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FORWARD 

This study was performed under a contract titled "Stability Tests of Riprap in 

F load 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 l 

INTRODUCTION 

1.1 §ackground 

This study is a continuation of the work to determine the point 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 l 981 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, "St.ability 

Tests of Riprap in Flood Control Channels," was prepared by A. A. Fiuzat, Y. H. 

Chen and 0. 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 "198 3 Report" throughout this new report (198 5 ). 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 d = 1.0 in. and 
50 

the other had a d = 2.0 in. Both riprap sizes had the E TL 1110-2-120 gradation 
50 

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



2 

shown in Figure l. l. 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 2d and then at Jd . The failure 
50 50 

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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CHAPTER 2 

EXPERIMENT AL PROGRAM 

The experimental program conducted for this phase of the riprap study 

generally follows the procedures and methods described in the l 982 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 .. l 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 60), rocks of 6 to l 0 in .. in diameter were cemented to the 

flume floor. The 40 ft transition section (from Station 60 to station 100) was made 

of l in. rocks cemented to the flume floor. For the remaining runs (from run 1119 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 

l l 0.. 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. 



2.2 Material 

Crushed limestone was used as the riprap material. The specific gravity of the 

d = l in. rocks was 2.68 and the d = 2 in. rocks was 2.64. The gradations of the 
50 50 

riprap material tested are shown in Figure 2. l. The gradation of d
50 

= l in. riprap 

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

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

of d /d of the riprap material are presented in Table 2. l. In this Table the 
95 15 

values of d /d of the riprap material of the 1982 Report (for d = 1 in) and the 
95 15 so 

l 983 Report (for d = 2 in) are also presented. 
50 

l able 2.1 Values of the d /d of the riprap material of this (1985) Study and 
85 15 

the 1982 and 1983 Reports. 

1 his Study ( 1985) 1982 Report 1983 Report 

d (in) 2 l.87 
so 

d /d (in) 
SS l.5 

2.0 2.4 2.8 4.4 

For the first series of tests (d ::: l in., runs ti 1- 31) the riprap material 
50 

consisted of about 10 percent (by weight) flat rocks. The flat rocks were removed 

the first series of tests. For the rest of the runs, the riprap material met the 

;hape criteria of the Army Corps of Engineers. These criteria (C.O.E. Report -

E.m l l l0-2-1601, 1970) are: 

1. The stone shall be predominately angular 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. 
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2. 3 Testing Procedure and Data Collection Proqram 

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 2d and 3d . so so 

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

procedures: 

( l) The flume was set to the horizontal position. 

(2) Water was added to the flume until about 90% of the rocks were covered 

with water. 

(3) The elevation of the water surface was measured along the flume at I 0 ft 

intervals; at the locations where flow depths were measured. 

(4) 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. 

Test Run 
Series II 

II 

2 

3 

4 

5 

1-31 

32-45 

46-64 

65-78 

79-94 

Median 
Size (in) 

(in) 

2 

2 

Table 2.2 Methods of Testing 

Rip rap 
Thickness 

2 

2 

3 

4 

6 

Velocity Data 
Collected By 

Ott Meter 

Ott Meter 

Pitot Tube 

Pitot Tube 

Pitot Tube 

Remarks 

Data collection was 
similar to the previous 
reports. 

Repeating the series 11 l 
after removing flat rocks. 

Flat rocks were removed. 

Flat rocks were removed. 

Flat rocks were removed. 
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As shown in Table 2.2, the test procedure for the riprap of d = 1 in. and 
so 

thickness = 2 in. was similar to that of the 1982 and 1983 Reports. For test series 

No. 3 to 5, a pi tot 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, 0.90 

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 pi tot 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 

DAT A 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 1111 (d = 2 in, 2d thick riprap) failure was not observed when the 
50 50 

flow rate was 25 cfs and flume was at its maximum slope (about 1.9 percent). When 

the riprap thickness was increased to Jd , failure did not occur at flows equal to or 
50 

less than 50 cfs and maximum flume slope (run lls 80 and 84). Run 1184 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. 

l) Using Manning's roughness factor for riprap surface 

2) Using Darcy-Weisbach friction factor for rip rap surface 

J) Using velocity distribution equation 

J. l 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 nb is presented in the 1982 Report (p. 19). This method is a 

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, i:b, and bed Shield's coefficient Cb. The 

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: 

where 

l.49 R'/, S 1/z 
n = V 

R w = n 3/2 
w 

(3.1) 

(3.2) 

(3.3) 

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

v 
s 
p 
Pb 
PW 
R 
Rb 
Rw 
w 
0 

= = 
= 
= 
= 
= 
= 
= 
= 
= 

wall respectively 

average velocity of flow in fps 
channel slope in ft/ft 
wetted perimeter of channel = w + 20, in ft 
wetted perimeter for bed = w, in ft 
wetted perimeter for walls = 20, in ft 
hydraulic radius of channel = A/p = w0/(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 
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Substituting the values of pb = w = 8 ft, P = 20, and n = 0.012 (for smooth painted w w 
wall and plexiglas, Chow, 1959, p. 110 -111) in equation cs. 3) results in 

(3.4) 

The value of nb calculated from equation (3.4) can be used to calculate the vlaues 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. 

2. Calculate nb from equation (3.4). 

3. Calculate Rb from equations (3.2) for known values of Rand n. 

4. Calculate average shear stress on bed using the relationship 

Tb= Yw Rb 5 (3.5) 

where y w is the unit weight of water. 

5. Calculate Cb using the relaionship 

(s-1) d so 
(3.6) 

where Ys is the specific weight of rock, s is the specific gravity of rocks (Y/Yw), 

and d is median size of the riprap in ft. so 

The values of n, nb, 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 coefficitml. for 

incipient failure runs will be termed the bed critical Shields' coefficient; the bed 

critical Shields' coefficient calculated by this method (using Manning's roughness 

factor) will be denoted by ccn· 
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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: 

C = OS 
(s - l} d

50 
(3.7) 

The values of C for incipient failure runs will be termed the overall critical Shields' 

coefficient and will be denoted by C . c 
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: 

1. Anderson et al. ( 1970} equation 

n = 0.0395 d 
50 

where d is in feet, and 
50 

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

n = d 
116 

/26 
90 

wtu~re d is in meters. 
90 

(3.8} 

The results in Table 3.6 show that l} the values of n obtained by Anderson et al. 

equation are in agreement with the values of nb 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: 

n = d 116 /22.4 (d in meters) 
90 90 

(3.10) 

The coefficient 1/22.4 was obtained by calculating the corresponding coefficient of 

Strickler's equation for each nb 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 Overall 

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

cfs s V ,fps D , ft F ft R, ft n nb 1'> ~ ft Cb sq. ft c 
•=•==•2=•=========•======••••••=====••==•====•••••=•••••••==s=•••••••••••••••=••••••••=••••••••••••••=•=•••=•••••••••••••s=••• 

1 25 0.0031;1 2.51 1.213 0.40 10.55 0.966 0.034 0.040 1.209 0.032 0.033 
2 25 0.00490 3.55 0.906 0.66 9.81 0.739 0.024 0.026 0.841 0.030 0.032 
3 25 0.00617 3.81 0.846 0.14 9.69 0.698 0.024 0.026 0.793 0.035 0.037 
4 25 0.00749 4.22 0.145 0.86 9.49 0.628 0.022 0.024 0.699 0.031 0.040 
5 25 0.00872 4.45 0.714 0.93 9.43 0.606 0.022 0.024 0.612 0.042 2 o.ou 

f 6 25 0.01012 4.59 0.689 0.91 9.38 0.588 0.023 0.025 0.651 0.047 23 0.050 
• 1 25 0.00869 4.11 0.114 0.99 9.43 0.606 0.021 0.022 0.661 0.041 0.044 

----------------------------------~-------------------------------------------------------------------------------------------
28 50 0.00409 3.85 1.386 0.58 10.11 1.029 0.025 0.029 1.269 0.031 0.040 
29 50 0.00490 4.30 1.262 0.67 10.52 0.959 0.024 0.021 1.152 0.040 o.ou 
30 150 0.00561 4.16 1.252 0.115 10.50 0.954 0.023 0.026 1.137 0.046 0.03 0.050 

• 31 50 0.00561 5.0~ 1.262 0.19 10.52 0.959 0.021 0.024 1.135 0.045 0.051 
----------------------------------~-------------------------------------------------------------------------------------------20 75 0.00284 5.03 2.018 0.62 12.0, 1.3U 0.019 0.022 1.684 0.034 0.041 

21 75 0.00333 5.14 1.886 0.66 11.71 1.282 0.020 0.023 1.600 0.038 0.045 
f 22 15 0.00407 4.64 1.802 0.61 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 11.11 1. 281 0.021 0.024 1.615 0.040 0.046 

24 100 0.00225 4.86 2.479 0.54 12.96 1.530 0.019 0.023 2.014 0.032 o.o,o 
25 100 0.00266 4.62 2.397 0.53 12.79 1.499 0.022 0.021 2.030 0.039 0.046 
26 100 0.00308 5.15 2.286 0.60 12.57 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 1.475 0.022 0.026 1.918 0.045 0.7 0.053 
------------------------------------------------------------------------------------------------------------------------------

f Failure conditions 
• Incipient failure conditions 

Table 3.1. Calculation of Manning's and Shields' Coefficients For Riprap of d = l in. and Thickness = 2 in. so 

~ 

(J'1 



Bo11inal Wetted Overall Bed Bed Bed overall 
Run discharge Pluae Average Average Proude pre11eter Hydraulic Manning Manning hydraulic Shields Area Shield• 

• Q •lope velocity depth nwaber p-w+2D radius coef. coef. radius coef. washed coef. 
cfs s V , fP• D , ft r ft R, ft n nb Rf>·. ft Cb sq. ft c 

·························--·-································································-·········=······················ 33 
3' 
35 

t 36 
• 37 

f 32 
• 41 

25 0.00998 
25 0.01088 
25 0.01186 
25 0.01337 
25 0.01204 

50 0.00558 
50 0.00'75 

..... a; 
4.51! 
4.72 
4.95 
4.77 

... 90 
4 •. 71 

0.68' 
0.703 
0.612 
0.618 
0.651 

1.300 
1.353 

0.94 
0.95 
1.01 
1.11 
1.04 

0.76 
0.71 

9.37 
9.U 
9.34 
9.2' 
9.30 

10.60 
10.71 

0.584 
0.598 
0.575 
0.535 
0.560 

0.981 
1.011 

0.024 
0.02' 
0.024 
0.023 
0.023 

0.022 
0.022 

0.025 
0.026 
0.025 
o.ou 
0.025 

0.025 
0.025 

0.648 
0.667 
0.637 
0.587 
0.617 

1.115 
1.215 

0.0"6 
0.052 
0.054 
0.056 
0.053 

0.047 
0.0'1 

1.2 
2.7 

10.8 
2.5 

0.049 
0.055 
o.on 
0.059 
0.056 

0.052 
0.046 

----------~----------------------------------------------------------------------------------------------------------------~--t 38 
t 39 
• 40 

42 
'3 

t " • 45 

75 0.00402 
75 0.00317 
75 0.00345 

100 0.00314 
100 0.00403 
100 0.00'36 
100 0.00354 

t Failure conditions 

5.02 
5.00 
4.8' 

4.97 
4.90 
5.20 
5.09 

• Incipient failure conditions 

1.832 
1.8'2 
1.918 

2.371 
2.415 
2.210 
2.332 

0.65 
0.65 
0.62 

0.57 
0.56 
0.62 
0.59 

11.66 
11.68 
11.8' 

12.14 
12.83 
12.'2 
12.66 

1.257 
1.261 
1.296 

1.489 
1.506 
1.424 
1.'73 

0.022 
0.021 
0.021 

0.022 
0.025 
0.024 
0.023 

0.026 
0.025 
0.025 

0.027 
0.032 
0.029 
0.028 

1.599 
1.597 
1.659 

2.013 
2.119 
1.931 
1.999 

Table 3.2. Calculation of Manning's and Shields' Coefficients for Riprap of d = l in .. and so 
Thickness= 2 in. (after removing flat rocks). 

0.046 
0.043 
0.041 

0.045 
0.061 
0.060 
0.051 

0.4 
0.1 

11.1 
2.5 

0.053 
0.050 
0.047 

0.0&3 
0.010 
0.069 
0.059 

-..t 

°' 



Nominal Wetted Overall Bed Bed Bed overall 
Run discharge Pluae Average Average rroude premeter Hydraulic Manning Manning Hydraulic Shield• Area Shield• 

• Q elope velocity depth number p•w+2D radiue coet. coef. radius coef. washed coef. 
cte s V ,fpe D , tt r ft R, ft n ~ Rb' ft Cb eq. ft c 

····--·····················-·······················································-································---······· •6 
41 
48 

• 57 
f 58 

•9 
50 
52 

f 53 
f 54 
f 55 
• 56 

25 0.00880 
25 0.01011 
25 0.01313 
25 0.01475 
25 0.01626 

50 0.00526 
50 0.00636 
50 0.00726 
50 0.00802 
50 0.00732 
50 0.00732 
50 0.00641 

,,37 
•• 61 
5.02 
5.02 
5.52 

,,9, 
5.36 
5.7• 
5.66 
5.64 
5.03 
5.11 

0.720 0.91 9.U 
0.688 0.98 9.38 
0.640 1.11 9.28 
0.625 1.12 9.25 
0.568 1.29 9.14 

1.268 0.77 10.5• 
1.169 0.87 10.34 
1.096 0.97 10.19 
1.095 0.95 10.19 
1.111 0.94 10.22 
1.245 0.79 10.49 
1.231 0.81 10.'6 

0.610 0.023 0.025 
0.581 0.023 0.024 
o.&52 0.023 0.024 
0.5U 0.02.f. 0.026 
0.497 0.022 0.023 

0.963 0.021 0.024 
0.905 0.021 0.023 
0.860 0.020 0.022 
0.860 0.021 0.02' 
0.869 0.021 0.023 
0.949 0.02.f. 0.028 
0.9U 0.023 0.025 

0.679 0.0'3 
0.649 0.0•7 
0.606 0.057 
0.595 0.063 
0.539 0.063 

1.139 0.043 
1.053 0.048 
0.987 0.051 
0.996 0.057 
1.004 0.052 
1.14' 0.060 
1.118 0.052 

23 

37.• 
2.3 
3.7 

o.oo 
0.050 
0.060 
0.066 
0.066 

0.048 
0.053 
0.057 
0.063 
0.058 
0.065 
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 0.00517 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 5.50 1.714 0.74 11.'3 1.200 0.024 0.028 1.533 0.068 '9.5 0.076 

------------------------------------------------------------------------------------------------------------------------------62 100 0.00406 4.63 2.513 0.51 13.03 1.5'3 0.027 0.035 2.232 0.065 0.073 
t 63 100 0.00'57 5.25 2.210 0.62 12 .'2 1.424 0.024 0.030 1.937 0.063 2 0.072 
• 64 100 0.00409 5.10 2.298 0.59 12.60 1 . .f.60 0.024 0.030 2.002 0.058 0.067 

------------------------------------------------------------------------------------------------------------------------------f Failure conditions 
• Incipient failure condition• 

Table 3.3. Calculation of Manning's and Shields' Coefficients for Riprap of d = l in. and 
50 Thickness = 3 in. 

"""'-J 



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. 
ct• s v ,tp• D , ft r ft R, ft n n,_ R • ft c aq. ft c 

·····················································································-'*······~---·······u .................... . 
16 
17 

u.e 0.01193 
2!L2 0.01858 

•• 55 
5.27 

0.681 
0.598 

0.97 
1.20 

t.38 
9.20 

O.H2 
0.520 

0.025 
0.02& 

0.027 
0.027 

0.&25 
0.55• 

0.027 
0.038 

0.030 
0.0•1 

------------------------------------------------------------------------------------------------------------------------------65 50.1 0.00998 5.03 1.246 0.79 10.49 0.950 0.029 0.033 1.089 0.040 0.0'5 
66 50.0 0.01318 6.13 1.019 1.01 10.0• 0.812 0.025 0.028 0.901 0.045 0.051 

• 61 50.2 0.01519 6.36 0.981 1.13 9.91 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 0.83 .. 0.055 0.061 

t 69 50.3 0.01888 6.63 0.9'8 1. 20 9.90 0.766 0.026 0.029 0.841 0.059 59.8 0.065 
t 18 50.2 0.01579 6.14 1.022 1.07 10.0• 0.814 0.027 0.030 0.908 0.052 5.5 0.059 

------------------------------------------------------------------------------------------------------------------------------f 70 
71 

• 72 

13 
• 1• 
t 75 

75.0 
75.1 
77.5 

100.5 
100.2 
101.0 

0.01110 
0.00781 
0.00937 

0.00731 
0.00840 
0.01066 

t Failure condition 

6.65 
6.33 
6.81 

6.43 
6.62 
1.00 

• Incipient failure conditions 

1.UO 
1.483 
1.'23 

1.95• 
1.891 
1.80• 

0.99 
0.92 
1.01 

0.81 
o.85 
0.92 

10.82 
10.97 
10.85 

11.91 
11. 78 
11.61 

1.043 
1.082 
1.050 

1.313 
1.28' 
1.2'3 

0.024 
0.022 
0.022 

0.024 
0.02• 
0.025 

0.028 
0.025 
0.025 

0.028 
0.029 
0.030 

1.197 
1.236 
1.193 

1.57• 
1.537 
1.'8 .. 

0.049 
0.035 
0.0•1 

o.ou 
0.0•1 
0.058 

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

64.1 

27 

0.057 
o.ou 
0.049 

0.052 
0.058 
0.010 

co 



---------------------------------------------------------------------------------------------------~--------------------------Hoainal Netted Overall Bed Bed Bed overall 
Run discharge Plume Average Average l'roude premeter Hydraulic Manning Manning Hydraulic Shields Area Shielda • Q slope velocity depth number p•w+2D radius coef. coef. radius coef. washed coef. 

cfs S V ,fps D , ft r tt R, ft n nb I\,, ft c b sq. ft C 
···············-······················-······················································································· 79 H 0.01110 4.'2 0.110 0.92 t.'2 0.103 O.OH 0.028 0.651 0.028 0.031 

80 25 0.01870 5.17 0.607 1.1'1 9.21 0.527 0.026 0.027 0.563 0.039 0.0'2 
------------------------------------------------------------------------------------------------------------------------------81 50 0.01205 5.90 1.068 1.01 10.14 0.843 0.025 0.028 0.9'0 0.0•1 0.047 

82 50 o.ouso 6.47 0.966 1.16 9.93 0.718 0.02' 0.021 0.858 0.0'8 0.055 
83 50 0.0172' 6.'16 0.928 1.2' 9.86 0.753 0.02' 0.026 0.82'1 0.052 0.059 

• 84 50 0.01819 6.61 0.9'10 1.18 9.9' 0.'181 0.026 0.029 0.866 0.059 0.06'1 
------------------------------------------------------------------------------------------------------------------------------85 15 0.00898 6.19 1.519 0.89 11.04 1.101 0.02' 0.028 1.276 0.0'2 0.050 

86 75 0.01095 6.58 1.414 0.98 10.83 1.045 0.02' 0.028 1.200 0.0'8 0.057 
81 75 0.01206 6.63 1.'23 0.98 10.85 1.050 0.025 0.029 1.212 0.053 0.063 

• 88 75 0.01359 6.8~ 1.3'12 1.04 10.14 1.022 0.026 0.029 1.175 0.058 0.068 
f 89 '15 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 0.027 1.'69 0.047 
91 100 0.00938 6.96 1.'196 0.92 11.59 1.239 0.02' 0.028 1.468 o.oso 
92 100 0.0108' 7.39 1.711 1.00 11.'2 1.198 0.02' 0.028 1.•oa 0.056 

• 93 100 0.01189 'l.'4 1.698 1.01 11.•0 1.192 0.025 0.029 1.405 0.061 
f 9• 100 0.01300 8.02 1.n2 1.13 11.14 1.128 0.023 0.027 1.306 0.062 

f Failure conditions 
• Incipient failure conditions 

Table 3.5. Calculation of Manning's and Shields' Coefficients for Riprap of d = 2 in. and 
50 

Thickness = 6 in .. 

0.057 
0.062 
0.068 
0.01• 

15 0.015 

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

Test 
Series 

# 

Riprap Size Experimental data Anderson Modified 
d 50 d 90 n b n b et al. Strickler Str ickle? 
in. in. range avera~e equation equation equation 

================================================================== 
1 
2 
3 

1,2,3 

4 
5 

4,5 

1 
1 
1 
1 

2 
2 
2 

1.3 .022-.029 
1. 3 . 024-. 032 
l.3 .022-.035 
1.3 .022-.035 

1.3 .025-.033 
2.9 .026-.032 
2. 9 • 025-. 033 

0.026 
0.026 
0.026 
0.026 

0.028 
0.028 
0.028 

0.026 

0.029 

0.022 0.025 

0.025 0.029 
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3.2 Calculation of Bed Critical Shields' Coefficient Using Darcv-Weisbach Friction 

Factor For Riprap Surface 

This method is similar to the method presented in Section J. l, I.hat. 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 hydn-tulic parameters while in this section thr! 

Oarcy-Weisbach equation is used to describe such a relationship. The develoµrnent 

of the equations for this method are presented in the 1982 Report (p. 22). The 

resulting equations are: 

(s- l) d 
50 

C cf = Cb for incipient failure runs 

where 

v2 a= 
gSR 
f = 

Rw .ft. 
-f-= f 

w 

= bed Shields' coefficient 
= bed critical Shield's coefficient 
= hydraulic radius for bed in ft 
= channel hydraulic radius in ft 

(3.11) 

(J.12) 

(J.13) 

(J.14) 

= Darcy-Weisbach friction factor for the flume, bed and wall 
respectively = Reynolds number for channel and wall respectively 

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

failure conditions (C cf) are presented in Table 3. 7. 



Riprap Nominal Overall Overall Wall Bed Bed Bed 
median Riprap discharge Run Flume Average Average hydraulic Reynolds friction friction friction hydraulic Shields 

size thickness Q # slope velocity depth radius number factor R/f factor factor radius 
in. in. ofs s v, fps D, ft R, ft R f fw fb Rb 

2 
2 
2 

2 
2 
2 

Table J.7 

2 25 1 0.00869 4.77 0.714 0.606 1.16E+06 0.060 1.94E+07 0.015 0.068 0.688 0.043 
2 50 31 0.00561 5.06 1.262 0.959 1.94E+06 0.054 3.59E+07 0.013 0.067 1.188 0.048 
2 75 23 0.00343 5.02 1.885 1.281 2.57E+06 0.045 5.73E+07 0.012 0.060 1.720 0.042 
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 

2 
2 
2 
2 

3 
3 
3 
3 
4 
4 
4 

6 
6 
6 

25 
50 
75 too 
25 
50 
75 

100 

50 
75 

100 

50 
75 

100 

37 0.01204 
41 0.00475 
llO 0.00345 
45 0.003514 

57 0.01ll75 
56 0.00647 
60 0.00517 
64 0.00409 

67 O.OT519 
72 0.00937 
74 0.008140 

811 0.01879 
88 0.01359 
93 0.01189 

4.71 
Jt.71 
4.84 
5.09 

5.02 
5 .11 
5 .11 
5.10 

6.36 
6.81 
6.62 

6.61 
6.88 
7.JJ4 

0.651 
1. 353 
1.918 
2.332 

o.625 
1 .231 
1 .814 
2.298 

0.987 
1.423 
1 .891 

0.970 
1.312 
1.698 

0.560 1 .07E+06 
1.011 1.90E+06 
1.296 2.51E+06 
1.ll73 3.00E+06 

0.541 1.09E+06 
0.941 1.92E+06 
1.248 2.5SE+06 
1.ll60 2.98E+06 

0.792 2.01E+06 
t.050 2.86E+06 
1.28Jt 3.J40E+06 

0.781 2.06E+06 
1.022 2.81E+06 
1.192 3.55E+06 

0.076 1.40E+07 
0.056 3.42E+07 
0.049 5.lOE+07 
0.052 5.78E+07 

0.082 1.33E+07 
0.060 3.20E+07 
0.064 4.01E+07 
0.059 5.04E+07 

0.077 2.63E+07 
0.055 5.23E+07 
0.063 5.36E+07 

0.086 2.39E+07 
0.076 3.72E+07 
0.066 5.38E+07 

0.015 
0.013 
0.012 
0.012 

0.016 
0.014 
0.013 
0.013 

0.014 
0.012 
0.012 

0.014 
0.013 
0.012 

0.086 
0.070 
0.067 
0.075 

0.092 
0.074 
0.087 
0.086 

0.092 
0.010 
0.088 

0.104 
0.097 
0.089 

Calculation of Bed Critical Shields• Coefficient Using Darcy Weisbach Friction Factor 

0.633 
1 .271 
t. 761 
2.128 

0.609 
1 .166 
1. 698 
2. 121 

0.952 
1.338 
1.112 

0.939 
1 .311 
t .603 

0.051.1 
0.043 
O.Oll3 
0.054 

0.064 
0.054 
0.063 
0.062 

0.052 
0.045 
0.053 

0.063 
0.064 
0.068 

N 
N 
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3. 3 Calculation 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 • The Prandtl-Von Karman 
CV 

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

where 

u 
u* 
z 
k s 

30z u = 5. 75 u* log k 

= 
= 
= 
= 

s 

velocity at height z [LIT] in ft/sec 
shear velocity [L/T] in ft/sec 
vertical height above the "bed" [L] in ft 
equivalent roughness height [L] in ft 

Equation (3.15) can be written as 

or 

where 

30 u = 5.75 u* log z + 5.75 u* log k 

U =a log z + b 

a = 5.75 u* 

30 
b = 5. 75 U * log k s 

s 

(3.15) 

(3.16) 

(3.17) 

(3.18) 

(3.19) 

Equation (3.17) indicates that if velocities are plotted 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 k then can be calculated from s 
equation (3.19). For a known value of u .. , the critical bed shear stress, 'tc' and 

corresponding Shields' coefficient, C can be determined as follows: 
CV 
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't = 'tb for incipient failure runs c 

2 't = pU* c (3.20) 

CCV 
'tc 

::: 
{ys- 'Yw) d so 

(3.21) 

where 

'Ys = specific weight of rocks 

'Yw = 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 

C and k are presented Tables 3.8 and 3.9. The values of C and k are obtained 
CV S CV S 

from the velocity profiles along the centerline of the flume {Y=4.0 ft) and across the 

middle section of the test reach {X=l25 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 C and k resulted. Examples are run 
CV S 

No. 5 7 {Y =4.0 ft, line 112) and run No. 84 {Y =4.0 ft, line # 3) where C = 0.020. 
CV 

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" 

{GO) and the "local datum" (LO) as defined in Chapter 2. The other two datums are 

selected to be a distanced /2 below the GO and LO (that is, GD - d /2 and LO -
so 50 

d 12). The velocity distribution for some selected runs (runs No. 67, 74, 76, 84, 88, 
50 

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 C can be observed by referring to the values presented in 
CV 

Table 3.10. These values indicate that the magnitudes of C are generally highest 
CV 

when the LO - d /2 datum is used, and lowest when "general datum" is used. In the 
50 

next section, the values of C that are obtained using the "general datum" will be 
CV 

compared with the values of Shields' coefficient obtained in sections 3. l and 3.2. 



-~~-~--~-~~~----~-~---~~--~~~---~----~---~~~--~~--~~-~~-----·~--~-~--~--~------~-~--~-~----~-~--~--------~~-Riprap Discharge Location Bed shear Critical Roughnes 
Thickness Q of vel. Line U* stress Shields factor 

RUN I in. cfs profile ' b a b/a fps pst coef .. ks,ft 
-------~~~~---~--------~-~-~-~---~~~~----~------~------~----~-~-~~-~-----~------~-----~~--~~~-~----~~~~--~·~ 

1 2 25 Y::4.0' 6.03 3.00 2.010 0.522 0.528 0.060 0.293 
X:125' 6. 11 3.21 1.887 0.569 0.627 0.012 0.389 

31 50 Y::l4.o• 5.17 3.01 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 0.514 0.059 0.275 
23 75 Y:4.0' 5.60 2.90 1. 931 0.504 o.493 0.056 0.352 

X=130' 5.43 2.13 1 .. 989 0.1475 0.437 0.050 0.308 
27 100 Y:ll.O' 4.83 2.60 1.858 0.452 0.396 0.045 o.416 

X=130' 1 11.83 2.50 1.932 0.435 0.366 0.042 0.351 
2 5.57 3.01 1 .. 814 0.534 0.552 0 .. 063 o.46o 

Average 0.057 0.361 
-----~~~------~--~-----~-~-~~~--~~--~--~-~-~---~-~---~-~------~~-~--~~-----~-----~-----~~-~---~---~-~-----·-

37 2 25 Y:4.o• 6 .. 53 3.16 2.066 0.550 0.585 0 .. 067 0.257 
X:130' 6.70 3.31 1.988 0.586 0.666 0.076 0.308 

41 50 Y:lf .O' 5.33 3.10 1. 719 0.539 0.563 0.064 0.572 
X=130t 5.40 2.67 2.022 0.464 0.418 0.048 0.285 

40 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 0.1110 0.326 0.037 0.165 

45 100 Y=ll.o• 4.83 2.13 2.268 0.310 0.266 0.030 0.162 
X=130' 5.23 2.'43 2.152 0.423 0.346 0.0110 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 0.011 

X=130* 1 1.23 3.90 1 .854 0.678 0.892 0.102 0.1'20 
2 6.83 2.90 2.353 0.504 0.493 0.029 0.132 

56 50 Y:4.o• 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 6.01 3.11 1.915 0.551 0.589 0.067 0.365 
60 75 Y:4.0' 5.70 3.43 1.662 0.597 0.690 0.079 0.654 

X=130' 6.03 2.46 2.451 o.428 0.355 0.041 0.106 
614 100 Y=4.0' 5 .17 2.44 2 .119 0.424 0.349 0.041 0.228 

X:130' 5.53 2.50 2 .. 212 0.435 0.366 o.M2 0 .. 184 

Average 0.055 0 .. 275 
--~---~~--~-~~~~--~~-~--~---~-~~----~---~~~-~----~~--~~~~--·~~----~~----~~~~--~----~-~~--~--~~--~-~--~---~-~ 

Table 3.8 Calculation of Bed Critical Shields 1 Coefficient Using Velocity Distribution 
Equation for dso = 1 in. Riprap. 

