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1 INTRODUCTION 

During the fall of 2009, hydraulic performance testing was conducted by Colorado State 

University (CSU) on one ScourStop Transition Mat™ (ScourStop TM) erosion control system 

with Kentucky Bluegrass, manufactured by Erosion Tech, Inc.  A total of seven tests were 

conducted under the test program.  Figure 1-1 provides a photograph of the vegetated ScourStop 

Transition Mat™ system prior to installation and testing.  Testing was performed at the 

Hydraulics Laboratory at the Engineering Research Center.  Information presented with this 

report documents the testing processes, as well as provides data from hydraulic testing of a full-

scale turf reinforcement mat (TRM) system under controlled laboratory conditions for purposes 

of identifying stability threshold conditions.  Descriptions of the test program, test matrix, 

database, and hydraulic analysis are presented in this report. 

 

 

Figure 1-1:  Photograph of ScourStop TM with Kentucky Bluegrass
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2 TEST PROGRAM 

Laboratory testing was performed at the Hydraulics Laboratory located at the 

Engineering Research Center (ERC) at CSU.  Colorado State University’s ERC is comprised of 

laboratories and offices encompassing virtually all engineering disciplines.  Within the ERC, the 

Hydraulics Division (a subdivision of the Civil and Environmental Engineering Department) 

operates the Hydraulics Laboratory and a variety of outdoor facilities. 

Water supply to both outdoor and indoor research facilities is furnished by Horsetooth 

Reservoir, which is adjacent to the ERC (Figure 2.1).  Flow is conveyed through an existing pipe 

network to each facility.  Outdoor facilities are gravity fed from Horsetooth Reservoir with a 

capacity of approximately 170,000 acre-feet of water and a maximum, static pressure of 

approximately 110 pounds per square inch (psi) at the ERC pipe network.  Each outdoor facility 

has its own independent water delivery system. 

 

Figure 2-1:  The Engineering Research Center at CSU and Horsetooth Reservoir 
 

Horsetooth 
Reservoir 

College Lake 

ERC 

Outdoor 
Facilities 
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For this testing program, the Steep Gradient Overtopping Facility (SGOF) was utilized, 

which is 4-ft wide by 100-ft long on a fixed 2:1 (H:V) slope.  To efficiently test the hydraulic 

performance of vegetated rolled erosion control products (RECPs), CSU has pioneered the use of 

Planter box Technology.  Using mobile boxes to house vegetated plots allows multiple plots to 

be grown and tested in a single growing season, effectively reducing the cost and time involved 

in testing vegetation and vegetation reinforcement systems. 

 

2.1 TEST FACILITY 

For this test program, a 40-foot long by 4-foot wide planter box was utilized.  The planter 

box was filled with two inches of 1/4-inch pea gravel, followed by a woven geotextile.  

Subsequently, 10 inches of soil were placed above the geotextile and compacted to between 90 

and 95 percent of optimum dry unit weight, which was determined by performing a standard 

compaction test (ASTM 1557-78).  The soil used was a moderately erodible mixture of sand, silt, 

and clay (SM (silty-sand) classification by the Unified Soil Classification System (USCS)).  The 

compaction was verified by a standard sand cone test (ASTM D1556-82).  The grain size 

distribution for the soil is presented in Appendix A.  Installation of the sod and ScourStop TM 

system was conducted under the observation of Erosion Tech. 

Rather than growing the vegetation from seed, Kentucky Bluegrass sod was installed on 

the prepared soil bed.  Seven days after the sod was installed, the ScourStop TM system was 

installed.  The ScourStop mats were placed end-to-end over the entire surface of the planter box.  

Metal ScourStop anchors were installed to a depth of 10 inches rather than the prescribed 18 

inches to avoid compromising the drainage layer at the bottom of the box.  Anchors were 

installed in an even pattern producing an anchor density of approximately one anchor per square 

foot.  After inserting each anchor, a plastic washer was installed and the nylon ties were 

sufficiently tightened to set the anchors.  All nylon ties were then trimmed to remove excess 

length.  Once the ScourStop TM system was installed on the planter box, the Kentucky 

Bluegrass underwent a growing period of 54 weeks. 

Prior to the planter box installation in the SGOF, flume walls were secured to the planter 

box. The edges of the TRM were protected with steel flashing, which were then secured and 

sealed to the flume walls.  Installation of the flashing prevents the flow from rapidly 
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deteriorating the unprotected edge of the vegetated TRM. The planter box and flume walls were 

then placed by crane into the facility.  Figure 2-2 presents a photograph of the Erosion Tech 

planter box installation into the overtopping facility.  A transition section consisting of wing 

walls and a vertical ramp were constructed to channel flow from the head-box into the test reach.  

To eliminate flow separation, a flow straightener was installed at the entrance of the test section.   

 

 

Figure 2-2: Erosion Tech Planter Box Installation 
 

The head-box configuration in this flume allowed for a maximum 5 ft of overtopping 

depth.  Perforated sheet steel was installed over the transition plate between the approach and test 

sections to approximate the roughness of the erosion control system.  At the downstream end of 

the test section, a perforated steel toe plate transitioned flow out of the planter box, preventing 

potential drawdown effects from compromising the vegetated system.  Figure 2-3 presents a 

profile drawing of the SGOF utilized for the testing program. 
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Figure 2-3:  Profile View of the Test Facility and Planter box 
 

2.2 TEST PROCEDURE 

Prior to all testing scenarios, a seasoning flow was used to acclimate the system and 

provide a degree of saturation in the soil.  This low flow rate was applied for approximately ten 

minutes before each test was conducted.  A test consisted of a continuous 30 minute flow over 

the revetment system at a uniform discharge, with the exception of Test 7.  Test 7 was conducted 

for the standard duration of one hour.  The performance threshold for the vegetated ScourStop 

TM system examined within this test program was defined as the point at which soil loss 

exceeding one-half inch occurred, with soil loss being quantified by the Clopper Soil Loss Index 

(CSLI).  Other instability not resulting in exceedence of the soil loss standard, (e.g. localized, un-

quantified scour or loss of contact between root mass and soil) was also evaluated.  Provided that 

the erosion control system successfully endured the 30 minute flow without exceeding the 

defined performance threshold, the procedure was repeated at the next higher target discharge.  

Typically, target discharges corresponded to predicted shear stress tolerances, although 

performance during individual tests dictated the progression. 

FLOW 
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Upon stabilization of total discharge to the facility, measurements of water-surface 

elevations were made at 2 ft intervals (stations) along the centerline of the embankment during 

each test.  Bed elevations were established prior to and after the termination of each test at the 

same measurement stations as the water-surface readings, and were also recorded at locations left 

and right of the centerline to provide more detailed resolution for soil loss analysis.  Pre-test and 

post-test vegetal characteristics were monitored by obtaining blade counts within three separate, 

predetermined 3 inch by 3 inch areas.  The locations for vegetal counts were selected to 

encompass an opening in the ScourStop mats.  The open area in each count location was a 

circular region measuring 4 square inches.  The total test section area was 160 square feet, of 

which approximately 86 square feet or 53.5% was open area.  Flow depth and elevation 

measurements were made to the nearest 0.01 ft using a point gage and survey level.  In addition 

to physical data collection, non-professional video and photographs were taken to document 

testing and associated visible water surface profiles for each testing sequence. 

Discharge was determined independently of the measurements made within the test 

section.  An in-line sonic flow meter, located upstream of the SGOF, was used to accurately 

determine the discharge to within ±3% of the desired value. 
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3 TEST MATRIX AND DATABASE 

A test matrix was developed to summarize the details of the testing program.  Table 3-1 

presents the test matrix which includes seven tests conducted during the test program.  A table 

containing data such as stationing, elevation, flow depth, and continuity velocities for each test 

are reported in the respective sections of this report.  Each test was conducted on a 2H:1V 

embankment slope.  Test 1 through Test 6 was performed for a length of 30 minutes, in lieu of 

the ASTM standard hour-long test, at the request of Erosion Tech.  

After completion of the tests outlined in Table 3-1, the collected data were entered into a 

database for analysis.  The following sections briefly describe conditions during testing with 

photographic documentation and provide the supporting database. 

 

 

Table 3-1:  Test Matrix, ScourStop TM System with Kentucky Bluegrass 

Test Test Embankment Measured Performance 
ID Date Slope Discharge Threshold Exceeded? 
  (dd/mmm/yyyy) (H:V) (cfs) (Yes/No) 

1 7-Oct-2009 2:1 28.0 No 
2 7-Oct-2009 2:1 40.1 No 
3 7-Oct-2009 2:1 50.0 No 
4 8-Oct-2009 2:1 65.0 No 
5 8-Oct-2009 2:1 80.0 No 
6 9-Oct-2009 2:1 95.0 No 
7 9-Oct-2009 2:1 110.7 No 
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3.1 TEST 1: 28.0 cfs 

Testing of the ScourStop TM system with Kentucky Bluegrass initiated on October 7th, 

2009.  Figure 3-1 presents a photograph of the installed planter box prior to testing.  The bed 

elevation data along with vegetal riser counts were recorded prior to testing.  The vegetal counts 

were obtained at three equal intervals of 10 feet in the test section. 
 

