0.076 0.122
50 2 0.037 0.081 0.032 0.082
50 3 0.020 0.0569
88 75 ¥=4.,0"' 1 0.057 0.087 0.082 0.103
156 2 0.060 0.099
93 100 Y=4.0"' 0.081 0.102 0.086 0.116
GD = General Datum
LD = Local Datum
Note: More than one value of C.y, for a given run resulted from

different velocity distribution profiles along a section.
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3.4 Comparison Of The Values Of Critical Shields' Coefficients Calculated By The

Previous Three Methods

In Table 3.11 The calculated values of critical Shields' coefficient are presented
for comparison. The results show that values of bed critical Shields' coefficient
obtained using the Manning's friction factor (CC n) have the lowest magnitudes and
those obtained by Prandtl-Von Karman equation (Ccv) have generally (for 60% of
the time) the highest magnitudes. However, some very low values of the Shields'
coefficient were obtained using the Prandtl-Von Karman equation.

The values of Ccv that are presented in Table 3.11 were calculated based on the
"general datum". As mentioned in the previous section, the values of Ccv that were
calculated based on the other three datums are higher than the ones obtained using
the "general datum" and, therefore, much higher than the values of Ccn and Ccf'
Because of the wide range of values of Ccv (as shown in Tables 3.10 and 3.11), a
general conclusion cannot be made as if the values of C oV represent the actual
values of bed critical Shields' coefficient or not. This raises the question of the
validity of the Prandtl-von Karman equation in predicting the shear stress on the

riprap surface, T, , and, therefore, bed Shields’ coefficient.

b

3.5 Effect Of Flat Rocks

The 1 in. riprap contained about 10 percent flat rocks. To determine the
influence of these flat rocks on the failure of the riprap, the flat rocks were
removed after the first series of tests and the tests were repeated.

No significant changes in critical Shields' coefficient were observed after
removal of flat rocks. The values of critical Shields' coefficient differ appreciably
only for a flow rate of 25 cfs (see Table 3.11 - runs No. 7 and 37). This difference is
probably due to the influence of the transition section of run No. 7 as mentioned

earlier and not attributed to removal of the flat rocks.
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Table 3.11. Values of Critical Shields Coefficients Calculated by
Different Methods Listed
Riprap Veloclitydistrib
Run median Riprap Discharge Darcy CCV
# size thicknes Q Overall Manning Weisbach--—--~~——=cwe=—-o
in. in cfs Ce CGn Cer @Y=4.0' @X=130
-1+ 3ttt i+t 331t tii:i-1+ -t &+ttt 3353ttt 43 1i3
7 1 2 25 0.044 0.041 0.043 0.060 0.072
31 50 0.051 0.045 0.048 0.063 0.059
23 ib5 0.046 0.040 0.042 0.056 0.050
217 100 0.053 0.045 0.048 0.045 0.042
100 0.063
37 1 2 25 0.056 0.053 0.054 0.067 0.076
41 50 0.046 0.041 0.043 0.064 0.048
40 75 0.047 0.041 0.043 0.039 0.037
45 100 0.059 0.051 0.054 0.030 0.040
57 1 3 25 0.066 0.063 0.064 0.074 0.102
25 0.020 0.033
56 50 0.057 0.052 0.054 0.064 0.045
50 0.067
60 75 0.067 0.060 0.063 0.079 0.041
64 100 0.067 0.058 0.062 0.041 0.042
67 2 4 50 0.055 0.049 0.0562 0.059
50 0.046
72 75 0.049 0.041 0.045 0.050 0.049
75 0.030
74 100 0.058 0.047 0.053 0.034 0.035
84 2 6 50 0.0617 0.059 0.063 0.049
50 0.037
50 0.020
88 75 0.068 0.058 0.064 0.057
93 100 0.074 0.061 0.068 0.081
Note: More than one value of C for a given run resulted from

C
different velocity distrf%u

tion profiles along a section.
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3.6 tffect Of The Riprap Thickness On Critical Shields' Coefficient(cc)

The failure criterion for riprap was the exposure of the filter blanket after a
run. For a given discharge, the run at which the flume slope was one increment
lower than the failure run was regarded as the incipient failure run from which the
critical Shields' coefficient was calculated. Based on the above definition of the
incipient failure run, it was expected that the riprap with greater thickness would
have higher values of critical Shields' coefficient. This is because the Shields'
coefficient is used to define a point that is the result of a significant amount of
motion of the riprap even prior to what is defined as a failure.

The values of critical Shields' coefficient, Cc, are presented in Table 3.11.
These values show that, on the average, the critical Shields' coefficient increased 22
percent for 1 in. rocks and 30 percent for 2 in. rocks when rock thickness increased
from sto to 3dso. The values of overall critical Shields' coefficient calculated
from equation (3.7) (Cc) are plotted in Figure 3.1. The increase in the critical
Shields' coefficient as shown in Figure 3.1 was relatively small when the rock size
increased from 1 in. to 2 in. {4 percent on the average) and the thickness remained
at 2d5°. However, the critical Shields' coefficient increased about 30 percent when

rock riprap thickness increased from sto to 3dso.
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3.7 Effect of Riprap Gradation on Critical Shields' Coefficient (Cc)

To examine the effect of gradation, values of overall critical Shields'
coefficients are plotted in Figure 3.2 for the riprap materials presented in Table
3.12. The values of desldls are used as the parameters to represent the gradation
of riprap material, The values of d“/du in Table 3.12 indicates that the riprap
material of this 1985 Study and the 2 in. riprap of the 1982 Report had a more
uniform gradation than the 1 in. riprap of the 1983 Report.

As shown in Figure 3.2, the range of values of the critical Shields' coefficients for 1
in. riprap of the 1983 Report was lower than the rest of data points. These results
show that a riprap with more uniform gradation is more stable. Additional data are

required to generalize the effect of gradation on riprap stability.

TABLE 3.12 Gradation of the Riprap Material

dso in Riprap Thickness dM/dLs Year of Study
1 2 2.0 1985
1 2 4.4 1983
2 4 2.4 1985
1.87 4 2.8 1982
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3.8 Comparison With Shields' Diagram

Shields' diamgram is an experimental relationship between the values Shields'
coefficient for incipient motion runs (Cci = T, /K Yw (s-1)d)) and grain Reynolds
number (R, = U,d/v) where U, is shear velocity In fps, d is particle size in ft, and
v is kinematic viscosity in ft*/sec. Shields assumed that for a flat bed of uniform
particle size, Cci is only a function of R, (Rouse, 1950). Shields' diagram is shown
in Figure 3.3. Shields determined this relationship by measuring the washed out
mterial (bed load) at various values of T/(Yw (s-1) d) at least twice as large as the
critical value (Cci) and then extrapolating to the point of zero washed out material
(Gessler, 1971). Gessler (1971) arqued that some of Shields bed load measurements
were under conditions where ripples and small duens prevailed, and therefore the
shear stress on bed was resisted by both bed deformation and grain roughness.
Gessler concluded that values of C ci determined by Shields were up to 10 percent
too high. Gessler modified the Shields' diagram as shown in Figure 3.3.

To compare the results of this riprap stability study with Shields' diagram, the
values of overall critical Shields' coefficient (C C) versus boundary Reynolds' number
(R, = U, dsol v) are presented in Table 3.13 and plotted in Figure 3.3. In this
figure, the values of Cc from the 1982 and 1983 Reports are also plotted. Note that
the original Shields' diagram was constructed using the values of Shields' coefficient
for incipient motion runs but values of Cc are for the incipient failure runs. the
scatter of data points in Figure 3.3 are most probably due to two reasons: 1) In
incipient failure runs some of the riprap material may move without exposing the
underlying filter blanket. this is more pronounced in rirpraps with greater
thicknesses. As shown in Figure 3.3, the values of C‘,c for 3d5° thickness riprap are
greater than the Shields' coefficient of 0.06. 2) The riprap materials were not

uniform in size. The data points in Figure 3.3 represent various riprap gradations.
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The data points in Figure 3.3 indicate that the values C:c obtained from the
recent study are generally higher than those of the previous reports. There is some
overlap between the Cc values of the 2 in. riprap of 1982 Report and the recent
data. Agreement does not exist for | in. rocks of the 1983 Report and the present
study. There is a pronounced difference between the critical Shields' coefficient,
C o based upon the riprap thickness of 2dso and 3dso. The variations in C < among
various ripraps can be attributed to the differences in thicknesses and gradations of
the riprap material. As discussed in section 3.6, it is expected that a riprap with
greater thickness requires greater bed shear stress (or Shields' coefficient) to begin
to fail. the influence of gradation was discussed in section 3.7. The difference in
Cc values for 1 in. riprap (st0 thick) of the 1983 Report and the present study may
be because of the differences in gradations of the ripraps. Some of these
discrepancies are also because of the procedure to change the flume slope to reach
the incipient failure run. The actual point of incipient failure could occur at a point
where the slope was between that slope called failure and that slope sel one

increment lower than failure.

3.9 Maximum Stable Slopes At The Incipient Failure Runs

The slopes of the incipient failure runs versus flow rate are plotted in
Figure 3.4. This figure also contains the information from the previous report. No

general conclusion can be drawn from this plot.



37

Table 3.1i3. Values of CC and R

——— o e e W S S e G S W e Gl WAL W G s G G Gl MG S A W S S S e S W GED D SN S G W el e e WA S

Riprap Overall Boundary
median Riprap Discharge Run Shields Reynolds
size thickness Q # coef. number
in. in. cts Cc R
1 2 25 7 0.044 3725
1 2 50 31 0.051 3979
1 2 15 23 0.046 3802
1 2 100 27 0.053 4017
1 2 25 37 0.056 4186
1 2 50 41 0.046 3791
i 2 15 40 0.047 3847
1 2 100 45 0.059 4296
1 3 25 57 0.066 4540
1 3 50 56 0.057 4220
1 3 75 60 0.067 4579
1 3 100 64 0.067 4584
2 4 50 67 0.055 11580
2 4 15 72 0.049 10921
2 4 100 14 0.058 11920
2 6 50 84 0.067 12768
2 6 75 88 0.068 12914
2 6 100 93 0.074 13438

- - . Y S UGS MeS W Wee ek e L o Wl i Vo " S8 Tt U b Tt A D U ot U M Gk WA W o S Gt o
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CHAPTCR 4
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

A total of 94 tests were conducted on riprap with dso:l in, and dso=2 in. and
with thickness layers of sto and 3dso. The flow rates tested were 25, 50, 79, and
100 cfs. The tests were conducted in the 8 ft tilting flume of the Hydraulics
Laboratory, Engineering Research Center of Colorado State University. For each
riprap and each flow rate the flume slope was increased by small incremenls until
the failure of the riprap occurred. The exposure of the filter blanket underneath the
riprap was the failure criterion. The run with the flume slope reduced one
increment lower than the slope at failure was considered to be the incipient failure
run. Velocity data were collected either by ott meter or pitot tube. The data are
presented in the Appendices.

The following conclusions are made in this study.

1. The average values calculated for bed Manning's roughness, n, , agree with

b’
the ones calculated by Anderson et al. equation. Strickler equation

underestimates the bed Manning's roughness factor.

2. The values of bed Shields' coefficient at the incipient failure conditions
range from 0.041 to 0.054 for riprap placed sto thick and range from
0.052 to 0.068 for riprap placed 3dso thick. The above values are

obtained using the Manning's and Darcy-Weisbach friction factors.
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Shields' coefficients calculated using velocity distribution equations,
range from 0.020 to 0.102. These differences result from local flow
patterns and velocity distribulions,

3. No gencral relationship exists between maximum stable slope and rock
size for a given flow rate. There is a trend of the maximum slope
increasing with riprap size as shown in Figure 3.4.

4, Generally, The wide range of the results is most likely due to the wide
variation in gradations and thicknesses of ripraps.

The recommendations are generally similar to the ones presented in the 1982
and 1983 Reports. It is suggested that a small portion of the riprap be painted and
placed in a grid on the surface of the riprap. Displacement of a percentage of
painted rocks, then can be used to define the incipient motion or incipient failure
runs. Some means should be designed to observe the behavior of the painted rock

during a test, for example, using a video camera and recorder.
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The notations used in the appendices are as follows:

Q = nominal discharge, cfs

S =  bed slope of the flume

D =  depth of flow, ft

\" =  average velocity, fps

X = station along the flume, starting at the upstream end of the
flume, ft

% =  distance across the flume from the west wall of the flume, ft

= depth at which velecity was measured (vertical distance above

the "general” datum), ft

Rock Size =  the median size or dso of the riprap, in.

Thickness =  thickness of the riprap, in.

Fraction of
Depth

]

Z/D, measured above the "general” datum

Temp. water temperature, °F

i



APPENDIX A
SUMMARY



Tabyle FA-l. ﬁumm&rw of the Tests Conducted for the 1 in. Riprap

with 2 in. Thickrness

Dischargs F L waimes AVEragE BVErage Froude Water Arrea
{4 Fur slope  wvelooity tepth numbier  temp.
cfs # & V oy tps D 1t F F

O bk
V.74
0. B4
(&
Q.7
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bccaV"e af power fallure
Qa7 74 40
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Y 7
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T Failure of i ap
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% The slopeg of the tranzsition section was 1.75% more than that
ot the test section (see Chapter




Table A-Z. Summary of the Tests Conducted for the 1 in. Riprap
with ¥ in. Thickness (After removing flat rocks)
Discharge Flume Average  Average Froude Water Area Test
o Runm slope velocity depth number temp. washed duration
& Vot D . f- *E (). tt v

0L Q09 &4, 40 0. 484 0, 94 70 2.0
L 01088 4.5 G, 703 .95 &8 4.0
EE 0.01184 TR Q.67 1.01 GE 2.0
f 34 001357 4.9% G.H18 1.11 &E3 T2 2.0
¥ A7 0.01204 Go 77 UaéSl L.Q4 &4 27 4,0
0. 00553 Q.76 T 10.8 SG.0

Q.00475 0.7l & 2.5 2.5

0.65 0.4 2.0
S5.00 : D.65 Q.1 2.0
¥ 40 000345 4.84 1.918 Q.6 72 4.0

160 42 0.00314 4.97 2.371 0.57 &3 2.5
475 0. 0040 4. 90 20415 8 FRTN &é 1.8
f 44  0.00436 B 20 L2l O, bl =35 17.7 2.0
¥ 4% 0.00354 09 : : 0,59 7 205 4,0
¥ Incipient failure condition
f Failure Conditions




Table A3, Bummary of the Tests Conducted for the 1 in. Riprap
with 3 in. Thickness

KA et ot oo < 1 s 4B ek <P 4SS kS SNSRI G40 O S ek RN L1 S0T8 403 SOTP G4 S48 AR B S 493 R 4BR et LR S <A S0t Lo 4008 St <HS Lt shees S kg Bt s

Discharge Flume Average #Hverage Froude Water Area Test
8] Run slope velooity tdepth number temp. washerd duration
cfs # 5 v o, fps ¥ oF s0. ft hire
0. 00880 4,57
47 D.,01011 4,41 0. 488 0.98 &% 2.0
48 0.01313 5. 02 O, &40 1.11 &8 2.0
X 57 0.01475 .02 . 3G 1,12 &é 4.5
f 58 0.014%6 552 0. 568 1.2 &7 23 Z00
B0 49 0.Q05% o P4 1.268 G777 70 2.0
S0 0000456 S 1.146% .87 &8 3.5
51 0.0072& bl 1.102 .94 &8 4.4 E.3

T RURLELEL S

P
n

20,0072 T4 1,506 073 3 2.7
f 53 0.00802 W 5b 1,095 0.95 sy 37.4 2.0
f 54 0,.00732 5 b .11 0. 94 b4 23 1.7
f 55 : 7

38 0. 00732 PR 1.245 079 &5 . 4.3
¥ S&6  0.00647 Heldl 231 .91 &7 4.0

75 59 0 0.00423 4. 90 1.907 Q.a3 &8 3.0

X &0 0.008517 S.11 1.814 .67 7 2.0

f &1 0.008621 5.50 1.714 .74 7E 49.5 2.0

100 &2 0004046 4.63 2,513 .81 TG 2.5

f &% Q.00457 5. 28 2,210 0. 62 &7 2 2.5

¥ 64 0.00409 el 2.298 0.5 &5 3.0

¥ Incipient failure conditions
f Failure conditions

(!



Table A-4. Summary of the Tests Conducted for the 2 in. Riprap
with 4 in. Thickness

v v v s a4 S Sy ocen by ekt e b et At S 84509 LAY Sha iR S eRI8 Rt ot S48 it NS e e e S5 410 Pt ot et P B dhsn St S ke Totas oen Y4 i g G400t Tt e S5 SR B 1SS RN bk O oA S50 PHS S e S e A it S e S4nk b Shees AR i S i

esete e e avcas 4y st $oueh o iAeS Seeh e okt NS Shrit SR MRS 00 SAr g e e A SO bR Sabe S 20 Renas e S a3 Sme) S MARL dode Sied Tess ebes et Sete ke Sroet PO T W) B3 SoeR v i ik tinn Sri2e Snke Sme v s
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Discharge Flume Average Average Froude

& Rur slope velocity depth number
cfs # =] v o, fps D, ft F

25 76 0.01193 4,55 0.681 0.97

77 0.,01858 5.27 0. 598 1.20

S50 &5 0,00998 S. 03 1.246 0.79

bbb 0.01E78 G.13 1.019 1.07

¥ 67 0Q.01519 &.348 0. 987 1.13

68 0.01796 6.71 0,933 1.22

f 649 0.01884 b.HE 0. 748 1.20

f 78 0.01579 6.14 1,022 1.07

75 f 700 0.01110 b oS 1.410 0.99

71 0.00781 &aBE 1.483 0.92

X 72 0.00937 6.81 1.423% 1.01

100 7E O 0.0073) &L 43 1.954 .81

X 74  0.00840 6,62 1.891 0. 85

f 75 0.010866 7. 00 1.804 0.92

¥ Incipient failure conditions
f Failure conditions

water Area Test

temp. washed duration
°F sq. ft hrs
&7 Se O
&7 1.5
&8 2.8
75 2.0
72 1.7
72 3.3
&8 59.8 i.7
&8 5.5 1.7
69 4.1 0.8
70 2.5
T 2.0
72 2.5
71 E.0
70 27 2.3



Table A-S5. Summary of the Tests Conducted for the 2 in. Riprap
with & in. Thickness

pPischarge Flume Average Average Froude water Area Test
G Run slope velocity depth number temp. washed duration
cfs # g v ,fps D, ft F °F sq. ft hirs
25 79 0.01180 4,42 Q0.710 Q.92 68 2.0
80 0.01870 H5.17 0. &07 1.17 &7 2.0
50 81 0.01205 5. 90 1.0468 1.01 70 2.0
82 0.01544 6,47 0.9866 1.16 &7 2.7
835 0.0172 b.76 0,228 1.324 &7 1.5
X 84 0,01879 b.61 0,970 1.18 &8 2.0
7S 8% 0.00898 H.19 1.519 0,89 72 1.7
846 00109 bH. 58 1.414 Q.98 2 1.5
87 0.012046 b b3 1,423 Q.98 73 1.5
¥ 88 0.0138% &H. 88 1.372 1.04 73 2.0
f 89 0.01%565 &. 84 1.399 1.02 75 F.b 2.3
100 0 0.00866 &6.97 1.808 0.921 77 2.3
21 0.00938 ) 1.796 G.92 77 3
72 0.01084 739 1.711 1.00 77 2.0
¥ 9% 0.01189 7.44 1.498 1.01 75 2.3
f 24 Q013500 8.02 1.872 1.13% 75 15 1.3

¥ Incipient failure conditions
f Failure conditions
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VELOCITY DATA
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X Y D Fraction Velocity
IR o {12 (f£) of Depth tt/sec

Fur # 1 R 4,0 1.25 O B0 F.09
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CORFS OF ENGINEERS RIFRAF  FROJECT

Run # 7 =0, DOB45 Rock size 1 in.