N 
0\ 



Riprap Discharge Location Location Bed shear Critical Roughnesa 
RUB thicknHe Q of vel. of origin Line U.ir •trees Shields factor 

# in. cf• profile (Z•O) # b a b/a fps psf coef. k's .ft 
···===············································=···=···········=·······==·=·························=··········· 61 ' 

72 

1' 

84 6 

88 

93 

60 Y•4.0' GD 1 
2 

8.00 
7.90 
6.70 
'l.87 

4.13 
3.61 
3.70 
4.67 

1.937 
2.153 
1.811 
1.685 

o. '118 
0.638 
0.643 
0.812 

1.000 
o.789 
0.802 
1.278 

0.059 
0.0'6 
0.047 
o.on 

o.341 
0.211 
0.46' 
0.619 

75 

100 

50 

75 

100 

Y•4.0' 
X•130 1 

GO-d50/2 
LD 

LD-d50/2 
GD 
GD 1 

2 

6,80 4.73 1.'38 
7.56 3.83 1.97• 
7.80 3.71 2.069 
7.87 2.97 2.650 

0.823 1.311 0.077 1.095 
0.666 0.860 0.050 0.319 
0.656 0.833 0.049 0.256 
O.!U7 0.511 0.030 0.067 

-----------------~----------------------------------------------------------------------Y•4.0' GD 1 6.80 3.13 2.173 0.544 0.574 0.034 0.202 
2 7.40 3.13 2.364 o.su 0.514 0.034 0.130 

X•130' GD 7.40 3.11 2.334 0.551 0.589 0.035 0.139 
GD-d.50/2 7.20 3.69 1.951 0.642 0.798 0.047 0.336 

LD 7.33 3.83 1.91' 0.666 0.860 0.050 0.366 
LD-d50/2 ·z.12 4.33 1.64' 0.163 1.099 0.064 0.680 

Average 0.050 0.374 

Y•4 GD l 8.27 3.77 2.19• 0.656 0.833 0.049 0.192 
2 7.73 3.30 2.342 0.$74 0.638 0 .03'1 0.136 
3 7.93 2.43 3.263 0.423 0.346 0.020 0.016 

GD-d50/2 1 8.20 4.86 1.687 0.845 1.384 0.081 0.616 
2 7.93 4.85 1.635 0.8'3 1.379 0.081 0.695 
3 8.39 4.16 2.011 0.723 1.014 0.059 0.289 

LD 1 7.8'1 4.70 1.674 0.811 1.295 0.076 0.635 
2 8.03 3.03 2.650 0.527 0.538 0.032 0.067 

LD-d50/2 1 1.10 5.96 1.292 1.037 2.082 0.122 1.532 
2 8.50 4.89 1.738 0.850 1.•02 0.082 0.548 

-~-------------------~------------------------------------------------------------------Y•4.0' GD 8.30 4.07 2.039 0.708 0.9'11 0.057 0.274 
GD-d.50/2 8.16 5.04 1.619 0.877 1.'89 0.08'1 0.721 

LD 1 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-d50/2 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 

~------------------------------------------------------------------------------~--------Y•4.0' GD 8.36 4.86 1. '120 0.845 1.384 0.081 0.571 
GD-d50/2 8.10 5.44 1.489 0.9'6 1.735 0.102 0.913 

LD 8.23 5.00 1.646 0.870 1.465 0.086 0.678 
LD-d50/2 1.93 6.80 1.367 1.009 1.972 0.116 1.288 

Average 0.076 0.606 
-----------------------~--------~-------------~--~---------------------~--~----------------~-----------------------GD = General Datum 

LD • Local Datum 

Table J. 9 Calculation of Bed Critical Shields' Coefficient Using Velocity Distribution Equation 
for d50 = 2 in. Riprap. 

N 
'-I 
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Table 3 .10. Values of ~v for Some Selected Runs Calculated 
Based on Four Different Datums 

Run Discharge Location 
# Q of vel. 

cfs profile 

Datums 
Line------------------------------------

# GD GD-~O I 2 LD LD-d50 I 2 
===========~===============================================··=======· 

76 
67 

74 

84 

88 

93 

25 
50 
50 

100 

50 
50 
50 
75 
75 

100 

X=l30' 
Y=4.0' 

X=130' 

Y=4.0' 

Y=4.0 1 

Y=4.0' 

GD = General Datum 
LD = Local Datum 

l 
2 

1 
2 
3 
1 
2 

0.020 
0.059 
0.046 
0.035 

0.049 
0.037 
0.020 
0.057 

0.081 

0.039 
0.047 

0.047 

0.081 
0.081 
0.059 
0.087 

0.102 

0.028 
0.075 

0.050 

0.076 
0.032 

0.082 
0.060 
0.086 

0.056 
0.011 

0.064 

0.122 
0.082 

0.103 
0.099 
0.116 

Note: More than one value of Ccv 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 (Ccn> have the lowest magnitudes and 

those obtained by Prandtl-Von Karman equation (Cc) 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 C that are presented in Table 3.11 were calculated based on the 
CV 

"general datum". As mentioned in the previous section, the values of C that were 
CV 

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 C and C f. en c 
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 Ccv 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, i:b, and, therefore, bed Shields' coefficient. 

3. 5 Effect Of Flat Rocks 

The l in. riprap contained about l 0 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. 1 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 Velocitydistrib 
Run median Riprap Discharge Darcy Ccv 

# size thicknes Q Overall Manning Weisbach---------------
in. in cfs cc ccn ccf @Y=4.0' @X=130 

=================================================================~·===• 
7 

31 
23 
27 

37 
41 
40 
45 

1 

1 

2 

2 

25 
50 
"i 5 

100 
100 

25 
50 
75 

100 

0.044 
0.051 
0.046 
0.053 

0.056 
0.046 
0.047 
0.059 

0.041 
0.045 
0.040 
0.045 

0.053 
0.041 
0.041 
0.051 

0.043 
0.048 
0.042 
0.048 

0.054 
0.043 
0.043 
0.054 

0.060 
0.063 
0.056 
0.045 

0.067 
0.064 
0.039 
0.030 

0.072 
0.059 
0.050 
0.042 
0.063 

0.076 
0.048 
0.037 
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 0.052 0.059 

50 0.046 
72 75 0.049 0.041 0.045 0.050 

75 
74 100 0.058 0.047 0.053 0.034 

84 2 6 50 0.067 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 Ccv for a given run resulted from 
different velocity distribution profiles along a section. 

0.049 
0.030 
0.035 
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}.6 ~ ffect Of The Riprap Thickness On Critical Shields' Coefficient(C c) 

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' coHffidtmt, C , are presented in Table 3.l l. c 
These values show that, on the average, the critical Shields' coefficient increased 22 

percent for l in. rocks and 30 percent for 2 in. rocks when rock thickness increased 

from 2d to 3d . The values of overall critical Shields' coefficient calculated 
50 50 

from equation (3.7) (Cc) are plotted in Figure 3.l. 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 2d . However, the critical Shields' coefficient increased about 30 percent when 
50 

rock riprap thickness increased from 2d to 3d . 
50 so 
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Fiqure 3.1 Values of overall critical Shields' coefficient for different rock sizes and thicknesses. 
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3.7 Effect of Riprap Gradation on Critical Shields' Coefficient (C ) c 
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 d /d are used as the parameters to represent the gradation as 1s 

of riprap material. The values of d /d in Table 3.12 indicates that the riprap 
85 15 

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 l 

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 

d in Riprap Thickness d /d Y car of Study so K-. 15 

l 2 2.0 1985 

1 2 4.4 198} 

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 (C . = i: /( y (s-1 )d)) and grain Reynolds 
Cl C W 

number CR* = U*d/\>) where U* is shear velocity in fps, dis particle size in ft, and 

\) is kinematic viscosity in ft2 /sec. Shields assumed that for a flat bed of uniform 

particle size, C ci is only a function of R* (Rouse, 1950). Shields' diagram is shown 

in Figure 3.J. Shields determined this relationship by measuring the washed out 

mterial (bed load) at various values of i:/(y (s· l) d) at least twice as large as the w 
critical value (C . ) and then extrapolating to the point of zero washed out material 

Cl 

(Gessler, 1971 ). Gessler ( 1971) argued 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 J. }. 

To compare the results of this riprap stability study with Shields' diagram, the 

values of overall critical Shields' coefficient (Cc) versus boundary Reynolds' number 

(Rx = u. d I u} are presented in Table 3.13 and plotted in Figure J.J. In this 
50 

figure, the values of C from the 1982 and 1983 Reports are also plotted. Note that c 
the original Shields' diagram was constructed using the values of Shields' coefficient 

for incipient motion runs but values of C are for the incipient failure runs. the c 
scatter of data points in Figure 3.3 are most probably due to two reasons: l) In 

incipient failure runs some of the riprap material may move without exposing the 

underlying filter blanket. this is more pronounced in rirpraps with grHater 

thicknesses. As shown in Figure 3 .. 3, the values of C for Jd thickness riprap are c '50 

greater than the Shields' coefficient of 0.06. 2) The riprap materials were not 

uniform in size. The data points in Figure J.J represent various riprap gradations. 
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The data points in Figure 3. 3 indicate that the values C obtained from the c 
recent study are generally higher than those of the previous reports. There is some 

overlap between the C values of the 2 in. riprap of 1982 Report and the recent c 
data. Agreement does not exist for l in. rocks of the 1983 Report and the present 

study. There is a pronounced difference between the critical Shields' coefficient, 

C , based upon the riprap thickness of 2d and 3d . The variations in Cc among c so so 

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 

C values for 1 in. riprap (2d thick) of the 1983 Report and the present study may c so 

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 µoint 

where the slope was between that slope called failure and that slope SHI. one 

increment lower than failure. 

3. 9 Ma~imum 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. 
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Table 3.13. Values of cc and R* 
~-~--~------~---~~---~-----~~--~-----~-~~-----~-~~----

Riprap 
median Riprap Discharge 

size thickness Q 
in. in. cfs 

1 
l 
1 
l 

2 
2 
2 
2 

25 
50 
75 

100 

Run 
# 

7 
31 
23 
27 

Overall 
Shields 

coef. 
Cc 

0.044 
0.051 
0.046 
0.053 

Boundary 
Reynolds 

number 
R-k 

3725 
3979 
3802 
4077 

------------------------------------------------------
l 
l 
1 
1 

1 
l 
l 
l 

2 
2 
2 

2 
2 
2 

2 
2 
2 
2 

3 
3 
3 
3 

4 
4 
4 

6 
6 
6 

25 
50 
75 

100 

25 
50 
75 

100 

50 
75 

100 

50 
75 

100 

37 
41 
40 
45 

57 
56 
60 
64 

67 
72 
74 

84 
88 
93 

0.056 
0.046 
0.047 
0.059 

0.066 
0.057 
0.067 
0.067 

0.055 
0.049 
0.058 

0.067 
0.068 
0.074 

4186 
3791 
3847 
4296 

4540 
4220 
4579 
4584 

11580 
10921 
11920 

12768 
12914 
13438 
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CHAPTER4 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

A total of 94 tests were conducted on riprap with d =l in. and d =2 in. and so so 

with thickness layers of 2d and Jd • The flow rates tested were 25, 50, 75, and 
so so 

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 incremen~.s until 

the failure of the rip rap 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, nb, agree with 

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 2d thick and range from 
so 

0.052 to 0.068 for riprap placed Jd thick. The above valutts are 
so 

obtained using the Manning's and Darcy-Weisbach friction factors. 



41 

Shields' coefficients calculated using velocity distribution equations, 

range from 0.020 to 0.102. These differences result from local flow 

patterns and velocity distributions. 

3. No general 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 surf ace of the rip rap. 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 

0 = depth of flow, ft 

V = average velocity, fps 

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

Y = distance across the flu~e from the west wall of the flume, ft 

Z = depth at which velocity was measured (vertical distance above 
the "general" datum), ft 

Rock Size = the median size or d of the riprap, in. 
50 

Thickness = thickness of the riprap, in. 

Fraction of 
Depth = Z/O, measured above the "general" datum 

Temp. = water temperature, °F 



APPENDIX A 

SUMMARY 



Table A-1. Summary of the Tests Conducted for the 1 in. Riprap 
with 2 in. Thickness 

Discharge Flume Froude Water Area Test 
Q Run slope number temp. washed duration 

cf s # s D ft F r f ·t hrs , - sq. 
========================================================================== 

25 

50 

75 

100 

$ 1 
$ 2 
• 3 
$ 4 
$ 5 

0.00367 
0.00490 
0.00617 
G.00749 
0.00872 

f$ 6 0.01012 
*$ 7 0.(~869 

$ . 8 o. 00220 
$ 9 o. 00269 
$10 o. 00334 
$1 1 o. 00481 
$12 o. 00317 

28 o. 00409 
29 o. 00490 
30 o. 00561 

* 31 o. 00561 

$13 o. 00239 
$14 o. 00239 
$15 o. 00288 
$16 o. 00340 
$17 o. 00281 
$18 0. 00281 

19 0. 00281 
20 o. 00284 
21 o. 00333 

f 22 o. 00407 

* 23 o. 00343 

24 o. 00225 
25 o. 00266 

f 26 o. 00308 

* 27 o. 00318 

f Failure of riprap 

Ne 

2.57 
3.55 
3.87 
4.22 
4.45 
4.59 
4. 

~ 
~· 76 
4. 12 

data 
4. 62 
4. 22 
3. 85 
4. 30 
4. 76 
~ 

~- 06 

Test was 
4. 48 
4. 70 
4. 90 
4. 64 
4. 63 

No data 
~ 03 Wtt 

~" 14 
4. 64 
~ 
~. 02 

4. 86 
4. 62 
~ 
~. 15 
~ 06 wu 

cal l 

1.273 
0.906 
0.846 
0.745 
0.714 
0.689 
0.714 

1 # 703 
1 " 519 
ected 
~ 305 A . 
1 . 432 
1 . 386 
1 . 262 
1 " 252 
1 . 262 

repeated 
~ 
~. 098 
2. 009 
1 . 891 
1 . 970 
1 . 966 

col 1 ected 
2. 018 
1 . 886 
1 . 802 
1 . 885 

2. 479 
2. 397 
2. 286 
2. ~~7 ~~I 

* Incipient failure conditions 

0.40 
0.66 
0.74 
0.86 
0.93 
0.97 
0.99 

o. 51 
o. 59 

because 
0~ 71 
o. 62 
o. 58 
o. 67 
o. 75 
o. 79 

because 
o. 55 
o. 58 
0.63 
o. 58 
ll • 58 

because 
o. 62 
o. 66 
o. 6)1 
0. 64 

o. 54 
o. 53 
o. 60 
o. 58 

of 

of 

of 

74 
74 
72 
72 
74 
74 
74 

74 
75 

power 
74 
74 
71 
71 
72 
72 

2 
23 

7 ~ 

~-~ 

2~5 

3.0 
3.0 
2.5 
~.5 

4.0 

2.5 
2~0 

failure 1.7 
40 2.0 

4.0 
2.0 
2.0 

0.03 2.3 
4.0 

low tai lwater depth. 
74 2u 0 
68 o. 7 ~- 0 
74 ~~ 

~~ 2u 0 
70 3. ~ ~ 
74 13 2. 0 

power f ai lure 2. 0 
68 ~ 

~. 0 J 

71 2. 0 
67 12 2. 0 
71 4. 0 

68 2. 0 
70 2n 0 
72 ~ 

~ 2. 0 
70 o. 7 

I 3. 5 

$ The slope of the transition section was 1.75% more than that 
of the test section <see Chapter 3). 



Table A-2. Summary of the Tests Conducted for the 1 in. Riprap 
with 2 in. Thickness <After removing flat rocks> 

Discharge Flume Average Average Froude Water Area 
Q Run slope velocity depth number temp" washed 
cf s # s v ~fps D ~ ft F •F sq. ft 

Test 
duration 

hrs 
========================================================================== 

25 33 o. 0(~98 4. 40 
34 o. 01088 4. 51 
35 0.01 186 4. 72 

f 36 o. 01337 4. 95 

* 7~ ~, o. 01204 4. 77 

50 f 32 o. 00558 4. 90 

* 41 o. 00475 4. 71 

75 f 38 o. 00402 5. 02 
f 39 0.00377 ~ 

~- 00 

* 40 o. 00345 4. 84 

100 42 o. 00314 4. 97 
4:;. o. 00403 4. 90 

f 44 o. 00436 ~ 

~- 20 

* 4~ ·~ 0.00354 ~ 

~- 09 

* Incipient failure condition 
f Failure Conditions 

o. 684 
o. 703 
o. 672 
0.618 
u. 651 

1 . 300 
1 . 353 

1 . 832 
1 . 842 
1 . 918 

2. 371 
2. 415 
2. 210 
2. ~~0 ~~' 

o. 94 70 ~ 0 4• 

o. 95 68 4. 0 
1 .01 68 2n 0 
1 . 1 1 68 7. 2 2. 0 
! . 04 68 2. ~ I 4. 0 

o. 76 70 10. 8 ~ 0 ~-o. 71 62 2. ~ ~ 2. c 
~ 

o. 65 63 o. 4 ~ 0 4• 

0.65 69 o. 1 ~ 
4• 0 

o. 62 72 4 • 0 

o. 57 68 ~ 
k• 5 

o. 56 66 1 .8 
o. 62 63 17 , . 7 ~ 

4• 0 
o. 59 72 2. ~ J 4u 0 



Table A-3. Summary of the Tests Conducted for the 1 in .. Riprap 
with 3 in. Thickness 

--------------------------------------------------------------------------
Disc:harqe 

G! 
c: ·f s:; 

Run 
# 

F 1 ume f'.:iver age 
slt':>pe velocity 

S V ,fps 

?'Werage 
depth 

D ~ ft 

Froude 
number 

F 

Water Area Test 
temp. washerd duration 

°F sq.. ft hrs 
========================================================================== 

25 46 0.00880 4 .. 37 
47 (>.01011 4 .. 61 
48 o .. 01:::;;i:3 5 .. 02 

* 57 0 .. 01475 5 .. 02 
f 58 0.01626 5 .. ::;2 

50 49 0 .. 00526 4. \:t4 
50 0 .. 00636 5. ::'6 
51 0.00726 5.61 
i:::'.'"1 ... 1 • .::. 0.00726 ~;; .. 74 

f 5:3 Ou00802 5 .. 66 
f 54 o. 007:::;;2 5 .. 64 
f 55 o. 007:::;;2 5. o:-.::; 

* 56 0.0064'7 i;::• 
..J .. 11 

75 ::;<;> o. 0042:3 4.90 

* 60 o. 0051 ~7 i::;· ;.;,. 11 
f 61 0.00621 5 .. 50 

l(H) 6'" ..:.. 0 .. 00406 4 .. 6:3 
f 6:3 0.00457 t::' '",)I:::' ,_, .. ..:.;J 

* 64 0.00409 i:::· ,.J" 10 

* Ir1c:ipient failure conditions 
f Failure conditions 

0.720 0 .. 91 66 2.0 
o ... ::iss o .. <18 6'7l 2.0 
0 .. 640 L 11 68 2.0 
O.t:.:>25 1 .. 12 64 4 .. 5 
o. ~56fj l .. 2·=t 67 23 :~:.. 0 

1 .. 268 O. Tl 70 2.0 
1.. 16<1 0 .. 87 68 3.5 
1. 102 0 .. 94 68 4 .. 6 ~3 .. 3 
1w906 o .. 7:;., 63 2.7 
1. 0'15 0 .. 95 ::;8 :37 .. 4 2.0 
1 .. 111 0.94 64 23 1. 7 
1 .. 245 0.79 65 ~!.. 7 4.3 
1. 2::::;1 0.81 6'7 4 .. 0 

1.907 0 .. 63 68 3.0 
1.814 0 .. 67 T2 :3. 0 
1.714 0.74 T3 49 .. !:j 2 .. 0 

2. 51:3~ 0.51 -1i::: , ;;;;J ,., C::' 
..:.. • \.J 

2.210 0.62 67 ,., 
..::. 2.5 

2. 2(18 0.59 65 :::;; .. o 



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

Discharge 
Q Run 
cf s # 

Flume 
slope 

s 
Average 

velocity 
V , fps 

Average 
depth 

D , ft 

Froude 
number 

F 

water 
temp .. 

9F 

Area Test 
washed dur·ation 
sq. ft hrs 

========================================================================== 
25 

50 

* 
f 
f 

76 0.01193 
Tl 0.01858 

65 0. (H)9't8 
66 o. 01:37·9 
67 0.01519 
68 0.01796 
69 0.01888 
78 o. 0157<'-f 

4 i:::·i:::· 
• .:J.:J 

5.27 

5.03 
6. 13 
6. :36 
6.71 
6 .. 6:3 
6 .. 14 

0.681 
0.598 

1. 246 
1. 019 
0.987 
0.935 
0.948 
1 .. 022 

0.97 
1.20 

0.79 
1. 07 
1.13 
1.22 
1. 20 
1. 07 

67 
67 

68 
75 
72 
72 
68 
68 

59.8 
5 .. 5 

3.0 
1. 5 

2.8 
2. (> 
1.7 
3.3 
1..7 
L7 

--------------------------------------------------------------------------
75 f 70 0 .. 01110 6.65 

71 0.0078l. 6. ~$:3 

* 72 o. oo<~~.57 6.81 

1 OC> 7:3 o. oor.H 6. 4:::;; 

* 74 0 .. 00840 6.62 
f 75 0.01066 '7.00 

* Incipient failure conditions 
f Failure conditions 

1.410 0.99 69 64.1 0.8 
1.,49:3 0.92 70 2.5 
1. 42:~~ 1. 01 70 2.0 

1 .. <':f54 0.81 72 2.5 
1. 891 0.85 71 :3. 0 
1 .. 804 0.92 70 27 2.3 



Table A-5. Summary of the Tests Conducted for the 2 in. Riprap 
with 6 in. Thickness --------------------------------------------------------------------------

Discharge 
Gl 

c:f s 
Rt..tn 

# 

Flume 
slope 

8 

Average 
velocity 

V , fps 

Average 
depth 

D , ft 

Froude 
number 

F 

water 
temp. 

OF 

Area Test 
washed duration 
sq. ft hrs 

========================================================================== 
25 79 0.01180 

80 o. 018'70 
4 .. 42 
5.17 

0.710 
Ou607 

0.92 
1. 17 

68 
69 

2.0 
2.0 --------------------------------------------------------------------------

50 81 0.01205 5.90 
82 0.01544 6. 4·7 
9:3 0.01724 6.76 

* 84 0.01879 6 .. 61 

7~:i 85 0.00898 6 .. 19 
86 o. 0109::i 6.58 
87 0.01206 \~ia 6:~; 

* 88 o. 013~5'1 6.88 
f 89 0"01565 6.E34 

100 90 0 .. 00866 6.97 
<)l1 o. 009::;:;9 6.96 
9' .. ) ..:.. 0.01084 7. :::.\9 

* 9·~r ._\ 0 .. 01189 7 .. 44 
f 94 o. 01::::;00 8.02 

* lncipie11t failure conditions 
f Failure conditions 

1. 068 1..01 70 2.0 
0 .. 966 1. 16 67 2.7 
o. <f28 1. 24 67 1 C!' • ;J 

0.970 1.18 68 2.0 

1.519 0.89 72 1. 7 
1. 414 0.98 72 1.5 
1.423 0.98 T3 1. 5 
1. :372 1 .. 04 73 2.0 
1 .. :399 1. 02 75 9.6 '? -:r • .:... • •.J 

1.808 0.91 77 2.3 
1. '796 0.92 77 1. 3 
1. 711 1. 00 77 2.0 
1. 698 1..01 75 2.3 
1. 572 1 .. 1:3 75 15 1. 3 



APPENDIX B 

VELOCITY DAT A 



CORPS OF ENGINEERS RIPRAP PROJECT 

Q=25 cf s Rock size 1 in. Thickness 2 in. 
====================================================== 

Run # 1 
S=O. 00872 

Run # 2 
S=0.00490 

Run # ~ 
~ 

S=O" 00617 

Run # 4 
S=O" 00749 

Run # 5 
S=O. 00872 

Run # 6 
S=O. 01012 

x 
(ft) 

1 10 

125 

140 

1 10 

125 

140 

1 10 

125 

140 

1 10 

125 

140 

1 10 

125 

140 

1 10 

125 

140 

y 
(ft) 

4. 0 

4. 0 

4. 0 

4u0 

4.0 

4. 0 

4. 0 

4. 0 

4. 0 

4. 0 

4u 0 

4u 0 

4u 0 

4u 0 

4. 0 

4. 0 

4. 0 

4u 0 

D Fraction Velocity 
<ft> of Depth ft/sec 

1 ~~ o. 80 3. 09 . ~~ 
o. 20 2u 1~ ~ 

1 . 26 o. 80 2. 91 
o. 20 ~ 

~u 33 
1 32 o. 80 ~ 04 ~ . ~-o. 20 1 . 94 

0 
~- 89 0.80 4.20 

0.20 3. 18 
0.89 o. 80 4.23 

o. 20 2.94 
0.94 o. 80 4.06 

0.20 2.70 

o. 82 o. 80 4. 50 
o. 20 3. 32 

(>. 84 o. 80 4. 54 
o. 20 3. 35 

o. 89 o. 80 4. 33 
o. 20 ~ 

~- 18 

o. 75 o. 80 4. 81 
o. 20 3. 32 

o. 78 o. 80 4. 88 
o. 20 ~ 

~-
6~ ~ 

o. €36 o. 80 4. 98 
o. 20 3. 72 

o. 71 o. 80 E 
~1- 18 

o. 20 4u 06 
o. 71 o. 80 ~ 

~la 29 
O" 20 -~- 28 

o. 72 o. 80 ~ 

~- 29 
o. 20 3. 6~ L 

o. 72 0- 80 5. 1c .~ 

o. 20 ~ 
~· 59 

o. 65 o. 80 ~ 
~'· 59 

Ou 20 4u 06 
o. 69 o. 80 ~ 

~- 46 
o. 20 ~ 

~u 69 



Run :f:I: 7 
Q=25 cf s 

CORPS OF ENGINEERS RIPRAP PROJECT 

S=O. 00Ei45 
Temp. 74 F 

Rock s:ize 1 :in" 
Thickness 2 in. 

====================================================== 

X=11o:· 
D=O. 715:• 

X:::::j_25:· 
D=O. 70:3, 

X=140, 
D~-:-.:O. 724:• 

Fraction 
of Depth 

o. 90 
o. 70 
0 .. 50 
0 .. :::::o 

o .. 90 
o. 70 
o. ::::;o 
o. :~:o 

o. 90 
o. 70 
o. 50 
o. :2::0 

Depth Velocity Velocity Velocity 
Z ft/sec ft/sec ft/sec 

(ft) @Y=l.33~ @Y=4.oo~ @Y=6.67~ 

0.64 4. 57 5.46 i:;· 
\.J. 1 c:· ...J 

0 .. 50 c.-
\;J. :32 c:· ,-u:: 

,.J • ..::. \.J 4. 91 
o. :3;6 a::· 

\.J. 15 4.64 4. 40 
o. 21 4.47 4.00 .. !!' 76 ·-·. 
o. 6::::; 5 .. 66 i:::' 

...J. 46 4. 98 
o. 49 i;::· 

... J .. :~~5 c:: __ , . l.2 4 .. 98 
o. :2:;5 4. 67 4. 64 4. ::;7 
o. 21 4. 06 4. 0:3 ~:\. 93 

o. 65 t:::' :3;5 i:::' 4·-) c: :3:2 ...J. \.J • ..:.. \.J • 

o. ~j l i:::· 
.... 1. 05 r:::· ....1 • 05 5 .. 01 

o. ~::;6 4. 64 4. 67 4. 50 
o. ~2:::~ 4. 10 4. 00 ":~ ·-·. 89 



CORPS OF ENGINEERS RIPRAP PROJECT ------------------------------------------------------
G!=50 c:fs F<oc k size 1 in. Thickness 2 in. 
======:================================================ 

Run # 8 
S=0.00220 

Run # t:'-J 

S=0.00269 

Run # 10 
S=O .. 00:3~.::;4 

x 
(ft) 

110 

125 

140 

110 

1 '"H;;· ..::. ... s 

1.40 

110 

1 '")C:' ..:.....J 

y 
(ft) 

4.00 

4.00 

4 .. 00 

4 .. 00 

4 .. 00 

4.00 

4.00 

4.00 

D 
(ft) 

1. 70 

1 .. 70 

1. 71 

1. 51 

1 i:::''''\ . ;;;;;..::. 
1.52 

1.42 

1..46 

Fraction Velocity 
of Depth ft/sec 

0.80 4.44 
0.20 3.08 
0.80 4.30 
0.20 3.28 
0.08 4 .. 40 
0.02 3. 0~3 

0.80 5. 15 
0.20 ""':!" r:rc;::• .. _, • ..:.."\..I 

0.8(> 4.67 
C> .. 20 .. ,.. i::·c:-

• .:: •• \.J~ 

C>.80 4.78 
0.20 3. ~32 

0.80 5.05 
0.20 3.62 
0.80 4.61 
0 .. 20 

-------------~----------------------------------------
1=::un # 11 110 4.00 1 ":r"7 ... _., 0 .. 80 5.05 
S=0.00481 0 .. 20 :~~ .. 96 

125 4.00 1 .. 26 0 .. 80 4.71 
0.20 4.37 

140 4.00 1.29 0.80 5 .. 25 
0.20 4 .. 40 



Run # 12 
Q=50 cf s 

CORPS OF ENGINEERS RIPRAP PROJECT 

S=O .. 00:317 
Temp 74 F 

Rock size 1 in .. 
Thickness 2 in. 

====================================================== 

X=11o:· 
D=1. 404, 

X=12~5? 

D=1. 4:35:s 

X=140=" 
D=1 .. 459:-

Fraction 
of Depth 

0 .. 90 
0 .. 70 
0.50 
o.:::::o 
o. 10 

0.90 
0 .. 70 
0.50 
o. :30 
o .. 10 

0 .. 90 
0 .. 70 
0.50 
0 .. :30 
o. 10 

Depth 
z 

(ft) 

1.26 
0 .. 98 
0 .. 70 
0.42 
o. 14 

1.29 
1 .. 00 
0 .. 72 
0.4:3 
o. 14 

1. 31 
1 .. 02 
0.73 
0.44 
(> .. 15 

Velocity Velocity Velocity 
ft/sec ft/sec ft/sec 

y =1.33~ y =4.00? y =6.67? 