 

Figure 3-1:  Installed Planter box and ScourStop TM System with Kentucky Bluegrass 
 

Testing commenced with a discharge intended to “season” the embankment by allowing 

the system to become acclimated to flow.  The discharge was subsequently increased to the 

target discharge of 28.0 cfs.  Figure 3-2 is a photograph of Test 1 in progress.  Upon stabilization 

of the total discharge, water surface elevation data were collected at each established station over 

the test section.  Table 3-2 presents hydraulic data for Test 1.  The test was allowed to proceed 

for the prescribed 30 minutes.  Aerated water was observed beginning 16 feet from the crest and 

therefore, depth measurements beyond this point should be considered approximate.  At the 

conclusion of the test, the discharge was terminated and post-test bed elevation readings along 

with vegetal riser counts were recorded.  Figure 3-3 presents a photograph of the test section 

following Test 1.  Table 3-3 presents the soil loss data collected during Test 1. 
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Figure 3-2:  Test 1 in Progress 
 
 

 

Figure 3-3: ScourStop TM with Kentucky Bluegrass following Test 1 
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Table 3-2:  Hydraulic Data, Test 1 

Station along 
Slope 

Horizontal Station Bed Elevation Flow Depth 
Vertical 
Depth 

Continuity  
Velocity 

(ft) (ft) (ft) (ft) (ft) (ft/s) 
2.00 1.79 83.58 0.87 0.97 7.20 
4.00 3.58 82.81 0.68 0.76 9.21 
6.00 5.37 81.96 0.56 0.63 11.19 
8.00 7.16 81.04 0.56 0.63 11.19 
10.00 8.95 80.17 0.49 0.55 12.78 
12.00 10.74 79.25 0.49 0.55 12.78 
14.00 12.53 78.36 0.45 0.50 13.92 
16.00 14.32 77.46 0.45 0.50 13.92 
18.00 16.11 76.53 0.46 0.51 13.62 
20.00 17.90 75.68 0.47 0.53 13.33 
22.00 19.69 74.78 0.48 0.54 13.05 
24.00 21.48 73.89 0.47 0.53 13.33 
26.00 23.26 72.90 0.44 0.49 14.24 
28.00 25.05 72.07 0.43 0.48 14.57 
30.00 26.84 71.15 0.48 0.54 13.05 
32.00 28.63 70.31 0.45 0.50 13.92 
34.00 30.42 69.42 0.47 0.53 13.33 
36.00 32.21 68.54 0.48 0.54 13.05 
38.00 34.00 67.70 0.45 0.50 13.92 
40.00 35.79 66.78 0.46 0.51 13.62 
42.00 37.58 65.88 0.47 0.53 13.33 
44.00 39.37 65.00 0.42 0.47 14.91 

 

Table 3-3:  Soil-loss Data, Test 1 

Inches of Soil Loss at Position Station 
Left  Center Right 

(ft) (in) (in) (in) 
8.00 0.24 0.00 0.00 
10.00 0.00 0.00 0.00 
12.00 0.00 0.00 0.00 
14.00 0.00 0.12 0.00 
16.00 0.12 0.00 0.00 
18.00 0.00 0.12 0.00 
20.00 0.00 0.00 0.00 
22.00 0.12 0.12 0.00 
24.00 0.00 0.12 0.00 
26.00 0.00 0.00 0.00 
28.00 0.00 0.12 0.00 
30.00 0.00 0.00 0.12 
32.00 0.00 0.12 0.12 
34.00 0.00 0.00 0.00 
36.00 0.00 0.00 0.00 
38.00 0.00 0.00 0.00 
40.00 0.24 0.00 0.12 
42.00 0.12 0.00 0.00 
44.00 0.00 0.00 0.00 
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3.2 TEST 2: 40.1 CFS 

 Upon conclusion of Test 1, there was no observable exceedence of the performance 

threshold.  Test 2 initiated on October 7th, 2009.  The system was once again seasoned at a low 

flow and subsequently, flow was increased to the target discharge of 40.1 cfs; Figure 3-4 

presents a photograph of Test 2 in progress.  Upon stabilization of the total discharge, data were 

collected at each established station over the test section; a summary of this data is shown in   

Table 3-4.  The test was allowed to proceed for 30 minutes.  Aerated water was observed 24 ft 

beyond the crest and therefore, depth measurements beyond this point should be considered 

approximate.  At the conclusion of the test, the discharge was terminated and post-test bed 

elevation readings along with vegetal riser counts were recorded.   Figure 3-5 presents a 

photograph of the test section following Test 2.  A summary of the soil loss experienced during 

Test 2 can be seen in Table 3-5. 

 

 

Figure 3-4: Test 2 in Progress 
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Figure 3-5: ScourStop TM with Kentucky Bluegrass following Test 2 

 
Table 3-4:  Hydraulic Data, Test 2 

 
Station along 

Slope 
Horizontal Station Bed Elevation Flow Depth 

Vertical 
Depth 

Continuity  
Velocity 

(ft) (ft) (ft) (ft) (ft) (ft/s) 
2.00 1.79 83.58 1.11 1.24 8.08 
4.00 3.58 82.81 1.04 1.16 8.63 
6.00 5.37 81.96 0.84 0.94 10.68 
8.00 7.16 81.03 0.74 0.83 12.12 
10.00 8.95 80.17 0.70 0.78 12.81 
12.00 10.74 79.25 0.57 0.64 15.74 
14.00 12.53 78.36 0.57 0.64 15.74 
16.00 14.32 77.46 0.56 0.63 16.02 
18.00 16.11 76.53 0.59 0.66 15.20 
20.00 17.90 75.68 0.58 0.65 15.47 
22.00 19.69 74.79 0.59 0.66 15.20 
24.00 21.48 73.90 0.56 0.63 16.02 
26.00 23.26 72.91 0.55 0.61 16.31 
28.00 25.05 72.08 0.52 0.58 17.25 
30.00 26.84 71.16 0.54 0.60 16.61 
32.00 28.63 70.31 0.51 0.57 17.59 
34.00 30.42 69.44 0.50 0.56 17.94 
36.00 32.21 68.54 0.53 0.59 16.93 
38.00 34.00 67.69 0.54 0.60 16.61 
40.00 35.79 66.78 0.52 0.58 17.25 
42.00 37.58 65.88 0.50 0.56 17.94 
44.00 39.37 64.99 0.50 0.56 17.94 
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Table 3-5:  Soil-loss Data, Test 2 
 

Inches of Soil Loss at Position Station 
Left  Center Right 

(ft) (in) (in) (in) 
8.00 0.12 0.12 0.12 
10.00 0.00 0.00 0.48 
12.00 0.00 0.00 0.00 
14.00 0.00 0.12 0.00 
16.00 0.00 0.00 0.00 
18.00 0.00 0.12 0.00 
20.00 0.00 0.00 0.00 
22.00 0.12 0.00 0.00 
24.00 0.00 0.00 0.00 
26.00 0.00 0.00 0.00 
28.00 0.00 0.00 0.00 
30.00 0.00 0.00 0.00 
32.00 0.00 0.12 0.00 
34.00 0.00 0.00 0.00 
36.00 0.00 0.00 0.00 
38.00 0.00 0.00 0.00 
40.00 0.24 0.00 0.12 
42.00 0.12 0.00 0.00 
44.00 0.00 0.00 0.00 

 
 

3.3 TEST 3: 50.0 cfs 

 Upon conclusion of Test 2, there was no observable exceedence of the performance 

threshold.  Test 3 initiated on October 7th, 2009.  The system was once again seasoned at a low 

flow and subsequently, flow was increased to the target discharge of 50.0 cfs. Figure 3-6 presents 

a photograph of Test 3 in progress.  Upon stabilization of the total discharge, data were collected 

at each established station over the test section.  A summary of the hydraulic data collected can 

be seen in Table 3-6.  Aerated water was observed 30 ft beyond the crest and therefore, depth 

measurements beyond this point should be considered approximate.  At the conclusion of the 30 

minute test, the discharge was terminated and post-test bed elevation readings along with vegetal 

riser counts were recorded.  Figure 3-7 presents a photograph of the test section following 

shutdown.  Table 3-7 presents the soil loss data collected from Test 3. 
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Figure 3-6: Test 3 in Progress 
 

 

Figure 3-7: ScourStop TM with Kentucky Bluegrass following Test 3 
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Table 3-6: Hydraulic Data, Test 3 

Station along 
Slope 

Horizontal Station Bed Elevation Flow Depth 
Vertical 
Depth 

Continuity  
Velocity 

(ft) (ft) (ft) (ft) (ft) (ft/s) 
2.00 1.79 83.58 1.23 1.37 9.09 
4.00 3.58 82.81 1.07 1.20 10.45 
6.00 5.37 81.96 0.99 1.11 11.30 
8.00 7.16 81.04 0.95 1.06 11.77 
10.00 8.95 80.17 0.82 0.92 13.64 
12.00 10.74 79.25 0.74 0.83 15.11 
14.00 12.53 78.36 0.68 0.76 16.45 
16.00 14.32 77.45 0.67 0.75 16.69 
18.00 16.11 76.52 0.69 0.77 16.21 
20.00 17.90 75.68 0.65 0.73 17.21 
22.00 19.69 74.79 0.64 0.72 17.48 
24.00 21.48 73.89 0.64 0.72 17.48 
26.00 23.26 72.91 0.63 0.70 17.75 
28.00 25.05 72.08 0.59 0.66 18.96 
30.00 26.84 71.15 0.60 0.67 18.64 
32.00 28.63 70.31 0.57 0.64 19.62 
34.00 30.42 69.41 0.58 0.65 19.28 
36.00 32.21 68.54 0.61 0.68 18.34 
38.00 34.00 67.69 0.59 0.66 18.96 
40.00 35.79 66.78 0.64 0.72 17.48 
42.00 37.58 65.88 0.54 0.60 20.71 
44.00 39.37 65.00 0.50 0.56 22.37 

 

 

Table 3-7: Soil-loss Data, Test 3 

Inches of Soil Loss at Position Station  
Left  Center Right 

(ft) (in) (in) (in) 
8.00 0.24 0.00 0.12 
10.00 0.00 0.00 0.00 
12.00 0.00 0.00 0.00 
14.00 0.00 0.12 0.12 
16.00 0.12 0.12 0.00 
18.00 0.00 0.24 0.00 
20.00 0.00 0.00 0.00 
22.00 0.12 0.00 0.00 
24.00 0.00 0.12 0.00 
26.00 0.00 0.00 0.00 
28.00 0.00 0.00 0.00 
30.00 0.00 0.00 0.00 
32.00 0.00 0.12 0.00 
34.00 0.00 0.12 0.00 
36.00 0.00 0.00 0.00 
38.00 0.00 0.00 0.00 
40.00 0.24 0.00 0.24 
42.00 0.12 0.00 0.00 
44.00 0.00 0.00 0.00 
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3.4 TEST 4: 65.0 cfs 

 Upon conclusion of Test 3, there was no observable exceedence of the performance 

threshold.  At the request of Erosion Tech, several washers were replaced in the test section 

before continuing to Test 4.  Prior to testing all washers and ties were sufficiently tight.  The 

washers removed had loosened during the testing process.  All of the newly installed washers 

were tightened to the degree of the initial installation.  Test 4 initiated on October 8th, 2009.  The 

system was once again seasoned at a low flow and subsequently, flow was increased to the target 

discharge of 65.0 cfs.  Figure 3-9 presents a photograph of Test 4 in progress.  Upon stabilization 

of the total discharge, data were collected at each established station over the test section; Table 

3-8 presents the hydraulic data collected during Test 4.  Aerated water was observed 36 ft 

beyond the crest and therefore, depth measurements beyond this point should be considered 

approximate.  At the conclusion of the 30 minute test, the discharge was terminated and post-test 

bed elevation readings along with vegetal riser counts were recorded.  Figure 3-10 presents a 

photograph of the test section following shutdown.   Soil loss data collected from Test 4 is 

presented in Table 3-9. 
 