G=25 cfs Temp. 74 F Thickness 2 in.
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CORPS OF ENGINEERS RIFRAP  PROJECT
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CORFS OF ENGINEERS RIFRAP  PROJECT
Run # 12 G0, OOE17 Rock size 1 in.
=350 cfs Temp 74 F Thickness & in.
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Fraction Depth Velocity Velocity Velocity

of Depth Z ft/sec ft/sec +t/sec

(ft) ¥ =1,33" ¥ =4,00" Y =6,467°

X=110° 0.0 1.26 5. 49 5.49 .93
D=1.404"° 0.70 0.98 5.35 4,91 4,20
0.50 0,70 4.98 4,461 4.13

Q.20 0. 42 4,57 3.79 2.83

0.10 0.14 3.01 .04 .84

=125 0.0 . 5.14 &
=1, 435" 0.70 1.00 5.19 4.7
0.50 0.72 4,95 4.5

0. 30 0. 43 4,33 Z.946 .93

0,10 0.14 Z.04 2.87 2.81

X=140° 0.0 1.31 4.98 5012 4,40
D=1.458" Q.70 1.02 S.12 4.78 4,44
0.50 0.73 4.71 4,40 4.44

Q.30 0. 44 4,046 S.95 G732

0.10 015 F.04 2.94 2.67
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Thickness

PROJELT

s st sians s s

2 in.

03 dmees aared seeta Srovn st s4hte Srims AsieR wHies Serss e Jane Besrd Saind Seoot Svimy At Siowd 0% e MbY Sedah boste EAe Lo S4PeC grie $3605 FHOSY Sarak SoRIe bime ek TTORY 94009 S Sy SRS dored Sesle At YL SREOL Sess SUME siauy Sools Seuce svme farid Ses S HVEE
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D Fraction Velocity

tt/sec
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4.00
4.00

4,00

-

5.35
e 49
e 35
w gy
o p

5.49
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CORFS OF
=75 cFs
X
{Ft)
Run # 13 110
=0, OOZIG
125
140
Run # 14 110
=0, QO23%
125
140
Rurn # 15 110
S=0, 00288
125
140
Run # 14 110
S=0., 00340
1325
140

R i e 2obd b e Hs $Ar PGS SoHAE it b bl SPGB o) M P Si0se s A

4.00

4., 00

A .00

{(+t) of Depth
2.11 Q. 80
0. 20
2L07 .80
0, 20
2. 06 .08
0.02
2409 Q.80
Q.20
210 0. 80
0. 20
2:10 0. 80
Q.20
2.06 0, 80
Q, 20
1.948 0. 80
0. 20
1.99 0. 80
0,20
1.88 Q. 80
0,20
1.91 0. 80
Q.20
1.88 0.80

0,20

P —



CORPS OF ENGINEERS RIFRAFP  PROJECT
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Run # 17 =10, Q0281 Rock size 1 in.
G=78 cfs Temp. 70 F Thickness 2 in.
Fraction Depth Velocity Velocity Velocity
ot Depth Z ft/sec tt/sec ft/sec
(1) Y =1,33" ¥ =4,00" Y =§.4&77
X=110° Q.90 1.79 Sa.E9 SebT 4.7357
D=1.985" .70 1.39 S.49 5.25 S.05
0. 50 0.99 S5.29 4.74 5.09
Q.30 0,60 4.47 4,06 4.61
Q.10 0,20 .01 2091 .18
X=125" 0. 90 1.74 G.52 . Q0 4. 60
D=1.930" 0.70 .5 S.42 S.46 5.08
0. 80 .97 S5.01 3.01 4.95
Q.30 0. 58 4,74 4,40 4.57
0.10 0.19 F.64 2.98 3.42

ot Safhe ponn b 5 K donoh SRS ST S £ Fidm WIS $1OR 420 SAben EOOI (BPS e e Sersh SHRY PSR etk WAORD PSS SHATA Voo SHmC VRISK Shrdn it Siben sy et S P Lrbbn (A Secan Peiss £0068 4NN (a4eD Shors esie SHCs Sonry Peves frete Sr Sonet Sonin o

X=140"
D=1, 994

Q.90
.70
O, 50
0. 50

0,10

e

1.80

1.40 S 49
1.00 9.15
. 60 4.74
0.20 5.869

s ~y
whu s

e S2 4.74
4.95 4.78
4,44 4.13
BOE2 3. 15
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=78 cts Rock size 1 in. Thickness 2 in.
X Y D Fraction Velocity
(ft) (ft) (ft) of Depth ft/sec
Rurn # 18 110 4,00 1.98 0,80 S.42
5=0,00281 0.20 3.30
125 4,00 1.94 0. 80 5. 69
0. 20 3.69
140 4,00 1.98 0. 08 S.952
0. 02 2.79
Rurn # 220 120 4,00 2.01 0. 80 S.93
S=0. 00284 0.20 4,37
130 4,00 2.02 0. 80 S5.76
0. 20 « 20
140 4,00 2,02 0. 80 S.86
.20 4,06
Run # 21 120 4,00 1.87 0. 80 L. 10
8=0, 00333 0. 20 3.8646
130 4,00 1.90 0. 80 6.03
Q.20 4,30
140 4.00 1.89 Q.80 b, 20
0.20 4,30
Run # 22 120 4,00 1.81 .80 S5.79
=0, 00407 0.20 Z2.581
130 4,00 1.79 .80 5.56
0. 20 3.82

140 4. 00 1.81 0.80 S5.74
‘ 0«20 3.469
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Run # 23 G=0, 00343 Rock size 1 in.
=75 cfs Temp. 71 F Thickness 2 in.
Fraction Depth Velocity Velocity Velocity
of Depth 4 ft/sec tt/sec ft/sec
(1) AY=1.33" I¥=4,00" 2Y¥=b.67’
X=120° 0.0 1.69 S.E9 b 44 .49
D=1.880° 0,70 1.32 S5.73 6.13 5.59
0. 50 0.94 5.39 S5.49 Se42
0430 0.56 4,84 4,78 4,67
0.10 0.19 3.21 .59 3.82
X=1307° 0,90 1.469 S.32 G113 .52
D=1.88%" Q.70 . 32 5.97 S5.73 S5.42
0,50 0.4 5.49 S5.4b6 S.29
0. 30 0.56 4,57 4,91 4,74
0,10 0.19 .49 F.35 3,52
X=140° 0.90 1.70 S.42 &.17 5. 59
D=1.892° 0.70 1,32 5.59 5.96 Sebb
Q.50 0.95 5.39 S.bb 5.49
0. 30 O.57 4.71 4,688 4,71

0. 10 0.19 .49 3.899 3.38
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G=100 cfs Rock size 1 in. Thickness 2in.
X Y D Frraction Velocity
(1) (£t (ft) of Dept ft/sec
Run # 24 120 4.00 2.48 0.80 .79
30, QO22E Q.20 RT3
120 4,00 2.47 Q. 80 S5.79
0.20 3.683
140 4,00 2.49 0,08 S b9
Q.02 4.13
Run # 25 120 4,00 2.39 0.80 S.bé
8=0., 002466 . 20 Z. 69
130 4,00 2.39 Q.80 5.39
0.20 272
140 4,00 2.41 0. 80 Sa38
0,20 Fa93
Run # 26 120 4,00 2.28 Q.80 b.41
S=0, 00308 Q.20 4,13
130 4,00 2.2 0.80 é. 10
0.20 4,064
140 4,00 2430 0.80 &.07
O, 20 4.13

St Yomhe 2 e S NS e BdSS Ny Wk T S ges seaen Sobiy V100 S Fiied S WS SGA4R ok MBS B P ¥TR4® S8en Rheew He AR Chalt N e Ul L USRS W Pade SOt YA AP Shtre JaRen A W ) g QML LSS R D 1N SO e S
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Rurn # 27 S=0, 00318 Rock size 1 in.
G=100 cts Temp 70 F Thickness & in.
Fraction Depth Velocity Velocity Velocity
of Depth Z ft/sec ft/sec tt/sec
(FE) DY=1.33" AY¥Y=4.00" JIY¥=46.47°
X=120° 0.0 2.10 S5.46b6 S5.93 5. bb
D=2,328"° 0.70 1.463 5.81 5.22 S5.93
0.50 .16 .62 4.84 5.81
0. 30 D70 S.05 4.44 S.13
0.10 0.2% 3. bb 3015 Y
X=130° 0.90 2.10 S5.61 b6.20 b, Q0
D=2.334° 0.70 1.463 S.90 5.81 b.17
0.50 1.17 S.62 5.04 G595
Q.50 0,70 4.85 4.44 5. 09
.10 0,23 .80 J.2 E. 69
X=140° .90 2.11 %.48 5.b9 5. 84
D=2, B4G° 0,70 1.64 S.73 5.56 6,03
0. 50 1.17 S.42 4,95 o -
Q.30 Q.70 4,80 4.54 H5.12
3.07

0.10 0. 23 3,80 3010
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Rock gize 1 in.

B el e e T
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Fraction
of Depth

Velocity
ft/sec

e S S SRS S4809 20805 OSS Bt0h S0YOH Soruh (mbh S0 B B QUS4 HOS ol S6ASY HARIn BHLUD DUy Sadhl Bbape Subs s Uagin SRege Whide s ndol Svkes SIS Sods b M Tob SOetE MARE i b S SOt SO0 SO L GHAT WS S YR GAA SRREY S i S

Run # 28
S=0, 00409

Run # 29
8=0.00490

4,00

4.00

4,00

0. 80
0. 20
0. 80
Q.20
0. 08

O.02

Q.80
e 20
0. 80
Q.20
0. 80
0. 20

PR (e Ld B3R

o e AR 4700t 2ok L Semes vt Mete Sosby oubRg Geoee s SHELY WOLS SUIS JBRRS SHURL Wbtes SAS) Sorey S Berie PR SRS 4ty WAL S404A 18ALS e SANES Aot DeANe I SIRP SHHIS Sebs SN H SHUOR SRAVS SRS hts Fhbak e Breae Y0 Tuite TRREY WO FO1OS e avdte. Seie

Run # 30
5=0. 0056461

4.00

.80
0. 20
0,80
Q.20
0. 80

0. 20

iaen phton o sinte GhAth Sosee Jokar bbat Mooy Asbin SHebs Shens Fesee 4o AeuTe sebmt G0 G Vet Made HOOKL SO AR OGSy POt SAPOd SEfms $4aeh SHOY RS LA OBy S RS o SRR SAME PPANS O H40ms LIS B St MY S Stk U SAmes Wt Se4SY bl St
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Run # 31 =0, O05&1 Rock size 1 in.
=50 cfs Temp. 72 F Thickness 2 in.
Fraction Depth Velocity Velocity Velocity
of Depth Z ft/sec tt/sec ft/sec
(F1) DY=1.33" dY=4.007 I¥=b4,467"
X=120° 0.0 1.13 S5.99 & 00 H5.93
D=1.250° Q.70 0. 84 b.07 S 4é 5.90
Q.50 0.63 5.59 .11 S5.44
0, 30 0,38 4,91 4.44 4,50
0.10 0.13 .72 Z.11 3.35
X=130° 0,90 1.14 6,10 5.96 S5.90
D=1,2469° 0.70 Q.89 S5.93 5a.49 .98
0. 50 Q.63 S.592 5.05 Sedé
0. 30 0.3 4.464 4.3 4.88
0. 10 0D.13 I.55 3,04 2,38
X=140° 0.90 1.14 6. 00 &a 00 G.0O7
D=1, 268 0.70 0.89 &, 03 S.bb &6.10
.50 O.63 S.62 5.05 S.646
0. 30 0,38 S.02 4,52 5.08

0. 10 0.13 3.485 F.23 3.42

o o8 St Bt o AL SUASY Senes S00SS s e AAASt SHAve borle SotRe ERiRS iben bonss s Beskd SURNL SMAms Fover SRS MM4te Seube WaSh Beind D banne e bbtod VArel MO VOIUL HUAGH S Sinas Fhaew Uiver SO0 MM 1400E SEED METE SS9 WM SEMED 10000 WHORE e Semte Sevm i



CORFS OF ENGINEERS RIFRAF FROJECT
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Kun # 32 S=0. O0OSS 75 Rock size 1 in.
=50 cfo Temp., 70 F Thickness 2 in.

12T 12 S s et e s e st s e s s S s S S 42 £ st st s sw s s 4 i st e o o sy S s e sy T e s s e o e S e e o S S A S S e o s e e
ST 3 R0 ST SR TR 25 % 3 S 2 I T S 0 I 2 S 3 S0 T D £ 26 S S5 S8 2 T8 SN IR S Y D O S S ST 5 S O I 50 2 2 D T 20 0 25 2 e s oo e s s e

Fraction Velocity Velocity Velocity Velocity Velocity
of Depth ft/sec ft/sec ft/sec ft/sec ft/sec
Y=1.33" Y=2,67° Y=4,00% Y=5,32% Y=46.67°

st GErre #3000 B G SOVES MRS SOMS $00RP Bh SAURS POV 404D Dbt Iaken Feneh St ST MRS s B Sonts SOMIY WA SUORS SIS SIS 00 A0 Qome SIS Shbms POV SPOYE SUMRL Latng e PO IS Shate Saom Somnd S0 S B Seote W PaAes TS T St SO G APID TIHAE Ut bl e L40de SUTE Sk O SO

X=120° Q.90 S5.76 6.10 5.85 &30 5. 88
D=1.,3502° O.70 G.92 35.96 5. 68 5.99 5.83
0. 50 5.59 D39 S5.12 5.63 5.359
Q.30 4.84 4.88 4.17 4.835 4,70
0.10 IR 3,63 3,29 .58 .42
X=125"° 0.90 b.07 5.73 5. 62
D=1.300° Q.70 E5.93 S.4646 5.73
0.30 5.49 5.08 5.18
0. 350 4.74 4.25 4.47
0.10 3.38 3.28 3,18
X=130" 0.0 S5.73 3.76 5.86 6.06 5. 66
D=1.267" 0.70 S5.70 5.52 5.33 5. 86 S5.66
0. 50 S.25 5.28 4.84 S5.42 H.l2
0. 30 4.2 4.54 4. 20 4.54 4.47
Q.10 525 3.28 3.18 D32 e 25

200 540 $048D M 000 4400 souns Samas SeBes S4%eE S0bOe 0008 SHLRK e Semes AORS SALND Bt HAOTS FPO Suhe SSY SO 00 Fask BECUR SOOme Ahdms e A S St o Smben PR URR SISO6 G0N PUORL hotas et SHOMD SHSOS HESY Bt NS AN Pt R1ess 0000 OO YRl TAMD S4388 SOWS 00d M Semem SheRS Dhons Fabin W M

Timma - VU4 14000 <4140 (0048 Monss shrre Fason SEma S04b0 SV4ts SRS Pesss SeVvE SOISY BB ARSH OGE pasmd PSR nbe Sobim ROV SoRS Sioes ages Feme SePes Sevap LASN Yeser Smire SRS SHUBY Sibes Bt Wb Gimer RS PeSen ANbad ekds S0 Sonee Sabby Sebwe r Sabee e HOes SUMSS o eese UM HRAY BASOK Stee bemas sel Smras AHUSS $AE

X=125° 0. 20 5.87
D=1.,292° Q.70 5.592
0. 80 S.22
0. 30 4,35
0.10 2.96
X=130° 0. 90 &.07 5.90
D=1.481° 0.70 S5.86 Sie HO
0.50 S.46 S5.01
O30 4.78 4.40

.10 F.25 I.21

FHO ThOe Seion W Gase ShodE Udad M A4S ool i G4ASE Kodon St T St St el 14000 bt SOeh S48 SRS B Rare Bt Ty P SONRY JAVI VNS SRR SIS FENE A S MoFin S4as Sl PO TP Geved S S Yaths WATE bbbty VORod SBU Gound e DUt Ve TUAEN G108 04D IARES e e b b AMASS s
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Run # 33 S=0, 00998 Rock size 1 in.
G=258 cfs Temp. 70 F Thickness 2 in.
Fraction Depth Velocity Velocity Velocity

z tt/sec ft/sec +t/sec
Y =1.,33" Y =4,00° Y =&,.467°

s Sheee S4mee BHOAH SNSY bed SIS SHPT i SOILY ST Pobes JNPOR Viadh SIS HALS SHUAR SIS FPOSe S0 ke Benee PERER PoN MRS WSS SPesS Faset Somi Sefey TAYRS PHBE e GADOL B MASR Aei0S PR Sl feiin SRS ons GRS Thekt Fomen S St BAOSG aded e ha S Sesbe PO

of Depth

X=120"

0. 80 0. 5%

B e
I oalnd

&2

D=0, 6927 Q20 .14 3.42 X.42 Z.83

X=130° Q.80 0. 54 H5.33 G532 5.83

D=0, &80° 0,20 .14 F.38 3.52 S.62

X=140° Q.80 0. 549 4,98 5. 29 S22

D=0, 678" 0. 20 0.14 F.25 3.59 X.25
Run # 324 S=0.01088 Rock size 1 in.
Q=25 cfs Temp. &8 F Thickness 2 in.

Fraction Depth Velocity Velocity Velocity

of Depth Z L /8eC ft/sec tt/sec

(FE) Y =1.3%" Y =4,00" Y =46,67°

X=120"° 0. 80 0.5 S 25 Ge 28 5. bl

D=0, 7037 Q.20 0. 14 ) .72 Z.69

X=130" 0. 80 0. 58 5.49 S5.49 S.93

D=0, &99¢ 0,20 0. 14 R B. 65 .60

X=1407 Q.80 0,857 S.29 e 45 5.22

D=0, 7077 Q.20 0. 14 E3E F.35 .59
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Run # 35 5=0,01184 Rock size 1 in.
=25 cts Temp. 68 F Thickness 2 in.
Fraction Depth Velocity Velocity Velocity
of depth Z ft/sec ft/sec ft/sec
(fL) Y =1.33" Y =4.00" Y =4.67"
X=120° 0. 80 .53 .42 5.59 6. 03
D=0, 4657 Q.20 0,13 Z.18 32.38 3.94
X=1%0° 0, 80 0.54 S5.59 S5.76 b.02
D=0.679° 0,20 0. 14 3.79 Z.69 4.064
X=140"° 0. 80 Q.54 5.35 5.73 5.86
D=0.&73" Q.20 0,13 J.11 4,03 4
Run # 36 =0, 01X8E7 Rock size 1 in.
£=2%5 cts Temp. 68 F Thickness 2 in.
Fraction Depth Velocity Velocity Velocity
of Depth Z ft/sec ft/sec tt/sec
(ft) Y =1,33% ¥ =4,00" Y =6.67°
X=1207 .80 0.50 5. 56 5.62 G. 03
D=0, 6307 Q.20 L .59 3.76 Z.96
X=130" .80 0.49 b. 13 6. 1% bH.44
D=0, 610" Q.20 D.12 4.17 4.47 .33
X=140"° 0.80 0.49 5.59 65.10 5.59
D=0,614" Q.20 .12 .72 4.10 3.79

ooeAs varts B Laven toima orere Widun So4% A memde Sesen Vs Fovee 4O SARMS BB dnis Yeved H44SR Maat Meeee Sios Shurm PR Semen ST Semee RS SemmR BIURC o0 SN SHALL Sedun S0 e SageR SHSE dolet LiNds M Seaes Lb4nd $HAUS RS ABORS MLl ki ot S Bh40e B et Shmme
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Run # 37 §=0,01204 Rock size 1 in.
(=25 cfs Temp. &8 F Thickness 2 in.
Fraction Depth Velocity Velocity Velocity
of Depth Z tt/sec ft/sec ft/sec
(Ft) AY=1.33°% J¥y=4,.00" I¥=6.67"
X=120° 0.90 0.59 S.E2 5.76 b. 05
D=0, 457" Q.70 Q.44 S5.18 S.44 5.57
0.30 0. 353 4.61 4,84 4.98
0. 30 0,20 I.76 4,20 4,37
0.15 0.10 .11 F.35 3.83
X=130"° .90 0,358 5.56 5.90 S.93
D=0, 6457 0.70 0. 45 5,15 5.51 S5.52
0. 50 .32 4.57 4,91 5.05
0.30 D.19 .89 4,20 4.27
Q.22 0.14 3.49 2.79 3.89
X=140° 0. G0 0.59 S. 84 S5.96 S5.82
D=0, 6507 0. 70 0,46 5.259 S.21 5.18
Q.50 0,33 4.91 S5.22 4.88
0. 30 0. 20 4,33 4,44 4,23