5.49 5.49 :3. 9~5 
£!. .. '"':rC: \J • . _ .. ._, 4.91 4 .. 20 
4.98 4.61 4. 13 
4.37 3 .. 79 3.8:3 
3.01 3.04 2.84 

i:::-
..J. 14 5.01 4.06 
5. 19 4.78 4 .. 3:3 
4.95 4,.5·7 4 .. 1 :;.~ 
4. 3:3; 3.96 :3: .. s:~~ 
:3 .. 04 2.·s7 2.81 

4 .. 98 t:' 
.:;] . 12 4.40 

i:::· 
\J. 12 4.78 4 .. 64 
4.71 4.40 4.44 
4.06 ~'. 9:3 3. ·72 
3.04 2.94 2.67 



CORPS OF ENGINEERS RIPRAP PROJECT 

Q='/"5 cf s Roe k s i z e 1 i n • Thickness 2 in .. 
======================================================= 

Run # 1 ":r ·-· 
S=0.00239 

Run # 14 
S=0 .. 00239 

Run # 15 
S=0.00288 

Run # 16 
S=O. 00:340 

x 
(ft) 

110 

1 "')t:' ..::. ... 1 

140 

110 

125 

140 

110 

125 

140 

110 

125 

140 

y 
(ft) 

4.00 

4. (H) 

4.00 

4.00 

4.00 

4.00 

4. (H) 

4.00 

4.00 

4.00 

4.00 

4.00 

D Fraction Velocity 
<ft) of Depth ft/sec 

2.11 O.EK> c;:• '":"C." 
;:;J ....... ;:;J 

0.20 :::::. 4<1 
2.07 0.80 c:· ":l'i:::' \;J .. • _ .. ;:;.i 

0.20 3. 9:;:; 
2 .. 06 0.08 5 .. 49 

0.02 4 1«;•7 • 4·-' 

2. 0'1 0.80 5.25 
0.20 3 .. 79 

2.10 0 .. 80 5. 12 
0 .. 20 :3. 76 

2.; 10 0.80 C' ~"',\ 
;:;J. -'"-

0.20 3 .. 76 

2 .. 06 0.80 5.35 
0.20 3.50 

1. 98 0.80 5.86 
0.20 4.00 

1.99 0.80 5.52 
0.20 3.96 

1. 88 0.80 6.07 
0.20 3.69 

1.91 0.80 5.69 
0.20 4n 13 

1.88 0.80 5.73 
0.20 4. 10 



Run # 17 
Q=75 cf s 

CORPS OF ENGINEERS RIPRAP PROJECT 

S=0.00281 
Temp. 70 F 

Reck size 1 in. 
Thickness 2 in. 

====================================================== 

X=110' 
D=l.985' 

X=125, 
D=l.930~ 

X=140, 
D=l.996 

Fraction 
of Depth 

0.90 
0.70 
0.50 
0.30 
0.10 

0.90 
0.70 
0.50 
0.30 
o. 10 

0.90 
0.70 
0.50 
0.30 
0.10 

Depth 
z 

(ft) 

1.79 
1.39 
0.99 
0.60 
0.20 

1.74 
1.35 
0.97 
0.58 
0.19 

1.80 
1.40 
1.00 
0.60 
0.20 

Velocity Velocity Velocity 
ft/sec ft/sec ft/sec 

y =1.33, y =4.00' y =6.67' 

5.39 5.69 4.37 
5.49 ~ ~~ 

~-4~ 5.05 
5.29 4.74 5.09 
4.47 4.06 4.61 
3.01 2.91 3.18 

~ ~~ 
~-~~ 6.00 4.60 
5.42 5.46 5.08 
5.01 5.01 4.95 
4.74 4.40 4.57 
3.66 2.98 3.42 

5.22 5.62 4.37 
5.49 ~ ~~ 

w.~4 4.74 
5. 15 4.95 4.78 
4.74 4.44 4. 1-~ 
3.69 3.32 3.15 



CORPS OF ENGINEERS RIPRAP PROJECT 

Q='75 c+s Roe k size 1 in. Thickness 2 in. 
=====~================================================ 

Run # 18 
S=0.00281 

Run # 20 
S=0.00284 

Run # 21 
S=O. 003:3:3 

Run # 22 
S=0.00407 

x 
(ft) 

110 

125 

140 

120 

1 ::'o 
140 

120 

1:30 

140 

120 

1:30 

140 

y 
(ft) 

4.00 

4.00 

4.00 

4.00 

4.00 

4.00 

4.00 

4.00 

4.00 

4.00 

4.00 

4.00 

D Fraction Velocity 
<ft) of Depth ft/sec 

1. 98 0.80 5.42 
0.20 3. :::::a 

1. 94 0.80 5.69 
0.20 3.69 

1.98 0.08 c::- i::.·r; 
;J. ;J..:.. 

0.02 3. ·79 

2.01 0.80 5.93 
0.20 4.37 

2.02 0.80 5.76 
0.20 4.20 

2.02 0.80 5.86 
0.20 4.06 

1.87 0.80 6. 10 
0.20 3.86 

1. 90 0.80 6.03 
0.20 4. :30 

1.89 0.80 6.20 
0.20 4.30 

1. 81 0.80 5.79 
0.20 3.51 

1. 79 0.80 5.56 
0.20 7 I:::",..) 

·-'. ;J..:.. 

1. 81 0.80 5.74 
0.20 3.69 



Run # 2:3 
Q=75 cf s 

CORPS OF ENGINEERS RIPRAP PROJECT 

S=O. 0034::::; 
Temp. 71 F 

Rock size 1 in. 
Thickness 2 in. 

====================================================== 

X=120, 
0=1. sso:· 

X=L30, 
D=1.883' 

X=140' 
D=l.892, 

Fraction 
of Depth 

0.90 
0.70 
0.50 
o. :3;o 
o. 10 

0.90 
o. ·70 
0.50 
o. ::::o 
o. 10 

0.90 
0 .. 70 
0.50 
o. :2:;o 
o. 10 

Depth Velocity Velocity Velocity 
Z ft/sec ft/sec ft/sec 

Cft> @Y=1.33, @Y=4.00, @Y=6.67' 

1. 69 5.39 6.44 5.49 
1. :32 5.73 6.13 5.59 
0.94 5.39 5.49 ::;. 42 
0.56 4.84 4.78 4.67 
o.1<il 3.21 3.59 ..,. a::::,., ._ ... \:1..:.. 

1.69 5.32 6.13 c::' C::"'"l 
\:I. \:1..::. 

1 ~:r·-;. . ·-·..:.. 5.57 5.73 5.42 
0.94 5.49 5.46 =i. 29 
0.56 4.57 4.91 4.74 
o. 1 <:;> 3.49 :3. :~\5 "":?' i:::·'") ·-·· ~..:.... 
1. 70 5.42 6.17 5.59 
1. ::;;2 5.59 5.96 5.66 
0.95 5.39 5.66 5.49 
0.57 4.71 4.88 4.71 
0.19 :3.49 3.59 3. :38 



CORPS OF ENGINEERS RIPRAP PROJECT 

Q=100 cfs Rock size 1 in. Thickness 2in .. 
====================================================== 

Run # 24 
S=0.00225 

Run # 25 
S=0.00266 

Run # 26 
S=0.00308 

x 
(ft) 

120 

130 

140 

120 

130 

140 

120 

130 

140 

y 
(ft} 

4.00 

4.oo 

4.00 

4.00 

4.00 

4.00 

4.00 

4.00 

4.00 

D Fraction Velocity 
(ft> of Depth ft/sec: 

2.48 0.80 5.79 
0.20 3.93 

2.47 0.80 5.79 
0.20 3.83 

2.49 0.08 5.69 
0.02 4. 13 

2.39 0.80 5.66 
0.20 3.69 

2.39 0.80 5.39 
0.20 3.72 

2.41 0.80 5.35 
0.20 ::.~. 93 

2.28 0.80 6.41 
0.20 4.13 

2.28 0.80 6.10 
0.20 4.06 

2.30 0.80 6.07 
0.20 4.13 



Run # 27 
Q=lOO cfs 

CORPS OF ENGINEERS RIPRAP PROJECT 

S=0 .. 00318 
Temp '70 F 

Roe k size 1 in .. 
Thickness 2 in. 

====================================================== 

X=120:-
D=2. :329:-

X=130:-
D=2.334, 

X::.-::140:• 
D:::::2. 349:• 

Fraction 
of Depth 

0 .. 90 
0.70 
0.50 
0.30 
o. 10 

0 .. 90 
0.70 
0.50 
0.30 
0.10 

0.90 
0.70 
0.50 
0.30 
0.10 

Depth Velocity Velocity Velocity 
Z ft/sec ft/sec ft/sec 

(ft) @Y=l .. 33p @Y=4.00P @Y=6.67p 

2 .. 10 5.46 5.93 5.66 
1.63 5.81 5.22 5 .. 93 
1.16 5.62 4.84 5.81 
o. 70 5.05 4.44 5.13 
0.23 3.66 3.15 :3 .. 66 

2. 10 5.61 6.20 6.00 
1.63 5 .. 90 5 .. 81 6. 17 
1 .. 17 5.62 5.04 5.95 
0.70 4.85 4.44 5.09 
o. 2:3 3.80 3.26 ::;:;.69 

2.11 5.48 5.69 5.84 
1.64 ~j. 73 5.56 6.03 
1. 1 ·7 5.62 4.95 5.62 
0.70 4.80 4.54 5. l.2 
o. 2:::.~ 3.50 3.10 :3. 07 



CORPS OF ENGINEERS RIPRAP PROJECT 

Q=50 cf s Rock size 1 in. Thickness 2 in. 
====================================================== 

Run # 28 
S=0.00409 

Run # 29 
S=0.00490 

Run # :;;:o 
S=0.00561 

x 
(ft) 

12(> 

1~30 

140 

120 

130 

140 

120 

1:30 

140 

y 
(ft) 

4.00 

4.00 

4.00 

4.00 

4.00 

4.00 

4.00 

4 .. 00 

4.00 

D Fraction Velocity 
(ft) of Depth ft/sec 

1.37 0.80 4.87 
0.20 2.73 

1.39 0.80 4.90 
0.20 3.C>O 

1. 40 0.08 4.74 
0.02 2.77 

1.26 0.80 5.25 
0.20 3.20 

1.25 0.80 5.32 
0.20 3.31 

1.27 0.80 i:::: c:r1-) 
...J. \:.J..:.. 

0.20 3.21 

1. 25 0.80 5.59 
0.20 4 .. 06 

1 t-u::: .. ..:;.;::J 0 .. 80 5.72 
0.20 3.72 

1. 26 0 .. 80 5 .. 62 
0.20 3 .. 76 



Run # :::;1 
Q=50 c:f s 

CORPS OF ENGINEERS RIPRAP PROJECT 

S=0.00561 
Temp. 72 F 

Rock size 1 in. 
Thickness 2 in. 

====================================================== 

X=120' 
D=1. 250:• 

X=130:i 
D=1.269:i 

X=140' 
D=1.268 

Fraction 
of Depth 

0.90 
0.10 
0.50 
0.30 
o. 10 

0.90 
0.70 
0.50 
0. :;:;o 
0.10 

0.90 
o. ·70 
0.50 
0.30 
0.10 

Depth Velocity Velocity Velocity 
Z ft/sec ft/sec: ft/sec 

<ft) @Y=l.33' @Y=4.00' @Y=6.67, 

1. 13 5.99 6.00 5.93 
0.88 6.07 ::; • 46 5.90 
0.63 5.59 5.11 5.46 
o. ~38 4. <';>! 4.44 4.50 
o. 1:3 3. ~72 3.11 3.35 

1.14 6.10 5.96 5.90 
0.89 5.93 5.49 5.96 
0.63 5.52 5.05 5.46 
0.38 4.64 4. :37 4.88 
o. 13 3.55 3.04 3. :3;5 

1. 14 6.00 6.00 6.07 
0.89 6.03 5.66 6.10 
0.63 5.62 5.05 5.66 
0.38 5.02 4 t:'.''.') • ;;:#..:;. e;. oa 
o. 13 :3. 45 3.23 :::::. 42 



CORPS OF ENGINEERS RIPRAP PROJECT 
---------------------------------------------------------------Run # 32 

Q=50 cf s 
S=0.005575 
Temp. 70 F 

Roe k s i z e 1 i n • 
Thickness 2 in. 

=============================================================== 

X=120' 
D=l. :::><:>2, 

X=125, 
D=1. 30o:· 

X=130' 
D=l.267:a 

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=6.67' 

0.90 5.76 6. 10 5.85 6.30 5.88 
0.70 5.92 5.96 5.68 5.95 5.83 
0.50 5.59 5.39 5.12 5. 6~3 5.39 
(>. '.';.'0 4.84 4.88 4 .. 17 4.83 4 .. 70 
0 .. 10 ::::.. 11 3.63 :~i;. 25 3.58 3.42 

0.90 6. (>"7 5.73 5 .. 62 
o. '70 5.93 5.46 5.73 
0.50 5.49 5.08 5.18 
0.30 4. ·74 4.23 4.47 
0.10 3.38 ~3. 28 3 .. 15 

0.90 5. 7:3 5.76 5.86 6.06 5.66 
0.70 5.70 W' t:::'.''Ji ..J ..... 1£- 5.35 5.86 5.66 
0.50 5.25 5.25 4.84 5.42 5.12 
o. :::;o 4.27 4.54 4.20 4.54 4.47 
0.10 "!!' l')C" 

·-· • .i:;.;,,J 3.28 3.18 .~.. - .. "Ji . .::. . ..::."' :3.25 

The Following Data Collected After Readjustment of The Depth. 

X=125' 0.90 5.87 
D=1.292:a o. '70 5.52 

0.50 5.22 
0.30 4. :3:3 
o. 10 2.96 

X=130:o 0.90 6.07 5.90 
D=1. 281 :a 0.70 5.86 5.60 

0.50 5.46 5.01 
0.30 4.78 4.40 
0.10 :::.:.. 25 ::::;. 21 



Run # :::r5 
Q::::25 c:f s 

CORPS OF ENGINEERS RIPRAP PROJECT 

8=0.00998 
Temp. 10 F 

Roe: k size 1 in. 
Thickness 2 in. 

====================================================== 

X=120' 
O=O. 692, 

X=130;t 
D=0.680, 

X=140, 
O==O. 6·79:• 

Hun # :::;;4 
G!=25 c:fs 

Fraction 
of Depth 

0.80 
0.20 

0.80 
0.20 

0.80 
0.20 

Depth 
z 

(ft) 

o. 14 

0.54 
o .. 14 

0.54 
o. 14 

Velocity Velocity Velocity 
ft/sec: ft/sec: ft/sec 

y =1.33' y =4.00' y =6.67' 

5.18 
3.42 

:3.38 

4 .. 98 5.29 
3.59 

5.52 
3. 9:3 

5.83 
3.62 

S=0.01088 
Temp. 68 F 

Rock size 1 in. 
Thickness 2 in. 

====================================================== 

X=120;' 
D=0.703:-

X=1:30' 
D=O. 699:· 

X=14()=' 
D=O. 70T' 

Fraction 
of Depth 

0.80 
0 .. 20 

0.80 
0.20 

0.80 
0 .. 20 

Depth 
z 

(ft) 

0.56 
o. 14 

0.56 
0.14 

0 .. !57 
o. l.4 

Velocity Velocity Velocity 
ft/sec ft/sec: ft/sec: 

y =1.33:- y =4.00, y =6.67' 

3. :3;8 

5.49 

5.29 

:;:;., 72 

5.49 
::::.. 65 

5.45 

5.64 
3.69 

5.93 
:::.~. 60 

5.22 
3n59 



Run # 35 
Q=25 cf s 

CORPS OF ENGINEERS RIPRAP PROJECT 

S=0.01186 
Temp. 68 F 

Roe k s i z e 1 i n • 
Thickness 2 in. 

====================================================== 

X=12C>' 
D=0.665:-

X=1:::;;0:0 
D=0.679' 

X=140=' 
D=0.673=' 

Run # ::::;6 
G!=25 cfs 

Fraction 
of depth 

0.80 
0.20 

O. EKl 
0.20 

0.80 
0.20 

Depth 
z 

(ft) 

0.53 
o. 13 

0.54 
o. 14 

0.54 
0.13 

Velocity Velocity Velocity 
ft/sec ft/sec ft/sec 

y =1.33' y =4.00' y =6.67' 

5.42 
3.18 

5.59 
:3. 79 

5.35 
3.11 

5.59 
3.38 

5.76 
3.69 

5.73 
4.03 

6.03 
3.96 

6.02 
4.06 

5.86 

S=O. 013:37 
Temp. 68 F 

Rock size 1 in. 
Thickness 2 in. 

====================================================== 

X=120' 
D=O. 6:30, 

X=13tY' 
D=O. 610:· 

X=140' 
D=0.614, 

Fraction 
of Depth 

0.80 
0.20 

0.8(> 
0.20 

0.80 
0.20 

Depth 
z 

(ft) 

0.50 
o. 1:3 

0.49 
0.12 

0.49 
(>. 12 

Velocity Velocity Velocity 
ft/sec ft/sec ft/sec. 

y =1.33' y =4.00' y =6.67' 

5.56 
::.,. 59 

6. 1:3 
4.17 

5.59 
3.72 

5.62 
:$. 76 

6.13 
4.47 

6.10 
4. 10 

6. 0::5 
::.,. 96 

6.44 

5.59 
3.79 



Run # :37 
Q=25 c:f s 

CORPS OF ENGINEERS RIPRAP PROJECT 

S=0.01204 
Temp. 68 F 

Roe k size 1 in. 
Thic:kness 2 in. 

====================================================== 

X=12CF 
D=O. 657:' 

X=130' 
D=0.645' 

X=140=" 
D=0.650, 

Frac:tion 
of Depth 

0.90 
0.70 
0.50 
o. ::::.o 
o. 15 

0.90 
0.70 
o. ~j(> 
0.30 
0 .. 22 

0. <;•o 
o. ·70 
0.50 
o. '.2.\0 
0.20 

Depth Veloc:ity Veloc:ity Veloc:ity 
Z ft/sec: ft/sec ft/sec 

(ft> @Y=l.33' @Y=4.00' @Y=6.67' 

0.59 C:- i;:."r') 
".::.I. ".:J..::. 5. '76 6.03 

0.46 5.18 5.46 5.57 
o. 3:::;; 4.61 4.84 4.98 
0.20 3.76 4.20 4.37 
o. 10 ~3. 11 3. :;:;5 3.83 

0.58 5.56 5 .. 90 5. 9:3 
0.45 5. 15 5.51 i::- C:I".) ..,,,. ;;.J..:.. 

0.32 4.57 4.91 5 .. 05 
o. 19 3.89 4.20 4.27 
o .. 14 3.49 3.79 :3. 89 

0.59 5.86 5 .. 96 5.82 
0.46 5.25 5.21 5 .. 15 
0.33 4.91 5.22 4.88 
0.20 4 .. 33 4.44 4.23 
o. 1:3 3.76 3.79 3.66 



Run # ::;;a 
£;!=75 cf s 

CORPS OF ENGINEERS RIPRAP PROJECT 

S=0.00402 
Temp 63 F 

Rock size 1 in. 
Thickness 2 in. 

====================================================== 

X=120, 
D=l. 841, 

X=1:;:;0, 
D=l. 815, 

X=140' 
D=l.840, 

Run # :39 
c.:i=·75 cf s 

Fraction 
of Depth 

0.80 
0.20 

0.80 
0.20 

0.80 
0.20 

Depth 
z 

(ft) 

1. 47 
o. :37 

1. 45 
o. ::;;6 

1.47 
0.37 

Velocity Velocity Velocity 
ft/sec ft/sec ft/sec 

y =1.33' y =4.00' y =6.67' 

5.56 
4.30 

5.59 
4. 10 

5.59 
4.10 

6.07 
4.27 

6.17 
4. :30 

6.10 
4.27 

5 .. 56 
4.27 

5.79 
4. 2:3; 

5.73 
4.30 

S=O. oo:3Tl 
Temp. 69 F 

Roe k s i z e 1 i n • 
Thickness 2 in. 

====================================================== 

X=12o:• 
D=l. 81 '~' 

X=1~3<Y' 

D=l.815' 

X=14o:• 
D=l.856' 

Fr·acti on 
of Depth 

0.80 
0 .. 20 

O .. EK> 
0 .. 20 

0.80 
0.20 

Depth 
z 

(ft} 

1.46 
o.:36 

1 .. 45 
o. :36 

1.48 
o. :37 

Velocity Velocity Velocity 
ft/sec ft/sec ft/sec 

y =1.33, y =4.00' y =6.67' 

5.50 
4 .. 1:3 

5.59 
4.27 

5. 5c1 
4.13 

6.24 
4.54 

5.97 
4.20 

6.07 
4. :::.~4 

5.66 
4. 1:3 

4.98 

5.63 
5.01 



Run # 40 
Q=75 cf s 

CORPS OF ENGINEERS RIPRAP PROJECT 

S=0.00330 
Temp 72 F 

Rock size 1 in. 
Thic~mess 2 in. 

====================================================== 

X=12o;• 
0=1.907' 

X=130, 
D=l.906, 

X=140, 
D=l.942, 

Fraction 
of Depth 

0.90 
0.70 
0.50 
0.30 
0.10 

0.90 
0.70 
0.50 
0.30 
0 .. 10 

0.90 
0.70 
0.50 
0.30 
o. 10 

Depth Velocity Velocity Velocity 
Z ft/sec ft/sec ft/sec 

<ft> @Y=l.33, @Y=4.00, @Y=6.67, 

1. 72 5.25 6. 17 5.25 
1. 33 5.42 5.76 5.46 
0.95 5.22 5.15 5.15 
0.57 4.57 4.50 4.47 
o. 19 :3.49 3.49 3.38 

1. ·72 5.35 6. 10 5.29 
1. 33 I:' c-r) 

;J a JL 5.76 5.39 
0.95 &:::'. '"l''.) ;J • ..::.. 

c::: 1•;.c::: 
;J • ..:..;J 5. 01 

0.57 4.61 4.74 4. :57 
o. 1 <;> 3.59 ::::.. 66 3. 15 

1. '75 5.21 6.07 5. 18 
1. 36 5.52 5.62 5.32 
0.97 5.05 5.29 4.95 
0.58 4.61 4.78 4.54 
o. 1 <t 3.11 3 .. 55 3.45 



Run # 41 
Q=50 cf s 

CORPS OF ENGINEERS RIPRAP PROJECT 

S=0.00475 
Temp. 62 F 

Roe k size 1 in. 
Thickness 2 in. 

====================================================== 

X=120:· 
D=1. ::;.\64:• 

X=13o:• 
D=1. :338' 

X=140' 
D=l.356' 

Fraction 
of Depth 

0.90 
o. ·70 
0.50 
0.30 
o. 10 

0.90 
0.70 
0.50 
0.30 
0.10 

0.90 
0.70 
0.50 
o. :;:;o 
0.10 

Depth Velocity Velocity Velocity 
Z ft/sec ft/sec ft/sec 

<ft> @Y=1.33' @Y=4.00' @Y=6.67' 

1. 2::::; 5.62 5.49 5.49 
0.95 5.56 i:;;· 

\..J. 18 5.56 
0.68 i::: 

\..J. 15 4.67 c:· 
\..J. 19 

0.41 4.50 3.96 4.57 
o. 14 3. :3;8 2.87 3.35 

1. 20 5.66 5.56 5.46 
0.94 5.66 5.25 5.56 
0.67 i::.· 

IJ. 18 4. ·74 5.18 
0.40 4.74 3.93 4.50 
o. 1:3 ~;. 21 3.11 3.04 

1.22 5.62 5.29 5.49 
0.95 5.66 c:: • .,..r"I 

\..J •• .:. .. ..::. 5.56 
0.68 5.18 4.84 5.35 
0.41 4.44 4. 17 4.57 
(>. 14 3. 1 :l 2.67 3.28 



Run # 42 
Q=100 cf s 

CORPS OF ENGINEERS RIPRAP PROJECT 

S=O. 00~)14 
Temp 68 F 

Rock size 1 in. 
Thickness 2 in. ------------------------------------------------------------------------------------------------------------

X=120=' 
D=2. 424:• 

X=1::::;0:• 
0=2. ~~oe, 

X=140, 
D=2.3BO=' 

Run # 4:::;; 
Q=100 cf s 

Fracti. on 
of Depth 

0.80 
0.20 

0.80 
0.20 

0.80 
0.20 

Depth 
z 

(-ft) 

1. 94 
0.48 

1.85 
0.46 

1 •CJ() 
0.48 

Velocity Velocity Velocity 
ft/sec ft/sec ft/sec 

y =1.33, y =4.00, y =6.67, 

5.59 
4.30 

5.76 
4.61 

5.59 
4.17 

i:::· i:::-r".I 
\.J. \J.O::. 

3. '76 

:3. 96 

5.52 
:::;;. 96 

6 .. 02 
4.57 

6.00 
4.84 

6. o::::: 
4.71 

S=0.00403 
Temp. 66 F 

Roe k size 1 in. 
Thickness 2 in. 

====================================================== 

X=12tY' 
D=2. 449:· 

X=140, 
0==2.441=' 

Fraction 
o+ Depth 

0.80 
0.20 

0.80 
0.20 

0.80 
0.20 

Depth 
z 

(ft) 

1. 96 
0.49 

1..88 
0.47 

1. 95 
0.49 

Velocity Velocity Velocity 
ft/sec ft/sec ft/sec 

y =1.33, y =4.00, y =6.67, 

5.18 
4.27 

a:::· t:::"'") 
.;J .. .;J..::. 

4. 1:3 

5.29 
4. :~;o 

5.62 
4.00 

5. '.;>O 
4. o~.::; 

5.79 
~.:;;. 85 

5.66 

5.97 
4.47 

5.59 
4.44 



Run # 44 
Q=100 cf s 

CORPS OF ENGINEERS RIPRAP PROJECT 

S=O. 004:36 
Temp. 6~$ F 

Roe k si :z e 1 in. 
Thickness 2 in. 

====================================================== 

X=120:s 
D=2.194:s 

D=2. 22~5, 

X=140:-

Run # 45 
G!= 100 cf£; 

Fraction 
of Depth 

0.80 
0.20 

0.80 
0.20 

0.80 
0.20 

Depth Velocity Velocity Velocity 
Z ft/sec ft/sec ft/sec 

<ft> Y=1.~53:s Y=4.00=' Y=6.67=' 

1. 76 
0.44 

1. 78 
0.44 

1. 77 
0.44 

S=O. (H):~;54 
Temp 72 F 

5.86 
4. 2:3 

5.76 
4. 0:3 

5.90 
4. =i4 

6.30 
4.27 

6. 10 
::::;. 89 

6.37 
4. :37 

6.27 
4.54 

6. 1:3 
4.27 

6.07 
4.64 

Roe k s i z e 1 i n . 
Thickness 2 in. ------------------------------------------------------------------------------------------------------------

X=120=' 
D=2. :3:3;7:• 

X=1:30=-
D=2. 2·72:' 

X=140=' 
D==2. :387 :-

Fraction 
of Depth 

0.90 
o. 70 
o. 50 
o. ::::;o 
o. 10 

0.90 
0.70 
0.50 
0.30 
o. 10 

0.90 
0.70 
0.50 
0.30 
o. 10 

Depth Velocity Velocity Velocity 
Z ft/sec ft/sec ft/sec 

(ft> @Y=1.33:s @Y=4.00:s @Y=6.67=' 

2. 10 5. 69 c::· 
...J. 73 6n 00 

1 .64 5.62 C" 
...J. 33 6.07 

1 . 17 5. 52 4.91 6.00 
0.70 4.88 4.52 i:::· ,:J. 12 
0.23 :3. 66 3.38 3.cn 

2.04 5.52 6.24 6. :37 
1..59 5.76 5. 5<~ 6.20 
i. 14 5.52 5.05 6.00 
0.68 4.71 4.47 5. 12 
0. 2:~\ 3.66 3.52 4.00 

,., 15 5.29 5.56 5.73 ..: .. 
1.. 67 c:· ·=· .. ., ...J • ...J..:.. 

c:: 71::" \.J • • .:,. \.J 5.96 
1. 19 5.46 4.82 5.83 
0.72 4.78 4.40 c:: ''"> r") \::I • ..:....::. 

0.24 3.52 :3. 66 :3. 76 



Run # 46 
Q=25 cf s 

CORPS OF ENGINEERS RIPRAP PROJECT 

S=0.00888 
Temp. 66 F 

Roe k size 1 in. 
Thickness 3 in. 

====================================================== 

X=120:· 
D=O. 712;' 

X= 130, 
D=O. 702:· 

X=140, 
D=0.746, 

Run # 47 
Q=25 cfs 

Fraction 
of Depth 

0.80 
0.20 

0.80 
0.20 

0.80 
0.20 

Depth Velocity Velocity Velocity 
Z ft/sec ft/sec ft/sec 

(ft) y =1.33, y =4.00' y =6.67' 

0.57 
o. 14 

0.56 
0.14 

0.60 
o. 15 

S=0.01011 
Temp 69 F 

5.46 
:-$. 32 

5.35 
3.62 

5.35 
3.55 

5.25 
3.42 

5.29 
3.52 

5.22 
3 .. 55 

Rock size 
Thickness 

5.46 
...,. c::'.1') ._ ....... J..:... 

5.35 
:3.89 

5.29 
3.52 

1 in. 

====================================================== 

X= 120, 
D=O. 682, 

X=1:30, 
D=0.664, 

X=140, 
D=O. 719:• 

Run # 48 
Q=25 cf s 

Fraction 
of Depth 

0.8(> 
0.20 

0.80 
0.20 

0.80 
0.20 

Depth Velocity Velocity Velocity 
Z ft/sec ft/sec ft/sec 

(ft) y =1.33' y =4.00, y =6.67' 

0.55 
o. 14 

0.58 
o. 14 

S=O. 01:::;.i:3 
Temp 68 F 

5.69 

5.46 
3.79 

5.56 
3.59 

5.49 
3.49 

5. 5<~ 
3.76 

5.56 
:3 .. 45 

5.83 
3.45 

5.42 
:3:. 72 

5. ~39 
3.72 

Rock size 1 in. 
Thickness 3 in. 