 

Figure 3-8: Newly Installed Washers and Ties Prior to Test 4 
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Figure 3-9: Test 4 in Progress 
 

 

Figure 3-10: ScourStop TM with Kentucky Bluegrass following Test 4 
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Table 3-8: Hydraulic Data, Test 4 

Station along 
Slope 

Horizontal Station Bed Elevation Flow Depth 
Vertical 
Depth 

Continuity  
Velocity 

(ft) (ft) (ft) (ft) (ft) (ft/s) 
2.00 1.79 83.58 1.57 1.75 9.26 
4.00 3.58 82.81 1.43 1.60 10.17 
6.00 5.37 81.96 1.22 1.36 11.92 
8.00 7.16 81.04 1.09 1.22 13.34 
10.00 8.95 80.17 0.95 1.06 15.31 
12.00 10.74 79.25 0.90 1.01 16.16 
14.00 12.53 78.36 0.85 0.95 17.11 
16.00 14.32 77.45 0.82 0.92 17.73 
18.00 16.11 76.53 0.85 0.95 17.11 
20.00 17.90 75.67 0.84 0.94 17.31 
22.00 19.69 74.78 0.85 0.95 17.11 
24.00 21.48 73.86 0.86 0.96 16.91 
26.00 23.26 72.90 0.82 0.92 17.73 
28.00 25.05 72.07 0.76 0.85 19.13 
30.00 26.84 71.15 0.73 0.82 19.92 
32.00 28.63 70.31 0.68 0.76 21.38 
34.00 30.42 69.43 0.63 0.70 23.08 
36.00 32.21 68.55 0.62 0.69 23.45 
38.00 34.00 67.70 0.64 0.72 22.72 
40.00 35.79 66.78 0.65 0.73 22.37 
42.00 37.58 65.88 0.66 0.74 22.03 
44.00 39.37 65.01 0.63 0.70 23.08 

 
Table 3-9: Soil-loss Data, Test 4 

Inches of Soil Loss at Position Station 
Left  Center Right 

(ft) (in) (in) (in) 
8.00 0.12 0.00 0.00 
10.00 0.00 0.00 0.00 
12.00 0.00 0.00 0.00 
14.00 0.00 0.12 0.00 
16.00 0.00 0.12 0.00 
18.00 0.00 0.12 0.12 
20.00 0.12 0.12 0.12 
22.00 0.24 0.12 0.00 
24.00 0.12 0.48 0.00 
26.00 0.12 0.00 0.00 
28.00 0.00 0.12 0.00 
30.00 0.00 0.00 0.12 
32.00 0.00 0.12 0.00 
34.00 0.00 0.00 0.00 
36.00 0.00 0.00 0.00 
38.00 0.12 0.00 0.00 
40.00 0.36 0.00 0.00 
42.00 0.12 0.00 0.00 
44.00 0.00 0.00 0.00 
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3.5 TEST 5: 80.0 cfs 

 Upon conclusion of Test 4, there was no observed exceedence of the performance 

threshold.  Test 5 initiated on October 8th, 2009.  The system was once again seasoned at a low 

flow and subsequently, flow was increased to the target discharge of 80.0 cfs.  Figure 3-11 

presents a photograph of Test 5 in progress.  Upon stabilization of the total discharge, data were 

collected at each established station over the test section.  Table 3-10 presents the hydraulic data 

collected during Test 5.  Aerated water was observed 40 ft beyond the crest and therefore, depth 

measurements beyond this point should be considered approximate.  At the conclusion of the 30 

minute test, the discharge was terminated and post-test bed elevation readings along with vegetal 

riser counts were recorded.  Figure 3-12 presents a photograph of the test section following the 

test.  The soil loss data collected from the test section is presented in Table 3-11. 

 

 

Figure 3-11: Test 5 in Progress 
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Figure 3-12: ScourStop TM with Kentucky Bluegrass following Test 5 
 
 

Table 3-10: Hydraulic Data, Test 5 

Station along 
Slope Horizontal Station Bed Elevation Flow Depth 

Vertical 
Depth 

Continuity  
Velocity 

(ft) (ft) (ft) (ft) (ft)  (ft/s)  
2.00 1.79 83.58 1.77 1.98 10.11 
4.00 3.58 82.81 1.65 1.84 10.85 
6.00 5.37 81.96 1.46 1.63 12.26 
8.00 7.16 81.03 1.34 1.50 13.36 
10.00 8.95 80.17 1.14 1.27 15.70 
12.00 10.74 79.25 1.06 1.18 16.88 
14.00 12.53 78.36 0.98 1.10 18.26 
16.00 14.32 77.45 0.95 1.06 18.84 
18.00 16.11 76.52 0.97 1.08 18.45 
20.00 17.90 75.68 0.95 1.06 18.84 
22.00 19.69 74.78 0.97 1.08 18.45 
24.00 21.48 73.88 1.00 1.12 17.90 
26.00 23.26 72.90 0.97 1.08 18.45 
28.00 25.05 72.08 0.90 1.01 19.88 
30.00 26.84 71.15 0.91 1.02 19.67 
32.00 28.63 70.31 0.81 0.91 22.09 
34.00 30.42 69.42 0.77 0.86 23.24 
36.00 32.21 68.54 0.72 0.80 24.86 
38.00 34.00 67.69 0.71 0.79 25.21 
40.00 35.79 66.78 0.67 0.75 26.71 
42.00 37.58 65.88 0.70 0.78 25.57 
44.00 39.37 65.00 0.67 0.75 26.71 
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Table 3-11: Soil-loss Data, Test 5 

Inches of Soil Loss at Position Station 
Left  Center Right 

(ft) (in) (in) (in) 
8.00 0.12 0.12 0.12 
10.00 0.00 0.00 0.00 
12.00 0.12 0.00 0.00 
14.00 0.12 0.12 0.12 
16.00 0.12 0.12 0.00 
18.00 0.00 0.24 0.00 
20.00 0.00 0.00 0.00 
22.00 0.12 0.12 0.00 
24.00 0.12 0.24 0.00 
26.00 0.00 0.00 0.00 
28.00 0.00 0.00 0.00 
30.00 0.00 0.00 0.00 
32.00 0.00 0.12 0.00 
34.00 0.00 0.00 0.00 
36.00 0.00 0.00 0.00 
38.00 0.00 0.00 0.00 
40.00 0.24 0.00 0.24 
42.00 0.12 0.00 0.00 
44.00 0.00 0.00 0.00 

 

3.6 TEST 6: 95.0 CFS 

 Upon conclusion of Test 5, there was no observed exceedence of the performance 

threshold.  Test 6 initiated on October 9th, 2009.  The system was once again seasoned at a low 

flow and subsequently, flow was increased to the target discharge of 95.0 cfs.  Figure 3-13 

presents a photograph of Test 6 in progress.  Upon stabilization of the total discharge, data were 

collected at each established station over the test section.  Table 3-12 presents the hydraulic data 

collected during Test 6.  Aerated water was not observed within the test section.  At the 

conclusion of the 30 minute test, the discharge was terminated and post-test bed elevation 

readings along with vegetal riser counts were recorded.  Figure 3-14 presents a photograph of the 

test section following the test.  Table 3-13 presents the soil loss data collected from the test 

section. 
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Figure 3-13: Test 6 in Progress 
 

 

Figure 3-14: ScourStop TM with Kentucky Bluegrass following Test 6 
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Table 3-12: Hydraulic Data, Test 6 

Station along 
Slope 

Horizontal Station Bed Elevation Flow Depth 
Vertical 
Depth 

Continuity  
Velocity 

(ft) (ft) (ft) (ft) (ft)  (ft/s)  
2.00 1.79 83.58 1.98 2.21 10.73 
4.00 3.58 82.81 1.85 2.07 11.49 
6.00 5.37 81.96 1.65 1.84 12.88 
8.00 7.16 81.04 1.50 1.68 14.17 
10.00 8.95 80.18 1.31 1.46 16.22 
12.00 10.74 79.25 1.21 1.35 17.56 
14.00 12.53 78.36 1.12 1.25 18.97 
16.00 14.32 77.45 1.08 1.21 19.68 
18.00 16.11 76.53 1.07 1.20 19.86 
20.00 17.90 75.67 1.05 1.17 20.24 
22.00 19.69 74.77 1.09 1.22 19.50 
24.00 21.48 73.88 1.08 1.21 19.68 
26.00 23.26 72.90 1.08 1.21 19.68 
28.00 25.05 72.08 1.02 1.14 20.83 
30.00 26.84 71.13 0.99 1.11 21.47 
32.00 28.63 70.31 0.93 1.04 22.85 
34.00 30.42 69.41 0.88 0.98 24.15 
36.00 32.21 68.54 0.85 0.95 25.00 
38.00 34.00 67.69 0.84 0.94 25.30 
40.00 35.79 66.78 0.79 0.88 26.90 
42.00 37.58 65.86 0.84 0.94 25.30 
44.00 39.37 65.00 0.82 0.92 25.92 

 
Table 3-13: Soil-loss Data, Test 6 

Inches of Soil Loss at Position Station 
Left  Center Right 

(ft) (in) (in) (in) 
8.00 0.24 0.00 0.00 
10.00 0.00 0.00 0.48 
12.00 0.00 0.00 0.12 
14.00 0.00 0.12 0.00 
16.00 0.12 0.12 0.00 
18.00 0.00 0.12 0.00 
20.00 0.00 0.12 0.00 
22.00 0.12 0.24 0.00 
24.00 0.12 0.24 0.12 
26.00 0.12 0.00 0.00 
28.00 0.00 0.00 0.00 
30.00 0.24 0.24 0.00 
32.00 0.00 0.12 0.00 
34.00 0.00 0.12 0.00 
36.00 0.00 0.00 0.00 
38.00 0.00 0.00 0.12 
40.00 0.24 0.00 0.12 
42.00 0.12 0.12 0.00 
44.00 0.00 0.00 0.00 
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3.7 TEST 7: 110.7 CFS 

 Upon conclusion of Test 6, there was no observed exceedence of the performance 

threshold.  Test 7 initiated on October 9th, 2009.  The system was once again seasoned at a low 

flow and subsequently, flow was increased to the target discharge of 110.7 cfs.  Figure 3-15 

presents a photograph of Test 7 in progress.  Upon stabilization of the total discharge, data were 

collected at each established station over the test section.  Table 3-14 presents the hydraulic data 

collected during Test 7Data beyond 24 ft could not be acquired due to mechanical difficulties 

with the data acquisition equipment.  Aerated water was not observed within the test section.  At 

the conclusion of the hour-long test, the discharge was terminated and post-test bed elevation 

readings along with vegetal riser counts were recorded.  Figure 3-16 presents a photograph of the 

test section following the test.  Table 3-15 presents the soil loss data collected from the test 

section. 