0. 20 0.13 A.76 2.79 Y
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O L Ty

Run # 28 S=0, 00402 Rock size 1 in.
£G=75 c¥s Temp &3 F Thickness 2 in.

i svaw Soron ouume e duses WArS SAvHS SHUEE SI008 POBLS NULY SREDE WOHE Sevie Y WAbe Syete SISO 40U HER SANKS Aol s Meem s Vevt $iess YOLPS Larit AdAc St Seisd St Sesis Sersd Atete iammn Sdace Loind 30004 SIS Seoss S VOowe SsSe LR Suase Sisue Sises e see biias Staat
A T N T R N N s TN mEmINIoDnoooOummomonomamoms s s

Fraction Depth Velocity Velocity Velocity

ot Depth Z tt/sec tt/sec ft/sec
(Fi) Y =1.33 ¥ =4,00% ¥ =6,4677
X=120"° 0. 80 1.47 S.56 b 07 S.56
D=1.841° Q.20 0. 37 4,30 4,27 4,27
X=130° 0. 80 1.45 5.59 b.17 5.79
D=1.815%" 0,20 0,36 4,10 4,30 4,23
X=140° 0. BO 1.47 5.59 6.10 5.73
D=1.840" Q.20 D.E 4.10 4.27 4,30
Rury # 329 S=0, QOETT Rock size 1 in.
(=758 cfs Temp. 69 F Thickness 2 in.

oot 4o Svses Bhdhe bt St Sebt Sesis batun Soost sesae daser gusas waset £5biS AR SuRer SO B0 Srole SN Setek b Geost i sabnk sedee PAS) SIS St skt Rhaed At KA Shvek Moty Shodd e b ciots e b P % ARG S00h arap ol Seles Sdsur See0S ik NS Somae
mmmmmammnommmmmImmmIamImImommmmmmmmmommmS LI ommomsoas s s

Fraction Depth Velocity Velocity Velocity
of Depth Z ft/sec ft/sec ft/sec
(¥t ¥ =1,33% Y =4,00" Y =§.677

Seoae 3wty s30me Base PSS Fien AL SMATR Saned Sobpt TU10Y rete SHRLY SRIeS S becas SHveS SIS SRS MO goete Tabik Teiah St Shely SR B Uefod KOS ek SORR SSNee PHSSS WSS ) NNMES SHees S TR ShRSH BLate Setng e SIS LASRE Sunmt et S SRR SAMR e e WS e

X=120° 0.80 1.46 550 & 24 S. 66
D=1.819"° 0. 20 0. 36 4,173 4.54 4.13
X=13F0° O 80 1.45 5.59 S.97 S &5
D=1.815" 0. 20 0,36 4.2 4,20 4.98
X=140"° 0.80 1.48 5.89 6.07 S5.63
D=1.85&"° .20 037 4.13 4.5 S.01

s e S Saves vHoms SoreK SIIOR $100S PR S4RLS AS4RS 10 4 RS A Sk SR 4SS SO HLAbS SemAD Sons W Aot S04 vt st ol St SHRRD QoS A e ALE Baaby B0 ot M SO S0t A A AP SoAAD P A S MUY UV it Ve MO Seane a0 Hbbe
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Run # 40 =0, Q0X30 Rock size 1 in.
=75 c¥s Temp 72 F Thickness 2 in.
Fraction Depth Velocity Velocity Velocity
of Depth 2 tt/sec ft/sec ft/sec
(Ft) DY=1.33° 9¥=4,00° J¥=&.4&7"
X=120° 0. 90 1.72 S 25 bal7 525
D=1,907° 0. 70 1.33 5.42 5.76 5. 4é
Q.50 0.95 5.22 S.15 S5.15
0. 30 0.57 4.57 4,50 4,47
Q.10 0.1% 3.49 3. 49 3.38
X=130° 0.0 1.72 5,35 b6.10 5.2
D=1.,9067 0,70 1.33 S5.52 5.74 5.3
0.850 0.95 T.22 S5.25 S5.01
0,30 0.57 4.61 4,74 4,37
0. 10 0. 19 X.59 J.bb .15
A=1407 0. 90 1.75 S.21 .07 5.18
D=1.942° 0.70 1.%6 5.52 5. 62 S.32
G, 50 0.97 5.05 5.29 4,95
050 0.58 4.61 4.78 4,54

0. 10 0.19 3011 S.55 3.45

i W SRS MR At Yoneh semd SR bobdh S0 KIS R Shurn bla B VAR S04 S YRS SOt S o B S Rl A AN s M DAY 0 kYA S0nad Moo et e S SN WD LI e o R M b ) mose Smeae o Byt Toers beist BB
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Run # 41 H=Q, Q0475 Rock size 1 in.
(=50 c+s Temp. &2 F Thickness 2 in.
Fraction Depth Velocity Velocity Velocity
of Depth z ft/sec ft/sec +t/sec
(ft) dY=1.33" DY=4.00" P¥=L.67"
X=120° Q.90 1.23 S.b2 5.49 S5.49
D=1,364"° Q.70 0.95 SeSb S5.18 S. 56
0. 50 0.6 S5.15 4,67 S5.19
0,30 .41 4,50 .96 4,57
0.10 0.14 .38 2.87 3,355
X=130° Q.90 1.20 .66 5.56 5.46
D=1,338"° Q.70 O.94 Sie bé 5.25 S. 56
0. 50 0.67 5.18 4,74 S5.18
Q.30 0. 40 4.74 F.93 4,50
0.10 0. 13 X2 F1d 3.04
X=1407 Q.90 1.22 S5.62 5.2 5.49
D=1, 354" Q.70 0.95 Sl 5.32 Sl 56
0,50 .68 H5.18 4,84 e 3T
.30 0O.41 4.44 4.17 4,57
0.10 0. 14 3.11 2.67 3.28

o opon se i shore So0SG Svent et doR G et St e b So0ia NSRS JONNG KR daske SR SH4AE KSHH AR PEn S (et Sheed 0008 PP BAseb AL sl A Simie SpS S0348 WM UGG s Semee Sev e Somns SiuAe S04 FoR I SARR coage YOS Heh SOOHY S e
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Run # 42 O=0,003%14 Rock size 1 in.
@2=100 cfs Temp 68 F Thickness 2 in.

Fraction Depth Velocity Velocity Velocity
ot Depth Z ft/sec ft/sec ft/sec
(ft) Y =1.,33% Y =4,00" Y =6.677

X=120° 0.80 1.94 5.59 5.82 b.0O2
D=2,424"° Q.20 Q.48 4.350 I.76 4.57
X=130° 0.80 1.83 S5.76 5.32 é. 00
D=2, 308° 0. 20 0,46 4,61 .96 4,84
X=140° 0.80 1.920 59.59 5.52 6.0%
D=2, 3807 Q.20 0. 48 4,17 E.98 4.71
Run # 43 G=0, 00403 Rock size 1 in.
L=100 cts Temp. 66 F Thickness 2 in.
Fraction Depth Velocity Velocity Velocity
ot Depth Z ft/sec ft/sec tt/sec
(ft) Y =1.33° Y =4,00° Y =6.67"°
X=120° 0. 80 1.946 5.18 Ga b2 5. 656
D=2, 448" 0,20 0,49 4,27 4. 00 4,23
X=130"° .80 1.88 5.52 5.0 5.97
D=2, 355° 020 0.47 4,13 4,03 4,47
X=140° 0. 80 1.93 5.29 5.79 5.59

=2.441° Q.20 0.49 4.350 F.83 4.44
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Run # 44 S=0., 00436 Rock size 1 in.
Q=100 cts Temp. &3 F Thickness 2 in.

I o o S o B L T o s B o B e L o B o e e e o S L O L T s O O S I B B o S N S o A N R S sm n mam mn ns moans

Fraction Depth Velocity Velocity Velocity
o+ Depth Z tt/sec ft/sec ft/sec
(Ft)  ¥Y=1.337 Y=4.00" VY=4.67°

X=120° 0,80 1.76 5.86 b. 350 b.27

D=2, 1947 Q.20 Q.44 .23 4,27 4.54

X=1307" 0. 80 1.78 5.76 &.10 b.13

D=2,23%° 0,20 0.44 4,03 Z.89 4.27

X=140° 0.80 1.77 S.90 b.E7 &E.07

D=2, 2137 Q.20 Q.44 4,54 4,37 4.64
Run # 45 O=0, 0354 Rock size 1 in.
L=100 c+s Temp 72 F Thickness 2 in.

Fraction Depth Velocity Velocity Velocity

of Depth Z tt/sec ft/sec +t/sec

(£t DY=1.33° Y¥Y=4,00" JY¥Y=b.67°

X=120"° 0.0 2.10 G569 S5.73 &, 00

D=2.3327" Q.70 i.464 S.b2 e 33 &H. Q7

0,50 1.17 5.52 4.91 6. 00

0.30 0.70 4.688 4.52 5.12

0. 10 0,23 J.6b6 3.3 .92

X=1%0"° 0.70 2.04 S5.52 6.24 b&.37

D=3, 2727 0.70 1.59 S5.74 5.59 b, 20

0. 50 {.14 5. 52 5. 05 b. 00

0.30 0. 68 4,71 4.47 S.12

0.10 0,23 I.bb 3,52 4,00

X=1407 .90 2.15 S.29 5.56 5.73

D=2.387° Q.70 1.467 S5.52 5035 5.964

Q.50 1.19 5.46 4.82 5.83

030 0,72 4,78 4.40 S.22

010 0,249 F.82 2.bb6 3.76
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Run # 46 =0, Q0888 Rock size 1 in.
B=25 cfs Temp. && F Thickness 3 in.

T ypp——
T I i I T T L D O T N A S L I N N I I NSNS mRRmmoommEmEs =

Fraction Depth Velocity Velocity Velocity
of Depth Z ft/sec tt/sec tt/sec
(FE£) ¥ =1.33% ¥ =4,00" Y =4.47°

Shad aoies i B SMiAt Mt e S e O 4R AR P RS SSURL AN P Vet SRS S HHOAS RS ek Sevad Sova SHeh BSOS S000S PP SHOSE Aot P AHSVE SO SH09S AP AP SmENS SRS WS SHRLY P SSPNN MaPRS SHISE Teses SMRBE Sma et Bt ShreR TR mhare et

X=120° 0. 80 0.57 S5.46 5.25 5. 44
D=0.712"° 0. 20 0.14 .32 Z.42 3.52
X=130"° 0.80 0. 56 5. 35 S.29 S5.35
De=Q. 7020 0,20 0.14 Z.62 Z.52 %.89
X=140"° Q.80 Q. &0 535 S.22 5.29
D=0, 7467 Q.20 0.15 2.55 3.55 .52
Rurm # 47 S=0.01011 Rock size 1 in.

=25 cts Temp 69 F Thickness 3 in.

D I rT—
R e T I o o e T I T L o T L I e e o T T L o I I e e e O O O P N T I N N T s s o i o e e o

Fraction Depth Velocity Velocity Velocity
of Depth Z ft/sec ft/sec ft/sec
(Ft) Y =1.33° Y =4,00" Y =6.67"

vt Smat 2eran T e S man Semds SO8eS b houn S Mest SorSs AR SHAAG SeRES Beaie SO U Mo G4vas SSetS Sesep Seete SRS Seses $4ses SAAG P HAmse SWLES S eees SETER SMagp $0840 HLDE Sedee ELS Vinen TS $ot0d SHese bes Saled S S e Semes Sebem Bones Reber S

X=120° 0. 80 0.55 SebD 5.49 5.83
D=0, &82° 0. 20 0. 14 .35 3.49 .45
X=]130° 0. 80 0,53 S.464 5.59 %5.42
D=0, 68647 0. 20 .13 Z.79 276 .72
X=140" 0. 80 0.58 S.56 S.56 5.39
D=0,719" 0,20 0.14 3.59 .45 3.72
Run # 48 S=0,01313 Rock size 1 in.

L=25 cfs Temp 68 F Thickness % in.

£ i gmie totme i sonse sesee seare POtW Peote smhye Sh diiet Sopes S Mevbe Suiis IOMS STy P Sim veves Séess Toims tses ety bk SeySY YSA4L KB s spres e S semer Ymras secer vEead ety s s STeie Mheie SLASS Sl PreNy ames Sees Smer siwat Sivin TS TP amer
R T B B T L I o L O L L R S N N D N T N R N N I s o e

Fraction Depth Velocity Velocity Velocity
ot Depth Z ft/sec +t/sec ft/sec
(FE)Y ¥ =1.33" Y =4,00" Y =6.67°

o B 44404 Mt s e e i St S Sroi e SRR SIS B SRR Ao SRR MAms Sobtn Fenis SpA b SHAY 4 T Serte G4k4% LFRIR FHHSE HSR AMAD BOobL i SRee rare SSAED PR SIS S R fnbth BN SRR Aot SR SPAL SRS RS SPRSE Seavm reade S em

X=120° 0. 80 0.50 6. 27 b. 04 6.14
D=0. 6227 Q.20 0.12 3.80 4.20 4.20
X=130° 0.80 0.49 5.87 b.13 5.70
D=0.618° 0.20 0.12 3.72 2.98 .69
X=140° 0. 80 054 S5.97 6.14 S5.77

D=0.679° 0. 20 0. 14 4.10 4.27 3.76

s mas awrnt Taves JetaR et S daven SLome MHLE Tobge WSS Srive S4M4S Aee0d SO e S4FR Shots SH0aE SiB0e SISSE Potts Amiwe VHLLe SRS (o038 U0 AR SMURE SHROR LS SeARS SHRTS S1008 SHSHH PUSSH SR SibeR Seose SUMCN v Unsel SRem Ao Semer v \eets Beves s Beves Sasas SRS forin
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Run # 4% S=0, Q0526 Rock size 1 in.
Q=50 cfs Temp 70 F Thickness 3 in.

Ty nyme—
A R S N R S N N T T N s I s I I I LIS ESmmm T

Fraction Depth Velocity Velocity Velocity
ot Depth Z tt/sec tt/sec ft/sec
$t) ¥ =1.33° ¥ =4,00" V¥Y=4.67°

e BUbRe $as2s Soee BHORY S SALEL SH4OD SO SIS HORS PYeRS SAHSS R FoRSH SO $OUES PR LR PAmLL e 400 Jd it SBONS SPOAS OO0 it SH4ES 4y SHUPY AR GORSH 17RO ML S S B bam Savee Srage Sobe TASH Shade ebel S bt e Sbrte SaNY nies Seme demit seni

X=120° 0. 80 .02 b.11 5.599 L. Q0
D=1.3281" Q.20 0. 26 4.49 .76 4427
X=130° 0. 80 1.00 &b, 00 S.635 6. 04
D=1.28%° 0,20 025 4.58 4,03 4.20
X=140° 0. 80 1.02 G 70 5.596 6. 00
D=1.270 0. 20 0.25 4.24 3.86 4.14

LT
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Run # 50 5=0, 005636 Rock size 1 in.
=50 cfs Temp &8 F Thickness 3 in.

B yrr—
B I L S R R N N I N N T T N sSTmmmmunmoomoo I i

Fraction Depth Velocity Velocity Velocity
af¥ Depth Z ft/sec tt/sec +t/sec
FE) ¥ =1.337 ¥ =400 Y =6.67"°

%40 oemn SASRe SoRen Sosst PR NS SAY BAVAD beohe Kt fomal Semse SOSNA SHAE SHER SATRR SRS TeeE PRI AL NARVR SOUTS b NS b4 SAMAD Umaen Sy e GAeNe et e et S 4ol LR e SOMR S SHUY POHS S T Sl SUMNS Pt e P S 0y b0 Sa esde

X=120° 0. 90 1.06 b. 30
D=1,178° 0. 80 0.94 6. 24 b 20
0.70 0.82 5,93
0. 50 0,59 5.3
0. 40 0.47 4,99
0. 30 0,35 4.47
0.20 0.24 4,03 4,00
0,11 0.173 3,38
X=130° 0. 80 0.9 6.7 b.07 .27
D=1.,146" 0. 20 0,23 4,37 4,00 4,23
X=140° 0. 80 0.95 b6.17 5.90 b.30
D=1.184" 0. 20 0.2 4.44 4,17 4.10

The Folowing Velocity Data Collected Using & Pitot Tube

oo s vt Re4de Shes Teand D Siphe Srire Sevad Sk At Al YO oSy RS P MU SOOUD THOSS el AL (e} SeLAD Setes B0 ik ek SURML Biem AU SHIRY S AN LA Sinth St Sep00 S000H Snpek Wane Joted Sooms A B B Mo SR SANER SOROR Seede s S Sebat

Fraction Velocity Velocity Velocity
of Depth ft/sec ft/sec ft/sec
X=120° X=130° X=140"°

D=1.178" D=1.146" D=1.1847

ean Sovi asnat beatn rees SRReS VOVAR SV PR it FHaMR SareH She4Y KOS WAt SoimS Shimt Monte bOPOS CHESS Sl SUApe Seuss AISE FHOY BIRRS SHSMR M4RE 1SNV SRR Anmit Yt ST SRLAR SeLAL Sinm SHITT SEmeY S4iee Fepes Sebne SemLY iede Seier Sapen SXBUE 50030 spmes Pebpe ammee Bese Seies Seaes meimn

Y=4,0° 0.90 b.47 6.71 &. 42
0.70 b. 54 6. 30 b. 04
0. 30 S5.67 S0 5.87
0. 40 5.38 5.83 S. 43
.30 G502 5.33 4.80
Q.20 4. 469 4.51 4.45
0.15 .33 4,27 4,353
0.10 3.95 4.01 3066

0.05 .66 .51 F.02

ot ok oa0er saoss e s Vot re baMbe b VIS0 S Rb SeI 4ol Srmie SR LU S30Rs S et Sens YOeRS VUK S T Lol ShOIA BUes B014s ol oUbTS begen S0eus Finbe SAASN Vebed s i YAl Shnth SOHUA Baind aias bl SAMMY ATeRE 003 hree Sobre SURGE st ek cauts Svete
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Run # 51 S5=0,00726 Rock size 1 in.
=50 cfs Temp &8 F Thickness X in.

owm hvun $0002 SUTCR $OR ren SHOS EbS TTEGH TAAR SAVFS SIS STL SRR oo ST S SYEVR £1400 TPy ASCe SON® Sedm Brtse Yt SuRND SaNa Smaes Frer My TUMS Ay JTLEE imden Sodt et dmbot devee damit SNt SHEOS Fmie oy vk dwbut MWL SO0 aiee et TR SIS SNt s Asnde SeRce prmm bem SEADE VORRY PEVER HALP varey semie

(£t of Depth Z ft/sec tt/sec ft/sec
(ft) Y =1.337 Y =4,00" Y =6.67"

i v - v S S SAds ot 0Tl KO MMM MDA e Shti S AP Sl ik Sty ks Yanad Sk S MO i ep Choin it S Ak Seyed HeAe S5La ot ML Hoe BAbAL i AL abd SHOd edbe AMARD S b Sl oSl ogaen AP SR SLARS SR SRS SHER SHRR Saomh Tl e Sukes cieed S S4hiR

X=120° 71.637 .90 0.93 &. 80
D=1.113"° 71.458 0.70 Q.75 b.30

71i.244 0.50 0.54 5.90
71.137 0. 40 O.43 H. 60

71.030 Q.50 0.2 5. 20
70.922 Q.20 .21 4,90

70.869 0.19 Q.lé 4.60
70.815 0.10 O.11 4.10
70.762 0.05 0.05 3.10

¥ 0.80 0.89 éH. 58 e a

X 0.20 0.22 4.21 .88 4,53
X=1307° 71.67 0.0 Q.97 bS50
D=1.0E3" 71.46 Q.70 0.7& 6. 00

71.2 0.50 0.54 5. 60

71.13 Q.40 O.43% S.10

71.02 0.30 0.33 4.80

70.91 0. 20 0.22 4.10

70.86 0.15 .16 3. 60

70.81 0.10 0.11 2,80

70.78 0.05 0.05 2250

¥ Q.80 0.87 &5 &.71 &. 99
¥ 0,20 022 4.60 4,51 4.71

i S SR B Satmn Siaat B S Sk S050h Spms EaAel PR Rosa. et SR Mt g Hach St oards PHoLd Peese YO SHOLS A3 SHLIS s Sette SeAMS AS L SHERR SUMNS £ UM Sl oo SR oho%s YOS $PAAe Sedes SAAMS IS St i Wheh S S S440s Sho SR FoAen Soven SO Seoee b Lt Sases tanes e s