====================================================== 

X=120, 
D=0.622, 

X=130, 
D=0.618, 

X=140~ 

D=0.679, 

Fraction 
of Dept.h 

0.80 
0.20 

0 .. 80 
0.20 

0.80 
0.20 

Depth Velocity Velocity Velocity 
Z ft/sec ft/sec ft/sec 

(ft) y =1.33, y =4.00, y =6.67, 

0.50 
0.12 

0.49 
0.12 

0.54 
0.14 

6.27 
3 .. 80 

5.87 

5.97 
4.10 

6.04 
4 .. 20 

6.13 
2.98 

6. 14 
4.27 

6.14 
4.20 

5.70 
3.69 

5. Tl 
3.76 



Rt..tn # 49 
Q=50 cf s 

CORPS OF ENGINEERS RIPRAP PROJECT 

S=0.00526 
Temp "70 F 

Rc:Jck size 1 in. 
Thickness :::;; in. 

====================================================== 

x=120:· 
D=1. 281 :• 

X=130" 
0=1. 25:3:: 

X=l.40'' 
D=1. 270 

Fr·acti on 
of Depth 

0.80 
0.20 

0.80 
0.20 

0.80 
0 .. 20 

Depth Velocity Velocity Velocity 
Z ft/sec ft/sec ft/sec 

<+t> Y =1.33" Y =4.00, Y=6.67~ 

1. 02 
0.26 

1 .. 00 
0.25 

1. 02 
0.25 

6. 11 
4 .. 49 

6.00 
4.58 

5.90 
4.24 

5.59 
:3;. 76 

5. 6:~\ 
4.03 

5.56 
3.86 

6.00 
4. 2·7 

6.04 
4.20 

6.00 
4.14 



Run # 50 
Q=50 cf s 

CORPS OF ENGINEERS RIPRAP PROJECT 

S=O. 006:36 
Temp 68 F 

Roe k s i :z e 1 i n • 
Thickness :3 in. 

====================================================== 

X=120:-
D=1. 178' 

X=1:30' 
D=l.146, 

X=140' 
D=l.184' 

Fraction 
of Depth 

0.90 
0.80 
0.70 
0.50 
0.40 
0.30 
0 .. 20 
o. 11 

0.80 
0.20 

0.80 
0.20 

Depth Velocity Velocity Velocity 
Z ft/sec ft/sec ft/sec 

(ft) y =1.33' y =4.00' y =6.67' 

1. 06 
0.94 
0.82 
o. 5<=( 
0.47 
(>. :35 
0.24 
(>. 13 

0.92 
o. 2:~~ 

0.95 
0.24 

6.24 

4.03 

6. :37 
4.37 

6.17 
4.44 

6.30 

5.93 
5,.:39 
4.98 
4.47 

::~. :38 

6.07 
4.00 

5.90 
4.13 

6.20 

4.00 

6.27 

6. :30 
4.10 

The Folowing Velocity Data Collected Using a Pitot Tube 

Fraction Velocity Velocity Velocity 
of Depth ft/sec ft/sec ft/sec: 

X=120' X=130, X=14o:• 
D=1. 178:' D=l.146, D=l.184, 

Y=4.0;t 0.90 6.47 6.71 6.42 
0.70 6. ~;.4 6.30 6.04 
0.50 5.67 5.90 C' C'-y 

\.J • -.JI 

0.40 5. :38 C' a::'."':!' 
\:J .. '-'·-· 5. 4:3 

o. :30 5.02 5. 3:;:. 4 .. 80 
0.20 4.69 4.51 4.45 
o. 1 C' .. J 4. 3:3 4.27 4 .. 33 
o. 10 :3. 95 4. 01 ~3 .. 66 
0.05 3.66 3.51 3.02 



CORPS OF ENGINEERS RIPRAP PROJECT 

Run # 51 
Q=50 cf s 

S=O. 00'726 
Temp 68 F 

Rock size 1 in. 
Thickness 3 in. 

=============================================================== 
Elevation Fraction 

(ft> of Depth 

X=120' 71. 637 0.90 
D=1. 11:::F 71. 458 0.70 

71.244 0.50 
71. 1:37 0.40 
71.030 0 .. 30 
70.922 0 .. 20 
'70. 869 o. 15 
70.815 o. 10 
70.762 0.05 

* 0.80 

* 0.20 

X=l :::;;o' 71.67 0.90 
D=1 .. 083' 71.46 o. ·70 

'71. 24 0 .. 50 
71. 13 o.4o 
71.02 0 .. 30 
70.91 0.20 
70.86 ()" 15 
70 .. 81 o .. 10 
70.75 0.05 

* 0 .. 80 

* 0 .. 20 

X=140' 71 .. 70 0.90 
D=i. 10<t' 71. 48 o. ·70 

71.26 0 .. 50 
'71. 15 0 .. 40 
11. o:;.' 0.30 
70.92 0.20 
70.87 o. 15 
70.81 o. 10 
'70.76 0.05 

* 0.80 

* 0.20 

Depth 
z 

(ft) 

0 .. c13 
o .. ·75 
0 .. 54 
o. 4:3 
o. ~52 
0 .. 21 
o. 16 
o .. 11 
0.05 

0.89 
0.22 

0 .. 97 
0.76 
0 .. 54 
0 .. 43 
o. :3:;;; 
0.22 
o. 16 
o .. 11 
0 .. 05 

0 .. 87 
0 .. 22 

1. 00 
0.78 
0 .. 56 
0.44 
o. :3'.3 
0.22 
o. 17 
o. 11 
0.06 

0 .. 89 
0.22 

Velocity Velocity Velocity 
ft/sec ft/sec ft/sec 

y =1.33' y =4.00' y =6.67' 

6.80 
6.30 
5 .. 90 
5 .. 60 
5.20 
4 .. 90 
4.60 
4. 10 
3. 10 

6 .. 58 6.23 6 .. ~;:;4 
4.21 3.88 4.33 

6 .. 50 
6 .. 00 
5 .. 60 
5. 10 
4.80 
4 .. 10 
3.60 
2 .. 80 
2.50 

6. ~;5 6.71 6.98 
4.60 4.51 4 .. 71 

6.50 
6. 10 
5 .. 50 
5.10 
4.90 
4.50 
4. 10 
3 .. 70 
3 .. 30 

6 .. 90 6.59 6" C,Ht 
4.58 4 .. 7:3 4.48 

* Velocity Data Collected Using an Ott Meter 



Run # 52 
Q=50 c::f s 

CORPS OF ENGINEERS RIPRAP PROJECT 

8=0 .. 00726 
Temp 6:3 F 

Roe k s i z e 1 i n • 
Thickness ::::; in 

====================================================== 

X=120' 
0=1 .. 118' 

x'=130:· 
D=l .. 085' 

X=140' 
D=l .. 084, 

Fraction 
of Depth 

0 .. 80 
0.20 

0 .. 80 
0 .. 20 

0 .. 80 
0 .. 20 

Depth Velocity Velocity Velocity 
Z ft/sec ft/sec ft/sec 

(ft) y =1 .. 33' y =4.00' y =6.67' 

O. 9r;-
0. 22 

0.87 
0.22 

0.87 
0.22 

6.51 
4 .. 36 

6 .. 73 
4.81 

6 .. 25 
5.:36 

6.40 
4.33 

6 .. 50 
4 .. 01 

6.77 
4. 4·7 

6 .. 75 
4.89 

CORPS OF ENGINEERS RIPRAP PROJECT 

Run # 54 
Q=50 cf s 

S=0 .. 00732 
Temp f;,:3 F 

Roc::k size 1 in. 
Thickness :::;; in .. 

=============================================================== 

X=120, 
D=1.111' 

Elevation Fraction 
<ft) of Depth 

71.71 o. <;>o 
71.4<-1 o. 7'0 
71..27 0.50 
71. 16 0.40 
'71 .. 05 0.:30 
70 .. 9:3 o .. 
·70. 88 0.15 
70 .. 82 o. 10 
·10. i7 0.05 

Depth Velocity Velocity Velocity 
Z ft/sec ft/sec ft/sec 

(ft> y =1.33' y =4.00' y =6 .. 67' 

1. 00 6.75 6.6::::; 6.83 
0.78 6.34 6.22 6 .. 55 
0 .. 56 5.6:3 5 .. 48 6 .. l ~5 
o. 44 5.28 4. c17 5 .. 67 
o. ::;.\3 4 .. 6:::.; 4 .. 63 ~;.1:3 

0.22 4.21 4,.:-$3 4.8(> 
0.17 3 .. 88 4.08 4 .. 63 
o .. 11 :3 .. 51 :3. 74 4,.3:3 
0.05 ·-:r 

"'fl'I"' • 19 2 .. 54 :3 .. 59 

Test stop d due to power failure 



CORPS OF ENGINEERS RIPRAP PROJECT 

Run # 55 
Q=50 c:fs 

S=O .. 007:;:;2 
Temp 65 F 

Roe k s i z e 1 i n .. 
Thickness :::;; in .. 

=============================================================== 
Elevation Fraction 

<ft> of Depth 

X=120, 71. 75 o .. <;>(> 
D=1.151• 71 .. 52 0 .. 70 

71.29 0.50 
71.17 0.40 
71.06 o. :30 
70.94 C>. 20 
70.89 0.15 
70.83 o. 10 
70. T7 0.05 
'70.66 
70 .. 69 
70.67 

X=13tY 71.6'7 0.90 
D=1 .. 078' 71.46 0.70 

'71.24 0 .. 50 
71.13 0 .. 40 
·11 .. o:::.i; 0 .. 30 
70 .. 92 0.20 
'70. 86 o .. 15 
70.81 o. 10 
'70.76 0 .. 05 
70 .. 66 
'{'(>. 74 
70.62 

X=14o:• 71 .. ·n; 0.90 
D=L 147' 71. =;o 0 .. 70 

'71 .. 27 0.50 
'71. 16 0.·40 
71.04 o. ::::;o 
70 .. 9:3 0 .. 20 
'70.87 o. 15 
70.81 o .. 10 
70. '76 0 .. 05 
70 .. 70 
70 .. 68 

Depth 
z 

(ft} 

1 .. 04 
(). 81 
0.58 
0 .. 46 
0 .. :34 
0.23 
o .. 17 
o. 11 
0 .. 06 

0 .. 97 
0.75 
0 .. 54 
0.43 
o .. :32 
0 .. 22 
o. 16 
0.11 
0.05 

1 .. o:~; 
0.80 
0 .. 57 
0 .. 46 
0 .. 34 
0 .. 2:;;; 
o. 17 
o. 11 
0.06 

Velocity Velocity Velocity 
ft/sec ft/sec ft/sec 

v =1 .. 33' v =4 .. oo• v =6.67' 

6. :;:;9 6.47 6.67 
6.04 5.95 6 .. 39 
5.48 !::i. 38 5.58 
5.18 5.02 5.:33 
4.86 4.46 4 .. 91 
4.01 4.01 4 .. 14 
3.74 3.51 3.74 
:::.i; .. 20 2.93 3 .. 28 
2.54 1 .. 94 2 .. 07 
1 .. 27 

1. 79 
1..27 

6 l::."I:!' • -;;:;J\.,J 6 .. 75 6.59 
6. :30 6.22 6 .. 43 
5.77 5. 6'7 ~i .. 72 
5.43 5 .. 18 5. :39 
5.08 4 .. 63 c::' ,_,. i:::; 
4.52 4.01 4 i:::·r:; ... J..:.. 

4 .. 08 3 .. 6~> 4.21 
:s. 81 2.93 3.95 
2.64 2.74 :.::; .. 44 
1 .. 26 

2 .. 54 
1 .. 7<r 

6. ~$9 6 i:::·i::: 
" -;;:;J\.J 6.51 

6 .. 1 "!'' ._ .. 6.00 6 .. ~~9 
5 .. 67 s. :..:::8 5.91 
5. 18 5 .. 26 5 .. 43 
4.52 5.72 4.91 
4.21 4.08 4 .. 27 
3.81 :~t. 88 ::\ .. 81 
3.28 3.59 :::; .. 19 
2.84 2.84 2. (f7 
2.32 

2.64 
2.07 



CORPS OF ENGINEERS RIPRAP PROJECT 

Run # 56 
Q=50 c:f s 

S=0.00647 
Temp 6"7 F 

Rock size 1 in. 
Thickness:~:; in .. 

=============================================================== 

X=120' 
D=1. 2:::.\6' 

X=130' 
D=i.206, 

X=14o:• 
D=1 .. 24r 

Elevation Fraction 
(ft> of Depth 

71.86 0.90 
'71. 61 0.70 
71.36 0.50 
71. 24 0.40 
71.12 o. :30 
70.99 0.20 
70.93 o. 15 
70.87 0.10 
'70.81 0.05 
70.72 
70.72 
70.73 

71.82 0.90 
71.58 o. ·70 
71. '.:\4 0.50 
71.22 0.40 
71.10 o. :::;;o 
70.98 0.20 
'70.92 o. 15 
~10. 86 o. 10 
70.80 0.05 
70.73 
70.67 
70.66 

71.86 0.90 
71. 61 0.70 
71. :::.~6 0.50 
71 .. 2:3 0.40 
71.11 0.30 
70.98 0.20 
70.92 o. 15 
70.86 o. 10 
70.80 0.05 
70. 7:3 
70.75 

Depth Velocity Velocity Velocity 
Z ft/sec: ft/sec: ft/sec 

<ft) @Y =1.33'@Y =4.00'@Y =6.67' 

1. 11 6. 4·7 6.04 6.28 
o. 87 6.28 5.51 6.24 
0.62 5.74 5.21 5.60 
0.49 5.43 4.72 5.42 
o. :37 4.97 4.36 5.05 
0.25 4.40 :3. 98 4.40 
o. 19 4.08 '? r)'? ._ ... ..:..·.:> 4. 11 
o. 12 :;.\. 40 3.02 3 .. 36 
0.06 2.26 2.79 1. 79 

1. 04 
0.90 

o. 10 

1. 08 5. <17 6.39 6 .. 17 
0.84 5.86 5.91 6.09 
0 .. 60 5.58 5.15 5.77 
0.48 5.26 4.86 5.53 
0 .. 36 i:::· 

;;;;J. 1 (> 4 .. 60 5.20 
0.24 4.72 4. ~36 4.78 
0.18 4.40 3.67 4. :2:.6 
0.12 4.08 3.36 4. 11 
0.06 3.51 2.98 :::::. 32 

2.32 
2.00 

0 .. 00 

1. 12 6.00 5.91 5 .. 86 
o .. 87 5.84 5.65 5 .. 86 
0.62 5.53 C'. ,.,-:r \:.I • ..:;.._. 5 .. 60 
0.50 5.08 4.78 5.28 
0.37 4.80 4.52 4.75 
0.25 4.27 3.98 4.4:3 
0.19 4.01 3.40 
o .. 12 3.59 "":! .. _ .. 15 
C>.06 ·~ ·-·. 11 ==::. 9:;:; 

2.64 
2.48 



CORPS OF ENGINEERS RIPRAP PROJECT ---------------------------------------------------------------
Run # 57 
Q=25 cf s 

S=O. 01475 
Temp 64 F 

Rock size 1 in .. 
Thickness 3 in. 

=============================================================== 
Elevation Fraction 

Ht> of Depth 
Depth Velocity Velocity Velocity 

Z ft/sec ft/sec ft/sec 
(ft> @Y =1.33,@Y =4.00,@Y =6.67, 

---------------------------------------------------------------
x=120:• 71.29 0.90 0.56 
D=0.618, '71. 17 0 .. 70 0,.4:::;; 

71.04 0.50 o. :31 
70.98 0.40 0.25 
70.92 o. ::::.o o. 19 
70.86 0.20 o. 12 
70. 0~; o. 15 0.09 
'70 .. 80 o. 10 0.06 
·70. T7 0.05 0.03 
70 .. 65 
70.74 
70.75 

x=1::::.o:· 71.28 0.90 0.56 
D=0.625, 71. 16 0.70 0.44 

7·1. 03 0 .. 50 0.31 
70.97 0.40 0.25 
70 .. 91 0.:30 0.19 
'70. 84 0.20 o .. 13 
70.81 o. 15 0.09 
70.78 o. 10 0.06 
70.75 0.05 0.03 
70.67 
70.66 
70.'72 

X::.-=140=' 71 .. 28 0 .. 90 0.57 
D:::t). 6'.32, 71. 16 0.70 0.44 

71 .. 0:3 0.50 0.:32 
70.97 0.40 0.25 
70.91 o. :30 o .. 1 <j 
70.84 0.20 o. 1 .. ,.. .::, 
70.81 o. 15 0.09 
70 .. 78 (). 10 0.06 
70.75 0.05 o. o:::.' 
70.69 
'70 .. 74 
70.69 

6.20 
5.80 
c· 
\;J. 10 
4 .. 50 
4. 10 
3.90 
~3. 50 
3.:::.m 
3 .. 00 
1. 60 

6.10 
5 .. 80 
5.40 
5.00 
4.80 
4.40 
3 .. 80 
3.60 
:3. 40 
2.60 

6.08 
6. 11 
5.70 
I:' i:;;·-r 
\.J .. \;) • .::. 

5.02 
4.27 
:3.88 
~;. 15 
3. 11 
:i:. 4~$ 

6.00 
5.20 
4.80 
4.,:30 
4. 10 
3.30 
2.80 
2.40 
2.20 

1. 60 

6.20 
5 .. 90 
5 .. 50 
5.20 
4 .. 70 
4.20 
:3. 80 
3.50 
3. 10 

2.90 

6.26 
5.90 
5 .. 40 
4.70 
4. :::;;o 
3.60 
3. 10 
2.70 
2 .. 30 

2.43 

6.00 
5 .. 30 
4.60 
4. lO 
3. l-.>O 
::::. .. 40 
2 .. 90 
2 .. 70 

1 .. 90 

6. :30 
6.00 
5. :::;;o 
4.90 
4 .. 50 
:3. 80 
3.10 
2 .. 60 
2 .. 20 

2 .. 00 

6 .. 1::'..' 
5.65 
5 .. 12 
4 .. 60 
4.3() 
3.77 

2.88 

0 .. 89 



CORPS UF ENGINEERS RIPRAP PROJECT ---------------------------------------------------------------
Run # 58 
Q=25 cf s 

S=0.01626 
Temp 67 F 

Roe k s i z e 1 i n • 
Thickness ~; in. 

==============================================================~ 

X=120, 
D=O. 581 '' 

x=1:::::0, 
D=0 .. 554:-

Elevation Fraction 
(ft> of Depth 

'71. 26 0.90 
'71. 14 0.70 
71. o::::: 0.50 
'70. 9'/ 0.40 
70.91 0.30 
·10. 85 0.20 
70.82 o. 15 
70. 7'i o. 10 
70.76 0.05 
70 .. 74 
70 .. 68 

71. 16 0.90 
71. 05 0.70 
70.94 0.50 
70.89 0.40 
'lo. s:::.~ o. :::.;o 
7·0. ;;·s 0.20 
70 .. 75 (>. 15 
70.72 o. 10 
'70. 69 0.05 
70.66 
70 .. 66 
70.58 

Depth Velocity Velocity Velocity 
Z ft/sec ft/sec ft/sec 

(ft) y =1.33, y =4.00, y =6.67, 

0.52 6. :::.~o 6. 6~3 7 .. 10 
o. 4:L 6.04 6 .. 17 6 .. 41 
o. 2<;> 5.48 5 .. 6::::; 5.95 
0.2:3 5.28 5.28 5.28 
o. 17 4.80 5.02 4.80 
o. 12 4. :33 4.57 4 .. 21 
0.09 4.21 4. :30 ::::;. 88 
0.06 :;.~ .. 88 ~3 .. 95 3 .. 59 
0. (>~.:;; :3 .. 66 :3. 19 2.74 ..,. ._ ... 11 

o .. oo 
1 c:.~i:: • ;;;J~ 

0.50 6.85 7.00 7.00 
o. ~$9 6.50 6.80 6.60 
0.28 5.90 6.00 6.20 
0.22 5.70 5.70 6.00 
o. 17 5.00 5.30 5.50 
o. 11 4. 10 4.70 5. ~50 
0.08 :::::. 50 4.40 5.00 
0.06 ~$. 20 :::;;. 90 4.9(> 
o. o:::.' 2.50 .. : .. t::"i:::" ._ ... \;.I~ 4. ~)0 

2.60 
2.88 

2.80 



CORPS OF ENGINEERS RIPRAP PROJECT 

Run # 59 
Q=75 cfs 

S=O. 0042:3 
Temp 68 F 

Rock size 1 in .. 
Thickness 3 in .. 

=============================================================== 
Elevation Fraction 

(ft) of Depth 

x=120:· 72.45 0.90 
D=l .. 919:0 72 .. 26 0.80 

72.07 0.70 
71.68 0 .. 50 
71 .. 49 0.40 
71. :30 0.30 
71. 11 0 .. 20 
71.01 o .. 1 !:i 
70.91 o. 10 
70.82 0.05 
'70. 65 

X=1:3;0:• ·12. 42 0.90 
D=1 .. 900:0 72. 2:3 0 .. 80 

72 .. 04 0.70 
'71. 66 0 .. 50 
71..47 0.40 
71. 28 o. ::::;o 
71. 09 0.20 
71.00 o .. 15 
70 .. 90 o. 10 
70.81 0 .. 05 
70 .. 6~3 

X=140:o ·72. 42 0 .. 90 
D=1.902:o 7'") ·->··::-I..:;.•..:..·-• 0.80 

·12. 04 0.70 
71.66 0.50 
71.47 0.40 
71.28 o. :2:.0 
71.09 0.20 
70.99 o. 15 
70 .. 90 o. 10 
10.80 0.05 
'70. 76 

Depth 
z 

(ft) 

1. 7:3 
1 .. 54 
1. :34 
0.96 
0 .. 77 
0.58 
o. :::;;9 
0 .. 29 
o. 19 
o. 10 

1 .. 71 
1 t::''"~ • >;;,.;:.. 
1. 3:3 
0.95 
0 .. 76 
0 .. 57 
O. :3B 
0.29 
o. 19 
o. 10 

1. "l 1 
1 I:."'") .. ...J..:.. 

1. :3:3 
0.95 
0 .. 76 
0.57 
o. :::.\8 
0 .. 28 
o .. 19 
0.09 

Velocity Velocity Velocity 
ft/sec ft/sec ft/sec 

v =1.33:0 v =4.oo:o v =6 .. 67~ 

6 .. 04 

4 .. 46 

6 .. 26 

4 .. 40 

6 .. 04 

4 .. 57 

6.51 

6.19 
5.53 
5 .. :3::3 
4.,t74 
4.52 
4 .. 14 
~3. 44 
2 .. 93 
1..64 

6. :30 

6.22 
5.48 
5. ::::::3 
4u9'7 
4.52 
4.40 
4 .. 21 
:::::. 44 
2.07 

6.26 

6.22 
6 .. 00 
5.43 
5.02 
4 .. 57 
4.21 
:3 .. 81 

2 .. 74 

6.05 

4 .. 97 

6.22 

4.91 

6.00 



CORPS OF ENGINEERS RIPRAP PROJECT 
----~~~-~---~~-~~~-~-------·--~~-~-~-----------~-~~-~-----~-~~~~ 

Run # 60 
Q=75 cf s 

S=0.00517 
Temp 72 F 

Rock si.ze 1 in. 
Thickness :3 in .. 

=============================================================== 
Elevation Fraction 

(ft) of Depth 
Depth Velocity Velocity Velocity 

Z ft/sec ft/sec ft/sec 
(ft> @Y =1.33'@Y =4.00'@Y =6.67' 

~~-~-~--------~~-~---~--------~---~-~----~~------~------~----~~~ 
X=l20' ·72,.38 0.90 
D= l. 94·;n 72.20 0.80 

72.02 0 .. 70 
71.65 0.50 
71.46 0.40 
71.28 0.30 
71.09 0.20 
71.(H) o. 15 
70.91 0.10 
70 .. 81 0.05 
70.78 

X=130' 72.34 0.90 
D=l.812:- '71. 98 0.70 

'71. 62 0.50 
71.44 0.40 
'71. 26 0.30 
71.07 0.20 
70.98 o. 15 
70.89 0.10 
·10. 80 0.05 
'70. 71 
70.73 
70. 7:3 

1.66 
1. 48 6.59 
1. 29 
0.92 
0.74 
0.55 
0.37 4.91 
(>. 28 
0.19 
0.09 

1. 63 6.59 
1. 27 6.34 
0.91 5.99 
0.72 5.76 
0 .. 54 5.43 
0.36 4.96 
0.27 4.63 
o. 18 4.20 
0.09 3.43 

1. 15 

6.44 

6.08 
5. S:3 
4.85 
4.74 
4.07 
3.84 
3.66 
3.02 
2.42 

6.34 
6.04 
5.57 
5. 12 
4.74 
4.33 
4.01 
3.80 
3.19 

2. :::n 

5.02 

6.59 
6.44 
6.04 
5.76 
5 .. 53 
4.91 
4.80 
4 .. 27 
3.51 

2.31 
---------------------------------------------------------------X=140, 72. :31 C>. 90 1.60 6.59 
D=1. ·792:- '72. 14 0.80 1 • 4~!. 6.51 6 C't:::' • ...J-.-::J 

71.96 0.70 1 1'".)r::::'. . "'-;;;, 6.21 
71.60 (>. 50 0.89 5.72 
71.42 0.40 0.71 5.33 
71.24 0.30 0.53 4.91 
71.07 0.20 (>. 36 5.07 4.39 5.12 
70.98 (>. 15 0.27 3.84 
70.89 0.10 o. 18 3.51 
70.80 (>. 05 0.09 2.53 



CORPS OF ENGINEERS RIPRAP PROJECT 

RLtn # 61 
Q=75 cf s 

S=0.00621 
Temp ·7:3 F 

Rock s:i. ze 1 in .. 
Thickness 3 in .. 

=============================================================== 

X=120:' 
D=1. 676:• 

X= 1 :;;.o, 
D=1. 870:' 

x~-= 140:· 
D=l.597, 

Elevation Fraction 
<ft > of Depth 

72.25 0.90 
72.08 0.80 
71. 91 0.70 
71.58 0.50 
71. 41 0 .. 40 
71.24 0 .. 30 
71. ()'7 0.20 
70 .. 99 o. 15 
70.91 o. 10 
70.82 0.05 
70 .. 75 
70.75 
70 .. 76 

72.41 0 .. 90 
72.22 0. EK> 
72 .. 04 0.70 
71.66 0.50 
71. 48 C>.40 
71.29 o. ::::;o 
71. 10 0.20 
·71 .. 01 o. 15 
70.91 o. 10 
70.82 0 .. 05 
70.74 
·70. 77 
70.75 

72. 16 0.90 
72 .. 00 0.80 
71.84 0.70 
71.52 0 .. !:iO 
71. ::::.6 0.40 
'71. 20 0. ::::;<:> 
71.04 0.20 
70 .. 96 o. 15 
"70.88 o. 10 
70.80 0 .. 05 
70.74 
70.74 
70.68 

Depth Velocity Velocity Velocity 
Z ft/sec ft/sec ft/sec 

(ft) y =1 .. 33, y =4.00, y =6.67~ 

1.51 
1 .. :;:;4 
1. 17 
0.84 
0.67 
0.50 
o. ::;4 
0.25 
o .. 17 
0.08 

1. 68 
1. 50 
1. ~.H 
0.94 
0.75 
o. 5(..., 
o. :!.7 
0.28 
o. 19 
0.09 

1.44 
1 .. 28 
1.12 
0.80 
0.64 
0.48 
o. ::;2 
0.24 
o. 16 
0.08 

7.05 

4.72 

2.01 

5.95 

4.'75 

1. 2·7 

6.87 

5.13 

3.19 

7.84 

7. ~;4 
6.55 
6.26 
5.74 
5.02 
4.80 
4. 6~5 
3.84 

:3 .. 06 

6.67 

6. 13 

C" , .. )**!~ 
~- .,:.,..._. 
4.75 
3.95 
3.88 
3 .. 51 

1. 79 

7.47 

7.14 
6.59 
6. 17 
6"00 

4 .. 69 
4.40 
3.51 

2.07 

7.25 

5.26 

3.44 

6.09 

4.69 

1. 27 

5.58 

1 .. 64 



CORPS OF ENGINEERS RIPRAP PROJECT 

Run # 62 
Q=100 cfs 

S=0.00406 
Temp 75 F 

Roe k s i z e 1 i n • 
Thickness 3 in. 

=============================================================== 
Elevation Fraction 

<ft> of Depth 

X=120' 72.95 0.90 
D=2. 4!5'7' ·72. 70 0.80 

72.46 0.70 
71.47 0.50 
'71. 72 0.40 
71.47 0.30 
71. 2:3 0.20 
71. 11 C>. 15 
·10. 98 0.10 
70.86 0.05 
70 .. 68 

X=130' 72.99 0.90 
D=2.519' 72.49 0.70 

'71. 99 0.50 
'71. 74 0.40 
71.48 0.30 
71.23 0.20 
71. 11 o. 15 
70.98 (>. 10 
"7(>.85 0.05 
70.69 
70.71 
·70. 67 

X=14o:• T3. o:::.~ 0.90 
D=2.562' 72. 7'7 0.80 

'72. 52 0.70 
72.01 0.50 
71.75 0.40 
71.49 0.30 
·71. 24 0.20 
71. 11 0.15 
70.98 o. 10 
70 .. 85 0.05 
70.73 

Depth 
z 

(ft) 

2.21 
1.97 
1. 72 
0.73 
0.98 
0.74 
0.49 
0.37 
0.25 
0.12 

2.27 
1. '76 
1. 26 
1. 01 
0.76 
0.50 
o. ~.;a 
0.25 
0.13 

2.31 
2.05 
1. 79 
1.28 
1.02 
O. Tl 
o. 51 
0.38 
0.26 
0.13 

Velocity Velocity Velocity 
ft/sec: ft/sec ft/sec· 

y =1.33' y =4.00' y =6.67' 

5.81 

4.57 

5.43 
5.23 
5.48 
5.33 
5.02 
4.52 
4.08 
3.88 
3.19 
1.27 

5.48 

4.52 

5.81 

5.33 
4.86 
4.40 
3.95 
3.74 
3.66 
3.19 
2.84 
1.27 

5.91 
5.13 
4.86 
4.27 
4.14 
3.95 
3.51 
3.28 
2.64 

1.27 

5.48 

5.02 
5.02 
4.46 
4.01 
:3. 74 
3.59 
3.28 
2.64 
1.47 

6.22 

4.80 

5.91 
5.91 
5.77 
5.53 
5.28 
4.52 
4. 14 
4.01 
3.11 

1.64 

5.72 

4.80 



CORPS OF ENGINEERS RIPRAP PROJECT 

Run # 6~$ 

Q=100 cfs 
S=0.00457 
Temp 67 F 

Roe: k s i z e 1 i n .. 
Thickness 3 in. 