 

 

Figure 3-15: Test 7 in Progress 
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Figure 3-16: ScourStop TM with Kentucky Bluegrass following Test 7 
 

 

Table 3-14: Hydraulic Data, Test 7 

Station along 
Slope Horizontal Station Bed Elevation Flow Depth 

Vertical 
Depth 

Continuity  
Velocity 

(ft) (ft) (ft) (ft) (ft)  (ft/s)  
2.00 1.79 83.58 2.29 2.56 10.81 
4.00 3.58 82.81 2.10 2.35 11.79 
6.00 5.37 81.96 1.91 2.13 12.97 
8.00 7.16 81.04 1.73 1.93 14.31 
10.00 8.95 80.18 1.54 1.72 16.08 
12.00 10.74 79.28 1.38 1.54 17.94 
14.00 12.53 78.40 1.28 1.43 19.35 
16.00 14.32 77.51 1.20 1.34 20.64 
18.00 16.11 76.60 1.16 1.30 21.35 
20.00 17.90 75.77 1.10 1.23 22.51 
22.00 19.69 74.87 1.13 1.26 21.91 
24.00 21.48 73.96 1.16 1.30 21.35 
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Table 3-15: Soil-loss Data, Test 7 

Inches of Soil Loss at Position Station 
Left  Center Right 

(ft) (in) (in) (in) 
8.00 0.12 0.00 0.00 
10.00 0.00 0.00 0.12 
12.00 0.00 0.00 0.00 
14.00 0.00 0.00 0.00 
16.00 0.00 0.00 0.00 
18.00 0.00 0.00 0.00 
20.00 0.00 0.00 0.00 
22.00 0.00 0.00 0.00 
24.00 0.00 0.00 0.00 
26.00 0.00 0.00 0.00 
28.00 0.00 0.00 0.00 
30.00 0.00 0.00 0.00 
32.00 0.00 0.00 0.00 
34.00 0.00 0.00 0.00 
36.00 0.00 0.00 0.00 
38.00 0.00 0.00 0.00 
40.00 0.00 0.00 0.00 
42.00 0.00 0.00 0.00 
44.00 0.00 0.00 0.00 
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4 ANALYSIS 

4.1 SYSTEM PERFORMANCE 

Following the completion of testing, the dataset was analyzed to determine the overall 

performance of the product.  Shear stress values were determined from a standard step hydraulic 

model and are presented in Table 4-1.  Table 4-1 also presents the average vegetal counts and 

soil loss values obtained from testing.  The soil loss was determined using the Clopper Soil Loss 

Index, which is detailed in Appendix B.  The system was not compromised nor was soil loss 

greater than one-half inch experienced during any test.  The soil loss during the tests was minor 

enough that expected measurement error prevents a reliable correlation to shear stress or 

velocity.  All hydraulic model data can be seen in Appendix C. 

Table 4-1:  Summary Data, ScourStop TM with Kentucky Bluegrass 

Test  
Number Discharge 

Non-
Aerated  
Length 

Max  
Shear 
Stress 

Avg.  
Shear 
Stress 

Max 
Velocity 

Avg. 
Velocity 

Manning 
Roughness 

Avg. Post  
Blade 
Count 

Soil 
Loss  
CSLI Condition  

 (cfs) (ft) (psf) (psf) (ft/s) (ft/s) (-) (blade/ft 2)  (in)  

1 28.0 14.32 10.5 8.6 15.7 14.0 0.037 6315 0.03 Stable 
2 40.1 21.48 13.7 10.3 18.5 16.1 0.036 5323 0.03 Stable 
3 50.0 26.84 13.1 9.7 21.9 19.0 0.030 4613 0.04 Stable 
4 65.0 32.21 16.3 11.6 24.1 20.5 0.031 4155 0.05 Stable 
5 80.0 35.79 13.9 9.2 28.4 23.4 0.025 3867 0.05 Stable 
6 95.0 39.37 15.8 10.5 29.9 24.7 0.025 4880 0.07 Stable 
7 110.7 39.37 13.1 8.3 32.1 25.7 0.022 3733 0.00 Stable 

*All data represents the non-aerated portion of the test section. 

Vegetal blade densities counted during the test procedures are presented in Table 4-2.  

Each count was conducted using a 3-inch by 3-inch box.  Table 4-2 presents both the counts per 

9 square inch box and the extrapolated values to one square foot.  During testing, a steady 

reduction in blade densities was observed; however the classification of the vegetative stand 

remained excellent according to guidelines presented by Temple et al. (1987).  The relationship 

between the shear stress, occurring at the vegetal count location, and the blade count reduction 

can be seen in Figure 4-2.  Figure 4-4 shows the relationship between the blade count reduction 

and average cross-sectional velocity. 
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Location 
Station  

(ft) 

Blades 
per 9 

in 2 

Blades 
per ft 2 

Blade 
Loss 
(%) 

Local Shear 
Stress  
(psf) 

Local 
Velocity  

(ft/s) 

Upstream 8.50 435 6960 0.0  -   -  
Central 17.25 368 5888 15.4  -   -  

Downstream  26.00 402 6432 7.6  -   -  
Initial 

Avg  -  402 6427 7.7  -   -  
Upstream 8.50 409 6544 6.0 8.8 14.3 

Central 17.25 379 6064 12.9 11.5 16.0 
Downstream  26.00 396 6336 9.0 11.9 16.2 

Post-test 
1 

Avg  -  395 6315 9.3 10.7 15.5 
Upstream 8.50 358 5728 17.7 8.5 15.0 

Central 17.25 319 5104 26.7 12.9 18.0 
Downstream  26.00 321 5136 26.2 14.2 18.7 

Post-test 
2 

Avg  -  333 5323 23.5 11.9 17.3 
Upstream 8.50 314 5024 27.8 5.0 14.6 

Central 17.25 296 4736 32.0 10.3 19.8 
Downstream  26.00 255 4080 41.4 13.0 21.8 

Post-test 
3 

Avg  -  288 4613 33.7 9.4 18.7 
Upstream 8.50 305 4880 29.9 7.1 16.9 

Central 17.25 248 3968 43.0 12.3 21.4 
Downstream  26.00 226 3616 48.0 15.2 23.4 

Post-test 
4 

Avg  -  260 4155 40.3 11.5 20.6 
Upstream 8.50 293 4688 32.6 4.3 17.2 

Central 17.25 222 3552 49.0 8.4 22.9 
Downstream  26.00 210 3360 51.7 11.5 26.2 

Post-test 
5 

Avg  -  242 3867 44.4 8.1 22.1 
Upstream 8.50 305 4880 29.9 4.6 17.8 

Central 17.25 273 4368 37.2 9.0 23.5 
Downstream  26.00 337 5392 22.5 12.3 27.0 

Post-test 
6 

Avg  -  305 4880 29.9 8.6 22.7 
Upstream 8.50 250 4000 42.5 3.4 18.0 

Central 17.25 236 3776 45.7 6.8 24.2 
Downstream  26.00 214 3424 50.8 9.7 28.1 

Post-test 
7 

Avg  -  233 3733 46.4 6.6 23.4 
 

Table 4-2: Vegetal Counts, ScourStop TM with Kentucky Bluegrass 
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Figure 4-1: Local Shear Stress vs. Blade Loss, ScourStop TM with Kentucky Bluegrass 

 

 

Figure 4-2: Avg. Shear Stress vs. Avg. Blade Loss, ScourStop TM with Kentucky Bluegrass 
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Figure 4-3: Local Velocity vs. Blade Loss, ScourStop TM with Kentucky Bluegrass 

 

 

 

Figure 4-4: Avg. Velocity vs. Avg. Blade Loss, ScourStop TM with Kentucky Bluegrass 
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4.2 RESISTANCE TO FLOW  

To qualify the vegetative system with respect to the accepted methodologies present in 

the current body of literature, roughness values were plotted versus the quantity VR.  The value 

of VR was computed by multiplying the average regressed or model velocity with the average 

regressed or model flow depth.  The n-VR graph was used to classify the vegetative system using 

Agriculture Handbook Number 667 (Temple et al. 1987).  Data from the 2009 testing protocol 

was superimposed onto a classification graph from Temple et al. (1987), to determine the 

retardance class of the vegetative element.  Figure 4-5 presents the classification graph and 

superimposed data collected from the 2009 testing program.  Inspection of Figure 4-5 shows the 

retardance of the vegetative system of the 2009 testing to be characterized Class B and Class C. 

 
Retardance Classes Shown Reprinted from Temple et al. (1987) 

Figure 4-5:  ScourStop TM n-VR and Retardance Class 
 

Following the analysis, plots of shear stress vs. soil loss and velocity vs. soil loss were 

created.  These plots are presented as Figure 4-6 and Figure 4-7.  The maximum shear stress and 

velocity experienced over stable test sections were determined to be 16.3 psf and 32.1 ft/s, 

respectively.  The soil loss experienced by the system was negligible as the soil loss values were 

within measurement error. 
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Figure 4-6: Average Shear Stress vs. CSLI, ScourStop TM with Kentucky Bluegrass 
 

 

 

Figure 4-7: Average Velocity vs. CSLI, ScourStop TM with Kentucky Bluegrass 
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5 SUMMARY 

During the fall of 2009, hydraulic performance testing of the ScourStop Transition Mat 

erosion control system with Kentucky Bluegrass was conducted at Colorado State University.  

Testing was performed at the Hydraulics Laboratory located at the Engineering Research Center.  