X=3140° 71,70 0, 90 1.00 b 5O
D=1,10%° 71.449 Q.70 .78 é6.10
71.2& 0. 50 LT =G
71.15 Q.40 Q. 44 510
71.03 0. 30 0. as 4. 90
70.92 0,20 O, 20 4. 50

70.87 0.15 0.17 4.10
70.81 0010 0.11 3.70
70.76 0.05 0. 086 EL 30

X 0. 80 Q.89 H.F0 bS5 bH. 99
¥ 0.20 0.22 4.58 4.73 4.48

b Yowtn vaons bt o Sotas Voies VOUEH VeOUS RO MBS CANLR SIS Coute PR F4AES SRENY 003 Voo Funte SULRS Sesie FOR TeRMR LOVER JAPKL FUiSe S BEPNE. UUHG PUBRL hrel SRUTR IANCH POOSE Lain AR dasen KeO B0 AYORS L4000 SH0UD POSeE SOEOY S4CH SIHLK SIUSE RSO H4V08 SHOTS ime M e Bk Yo e e S NG WShe St Beven

X Velocity Data Collected Using an 0Ott Meter
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Run # 52 B0, OOT7 26 Rock size 1 in.
E=50 ofs Tempg &35 F Thickness X in

sz xin owbes vamas povis $1EE2 Jivin Sodem ssedn SOI00 HOELY SHAS SUrVE sbres bedsa fhWel BOVE) vIeON ShS NDR NEKS NS PLaVE ket U SoTes SO SIMN peths Gee SOALD KROSE SATE SASNE SASSK SLict mivkd YRMD AVINE SIISE ESBLe hove SIS UMK KASCK S9ous Neres MY LS4A0 il YASY SNiee Yokt EDiae
propoagenfaBaspageninapanpan o daspuadia derid i pirpios et dorg ot b pundrngneundeifonprnpinrpua faderdis i g aguegeatfriiomponcdomgundin o fenonfiend

Fraction Depth Velocity Velocity Velocity

of Depth Z fi/sec ft/sec ft/sec
(Ft) ¥ =133 Y =4,00% ¥ =§.4677
X=120° Q.80 0,89 6.51 45,25 G777
D=1.118" 0,20 0,22 4,36 S.3%6 4.47
X=130* 0. 80 0.87 6. 56 bH. 40 b 75
Ds=f 005" Q.20 0,22 4,29 33 4. 89
X=140" 0. 80 0.87 b 73 6. 50 L. 73
D=1.,084° .20 0,22 4,81 4,01 4.65
CORFS OF ENGINMNEERS RIPRAF  PROJECT
Run # 54 8=0Q, 00732 Rock size 1 in.
Q=30 cts Temp &3 F Thickness 3 in.
Elevation Fraction Depth Velocity Velocity Velocity
(£t of Depth P4 1L/ sec L/ sec ft/sec
($4) ¥ =1.3537 ¥ =4,00" Y =&.4&47°
X=120° Fi.7 (.50 1.00 L. 75 &bl b H83
D=1.111" 71.4% 0,70 0.78 &, 54 .22 6,55
7i.2 0. 50 0,58 eI 5. 48 G L
7i.16 0. 40 0. 44 5.28 4.97 S5.67
71.05 0,20 Q.33 4,865 4,463 S 13
70.9% . 20 R & P 4,21 ) 4,80
70,88 0. 18 Q.17 3.88 4,08 4,63
70.82 .10 .11 .81 3074 .35
FOL77 0,05 O, 08 E.19 2.54 2,859

G A o e A0444 St Sabos A3act e i F1oAR v LA Lk i SAA0 MRS ASeEe S0t e i ohian MBS Arede P SHAH NESEE YoRD 1A (KO S5t GO 10A9S AR SNGSK SOt Foda Sy AN BotrE sonat Sy mms W SRy PO VA UHPSE SAEIS SIERL Frih AVASE SRS BRGS0 SRS soben A3 At SR A AAEIS T

Test stop d due to power failure
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Run # 55 B=0, Q0732
BECWwTIN b - Temp &5 F

Rock size 1 in.
Thickness 3 in.

memimmnmImImmmIn NI e e eorgerdon g cpors o]

(£t of Depth Z ft/sec
(+t) Y =1.33°

Velocity Velocity
tt/sec +t/sec
Y =400 Y =&4,&677

v S Soris 49043 eopey Selae Sem SOk b PR AP TAS A $560E ebih SO0nE SEAAR 30 ooy SR S0bRR Subee VSRS HAEE SYOPY SRR PSR s 1AM Pab PSS e AN SAONA B WS M SarA Fldm MRS SAnde Somm Sinas Souss SUPNE VLS Shend S YA TebiN Seris Iome SR beged 4Bt Jamb Soble RS Bk BaROR S SBAN Sient

71.75 0. 90 1.04 &.39
71.82 Q.70 0.81 H.04
71.2% Q.30 .58 5.48
71.17 0. 40 0. 44 5.18
71.06 Q.30 0.54 4.86
70.94 Q.20 0.23 4.01
70.89 0.15 .17 .74
70.83 0. 10 0.1 3.28
70.77 0. 05 Q.06 2.54
70.8646 1.27
70.69

70.467

G.3 .58
e Q2 5.33

2.93 3.2
1.94 2.07

P S5kt S 34240 Wt it Lok S444n Gndor PRAOR 00t K1ren A Se0NE e (oISt SHESR Fosud STEME A AAAAx SOt RS LI ASUI 400RS RO Sevar Suid FAesh Reoes 00 SAb Kbt S4PRL 4SO 300 TS SOGRL Sreas SER dem koY Sousy SHISY AP JRAeS Mok ot it AAOLA MUV 2044 FouR. Sivbe e ok VOIS S i VUt et S

X=1307
D=1.078’

71.2 0. 50 0. 54 .77
71,13 0. 40 0. 43 S5.43
71.03 Q.30 Q.32 5.08
70.92 Q.20 0.22 4.52

70.848 0.15 Oelé 4,08
70.81 0. 10 .11 3.81
FO.74 0. 05 Q.05 2648
TO. 66 1.26
70,74
TO.&2

5.18 T3
4,463 513
4,01 4,52
S bbb 4.2
293 Z.95

Srrat . 14 e o Sa5e Sarek SO esan hits ShRS SHCE SToss ets VHR TARRS YH4SE 0804 -Fets SA4D 5010 kb Famis Mvsre BONAY Y008 bt meci Seite Fokek wiopy +4evE SANIL Hukeh EHotd B ekt ek SR bk S Sk Slus abude H0O0 NSO FRONR PO i s SYAPL SULR THOY S0 UMM SHARE Smras SURAR Soros W0 mvrit P e

X=140"
D=1.147"

71075 0. 90 1.03 &3

71.50 0. 70 0. 80 6,013
T1.27 0. 50 0.57 5.67

7l.168 0. 40 0. dé 5. 18
71.04 .30 1, 54 4.52
FO.93 0. 20 Qe 23 4,21
T0.87 0. 15 0.17 S.81
70.81 0,10 0.1 3.08
70076 0,05 0.06 2.84
O 70 2032
70, &8

254

1.79
655 &H.51
&, 00 b
el .91
Se2é LI 33

.72 4,91
4,08 4.2

2.07

0 43 Yok Wbt U3 SO 44N ok SaAes Sarie abins PRI SHARS Leain L VAR WAtR o4 Pl e AKAS SOUEA 1000} WML Sl A4 SISSR MSem vt ket P ot ek T (vdas Bt U Serap S0 dieh Sodee Laree St dhaps SIS A0S SRS MASRS L6Vt AU ek TENeR AR Beder SRS DI Seme NS00 HS. IS WATIS OSRS Sokee.
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Run # Sé& S5=0, QOL47 Rock size 1 in.
A=50 cfs Temp &7 F Thickness 3 in.

D N e Ly —
s mEIIOmIoUmoNLUOuUmIULImnoImLosSESooSTInmsmmmamnin e s

Elevation Fraction Depth Velocity Velocity Velocity
{(+t) of Depth Z ft/sec tt/sec ft/sec
(ft) Y =1.337dY =4.00°9Y =6.67"
X=120° 71.86 0,90 1.11 b6.47 bH. 04 b2
D=1.23&67 71.61 0,70 0.87 b6.28 .51 b 24

71.3 0.30 0.62 5.74 S5.21 S. 60
71.24 Q.40 Q.49 5. 43 4.72 S b2
71.12 0,350 .37 4.97 4.3 5.05
70.99 0.20 0.25 4.40 3.98 4. 40
T0.93 0.13 0.19 4.08 3.23 4.11
70.87 0.10 0.12 Z. 40 J.02 Zadb
70.81 Q.05 0.06 2.2 2.79 1.79
70.72 1.04

70.72 0.90

7073 0.10

=150 71.82 0. 70 1.08 S.97 b3 6.17
D=1.2067 71.58 0.70 0.84 5.86 5.91 6. 0%

71.35 0. 50 0. 60 5.58 .15 S5.77
71,22 0. 40 0. 48 3.2 4.86 5.53
71.10Q Q.30 Q.36 S.10 4.60 .20
7¢.98 0.20 0.2 4,72 4.3 4.79

70.92 015 0.18 4.40 I. 67 4.3
70.86 0.10 0.12 4.08 3.36 4.11

70. 80 0. 0% 0. 06 .51 2. 98 5. 30
70,73 2. AR

70.87 2,00

70, bé 0.00

X=140"° 71.86 0.90 1.12 6. 00 S
D=1.247"° 71.61 Q.70 Q.87 S.84 5.4 5. 86
5

71.356 0.80 0. 62 5.53 .25 S b0
71.23 0. 40 Q.50 5.08 4.78 S5.28
7i.11 Q.30 Q.37 4.80 4,82 4.735
70.98 Q.20 0.25 4.27 S.90 4.43%
70.9% 0.15 0. 19 4.01 3.40
70.848 0.10 0.12 3.99 3415
76,80 0. 05 0.06 3011 2.93

7O.T7E 2.64
70.75 2.48

S S Ao e AT SHAR S Mlals LB Saste S4TSS FAvRR T0NE IR SSAEn oY $OS4E 40033 SARRS Shang S04l dbems SO0 adend HebeR B LIS Aob Semsl H4PUR SV 4NLSH SeD SRR SIUFS Lobes THPRY SOBRS S000d RN SWERS Sea SHALE SHIOE MRS Mads BNn PoSI Sense SR Sber Som . S Seent Sarhe SO SN b MAree Sabin oash e



CORFS OF ENGINEERS RIFRAF FROJECT
Run # 57 8=0.01473 Rock size 1 in.
L= cfs Temp 64 F Thickness 3 in.

ot ochis e favel yosen sobet sdver tonbe beset S6ee Sumed PegtR SO0 e e Beuet DoTAY D0S4s M SBnGS SALIE SV WSS INSS SAVS SuEsE SALY PIOOS TR DHURY SISHS LIS SN AR SWOwe Seses Beced SIVEL PEOMS Mbeai Aok Soped Saee 1IFYS PUSNG SIVSE Yoo Sabwe Send Shose Wees SR GYRNE S1ASY SN T e vams iined vaes otk Svme
Prfirmdrithniosdumiiiafomiostaraig oo prfuiingatageapotoprachonrptebi spemdrpenchtid ot s st Bece oo g e Rai o piad iisg et go ettt PR R oot e n g

Elevation Fraction Depth Velocity Velocity Velocity

($t) of Depth Z ft/sec ft/sec ft/sec

(F£) DY =1.33°9Y =4,00°3Y =6.677

X=1207 71.29 0, 70 0.56 6. 20 b 00 6. D0
D=0, 6187 71,17 0,70 Q. 4% H.80 S5.20 S350
71.04 Q. S0 031 S5l 4,80 4, &

70,98 0. 40 O.25 4,50 4.350 4.10

70.92 Q.30 Q.19 4.10 4.10 T.40

70.86 .20 0.12 F.90 RPN 5.40
70.83 0.15 0. 09 2050 280 2.90
70.80 Q.10 0. 08 .30 2.40 2.70
T0.77 0. 05 0,03 E.00 2.220

70.65 1.60

70.74 1.560

70.75 1,90
X=150" 71.28 Q.90 0.56 b.10 b 20 &30
D=0, 625° 71.146 0,70 0. 44 5.80 5.90 GO0

71.03 0. 50 0.31 5. 40 5.50 T 50
70.97 0. 40 0.25 D00 5.20 4.90

70.91 030 0.19 4.80 4.70 4,50
70.84 Q.20 0.13 4.40 4 3
70.81 0.15 0.09 .80 .80 3.10
70.78 Q.10 .06 F. b0 !

70.75 Q.05 0. 0% 3.40 3

70Q.67 2.860

70.66 2.90

70.72 2.00

A vt v U Aakn S PS0up SHs St SRive SAnsk Krihs SHAY S et foims Seeak KoSrS e Mok ot i e s AR PR $5LAn St P S Teiih M B Sh LNk SARAL SIS PSS P MR (SN YR P $1084 M Skl B304 Yo Veuls BEFl Aaye S Shese SYUS TANS ek Soars KA1 bebe bl Bhee o oot

X=140" 71.28 Q.90 0.57 &.08 bad L

D=0, 6327 71.16 0. 70 0. 44 .11 .90 S.65
F1.03 0.50 0. 32 S.T70 S. 40 S.12
FO.97 0. 40 0.25 S5.53 4.70 4.60
70.91 0. 30 Q.19 Se02 4,30 4,30
70.84 0. 20 0.13 4.3 3,60 .77
70.81 0,15 0.09 .98 Z.10 E.3
70.78 0.10 0.06 .13 2

70 2.88
20

£ b

FO.75 0.05 Q.03 J.11
70.69 2. 483
70.74 2,43

70469 0. 89
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Run # 58 G=0,0162¢ Rock size 1 in.
Q=23 cts Temp &7 F Thickness 3 in.

ammt 202 st e s s soe st mben e sns s i ces tar i i St S S e Y s S St b St v S S Shoe ety o Ea e Lo Lat Feae e St SRS Sao ot e YL BB PR SRt Sk Jos St e S oo St b s S SRS Bt i S
S N ISR I 3 SIS0 D T I IS 3 I T 0 D I3 I I S I 230 SO D L S D S 2 e e o U s R R T 0 0 I S T D 2 Y 0 T I T e e

Elevation Fraction Depth Velocity Velocity Velocity

(ft) of Depth z tt/sec tt/sec ft/sec

(FE) Y =1.337 Y =4,00" Y =4.677

X=120° 71.26 090 0,52 6,350 bH.b3 710
D=0, 5817 7i.14 Q.70 .41 b. 04 b&.17 b.41

71,03 0.50 0,29 5. 48 S5.63 S5.99
70,97 0. 40 Q.23 5.28 5. 28 5. 28
70.91 0. 30 0.17 4.80 S.02 4.80
70.88 0.20 .12 4,353 4.57 4.2
70.82 0.15 Q.09 4,21 4.350 .88
70.79 0.10 0. 06 3.88 3.95 .59

70.76 008 0. 03 I b6 3.19 2.74
70.74 3.1

70.68 0. 00
1.585
X=130° 7i.16& 0.50 Q.30 &.85 7. 00 7. 00
D=0.554" 71.035 0.70 0.9 6.50 &. 80 e 6O
70.74 Q.50 0.8 5.90 &. 00 6. 20
70.89 0.40 0. 22 S5.70 S5.70 6. 00
70.83 0. 30 0,17 5. 00 530 5. 50
70.78 Q.20 0.11 4.10 4.70 5.30
7O.75 0,15 0. 08 E.50 4.40 5.00
70.72 0. 10 0. 06 T.20 F.90 4.90
70.6% Q.05 0. 03 2.50 3.88 4. 50
70.66 2.60

70. 68 2.88
70.58 2. 80



CUORPS OF ENGINEERS RIPRAF PROJECT
Run # 59 =0, 004273 Rock size 1 in.
=75 cts Temp &8 F Thickness 3 in.
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Elevation Fraction Depth Velocity Velocity Velocity
(&) af Depth z ft/sec ft/sec ft/sec
(ft) Y =1.33° ¥ =4,007 ¥ =6.&67°
X=120° 7245 0.0 1.735
D=1.919" 72.2 0. 80 1.54 & 04 G 05
T2.07 Q.70 1.3
71.468 0,50 0.9 H5.593
71.4% 0,40 Q.77 po R
71.350 0,30 0. 58 4.94
Fi.11 .20 0. 358 4.446 4,52 4,97
71.01 0015 Q.29 4.14
70,71 0.10 0.19 Z.44
70.82 0. 05 0. 10 2.93
70.65 1.64

T e LT P p——p———"

X=1307 72.42 0.90 1.71 &350

D=1.900° T2.25 0. 80 1,52 b.26 S22
72,04 0.70 1.33 by 22

71.66 0. 80 0.95 S.489
71.47 0. 40 0.76 555
71.28 Q.30 0.57 4.97
71.0% 0.20 0,358 4.40 4,52 4,91
71.00 0. 15 0.29 4.40
FAS LY 0.10 0.19 4.21
70.81 0.05 0,10 3.44
TO.63 2.07

X=140° 72.42 0. 90 1.71 b.26

D=1.902° TE23 0. 80 i.52 &L 04 &b, 00
72.04 0.70 1,33 b 22
71.66 0. 50 0.95 .00
71.47 0. 40 .76 S5.45
71.28 0. 30 0.57 S.02

71.09 0. 20 0. 38 4,57 4.57 4,463
70.99 0,15 0. 26 4,21
T0.90 0.10 0.19 .81
0. 80 0. 05 0. 0% 2.9
70.78 2.74

oo Shvte cobae M S £H SHARe Bisus Lo Sopie 00T HA0GR SSEPS Beres Uit ihee RERES 10403+ shumt B Uog4® VoA VOl Seihe Ehe SOSSR Seaeh bHIS4 HeReR Seteh Sreew Lebos Gmice YebsH VLOYS POON Fue bl St PSS Svoun SOSH neS 00 Sobby PN il Yrenh T B RIS 4FLAS Shben Kash abad S00SR KHUSS et Beote bored Lits S
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in.

ft/sec
=bh,b&7°

T.12

Run # 60 S=0., 00817 Rock size 1
E8=75 cts Temp 72 F Thickness 3
Elevation Fraction Depth Velocity Velocity Velocity
{(ft) of Depth Z tt/sec tt/sec
(ft) DY =1,.33°dY =4,0079Y
X=120° 72.38 0.%0 1.66 6. 44
D=1.847" 72.20 0. 80 1.48 b.59
72.02 Q.70 1.29 6.08
71.6% 0. 50 0.92 5.93
T1i.46 0,40 0.74 4,85
71.28 Q.30 0. 595 4.74
71.09 0. 20 0.37 4.91 4.07
71,00 0.1% 0. 28 2.84
70.91 Q.10 0.19 3.66
70.81 0,05 Q.09 J.02
70.78 2.42
A=13E0° 72.34 .90 1.63 6. 59 . 34
D=1.,812° 71.98 0,70 1.2 b.34 6. 04
71.62 0.50 .21 5.99 5.57
71.44 Q.40 0.72 S.74 .12
71.26 0.30 0.54 5.43 4.74
7i.07 0. 20 O.34 4,946 4,33
70.98 0,19 0,27 4,63 4,01
70.89 0,10 0,18 4,20 .80
70.80 0.03 0.0 .43 F.19
70.71 1.15
TO.73 @,
7O.7A
X=140° 72.3 Q.90 1.460 659
D=1.782"° T2.14 0, 80 1.47% b.51
71.%96 0,70 1.25 b.21
71.60 0.50 0.89 5.72
71.42 Q.40 0,71 S5.33
71.24 .30 .93 4.91
71.07 0.20 0,36 S5.07 4,39
70.98 0.15 027 %. 84
70.89 Q.10 0.18 251
70.80 0.05 0. 09 2.53

O sa0an St P Al BOSOD 10840 $OSS MR N TRRUR SR Bk YRS SUVHY PGS S SR S BB S0 O YR YRR AFRRS 90844 KBRS YO, M4000 MPS SO04) LUV GUSna M Ak e 4098 SUSNE OB A Mebes Samed Wk SO0 0 Dok WSPS s Y MBI Adouh fBA M T Satrd WEARY S VN b dmbe Bt S F
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Run # &1 5=0, 00421 Rock size 1 in.
=75 cts Temp 73 F Thickness 2 in.