=============================================================== 

X=120' 
D=2. 201' 

X=130' 
D=2. 184, 

X==14o:• 
D:=2 .. 244' 

Elevation Fraction 
(ft) of Depth 

72.70 0.90 
72.48 0.80 
72.26 o. 7(> 
71. 82 0.50 
71.60 0.40 
71. 38 0.30 
71. 16 0.20 
71. 05 0.15 
70. <;)4 0.10 
70. 8~3 0.05 
70.68 
70.65 
70.67 

'72 .. 67 0 .. 90 
72.24 0.70 
71. 80 0 .. 50 
71.58 0 .. 40 
71.36 o. ::::.o 
71. 14 0.20 
71. 04 o. 15 
70. 9~3 o. 10 
'70.82 0.05 
'70. 70 
70. T3 
70.68 

72.'72 0.90 
72 .. 50 0 .. 80 
?2.28 0.70 
71. S:3 0.50 
71 .. 60 0.40 
71.38 0 .. :3;0 
71. 15 0.20 
71.04 o .. 15 
70. 9~$ o. 10 
70 .. 82 0 .. 05 
70 .. 69 
70. '70 
'70. 70 

Depth Velocity Velocity Velocity 
Z ft/sec ft/sec ft/sec: 

(ft) y =1 .. 33' y =4.00' y =6.67' 

1.98 
1. 76 5.95 
1. 54 
1. 10 
0 .. 88 
0.66 
0.44 4 .. 40 
o. :::;;3 
0.22 
0.11 

1 .. 04 

1 .. t.y7 6.08 
1 t:::' .. l!. • ".;;.J._1 6. ::s7 
1. 09 6 .. 1,~ 
0 .. 87 5.60 
0.66 5. :::;;1 
0.44 4.72 
0 .. :3:3 4 .. 49 
0.22 :3. 95 
o. 11 3.51 

2.20 

2 .. 02 
1 .. 80 5. 9=i 
1. 57 
1 .. 1 '? ..:.. 

0 .. 90 
0 .. 67 
0.45 4. ~57 
0 .. :::::4 
0.22 
o. 11 

6. ·75 

6 .. 1:3 

5 .. 18 
4 .. 69 
4.33 
4 .. 14 
::::.. 74 
3.11 

1.. 1.6 

7 .. 05 
6.59 
5. T7 
5.33 
4 .. <;t4 
4 .. 72 
4 i::: .... , 

" ;:.JI 

4. 11 
::::;,.47 

1. 79 

6.47 

6.17 
5 .. 63 
5.28 
4 .. 86 
4.40 
4 .. 08 
3 .. 74 
3.20 

1. 04 

6.55 

4 .. 91 

2 .. 64 

6.53 
6.57 
6. 19 
5 .. Tl 
~i. 48 
i::-
\J. 1:3 
4 i:::·,..,\ • ..... 1..:.. 

4 .. 14 
3 .. 55 

2 .. 4B 

6n22 

4.80 



CORPS OF ENGINEERS RIPRAP PROJECT 

Run # 64 
Q=H>O cfs 

S=0.00409 
Temp 65 F 

Rock size 1 in. 
Thickness 3 in. 

=============================================================== 

X=120:o 
0=2. :::><:>6, 

X=130:o 
D=2.292' 

X=140' 
D=2.29T' 

Elevation Fraction 
<ft> of Depth 

72.794 0.90 
72. 33:3 0.70 
71.8'72 0.50 
71. 641 0.40 
71. 411 0.30 
71.180 0.20 
71.065 o. 15 
70 .. 950 0.10 
70.834 0.05 
70.632 
70. 64E3 
70.695 

72. 7'7 0.90 
72. 31 0.70 
71.86 0.50 
'71. 63 0.40 
71.34 o. :30 
71.17 0.20 
71. 05 o. 15 
70.94 o. 10 
70.82 0.05 
70.72 
70.72 
70.71 

72.77 6.00 
72.31 0.70 
71.86 0.50 
·7i. 6:3 0.40 
71.40 0.30 
71.17 0.20 
71.05 0.15 
70.94 0.10 
'70. 82 0.05 
70.74 
'70 .. 74 
'70.64 

Depth Velocity Velocity Velocity 
Z ft/sec ft/sec ft/sec 

<ft> av=1.33:0 av=4.oo:o av=6.67' 

2.08 5.91 6.71 6.79 
1. 61 6. 17 6.04 6.75 
1.15 6.04 5.67 6.43 
t). 92 5.63 5. 1EJ 5.95 
0.69 5.13 4.80 5.43 
0.46 4.52 4 .. 46 4.91 
o. :35 4.27 4.08 4 .. 52 
0.23 3.81 3 .. 66 4 .. 14 
0.12 3.11 2.93 3.51 

1.04 
1. 04 

2.20 

2.06 5.67 6.22 6.34 
1. 60 5.95 6.04 6.61 
1.15 5.91 5. 3:3 6.26 
0.92 5.63 5.02 5 .. 99 
0.63 5.02 4.80 5.26 
0.46 4.63 4.33 4.86 
0.34 4.40 3.88 4.33 
0.23 4.14 3.66 3.98 
0.11 3.36 3.02 3.28 

2.20 
2.20 

o.oo 
2.07 5.6'7 6 i:::-c: • \:J\:J 6.47 
1.61 5.95 5 .. <t7 6 .. 24 
1.15 5.60 5.60 6.04 
0.92 5.51 5. 15 5.72 
0.69 5.15 4.57 5.46 
0.46 4. ·75 4.39 4.80 
0.34 4.46 3.81 4.60 
0.23 4.05 3.55 3.98 
0.11 3.51 3.02 3. :;.:;9 

2.07 
2.14 

2 .. 07 



CORPS OF ENGINEERS RIPRAP PROJECT 

RLtn # 65 
Q=50 cf s 

S=0.00998 
Temp 68 F 

Rock s:ize 2 in. 
Thickness 4 in. 

=============================================================== 

X=120' 
D=l.292~ 

X=1:30;• 
D=l .. 17()!' 

X=14o:• 
D=l.275' 

Elevation Fraction 
(ft) of Depth 

71.910 0. <;>(> 
71.782 0.80 
71. 652 0.70 
71. :::;;94 0.50 
71.265 0.40 
71. 1:36 0. :::.\O 
71.006 0.20 
70.942 o. 15 
70. 8T7 o. 10 
70.812 0.05 

70.747 

71.81 0.90 
71.70 O .. Eh) 
71. 58 0.70 
·11. :3;5 o. ~.50 
71. 2::::; 0.40 
'71 .• 11 o. :::;;o 
70.99 0.20 
70.94 o. 15 
70.88 o. l.O 
70.82 0.05 
70 .. 80 
70.76 
70.81 

71.91 0.90 
71.78 0.80 
71. 66 0.70 
'71.40 0.50 
71.27 0 .. 40 
71. 15 o. ::::;o 
71.02 0.20 
70.95 o. 15 
70.89 o. 10 
70. S:3 0.05 
70. Tl 
70.76 
70.77 

Depth Velocity Velocity Velocity 
Z ft/sec: ft/sec: ft/sec: 

(ft) y =1.33' y =4.00' y =6.67' 

1. 16 
1. o::::. 
0.91 
0.65 
0.52 
o.::::8 
0.26 
o .. 19 
o. 13 

1 .. 05 
0.94 
0.82 
0.58 
0.47 
o. :35 
o. :::::3 
o. 18 
o. 12 
0.06 

1. 15 
1. 0:3 
0.90 
0.64 
0.52 
o. :39 
0.26 
0.20 
o. 1 ":!' ·-· 
0.07 

5.95 

3.B8 

1. <"-14 

6.91 

4.80 

3.02 

6.43 

4.01 

1.64 

6.13 

5.43 
4.80 
4. 6:2.~ 

4 .. 01 
:3 .. 36 
3. 11 
2.93 
2. ~~;2 
2. 9~; 

6.65 

6.26 
5.67 
5.53 
5. 1:3 
4.46 
4. 14 
:3.66 
3.44 

2.20 

5.81 
5.08 
4. 6::::: 
4.3::::: 
4.08 
~:;. 28 
2. 9:3 
2.54 

2.07 

6.47 

4 .. 14 

6 .. 91 

2. ~32 

6. ::~4 

:3. 95 

1. 4'7 



CORPS OF ENGINEERS RIPRAP PROJECT 

Rt..tn # 66 
Q=50 cf s 

S=O. 01:379 
Temp 75 F 

Rock size 2 in. 
Thickness 4 in. 

=============================================================== 
Elevation Fraction Depth Velocity Velocity Velocity 

(ft) of Depth z ft/sec ft/sec ft/sec 
(ft) y =1.33' y =4. oo=- y =6.67' 

---------------------------------------------------------------
X=120:o 71. 56 0.90 
D=l.012' 71. 46 0.80 

71.36 ().70 
71.15 0.50 
71.05 0.40 
70.95 0.30 
70.85 0.20 
·70. 80 0.15 
70.75 0.10 
70.70 0.05 
70.63 
70.55 
70.59 

X=130:i 71.56 0.90 
0=1.00:0 71.46 0.80 

71. 36 0.70 
71.16 0.50 
71. 06 0.40 
70.96 0. :::::<:> 
70.86 0.20 
70.81 0.15 
70.76 0.10 
70.71 0.05 
70.65 
70.61 
70.66 

0.91 
0.81 ·7. 18 
o. 71 
0.51 
0.41 
0.30 
0.20 4.08 
0.15 
0.10 
0.05 

2.20 

0.90 
0.80 7.42 
0.70 
0.50 
0.40 
0.30 
0.20 5.05 
0.15 
0.10 
0.05 

2.59 

7.43 

6.95 
6.17 
5.67 
5.28 
4.86 
4.46 
4.01 
3.66 

2.07 

7.49 

6.95 
6.34 
6.00 
5.79 
5.23 
5.00 
4.63 
4.08 

2.93 

7.1() 

4.63 

2.74 

7.49 

5.36 

2 .. 48 
~--~---------------~-----------------~-----~---~----~-"--~--~---
X=140:' 71. 59 0.90 0.94 7.22 
D=l.046:- 71.49 0.80 0.84 6.80 7.29 

71.38 0.70 o. 7:3 6.51 
71.17 0.50 0.52 6.09 
71.07 0.40 0.42 5.48 
"70. 96 0.30 0.31 5. 18 
70.86 0.20 0.21 4.57 4.21 4. 14 
70.81 0.15 o. 16 3. 5<~ 
70.76 0.10 0.10 3.02 
70.70 0.05 (>.05 2.64 
70.58 1.94 
70.56 1. 47 
70.58 2.07 



CORPS OF ENGINEERS RIPRAP PROJECT 

Run # 67 
Q=50 cf s 

S=0.01519 
Temp 72 F 

Rock size 2 in. 
Thickness 4 in. 

=============================================================== 

X=120, 
D=0.980' 

X=130' 
D=l.00' 

X=140' 
D=0.982' 

Elevation Fraction 
(ft) of Depth 

71.53 0.90 
71.43 0.80 
71.33 0.70 
71. 14 0.50 
71.04 0.40 
70.94 0.30 
70.84 0.20 
70.80 o. 1~ ~ 
70.75 o. 10 
70.70 0.05 
70.60 
70.60 
70.50 

71.56 0.90 
71.46 0.80 
71.36 0.70 
71. 16 0.50 
71.06 0.40 
70.96 0.30 
70.86 0.20 
70.81 0.15 
70.76 o. 10 
70.71 0.05 
70.64 
70.62 
70.60 

71.54 0.90 
71.44 0.80 
71.34 0.70 
71.14 0.50 
71.04 0.40 
70.95 0.30 
70.85 0.20 
70.80 0.15 
70.75 o. 10 
70.70 0.05 
70.61 
70.60 
70.61 

Depth Velocity Velocity Velocity 
Z ft/sec ft/sec ft/sec 

(ft> @Y =1.33'@Y =4.00'@Y =6.67' 

0.88 
0.78 
0.69 
0.49 
0.39 
0.29 
0.20 4.57 
o. 15 
o. 10 
0.05 

2.07 

0.90 
0.80 7.96 
0.70 
0.50 
0.40 
0.30 
0.20 5.67 
o. 15 
o. 10 
0.05 

2.20 

0.89 
0.79 7.61 
0.69 
0.49 
0.39 
0.29 
0.20 5.08 
o. 15 
0.10 
0.05 

2.54 

7.82 

7.36 
6.67 
6.34 
5.86 
5.38 
4.63 
3.74 
2.20 

1.04 

7.40 

7.40 
6.63 
6.43 
5.86 
5.13 
4.80 
4.33 
3.51 

2.20 

7.86 

7.10 
6.55 
6.13 
5.58 
5.18 
4.69 
4.21 
3.36 

1.79 

7.68 

5.58 

0.73 

7.96 

5.13 

1.27 

7.75 

4.91 

2.20 



CORPS OF ENGINEERS RIPRAP PROJECT 

Run # 68 
Q=50 cf s 

S=O. 017C/6 
Temp 72 F 

Rock size 2 in. 
Thickness 4 in .. 

=============================================================== 

X=120' 
}):::::(>. 96::::; :• 

X=1::::;0, 
D=O. 9~30' 

X=14o=· 
D=O. <;; 14 :-

Elevation Fraction 
(ft) of Depth 

71.52 0.90 
71.42 0.80 
71. :32 o .. 70 
'71. 13 o. ~;o 
71.00 0.40 
70.94 o. ~~·w 
70.84 0.20 
70.79 0.15 
'70. 74 o. 10 
70 .. 70 0.05 
70.59 
70.67 
70.51 

71. 50 0 .. 90 
71.40 0.80 
'71. 31 0.70 
71. 1 ·"') ..:.. 0 .. 50 
71.03 0.40 
70.94 o. ~$0 
70.84 0.20 
70.80 o .. 1 i::· •J 

70."75 o. 10 
70 .. 71 0.05 
70.54 
70.64 
70.58 

71.47 0.90 
71. :38 0.80 
71 .. 29 o. ~70 
71. 11 0 .. 50 
71.01 0.40 
70.92 O. :::.\O 
10. 0::::: 0.20 
·10 .. 76 o. 15 
70.74 (>. 10 
70 .. 69 0.05 
70 .. 71 
70.62 
70 .. 64 

Depth Velocity Velocity Velocity 
Z ft/sec ft/sec ft/sec 

(ft) y =1.33' y =4.00, y =6.67, 

0.87 
0.77 8 .. 04 
0.67 
0.48 
0.36 
0.29 
o. l.9 5. Tl 
o. 14 
0.10 
0.05 

2.07 

o. 9.4 
0.74 8 .. 13 
0.65 
0 .. 47 
o. :3;7 
0.28 
o. 19 
o. 14 
0 .. 09 
0.05 

2 .. 54 

0.82 
0 .. 73 7.92 
0.64 
0.46 
o. :::.~7 
0 .. 28 
o. :l8 5 .. 28 
o. 11 
0.09 
0.05 

2.84 

8.51 

7.96 
7.40 
7. 14 
6 .. 22 
6.02 
5.88 
5 .. 18 
4 .. 80 

4.63 

8.07 

7.70 
7. 16 
6.87 
6.45 
5 .. 84 
5 .. 38 
5.02 
4 .. 2·4 

2.88 

8.19 

7.94 
·7.22 
7. 0:3 
6.59 
6 .. 24 
!:i. 86 
5.79 
4.57 

O. T3 

8 .. 90 

5.28 

0.00 

8 .. 20 

5.91 

3 .. 02 

8.02 

1.27 



CORPS OF ENGINEERS RIPRAP PROJECT 

Run # 6'i 
Q=50 cf s 

S=0.01888 
Tepm 68 F 

Rock size 2 in. 
Thickness 4 in. 

=============================================================== 
Elevation Fraction 

<ft) of Depth 

=120:• 71.50 O. <"10 
=0.948' '71. 40 0.80 

11. :::a O .. ?O 
'71 .. 12 0.50 
71. 0:3 0 .. 40 
'70. 9:3 o. :3:0 
70.84 0.20 
70.79 o. 15 
70.'74 o. 10 
70 .. 6<"1 0.05 
70 .. 27 
70.52 
70 .. 5? 

Depth 
z 

(ft.) 

0.85 
0.?6 
0.66 
0.47 
0.38 
0.28 
o. 1 <:_;> 

o. 14 
o. o<;i 
0.05 

Velocity Velocity Velocity 
ft/sec ft/sec ft/sec 

y =1.33~ y =4.00' y =6.67' 

8.40 

1. 04 

8.50 

8.00 
7.22 
6.70 
6.77 
6.26 
5. <;>3 
5.74 
4.?5 

3.00 

8.76 

5.79 

2.07 



CORPS OF ENGINEERS RIPRAP PROJECT 

Run # 70 
Gl=75 cf s 

S=0.01110 
Temp 6<t F 

Rock size 2 in. 
Thickness 4 in. 

======================================;======================== 

X=120:' 
D=1. 410:• 

Elevation Fraction 
(ft> of Depth 

71.92 0.90 
·11. 78 0.80 
71.64 0.70 
71. :3;5 0.50 
71.21 0.40 
'71. 07 o. :30 
70.93 0.20 
70.85 o. 1 ~5 
70.79 o. 10 
·70. 72 0.05 
'70.72 
70.57 
70.57' 

Depth Velocity Velocity Velocity 
Z ft/sec ft/sec ft/sec 

(ft) y =1.33, y =4.00, y =6.67, 

1. 27 
1. 1 -~ ._. 
0.99 
0.70 
o. ~;6 
0.42 
0.28 
0.20 
o. 14 
0.07 

8 -:re • ·-•\J 

6.47 

4. :30 

8.54 

8. l.2 
7.23 
6.83 
6.45 
5.84 
5.31 
5.08 
4.57 

8.26 

6.26 

2.20 



CORPS OF ENGINEERS RIPRAP PROJECT 
---------------------------------------------------------------

Run # '71 
G!=75 cf~; 

S=0.00781 
Temp 70 F 

Rock size 2 in. 
Thickness 4 in. 

============:=================================================== 

X=120;' 
D=l .. 499:· 

X==130' 
D=:L.474, 

X== 140, 
D=l.476, 

Elevation Fraction 
<ft > elf Depth 

72.00 0 .. 90 
71.70 0.70 
71. 40 0 .. !:iO 
71. 25 0.40 
'71. 10 o. :.::.o 
70.S'5 0.20 
70 .. Erl o. 15 
70.80 o. 10 
70.72 0.05 
70. 6::::; 
70 .. 65 
70.58 

71. 9c;> 0.90 
'71 .. 69 0.70 
11.40 0.50 
71.25 0.40 
71. 10 o. :2:.o 
70. <;>5 0.20 
]0.88 o. 15 
70.81 o. 10 
70. 7:-.:;; 0.05 
'70.58 
'70.60 
70.51 

71. 98 0.90 
71. 68 0.70 
71. :;:.9 o. ~50 
71.24 0.40 
71. 09 o. ::~;o 
70. <1>5 0.20 
'70.87 o. 15 
·70. BO o. 10 
70.72 0.05 
70 .. 65 
?0.60 
'70.61 

Depth Velocity Velocity Velocity 
Z ft/sec ft/sec ft/sec 

(ft) y =1.33, y =4.00, y =6.67' 

1. :::;.5 7.00 7.60 7.06 
1. 05 ·7. 08 6.95 7.27 
0.75 6.85 6. 5:3 6.75 
0.60 6. ::;;4 6. j '':!' • •.J 6.70 
0 .. 45 5.84 5 .. ~):::;; !::i. 9:3 
0.30 5. ~$6 5.05 i:.· 10 ... J. 

0.2:3 5.05 4.43 4.52 
o. 15 4.46 :3. 66 3.59 
0.08 4.91 :3. 06 2.84 

2.84 
2.69 

1. 87 

1. :3~.5 7. 18 7.'75 7.25 
1. o::::; 7.29 7.47 7.22 
0"'74 6. ·79 6.'75 6.91 
0. ~:;<:;; 6.51 6. 17 6. 6:3 
0.44 5.95 5.81 6.26 
o.::::;o 5. 4:3 ~j n :3::::; 5.67 
0.22 4.69 5.08 5.08 
o .. 15 4. 14 7.75 4.63 
0.07 :3 .. 74 4 .. 14 :3 .. 95 

3. 11 
4 C:'r") • .... I.;:.. 

.. :r 19 ·-·. 
7.2'7 7.66 7 .. 00 
7. 0:3 7.05 7. 2:3 
6.85 6.70 6.89 
6. 6:3 6.09 6.55 
6. 1 -=!· ·-· 5.60 6.02 
5.58 5. :38 5.60 
5. :3:3~ C' 18 C' 10 .:} . ~ . 
4 .. 55 4.49 4.49 
4.08 4.21 4. o:; 
4.05 

4. l.8 
2.00 



CORPS OF ENGINEERS RIPRAP PROJECT 

Run # 72 
Q=75 cf s 

S=O. 009:3·7 
Temp 70 F 

Rock size 2 in. 
Thickness 4 in. 

================================================================ 
Elevation Fraction 

<ft) of Depth 

X=120:i 71. 94 0.90 
D=1. 4:32:a 71.79 0.80 

71.65 ().70 
71.36 0.50 
71.22 0.40 
71.08 0.30 
70 .. 93 0.20 
70.86 0.15 
70.79 0.10 
·70. 72 0.05 
70.65 
70.65 
70.66 

X=130' 71.95 0.90 
D=1. 4::;:;i' 71.66 0.70 

71.37 0.50 
71. 2:3 0.40 
71.08 o. :;.::o 
70.94 0.20 
70. 9·7 0.15 
70.80 o. 10 
70.T3 0.05 
70.56 
70.61 
70. 6:3 

X==14o:• 71.92 (>.CJ(> 

D=1. 405:• 71.78 0.80 
71.63 0.70 
71.35 0.50 
71.21 0.40 
71.07 0.30 
70.93 0.20 
7·0. 86 o. 15 
70.79 0.10 
70. ·12 0.05 
70.56 
'70. 6::::; 
70 .. 56 

Depth 
z 

(ft) 

1..29 
1.15 
1. 00 
0.72 
0.57 
0.43 
0.29 
0.22 
0.14 
0. Cf7 

1.29 
1.00 
0.71 
0.57 
0.42 
0.28 
0.21 
0.14 
0.07 

1. 27 
1. 1::::: 
0.98 
0.70 
0.56 
0.42 
0.28 
0.21 
o. 14 
0.07 

Velocity Velocity Velocity 
ft/sec ft/sec ft/sec 

v =1.33' v =4.oo:i v =6.67' 

7.65 

5.72 

2. ·74 

7.68 
7.86 
7.47 
·7. 22 
6.75 
6.26 
5.77 
5.29 
4.40 
1.47 

7.66 

4.46 

1.55 

8.14 

7.49 
6.93 
6.43 
5.97 
5.65 
5.05 
4.57 
3. :36 

2.84 

8 .. 19 
7.€)6 
7.25 
6. El7 
6. :~;4 
5.67 
5.28 
4. 6:3 
2.84 

o. ]:3; 

7.92 

7.36 
6.73 
6.22 
5.95 
4 .. 83 
4.66 
4.05 
3.02 

1.27 

7.63 

5.41 

0.90 

7.54 
7.79 
7.44 
7. o.b 
6.67 
6.04 
5.53 
4.91 
2.54 

o.oo 

7.58 

5. 6~5 

2. 14 



CORPS OF ENGINEERS RIPRAP PROJECT 
---------------------------------------------------------------Rlln # 73 

Q=100 c:f s 
S=O. 007:31 
Temp 72 F 

Rock size 2 in. 
Thickness 4 in. 

================================================================ 
Elevation Fraction 

<ft> of Depth 
Depth 

z 
(ft) 

Velocity Velocity Velocity 
ft/sec ft/sec ft/sec 

y =1.33' y =4.00' y =6.67, 
---------------------------------------------------------------
X=120, '72. 41 0.90 
D=1. 960' 7"" 1")1'") .,;:,.,. . ...:.;....:.. 0.80 

72.02 0.70 
71 .. 6:3 0.!'50 
71. 4~$ 0.40 
71 .. 24 o. ::.::;o 
71..04 0.20 
70 .. <;>4 o .. 15 
·70. 84 o. 10 
'70. 75 0 .. 05 
70.60 
70.58 
70.65 

X=13o:· 72.::::8 0.90 
D=l. 92:3' 72 .. 00 0 .. 70 

71.62 0.50 
71.4::::; 0.40 
71. 2'+ o .. ::.::;o 
']' 1. 04 0.20 
70.95 o. 15 
70.85 o. 10 
7o. ni 0.05 
70.61 
70 .. 60 
i·o .. 75 

X=l.c.'f.o:• 72.43 0.90 
D=1.978:i '72. 2:3; 0.80 

72.04 0.70 
71.64 0.50 
71.44 0.40 
71.24 0.30 
71.05 0.20 
'70. ·~5 o. 15 
70 .. E~5 o. 1 (> 

70 .. '75 0.05 
70.60 
70.62 
70. e;9 

1. 76 
1. 57 7.22 
1. ;..r.7 
0.98 
0 .. '78 
0 .. 5<7 
o. :::;;9 5 .. 67 
0.29 
0.20 
o. 10 

2.47 

1. 73 '7.05 
1. :35 7. 12 
0.96 7.00 
0 .. 77 6.!:H 
0.58 6 • 1 •-:r . ,:.. 
o. :;:;9 e; .. :3::::; 
0.29 4.94 
o .. 1 (1 5. 18 
o .. 10 4.66 

:3. 74 

1. 7f3 
1. 58 6.80 
1.38 
(> • CJCJ 
0.79 
0.59 
0.40 
o .. :::;;o 
o .. 20 
o. 10 

::::~. 44 

8 .. 26 

7.61 
7" 14 
6.51 
6.00 
5.72 
5.28 
4.75 
3.02 

2 .. 64 

8. 12 
7.79 
6.81 
6 .. 1:3 
5.84 
5.70 
5.02 
4 .. 69 
4 .. 01 

2. :.:r7 

8.02 

7.65 
6.87 
6.4'.3 
5.86 
5. ~58 
5.00 
4.27 
~3. 74 

2.07 

7,. (H) 

5.81 

::::;. 73 

6.81 
6.99 
6.93 
6 i:::-cr. • .... 1.:J 

5.95 
5.53 
1:::-.. J .. 13 
5.02 
4.57 

4 .. 69 

6 .. 95 

5.43 

3 .. 11 



CORPS OF ENGINEERS RIPRAP PROJECT 

Run # 74 
Q=100 cf s 

S=0.00840 
Temp 71 F 

Rock size 2 in. 
Thickness 4 in. 

=============================================================== 

X=12o:• 
D=l. 9:32:0 

X= 1 :::;:o, 
D=1. 831 =' 

X=14o:· 
D= 1 • '-109 :• 

Elevation Fraction 
<ft) of Depth 

72.39 0.90 
72.00 o. ·70 
71.61 0.50 
71. 42 0.40 
71. 23 o. :30 
71. 0:3 0.20 
70.94 o. 15 
70.84 o. 10 
70.74 0.05 
70.64 
70.56 
70. 6:3 

72 .. :2.'0 0.90 
71. 94 0.70 
71.57 0.50 
71.39 0.40 
'71.21 o. :30 
71. 02 0.20 
70. 9:3 0.15 
70.84 0.10 
70.75 0.05 
70.61 
70.60 
70.58 

72. ~:7 0.90 
'71. 98 0.70 
71.60 0.50 
~1 1.41 o .. 40 
71.22 o. :30 
71. <):3 0.20 
70.93 o. 15 
70.84 o. 10 
70.74 0.05 
70. !:iB 
70.63 
70.60 

Depth Velocity Velocity Velocity 
Z ft/sec ft/sec ft/sec 

<ft> ~v =1.33,@Y =4.oo~@v =6.67, 

1. 74 "/.08 8.40 7.54 
1 •-:ri:::• • ·-'\:I 7.'74 8.02 7.86 
0.97 7.33 ·7. 03 7.45 
0.77 7.06 6.65 7. 16 
0.58 6.61 5.88 6.51 
0.39 6.26 5.33 6.02 
0.29 5.65 5.00 5 .. 18 
0.19 i:::· ,, ..... ...., . ..::...:.\ 4.78 4.66 
o. 10 -,.. 7 ..... . .::. . ..::. 4.40 4n2'7 

2.59 
2.54 

3.28 

1.65 7.22 8. ~59 7.45 
1.28 7.54 8.07 7.77 
0.92 7. 14 7.23 7 .. 40 
o. 7-:;; 6.91 6.95 6. 7:3 
0.55 6.45 6.67 6.55 
(>. :37 5.91 5.91 6.06 
0.27 5.36 5.61 5.51 
o. 1Ei 5.08 5. 15 ~). 02 
0.09 4.46 3.98 4 .. 63 

~\. 63 ..,. ...,., ... , . ..) • ·-'.0::. 
2 .. 93 

1. ·72 7.54 8 .. 48 7 .. 10 
1. :;:.4 7.68 7.75 7.74 
0.95 ·1. 22 ·7. 14 7.20 
0.76 6 .. 71 6.93 6.85 
0.57 6.32 6.24 6.26 
o. :38 5.72 5.41 5.79 
0.29 5.41 5.08 5 .. 67 
o. 19 4.69 4.46 4. 91. 
0.09 4.05 3.84 4.08 

2.07 
2.69 

1.. 79 



CORPS OF ENGINEERS RIPRAP PROJECT 

Run # 75 
Q=100 cf~:; 

S=0.01066 
Temp 70 F 

Rock size 2 in. 
Thickness 4 in. 