This report provides data from the hydraulic testing of a vegetated transition mat under 

controlled laboratory conditions for purposes of identifying stability threshold conditions.  A 

description of the test facility, test program, test matrix, and resulting database is presented in 

this report.  For the testing program, the ScourStop Transition Mat erosion control system with 

Kentucky Bluegrass was determined to be stable for maximum shear stresses and velocities of 

16.3 psf and 32.1 ft/s, respectively.  
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APPENDIX A GENERAL SUBGRADE PROPERTIES 
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Figure A-1:  General Sub-grade Properties and Proctor Information 
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APPENDIX B CLOPPER SOIL LOSS INDEX 
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SOIL-LOSS ANALYSIS 

Soil loss at a given point was calculated for each test by computing the difference 

between the initial and final elevations.  A cumulative soil loss was obtained by summing the 

previous test’s soil loss with the current test. Equations B-1 and B-2 demonstrate the soil-loss 

calculations: 

 

 

 
where:  

 

 
  

 

 

 
where:  

  

 
  

 
The method for estimating soil loss used a procedure based on the Clopper Soil Loss 

Index (CSLI) (as outlined in the ASTM (2000) D6460 Standard).  The CSLI assigns a value of 

zero to any point in the control volume demonstrating a soil gain.  The zero value is then 

averaged in with all other points in the control volume.  This procedure is a compromise between 

including the increase in elevation as a gain and disregarding the point entirely. 

Once the soil loss and hydraulic conditions were computed, a preferred method of 

calculating shear stress and soil loss was determined.  The CSLI was used in conjunction with 

Equation B-2, using regressed values for flow depth and cross-section average velocity.  The 

CSLI was chosen as a more conservative alternative to including soil gain and less extreme as 

discounting soil gain altogether.
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APPENDIX C MODEL DATA 
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Table C-1:  Test 1 Model Data 

Station  
along  
Slope 
(ft) 

Bed  
Elevation 

 
(ft) 

Water  
Surface 

Elevation 
(ft) 

Vertical  
Depth 

 
(ft) 

Flow  
Depth 

 
(ft) 

Flow  
Velocity 

 
(ft/s) 

EGL  
Elevation 

 
(ft) 

EGL  
Slope 

 
(ft/ft) 

Shear  
Stress 
�� y�Sf 
(psf) 

Shear  
Stress 

Momentum 
(psf) 

3.58 82.79 83.55 0.76 0.68 10.29 85.05 n/a n/a n/a 
4.08 82.54 83.26 0.71 0.64 10.98 84.99 n/a n/a n/a 
4.58 82.30 82.97 0.68 0.61 11.56 84.92 0.15 5.45 5.07 
5.08 82.05 82.69 0.65 0.58 12.07 84.83 0.17 6.08 5.65 
5.58 81.80 82.42 0.62 0.56 12.51 84.73 0.19 6.66 6.19 
6.08 81.55 82.15 0.61 0.54 12.91 84.62 0.22 7.19 6.69 
6.58 81.30 81.89 0.59 0.53 13.26 84.50 0.24 7.67 7.15 
7.08 81.05 81.63 0.58 0.52 13.57 84.37 0.26 8.10 7.58 
7.58 80.80 81.37 0.56 0.51 13.85 84.23 0.28 8.49 7.97 
8.08 80.55 81.11 0.55 0.50 14.10 84.09 0.30 8.84 8.33 
8.58 80.30 80.85 0.55 0.49 14.32 83.93 0.31 9.16 8.66 
9.08 80.06 80.59 0.54 0.48 14.52 83.76 0.33 9.44 8.97 
9.58 79.81 80.34 0.53 0.48 14.70 83.59 0.35 9.70 9.24 
10.08 79.56 80.08 0.53 0.47 14.86 83.41 0.36 9.93 9.50 
10.58 79.31 79.83 0.52 0.47 15.00 83.23 0.37 10.14 9.73 
11.08 79.06 79.58 0.52 0.46 15.13 83.03 0.38 10.32 9.94 
11.58 78.81 79.32 0.51 0.46 15.25 82.84 0.39 10.49 10.13 
12.08 78.56 79.07 0.51 0.46 15.36 82.64 0.40 10.64 10.30 
12.58 78.31 78.82 0.51 0.45 15.45 82.43 0.41 10.77 10.46 
13.08 78.06 78.57 0.50 0.45 15.54 82.22 0.42 10.89 10.60 
13.58 77.81 78.32 0.50 0.45 15.61 82.01 0.43 11.00 10.73 
14.08 77.57 78.06 0.50 0.45 15.68 81.79 0.43 11.09 10.85 
14.58 77.32 77.81 0.50 0.44 15.74 81.57 0.44 11.18 10.96 
15.08 77.07 77.56 0.49 0.44 15.80 81.35 0.45 11.26 11.05 
15.58 76.82 77.31 0.49 0.44 15.85 81.12 0.45 11.33 11.14 
16.08 76.57 77.06 0.49 0.44 15.90 80.89 0.46 11.39 11.22 
16.58 76.32 76.81 0.49 0.44 15.94 80.66 0.46 11.44 11.29 
17.08 76.07 76.56 0.49 0.44 15.97 80.43 0.46 11.49 11.35 
17.58 75.82 76.31 0.49 0.44 16.01 80.20 0.47 11.54 11.41 
18.08 75.57 76.06 0.49 0.44 16.04 79.96 0.47 11.58 11.46 
18.58 75.33 75.81 0.49 0.44 16.06 79.73 0.47 11.62 11.51 
19.08 75.08 75.56 0.49 0.44 16.09 79.49 0.47 11.65 11.55 
19.58 74.83 75.31 0.49 0.43 16.11 79.25 0.48 11.68 11.59 
20.08 74.58 75.06 0.48 0.43 16.13 79.01 0.48 11.70 11.63 
20.58 74.33 74.81 0.48 0.43 16.15 78.77 0.48 11.73 11.66 
21.08 74.08 74.57 0.48 0.43 16.16 78.53 0.48 11.75 11.69 
21.58 73.83 74.32 0.48 0.43 16.18 78.29 0.48 11.77 11.71 
22.08 73.58 74.07 0.48 0.43 16.19 78.04 0.49 11.79 11.73 
22.58 73.33 73.82 0.48 0.43 16.20 77.80 0.49 11.80 11.75 
23.08 73.09 73.57 0.48 0.43 16.21 77.56 0.49 11.82 11.77 
23.58 72.84 73.32 0.48 0.43 16.22 77.31 0.49 11.83 11.79 
24.08 72.59 73.07 0.48 0.43 16.23 77.07 0.49 11.84 11.80 
24.58 72.34 72.82 0.48 0.43 16.24 76.82 0.49 11.85 11.82 
25.08 72.09 72.57 0.48 0.43 16.24 76.58 0.49 11.86 11.83 
25.58 71.84 72.32 0.48 0.43 16.25 76.33 0.49 11.87 11.84 
39.37 64.98 65.46 0.48 0.43 16.26 69.47 0.50 11.96 11.96 
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Table C-2:  Test 2 Model Data 

Station  
along  
Slope 
(ft) 

Bed  
Elevation 

 
(ft) 

Water  
Surface 

Elevation 
(ft) 

Vertical  
Depth 

 
(ft) 

Flow  
Depth 

 
(ft) 

Flow  
Velocity 

 
(ft/s) 

EGL  
Elevation 

 
(ft) 

EGL  
Slope 

 
(ft/ft) 

Shear  
Stress 
�� y�Sf 
(psf) 

Shear  
Stress 

Momentum 
(psf) 

3.58 82.79 83.96 1.16 1.04 9.63 85.17 n/a n/a n/a 
4.08 82.55 83.60 1.06 0.95 10.60 85.14 n/a n/a n/a 
4.58 82.30 83.28 0.98 0.88 11.38 85.10 0.08 4.42 4.15 
5.08 82.05 82.98 0.93 0.83 12.05 85.05 0.10 5.15 4.78 
5.58 81.80 82.69 0.89 0.79 12.63 84.99 0.12 5.82 5.39 
6.08 81.55 82.40 0.85 0.76 13.15 84.92 0.14 6.45 5.96 
6.58 81.30 82.12 0.82 0.74 13.62 84.84 0.16 7.04 6.50 
7.08 81.05 81.85 0.80 0.71 14.04 84.76 0.17 7.60 7.01 
7.58 80.80 81.58 0.78 0.69 14.43 84.66 0.19 8.11 7.50 
8.08 80.55 81.31 0.76 0.68 14.78 84.56 0.21 8.60 7.96 
8.58 80.31 81.05 0.74 0.66 15.10 84.45 0.22 9.05 8.39 
9.08 80.06 80.78 0.73 0.65 15.40 84.33 0.24 9.47 8.80 
9.58 79.81 80.52 0.71 0.64 15.67 84.20 0.25 9.86 9.19 
10.08 79.56 80.26 0.70 0.63 15.92 84.06 0.27 10.22 9.55 
10.58 79.31 80.00 0.69 0.62 16.15 83.92 0.28 10.56 9.89 
11.08 79.06 79.75 0.68 0.61 16.37 83.77 0.30 10.87 10.22 
11.58 78.81 79.49 0.68 0.61 16.56 83.62 0.31 11.16 10.52 
12.08 78.56 79.23 0.67 0.60 16.75 83.46 0.32 11.43 10.80 
12.58 78.31 78.98 0.66 0.59 16.91 83.29 0.33 11.68 11.07 
13.08 78.07 78.72 0.66 0.59 17.07 83.12 0.34 11.90 11.32 
13.58 77.82 78.47 0.65 0.58 17.21 82.94 0.35 12.12 11.55 
14.08 77.57 78.21 0.65 0.58 17.35 82.76 0.36 12.31 11.77 
14.58 77.32 77.96 0.64 0.57 17.47 82.58 0.37 12.49 11.97 
15.08 77.07 77.71 0.64 0.57 17.58 82.38 0.38 12.66 12.17 
15.58 76.82 77.45 0.63 0.57 17.69 82.19 0.39 12.81 12.34 
16.08 76.57 77.20 0.63 0.56 17.78 81.99 0.40 12.96 12.51 
16.58 76.32 76.95 0.63 0.56 17.87 81.79 0.40 13.09 12.66 
17.08 76.07 76.70 0.62 0.56 17.96 81.59 0.41 13.21 12.81 
17.58 75.83 76.45 0.62 0.56 18.03 81.38 0.42 13.32 12.94 
18.08 75.58 76.20 0.62 0.55 18.11 81.17 0.42 13.42 13.07 
18.58 75.33 75.94 0.62 0.55 18.17 80.95 0.43 13.52 13.18 
19.08 75.08 75.69 0.61 0.55 18.23 80.74 0.43 13.61 13.29 
19.58 74.83 75.44 0.61 0.55 18.29 80.52 0.44 13.69 13.39 
20.08 74.58 75.19 0.61 0.55 18.34 80.30 0.44 13.76 13.48 
20.58 74.33 74.94 0.61 0.55 18.39 80.08 0.45 13.83 13.57 
21.08 74.08 74.69 0.61 0.54 18.43 79.85 0.45 13.90 13.65 
21.58 73.83 74.44 0.61 0.54 18.48 79.63 0.45 13.95 13.73 
22.08 73.59 74.19 0.60 0.54 18.51 79.40 0.46 14.01 13.80 
22.58 73.34 73.94 0.60 0.54 18.55 79.17 0.46 14.06 13.86 
23.08 73.09 73.69 0.60 0.54 18.58 78.94 0.46 14.11 13.92 
23.58 72.84 73.44 0.60 0.54 18.61 78.71 0.46 14.15 13.98 
24.08 72.59 73.19 0.60 0.54 18.64 78.47 0.47 14.19 14.03 
24.58 72.34 72.94 0.60 0.54 18.67 78.24 0.47 14.23 14.07 
25.08 72.09 72.69 0.60 0.54 18.69 78.00 0.47 14.26 14.12 
25.58 71.84 72.44 0.60 0.54 18.71 77.77 0.47 14.29 14.16 
26.08 71.59 72.19 0.60 0.54 18.74 77.53 0.47 14.32 14.20 
26.58 71.35 71.94 0.60 0.53 18.75 77.29 0.48 14.35 14.23 
27.08 71.10 71.69 0.60 0.53 18.77 77.05 0.48 14.37 14.27 
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Station  
along  
Slope 
(ft) 