D —
N NNEERNNIEIIIoNoNoEnmnomomII I omoomommInmsImImommmm s

Elevation Fraction Depth Velocity Velocity Velocity
+t) of Depth Z ft/sec ft/sec ft/sec
(FE) ¥ =1,.3357 ¥ =4,.00° Y =6.677

. Pana S0 tmt Reged ahash s SHobe AR S FOTHY SONa S0 $6005 Semss Seess St et SeeMS S Beead e ot Senb SSrmY (OM44 PR SHUS ARPED AORHE FURSY SARRE Akt $908 SHiRe A A4V GHAS SHNSY S8 Srvme Snb) dbein Sems biom fepim SbY SN VA Shire SUASE SOV VbR Fhink fagn Spems Sioes et S AR SAWS S S

X=120° TE.25 0.0 1.51 7.84

D=1.&74° 72.08 0. 80 1354 7. 03 7.25
71.91 0.70 1.17 7.34
71.58 0. 30 0. 84 6,55
71.41 0. 40 Q.67 & 26
71.24 0. 30 0. 50 Se 74
71.07 .20 0.3 4.72 .02 S.26
70.99 0.18 0.25 4.80
70.91 0.10 0.17 4.63
70,082 0.0% .08 .84
PACI A 2.01
FOLT7E Z.06

70.76 S 44

o daim coiee o St o aeken bowte Loent Soeet i e ks Sebne M e Saase SEHI Spow Fhdes Vemes Shbln Mers outes 4003 b SAeAR MLk Soote Bhate 3bie Somie beibd ek SAKGe SHAAD SIS b vt Lt Soteh b oo b e St Ao Sanhl Vbl Lol BOSN Sia3 b Sreed AR Gt 41 duses Simte Suimt Saens S S

X=12507° 2.41 0.90 1.68 b.67

D=1.870° Ta.22 0, 80 1.50 5. 95 b 09
72,04 Q.70 1.3 6.359

Tl.66 Q.50 0.94 &, 13
71.48 0. 40 Q.75 L Y

71.29 0. 30 O 5 o m
71.10 0,20 .37 4.7%5 4,75 4. 69
Fi.01 Q.15 0, % o5
70.91 0.10 0,19 3. 88
TO.82 0, 0O O, O Sy

70.74 1.27
70.77 1.79
70.75 1.27
X=140° 72016 0.90 1.44 7.47
D=1,597° P2 00 0. 80 1.28 &.87 7.7
71.84 0.70 1.12 7.14

71.52 0.50 .80 &S99
71.%56 Q.40 0. b4 b.17
71.20 0.30 0. 48 &. 00
71.04 0. 20 0. 32 S.13 .33 5. 58

70.96 0.15 0.2 4. 69
70.88 0.10 D.16 4,40

70,80 0. 05 0. 08 3.51
70.74 519
70.74 2,07

70.468 1.64
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Run # &2 85=0, 00404 Rock size 1 in.
G=100 cts Temp 75 F Thickness 3 in.
I L R A O A T TR T NI N N A AR s s N SN T RN =R gt I NNIEREmA NIRRT I I m T
Elevation Fraction Depth Velocity Velocity Velocity
(£t) of Depth Z ft/sec ft/sec tt/aec’
(FE) ¥ =1.337 Y =400 Y =6.467°
X=120° 72,95 0,90 2.2 5.81
=2.457° 72,70 0. 80 1.97 5.81 b 22
72.46 0.70 1.72 5.33
71.47 0. 50 0.73 4.846
71.72 Q.40 0.98 4.40
71.47 0.30 .74 3.95
71.23 0.20 0. 49 3.74
71.11 0.15 Q.37 4,57 F.66 4, 80
70.98 0.10 0.25 Z.19
70.86 Q.08 0.12 2.84
70.68 1.2
X=13X0° 72.99 0.90 2.2 S5.432 5.921 5.91
D=2.519° 72.49 Q.70 1.74 5.23 S.13 .91
71.99 0.50 1.26 5.48 4,86 S5.77
71.74 0. 40 1.01 por O o 4,27 5.53
71.48 0. 30 0.76 H.02 4,14 5.28
71.23 0. 20 0. 50 4,52 3.95 4,352
71.11 0.15 0.38 4,09 3.91 4.14
70.989 0. 10 0.25 .88 3.28 4,01
70.85 0,05 0.13 3.19 2.64 Z.11
70.69 1.27
70.71 1.27
7O 67 1.64
X=1407 75,03 0.90 2.31 S5.48
D=2,5627° 72.77 0.80 2.05 S.48 5.72
72.52 Q.70 1.7¢9 5. 02
72.01 0.30 1.28 5,02
71.75 Q.40 1.02 4,44
71.49 Q.30 0.77 4,01
71.24 .20 0.51 4,52 3.74 4,80
71.11 .15 .38 2.859
70.989 0,10 0.26 3.28
70.85 0,05 013 2.64
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CORFS OF ENGINEERS RIFRAF  FROJECT
Run # &3 S=0Q, Q0457 Rock size 1 in.
B=100 cfs Temp 67 F Thickness 3 in.
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Elevation Fraction Depth Velocity Velocity Velocity
(ft) of Depth z ft/sec ft/sec ft/sec
(FE) ¥ =1.337 Y =400 ¥ =4.4&7"
X=120° T2.70 Q.90 1.98 &.75
D=2.201° 72.48 0. 80 1.74 5.95 6.55
T2.26 0. 70 1.54 bH. 13
71.82 0. 50 1.10 par P 2
71.60 Q.40 Q. 88 5.18
71.38 0. 30 0O.bb 4.69 :
71.16 0. 20 0. 44 4.40 .33 4,91
71.08 0,15 0. 33 4.14
70.94 0,10 0.22 .74
70.83 0,05 D11 3011
70.68 1.04
T0.65 1.16
70.67 2.464
X=130° T2.67 0.90 1.97 &.08 7.05 6. 55
D=2.184"° 72.24 Q.70 1,52 b 57 b. 59 b.57
71.80 0. 50 1.0% b.16 S5.77 b.19
71.58 0,40 0.87 S 6O 5.33 5.77
71.34 O.ED Q.db S. 31 4,94 .48
71.14 Ou20 0. 44 4,72 4,72 .13
71.04 0.15 0,335 4,49 4,57 4,52
T0O.95 0.10 0.22 .95 4.11 4.14

70.82 0.035 0.11 Z.91 .47 355
TO.70 220

FO.T7E 1.79

70.68 2.48
X=140° TELT2 0.90 2.02 6,47
D=2.244° 72,50 Q.80 1.80 P o

TE.28 0D.70 1.87 6.17

71.83 0. 50 1.12 5. 65

71,60 0. 40 0.90 G. 28

71.738 0. 350 D67 4.86

71.15 0.20 0.45 4.57 4. 40 4.80

71.04 0,15 Q.34 4.08

TO.935 0. 10 Q.23 Z.74

70.82 Q.05 0.11 3. 20

70.69 2.45

70.70 1.04

TOLTO G. 75
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CORFS UOF ENGINEERS RIPRAF PROJECT

B L L

Run # &4 =0, 00409 Rock size 1 in.
@2=100 cfs Temp 635 F Thickness 3 in.

Elevation Fraction Depth Velocity Velocity Velocity
{(ft) of Depth Z ft/sec ft/sec ft/aec
(ft) DY=1.33" I¥=4,00" JY¥=bH.67"

retm e Bt SORS Sy MR Yt AR Sagas SUBNS Ba008 Bt $AAbS ALK BB s $ES0Y SoReE SEOUY SH TRt SHGUD SeSSn SRS Feass e ik Semim SuBLA ko e MO kS W R SSAt Tobow Mo SLavt JHORP TNe$ MOORS D 40006 HAVE HONSS P Wl Ut SaRet Ueses i YRS SeERS Sebm SeSdS AP SOGID b SR Bl s40dn sbbes

X=120° 72.794 .90 2.08 5.91 &6.71 b.7%
D=2, 3047 72,333 0.70 1.61 Lo 17 b.04 6.75
71.872 0.50 1.18 é6.04 S5.47 6.43
71.641 Q.40 0.92 S. &3 S 18 S.95
71.411 0. 30 0. 69 5.13 4.80 .43
71.180 0. 20 0. 446 4,52 4.44 4.91
71.065 0.15 Q.35 4,27 4,08 4,52
70,950 0. 10 0.23 .81 Z.bé 4,14
70.834 0.05 0.12 .11 2.93 P |
70.632 1.04
70.648 1.04
70,495 220
X=130Q° 72.77 Q.90 2.06 S.b7 b.22 b. 34
D=2, 2927 72.351 Q.70 1.60 5.95 b6.04 b.61
71.86 G. 50 1.15 S.91 Se B3 b, 26
71.63 0. 40 0.92 5. 463 S.02 5.99
7i.34 0. 30 Q.63 5.02 4.80 S.26
71.17 0,20 0,46 4,63 4,33 4.86
71.05 0.15 Q.34 4,40 3.088 4,33
70.94 0. 10 0,23 4.14 3.46 5.98
.82 Q.05 .1l F.36 3.02 3.8
70.72 2.20
7.7 2420
T0.71 0.00
X=140"° T2.77 & 00 2.07 H5.67 &, 55 b.47
D=2.,297° FR.3 0.70 1.41 S5.95 5. 97 b 24
71.86 0.50 1.18 5. 60 5. 60 b. 04
71.43 0,40 .92 S.91 5.15 5.72
71.40 0,350 0. 69 S5.15 4,57 5. 46
71.17 0. 20 Q.46 4.75 4,39 4,80
71.08 0.15 0. 34 4,46 3.81 4,60
TO.94 0.10 0.23 4,05 3.55 z2.98
70.82 0. 05 0.11 S.51 3.02 Z.E9
70.74 2.07
70,74 2.14

70. 64 D07
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CORFS OF ENGIMEERS RIPRAF  PROJECT

Rurn # &5
=50 cfs

Rock size 2 in.
Thickness 4 in.
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Elevation Fraction Depth Velocity Velocity Velocity
(ft) of Depth Z ft/sec ft/sec tt/sec
(FE) ¥ =1.33" Y =4,00% Y =4,467"

s it SoR 4ot ShOBS S00ee S S420+ Peees Re0AR Shim SROH Loost FeR WSS fetal GYLMR SHIeR SSeeR SoR Sobd PR SHHRS WD HRRE PO R FLASK SOLIS BP0 SRR SS444 POSK4 b TATHS FRIBS SHLIR SIvEL NS AR SAERC CHYRL SALSS SUASS Al FAPMD M S0 el MNRSH S Mt 3t i ML 4O0US e ke Armte Shove Seaee S ot

X=120° 71.910 0.90 1.146 b0 13
D=1.292° 71.782 0. 80 1.03% G.95 6.47

71.652 0.70 0.91 .45

71.394 0. 350 0. 65 4.80

71.265 Q.40 0. 52 4.635

71.136 0,30 0.359 4,335
71.006 0. 20 0.26 Z.688 4.01 4.14

T0.942 .13 0.19 3.3

70.877 Q.10 0.13 .11

70.812 0.05 2.93

1.94 2.2

70.747 2,95

X=13%0° 71.81 0.90 1.035 L. 65

D=1.170° F1.70 Q.80
0.70 b.2

71,35 Q.50 Q.58 Se&7
71.23 0,40 0.47 D.53
71.11 0, A0 0.35 513
70.99 0020 023 4.80 4.46 4,53
70.94 0. 15 0. 18 4.14
70.88 0. 10 Q.12 3. bb
FO. 82 0, 0% 0. 04 3.44

70.80 F. 02
TG.T76 2420
70.81

e 44000 oot oo Aret Qo438 SLAIS Loods AR chech Seuit PRmen SHION GPOS Sheek Senin Soeee Se0ed OB Sessn TSt SHAM S0 SHURA SWAS S6snt Fimah Seten Semes Semun 40sas o Aeree $000s Seeet Shess SLNSY Saend Meows ok ST danen Sanen $10es S000s Leb Seses Hoots Gorih e SHLla prims SO044 SHesd I SAVeR Gueda bease 0ot HHLLP GHbCe Bhvnt Nt

X=140° 71.91 0. 90 1.15 6,43

D=1.27%"° 71.78 0. 80 1.03 bHa43 b3
71.66 0.70 0.0 S.81
71.40 Q.50 0. 64 .08
71,27 0. 40 0.582 4,63
71.15 020 0. 39 4,35
7i.02 0. 20 0.26 4.01 4.08 .99
70.95 0.15 0.20 F.28

70.89
70.85
TO.77
7O.76
7077

0. 10
Q. 0%

O.13 2.93
0,07



CORPS OF ENGINEERS RIFRAF PROJECT
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Run # &4
=50 cfs

Rock size 2 in.
Thickness 4 in.

oomse Sutee ey sonm Yoves Saten mems Seele Shaet SIS SiOM Mooy VWP IoRR Seete eete civer $SfRS TSN SO SRS ust $1e8% SO SR Toery et $Sfus FTON Soves SHRL POIEY Soney Seiey SAMe 4ol winie Sadid feiot AbME Beres Swems Svede S8 ber Sulat MAVe6 Sinid bl i UeLew WS TS Mebes mms subes 20300 st Yooy dihe fnhee sarat Smube
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Elevation Fraction
(+t? of Depth

Z
(ft)

Depth Velocity
tt/sec

Y =1,33°

frcpoo o oo et oo e e ]

Velocity Velocity
ft/sec +t/sec
Y =4,00% Y =b6.67"

o Abv bt waose Sosee A0S s SALLR MASer BHOE SHAY R Sondn PO Sl AN BVSY £9S48 FRASS BUMYA SURRS SEERS Al ASSY F4OH SHER SeTSE SHASD SHA Semen SONAE CAN S0000 WS SHANE Shee WSS SIS} HAA e e SR Jered HeaR. Wb AN AAAH 1t V6RP Aebus SRS S4T A S0 S Smmmm SeNYe BAAY Bt S0P BB oot SOORE

X=120°
D=1.012°

X=130"
D=1.007

Q.30
0. 20
0,15
0.10
0.05

0.30
0.20
0.15
0.10
Q.05

2,20

w

5. 23 5.3

oot sunt $4304 sk Vone PoAe Sum Shien Sebed 0RO FoReD SASNG S0 AL St St byt VOPen S4mre S4LUH ARSI S0 M VRS SeReS SORAE SANNS SRR Cile Aveed THOVE SS00S A0S SRR boods SHOGS Rerts GERM SINL Taess Semte besoy Deral FAS SOOI Vel " A4HSE VUROS Smide Sesbe Suime SHAL ivon Semen SHril SeeAl b S e Soben Do 40000

X=140"
D=1, 044"

71.56 0. 90
71.464 Q.80
71.36 Q.70
71.15 0,50
71.05 Q.40
70.95 Q.30
70.85 0,20
70,80 0. 15
70.75 0. 10
70,70 Q.05
70.63

70,55

70.59

71.56 0. 90
71.464 Q. 80
71.36 Q.70
71.14 0,50
71.06 0. 40
70.946 Q.30
T70.86 Q.20
70.81 Q.15
70.76 Q.10
TO.71 Q.05
70.65

70.61

To.bb

71.59 .90
71.49 0. 80
71.38 Q.70
71.17 .50
71,07 0. 40
70.96 O, 30
70.86 0. 20
70.81 0.15
70.76 0.10
70,70 0.05
70.58

70.56

70.58

1.94

2.07



CORPS OF ENGINEERS RIFRAF  PROJECT
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Rur # &7 S=0,01819 Rock size 2 in.
=50 cfs Temp 72 F Thickness 4 in.
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Elevation Fraction Depth Velocity Velocity Velocity
(+t) of Depth Z ft/sec ft/sec ft/sec
(F£) DY =1.Z3°Y =4,0079Y =&.&7°
X=120° 71.83 0.0 0.88 7.82
D=0, 2807 71.4% 0,80 .78 8.22 7.468
71.33 0.70 0. 69 7.3
71.14 0.50 0.49 bad7
71.04 0. 40 0.E9 b3
70.%4 0. 30 0,29 5. 86

70.84 0. 20 0. 20 4,57 Sl 5.58
70.80 0.15 0.15 4.63
7075 0.10 O.10 3.74
70.70 0. 05 0.05 220

70,60 2.07

70. 60 1.04

70.50 0.73
X=130° 71.56 0.90 0.0 7.40
D=1.00" 71.446 0. 80 0. 80 7.96 7.96

71.36 0.70 0.70 7. 40

71.16 0. 50 0. 50 b.b3

71.06 Q.40 Q.40 643

70.96 .30 0. 30 5.86

70.86 0.20 0. 20 S.67 S5.13 5.13
70.81 0.15 0.15 4. 80

T0.746 Q0,10 0.10 4,33

70,71 0.05 Q.05 .81

70.64 2220

70.62 2420

70460 1.27
X=140° 71.54 0.90 0. 89 7.86
D=0Q. g2’ 71.44 0. 80 Q.79 7261 7.75
71,35 Q.70 0. 69 7.10

71.14 Q.50 Q.49 b. 55
71.04 0. 40 0.359 b. 13
70.95 0. 30 0.29 5.58
70.85 0. 20 0. 20 5.08 S.18 4.91
70.80 0.15 0.15 4. 469
70.75 0.10 0. 10 4,21
7G.70 Q.05 0. 085 34356

70.61 2.54
70.40 1.79
70.61 2.20
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Run # &4 S=0.01794 Rock size 2 in.
A=50 cfs Temp 72 F Thickness 4 in.
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Elevation Fraction Depth Velocity Velocity Velocity
(+t) of Depth 2 ft/sec ft/sec tt/sec
(FLY ¥ =1.337 ¥ =4,00" Y =b,67"
X=120° 71.52 0,70 0.87 8.57
D=0, 94637 71.42 0., 80 0.77 8.04 8. 90
71,32 0,70 Qub7 7.96
71.13 0. 50 0.48 7. 40
71.00 0. 40 0. 36 7.14

70.94 Q.30 0.29 R
70.84 0.20 0.19 S5.77 &. 02 S5.28

70.79 Q.18 0.14 &. 88
70.74 0.10 0.10 5.18

7070 Q.05 0. 05 4,80

70.59 2.07

TO.67 4,63

70051 0. 00

osee 4t a0t o 4048 Abten Snban S8ine SOUSE 1003 SARRA S04l SNSL sdb SHE0G b SRR S4T0e Ihied WOSE SORSS SR SHAIC beotn ot Porin SR H4UR SRS SRS SUBN Scrt SIS pen SO0 S7OS SR T8 $erm? FOTFS LSS SOLME TOned AR OV GBS Sl S Seest LoRes Sents Sameh S4ass Solor BRI Aol PAASE Weeh Syl e LA Shat semde

X=130° 71.80 0. 70 0.84 8.07

D=0, 9207 71.40 0.80 0.74 8.13 g.20
71.3 0.70 Q.65 770

71.12 0. 50 0.47 7.16
71.03 Q.40 0457 6.87

70.94 0. 30 0. 28 6. 45

70.84 0. 20 0.19 S. 63 5. 84 S.91
70.80 Q.13 0.14 .38

70,75 0.10 0. 09 .02

70.71 0,05 0,05 4.%

70.54 2.54

70. 64 2.88

70.58 Se 02

X=140" 71.47 .90 0.8 8.19

D=0.914" 71.738 .80 O.73 T2 8.0z
1,29 0.70 0. 64 7.94
7i.11 0. 50 0. 44 722

71.01 0. 40 0.357 7 035

TO.92 0. 30 0. 2E 6. 99

T0.835 0,20 0.18 5.28 6.2 .35
70.76 0.15 0.1l 5.86

70.74 0. 10 Q.09 5.79

70869 0.05 0. 035 4.57

FO.71 2.84

70.462 0.75

AR 1.27
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Run # &9 S=0.01888 Rock size & in.
=350 cfs Tepm &8 F Thickness 4 in.