=============================================================== 

X=12o:· 
D=1.804:i 

X= 1 ~30:· 
D=1.800:i 

X=14o:• 
D~-=1. 80B:i 

Elevation Fraction 
(ft) of Depth 

72.27 o. c;io 
72.09 O. EK> 
71. 91 0.70 
71.55 0.50 
71. ~J7 0.40 
71. 19 0.30 
71.01 0.20 
70.92 o. 15 
70.83 o. 10 
70. ·74 0.05 
70.59 
70.56 
70.65 

72.28 0.90 
T"> ...... 10 0.80 
71.92 0 .. 70 
71.56 0.50 
71. ~.::;B 0.40 
71.20 o. :30 
71.02 0.20 
70. 9:3 o. 15 
'70. 84 o. 10 
70.75 0 .. 05 
70. 6:3 
70.58 
70.56 

·12. :;;~8 0.90 
'7'? 
J L • 10 0.80 
71.92 0.70 
71. 60 0 .. :)O 
71. 42 0.40 
71. 24 o. :30 
71.06 0.20 
70.97 o. 15 
70.88 o .. 10 
70 .. ·79 0 .. 05 
70.71 
70.66 
70.56 

Depth Velocity Velocity Velocity 
Z ft/sec ft/sec ft/sec 

(ft) y =1.33:i y =4.00' y =6.67' 

1. 62 
1. 44 8.02 
1.26 
0.90 
0.72 
o. !:i4 
0.36 6.04 
0.27 
(). 18 
0.09 

1.47 

1. 62 
1.. 44 8.02 
1. 26 
0.90 
(>. 72 
0.54 
o. :36 5.86 
0.27 
o. 18 
0.09 

1.27 

1. 6'.3 
1..45 7.92 
1.27 
0.95 
0.77 
0.59 
0.41 6.26 
o. :::;;2 
o. 2:3 
o. 14 

4.21 

8.91 

8.40 
7.70 
7.16 
6 .. 65 
5.86 
5.72 
5.53 
4.86 

O. T3 

8. '76 

8.16 
7.40 
7.25 
6.51 
6.13 
5.58 
5.,4:3 
4 .. 80 

1.64 

8 .. 73 

8.12 
7.61 

6.55 
6.26 
5. 5:3 
4.75 
:3. 81 

1 .. 64 

8.09 

5.88 

3. 2~5 

7 .. 68 

5.81 

1. 27 

5.67 

o.oo 



CORPS OF ENGINEERS RIPRAP PROJECT 

Run # 76 
Q=25 cf s 

S=O. 0119:3 
Temp 6'7 F 

Rock size 2 in. 
Thickness 4 in. -------------------------·-----------------------------------------------------------~-----------------------------------------

X=120, 
D=0.666' 

X=1 '.~'o:· 
D=0.668, 

X=140=' 
D=O. 70EF 

Elevation Fraction 
<ft> of Depth 

71.25 0.90 
71. 11 0.70 
70.98 0.50 
70.91 0.40 
70.85 o. :30 
70.78 0.20 
70.75 0.15 
70.72 o. 10 
70.68 0.05 
70.66 
70. 6~3 
70. !:i9 

71. 26 0.90 
71. 12 0.70 
70.99 o. ~:;o 
70.92 0.40 
70.E)6 0. '.30 
70. 7t:1 0.20 
70.76 o. 15 
70.72 o. 10 
70.69 0.05 
70.62 
70 .. 62 
70.60 

71. 2c1 0.90 
71. 1 ~5 o. ·70 
71. 00 0.50 
70. <;>:3 0.40 
70.86 o. :::.~o 
70.79 0.20 
70.76 o .. 15 
70.72 o. 1 (> 
·10. 69 0.05 
70.66 
70.64 
70.64 

Depth Velocity Velocity Velocity 
Z ft/sec ft/sec ft/sec 

(ft> @Y =1.33'@Y =4.00'@Y =6.67' 

0.60 5.23 5.81 5.58 
0.47 5.02 5.43 5.28 
o. :::;;:3 4.46 4. en 4 .. 69 
0.27 4. 14 4.69 4 .. 40 
0.20 3.88 4.40 4.08 
o. 1::::; 3.51 3.81 3.59 
o. 10 3.28 2.93 3.44 
0.07 3.02 1.64 :3. 02 
0.03 1. 64 o. 7:3 2.54 

o.oo 
o.oo 

1.66 

0.60 c.- '?H~ 

~- ..:..·-· 5.51 5.70 
0.47 £:-

~. 15 5.38 5. 3~3 
o. 3:::.~ 4.83 4.97 4.89 
0.27 4.52 4.49 4 .. 69 
0.20 3.81 4 .. ::53 4.40 
o. 13 ::::;. 59 :::.~. 91 3.66 
o. 10 3.44 '.$. 59 3 .. 66 
0.07 3.02 :3. 44 3 .. 32 
o. 0:3 2.64 :3. 28 2.88 

1. 16 
2 .. 59 

1" T'd'. 

0.64 5.28 5.75 5.28 
(>. 50 5.07 5. 2:3 5.07 
o. :35 4. ~32 4.91 4.57 
0.28 4u21 4.40 4. :::.~3 
o .. 21 3.81 4.21 3.88 
o. 14 :3 .. 44 3.81 3 .. l:.>6 
o. 11 .,. 

."). 19 :~, .. 66 3.51 
0.07 2. 9:::;; 3.66 3.28 
o. 0:3 2.84 ..,. 

-......... 19 :3. 02 
2.74 

2.84 
2. 4:~\ 



CORPS OF ENGINEERS RIPRAP PROJECT 

Run # Tl 
Q=25 cf s 

S=0.01858 
Temp 6.7 F 

Rock size 2 in .. 
Thickness 4 in. 

=============================================================== 
Elevation Fraction 

(ft> of Depth 

X=12(Y' 71.20 o. '10 
D::::O. 610:' '71. 14 0.80 

71. 08 0.70 
70.95 0.50 
70 .. 89 0.40 
70. S:3 o. :::::o 
70 .. Tl 0.20 
'70. 74 o. 15 
70.71 0. 10 
70 .. 68 0.05 
70. 6::::; 
70.62 
70.68 

X=1~30, 71. 18 0.90 
D=0 .. 5Tr 71. l.2 O.BO 

71. 06 0 .. 70 
·70 .. 95 0.50 
?O. B'-1 0.40 
70 .. S:3 o. :~:;o 
70.77 0.20 
70.75 o. 1 i::· ,;; 

70.72 o. 10 
'70. 69 0.05 
70.62 
70 .. 62 
70.62 

X::: 140, '71.20 0 •Ci(> 
D=0 .. 608, '71. 14 O.BO 

71.08 0.70 
70 .. 95 0 .. 50 
70.89 0.40 
70 .. 8:3 o. :30 
?O. Tl 0.20 
"70 .. 74 o. 15 
'70 .. 71 o. 10 
70 .. 68 0.05 
70.66 
70.65 
70. 6:2:; 

Depth 
z 

(ft) 

0.55 
o .. w1 
0. 4:3; 
0.31 
0.24 
o. 18 
o. 12 
0.09 
0.06 
o .. o:::~ 

0.52 
0 .. 46 
0.40 
0.29 
0. 2:~\ 
o .. 17 
o .. 11 
0.09 
0.06 
0.03 

0 .. 55 
0 .. 49 
0,.4:3 
0 .. :30 
0.24 
o .. 1B 
o .. 12 
0 .. 09 
0.06 
0.0:3 

Velocity Velocity Velocity 
ft/sec ft/sec ft/sec 

y =1.33, y =4.00, y =6.67, 

::; .. 95 

4.08 

2.43 

6.51 

4.27 

2. 14 

6.00 

4.08 

:3.66 

6.26 

5.95 
5.62 
5.23 
4 .. 97 
4.75 
4.57 
4.33 
3.74 

3 .. 5:l 

6.53 

6 .. 17 
5.€H 
5.51 
5.08 
4 .. 78 
4.49 
4. 14 

4 .. 01 

6 .. 59 

5.48 
5. 1:3 
4 .. 75 
4.27 
4.01 

3.(>2 

2 .. 93 

4.27 

3.88 

6.47 

4 .. 40 

2.07 

6.:39 

'.3;.,95 



CORPS OF ENGINEERS RIPRAP PROJECT 

RLtn # 78 
Q=50 cf s 

S=0.01579 
Temp 68 F 

R<:)Ck size 2 in .. 
'Thickness 4 in. 

=============================================================== 

X=120, 
D=1. 050:• 

X=130, 
D=O. 961, 

X=14<Y' 
D=l.056~ 

Elevation Fraction 
(ft> of Depth 

71.59 0.90 
71.38 0.70 
71.17 0.50 
71.07 0.40 
70.96 0.30 
70.86 0.20 
70.81 o. 15 
·10. 75 o. 10 
70.70 0.05 
70.60 
70.60 
70.52 

'71. 52 0.90 
~71. 33 o. ·70 
71. 14 0.50 
71. 04 0.40 
70 .. 95 o. ::::;o 
70.85 0.20 
70.80 o. 15 
70.75 0.10 
70 .. 71 0 .. 05 
70 .. 60 
70.57 
70 .. 61 

71. 60 0.90 
'7 1 .. :;:;<;> 0.70 
71. H3 0.50 
71 .. 01 0.40 
70.97 o. ::::;o 
70.86 0.20 
70.81 o. 15 
70.76 o. lO 
70.70 0.05 
70 .. 72 
70.70 
70. T3 

Depth Velocity Velocity Velocity 
Z ft/sec ft/sec ft/sec 

(ft) y =1.33, y =4.00, y =6.67, 

0.95 7.86 
0. T$ ·7. 51 
o. 5::;:; 6.53 
0.42 6.24 
0.31 5.56 
0.21 5. (H) 

o. 16 4.66 
o. 11 4.46 
0.05 3.84 

2.74 

0.86 ., .. 99 
0.67 7.43 
0.48 6.75 
o. ~$8 6.47 
0.29 5.95 
o. 19 5. 4:3 
0.14 4.97 
o. 10 4.69 
0.05 3.95 

1. 27 

0.95 7.87 
0.74 7. 4::;,~ 
o. 5~; 6.49 
0.42 6 .. 22 
o .. ::::;2 5. 6.7 
0.21 4.57 
o. 16 :;:;.Tl 
o. 11 :3. ~~\6 
0 .. 05 

3. 11 

7. ~?3 
6 c:·--:r • \:J·-· 
5. ·72 
i:::· ,.,..,.. 
\:J • ..::...:. .. 

4.30 
4.14 
:3. 63 
3. 19 
3.51 

:.s. 15 

8.12 
7. 4~.5 
6.83 
6.71 
6. 1 ··:>· . ..;. 
5.7'7 
5.28 
5.02 
4 .. 21 

:3 .. 11 

7.67 
7 .. 20 
6. 6~3 
6n 11 
5.53 
4.78 
4.49 
3.74 
3.28 

3.44 

8.46 
8 .. 27 
7.47 
1. o::::: 
6.63 
6. 11 
5. 9·7 
5. ::;:;1 
5. 13 

:3. 15 

7.96 
7 .. 68 
·7.03 
6.6:3 
6 • 17 
e5. 67 
5 .. 08 
4.97 
4.46 

2.64 

7.58 
7n42 
6.57 
6.02 

4.75 
4. ::::;o 
::::; .. ·:;>5 

o.oo 



CORPS OF ENGINEERS RIPRAP PROJECT 

RUN # 79 
Q=2ei cfs 

S=O. 01180 
Temp. 68 F 

Rock size 
Thickness 

2 in .. 
6 in. 

=============================================================== 
Elevation Fraction Depth Velocity Velocity Velocity 

(ft> of Depth Z ft/sec ft/sec ft/sec 
(ft> @Y:::::1,.33• @Y=4.o• @Y=6.67• 

X=120• 71 .. 46 o .. <10 0.64 i:::· C'.'7 \;;} . ..,,._, 5 .. 77 5 .. 58 
D=0.714' 71. :32 o. '70 0.50 1::· ,;J. 13 5 .. 28 5.13 

71..18 0.50 0 .. '.36 4 .. 69 4 .. 97 4 .. 80 
71. 11 0.40 0.29 4. 3~3 4.57 4.52 
'71. 0~$ o. :;:;o 0.21 3.74 4 .. 27 4 .. 27 
70.96 0.20 (l. 14 ::::;. 44 3.95 3.95 
"70. 9:3 0 .. 15 0.11 3. 19 3 .. 74 3 .. 66 
70 .. 89 o. 10 0.07 2.84 3. ~59 ~3. 44 
70 .. 86 0 .. 05 0 .. 04 2 .. 64 :::.t .. :::.t6 3.19 
70. 7·2 1.47 
70 .. 80 2.64 
70.77 2.84 

X=130!' 71.44 0.90 o. 6:3 5 .. 18 5.60 5 .. 67 
D=O .. 702' 71. :::.)0 0 .. 70 0 .. 49 4.69 5 .. 48 5. :33 

71. 16 0.50 0 .. :35 4 .. 21 5 .. 02 4 .. 66 
'71. 09 0.40 0.28 4. 18 4 .. 78 4 .. 49 
71 .. 02 o .. ::::;o 0 .. 21 :3.66 4.30 4.05 
70.95 0.20 (> .. 14 3 .. 47 3 .. 74 3 .. 3:2 
70 .. 91 o .. 15 o. 11 2.88 3 .. 70 3.06 
70.88 o. 10 0 .. 07 2 .. <7:3 3.59 2.9::::; 
70 .. 84 0.05 o. 0~3 2.84 3.28 2.59 
70.72 2.00 
70.71 1 .. 37 
·10 .. 74 0.90 

X==140:' 71.44 0.90 0.64 5. 3~3 5 .. 63 5.63 
D=0 .. 713:- 71 .. :3:0 0.'70 0 .. 50 5. 1:3 5.46 5. 18 

71..16 0 .. 50 o.:::::6 4 .. 63 5 .. 07 4.75 
71 .. 0B 0.40 0.28 4 .. 27 4 .. 52 4.:::;:3 
71.01 o. :30 0 .. 21 3.81 411:33 ~=-- 74 
70.94 0.:20 o .. 14 3.44 :3. 66 3.02 
70.91 o .. 1!5 o .. 11 3.02 3.:36 :2.74 
70.87 o. 10 0 .. 07 2.74 3. 19 2.43 
70 .. 84 0.05 0.04 2.32 2 .. ·74 1.94 
70.79 1.94 
70.75 1. 94 
70 .. 81 1.. 79 



CORPS OF ENGINEERS RIPRAP PROJECT 

RUN # 80 
Q=25 c:f s 

S=O.Ol870 
Temp. 69 F 

Roe: k :z i se 2 i n • 
Thickness 6 in. 

=============================================================== 

X=12o:· 
D=0.612' 

X=1:3o:i 
D=0.614' 

X= 140:• 
D=0.594=' 

Elevation Fraction 
<-ft> of Depth 

71. 37 0.90 
71.25 0.70 
71. 1:3 0.50 
71. 07 0.40 
71.00 o. :;.~(> 
71.94 0.20 
70.91 0.15 
70.88 0.10 
70.85 0.05 
70.73 
70.85 
·70. 75 

71.36 0.90 
71.24 0.70 
71. 11 0.50 
'71. 05 0.40 
70.99 o. ::::.;o 
'70. 93 0.20 
·10. 90 o. 15 
70. 8'7 0.10 
7·0. 84 0.05 
70.84 
70.72 
·70. Tl 

'71 • :33 0.90 
71.22 0.70 
71. 10 0.50 
71.04 0.40 
70.98 o. :::::o 
"/(>. 92 0.20 
'70. 89 o. 15 
70.86 o. 10 
10. s:3 0.05 
70.80 
70.78 
70.78 

Depth Velocity Velocity Velocity 
Z ft/sec ft/sec ft/sec 

<ft) Y=1.33' Y=4.0' Y=6.67' 

0.55 6.30 6.55 6. 1 ·7 
0.43 6.00 6.22 5.86 
0.31 5 C::'":s' • \;J • ..) 

C' c;:··-:r 
\;J • \J·..!t 5.38 

0.25 5.33 5.13 5.18 
0.18 4.69 4.97 4.80 
1.12 4.0C> 4.33 4.46 
0. 09 3.81 4.08 4.14 
0.06 3.36 3.81 :::;:. 88 
0.03 :3. 10 3.74 3.88 

2.07 
3.81 

O. T$ 

o.55 6.09 6.55 6. :::;;4 
o. 4:~; 5.67 6.39 6.00 
0.31 c· ,...,.,.. 

~. "..:.' 5. Tl 5.67 
0.25 4.75 5.43 5.28 
0.18 4.33 4.91 5.08 
(>. 12 4.08 4 !::""') • \J.e:.. 4.63 
0.09 3.88 4. 14 1.64 
0.06 :;.~. 81 :3. 81 o.oo 
0.03 3.74 ~3. 74 o.oo 

0.00 
2.54 

o. 5~3 6.26 6. 6:3 6.67 
0.42 5. T? 6. :;;;4 6. l.3 
o. :30 5. :38 5. 6~3 5.72 
0.24 5.02 5.18 5.43 
o. 18 4 i::·r') • >.J4 4.69 4. 6:3 
0.12 :3. 81 4.21 ~3. eil 
0.09 :3. 51 :3. 81 2.93 
0.06 3.02 3.51 I"',\ "':!'"'> ..:.. .. _ . ...:.;;. 

0.03 2. ·74 ";t' ....:·. 11 l.. 64 
2.07 

2.54 
1. 04 



X:::::120=' 
D=1 .. 078, 

X== 1 :3;0, 
D=l.060, 

X=14o:· 
D=l. 065:-

CORP OF ENGINEERS RIPRAP PROJECT 

RUN # 81 
Q=50 Cf!:> 

Elevation Fraction 
< +t) of Depth 

·11. ·r;; 0.90 
71 • 6f.3 0.80 
71.58 0.'70 
7:t. ::::;6 0.50 
71.25 0.40 
71. 14 o. :::::o 
71.04 0.20 
70.9B (). 15 
70. 9:3 o. 10 
'70. 8"7 0.05 
70.72 
70. ·72 
70.78 

71. 76 0.90 
71. 8!:5 0.80 
71.55 0.'70 
71.34 0.50 
·71. 23 0.40 
71. 12 0.30 
71.02 o .. 20 
7·0. 9·7 o. 15 
70 .. 91 o .. 10 
70.86 0 .. 05 
'70. 78 
70.69 
70.81 

-71.76 0.90 
·7i. 65 0.80 
71. 55 0.'70 
71. 3:3 0.50 
'71. 2:;;: 0.40 
71. 12 0.30 
71.01 0.20 
'70.96 o. 15 
10.91 o. 10 
70.85 0.05 
70.76 
70. Tl 
70. T3 

S=0.01205 
Twmp. 70 F 

Rock size 2 in. 
Thickness 6 in. 

Depth Velocity Velocity Velocity 
Z ft/sec ft/sec ft/sec 

(ft) Y=1.:3~5, Y=4.0, Y=6.67, 

0 .. 97 
0.86 
0 .. 76 
0 .. 54 
o. 4~$ 
(> .. :::::2 
0 .. 22 
o. 16 
o. 11 
0.05 

0.95 
1 .. 05 
0.74 
(> i:::-:i· . ....,._. 
0.42 
0 .. 32 
0 .. 21 
o. 16 
o. 11 
0.05 

0. <;>6 
0.85 
0.75 
o. 5:;:; 
o. 4;~\ 
0.32 
0.21 
o. 16 
o. 11 
0.05 

7.42 

5.21 

2.07 

'7. 12 

2. 1::t7 

7.20 

0.90 

6.81 
6.41 
6 .. 00 

4.89 
4.46 
4.30 
4.00 

7 .. 0~5 

6.73 
6. :39 
6.04 
5 .. 53 
4.94 
4.52 

2 .. 84 

'7 .. 36 

6 .. 95 
6.4:3 
6 .. 11 
5.48 
4.97 
4.60 
4. :::.~6 
3.66 

1.94 

7 .. 05 

5 .. 26 

~3. 44 

6 .. 97 

1. E)7 

7 .. 16 

5 .. 18 

1..87 



CORPS OF ENGINEERS RIPRAP PROJECT 

RUN # 82 
Q=50 cf s 

S=0.01544 
Temp. 67 F 

Rock size 2 in. 
Thickness 6 in. 

=============================================================== 

X=1201' 
D=0.968, 

X=130, 
D=O. 976:' 

X=140:i 
D=0.955:i 

Elevation Fraction 
(ft> of Depth 

71.69 0.90 
71.50 0. 70 
71.30 0.50 
71.21 0.40 
71.11 0.30 
71. 01 o .. 20 
70.97 o. 15 
70.92 o. 10 
70.87 0.05 
70. ·75 
70.82 
70.78 

71.68 o. <';?(> 
71.49 0.70 
71.29 o .. 5o 
71.20 o.4o 
71. 10 0. 30 
71.(H) 0.20 
70.95 0.15 
70.90 o. 10 
70.86 0.05 
70.79 
70.76 
70.81 

71.66 0.90 
71.47 0.70 
71.28 0.50 
71.18 0.40 
71.09 o. :~\(> 
'70. 99 0.20 
70.94 0.15 
70.90 0.10 
70.85 0.05 
70.80 
70.77 
70.82 

Depth Velocity Velocity Velocity 
Z ft/sec ft/sec ft/sec 

(ft) Y=l.33' Y=4.0' Y=6.67' 

0.87 7.92 7.61 7.99 
0.68 7.82 7.33 7.54 
0.48 7. :36 6 .. 8:3 6.95 
0. :39 6.71 6.34 6.47 
0.29 6.34 5.95 6.30 
o .. 19 5.48 5.48 5.67 
o. 15 5.18 5.18 5.28 
o. 10 4.86 4.86 4.97 
0.05 4.01 4.52 4 c:.-"..') . \:/..:;;. 

1.27 
4.33 

3.19 

o. <;ts '7.87 7.68 7.89 
0.78 7.38 7.36 7.61 
o. 5<1 6 .. 75 6.81 7.05 
0.49 6.37 6.13 6.97 
o.39 5.72 5.93 6.17 
0.30 5.10 5.53 5.43 
0.25 4.63 5.26 5.23 
0.20 4.3:3 4.60 4.69 
0.15 3. 6:3 4.52 4.24 

2.48 
3.84 

3.47 

0.86 7.89 7.99 7.99 
0.67 7. ~36 7.40 7.61 
0.48 7.06 6.87 6.99 
0.38 6.63 6.63 6.67 
0.29 5.86 6.26 6.30 
(>. 19 5.28 5.58 5.77 
0.14 4.86 5 .. 18 5.23 
o. 10 4.40 4.27 4. 3:3 
0.05 3.51 3.44 :3. 36 

3.44 
1. ·79 

2 .. 54 



CORPS OF ENGINEERS RIPRAP PROJECT 

RUN # a:;;: 
Q=50 cfs 

S=O. 01'724 
Temp. 67 F 

Rock ~ize 2 in. 
Thickness 6 in. 

=============================================================== 

X=120:i 
D=O. 91:;;;' 

X=130' 
D=0.943:i 

X=140' 
D=0 .. 928' 

Elevation Fraction 
(ft> of Depth 

71.64 0 .. <"',>(> 
'71. 55 0.80 
71.46 0.70 
71.28 0.50 
71.19 0.40 
71. 09 0.30 
71. 00 0.20 
70.96 o. 15 
70.91 0.10 
'70 .. 87 0.05 
'70 .. 74 
70.81 
70 .. 75 

71 .. 66 0 .. 90 
71.56 o .. 80 
71.47 0.70 
71 .. 28 0.50 
'71. 18 0.40 
71.09 o.:::::o 
71.00 0.20 
70.95 o. l.5 
70.90 o. 10 
'70. 85 0.05 
'70 .. 76 
70.75 
70 .. 79 

71.. 6:3 0.90 
71.54 0.80 
71.45 0.70 
71.26 0.50 
71.17 0 .. 40 
71.08 0.:30 
70.99 0.20 
70.94 0.15 
70.89 0.10 
70.85 0.05 
70 .. 84 
70 .. 76 
70. 8~5 

Depth Velocity Velocity Velocity 
Z ft/sec ft/sec ft/sec 

<ft) Y=l.:3:3:0 Y=4.0' Y=6 .. 67=' 

0.82 
0.73 
0.64 
0.46 
o .. -::..~7 

0.27 
0.18 6 .. 06 
0.14 
0 .. 09 
0.05 

2.59 

0 .. 85 
0.76 8 .. 11 
0 .. 66 
0 .. 47 
o. ~38 
0.28 
0.19 5.74 
0.14 
0.09 
0.05 

2 .. 48 

o. 9:3 
o .. ·;;4 7 .. 94 
0.65 
0.46 
o. ·:s1 
0.28 
o. 19 5 .. 31 
o. 14 
0 .. 09 
0 .. 05 

1. 72 

8 .. 09 

7 .. 68 
7.14 
6 .. s:;;; 
6.43 
5.48 
5 .. 08 
4.75 
4 .. 08 

4 .. Ol. 

7.96 

7.65 
7. 0~3 
6 .. 63 
6.08 
5. 5~5 
5.23 
4 .. 86 
4.57 

1 .. 04 

8.19 

7 .. 65 
7. 10 
6 .. 67 
6. 1:3 
5.38 
4.63 
4.27 
::::: .. 51 

1..67 

8 .. 19 

2.84 

8 .. 17 

5 .. 91 

1.47 

8.32 

5.81 

4.30 



CORPS OF ENGINEERS RIPRAP PROJECT 

RUN # 84 
Q=50 c:f s 

S=0.01879 
Temp. 68F 

Rock size 2 in .. 
Thic:kness 6 in .. 

=============================================================== 
Elevation Frac:tion 

Ht) of Depth 
Depth Velocity Velocity Velocity 

Z ft/sec ft/sec ft/sec 
(ft> Y=l.33' Y=4.<Y' Y=6.6'7:i 

---------------------------------------------------------------
X=120:o 71.64 o. CJO 
D=O. 916:• 71.55 0.80 

71.46 0.70 
71.28 0.50 
71.19 0.40 
71.10 0.30 
·71. 00 0.20 
70.96 0.15 
7(>. 91 o. 10 
70.87 0.05 
70.76 
70.85 
70.72 

X=13o:• '71. ·70 0.90 
D=0.995;< 71.60 0.80 

71.50 0 .. 70 
71 .. 30 0.50 
71.20 0.40 
71 .. 11 0 .. 30 
71. 01 0.20 
70.96 0 .. 15 
70 .. 91 0 .. 10 
70 .. 86 0.05 
70.80 
70. 7:::;; 
70 .. 74 

X=140, 71.70 0 .. 90 
D=0 .. 998=' 71 .. 60 0.80 

71.50 0.70 
11. ::::;o 0 .. 50 
71 .. 20 0.40 
71 .. 10 0.30 
71.00 0.20 
70.95 0.15 
70 .. 90 0.10 
70 .. 85 0.05 
·10. 80 
70.77 
70.81 

0.82 
O. T3 8.64 
0.64 
0.46 
0.37 
0.28 
0.18 5.58 
o. 14 
0.09 
C>.05 

2.32 

0 .. 90 
0.80 8.29 
0 .. 70 
0 .. 50 
0.40 
0 .. 30 
0 .. 20 5.91 
o. 15 
0.10 
0.05 

o.oo 

0.90 
0.80 8.61 
0.70 
0.50 
0.40 
0 .. :30 
0 .. 20 ~i. 18 
0.15 
0.10 
0.05 

:3.66 

8.48 

7.89 
7.47 
6.69 
6.00 
e;. s1 
5.l.8 
4.55 
3.40 

3.4·0 

8.04 

7. ::;:;9 
6 .. 67 
6 .. 42~ 
5. 6:3; 
5.41 
4.78 
4.40 
3.95 

0.90 

8 .. 34 

8 .. 16 
7.36 
7 .. 18 
6.75 
6. 1::::; 
5 .. 81 
5.48 
4.80 

4.46 

E). 42 

6. :1.:3 

2 .. 07 

8.79 

1.. 79 

8.45 

5 .. 86 

:3 .. 11 



CORPS OF ENGINEERS RIPRAP 

RUN # 85 
Q=75 cf s 

S=0.00898 
Temp. 72 F 

PROJECT 

Rock size 2 in. 
Thickness 6 in. 

=============================================================== 

X=120:· 
D=1. 492:• 

X=1:30:• 
D=l. 5:37:t 

X=140, 
D=1.528' 

Elevation Fraction 
(ft> of Depth 

72. 16 0. CJ(> 

71.86 0.70 
71.57 0.50 
71.42 0.40 
71. 27 o. :30 
71.. 12 0 .. 20 
·11. 04 0.15 
70.97 0 .. 10 
70.90 0.05 
70 .. 70 
70. ~,4 
70. T7 

; 12 .. 19 0 .. 90 
71.88 0.70 
'71. 58 0.50 
71.42 0.40 
71.27 o. ::$0 
71. 11 0.20 
71.04 o. 15 
70 .. 96 o. 10 
70.88 0 .. 05 
70.87 
70.87 
70.70 

7'2.17 0.90 
71. 9·7 0.70 
71.56 0.50 
71. 41 0.40 
71.26 0. :::K> 
71. 11 0.20 
71.03 0 .. 15 
70.95 0.10 
70.88 0.05 
70.73 
70.75 
70.81 

Depth Velocity Velocity Velocity 
Z ft/sec ft/sec ft/sec 

(ft) Y=1. 3:3, Y=4. 0, Y=6. 67!' 

1. ;34 7.36 7.99 7. :;.?;3; 
1. 04 7 .. 4'7 7.29 7.29 
0 .. 75 7.03 6 .. 47 6.99 
0.60 6.34 6.00 6.63 
0.45 5 .. 86 5 .. 6'.3 6 .. 04 
0.30 5 .. 38 5.<Yl 5.63 
0.22 5.38 4 .. 75 4.80 
o. 15 4 .. 80 4.21 4.69 
0.08 :3. 81 3 .. 66 4. 14 

1 .. 27 
1..94 

3. 19 

1.38 7 .. 22 7.60 7 .. l.4 
1. 08 7.42 6.65 7.2::::; 
O. Tl 6.95 6.17 6 .. 99 
0.62 6.63 5.93 6.45 
0.46 6. 19 5. :::a 6.02 
0.31 5.79 4.69 5.72 
0.23 5.05 4.46 5 .. 21 
0.15 4.66 4.01 4.89 
0.08 3.36 3.36 4 .. 24 

2.98 
2.54 

2.37 

1. :3~3 7. 2<"'1 7.42 6.97 
1 .. (f7 7.14 7.23 7 .. 12 
o.76 6.73 6.34 6.53 
0.61 6 .. 65 5. <;>3 6.45 
0.46 6.02 5.46 5.77 
o .. 31 5 .. 41 4.60 4.72 
o. 2:3 5.10 4.21 4 .. 30 
0.15 4 .. 46 3.88 3.59 
C>.08 3. ·77 1. 79 2.20 

o.oo 
1. 27 

1.64 



CORPS OF ENGINEERS RIPRAP PROJECT 

RUN # 86 
Q=75 c:f s 

S=0.01095 
Temp. 72 F 

Roe: k s i z e 2 i n .. 
Thickness 6 in .. 