Bed  
Elevation 

 
(ft) 

Water  
Surface 

Elevation 
(ft) 

Vertical  
Depth 

 
(ft) 

Flow  
Depth 

 
(ft) 

Flow  
Velocity 

 
(ft/s) 

EGL  
Elevation 

 
(ft) 

EGL  
Slope 

 
(ft/ft) 

Shear  
Stress 
�� y�Sf 
(psf) 

Shear  
Stress 

Momentum 
(psf) 

27.58 70.85 71.44 0.60 0.53 18.79 76.81 0.48 14.39 14.30 
28.08 70.60 71.19 0.60 0.53 18.80 76.57 0.48 14.42 14.32 
28.58 70.35 70.94 0.60 0.53 18.82 76.33 0.48 14.43 14.35 
29.08 70.10 70.70 0.59 0.53 18.83 76.09 0.48 14.45 14.37 
29.58 69.85 70.45 0.59 0.53 18.84 75.85 0.48 14.47 14.40 
30.08 69.60 70.20 0.59 0.53 18.85 75.60 0.49 14.49 14.42 
30.58 69.35 69.95 0.59 0.53 18.86 75.36 0.49 14.50 14.44 
31.08 69.11 69.70 0.59 0.53 18.87 75.12 0.49 14.51 14.45 
31.58 68.86 69.45 0.59 0.53 18.88 74.87 0.49 14.53 14.47 
32.08 68.61 69.20 0.59 0.53 18.89 74.63 0.49 14.54 14.49 
32.58 68.36 68.95 0.59 0.53 18.90 74.39 0.49 14.55 14.50 
33.08 68.11 68.70 0.59 0.53 18.91 74.14 0.49 14.56 14.51 
33.58 67.86 68.45 0.59 0.53 18.91 73.90 0.49 14.57 14.53 
34.08 67.61 68.20 0.59 0.53 18.92 73.65 0.49 14.57 14.54 
34.58 67.36 67.96 0.59 0.53 18.92 73.40 0.49 14.58 14.55 
35.08 67.12 67.71 0.59 0.53 18.93 73.16 0.49 14.59 14.56 
39.37 64.98 65.57 0.59 0.53 18.95 71.03 0.50 14.66 14.65 
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Table C-3:  Test 3 Model Data 

Station  
along  
Slope 
(ft) 

Bed  
Elevation 

 
(ft) 

Water  
Surface 

Elevation 
(ft) 

Vertical  
Depth 

 
(ft) 

Flow  
Depth 

 
(ft) 

Flow  
Velocity 

 
(ft/s) 

EGL  
Elevation 

 
(ft) 

EGL  
Slope 

 
(ft/ft) 

Shear  
Stress 
�� y�Sf 
(psf) 

Shear  
Stress 

Momentum 
(psf) 

7.16 81.01 82.07 1.06 0.95 13.15 84.55 n/a n/a n/a 
7.66 80.76 81.78 1.02 0.91 13.73 84.51 n/a n/a n/a 
8.16 80.51 81.49 0.98 0.88 14.26 84.46 0.10 5.24 4.81 
8.66 80.26 81.21 0.95 0.85 14.75 84.41 0.11 5.70 5.22 
9.16 80.02 80.93 0.92 0.82 15.21 84.35 0.12 6.14 5.62 
9.66 79.77 80.66 0.89 0.80 15.63 84.28 0.13 6.57 6.01 
10.16 79.52 80.39 0.87 0.78 16.02 84.21 0.14 6.98 6.39 
10.66 79.27 80.12 0.85 0.76 16.39 84.13 0.16 7.37 6.75 
11.16 79.02 79.85 0.83 0.75 16.74 84.04 0.17 7.75 7.11 
11.66 78.77 79.59 0.82 0.73 17.07 83.95 0.18 8.11 7.45 
12.16 78.52 79.33 0.80 0.72 17.38 83.86 0.19 8.46 7.78 
12.66 78.27 79.06 0.79 0.71 17.67 83.76 0.20 8.79 8.10 
13.16 78.02 78.80 0.78 0.70 17.94 83.65 0.21 9.11 8.40 
13.66 77.78 78.54 0.77 0.69 18.20 83.54 0.23 9.41 8.70 
14.16 77.53 78.28 0.76 0.68 18.44 83.42 0.24 9.70 8.98 
14.66 77.28 78.03 0.75 0.67 18.67 83.30 0.25 9.98 9.26 
15.16 77.03 77.77 0.74 0.66 18.89 83.17 0.26 10.24 9.52 
15.66 76.78 77.51 0.73 0.65 19.10 83.04 0.27 10.50 9.77 
16.16 76.53 77.25 0.72 0.65 19.30 82.90 0.28 10.74 10.02 
16.66 76.28 77.00 0.72 0.64 19.48 82.76 0.28 10.96 10.25 
17.16 76.03 76.74 0.71 0.64 19.66 82.61 0.29 11.18 10.48 
17.66 75.78 76.49 0.70 0.63 19.83 82.46 0.30 11.39 10.69 
18.16 75.53 76.23 0.70 0.63 19.98 82.30 0.31 11.58 10.90 
18.66 75.29 75.98 0.69 0.62 20.13 82.14 0.32 11.77 11.10 
19.16 75.04 75.73 0.69 0.62 20.28 81.98 0.33 11.95 11.29 
19.66 74.79 75.47 0.68 0.61 20.41 81.81 0.33 12.11 11.47 
20.16 74.54 75.22 0.68 0.61 20.54 81.64 0.34 12.27 11.64 
20.66 74.29 74.97 0.68 0.60 20.66 81.47 0.35 12.42 11.81 
21.16 74.04 74.71 0.67 0.60 20.78 81.29 0.36 12.57 11.97 
21.66 73.79 74.46 0.67 0.60 20.89 81.11 0.36 12.70 12.12 
22.16 73.54 74.21 0.67 0.60 20.99 80.92 0.37 12.83 12.27 
22.66 73.29 73.96 0.66 0.59 21.09 80.74 0.37 12.95 12.41 
23.16 73.05 73.70 0.66 0.59 21.18 80.55 0.38 13.07 12.54 
23.66 72.80 73.45 0.66 0.59 21.27 80.36 0.39 13.18 12.67 
24.16 72.55 73.20 0.65 0.59 21.36 80.16 0.39 13.28 12.79 
24.66 72.30 72.95 0.65 0.58 21.44 79.96 0.40 13.38 12.90 
25.16 72.05 72.70 0.65 0.58 21.51 79.76 0.40 13.47 13.01 
25.66 71.80 72.45 0.65 0.58 21.58 79.56 0.40 13.56 13.12 
26.16 71.55 72.20 0.64 0.58 21.65 79.36 0.41 13.64 13.22 
26.66 71.30 71.95 0.64 0.58 21.72 79.15 0.41 13.72 13.31 
27.16 71.05 71.70 0.64 0.57 21.78 78.94 0.42 13.80 13.40 
27.66 70.81 71.44 0.64 0.57 21.84 78.73 0.42 13.87 13.49 
28.16 70.56 71.19 0.64 0.57 21.89 78.52 0.42 13.94 13.57 
28.66 70.31 70.94 0.64 0.57 21.95 78.30 0.43 14.00 13.65 
29.16 70.06 70.69 0.63 0.57 22.00 78.09 0.43 14.06 13.72 
29.66 69.81 70.44 0.63 0.57 22.04 77.87 0.44 14.12 13.80 
30.16 69.56 70.19 0.63 0.57 22.09 77.65 0.44 14.17 13.86 
30.66 69.31 69.94 0.63 0.56 22.13 77.43 0.44 14.22 13.93 
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Station  
along  
Slope 
(ft) 

Bed  
Elevation 

 
(ft) 

Water  
Surface 

Elevation 
(ft) 

Vertical  
Depth 

 
(ft) 

Flow  
Depth 

 
(ft) 

Flow  
Velocity 

 
(ft/s) 

EGL  
Elevation 

 
(ft) 

EGL  
Slope 

 
(ft/ft) 

Shear  
Stress 
�� y�Sf 
(psf) 

Shear  
Stress 

Momentum 
(psf) 

31.16 69.06 69.69 0.63 0.56 22.17 77.21 0.44 14.27 13.99 
31.66 68.81 69.44 0.63 0.56 22.21 76.98 0.45 14.32 14.05 
32.16 68.56 69.19 0.63 0.56 22.25 76.76 0.45 14.36 14.10 
32.66 68.32 68.94 0.63 0.56 22.28 76.53 0.45 14.40 14.16 
33.16 68.07 68.69 0.63 0.56 22.31 76.31 0.45 14.44 14.21 
33.66 67.82 68.44 0.62 0.56 22.35 76.08 0.46 14.48 14.25 
34.16 67.57 68.19 0.62 0.56 22.38 75.85 0.46 14.51 14.30 
34.66 67.32 67.94 0.62 0.56 22.40 75.62 0.46 14.55 14.34 
35.16 67.07 67.69 0.62 0.56 22.43 75.39 0.46 14.58 14.38 
35.66 66.82 67.44 0.62 0.56 22.46 75.16 0.46 14.61 14.42 
36.16 66.57 67.19 0.62 0.56 22.48 74.92 0.47 14.64 14.46 
36.66 66.32 66.94 0.62 0.56 22.50 74.69 0.47 14.66 14.50 
37.16 66.08 66.70 0.62 0.55 22.52 74.46 0.47 14.69 14.53 
37.66 65.83 66.45 0.62 0.55 22.54 74.22 0.47 14.71 14.56 
38.16 65.58 66.20 0.62 0.55 22.56 73.99 0.47 14.74 14.59 
38.66 65.33 65.95 0.62 0.55 22.58 73.75 0.47 14.76 14.62 
39.16 65.08 65.70 0.62 0.55 22.60 73.51 0.47 14.78 14.65 
39.66 64.83 65.45 0.62 0.55 22.62 73.28 0.48 14.80 14.67 
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Table C-4:  Test 4 Model Data 