e sate ime st 30008 T4 S SIOBE SHERY e0st v e TeUAD Mbems Fomm e nivis b SAALR St S300n SRS S MR mmbey SbemS guear SeA seral e Henke Seove Evees S4eRs SAD SUMM) $rist SERS faber ot Hot ue? Sebe= Yoy b Seete Tovey WO e ST SAHS SO Yotur reawt fovin Ty vve svime Sevap s WAR SHAeE sated
L T L T L I S o e T T o L e T L O O e T T o s L I I A O O O S I R I I i RS I I s s I m mm o o o e

Elevation Fraction Depth Velocity Velocity Velocity
(+t) af Depth 4 ft/sec ft/sec ft/sec
(+t) Y =1,33° Y =4,00°% Y =4.47

40 S b s sidre doade S $Sen SUArS el ot M Shaee Sdoss ks St GSeAh SHM W) WALA S404F FOHRE SRR TIRSR SALRY SHHAL FERLS FLAe SLSNH Feate et DA S0SE 4 Jea AJm PHOSY AR TSR ek S0 oS SAIRY crbtw eSS YA SR Sirad HES SRS SRR TeRR SHIR 0000 HERY Sabe eate et brems v TS SRR SmtE

=120° 71.50 Q.90 0.85 8.350
=0, 248° 71.40 0. 80 0.76 8.40 8.76
71.351 0. 70 0. &b 8. 00
7i.12 O.S50 0. 47 7.22
71.03 0. 40 0,358 & 70
T0.95 Q.30 .28 6.77
70.84 0.20 .19 .31 b.26 5.79
7079 0.15 G.l4 S5.93
70.74 Q.10 Q.09 S5.74
70.69 0.05 Q.05 4.75
70.27 1.04
70.52 F.00

70.57 £.07

L L T T R ]



CORFS OF ENGINEERS RIPRAF FROJECT
RKun & 70 8=0,01110 Rock size 2 in.
Q=75 cfs Temp &9 F Thickness 4 in.
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Elevation Fraction Depth Velocity Velocity Velocity
(ft) of Depth Z ft/sec ft/sec t+t/sec
(FE£) ¥ =1.33" ¥ =4,.00" ¥ =6.67"

ey metms ey e e et s Semh S SAFRS SSVRS SO SO SHRAL SO LSS P S4HLY SRS <98 SO SR A1 Sriat Somm Smse P e Ore SR e SO TV SheS RSP PSORE Sems OGS F4EHS A4S JSNNE YHASE SPTRS ST e SHSE SH Ledte crres Sommt e e S b Py St e e Seree vy e Togeh

X=120° 71.92 .90 1.27 8.54
D=1.410° 71.79 Q.80 1.13 8.35 8. 326
71.64 0.70 0.99 8.12
71.38 0. 50 .70 7.23
71.21 0.40 Q.56 6. 83
71.07 Q.30 .42 6. 45
70.93 Q.20 0.28 &.47 5.84 6.26
70.85 0. 15 0.20 5.31
70.79 0.10 0.14 5.08
JO.T7E 0.03 0.07 4.57
70.72 4.30
70.57 RPpCY.

70.57 2,20
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Run # 71 8=0, 00781 Rock size 2 in.
Q=735 cts Temp 70 F Thickness 4 in.
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Elevation Fraction Depth Velocity Velocity Velocity
(ft) of Depth Z ft/sec ft/sec ft/sec
L) Y =133 ¥ =400 Y =4.4677

rte oo hen0s s F4t0s SeRSD Sa0me UPO0S GureR S4006 S40RS Sy s HLRS SaNsD S0eds S Byt SHSen SSOSS SO eRer SL4st B4004 Sy $4nst SaiSe SHeRe b0tes Sreme Svems SOege Semde IS Gevie e e Shiee desee Tmee Feee S4ERS Feens Aaeas Sese ISP $9000 bmiet UMMy Yrtem S oot 900 Ve e Sow fobe S LR SMebt Pares H4eRS dmret

X=120° 72.00 0. 70 1.358 7 .00 7.60 7.06
D=1.498° 71.70 0.70 1.05 7.08 6.95 7.27
71.40 0. 50 Q.75 6.85 b6.53 &.75
71.25 0. 40 0. 60 H.354 6.13 6H.T70
71.10 Q.30 0.45 S5.84 SOk S5.93%
70.95 Q.20 0,30 .36 5. 05 .10
70.87 0.13 0.23% T 05 4.435 4.52

pw )
710. 80 .10 0.15 4.46 Y 2.59
70.72 0. 0% 0.08 4.91 Z.06 2.84
T A3 2
70,565 2.469
70058 1.87
X=130° 71.99 0.90 1433 7.18 7.7 7.25
D=1.474"° 71.69 Q.70 1.03 7 .29 7.47 22

71.40 0. 30 Q.74 6.79 6. 75 6.91
71.25 Q. 40 0. 59 b.51 bo17 b 63
71.10 0.350 O.44 S.95 5.81 b.26
70.95 Q.20 0.30 S.43 Ha 33 5. b7
70.488 0.15 0.22 4.69 5.08 5.08
70.81 O.10 0.13 4.14 7.75 4.4
FO.73 Q.05 0.07 3.74 4.14 3.99
70.58 A1

TO. &0 4.52

70.51 2.19
X=140°7 71.98 0,90 727 7 .66 7 .00
D=1.478" 71.68 Q.70 VAR 708 723
71.359 0S50 6. 85 b.70 é&.89
71.24 .40 b.63 4. 0% .55

71,09 0. 320 Y 5. 60 .02
TO.95 Q.20 5.58 S.3 5. &0
70.87 0.15 S 33 S.18 5. 10
70.80 Q.10 4.55 4.49 4,49
7072 Q.05 4,08 4.21 4,05
70,465 4,05

70.60 4.18
70.61 200



CORFS OF ENGINEERS RIPRAF FROJECT

e s 1a034 o ot B4aet SR8 S000L €FRAS SANRQ ity SUOUD it TR BSMAS Tosen 4000 HRGS SORA4 Bhens Vanes S4VAF HEbRS W SR st Tabes SO eete i Mo SO bt VeSS4 SNAS SO0 HEWS F00nd o Seere SRS behes AT TGS PO MG s Sl S MO 20000 TABLS Womid et Smes Sosrt Spemt SURRE Shens Babin bABM SOk

Run # 72 S=0, QOYET7 Rack size 2 in.
(=73 cfs Temp 70 F Thickness 4 in.

S401m 43060 Wy otk Somu Sosis dse e Suser Sible THD moie dums sobis Heed Made Smiar Shoby MM e Shude S PSS S Shmic St sasss ceied LU 91008 it Lot SLI geesy SRS SN SN AL Moor s Scoce mesen BMMM Shiut donie WL BV AL fmm MMM o Sa MRl Skets betes srmre seass SNt Shmms dad shk LS S5O
preprateidepiedivdttn gt don g g A N N TSmO NI oIS S sm s

Elevation Fraction Depth Velocity Velocity Velocity
£t of Depth Zz tt/sec ft/sec tt/sec
(£1) Y =1.33" Y =4,00" Y =&.67°

- S fotes M S Saie JoAMY Sebtd 000 RS SARNR R0 m S T S FOAEE SAPRR 4D SIS et Hb SA4RS Loy AR minn Jmni Soped $345¢ PeNS Mare Beid SevEt $008 At SN FONS SO0 Pt Mty min —omsy S (mbe Seime Suees MU N PR Somas tebs HAAA MeGe Cimsr Seren Seam Se003 SR 0O e Mt Suvks Semle

X=120° 71.94 V.90 1.29 8.14
D=1.432° 71.79 0. 80 1.15 7,45 7b3
T1.65 0.70 1.00 749
71.36 0, 50 0.72 6,93
71.22 0. 40 0.57 6. 43
71.08 Q.30 Q.43 5.97
70,95 Q.20 0.29 5.72 S5.65 Se41
70.86 0.15 0,22 5.05
T0.79 0,10 0.14 4,57
70.72 Q.05 .07 334
70.65 2.74
70,465 2.84
70.66 Q.90
X=130" 71.95 0,90 29 7.68 8.19 7. 54
D=1.4317 71i.46 0. 70 1.00 7.86 7.86 7.79
71.37 0.50 0.71 747 725 7. 44
71,23 Q.40 Q.57 7.22 b.87 7.08
71.08 0. 30 0. 42 b6.75 b.54 b.b7
70.%94 0.20 0.28 b2 S5.67 &.04
70.87 0. 15 0,2 S.77 5.28 b PR
70,80 0. 10 0.14 S5.29 4,463 4.91
TO.73E 0.05 0.07 4.40 2.84 2.54
70.56 1.47
70.61 0.73
70.63 0.00
X=140° 71.92 Q.90 1.27 792
D=1 .405" 71.78 0. 80 1.13 7.66 7.58
71.43 0,70 0.98 7356
71.35 0. 50 Q.70 b6.73%
71.21 0. 40 0,56 b.22
71.07 0. 30 0. 42 5. 95
70,93 0,20 0.28 4.46 4.83 PO 1
70.86 0.15 0.21 4.66
70.79 010 0O.14 4,05
70,72 0,05 0,07 x.0R2
70.56 1.55
A% 1.27

70.56 2.14
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Run # 73 =0, 00731 Rock size 2 in.
G=100 cfs Temp 72 F Thickness 4 in.

poqse vores st Sk SN S043¢ SOMOS SOUSE LTSS Shal AL PISVE 1020 FHAF SONE 0300 SNELS SINUR SUBHS COUSK HAOE MUY SONIE Raobs SPSS Uker Iaive IDSLE eSL eunt SO b DSBS SAS Seoud AP LOdVY Yaths WIOH INosd Sukes ARME KoGek Sessd i Ltdn s Aubie G4SN Sesey 4SS bones A sseeR Weber Yeres eSOy tomos srven secre SHRME Sran
s T I I e S o o T o T T T T e T T O S T o T L e R O S R N S S T N N N TSI o I s s e o S e I s e

Elevation Fraction DPepth Velocity Velocity Velocity
) of Depth Z ft/sec ft/sec ft/sec
(£t) Y =1,33% Y =4,00" Y =46,47°
X=120° 72.41 0,90 1.76 8.26
D=3 . 94607 72.22 0. 80 1.57 Ta22 7.00
72,02 3,70 LW 3T 7.61
71.43 0. 50 0,98 7.14
71.4% 0. 40 0.78 &.51

71.2 .50 Q.59 &. 00
71.04 Q.20 Q.39 Seb7 .72 S.81
70.94 0.15 Q.29 H.28
70.84 0.10 0,20 4.75
70.75 0. 05 0. 10 J.02

70.560 2.47
70.58 2.864

FAS Y - 373
X=130"° 7259 0. 70 1.73 7.03 . .
D=1.92% 7ELQU Q.70 1.35 7.12 . .

8.1
7.7
71.62 0. 50 .76 7. 00 6.8
71.43% Q.40 Q.77 &H.51 4.1
71.24 0. .30 0.58 6.13 5.84

e (0L 00

71.04 0. 20 059 S.33 .70 .
7095 0.13 0. 29 4.94 S5.02 .

70.85 0,10 .19 5.18 4.69
T0.75 0.05 0.10 4. 66 4.01
70.61 3.74

N3 OG-

LHENHAOCCO O

i

TOa 60 2.57
FO.TE 4.69

X=140" 2.43 Q.90 1.789 8.02

D=1.978° 72,23 0. 80 1.58 680 6.95
F2.04 0.70 1.38 7.65
71.464 0. 50 0.9%9 &.87
71.44 0. 40 0. 79 & 43

7i.2 0. 50 Q.59 5. 86

71,05 0,20 Q.40 e 30 et - S.43
70,95 0015 0,30 5. 00

70.85 0. 10 O, 20 .i?

70.75 Q.05 0. 10 3.74

7. b0 Z. 44

7. 62 2,07

7459 .11
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Run # 74 S=0. 00840 Rock size 2 in.
B=100 cfs Temp 71 F Thickness 4 in.

me0s oubes tamse srame siown toms (e o 4UAY MO Seies St ste AL PSS 4hMeR Beuty A800% SIS Yo 14nse SmeY MMM PPONS Fn0s A avwes Sem Jeem Syeey Y PNV TROVS SRLYS P SOND Uulet Sarm FTT PeTSe smiay e semee Semm beyes seets SR St dheRy SXOR) Seres Suimm MO $0008 Ghuae Ssbas Mo dames Mmee sy ceuas veses fared
A R A R R R R R S R R R R R R N R N N R R N R R S RN N N N O N N NN E S O RIS SO I T 00 o S0 I 1 e e s 0% S S20% w00 woone

Elevation Fraction Depth Velocity Velocity Velocity
(ft) ot Depth Z ft/sec ft/sec ft/sec
(Ft) DY =1.33"9Y =4.007 Y =6.67"

o o st o e doyat 0 LS SR TorON Tt S S Sevem S Setek SO BONNS Sobd e GBUen SH64h Pebms ous S e Se0et GRS eh Sebnd Monnd VO O el Sab MARe G000 A AORMS dadak dmbem e Lasns Shsud Sibed SO0 SN Mt s b bk SRets IOV DS oS BT TRACY S300p SOM TerTe Saren Senry Wy

X=120° 72.39 0. 90 1.74 V.08 g.40 7.54
D=}1,932° 72.00 0,70 1.35 7.74 g.02 7 .86
71.61 Q.50 0.97 733 7.035 745
71.42 0., 40 0.77 7.06 b. 465 716
T1.23 Q.30 O.58 6.61 5. 88 6.51
71.03 0.20 0.3 b.26 H.33 &.02
T70.94 0. 15 .29 5.68 5. 00 5.18
70.84 0.10 0.19 S.23 4,78 4. 4b
70.74 0. 05 0.10 2,73 4.40 4,327
FO.64 2.589
70,56 2.54
O &3 3.289
X= 1307 T2.350 Q.90 1.65 7.22 8.59 745
D=1.831° 71.94 0.70 1.2 7 .54 8.07 7.77
71.57 Q. 80 0.92 7.14 723 7. 40
71.39 0. 40 O.73 6.921 b.95 b.73
71.2 Q.30 0.535 bH.45 b.b67 6595
71.02 0. 20 0.3 5.91 591 b. 06
70.93 0.15 Q.27 S5.36 S.bh1 5.51
70.84 Q.10 0.18 S5.08 G.15 5.02
70.75 0.05 0.09 4,44 3.949 4,63
TO.61 3. 63
70.60 3.32
70058 2,93
X=140° T72.37 0.90 1.72 7.54 8.48 7.10
D=l 9097 71.949 0.70 1.3 7 .68 7.75 774
71.60 0,50 095 V.22 7.14 720
7i.41 0. 40 0.74 6.71 &. 930 &, 85
71.22 0. 20 .57 .S 6.24 .26
FL.0E Q.20 Q.38 .72 .41 5.79
TO.93 0.15 0.29 S.41 5.08 S.b7
70.84 Q.10 0.19 4.49 4.44 4.91
70.74 0.05 0.09 4,05 .84 4,08
70.58 2,07
T0.63 2.69

70, H0 1.79
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Run # 75 S=0,01066 Rock size 2 in.
=100 cfs Temp 70 F Thickness 4 in.

Elevation Fraction Depth Velocity Velocity Velocity
(+ty of Depth Z ft/sec ftt/sec +t/sec
(ft) ¥ =1.337 Y =4.00" Y =6,67"
X=120° TE2.27 0. 90 1,62 .91
D=1.804"° 72,09 0. 80 1.44 8.02 8. 09
71.721 .70 1.2 8.40
71.85 .50 0,20 7.70
71.357 0. 40 0.7 7.14
71.19 0.30 0. 54 L. b5

71.01 0.20 0.36 6. 04 5.86 5.88
70,92 0,15 0.27 S5.72
70.83 0.10 0.18 S5.53

70.74 0.05 0,09 4.86
70.59 1.47
70.548 Q.75
70.568 FO25E
X=13G° 72,28 0.90 1.62 8.76
D=1.800° 72,10 0. 80 1.44 8.02 7. 48
71.92 Q.70 1.26 8.16

71.54 0. S0 0. 70 7. 40
71.38 Q.40 0.72 7325
71,20 Q.20 O.54 bH.51
71.02 0. 20 0. 56 S5.86 H.13 5.81
70,93 0,15 Q0. .t ]
70,84 0. 10 0. 18 S5.43%
T0.75 0.05 Q.09 4,80

FO. 6D 1.27

70,58 1.64

70.56 1.27
X=140" 72,28 0. 20 1.63 8.73
D=1.808" T2.10 0. 80 1.45 7.92 7.5

71.92 070 1.27 8.12

71.60 .50 0,95 Tebl

Vi.42 .40 0.77 22

71.24 0. 30 0.39 6. 55
71.06 0. 20 0.41 b.26 6. 26 S5.67
70.97 0.15 0. 352 S5.53

70.88 0,10 0.235 4.75

70.79 0.05 0.14 .81

T0.71 4.2

70.866 1.44

70456 0.00
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Run # 76 G=0,01193 Rock size 2 in.
Q=25 cfg Temp &7 F Thickness 4 in.

T e T A L e D L o T L L O T e T T D L o T T I T O S O N S L N S I o e o s s an o e s

Elevation Fraction Depth Velocity Velocity Velocity
(¥t) of Depth Z ft/sec ft/sec ft/sec
(Ft) DY =1.33°dY =4,00°pY =6,467"°

omt avask 19052 Sagm e Bevte sores Tvews Feves Beeme SeAen Lonts 900es et VersF IWO0H SEIRS SANY Ledes TS Seven Pemmn Ve Prees YUY 0oy Sevem eSS Soes Sest Sbeie amt Worde Shene Lesin SHRMN hven SSTES 10990 e Sevve sy Seves Meeks Geees Smee Aamit SI0u eNeh BORSS SRS SEHE Soves TERSS Seees FSrE Sovae Seve Sepee Semes boses Semms Setan

X=120° 71.25 0.90 0. 60

S 23 S5.81 S5.58
D=Q, &b&7 71.11 D.70 .47 .02 S.435 5. 28
70.98 Q.50 0.33 4.44 4.97 4,69
70.91 Q.40 Q.27 4.14 4.69 4,40
70.85 0. 30 .20 5.88 4., 40 4.08
70.78 Q, 20 0.13 3.591 3.81 3.59
TO.75 0.15 0. 10 3.2 2.93 3. 44
70.72 Cha 10 .07 Z.02 1.464 3.02
70.68 Q.05 Q.03 1.64 0.73 2.54
70.6b6 0. 00
TO. 635 0. 00

70,59 1.46

ot Soka weeh ANY et GOMY SRS e ShePY $U0en et FVRME Sdave Some W40 VmRS IR Rebas Hosh W MR DY SU00S FHES FAGR SOURE S4S0n S0 TPt Semkt K L SeetS SRS 16D 00 FPete SOLM Se00s Lele Shers SMal) SLSNS ErOoH AR JSRNT SHMME RO MedR BeseE SesBy Sases e SR Seese TedE RPS FTBHR TeeLS Sevds et Rl Seo

Xe=1307 71.26 0. 90 Q.60 Se 23 S.81 5.70

D=0. 46687 71.12 0.70 0.47 5.15 5.38 .33
70.99 Q.50 0.33 4.83 4.97 4.89
70.92 0. 40 0.27 4.52 4.49 4. 69
70.86 Q.30 Q.20 .81 4,353 4.40
7079 0,20 0.13 x.99 3.91 3.66
70.76 .15 0.10 3.44 3.89 I.bé
70.72 0.10 0,07 F.02 3.44 F.32
70.469 0. 05 0. 035 2.64 3.28 2.88
T0.62 1.16
AL 2.89

70,60 1.7%

s6aan 4910t SrRED Favds PeASR FRRS SRR S4ss0 S9rRS Yorye Bests SPA Shese AAAmm Sl TeMA MAm Eeie (ked Lainn 44945 SoLM Si00r Seter SMbet Smes Semme eeet mmide Sibem S b Sk WD 0084 Hinrt Semte YAem Atest Vil SHenE TRISE TSrne $407 SRELS $444E SRS SRILS SHRNE B4R HEM PR 4R SS940 SIS i e Sueen AGD S00d0 et chete FoNE

X=140° 71.2%9 0. 70 0.64 S5.28

5.75 5.2
D=0.708° 71.15 Q.70 0. 50 S5.07 5. 235 S5.07
71.00 Q.50 0.35 4.52 4.91 4.37

70.935 0. 40 0.28 4.1 4. 40 4,33
70.86 0. 30 0.21 3.81 4.21 Z.88
70.79 0. 20 0.14 3.44 3.81 Z.bb
T70.76 0.15 0.11 019 Z.b66 3.51

70.72 Q.10 0.07 2.9 3. 66 .28
70.69 0.035 0. 03 2.84 3.19 J.02

70. 646 2.74
70. 64 Z.84
70.464 2443
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Run # 77 S5=0, 01858 Rock size 2 in.
B=2% cfs Temp &7 F Thickness 4 in.