=============================================================== 

X=12o:• 
D=1.4C>6:i 

X=13o:• 
D=i.418, 

X=140, 
D=l.419, 

Elevation Fraction 
<ft> of Depth 

72.09 0.90 
71.95 0.80 
'71. 80 0.70 
71. 52 0.50 
71.38 0.40 
71. 24 o. :30 
71. 10 0.20 
71. 0:3 0.15 
70.96 o. 10 
70.89 0.05 
70 .. 72 
70.67 
70. T:::.; 

72.08 0.90 
71.94 0.80 
71. 80 o. ·70 
71.52 0.50 
71.37 0.40 
71. 2~~ 0.30 
'71. 09 0.20 
71.02 o. 15 
'70 .. 95 o. 10 
70.88 0.05 
70.83 
70.75 
70.79 

72.08 o. <10 
71. 9::;::; 0.80 
71. 79 0.70 
'71.51 0.50 
71.37 0.40 
71. 2:;; o. :::;;o 
71. 08 0.20 
71 .• 01 o. 15 
70.94 o. 10 
70.87 o. 0~5 
70. T3 
70.80 
70.79 

Depth Velocity Velocity Velocity 
Z ft/sec: ft/sec: ft/sec 

(ft) Y=1.33:i Y=4 .. o:i Y=6.6T 

1. 27 
1. 1:3 7.91 
0.98 
0.70 
0.56 
0.42 
0.28 
0.21 
o. 14 
0.07 

o.oo 

1. 28 
L l.~' 7 .. 60 
0.99 
0.71 
0.57 
0.42 
0.28 5 .. 77 
0.21 
o. 14 
0.07 

1.28 
1. 1:3 7.65 
0.99 
0.71 
0 .. 57 
o. 4~\ 
0.28 5.86 
o.~~1 

0 .. 14 
0 .. 07 

2.59 

8.24 

7.45 
7.10 
6 .. 55 
6.22 
5 .. 48 
4.91 
4.55 
3.81 

1 .. 72 

7.70 

7.56 
6.75 
6.28 
5.86 
5. 18 
~i.02 

4 .. 72 
4 .. 01 

L 16 

8. 19 

7.80 
7.06 
6. Tl 
6 .. 02 

4.49 
3.95 

3 .. 11 

7 .. 86 

5.79 

1.27 

7 .. 65 

5.91 

:::;; .. 06 

7.68 

6 .. 02 

o.oo 



CORPS OF ENGINEERS RIPRAP PROJECT 

RUN # 87 
Q=75 cf s 

S=0.01206 
Temp. ·7:3 F 

Rock size 2 in. 
Thickness 6 in. 

=============================================================== 

X=120;' 
0=1.410' 

X= 1 :::::o' 
0=1.445' 

X=140=' 
0=1.415' 

Elevation Fraction 
(ft> of Depth 

72.09 O. 'iO 
'71 .. <;>5 0.80 
71.81 0.70 
71.53 0.50 
71.:::m 0.40 
71.24 o .. :::.K> 
71. 1 () 0.20 
~1 1 .. o::::: o .. 15 
70 .. 96 o. 10 
'70. 89 0.05 
70.79 
"70.79 
'70 .. 71 

72.11 0 .. 90 
71.96 0.80 
'71. 82 0.70 
71. 5~~; 0.50 
71. :$8 0.40 
71. 24 0.:30 
71.10 0.20 
71.02 o. 15 
70.95 o .. 10 
70.88 0.05 
70.70 
10.82 
70.74 

72.07 0.90 
71.9:3 0.80 
71 .. 7"i 0 .. 70 
71.51 0.50 
71.37 0.40 
71. 22 o.::::;o 
71.08 0.20 
71.01 0.15 
70 .. 94 0.10 
70.87 0.05 
7(>. 72 
70.76 
70 .. 84 

Depth Velocity Velocity Velocity 
Z ft/sec ft/sec ft/sec 

Ht) Y=1. :;:;3' Y=4. 0' Y=6 .. 67 

1 .. 27 
1. 1 "':" •J 

0.99 
0.71 
0.56 
0.42 
0.28 
0.21 
0.14 
0.07 

1..31 
1.16 
1. 02 
O. T3 
(>. !:)8 
0.44 
o.3o 
0.22 
O. HS 
0.08 

1. 27 
L 13 
o. 9<1 
o .. ·71 
0.57 
0.42 
0.28 
0.21 
0.14 
0.07 

8 .. 35 

5. ·77 

~!.. 98 

7.99 

5 .. 91 

3 .. 66 

8.12 

0.73 

8 .. 57 

7.61 
6.79 
6 .. 39 
6.00 

5 .. 1.8 
4.52 
:3 .. 74 

3 .. 11 

8.38 

7 .. 89 
6.95 
6.71 
6.26 
5.58 
5.08 
4.52 
4 .. 08 

2.54 

8 .. 67 

7.89 
·7.29 
·7 .. 03 
6. :39 
5 .. 72 
5 .. 43 
4 .. 69 
4 .. 14 

2.20 

8.17 

6.06 

2.48 

8.01 

6. :1.1 

8.22 

5 .. 91 

1.16 



CORPS OF ENGINEERS RIPRAP PROJECT 

RUN :f:I: 88 
Gl='75 cfs 

S=O. 01 ~359 
Temp. 7:3 F 

Roe: k s i z e 2 i. n • 
Thickness 6 in. 

=============================================================== 

X=120' 
D=1. :392, 

X=1~$0, 

D=1.377, 

X=140, 
D=1. 356' 

Elevation Fraction 
(ft> of Depth 

72.06 0. '70 
71. 9:$ 0.80 
71.79 0.70 
71.51 0.50 
'71. 37 0.40 
71.24 0. ::::;o 
71.10 0.20 
71. o::::; 0.15 
70. <;l6 o. 10 
70.89 0.05 
70.75 
70. Tl 
70.75 

72.05 0.90 
71. 91 0.80 
71. 77 0.70 
71.50 0.50 
71.36 0.40 
'71.22 o. :30 
71.08 0.20 
'71. 01 o. 15 
70.94 o. 10 
70.88 0.05 
70.59 
'70. 75 
70. 7:3 

72.02 0.90 
71.88 0.80 
71. 75 o. ~7(> 
71.48 0.50 
71. :::;;4 0.40 
71. 21 o. :::.~o 
71. 07 0.20 
71.00 o. 15 
70.94 0.10 
70.87 0.05 
70.75 
70.76 
70.81 

Depth Velocity Velocity Velocity 
Z ft/sec ft/sec ft/sec 

(ft> @Y=1.33' @Y=4.0, @Y=6.67' 

1..24 
L 11 
0.97 
0.69 
0.55 
0.42 
0.28 
(>. 21 
o. 14 
0.07 

1. 24 
1. 10 
0 .. 96 
0 .. 69 
0.55 
0.4:2. 
0.28 
(>. 21 
o. 14 
0 .. 07 

1. 22 
1. 08 
0.95 
0.68 
0.54 
o. 4l. 
0.27 
0.20 
o. 14 
0.07 

8.45 

5.91 

1. 04 

8.54 

6.26 

0 .. 73 

8.22 

6.17 

1.64 

8 .. 70 

8. 1'7 
7.68 
6.95 
6.51 
5n86 
5.33 
4.80 
4.46 

2.64 

8.82 

7.96 
7 .. 58 
7.29 
6. 5~j 
6.00 
5.43 
4.75 
4. 3~$ 

8.88 

7 .. 58 
7.29 
6 .. 95 
6.09 
5 .. 58 
5.08 
4.27 

3. :36 

8.45 

6.00 

o.oo 

8.19 

6 .. 26 

8. :-,:;;9 

5. ~~3 

2 .. 8:3 



CORPS OF ENGINEERS RIPRAP PROJECT 

RUN # 89 
Q=75 cf s 

S=C>.01565 
Temp. 75 F 

Rock size 2 in. 
Thickness 6 in. 

=============================================================== 

X=1:::.i;o:• 
D=l. :3<19:0 

Elevation Fraction 
<ft> of Depth 

72. 07' 0.90 
'71 • 9:2;; O. EK> 
71. 79 0.70 
'71. 51 0.50 
71.37 0.40 
·71. 2:;;; o. :30 
71 .. 09 0.20 
71.02 0. 15 
70.95 o. 10 
70.88 0.05 
70.75 
70 .. 80 
70.72 

Depth Velocity Velocity Velocity 
Z ft/sec ft/sec ft/sec 

<ft> Y=1.:::.i;:::;;:o Y=4.0:i Y=6.6'7l' 

1.26 
L l ':> ...... 
0.98 
0. ·70 
0.56 
0.42 
0.28 
0.21 
o .. 14 
0 .. 07 

8.95 

6.22 

2.54 

9.06 

a .. :37 
7.72 
7.00 
6.71. 
5.48 
4.91 
4 .. 55 
2.64 

1. 27 

9.0:3 

5.67 

3.02 



CORPS OF ENGINEERS RIPRAP PROJECT 

RUN # 90 
Q=100 cf s 

8=0.00866 
Temp. 77 F 

Rock size 2 in .. 
Thickness 6 in. 

=============================================================== 

X=12o:• 
D=l.805' 

X=1:30" 
D=l.816' 

X=140:i 
D=1 .. 80:3' 

Elevation Fraction 
(ft} of Depth 

72.45 0.90 
T2. .. 08 0 .. 70 
71.. 72 0.50 
71.54 0.40 
71.36 o .. ~;o 
71. 18 0.20 
71 .. 09 0.15 
71. (H) o. 10 
70.91 0.05 
70.75 
70.82 
70.77 

72.44 0.90 
72.08 0.70 
71.71 0.50 
71. 5'.;.t 0.40 
71.35 o. :::)(> 
71.17 0.20 
71.08 o. 15 
70.99 0.10 
·70. 90 0.05 
70. T3 
70 .. 75 
70.72 

72. 4:3 0.90 
'72. OC> 0.70 
71. 70 0.50 
·71,.52 0 .. 40 
71.34 0.30 
'71. 16 0.20 
71.07 0.15 
70.98 o. 10 
70.89 0.05 
·70. Tl 
70.74 
·70. 78 

Depth Velocity Velocity Velocity 
Z ft/sec ft/sec ft/sec 

Cft > Y=L 33" Y=4. 0, Y=6. 67' 

1. 6:3 8.67 8.75 7.68 
1.26 8.5:3 8 .. 01 7 .. 91 
0 .. 90 7.99 7.67 7.36 
0.72 7 .. 27 7 .. 05 7 .. 05 
0.54 6.73 6. 6:3 6 .. 59 
o.:36 6.30 6.08 6 .. 02 
0.27 6.24 5.41 
o. 18 5 .. 70 5. 1EI 5.02 
0.09 5.05 3.74 4.01 

2.84 o.oo 
2.74 

1. :::r7 

1.63 7. :;.i;6 8.82 7.68 
1. 27 7.47 8.22 7.82 
0.91 6.99 7.43 7.51 
o. 7:3 6.51 7.03 7.06 
0.55 5.81 6.55 6 .. 39 
0.36 5.48 5.86 5.67 
0.27 5. 13 5 .. 48 5.18 
(). 18 4.63 4.86 4.91 
0.09 2.93 4.21 :3.44 

o.oo 
2 .. 64 

1.47 

1. 62 7.68 8.82 7.60 
1. 26 7.68 8.27 7.96 
0.90 -1. 2:::, 7.33 7 .. 68 
0.72 7 .. 10 6.95 7. 14 
0.54 6. ~,3 6.61 6. ~53 
0.36 5 .. 60 5.58 5 .. 97 
0.27 5.00 5. 1~; 5.26 
o. l.8 4.77 4.91 4.63 
0.09 4.14 3. l.5 3 .. 28 

3 .. 28 
o .. oo 

1 .. 16 



CORPS OF ENGINEERS RIPRAP PROJECT 

RUN # 91 
Q=100 cfs 

S=O. ooc1:39 
Temp. 77 F 

Rock size 2 in. 
Thickness 6 in. 

=============================================================== 

X=120, 
D=1.786' 

X=130, 
D=l. 806:' 

Elevation Fraction 
<ft> of Depth 

72. 4:3 0.90 
72.07 0.70 
71. 71 0.50 
"71. 5:3 0.40 
71.36 0.:30 
·11. 18 0.20 
71. (>9 0.15 
71.00 o. 10 
70.91 0.05 
70.81 
70.82 
70.79 

72.4::::; 0.90 
72.07 0.70 
71. 71 0.50 
71. 53 0.40 
71.35 o.:::.w 
*11.17 0.20 
71.08 0.15 
70.99 0 .. 10 
70.90 0.05 
70.85 
70.70 
70.73 

Depth Velocity Velocity Velocity 
Z ft/sec ft/sec ft/sec 

(ft> @Y=.133, @Y=4.0~ @Y=6.67' 

1. 61 7.86 8.61 7.96 
1. 25 7.82 8. :32 7.99 
0.89 7.51 7.58 7.43 
0.71 6.83 7.06 6.91 
0.54 6.47 6.34 6.'.39 
o.:36 5.63 5.91 5.86 
0.27 5.38 5.77 5.48 
o. 18 4.52 c::' ,.,"!?' 

~ . ..:..._. 5. 12 
0.09 3.59 4.33 4.08 

1. 04 
4. 14 

1.27 

1.63 7.79 8.82 7.82 
1..26 7.89 8. 16 8. 16 
0.90 7.51 ·1.68 7.61 
0.72 7.29 7.47 7.18 
0.54 6. 9:3 6 .. 60 6.51 
(ft) 6.00 5. ~7';.: 5 .. 90 
0.27 5.28 e;. 23 5 .. 58 
0 .. 18 4.91 4.91 4.57 
0.09 4.33 4.52 3.80 

3. 7:-$ 
1.04 

2.07 



CORPS OF ENGINEERS RIPRAP PROJECT 

RUN # 92 
CJ.=100 c:fs 

S=0.01084 
Temp. 77 F 

Rock size 2 in. 
Thickness 6 in. 

=============================================================== 

X=120' 
D=1.714' 

X=130' 
D=l. 73:::.~' 

X=140' 
0=1.685' 

Elevation Fraction 
<ft> of Depth 

72.36 0.90 
'72. 19 0.00 
72.02 0.70 
71.68 0.50 
71.51 0.40 
71.33 o.:::;o 
71.16 0.20 
71.08 o. 15 
70.99 o. 10 
70.91 0.05 
'70. 71 
70.84 
70.72 

72.37 0.90 
72.19 0.80 
72.02 0.70 
71.67 0.50 
71. 49 0.40 
71. 3:3 o. :30 
71.15 0.20 
71. 07 0.15 
70.98 0.10 
70.89 0.05 
70.82 
70.74 
70. ff78 

72.32 0.90 
72.15 0.80 
71. 98 0.70 
71 .• 64 0.50 
71. 47 0.40 
'71. 31 0.30 
71. 14 0.20 
71. 05 0.15 
70. 9·7 0.10 
70.88 0.05 
70.73 
70.76 
70.73 

Depth Velocity Velocity Velocity 
Z ft/sec ft/sec ft/sec 

(ft> @Y=.133' @Y=4.0' @Y=6.67' 

1. 54 
1. 37 8.48 
1.20 
0.86 
0.69 
0.51 
0.34 5.95 
0.26 
0.17 

o.oo 

1.56 
1. :39 8.26 
1.21 
0.87 
0.69 
0.52 
0.35 6.22 
0.26 
0.17 

3.74 

1. 52 
1.35 8.48 
1.18 
0.84 
0.67 
0.51 
0.34 6.22 
0.25 
0.17 
0.08 

2.20 

9.18 
8.45 
7.96 
7.03 
6. ·75 
6.08 
5.72 
5.08 
4.52 

4.01 

8.97 
8.35 
7.92 
7. 14 
6.59 
5.81 
5.38 
5.02 
4.46 

0.00 

9.41 

8.91 
8.19 
7.68 
7.06 
5.86 
c::- C:!''':I' \;J • ...,,._ .. 

4.63 
3.88 

3.36 

8 .. 51 

6.26 

1 .. 04 

8 .. 51 

6 .. 0·7 

3 .. 28 

8.70 

6.43 

3.11 



CORPS OF ENGINEERS RIPRAP PROJECT 

Run # 9:3 
Q=100 cf s 

S=0.01189 
Temp. 75 F 

Rock size 2 in. 
Thickness 6 in. 

================================================================ 

X= 120' 
D=l. 66:::F 

X::::1:30, 
D=l.714• 

X=140;t 
D=1.716;t 

Elevation Fraction 
<ft) of Depth 

72. :;:;2 0.90 
'7'") I._. 15 0.80 
71. 98 0.70 
71.65 0 .. 50 
71.49 0.40 
71.32 o. :30 
71. 15 o. 20 
71. 0·7 0. 15 
70. c19 o. 10 
70.90 0.05 
70.75 
70.75 
70.76 

,,., -:ri:::· 
, ..:.. • ·-•-.;;# 0.90 
7·-;, ..:.. . 18 0.80 
72.01 C>.70 
71. 60 0.50 
71.49 0.40 
71.32 o.::::;o 
71. 15 0.20 
71.06 o. 15 
70 .. 98 o. 10 
70.89 0.05 
70.82 
70.80 
'70.76 

·;12. ~34 0.90 
72.l.7 0.80 
72.00 0.70 
71.66 0.50 
71. 4<;> 0.40 
71. :31 o. :30 
71. 14 0.20 
71.06 o. 1 c::--.;;# 

70.97 o. 10 
70.89 0.05 
70.98 
70.76 
70 .. 81 

Depth Velocity Velocity Velocity 
Z ft/sec ft/sec ft/sec 

(ft) @Y=1.33• @Y=4.0, @Y=6.67• 

1. 50 
1. :2;:3 
1. 16 
0 .. 0:3 
0.67 
0.50 
0.33 
0.25 
o. 17 
0.08 

1.54 
1. :s7 
1. 20 
0.80 
o. 6<7 
0.51 
o.::::;4 
0.26 
o. 17 
0.09 

1..55 
1. :::ss 
1.21 
0.86 
0.69 
0.52 
(> .. :::;;5 
0.26 
O. U3 
0.09 

8 '":?',.., ... _ . ..:., 

6.02 

2.59 

8 -:f"') . ·-·..:.... 

8.51 

6.06 

8.97 
8.29 
7.54 
6.91 
6.22 
5.72 
5.,4:3 
4.91 

3.80 

9.15 

8.57 
7.86 
7.25 
6 .. 71 
6.22 
5.58 
5.28 
4.21 

:;:;.66 

9.21 

8.61 
8.02 
7.43 
6.71 
5.91 
5.43 
4.75 
4.08 

2.54 

8.50 

5.60 

2.48 

8.61 

6.22 

1. 79 

8 .. 73 

6 .. 24 

1..1.6 



CORPS OF ENGINEERS RIPRAP PROJECT 

Run # 94 
Q=100 cf s 

S=O. 013:00 
Temp. 75 F 

Roc:k size 2 in. 
Thickness 6 in. 

=============================================================== 

X=120'' 
D=1. 572:• 

Elevation Fraction 
<ft) of Depth 

72.24 0.90 
72.08 0.80 
71.92 o. ·70 
71.61 0.50 
71.45 0.40 
71.29 0.30 
71. 13 0.20 
71.06 0.15 
70.98 o. 1(> 
70.90 0.05 
70. 7;_~ 
70. ·76 
70.63 

Depth Velocity Velocity Velocity 
Z ft/sec ft/sec ft/sec 

(ft) @Y=1.33~ @Y=4.0' @Y=6.67' 

1.42 
1. 26 9.21 
1.10 
0.79 
o. 6:3 
0.47 
0.31 
0.24 
o. 16 
0.08 

2.32 

10.00 

9.21 
8.67 
8.29 
7.33 
6.34 
6.22 
5.72 
5.13 

2.93 

9.27 

6.55 

o.oo 



APPENDIX C 

VELOCITY PROFILES 

Test Rip rap Rip rap Run Numbers 
Series Size Thickness 

' in. in. 

l l 2 7, 23, 27, 31 
2 1 2 37, 40, 41, 45 
3 1 3 56, 57' 60, 64 
4 2 4 67, 72, 74, 76 
5 2 6 84, 88, 93 



z 
£t 

...----.....---.....-----.-----· ····-..... 
... )(:119" 
II )(:125" + X=148" 

1 nn UUUUHHtttUUUtUOIUffUIUUUltlHIUHllUHltU••UtUUUUUIUlllHUHHHUIUttlttU•UHOtU•H•HHUUUH .. HHHU .............. H ......................................................... , ............... . 

• am: = 
UUUI UUIU 

UUHI HHHt 

8 1 
" 

fUUU\UU1ltUn•1tJUlUt,,OttltlllUUU •tUUUlUU•IUIOl ICUUU£1$J0UUtUtt UUilUIUhUUIUUHHIUUUUUIUUUU.ti UIUHUUIUUtHHIHHUUUHHOHUUUl auuuuhUUtttn"H"IHIHHIUIHUIUt 

ttUUJ HfffU . ....... .. .... . ....... .. ... .. 
IUUU IUUU 

lllUU UIUll 

I 
Gene Pal DatuM 

9.81 
9 2 4 6 8 

RUN ti 7 .. 
UELOCITY f'rs 
Q= 25 c£s.. =4.9" 

19 



z 
f't 

................................................................................................................................................. 

1.ee 

8.19 

6 Y=1. 33" 
• Y=4.88" + Y=6.6?" 

n••tttttt••••ttttffittttn•••HH•tt••H JtHffft1U&HtHIHIHntHtftHlttffntHt.U 

tnnnmtnt,JHJt'ttHtlHflllftUfffJ:UU:t tWftHHlUttUJ ttt;HiHt4HHlhUfiUUt UU:HUWtlJftifUtl:l'IUUUtlttAUIKtHfft• tl*•Htifffftuff~titt-ff'*'Hfffftttt"ttfffffi$t1! t41PttH•J.»tUHk«ttffflt»HOU-ffftttil 

unu ....... uuu 
t;UUU 

Genel'al DatuM e.e1..__ ___________________________ _.... 
2 4 6 8 1.8 

RUN ti 7 
UELOCITY fJ!S 
Q= 25 cf's,, X=125" 



z 
£t 

... -----.... -----.... ------.... -----..... -· .. ·-..... . 

Gene•al DatuM e.a1.__ ____________________________ , ____ __. 
a 2 4 6 8 18 

UELOCITY £ps 
Q= 75 c£s. Y=4.e• RUN It 23 • 



z tt 

.................................................. .., ........................... ,.. ......................................... . 

1.99 

9.19 

A Y=.1. 33 .. 
• Y:4.99 .. + Y=6. 67 .. 

HlUHUttt•nu .................................................................. u»OHHU ........................ . ......... UHUUhUOttunuuiUHUiHHff.ttfUHl .......... ,, ................................. 0 

UUHfUOUt¥tttf*UtUHUtUUUUhUUH HU:UHUUJ 

HdU ....... 

•tttttll 
UUUt 

tUHitUOttlUl-tHfUtUUllJ lUU«iUU:Jll.UUt;Ut.tOUUUIUilfittJUUt .tttJUtllUHlUUUUttllHHt-U:HUtUHIH lUUUOliUHttUUfHUUCtHHtHfUtHHJ ...... , 
HUfll 

Genez'al DatuM 9.91.__ ____________________________ __ 

2 4 6 8 18 

RUN ti 23 
UELOCITY. tps 

Q: 75 ots,. X=.138 .. 



z rt 

J..98 

8.J.8 

6 X=J.28" 
• X=J.39 .. + )(:149 .. 

.................... iHUhUJWHUHtH••• Uffatitttt•HHH:ldt•tHt .. UttHntUHHn .............. . 

·-... ·-

HtHH .. hUHfHtft .. fHHUtttfftHH'1Hf 

UtUUtHUUOlU'UUUUUUOUUUUtU:'* ft ttiUOUttHttJUUJU'tJUUtf\tllitU:tt •ut•OfllltUfftU1l1UHllUUtUJIUUO:llH tHlllHlOIUlttHtttHIHlt*4.HHHttUlHHt llHtUIHIHtOU:HUttttfUIUUtllHlttUl" 

HUHt 
tunu ::::::: 

Genel'al J>atuM a.eJ..__ ____ _._ ____ _._ ____________________ ~ 
2 4 6 8 J.8 

RUN It 27 .. UELOCITY £ps 
Q= 188 cts .. Y=4.8" 



z 
f"t 

------.........--------· .. ·-·· •.. 
A Y=1. 33' 
• ¥=4.90' + ¥=6.67' 

1 nn iOHUHt•Hln.t.UHUIHtHHJU1HHtftHtt ll'1H•1tHllHHHJtUIU'UHHtntHtUHtHl tf1lHUftt1Uttt HttUt t 1t ttltHHfHlll*'OllUfftUl»t•UtflHHffHIH fftHtffHtHHUHIHIHHJJt•UUjlflttHttl ···= = tUttH HUU't 

HOUt Ul.HJt 

0 10 tlUSU'lUUJ111UUUltlU-UUUUUUUUtU UUUUliUUhU•U•O••UUUUlOlhtUHU• uuunuuuutt•U.tUttiU:tU•Ht .. UtUUO UUOUUlfflhlUJ+ .. lU$UJlOUUtUHtttJt tUUUlHHUUUUUHJUUUIUUtUUHtU 

UHHt unnt 
• tnnn lJHn11 ....... .. ..... 

UUU.\ UUlU 

m- m-

I 
I I 

Genel'al DatuM 
8.91 

9 2 4 6 8 

RUN It 27 
UELOCITY f"ps , Q= 189 cf"s, X=130' 

18 



z rt 

1.ee 

0.10 

... ><=120" 
• )(:138" 
+ )(:148" 

••tttHHttMP .. mo•••tt•ttn••Httt•ntt•• •«H•U•H••«ttn• ... Hn••utt•Ufftttu••• •mulfttt•••ntttu•m•••••n 
tiUUt 

OtltUUU«n•uu'UtUUlUthUUl-UtUltJ UUHUUUU! lffl4UUUftUtUUUUUH lU.UHUUl,UUU-UUUUUUUIUUUOUtU Ul-UOhUUUUUttHUUiUUUOltbU:U:lft nnuuuitUts•UUtUUUlttutHHltd\Ul 

tnnu ....... UlHH 
lUHU 

Genel'al DatuM e.e1..._ ____________________________ _. 
2 4 6 8 18 

RUN II 31 
UELOCITY fps 

Q= 58 c£s .. ¥=4.9" 



z rt 

...----.,.._--.....----.......... ---....-· ... ·-..... 
A Y=1. 33-' 
• Y=4. 88-' + Y=6.67-' 

1 nn .............................. u .................................................................................... " ............................................................... IHUtUttttUHHHIHlttfHtUUttttttHUtt 

.aa= = 
unto uttnt ....... "'"" 

I a 1 g ............ uuuuuuuuuuuu1uunuu •UnHUUUf tUIU UUUUUU1UIU:H llUUtlHUtHUUUUUUIUUUUUtnuuu ttUUUUtUUUUUHIUUUUUtUU'HUIHt •nnunuuuuunHHHtHUUltHUIUUI 

UHIU HHHI . :::::: , :::::: ....... .. ..... 
IUUU UUUt 

Genel'al DatuM 8.81....._ __ __. ____ __.. _________________ _, 

9 2 4 6 8 18 
UELOCITY fps 

RUN * 31 • Q= 59 cfs., X=139-' 



z rt 

....----.....----.......... ---...---..-· .. ·-·· .. 
6 X=129" 
• X=139" + X=149" 

1 nn .................................................................................................................................................................................................................................. ... 
• aa= = ....... .. ..... 

UUUt Hffllt 

n 1D'''""'""'"""'"'"""'""""""'"''"'""""''"'"""'"" a. a ....... 

". 91 

nu1111 
1111111 

9 2 

1nnnnn1 1uuu111uuu1uu11nnnu111u111nHuu u11u11ununu11nu1nn1n11au11uuu11 111n1uuuttuun1uunuuuunu11111u ....... 
....... 

I 
Gene:ral DatuM 

I 

4 6 8 

RUN tt 37 
UELOCITY fps 

Q: 25 cfs .. Y=4.9" .. 
19 



z rt 

................................................................................................... ,... .......................... .,.._. ····-····-

1.99 

9.19 

... ¥=1. 33" 
• ¥=4.99" + ¥=6.67" 

lflHttflttlUHHIHHttU»HtHUtHtHtttJ tHttHHOUfntt•tftHH•fHU'l .. Utff•tHffl fftthtlH .. ttHftUtUttUHIHHtttUtHtUtf fftlHfttHttHt ....... 