Station  
along  
Slope 
(ft) 

Bed  
Elevation 

 
(ft) 

Water  
Surface 

Elevation 
(ft) 

Vertical  
Depth 

 
(ft) 

Flow  
Depth 

 
(ft) 

Flow  
Velocity 

 
(ft/s) 

EGL  
Elevation 

 
(ft) 

EGL  
Slope 

 
(ft/ft) 

Shear  
Stress 
�� y�Sf 
(psf) 

Shear  
Stress 

Momentum 
(psf) 

3.58 82.79 84.39 1.60 1.43 11.36 86.08 n/a n/a n/a 
4.08 82.54 84.02 1.48 1.33 12.23 86.06 n/a n/a n/a 
4.58 82.29 83.69 1.40 1.25 12.98 86.03 0.05 3.89 3.62 
5.08 82.04 83.37 1.33 1.19 13.64 86.00 0.06 4.42 4.09 
5.58 81.79 83.07 1.28 1.14 14.24 85.97 0.07 4.94 4.54 
6.08 81.55 82.77 1.23 1.10 14.78 85.93 0.08 5.43 4.98 
6.58 81.30 82.48 1.19 1.06 15.29 85.88 0.09 5.91 5.41 
7.08 81.05 82.20 1.15 1.03 15.76 85.83 0.10 6.37 5.82 
7.58 80.80 81.92 1.12 1.00 16.20 85.78 0.11 6.82 6.23 
8.08 80.55 81.64 1.09 0.98 16.62 85.72 0.12 7.25 6.62 
8.58 80.30 81.37 1.07 0.96 17.01 85.65 0.13 7.67 7.00 
9.08 80.05 81.10 1.04 0.94 17.38 85.58 0.14 8.07 7.38 
9.58 79.80 80.83 1.02 0.92 17.73 85.51 0.15 8.47 7.74 
10.08 79.55 80.56 1.01 0.90 18.06 85.43 0.16 8.85 8.09 
10.58 79.31 80.29 0.99 0.88 18.37 85.34 0.17 9.22 8.44 
11.08 79.06 80.03 0.97 0.87 18.67 85.25 0.18 9.57 8.77 
11.58 78.81 79.77 0.96 0.86 18.95 85.16 0.19 9.91 9.10 
12.08 78.56 79.50 0.94 0.85 19.22 85.06 0.20 10.24 9.41 
12.58 78.31 79.24 0.93 0.83 19.48 84.96 0.21 10.56 9.72 
13.08 78.06 78.98 0.92 0.82 19.73 84.85 0.22 10.87 10.02 
13.58 77.81 78.72 0.91 0.81 19.96 84.74 0.23 11.17 10.31 
14.08 77.56 78.46 0.90 0.80 20.19 84.62 0.23 11.45 10.59 
14.58 77.32 78.20 0.89 0.80 20.40 84.50 0.24 11.73 10.86 
15.08 77.07 77.95 0.88 0.79 20.61 84.37 0.25 11.99 11.12 
15.58 76.82 77.69 0.87 0.78 20.80 84.24 0.26 12.24 11.38 
16.08 76.57 77.43 0.86 0.77 20.99 84.11 0.27 12.49 11.62 
16.58 76.32 77.18 0.86 0.77 21.17 83.97 0.28 12.72 11.86 
17.08 76.07 76.92 0.85 0.76 21.34 83.83 0.28 12.95 12.09 
17.58 75.82 76.67 0.84 0.76 21.50 83.68 0.29 13.16 12.32 
18.08 75.57 76.41 0.84 0.75 21.66 83.53 0.30 13.37 12.53 
18.58 75.32 76.16 0.83 0.75 21.81 83.38 0.30 13.56 12.74 
19.08 75.08 75.90 0.83 0.74 21.95 83.23 0.31 13.75 12.94 
19.58 74.83 75.65 0.82 0.74 22.09 83.07 0.32 13.94 13.13 
20.08 74.58 75.40 0.82 0.73 22.22 82.90 0.33 14.11 13.32 
20.58 74.33 75.14 0.81 0.73 22.34 82.74 0.33 14.28 13.50 
21.08 74.08 74.89 0.81 0.72 22.46 82.57 0.34 14.44 13.68 
21.58 73.83 74.64 0.80 0.72 22.58 82.40 0.34 14.59 13.84 
22.08 73.58 74.38 0.80 0.72 22.69 82.22 0.35 14.73 14.00 
22.58 73.33 74.13 0.80 0.71 22.79 82.05 0.35 14.87 14.16 
23.08 73.09 73.88 0.79 0.71 22.89 81.87 0.36 15.01 14.31 
23.58 72.84 73.63 0.79 0.71 22.99 81.68 0.37 15.14 14.46 
24.08 72.59 73.37 0.79 0.70 23.08 81.50 0.37 15.26 14.60 
24.58 72.34 73.12 0.78 0.70 23.17 81.31 0.38 15.37 14.73 
25.08 72.09 72.87 0.78 0.70 23.26 81.12 0.38 15.49 14.86 
25.58 71.84 72.62 0.78 0.70 23.34 80.93 0.38 15.59 14.98 
26.08 71.59 72.37 0.78 0.69 23.41 80.73 0.39 15.70 15.10 
26.58 71.34 72.12 0.77 0.69 23.49 80.54 0.39 15.79 15.22 
27.08 71.09 71.86 0.77 0.69 23.56 80.34 0.40 15.89 15.33 
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Station  
along  
Slope 
(ft) 

Bed  
Elevation 

 
(ft) 

Water  
Surface 

Elevation 
(ft) 

Vertical  
Depth 

 
(ft) 

Flow  
Depth 

 
(ft) 

Flow  
Velocity 

 
(ft/s) 

EGL  
Elevation 

 
(ft) 

EGL  
Slope 

 
(ft/ft) 

Shear  
Stress 
�� y�Sf 
(psf) 

Shear  
Stress 

Momentum 
(psf) 

27.58 70.85 71.61 0.77 0.69 23.63 80.14 0.40 15.98 15.43 
28.08 70.60 71.36 0.77 0.69 23.69 79.94 0.40 16.06 15.54 
28.58 70.35 71.11 0.76 0.68 23.76 79.73 0.41 16.14 15.63 
29.08 70.10 70.86 0.76 0.68 23.82 79.53 0.41 16.22 15.73 
29.58 69.85 70.61 0.76 0.68 23.87 79.32 0.42 16.30 15.82 
30.08 69.60 70.36 0.76 0.68 23.93 79.11 0.42 16.37 15.91 
30.58 69.35 70.11 0.76 0.68 23.98 78.90 0.42 16.44 15.99 
31.08 69.10 69.86 0.76 0.68 24.03 78.69 0.42 16.50 16.07 
31.58 68.85 69.61 0.75 0.67 24.08 78.47 0.43 16.57 16.15 
32.08 68.61 69.36 0.75 0.67 24.13 78.26 0.43 16.63 16.22 
32.58 68.36 69.11 0.75 0.67 24.17 78.04 0.43 16.68 16.29 
33.08 68.11 68.86 0.75 0.67 24.21 77.82 0.44 16.74 16.36 
33.58 67.86 68.61 0.75 0.67 24.25 77.60 0.44 16.79 16.43 
34.08 67.61 68.36 0.75 0.67 24.29 77.38 0.44 16.84 16.49 
34.58 67.36 68.11 0.75 0.67 24.33 77.16 0.44 16.89 16.55 
35.08 67.11 67.86 0.74 0.67 24.37 76.94 0.45 16.93 16.61 
35.58 66.86 67.61 0.74 0.67 24.40 76.71 0.45 16.98 16.66 
36.08 66.62 67.36 0.74 0.67 24.43 76.49 0.45 17.02 16.72 
36.58 66.37 67.11 0.74 0.66 24.46 76.26 0.45 17.06 16.77 
37.08 66.12 66.86 0.74 0.66 24.49 76.04 0.45 17.10 16.82 
37.58 65.87 66.61 0.74 0.66 24.52 75.81 0.46 17.13 16.86 
38.08 65.62 66.36 0.74 0.66 24.55 75.58 0.46 17.17 16.91 
38.58 65.37 66.11 0.74 0.66 24.58 75.35 0.46 17.20 16.95 
39.08 65.12 65.86 0.74 0.66 24.60 75.12 0.46 17.23 16.99 
39.58 64.87 65.61 0.74 0.66 24.63 74.89 0.46 17.27 17.03 
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Table C-5:  Test 5 Model Data 

Station  
along  
Slope 
(ft) 

Bed  
Elevation 

 
(ft) 

Water  
Surface 

Elevation 
(ft) 

Vertical  
Depth 

 
(ft) 

Flow  
Depth 

 
(ft) 

Flow  
Velocity 

 
(ft/s) 

EGL  
Elevation 

 
(ft) 

EGL  
Slope 

 
(ft/ft) 

Shear  
Stress 
�� y�Sf 
(psf) 

Shear  
Stress 

Momentum 
(psf) 