R D T v ————
T N A N S L L S N S I N N o Immomn TN s an a m ne SN s N

Elevation Fraction Depth Velocity Velocity Velocity
(£t of Depth Z ft/sec tt/sec ft/sec
(Ft) Y =1,35% Y =4,00% Y =6,67"
X=120"° 71420 0.90 0.55 &. 26
D=0, 6107 71.14 0. 80 Q.49 5. 95 H5.91

71.08 0.70 0. 43 e 23
70.95 0. 50 0.351 S.62
70.89 0. 40 0.24 S5.23

70.83 0. 30 0.18 4.97
70.77 0.20 0.12 4.08 4.75 4.27
70.74 0. 13 0.09 4.57
70.71 0.10 0. 068 4,55
70.468 0,05 Q.03 3.74
70.635 2. 43
70,62 F.91
70.68 3.88
X=1307° 71.18 Q.90 0.52 6.5
D=0,877° Ji.18 0. 80 0. 46 &6.51 b.47
71.06 0.70 0. 40 b.17

70.95 0.50 0.2 S.81
70.89 0. 40 0023 S.51
70.83 Q.30 0.17 5.08

FOLTTV Q.20 0.1 4,27 4.78 4,40
FOCTS 0.1%5 Q. 0% 4.49
TO.72 0.10 Q.06 4.14
TO. 69 0. 05 0,03 a1
TO.62 2.14
VAR 4,01
FO.62 207
X=140° 71.20 0. 20 0. 55 b 59
D=0, 087 7i.14 0L.80 0.49 & OO &.39
71.08 .70 0,473 .22
70.95 0. 50 0,30 S.48
TO. 89 0,40 024 S5.13
70.83 Q.30 0.18 4,75
TOL.T77 0. 20 0,12 4.08 4.27 2. 95
70.74 0. 15 0. 09 4,01

70.71 0.10 Q.06 PR
70.68 0.05 (R N B 02
70.bé& Febb

70.65 2.93

70.63 2LE2
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Run # 78 85=0.,01579 Rock size 2 in.
=530 cts Temp &8 F Thickness 4 in.

A Satas sond shoke i Bk 93000 St keh deiss s4una SoULE Souer e JSNHE SHAED REPY ITMAX SUTI Sooi rHus TELS SHN SIS Sebis bemst S e Yoo T3 SH SMD chmp SoreS e Prims Yok Sveg® S $3010 SI0UD feees Semid Aades Suar SOtFd V44 RS Siuar $eivs Tetae LVUSG sivRe bt i =it devic bouad e it TA Sh0SE o043
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Elevation Fraction Depth Velocity Velocity Velocity
(ft) of Depth z ft/sec ft/sec ft/sec
(F1) ¥ =1.33" Y =4.00" Y =4,67"
=3} 207 71.59 0. 90 0.95 7.86 70323 8.4646
1.050° 71.%8 0.70 0. 75 7.51 b EE 8.27
71.17 050 0. 5% 6,53 5.72 7.47
71.07 Q.40 .42 b.2 S5.23 7. 03
TO. 96 Q.30 0,31 5.56 4,30 b b3
70.86 0,20 Q.2 Ge 00 4.14 &1l
70.81 015 CG.lb 4. 66 363 S5.97
70.75 0,10 0.1 4.44 3.19 5.31
T0.70 0,05 0.05 Z.84 .51 S5.13
FASIY-1¢ Z2.74
70,60 2.15
70.52 3.15
X=13Z0° 71.82 0,90 0.86 7.99 8.12 7.94
D=0.961° 71,353 Q.70 0.67 747 7. 4% 7 .48
71.14 0, 50 0. 48 b.75 G873 703
71.04 Q.40 Q.38 b6.47 6.71 b.63
7095 0,30 Q.29 S5.93 .13 b, 17
70.85 0. 20 0.19 S5.473 S.77 S.67
70,80 0.195 0. 14 4,97 5,28 5.08
70.75 0. 10 0,10 4,69 S 02 4.97
70.71 0,08 0,05 Z.95 4.21 4,44
704460 1.27
FOLET Z.11
FO.61 2.64
X=140" 71.60 0. 90 0.95 7.87 767 7. 58
D=1, 0547 71.359 Q.70 0. 74 743 720 7.42
71.18 Q.50 .53 & 49 b. 635 ba 57
7i.07 0. 40 0.4 bo23 .11 b, 02
7097 0. 30 0,32 S5.67 5,93 S5.33
70.86 0. 20 0.2 4,57 4,78 4,75
70.81 0. 18 0. 14 E.77 4,49 /.30
7074 Q.10 0.1 2,36 2.74 R
20,70 0. 08 0,05 .2
70.72 F.11
T0.FQ 3.44
FO.7E 0. 00
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RUN # 79 S=0,01180 Rock size 2 in.
=25 cts Temp. &8 F Thickness 6 in.
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Elevation Fraction Depth Velocity Velocity Velocity
(+t) of Depth Z ft/sec ft/sec ft/sec
(FE) AY=1,33" d¥Y=4.0" P¥=H,. 467"
X=120° 71.46 e G0 .64 S5.53 S.77 5.58
D=0.714° 71,32 0,70 0.50 H.13 5.28 S5.13
71.18 .50 .38 4,469 4,97 4,80
Fl.11 0. 40 0. 29 4,353 4.57 4,52
T1.03 Q. 30 .21 .74 4,27 4,27
70.946 0,20 0.14 .44 F.95 .95
70.93 G.15 .11 3.19 3.74 Z.b64
70.89 0. 10 Q.07 2.84 I.859 .44
70.864 O 05 .04 2. 64 B354 3.19
70.72 1.47
70.80 2. 64
TO.TF7 2.84
X=130° 71.44 G. 0 O.bH3 S.18 5.60
D=0, 7027 71,350 0,70 0, 49 4,69 5

o i
o

71,09 O 40 0.8 4.18 4.78
T1.02 0«20 Q.21 F.bb 4,30
70.95 0. 20 0.14 3.47 3.74

&

2
1
¥

PIM MWW B WA
[ P>
o 0

70.91 [ 0.11 2.88 3.70

70.88 0,10 Q.07 295 .89 - 95
70.84 0. 08 0.035 2.684 I.2 . 59
70.72 2,00

70.71 1.37
70.74 Q.90

i S Yousn sesok Nabar Shane e Soume Lo byard B} S R SR o0t LR BH4RE SSIOS ORGP BeSPE OB Bl et HURLA 00 B AP SN MBS0 PHERS SHLNL SHS0S SIS MRS Arree BBt DG S S SROR Apei U0 AP0 S SO SRS WM Al S4Bt S8 esLy M BHben SS0S MK 80 4SS Soris Voms oete Sment

X=1407° 7i.44 Q.90 0. b4 .33 S5.63 S.b35
D=0G.713° 71.320 0,70 0.50 5.13 .46 S.18
71.16 0. 50 0.3 4.635 S5.07 4.75
71.08 0. 40 0.2 4,27 4,52 4.33
71.01 0,30 0.2 5.81 40353 2.74
T0.94 0. 20 0.14 3.44 3. 66 E002
70.91 0. 13 .11 F.02 IS 2.74

70.87 0.10 0.07 2.74 3.019 2.43
70.84 Q.05 0.04 232 2.74 1.94
70.79 1.94

70.75 1.94

70.81 1.79
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RUN # 80 §=0,01870 Rock zise 2 in.
£=25 cfs Temp. &9 F Thickness 6 in.
S T T T I L o T I o R S i s o Lo Lo I T L Ty T T S L e N R B S s O S N N N S N T N N T s aT M s

Elevation Fraction Depth Velocity Velocity Velocity
{ftt) of Depth z tt/sec ft/sec ft/sec
(ft) VY=1.,33° Y=4.0" Y=&4,47°

Se0an 9oree setr 40iss Srves sesee Shomn rove SHetS Sy Herm Soa YT TRS? SN A0h AARS SRR SAARY DS RS Bévre et Demm Somme P W SRR TBemn Sy oo Lt Soeus 20O Sheon emer HHEY SObIn b Sty Semiy Seems e boves Svese MU SHMMS SN O SHVR SHHRY Sreie Sebet o SO SVe? S4B Stes Wi ek SrEnS ST Sk

X=120" 71.37 Q.30 0,55 6. 30 b 55 b.17

D=0.,612"° 71.25 Q.70 0.43 6,00 b.22 S.086
71.13 Q.50 0.31 5.53 5,83 5. 38
71.07 Q.40 0.25 .33 S.13 S.18
71.00 0, 30 0. 18 4,469 4,97 4,80
71.94 . 20 1.12 4.00 .33 4,44
70.91 0.15 Q.09 2.891 4,08 4.14
70.88 0.10 0. 06 3.36 3.81 Z.88
70.8%5 0.05 Q.03 3.10 3.74 3.848
70.73 2.07
70.85 F.81
70.75 0.73

X=130"° 71.36 Q.90 0.55 &.09 6£.55 &.5

D=0.6147 71.2 Q.70 0. 43 L -4 b. 59 b, 00
71i.11 Q.50 .31 S.23 S5.77 567
71.085 Q.40 0.25 4,73 D43 5.28
70.99 Q.30 0.18 4,33 4.91 5.08
70.93 Q.20 0,12 4,04 4,52 4,463
70.90 0.15 Q.09 z.88 4.14 1.464
T70.87 0.10 Q.06 3.81 3.81 0. 00
70.84 0.05 0O.03 .74 3.74 0. 00
70.84 0, 00
7072 2.54
7Q0.77

X=140" 71.33 Q.90 053 b.2 b. 63 b.b7

D=0, 5947 71.22 Q.70 0.42 S.77 b4 &. 173
71,10 0. 50 [ S.5 .63 5.72
71.04 0. 40 Q.24 5.02 .18 S5.473
70.98 0.0 .18 4.52 4,469 4,62
70.92 0,20 0.12 A.81 4,21 3.51
70.89 0.15 0,09 F.51 Z.81 2.93
70. 864 0,10 0.06 .02 a.81 2.32
70.85% 0,05 0,03 2.74 Zel1 1.64
70.80 2.07
70.78 2.54

70.78 1.04
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RUN # 81 S=0, 01205 Rock size 2 in.
E=50 cfs Twmp. 70 F Thickness & in.

s e bebeh Ao SSSAR £ HDE HOTD POBLL GaAa e S Sobbs B e v S4ree SYIAR Svent e W44al Moth LLYRE dShes GYRY SN NSRS St o Samte A4 W A WAUND LOALE FOLLe 40020 ARG (e Miste Lhaes e Rabee tavms Do ke {Smin Shibe Stk S900t SAOS ot S SarvS S PR HoR0 Somim SRR WS RS bt Hoore

Elevation Fraction Depth Velocity Velocity Velocity
(tt) of Depth Z ft/sec ft/sec ft/sec
($t) ¥Y=1,33" Y=4,0" Y=&.4677
X=120° 71.79 0.F0 0,97 7.51
D=1.078° 71,68 0. 80 0. 86 742 7.05
71.54 0.70 0,76 &H.81
T1.36 0,50 0. 54 6.4l

71.25 €, 40 Q.43 & . 00

71.14 Q. 30 0,32 5.43

71.04 Q.20 Q.22 S5.21 4.89 S 26
70.98 0,15 D.1b 4,446

TO.93 0,10 O.11 4,30

70.87 .05 0,05 4,00

7072 2. 07

cvtoe dmme o s Beent b Renst S SS4M Ses 40 e S4eme et v S SIOFE WU 40404 i SR Savel Besaf KeAde LS MARS Betie Thave S S S T s SHMD ST Sedes Babes ik Gm LAAMA Sebas e mess Bones Vesse Baeek Suis’ I Fednd G4 AF0S B T LA S3ine Piedn rens S et S Sonie e Bt

X=130" 71.74 Q.90 0.93 7035
D=1.0&60° 71.89 0.80 1.035 7.1 6.37
71.85 Q.70 0.74 b. 73
71.34 0. 50 0.53 6,39
71.23 Q.40 0. 42 &. 04
71.12 0.30 0,32 G5.53

71.03 0. 20 0,21 4.89 4.94 S5.23
70.97 0. 15 0.16 4,582
70.91 0. 10 G.11 4.%56
70.86 .05 0.05 .95

T0.6% 2.84

b sunte asass soost v aeses Baden WOR SHnS SePet SOME Siobe FEns SAmt dnmae b S4eeh SraSh Selal S S Sa600 Souts Grees omed bees MeMSS S0SLS St S Sdase Shaad eeB SRS Saban 44tn LAY imss tnmmd ks SUSID H00s epen SHeGt Slats Lles SN J04sh Sioas Saiad LSS SeSes MO TRIRE Smbet Uo0ew Vet Smas SOmid Shdem st hent Tebee

X=140" 71.76 0,90 Q.98 738

D=1.065" 71.65 0.80 0.85 720 7.16
71.35 0.70 0.7% &.95
71.33% .50 0.53 6. 43
71,23 Q.40 0. 435 &.11
7i.12 0,30 0. 32 5. 48

71.01 0. 20 0.2 4.635 4.97 5.18
70.96 0.15 0.16 4.60

70.91 0.10 0.11 4,36

70.85 Q.08 0. 05 3.6b6

70.76& 0.0
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CORPS OF ENGINEERS RIFRAP FROJECT
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RUN # 82
(=50 c+s

Elevation Fraction
of Depth

(ft)

71.469
71.50
71.30
71.21
71.11
71.01
70.97
70.92
70.87
70.75
70.82
70.78

Q.90
0,70
0L 50
0,40
Q.30
QL 20
0.135
0. 10
0,05

Z

&7 F

Rock size

2 in.

Thickness & in.

Depth Velocity

ft/sec

¥=1.33"

Velocity Velocity

e S v Soveh i Sy ol 4 PO S Yk M SHAAY Sotoe W Genee SHMS SO A Bhvoe St cheak boies M HRRS COARD POt o o St SORSe Satet Feee Shyed SmaR Cnbet Soess N AMAK Pebes ooy e et Baat WSy MadR e Mok FSred bR AL SH MBS L A MRS TG b S At St oot S

X=130"°
D=0.,9767

ostoe et X0une HoU4S $SRMR s Somn Saeh B GAet Seahd s Sasee S004S M) SUPes SO emes O RSN RS St SH et e Wi WA SRS SRS i MAaP: Biett S35 Sabne Skl USRS oS A S MpORS SO RS St Babie S804

X=140"

D=0, 9587

71.00
70.95
70.90
70.86
70.79
70.746
70.81

71.09
70.99
70.94
70.90
70.8%
70.80
70.77
70.82

0.90
0.70
0. 50
0. 40
0. 30
0.20
0. 135
Q.10
0,035

Q.90
Q.70
0. 50
0. 40
0. 30
Q.20
0.15
0. 10
.05

0,20
0.15

.29
.19
0.14
0. 10
0.05

B0 GO
RERARS

ft/sec tt/sec
Y=4,0° Y=&4,467°
7.461 7.99
733 7.54
b6.83 b.25
&.34 &.47
5.95 b B0
5. 48 I -¥4
.18 . 28
4.86 4,97
4,52 4,52
4,33
.19
768 7.89
7.36 7.61
&.81 7. 05
b.13 &6.97
5.93 ba17
.93 5. 4%
5.26 S5.23
4,60 4,69
4,52 4,24
3.84
.47
7.99 7.99
7 .40 7.61
6,87 6.99
b.bE &. 67
b 26 &30
5.589 G577
5.18 5.23
4,27 4,33
3. 44 2. 56
1.79
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RUN # 83 G=0,0172 Rock size 2 in.
=50 cts Temp., &7 F Thickness & in.

3200 vatos Yiuwe syabe gsude fomes trash bt sbie Y94 Jedms Lhoss Visss AR Tame mees e saN Pains pevby Srite 14K S070% Sridd F7ahd SHOR TGS MadE $UMNE SO (o0 SPED Shoss LUHI Febbe MOV GWES Aeews HCKS S TORSS WOSY $2000 i svees svses HDOs Sl Srhen hime SUMS Seme o Kaks S44ks Eaved Pt Sekas saeme Satar Wi shooy St
A N N I N L I A N I AR I N s I I o IR s Im s s sk s am an = g p=-4

Elevation Fraction Depth Velocity Velocity Velocity
(£t) of Depth Z ft/sec ft/sec ft/sec
(ft)  Y=1,33%° Y=4.0" Y=&.67"
X=1207° 71.864 0. 70 0. 82 8.0%9
D=0.913%° 71.55 0. 80 0.73 8.32 8.1%9
71.46 0.70 0. 464 7.468
71.2 0.30 0. 4é 7.14
7i.1% Q.40 0,37 6.83
71,09 Q.30 0.27 b.473
71,00 0.20 0.18 &, 06 %, 48
70.94 0,15 0.14 5.08
70.91 0.10 0. 09 4.75
70,87 0. 05 0.05 4.08
70.74 2,599
70.81 4,01
70,75 2.84
X=130° 7i.66 0.90 0. 85 7.96
D=0, 9437 71.88 0. 80 0,746 8.11 8.17
71.47 D.70 0. bbb 7. 65
71.2 0. 50 O.47 7.035
71.18 0. 40 0,38 6. 65
71.09 0. 50 .28 6. 08

i
o
o

71.00 0020 G.19 S.74 S 55 S.71
70.95 018 0.14 5. 23

TOL90 0. 10 0.09 4.86

70.95 Q0,05 0,05 4,57

TO.76 2.48

FOLT7E 1.04

70.79 1.47
X=1407 71.63% 0.90¢ 0.83 8.19
D=0, 928° 71.54 .80 G.74 7.94 8.32

71.17 0. 40 .37 b. 67

7i.08 Q.50 0.28 bH.13
70.99 0.20 0.19 .31 S5.758 5.81

70.94 0.15 0. 14 4.435
70.89 0010 0,09 4.27
70.85 0.05 0. 05 3.591
70.84 1.72

70.76 1.67
70.835 4,7

".'4
pe
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RUN # 84 8=0,01879 Rock size 2 in.
C=50 citg Temp. 6&68F Thickness & in.
Elevation Fraction Depth Velocity Velocity Velocity
{(+t) of Depth V4 tt/sec +t/sec tt/sec
(ft) VY=1,33E7 Y=4,0" Y=b4.67"
X=1207° 71.64 0.90 0.82 8.48
D=0Q.914"° 71.55 0, 80 0,73 8. 64 8.42
71.46 0,70 0.64 7.89
71.28 0,50 . 4b6 7.47
71.19 Q.40 0.3 &b
71.10 0,30 Q.28 & 00
71.00 Q.20 0.18 5. 58 S.51 T
T0.96 0.15 0.14 5.18
70.91 Q.10 Q.09 4.55
70.87 0.0% 0.05 3,.40
70.74 2.32
70.85 .40
70,72 2,07
X=130° 71.70 O, P00 0,90 g.04
D=0, 995" 71.60 0. 80 0.80 8.29 8.79
71.50 0.70 0.70 7.8
71.30 0. 50 0.50 b.67
71.20 Q.40 0. 40 b. 45
71.11 Q.30 0,20 5. 63
71.01 Q.20 0.20 S.91 Sl b R4
T0.96 0.15 0. 15 4.78
70.91 0,10 0. 10 4.40
70,86 Q.05 0.05 2.95
70,80 0. 00
TOL.75 0.90
70.74 1.79
X=140° 71.70 .90 Q.90 8.34
D=0, 2987 71.60 0.80 0. 80 8.61 8.45
71.50 Q.70 Q.70 8.14
7130 .50 Q.30 7a.3b
71.20 0.40 0. 40 7.18
71,10 Q.30 .30 .75
71.00 Q.20 Q.20 S.18 b.13 5.86
70.9%5 0. 15 Q.15 S5.081
70.90 0,10 0. 10 S5.48
70.85 0,05 0,05 4,80
70.80 3.06
70.77 4.464