Utttff ....... •ttUtHUUll tUt\tUltfUHH•••••UHHtlUt••••UtU:UHl tOtHtUUUtUUUUUUJ.tnuH••HUHtff.U tHtUtlttt•UUHtUHtHHlh•U«UHUIUt 

ttUUt 
ltHllt 

Genel'al DatuM 
9.91-----------------------------------

2 4 6 8 18 

RUN II 37 
UELOCITY fps 

Q: 25 cfs,, X=138" 



z 
£t 

............................................................................................ ·-·· 

1.88 

8.18 

6 X=128"' 
• X=138"' + X=148"' 

nntuuuuuuu-u11nnnt1nuunntau1 tnnnu•tututt ....... ........ 
........ u.uHt11NUHftQttHHtJIUQ~U• 

tHttO 

"''''" 

Genel'al DatuM a.a1 _______________________________ ....., 
2 4 6 8 18 

RUN It 48 
VELOCITY £ps 

Q= 75 cfs. Y=4.8"' 



z rt 

1.88 

8.18 

................................................................................................. ····-······ 
A Y=1. 33" 
• Y:4. 88" + ¥=6.67" 

QtJffttUttHtff ... fftttHtHHtfftfftM•HU t•UhU .. HffffHUlHUH•tHtllHffitUtPll lfft•~UtHtJJtHIU 

"'"" 

tUUttHJUHtUHUUUUtfHtUJHUUtOU UUtUUUHUIHU ....... .... 
tlHIUHIHJJttUUtU UHUJununn•UUUtHHtUUHUUUHti. IUUfHUHtHH:tUtUHtHUUJJUUHHUH HUHtHHtHtUUUtUUJHJUttUH.UtUJH 

ttUUt 
ntnn 

Gen~l'al D~tuM 8.81--------------------------------...._--__. 
2 4 6 8 18 

RUN 48 .. UELOCITY fps 
Q: 75 crs.. X=138" 



z rt 

J..99 

9.J.9 

............................................................................................................................................... 

4 X:.1.29 .. 
II X=.1.39 .. + X=149 .. 

HtJHHtttU•HH•ffttJtltttfHffltH*"f1tf 1Hfftt'ttttR«tt••tttQJltHJtfltllHHtUfftt HHMHHttt .. t:tfHHtt -

....... ....... 

I I 

"""' Httllt 

GenePal Da:tuM a.9J. ____________________________ ~ 

2 4 6 8 l.9 

RUN 4l. 
UELOCITY fps 

Q= 59 cf's .. Y=4.9 .. 



z 
f't 

............................................................................................................. -............ . 

1.88 

8.18 

8.81 
8 

RUN 

A Y=l.. 33 6 

II Y=4. 886 

+ Y=6.67 6 

2 

tt 41 

UUUlOUUlUUtttUUUU UIUUU-UUIUHUUUUHCtttUtUUUUdU lllUtHtUUct~lUHUUt.lHJUUUUUHHU 1UJOJUtlUfUUtUUUttttlAtHntUltHU 

nuua ..... 

I 
j 

I 
Gene:raal DatuM 

I 

4 6 8 
UELOCITY fps 

# Q: 58 cts# X=1386 

18 



z rt 

1.aa 

a.1a 

4 X=128" 
• X=138" + X=148" .......................................................................................................... 

111111111111111u1u1111111111111111111111n111u111111u11 ....... ....... 
11111n1nu11111111uu11un1 1u111111u11u11u111uua1nu1n1111tuu1n 111111u1u1nunu1u1n11uu11u1u11uu11 11nn11u1u1unuunnunuu11ttn11u11 . ...... 

""'" 

I 
Genel'al DatuM a.a1.__ _______________ _...... ____ _... ____ ~ 

2 4 6 8 18 

RUN II 45 
UELOCITY fps 

Q: 188 crs .. Y:4.8" 



2 
ft 

1.89 

9.18 

..................................................................................................................... ·-······ 
4 Y:1. 33" 
• Y=4.99" + Y:6. 67" ................................................ ........................ , ....... ,. .............................. .. H••tttUUUtUt-UHltUHIUlHH .... ltUU• UUtfltfllHllHlHtHIHHHU•HHH:HIO .. ....... ...... " 

,. .......... u:uuutouutUfUOHUUUttt UUU:lHt.UtHU ....... 
UHO$ 

...... u.uttt••••••••ttUl UtlllUUOtHUfft•i••••t:tHltUtu•••U••••• •u•u•n•itUHlUfUU·H••o•••••nHtUHI•• IHtnt:•uutUHHt1UtHUUttMttltH1t:ltU .. ..... ....... 

Genel'al DatuM 9.91..._ ________________ _.... ___________ ~ 

2 4 6 8 18 

RUN 45 
UELOCITY fps 

Q: 199 cfs.. X=139" 



z rt 

A )(:129" 
II )(:139" + )(:149" 

1.99 tttttttttUlttttHHtttttttU•ttt•tHfhttUtt ttHtnttttttttlttn•f-tttlHt:HtUltHtUtHUf HUttttttUtHUjU1!Htttttl&4Ut 

9.19 

9.91 
9 2 

RUN It 56 .. 

•unnnauuu unnuoonuun1uu1utuuuuuuuuu tOtUn•UUllUUUU1HHIUUUUUtUUUI UUUUUUOUl-UUOUUUUtUU.UlUfOU 

nuttt 
tHUH 

' I 
Dat

1

UM Genel':a,l 

4 6 8 
UELOCITY fps 

Q= 59 crs .. Y=4.9" 

19 



2 rt 

.............................. ..,.. ........................................................................................................... . 

1.ae 

9.19 

4 Y:1. 33 .. 
• Y=4. 89 .. + Y:6. 67 .. 

.................. _ ......... uut1••0••''*•f .. tUUOf.IHUl.fHUUOJ 
ffHHt 

"'"" 

n1uu 
., ....... 

....... , ...................... nouuuuuuu fftffttU•UtlllltUHtfU•OUlUl«•HffUU•r. tOtUttUtUUU•HUU,ffU-UltUtff .... ffff:H 
UH Ht 
Ht.HU 



z 
ft 

1.88 

8.18 

A X=129" 
• X=138" + X=148" 

tt••htH-UUUUUlUhUi-UUUtUUHUOO- nuuuuuotu 
HHUt 
Utf.lH 

tU-tUUttHUUtUlttUUJtU:OUHOtUOltH ••tnttnntUUHtOOUU:tUUUUH•UUUtt OUUHHHHUttH•UuuuunttthHfUHt 

I 

........ ...... 

Gene~al Datu• 9.81.__ _______________________ ...__ __ __, 

2 4 6 8 19 

57 RUN .. UELOCITY fps 
Q: 25 cfs .. Y=4.8" 



z rt 

1.88 

" . .ta 

a.81 

...................... .,. ................... ..,. ..................................................... -............ . 
6 Y=.l. 33" 
• Y:4. 99" + ¥=6. 67" 

UtUUUU-UHtUf.UUUUUtOUtHHUUUJ- tOUUHittuuu:o;u 

untn 
&HOH 

g 2 

'***U:HtntUll4-ltUlUStU•Utl*HlH4IO• tUt•htHHOHflhOOU•UHUSU•tUu,•U•• •utUtlU&&\UfflitliUU•tUtftU•t•• .... •u 
UHtU , ...... 

I j 
! 

Genel'al Datu• 

4 6 8 

RUN * 57 
UELOCITY fps .. Q: 25 c£s,, X=.138" 

19 



z rt 

---...----.....-----...---........... ·-..... 
6 X=129" 
• X=139" + X=149" 

1 nn ........................................................ ,. .................................. " ................................ . UHINIUHIUIHUHUIUIUUllUHUl•lllll lfUUllUHfllUHHllHllUlltUltHIUHHI 

• aa :~:::: 
'""" ....... 

I 
i 

....... 
UUIJf ...... ,. 

Gene:l'al DatuM 9.91.__ __ ___. _______________________ , ____ ~ 

9 2 4 6 8 19 
UELOCITY fps 

RUN 8 69 .. Q= ?5 cfs,, Y=4.9" 



2 
f"t 

1.a8 

9.18 

.............................................................................................................. ····-·· 
• Y:1. 33" 
• Y=4. 99" + Y:6. 67" 

........................................ HHHI .................................................................................. ,,,,,~ ........................ -.............. u ............. u-..-nton•tttttnttuHHUltHiUt 

"**"' ....... 

tti1nunu1nuutUUJ.t1iUtlJUUttUUt•• tl(UUU1.11lt.ttUlHUH uun tUUH:lttttllHUUIUHliHHliHitlHtttUU to•••tt•UUl-tUhttiltlWUtttt• .. •U•tnUtH ltUHltlHl'IHWhtfUUIHHUHUHHftH• ....... .. ..... ....... 
ntun 

I I 
GeneX'al D•tuM 9.91...._ __ _. ______________________ __. 

2 4 6 8 18 

RUN It 69 
UELOCITY fps 

Q: 75 crs. X:138" 



z 
£t 

.......................................................................................................................... ·-····· 

1.aa 

9.19 

... X=129" 
II )(:139" + )(:149" 

....... flftlHtJHHt•••nHttftHUtttttHHHtffftH ............ aa ............ ., ........ uuttHtt 

uuuuunu1nu11nu1untuuu11uu1n ou101uuut 1101nnnt1UUUlt tH••uUtUOIUUUtUUttUUtlff.UUt•••••• ..................... HtUltUllUU•HUHUtl JUOHHUUOOUHtHHIUIHUHUUtlUU ....... 
UH\U 

I 

u•un 
UUUt 

Gene:ral DatuM a.81 ........... ___________________________ ___ 

2 4 6 8 19 

RUN tt .. UELOCITY f'ps 
Q= 189 c£s .. 4. 9" 64 



z 
:ft 

1.88 

8.18 

........................... .,.. ......................................................... ...,,.... ............................... -.... ·-·· 
6 Y=l .33" 
• Y=4.89" + Y=6. 6?" 

ttiU:UUOtOUA1ntittUUUHt-u .. utunu UUUtUUUlUU-Ut u: •nH•HUittU ·····"•ttt•Un•oton»1ttft,lfH-1-Hfttt••H .............................................. , ltU4'l••t1•tt•*i•UtUHOHtHtttttUHOf.ttt 
uuut ....... HtUU 

HUH4 

Gen~l'al »•tuM 8.91-----------------------------
2 4 6 8 19 

RUN ti 64 .. UELOCITY fps 
Q= 189 c:ts.. X=139" 



z 
:ft 

................................ .,.. ..................................................................................................... -.... ·-····--

1.88 

8.18 

8.91 
8 

RUN 

... )(:128" 
• X=138" + )(:148" 

·~~~-f." .. ouuunnunnouo11nlnUOt UtUUUUtnuunUlUlUlUUHUUUHUtl UUUUfUUtilUOUHIUUltUUUUIHtHI 

2 

tt 6? .. 

I l 

I 
l 

Genel'al D~tUM 

4 6 8 
UELOCITY :fps 

Q= 58 c:fs,, Y=4. 8" 

tUUU 
tunn 

18 



z rt 

1.99 

9.19 

........................................................................ Miiii ...................... - .......... .. 

tHilU 
ttUUt: 

.... )(:128" 
• X=139" + X=149" 

t:ftltffUttUO t:Ut:HOtHt•tt••••••O:ttlitU••••uonn••••• IHOHUtfftfttifttUtH .. OttUttt:t:HUfHUt tltOUHtt1tHtfUUH#tUOfttttttlUttUfff 
HtHU ....... 

Local DatuM 
9.91----------------------------

2 4 6 8 18 

RUN 67 
UELOCITY fps 

Q: 59 cfs,, Y=4.9" 



z rt 

-------------· ... ·-····--
A X=129JI 
II X= 1 3 9.11 + X=149" I 

1 nn UUUUtUUtttUtlUtUtJUtUfUtt~ttttltittlUtUIHltOilUHtUU-UitiUttUHUUUUUJ tUOUUUtUtUUUftffltUUttUIUUJOUfl UtlUl*fHfllOOUtU•UUt 0 UUU,tUUUO~UU1UUOUUtftUUUltUtl 
8 UU uuiut • uunt 

HUttlf l UUU1 

OUtU ttOUI 

untn nnnt 

9 19 '"'''""'"'''''·''''"""·""'''''"''''''"'"""""'"''"'·'" "'"""'"'""'"' "'"''""'"''"""'"'"'"'"'"""""" '"""'"'"'"""''""'"'"""''"'"'"' ............................................ .. 
• ;~~~'.~~'. ,. l ~~~~~~~· .,...... . I ..... ;. 

::::::: l . ' ::::::: 
I 

DatuM at GD-d59/2 ..... I 
9.91.._ ___ ~-----------------------------

e 2 4 6 8 19 
UELOCITY fps 

RUN 8 67 .11 Q= 59 cfs.11 Y:4.9.11 



z rt 

....-.--......----....---.......---.,..... ..... ·-.. , ·-
4 Y=l. 33" 
II Y=4. 99" + Y=6. 67" 

1 nn .............................................................................................................................................................................. ... ............ 
tHUn 

n 1 n ..... ,.. .......................................................................... . 
a. a::::::: 

1 

9.91 Gene:r-ial DatuM 
I 

g 2 4 6 8 

tt 72 
UELOCITY fps 

RUN , Q= 75 cfs,, X=139" 

19 



z rt 

....---......---......---......------.--· ••. ·-•• ••t 

.A )(:129" 
• )(:138" + )(:149" 

1 nn HU.fUHtttUtUtUUUtUtUfUUUUUUHt OUUHHUUUUHUtUUUi:tUUUttUOUO UHHtUHU-lftHUOHUUUtntUHUtUUH HtUUUtttttHttHUCHU • a.a tUUU ----· 

ttUtU ........ 

n 1 n ::::::: ....................................................................... .. 
Va Uuu•u 

UUUt 

uuut 

UUUU-tUUUH11UUlUIUUtl-IUUUUUt fHUO.OUUtUUntntuuuunonuuun1 ttillUUUtUUtUUUUtuou1uusnuun 

HU.llt 
ntun 

UHtU 

UtUO 

I I 
Gen4'1'al DatuM 9.91.._ __ ___. _________________ __._ ____ _. 

2 4 6 8 19 
UELOCITV fps 

RUN B 72 .. Q: 75 cfs .. ¥=4.9" 



z rt 

-------------· ................ . 
....... ... X=.129" I 
....... Bl X=.139" I ' 

+ X=.149" I 
1 nn UUtOOUHUUUt1lltfitilU•tUiUUUf1Jl,lfUJUttntrt1•ffJlfUtU1UhOUtUHlUitt1 rnrUHtUtUfUtlJtUUIHUU1:tUit!U1:SUf Ut~tUtUUHiiUll1Utt tJU • av....... 1 1 ·:::::: ! I """ k-~ 

tUtUUU~HtHn:UUHHliUOOtUUft1llHU 

u;;iu, 

_.,,. . ....- l 
n 1 n ,;;,:::IUOUU ... M """" _.....__·,--UWau•nn.>m<mOHUmUHmj .. IOIH><Untm .. h>mmamal>"l"""'i""'""""""'"'"'""""'"'mUUUHjU>HHmmm>'HllH"lUl•tum>Umm v . v HUHU •1tUU~ 

f!HUl 

... ,,... I 

DatltM at LD-d59/2 ... 
e.01..._ ________________ _.... ___________ _. 

2 4 6 8 19 
UELOCITY f"ps 

RUN ft 67 .. Q= 59 cfs,, Y=4.9"LD 



z rt 

....---......---......------...-----."'"'""9· ... ·-..... 
A )(:129" 
II )(:139" + ><=149" 

1 nn ............................................................................................................................................................ . • am······· ....... ....... 

' 

.. ... , .............................................. .. ....... ....... 
.. ..... 

n 1 n 1n1uu11n1nnuiuunuuuuu1uu1u11 uouunuu1uuuun1u1nun1~·!(.I! ._,uu11uuuunu•nuuu.11111u 11101uuuuuuuuuuuu1nu11nu1n111 uuunuuu1u1u1uuuuunnu11111uu 

a. _,....... .. ..... - , = ....... 

Gene~al DaluM e.01.__ _________________________________ _. 

0 2 4 6 8 19 
UELOCITY fps 

RUN 8 74 .. Q= 190 c£s,, Y=4.9" 



z rt 

....---...,.._...--....---.......----....-· ... ·-..... 
A Y=1. 33" 
• Y=4. 99" + Y=6. 67" 

1 nn lUIUUIU:UHHOUHUOUIUUUtUtHUU IUttOHUIUUfUIOtUtUHHUOHHUfUU UtUUtUUtHUHttfUUIUttHIU•UtHU•H tHllHOtHUfHUftOU HlttUt UffH•UUUHUfffHHftOtfUft .......... .. 

• aa::::::: ~ ::::::: ....... .. .... . ....... .. .... . 

n 1 n :::::::utn1tUUUtOUhUUUtUhlUtU'f.t l'tHtUUJtU$0UUUUUUUUUHlUfUt ........ ff ...... UIUtl1UUUUUUUU1•1tr UUllUUUUUUUOIOUUttUUHOtiUIUI tttUtOUUUt1UUHUHUUUUttUt;:::::: a • a HUUt HlHH 

nou• un1u 
UUtU IUUU 

tuuu UIUU 

Genel'iil DatuM e.&1--------------------------1 -----
e 2 4 6 8 19 

UELOCITY fps 
RUN 8 74 .. Q= 199 cfs,, X=139" 



z rt 

1.99 

9.19 

....................................................................................................... -............ . 

....... 
tUUH 

6 Y=1. 33 .. 
• Y=4. 99 .. + Y=6. 67 .. 

IUUUtUUUUUUUUUtUUtUUHa u1uuutn1ouutuuounuunn111unu UUtOUH•UUUIUUUUttUUUUUUt••n 

UOUf 
tUUU 

Local DatuM 9.91.__ _______________________________ __, 

2 4 6 8 19 

RUN 74 
UELOCITY fps 

Q: 199 cts.. X=139 .. 



---------------.--· ........... . 
.A yk:1. 33JI 
II Y=4. 99JI + Y=6. 67JI 

1 nn .............................................. , .................................................................................................................... . 
8 te:Jte:J suun 

.,..... I 
1uu1tn•liut1iUUUUttUlftHU•OHitiUlUHUUU I :::::::: 

z -
ct I 

n 1 n ~:::::::111i'lilll,::J111tiHl1•:i1,ttf!lt11ttl t~t:ttttHUtiliti1ititt1111Uf$'t UUUUI tUlfHUIU1t~•nttUlil•t•Jtt•:ttUUl!tJtflJ ttl~t•tll11tltt1UiUlUIUUt•n•1itUUljiJlt ~IU.l1tU1H1tH•IOtUOUilHUOU•:::::::I 

v • v 11.HUI UUtH 

uonu inun 
lHUH 

HUH:\ 

DatuM at GD-d59/2 -
9.91.__ ___________________________ _. 

2 4 6 8 19 
UELOCITY f'ps 

RUN B 74 JI Q= 189 cf'sJI X=139JI 



z 
f't 

..----....----.......---......... ------.~· .............. . 
4 Y=l. 33jl 
II Y=4. 90jl + Y=6. 67jl 1 • 09 ·:::::::· ...................................... , .................................. , .......................................................................... ' ustuuo1 unuotnu101uuuuuo1nuu1to1uu' 

t•o~n Utun 

g 19 '"""""''""""""''""'""'"''"'"'''"'""''"" 1nuu 
• UOtO 

'tUOU 

uuou 

l 
DatuM at LD-d59/2 9.01.__ ________________ _._ ________ __. 

2 4 6 8 19 
UELOCITY f'ps 

RUN B 74 jl Q= 109 cf'sjl X=139jlLD 



2 rt 

-----------------------....-· ........... , 
4 X=128" 
II X=138" + X=148" 

1 nn HHlUtUtUtUHtHHUUtUUUUHUUtlH tU•ttHtHUUttttlUUUUtUHHUtHUUU• HtUttttlttUUftHtHUHHIHt•UUUJHltH t HtHUtHHtttttttHUttltllltttHHHtU tfftttttttHQtHUUUUtUHHtHHHHfUU • ma....... . ...... 
UJUU UUIU 

HttHt UtHU ....... .. ..... 

n 1 n ltUIUltUUU11UUUUUUUUU0UUt1111 UOIUOUOUO 

a. a::::::: ........ 
HUIU 

tUUU 

..... • ..... 1n1u111u1•uu1uu1u1unuuuuuuutu tUUUUtlUUIUtUUtUtUUUIUHIUtUHt IUlHHtUIUUthtUtUHttUtUUHIUUttt 

HIHH 

HtHtl 

UIHU 

Gene:l'al Datu• a.a1.__ __ __. _____________________ 1 ____ _. 

" 2 4 6 8 18 
UELOCITY fps 

RUN 8 ?6 .. Q: 25 cfs,, Y=4.8" 



z 
rt 

............................................................................................................... -. ····-··· ·-

1. "" 

".18 

6 Y=l. 33" 
• Y=4. 88" + Y=6.67" 

otnnonunu:uuuuontnuuuututu uouutuuuuunnunun ....... 
tUt\tt 

....... UHtUOt1HtUJUUUi1tU•UUHUHUUUU nnunuuUUHHU-UUUUUtUHUUHUl1 ••HfH1tUHtOi11tUtn1nnttn1ntunn:u 

JUOU 
HHUt 

I Gene•al DatuM e.e1..__ _____________________________ ...... 
2 4 6 8 19 

RUN 76 
UELOCITY fps 

Q: 25 cfs,, X=138" .. 



z 
f't 

1.99 

9.19 

................................................................................................... ····-··· .. 

HUIH 
tUHU 

4 Y=1. 33" 
• Y=4.99" + Y:6.67" 

tlOllllUtlU tU1t10•1uuuc1u11n111uu1nuuuuuiit UtHttlUUt•nHtOUUtUlllHUUtUUtUU tnnUHHUUUUlUttHtU.UtUtUUHfltU 

uuua ....... 

Local DatuM 9.91...._ __ ___. __________ _.... __________ _. 

2 4 6 8 19 

RUN UELOCITY £ps 
Q= 25 c£s.. X=139" 76 .. 



z rt 

..----.....---......---......---__,..... ••t ·-·· nt•t 

A Y=l. 33" 
• Y=4. 99" + Y=6.67" 

1 nn H:UIUOUfHIUIU.UUtUUHtUOtUtUH•I JtltfltUIUtlHUUIHUtfUttUUUHUIUUt IOIUttUUUU.fUUUIUOUHUUHHttHtU tUltUUtUUttUUHIUUUtttUftHUUt tUfOHHHUtUOUUHUtltftHUltlfUUU • aa IUUU IU;nt 

IUIHI flll;U 

n 1 n ..................... ,.. .............................. .. 
a. a::::::: 

unu1 
UIHIU 

DatuM at GD-d59/2 ..... e.e1 _____________________________ _ 
e 2 4 6 a 1e 

UELOCITY fps 
RUN 8 76 .. Q: 25 cfs.. X=139" 



z 
Ct 

.....--------------~· ... f .......... . 

A V=l. 33"' 
Bl Y=4. 90"' + Y=6. 67"' 

• a.a ll\1U'U. uUttt 1 nn ................................................ ., ........................................... 
1 

..... , ...... ,.................................. . ................................ " ..................................................... . 
UlHH UllUU 

uutu I unut 

I -

n 1 n "'""'"""'"''"" u • .,.::::::: 

DatuM at LD-d59/2 9.91...._ __ __.. ______ , ____ _._ _______ , ----~ 

2 4 6 8 19 
UELOCITY f'ps 

RUN ft 76 .. Q= 25 cCs~ X=139"'LD 



z rt 

.,..._.. _____ ...,.._ _______ .. ·-..... . 
.A )(=129"' 
• X=l.39"' + )(:149"' , 

1. nn UUUUUUHtUJttUUIUUltttltHttltllttl UtttUtllHttltUllllHIUllHJHUHtHUttU tUHUtHUHUHUUtUHUUHHIUHUfUU Ul1tttUIHUrtUHtUUIUUttl,UI HI 

aUU······· 
tUHU ....... 

n 1 n :::::::tunntUottHtO#ldUUOUUIUJIU •nnUllUtO•UUUUHIUIUtUUUUUt•ltl t1•U 

U• U······ .. 
nuut 
UUtU 

tUUtU tUIUIUU•UOllUtunu1u1uun•nuu1u tiUIUIUHUUHttHHllUIJOUUIUltHUl ...... , .. ..... ....... 
UUtU ....... 

I I 
Genel'al Datu• e.01.._ __ ~-----_.... ___________ _._1 ____ ~ 

2 4 6 8 18 
UELOCITY fps 

RUN 8 84 .. Q= 59 cfs .. Y=4.9"' 



z 
f't 

..----......---.....---......... ---...-· ............ . 
A )(:129" 
• )(:139" + X=149" 

1 nn tUUttiUUUfUHUHUUUUtHUUIUtHU tU:UUtHUHftHHtlUUUUUUUUfSIU••U UtUtU•HHUHUHUUtHtUHUU:UUUUO OUJUJUUUUUHUUtHUHUUHf:fH ........... . ... ................................ . 
-untu ....... 
utun 
UtHtt 

UUJU 

Ul'tlU 

UllUU1UOtltUUUt unu1•1•1uJU•Ut1ttUU.UUUOtUUUUIU tlUU.U&IU'UlrUUUUtUUJttUtUIUtU!ll 

DatuM 

uttto 

UUUl 

tUUI 

9.81.__ __ ___. ____ __.. ___________________ __ 

g 2 4 6 8 19 
UELOCITY fps 

RUN 8 84 .. Q: 59 cf's .. Y=4.9" 



z 
f"t 

--~----.----.......--........... , ·-·· ·-
A X=129' 
m X=13e• + X=149' 

1 nn tUtjU1tttUtJUt0HnUUIUUHUtttHUU •IOJUllUUtttUUUHUUUHIUttnOHUlt llOjfUIUllUUlUUUUfHtUUUl'UHUUI UUUUUUtUUUtUUffUUUUUtfUUJ UfHUU,OUUUUIUIUHUtU .av ....... .,.,... I llHHl 

tUUU 

I 
I 

nuut 
uaut 

1UUU 

I " , 
9 • 19 ::~~' .. """'""" '"""''""""'"'['"'""'"""""'" .. """"'"' "'~ """'""""'"'"""'"'""""'"'"'"""""'""""""""""""'"""1""""""''"""""'"""""'"'\1;~: 

= I I = 
9.91 

DatuM at GD-d59/2 
I 

e 2 4 6 8 

RUN tt 84 
UELOCITY fps 

• Q: 59 cfs. Y=4.9' 

19 



-------------· .......... ·-

DatuM at LD-d59/2~ e.e1 ________________________________ _ 
2 4 6 8 19 

UELOCITY fps 
RUN# 84 , Q= 59 cfs, Y=4.9'LD 



2 rt 

....----~--......---......------.-· ... ·-..... . 
... ><=12e· 
• ><=1ae• + ><=1496 

1 nn ....................................................................................................................................................................................... ~ ............ 

n 10::::::: ................................................................................................................................................................................................................. ::::::: ... ......... . ... ... ....... . .... .. 
UIUll UHHI ....... .. ..... 

I 

Gene:ral DatuM 
9.91 

e 2 4 6 8 

RUN II 88 
UELOCITY fps 

• Q: 75 crs. Y=4.&• 

19 



z rt 

.---.....----........... --.__,..------.i--· ... ·-..... . 
... )(:129" 
II )(:139" + ><=149" 

1 nn UUtUU:UUUHUJUlUOUttUU .. HUHUt IUHIHttlftHHtlUHHUUHUUtUHUtOtU UUUUOfUUUfOfUOUIUUtHtUUUUIO UtUUOUUIUtfUftUUUtHUUUftUtl 

.aa"""' 
UUtU 

n 1 n 11t0UIUUUlUiiiHUHOiHtU40:UIUtUt iuutUlllU1UttUlllltii UUltUHUtH 

a. a= ~ 
UUIU 

UlUU 

tu t1tnuuuuuuuuuonuuu uuu;uuuutHUIUUlUUUUUtUUUUU ••u•ttUUUUtUUUUtUUUlUUUUfltUt 

Local DatuM 

UtUH 
UtttH 

tUUO 

U$Ut1 

tnuu 

9.91.__ _______________________ ..._ __ ___. 

2 4 6 8 18 
VELOCITY fps 

RUN 8 88 .. Q: 75 cfs. Y:4.9" 



------------.....-· .......... ... 
4 X=129" 
• X=139" + X=149" 

1 en 1111:111i1u1:11/IHllllllllUIUJUUIUUllU •11f11UUUUllllUIJllUllllUIUIU111,IUU l11UUUl0111U111UUllll,U1Ultlll.lt11UI ltlllUlllUUUUtUUIUllllHUIUrUltl . ., ........ 
noun 

I 
Z I 
ct I 

9 • 19 ::::::::""""""'''""'"'''"""'"'"''!""'"'"''''""""'" '"'""""'"" """""'"'''"'''""""""'""'""""'"'""""'""'''""""""'"'""'"''""""""'""'""""'"'"""'"''.~'.~. 
110:111 J uuu' """" I ........ 

I 
DatuM at GD-d58/2 ....... 

9.91.__ ________________________ __ 

2 4 6 8 19 
UELOCITY f"ps 

RUN ft 88 # Q: 75 cf"s,, ¥=4.9" 



---.,.----.....---...----...-· .. , ...... , --
A X=.129" 
f.8 )(:139" + X=149" 

1 nn .............................................. li ..................................................................................................................................... .. • av ..... .. 
-~ I = I 
"'"'" ! l 

l I ft ........ I 
n 1 o ............................................. 1...... . .................... ..,,., .................. ,.,. ................................................ "' ...... 1 ....................... ,.. .......... "''""" 
Va a:::::::: I 

:::::::: I 

I 
DatuM at LD-d59/2 

UtUU 

9.91------------------------------------~ 
g 2 4 6 8 19 

UELOCITY fps 
RUN 8 88 .. Q= 75 cfs,, Y=4.9"LD 



z :rt 

...----......---.......---......-----.--· ... ·-.... 
4 X=129 .. 
II X=139" + X=149" 

1 nn f1HHHHIUUUOUUt~UttUUIUUUUUUllUOUllUtlltUttUlllUUt1ttUUHOIHHU tUltHttHHUIHtUUHHUUtH .. UUtUUH •HHtUUtlHUtHUtUU•HUOUOUHtlOtl H U lttHfHMHttfft .. 11U.tUt 

.aa"""' ....... 
UIUU UIUH ,...... .. ..... 
uiuu uutu 

n 1 n ........................................................................................... . 
a. a::::::: 

• IUUHUI UtUUtlUOllUHI UtU-UtUUUUUUUUUHtlHtUUHUHUUt IUlUOUtUHHIHHHnnuuu1•ouuuu 

HfUtl 
tUUH 

9.91 

....... 
UIUU 

9 

RUN 

2 

* 93 .. 

I GenePal DatuM 

4 6 8 
UELOCITY fps 

Q= 199 cf"s,, Y=4.9" 

....... .. ..... ....... 

18 



z rt 

-------------· ····-····-
A X=129" 
II X=139" + )(:149" 

1 nn ....................................................................................................................................................................................... .. ............ 
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