70.81 3011
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RUN # 85 S=0, 00898 Rock size 2 in.
=75 cts Temp. 72 F Thickness & in.

ot verrs Poeed oy o Shse Jerie aanes sonte 4aM0s N crvm Bimte se SAVEY SSLNE Siok Souly WS S4ArE SNBR YO0an it ikl SMISS MRA Limae SRS SEUNE SAUS SN Tari SeNL S0LV Seow Sects ks Soits SSTok Srens RS oW Beied yed Sk
mNE NIRRT MmO RaImEmmommmR s m I I an a mm mm mam me  m sn mm  s

Elevation Fraction Depth Velocity Velocity Velocity
(ft) of Depth ¥ ft/sec ft/sec ft/sec
($t)r Y=1, 337 Y=4.07 Y=&4, 477
=] 20° 72,14 Q.90 1.34 VARET-) 7.99 7
D=1.492° 71.86 0.70 1.04 7.47 7.29 7
71.57 0. 50 Q.75 7.03 b.47 b.99
b6

71.42 Q.40 0. 60 &5 6. 00 « b3
71.27 Q.30 0. 45 5.86 G b3 6.04
71.12 0. 20 0,20 S35 S.07 S5.63
71.04 0. 15 0. 22 5.3 4.75 4.80

7O.97 .10 G158 4.380 4.2 4.4&%9
70.90 0. 05 0,08 .81 3. b6 4.14
70.70 1.27
70.74 1.94
077 3.19
130° 72.19 Q.90 1.38 7.22 7.60 7
1.837° 71.88 0.70 1.08 7.42 6. 65 7.25
71.58 .50 Q.77 b, F5 bHa.17 b. 99
71.42 Q.40 0.62 6. 63 5.93 6.45
71.27 0.30 O.46 b.19 5.3 b. 02
71.11 Q.20 0.31 5.79 4. &% 5.72

71.04 Q.15 0. 23 S5.08 4.44 5.21
TO.96 0. 10 0.15 4. 686 4.01 4.89
70.88 0,05 0. 08 3.36 3.3 4.24
70.87 2.98

70.87 2.584

70.70 2.37

X=140° 7217 Q.90 1.58 729 7.42 6,97
D=1.528° 71.87 D70 1.07 7.14 723 .12
71.56 0,50 0. 78 &5.735 b 54 6,53
7i.41 0. 40 Ouél ba. &S S PE b, 45
71.26 0L 30 D.46 &.02 .46 5e77
7i.11 0, 20 0,31 S.41 4. &0 4,72
71,03 0.1E Oe 23 e 10 4.21 4,30
70.95 0.10 0.15 4,46 3.88 T.59
70,88 0,05 Q.08 277 1.79 2.20
70.73 0. 00
TOL7E 1.2
70.81 1.64
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RUN # 86 5=0,01095 Rock size 2 in.
B=75 cts Temp. 72 F Thickness & in.
Elevation Fraction Depth Velocity Velocity Velocity
(ft) of Depth Z +t/sec ft/sec ft/sec
(ft) ¥=1.33"° Y=4,0" Y=4.,67°
X=120° 72,09 0.90 .2 . 2
D=1.40&" 71.95 0. 80 1.13 7.91 7.86
71.80 0.70 ¢.99 7 .45
71.52 0.50 0.70 7.10
71.38 0. 40 0. 54 6. 55
71.24 Q.30 .42 .22
71.10 Q.20 0.29 S5.33 5.48 5.79
71.0% 0.15 0.21 4,91
70.96 Q.10 0.14 4,55
70.89 0,05 .07 .81
70.72 Q. 00
70,47 1.72
TO.TA .2
X=130° 72.08 0.0 . 2 770
D=1.418° 71.74 0. 860 1,173 7 60 7. &5
71.80 0.70 Q.99 7 .56
71.82 Q.50 0.71 675
71.37 0. 40 0.57 6.28
71,23 0.3Z0 Q.42 S5.86
71.09 0.20 Q.28 S5.77 H5.18 5.71
71.02 0.1S 0.21 S.02
70.95 .10 0.14 4.72
70.88 02,05 0,07 4,01
70,83 2,352
70.75 1.16
079 F.06
X=140° 72.09 .90 1.28 8.19
D=1.419° 71.93 0. 80 1.13 7.65 768
71.79 070 0.99 7 . 80
71.51 0,50 .71 7. 0b
71.37 0.40 0.57 b 77
71.23 Q.50 Q.43 b, 02
71.08 Q.20 Q.28 5. 86 5.3 & 02
71.01 0.15 el Sal3
70.94 0. 10 0. 14 4,49
70.87 0,05 0. 07 F.95
70.73 259
70.80 I

TO.79 G, OO0
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RUN % 87 S=0, 01206 Rock size 2 in.
L=75 cts Temp. 73 F Thickness & in.
Elevation Fraction Depth Velocity Velocity Velocity
(+t) of Depth 1 ft/sec +t/sec +t/sec
(Ft) ¥Y=1.3%° Y=4,0" Y=b.67
X=120° TE.09 0.0 1,27 8.57
D=1.4107 71,95 O, 80 1.13 8.35 8,17
71.81 Q.70 0,99 7.61
71,55 Q.50 Q.71 &.79
71,738 Q.40 0,56 b6.59
71.24 0,30 Q.42 & OO0
71.10 0, 20 Q.28 .77 .53 &, 04
TL.0% 0. 15 0.2 5. 18
70.96 0. 10 0. 14 4,52
70.89 0.0% Q.07 , 2.74
J0.79 3.98
70.79 .11
FO.71 2. 48
1507 72.11 Q.90 1.51 8.38
1.44%° 71.96 0. 80 1.16 7.9% 8.01
71.82 .70 1.02 7.89
71.53 0. 50 Q.75 b, 95
71,358 0. 40 0. 58 b.71
71.24 4 T Y] Q.44 b 26
71.10 0,30 Q.50 S5.91 5. 58 .11

71.02 0.18 032 G.08
70.95 Q.10 015 4,52

70.88 0.05 0.0 4,08

TO.70 Z. 46

10.82 254

70.74 3011
X=1 407 T2.07 Q.90 1,327 8.47
D=1.41%"° 71.9% D80 1.13 8.12 8.22

TL1.79 070 0.99 7.89

71.51 OS50 071 7429

71,37 Q.40 0. 57 AR

T1.23 (.30 0. 42 b, 39

71.08 0,20 () &, 28 5.72 S.91

71.01 0.15 Ou 5475

70.94 Q.10 0.14 4,69

70.87 0.05 0O.07 4.14

70.72 0,735

T0.76 2.20

70.84 1.16
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RUN # 88 8=0.,01359 Rock size 2 in.
=75 cfs Temp. 73 F Thickness & in.

aouee looes verin Anowp tomer SrY Seeey oo Peste Sews besce mOm meow fmes chms Tme sevbe Shiaw bwed VY St Vebed ssbms Aomih Srred VASEY Pordh Uas oo Surte UMD $mes ke ety Mt diisy Fass eas i sorad sHVOH b Szt HES St Sedby Soode The Seres A SN S9mmr T ok VbR $sep Sores bl feard M Mabh siren e
T T R L I T I T I T T I I L S L T T T I T T T I S o L e e L T S O s am oM I s I I m I In a an m m pm s

Elevation Fraction Depth Velocity Velocity Velocity
{(ft) of Depth Z tt/sec ft/sec ft/sec
(+t) I¥=1.33" JDY=4.0" dY¥Y=4,.67°
20° 72,06 0. 70 1.2 8.70
. 582° 71,93 0. 80 1.11 8.45 8.45
71.79 0,70 Q.97 8.19
71.51 0. 50 0.69 7 .68

71.37 0. 40 0.55 G995
71.24 0. 30 Q.42 6.51
71.10 Q.20 0.28 S.921 5. 86 &.00
71,03 0.15 0.21 5.33

70.94 0. 10 Q.14 4.80

70.89 0. 05 0.07 4.46

TO.T75 1.04

7077 2.64

FO.75 O, 00
X=13507 7205 0.90 1.24 8.82
D=1.3777 71.91 .80 1.10 8.54 8.19

71.77 0.70 0.96 7.96

71.80 0. 50 Q. &9 7. 58

71.36 0.40 0. 55 7.2

71.22 0,30 0. 41 &85

71.08 0.20 0.2 « 26 6. 00

71.01 0.15 0.21 S. 475 b.2b
70.94 0.10 0. 14 4.75

70,88 0,05 0.07 4,353

70.59 0.73

70.75 A.28

7O.735 4.27

ot y00m aabe et anrem SoAM M ReBSE SEGmt SMALe MMM Akt VAR SS54P S1008 S0 $604s S804 URASY b BHAIR 9004B ol et Udeda F5dum e ok Reook SR 200k bt FONRA SBERS S et Sheve Fobep hiouk Boeut Fhos Cemre Ghavy S%IRS Wk SAUOK S SHEeD IDIES SR SHBCe 4RRIY SemSE SRR S Feint Wmdh Shbeb S Hhe S Beiee e

X=140° 7202 .90 1.22 8.808
D=1.20&7 71.88 0.80 1.08 8.22 j. 58
71.75 0O.70 0.935 8.35

71.48 0. 50 .68 7.58
71.34 0.40 0.54 729

71.21 0. 30 Q.41 &. 95
71.07 0. 20 0.27 6.17 &, 09 D23
71.00 Q.13 0. 20 5. 50
7¢6.94 0.10 0. 14 5. 08
70.87 0.05 0.07 4.27

70.75 1.64
70.76 3.356
70.81 2.83
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RUN # 89 S=0, 01565 Rock size 2 in.
P=75 cfs Temp. 75 F Thickness & in.
Elevation Fraction Depth Velocity Velocity Velocity
(ft) of Depth Z ft/sec ft/sec tt/sec
(ft) Y=1,33° Y=4,0" Y=b,.67°
X=130° TELOF 0.90 1.2 F.06
D=1, 399° 71.9% 0. 80 1.12 a.9% P05
71,79 .70 0.98 8,357
71.51 0.0 Q.70 7.72
71.37 0. 40 0. 56 7.00
71,25 0.30 Q.42 b.71
71.09 0.20 0.28 b.22 S5.48 5.67
71.02 0.15 0,21 4.91
70.95 0. 10 0.14 4,55
70.88 0,085 0.07 2.44
70.75 2.54
70.80 1.2

70.72 .02

it S saboe o0 et SO0OD OENS COPOE 000 PR S Sehrt PN e Farkd SOFES SHOE kel 44 SRS FntSh bhate o Sihtn L4AAC Fomte i marme S S0 Ykl $4048 SOUCH SOTIS FHED L61 SARAR S48 o FAHR SR PSSR SRt MM SIS THONL S fimbe Boage Sy faben SN JAAt) BAek Seady SR s MRS Lhiat SHUTL YRR Soben seies



CORPS OF ENGINEERS RIPRAF FPROJECT
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RUN # 20 =0, Q0RB&S Rock size 2 in.
@B=100 cts Temp., 77 F Thickness & in.
Elevation Fraction Depth Velocity Velocity Velocity
(ft) of Depth Z ft/sec ft/sec ft/sec
(ft) Y=1.33° Y=4,0" Y=b,67"
X=120"° T72.45 Q.70 1.63 8.67 8.75 7 .68
D=1.80%" 72.08 0.70 1.26 8.5% 8.01 7.91
71.72 0. 50 0. 90 T.99 7.67 736
71.54 .40 .72 727 7.05 7.05
71.36 0.30 0. 54 b.75 .65 b.59
71.18 Q.20 0. 36 b 30 &. 08 6. 02
71,09 0.15 0.27 6.24 S.41
71.00 0. 10 0.18 5.70 S5.18 e 02
70.91 0.05 0. 09 S5.05 .74 4,01
70.75 2.84 Q.00
F0.82 2.74
70.77 1.357
X=1307° 72.44 0.0 1.63 7. 5b 8.82 7.68
D=1.816" 72.08 0,70 1.27 7.47 B.22 7 .82
71.71 Q.50 0.91 b. 99 7. 4% 7.51
71.53 Q.40 0,735 6,51 7 .03 7. 06
71.35 Q.30 0. 55 5.81 b.55 b, A9
71.17 0,20 0. 36 S.48 5.86 S5.67
71.08 0.15 0.27 SG.13 S5.48 5.18
70.99 0. 10 0.18 4,63 4.86 4,91
70,90 Q.05 .09 2.93 4,21 Z.44
TO.7E 0. 00
70.75 2,64
70.72 1.47
X=140° 2.43 0. 90 1.62 7.68 8.82 7 . 60
D=1, 80357 TE.Qb 0.70 1.26 7« 68 8.27 7 .94
71.70 0.50 0.90 7.235 733 7.68
71.852 0. 40 0.72 7.10 &.95 7.14
71.34 0. 30 0. 54 6,735 b.b1 b.53
71.16 Q.20 0,356 S O 5.58 S.97
71.07 0.15 Q.27 5. 00 .13 S.26
70.98 0. 10 0.18 4,77 4.91 463
70.89 0,05 0,09 4.14 Z.15 .28
TOLTT x.28
7074 0. 00

70.78 1.1i&6
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RUN # 91 8=0, 00938 Rock size 2 in.
G=100 cts Temp., 77 F Thickness & in.
SR S R S S0 T SIS 250 4020 0 02 S 2R M I e e e e e e T
Elevation Fraction Depth Velocity Velocity Velocity
(+t) of Depth Z ft/sec ft/sec ft/sec
(f£) DY=.133" DY¥=4,0" JY=h.67°
X=1207 72.4% 0.90 1.61 7.86 8.61 7.96
D=1.786" 72.07 0.70 1.25 7.82 g.32 7.99
71.71 0.50 0.89 7.591 7.58 7.43
71.83 Q.40 Q.71 6.83 7.06 b. 71
71.36 0. 30 0.54 6.47 6.34 6. 39
71.18 Q.20 0.36 Seb3 5.91 S.86
71.09 0.15 0.27 5.38 S5.77 5.48
71.00 0.10 0.18 4.52 5,23 S5.12
70.91 0.05 0. 09 2.99 4,33 4.08
70.81 1.04
70.82 4.14
70.79 1.27
X=130° 72,43 Q.90 1.463 7.79 8.82 7.82
D=1.80&" 72,07 Q.70 1.26 7.89 8.16 g.16
71.71 Q.50 0. 90 7.51 7.68 7.61
71,5853 0. 40 0.72 7.29 7.47 7.18
71,35 0. 30 0. 54 H.83 6. &HO 6.51
71.17 0. 20 (1) 6.00 S5.72 5. 90
71.08 0.15 0.27 S5.28 Se23 5.598
T0.99 0. 10 0.18 4.91 4.91 4,57
70.90 0,05 0.09 4,33 4,52 3.80
70.8%5 3.73
70,70 1.04

70,73 2.07
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RUN & 92 8=0,01084 Rock size 2 in.
=100 cts Temp. 77 F Thickness & in.
Elevation Fraction Depth Velocity Velocity Velocity
($t) of Depth Z ft/sec ft/sec tt/sec
(Ft)  D¥Y=, 133" d¥=4,.0" QdY¥Y=4.67"
X=120° 72,73 Q.90 1.54 7.18
D=1.7147 72.19 0,80 1.37 8.48 8.45 8.51
2.02 Q.70 .20 7.96
71.68 0.50 0. 86 703
71.51 Q.40 0.&9 ; b.75
71.33 0,30 0.51 6,08
71.16 0. 20 0.34 5.95 S5.72 b 26
71.08 D15 Q.26 H5.08
70.99 .10 0.17 4,52
70.91 0. 05 Q.00
70.71 4,01
70,84 1.04
70.72
X=130° 72.37 0.90 1.56 8.97
D=1.733%° 72.19 0,80 1.39 8.26 8.35 8.51
72.02 Q.70 21 7.92
71.67 0.30 0.87 7.14
71.49 0. 40 0.69 b.59
71,33 0,30 0,52 S5.81
71.15 0. 20 0,35 &. 22 S5.38 &.87
71,07 0.15 0,26 S5.02
70.98 0.10 0.17 4. 44
70.89 Q.03 2.74
70.82 0.00
70.74 3.28
70.78
X=140° T2.32 0,90 1.52 .41
D=1, 485" 72.15 0.80 1.35 g.48 8,70
71.98 .70 1.18 8.91
71.64 0.50 0.84 8.19
71.47 0.40 O.67 7 .68
71.31 0.30 0,51 7.06
71.14 0. 20 0.34 6. 22 5.86 6,43
71.05 0. 15 0,25 5. 53
70.97 0,10 0.17 4,67
70.88 0. 05 0. 08 .88
TO.T7E 2420
T0.74 3.36
70,735 .11
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Rurnn # 93 5=0.01189 Rock size 2 in.
B=100 cfs Temp. 75 F Thickness & in.

Elevation Fraction Depth Velocity Velocity Velocity
(t+t) of Depth Z ft/sec ft/sec ft/sec
(FL)  DY=1.33" DY=4.0" d¥Y=L.67"
X=120° 2.32 0.0 1.50 ?.35
D=1. 6637 72.15 Q.80 1.3% 8.32 8.50
71.98 0.70 1.16 8.97

71,65 0.50 0.85 8.2

71.49 0.40 .67 7 .54

71.352 Q.30 0. 50 4.91

71.15 0.20 0.33 6.02 6,22 5. 60
71,07 Q.15 0.25 S.72

70.99 0.10 0.17 5.43

70.90 Q.05 0.08 4,91

70.73 2.99

TQ.7E 3.80

0T <.48
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X=130° 72.35 0.0 1.54 .15
D=1.714° 72.18 0. 80 1.37 » 32 8.61
72,01 0.70 1.20 8.57

71.60 0.50 0.80 7.86
71.4%9 0. 40 0. 69 7.25

71.32 .30 0.31 6.71
71.15 0. 20 0,54 H5.97 22 6. 22
71.06 0.15 0.26 5.98
70.98 Q.10 0.17 S.2
70.89 0.05 0. 09 4.2

70.80 Iubb
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X=140° F2.E Q.70 1.5% .21
D=1.716° T2.17 0.80 1.738 8.591 8.73
72,00 e 70 1.21 8.61
7i.66 0.50 0.86 8.02
71.4%9 e 40 0,69 7.43
71.351 0. 350 0. 52 6.71
71i.14 0,20 Q.35 &H. 06 S5.91 &.24
T1.08 018 0.2 .43
70,97 0. 10 .18 4,75
70.89 0. 08 0. 09 4,08
70,78 4,353
FO.76 2.54

70.81 1.14
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Run # 94 S=0., 01300 Rock size 2 in.
G=100 c+s Temp. 75 F Thickness & in.
Elevation Fraction Depth Velocity Velocity Velocity
(ft) of Depth Z tt/sec ft/sec ft/sec
(£t) dY=1.33°> d¥=4.0" J¥=b.s7’
X=120° 72.24 0.90 1.42 10,00
D=1,572" 72.08 0.80 1.26 .2 Q.27
71.92 Q.70 1.10 P2
71.61 .50 0.79 8.67
71.45 Q.40 Q.63 8.29
71.29 0,30 0.47 733
71.13 0. 20 0,31 b. 63 &a34 b 55
71.06 0.15 0.2 6. 22
70.98 0,10 0,16 5.72
70,90 0. 05 0. 08 S5.13
TO.T7H 2.32
70.76 2.93
70.463 Q.00
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APPENDIX C

VELOCITY PROFILES

Test Riprap Riprap Run Numbers
Series Size Thickness
# in. in.
1 1 2 7, 23, 27, 31
2 1 2 37, 40, 41, 45
3 | 3 56, 57, 60, 64
4 2 4 67,72, 74, 76
5 2 6 84, 88, 93
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