5.37 81.90 83.53 1.63 1.46 13.69 86.12 n/a n/a n/a 
5.87 81.65 83.21 1.56 1.39 14.36 86.10 n/a n/a n/a 
6.37 81.40 82.89 1.49 1.34 14.98 86.08 0.04 3.26 3.00 
6.87 81.15 82.59 1.44 1.29 15.55 86.06 0.04 3.58 3.28 
7.37 80.90 82.29 1.39 1.24 16.08 86.04 0.05 3.90 3.56 
7.87 80.66 82.00 1.35 1.21 16.58 86.01 0.06 4.21 3.83 
8.37 80.41 81.72 1.31 1.17 17.06 85.98 0.06 4.51 4.10 
8.87 80.16 81.43 1.28 1.14 17.51 85.94 0.07 4.81 4.37 
9.37 79.91 81.15 1.25 1.11 17.94 85.91 0.07 5.10 4.63 
9.87 79.66 80.88 1.22 1.09 18.35 85.87 0.08 5.39 4.89 
10.37 79.41 80.60 1.19 1.07 18.74 85.83 0.09 5.67 5.15 
10.87 79.16 80.33 1.17 1.05 19.12 85.78 0.09 5.95 5.40 
11.37 78.91 80.06 1.15 1.03 19.48 85.73 0.10 6.22 5.65 
11.87 78.66 79.79 1.13 1.01 19.83 85.68 0.10 6.49 5.90 
12.37 78.42 79.52 1.11 0.99 20.17 85.62 0.11 6.76 6.14 
12.87 78.17 79.26 1.09 0.98 20.49 85.57 0.12 7.02 6.38 
13.37 77.92 78.99 1.07 0.96 20.80 85.50 0.12 7.28 6.61 
13.87 77.67 78.73 1.06 0.95 21.11 85.44 0.13 7.53 6.84 
14.37 77.42 78.46 1.04 0.93 21.40 85.37 0.13 7.78 7.07 
14.87 77.17 78.20 1.03 0.92 21.68 85.30 0.14 8.02 7.30 
15.37 76.92 77.94 1.02 0.91 21.96 85.23 0.15 8.26 7.52 
15.87 76.67 77.68 1.01 0.90 22.22 85.15 0.15 8.50 7.74 
16.37 76.42 77.42 0.99 0.89 22.48 85.07 0.16 8.73 7.95 
16.87 76.18 77.16 0.98 0.88 22.73 84.99 0.17 8.95 8.17 
17.37 75.93 76.90 0.97 0.87 22.97 84.91 0.17 9.17 8.37 
17.87 75.68 76.64 0.96 0.86 23.20 84.82 0.18 9.39 8.58 
18.37 75.43 76.38 0.95 0.85 23.43 84.72 0.18 9.60 8.78 
18.87 75.18 76.12 0.94 0.85 23.65 84.63 0.19 9.81 8.98 
19.37 74.93 75.87 0.94 0.84 23.86 84.53 0.20 10.01 9.17 
19.87 74.68 75.61 0.93 0.83 24.07 84.43 0.20 10.21 9.36 
20.37 74.43 75.35 0.92 0.82 24.27 84.33 0.21 10.41 9.55 
20.87 74.18 75.10 0.91 0.82 24.47 84.22 0.21 10.60 9.74 
21.37 73.94 74.84 0.91 0.81 24.66 84.11 0.22 10.78 9.92 
21.87 73.69 74.59 0.90 0.80 24.85 84.00 0.22 10.97 10.10 
22.37 73.44 74.33 0.89 0.80 25.03 83.89 0.23 11.14 10.27 
22.87 73.19 74.08 0.89 0.79 25.20 83.77 0.23 11.32 10.44 
23.37 72.94 73.82 0.88 0.79 25.37 83.65 0.24 11.49 10.61 
23.87 72.69 73.57 0.87 0.78 25.54 83.53 0.25 11.65 10.77 
24.37 72.44 73.31 0.87 0.78 25.70 83.40 0.25 11.81 10.94 
24.87 72.19 73.06 0.86 0.77 25.85 83.27 0.26 11.97 11.09 
25.37 71.94 72.80 0.86 0.77 26.00 83.14 0.26 12.12 11.25 
25.87 71.70 72.55 0.85 0.76 26.15 83.01 0.27 12.27 11.40 
26.37 71.45 72.30 0.85 0.76 26.30 82.87 0.27 12.42 11.55 
26.87 71.20 72.04 0.85 0.76 26.44 82.74 0.28 12.56 11.70 
27.37 70.95 71.79 0.84 0.75 26.57 82.60 0.28 12.70 11.84 
27.87 70.70 71.54 0.84 0.75 26.70 82.45 0.29 12.84 11.98 
28.37 70.45 71.28 0.83 0.75 26.83 82.31 0.29 12.97 12.12 
28.87 70.20 71.03 0.83 0.74 26.96 82.16 0.29 13.10 12.25 
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Station  
along  
Slope 
(ft) 

Bed  
Elevation 

 
(ft) 

Water  
Surface 

Elevation 
(ft) 

Vertical  
Depth 

 
(ft) 

Flow  
Depth 

 
(ft) 

Flow  
Velocity 

 
(ft/s) 

EGL  
Elevation 

 
(ft) 

EGL  
Slope 

 
(ft/ft) 

Shear  
Stress 
�� y�Sf 
(psf) 

Shear  
Stress 

Momentum 
(psf) 

29.37 69.95 70.78 0.83 0.74 27.08 82.01 0.30 13.22 12.38 
29.87 69.70 70.53 0.82 0.74 27.20 81.86 0.30 13.34 12.51 
30.37 69.46 70.27 0.82 0.73 27.31 81.70 0.31 13.46 12.64 
30.87 69.21 70.02 0.81 0.73 27.42 81.55 0.31 13.58 12.76 
31.37 68.96 69.77 0.81 0.73 27.53 81.39 0.32 13.69 12.88 
31.87 68.71 69.52 0.81 0.72 27.64 81.23 0.32 13.80 13.00 
32.37 68.46 69.26 0.81 0.72 27.74 81.07 0.33 13.91 13.11 
32.87 68.21 69.01 0.80 0.72 27.84 80.90 0.33 14.01 13.23 
33.37 67.96 68.76 0.80 0.72 27.94 80.74 0.33 14.11 13.34 
33.87 67.71 68.51 0.80 0.71 28.04 80.57 0.34 14.21 13.45 
34.37 67.46 68.26 0.79 0.71 28.13 80.40 0.34 14.31 13.55 
34.87 67.21 68.01 0.79 0.71 28.22 80.22 0.34 14.40 13.65 
35.37 66.97 67.76 0.79 0.71 28.31 80.05 0.35 14.49 13.75 
35.87 66.72 67.50 0.79 0.70 28.39 79.88 0.35 14.58 13.85 
36.37 66.47 67.25 0.78 0.70 28.47 79.70 0.35 14.66 13.95 
36.87 66.22 67.00 0.78 0.70 28.55 79.52 0.36 14.75 14.04 
37.37 65.97 66.75 0.78 0.70 28.63 79.34 0.36 14.83 14.13 
37.87 65.72 66.50 0.78 0.70 28.71 79.15 0.37 14.91 14.22 
38.37 65.47 66.25 0.78 0.69 28.78 78.97 0.37 14.98 14.31 
38.87 65.22 66.00 0.77 0.69 28.86 78.79 0.37 15.06 14.40 
39.37 64.97 65.75 0.77 0.69 28.93 78.60 0.37 15.13 14.48 
39.87 64.73 65.50 0.77 0.69 28.99 78.41 0.38 15.20 14.56 
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Table C-6:  Test 6 Model Data 

Station  
along  
Slope 
(ft) 

Bed  
Elevation 

 
(ft) 

Water  
Surface 

Elevation 
(ft) 

Vertical  
Depth 

 
(ft) 

Flow  
Depth 

 
(ft) 

Flow  
Velocity 

 
(ft/s) 

EGL  
Elevation 

 
(ft) 

EGL  
Slope 

 
(ft/ft) 

Shear  
Stress 
�� y�Sf 
(psf) 

Shear  
Stress 

Momentum 
(psf) 

5.37 81.90 83.75 1.84 1.65 14.39 86.60 n/a n/a n/a 
5.87 81.65 83.42 1.76 1.58 15.04 86.58 n/a n/a n/a 
6.37 81.40 83.10 1.70 1.52 15.63 86.56 0.04 3.63 3.33 
6.87 81.16 82.79 1.64 1.47 16.19 86.54 0.04 3.96 3.62 
7.37 80.91 82.49 1.59 1.42 16.71 86.52 0.05 4.29 3.91 
7.87 80.66 82.20 1.54 1.38 17.20 86.49 0.05 4.60 4.19 
8.37 80.41 81.91 1.50 1.34 17.66 86.46 0.06 4.92 4.47 
8.87 80.16 81.62 1.47 1.31 18.11 86.43 0.06 5.22 4.74 
9.37 79.91 81.34 1.43 1.28 18.53 86.39 0.07 5.53 5.02 
9.87 79.66 81.06 1.40 1.25 18.93 86.36 0.07 5.82 5.28 
10.37 79.41 80.79 1.37 1.23 19.32 86.32 0.08 6.12 5.55 
10.87 79.16 80.51 1.35 1.21 19.70 86.27 0.09 6.41 5.81 
11.37 78.91 80.24 1.32 1.18 20.06 86.23 0.09 6.69 6.07 
11.87 78.66 79.97 1.30 1.16 20.41 86.18 0.10 6.97 6.32 
12.37 78.42 79.69 1.28 1.14 20.74 86.13 0.10 7.25 6.57 
12.87 78.17 79.43 1.26 1.13 21.07 86.07 0.11 7.52 6.82 
13.37 77.92 79.16 1.24 1.11 21.38 86.02 0.11 7.79 7.07 
13.87 77.67 78.89 1.22 1.10 21.69 85.96 0.12 8.06 7.31 
14.37 77.42 78.63 1.21 1.08 21.98 85.90 0.12 8.32 7.55 
14.87 77.17 78.36 1.19 1.07 22.27 85.83 0.13 8.57 7.79 
15.37 76.92 78.10 1.18 1.05 22.54 85.76 0.14 8.83 8.02 
15.87 76.67 77.84 1.16 1.04 22.81 85.69 0.14 9.08 8.25 
16.37 76.42 77.57 1.15 1.03 23.07 85.62 0.15 9.32 8.48 
16.87 76.17 77.31 1.14 1.02 23.33 85.54 0.15 9.56 8.70 
17.37 75.93 77.05 1.13 1.01 23.57 85.47 0.16 9.80 8.92 
17.87 75.68 76.79 1.11 1.00 23.81 85.38 0.16 10.03 9.14 
18.37 75.43 76.53 1.10 0.99 24.05 85.30 0.17 10.25 9.35 
18.87 75.18 76.27 1.09 0.98 24.27 85.21 0.17 10.48 9.56 
19.37 74.93 76.01 1.08 0.97 24.49 85.12 0.18 10.70 9.77 
19.87 74.68 75.75 1.07 0.96 24.71 85.03 0.19 10.91 9.98 
20.37 74.43 75.50 1.06 0.95 24.92 84.93 0.19 11.12 10.18 
20.87 74.18 75.24 1.06 0.95 25.12 84.84 0.20 11.33 10.38 
21.37 73.93 74.98 1.05 0.94 25.32 84.74 0.20 11.53 10.57 
21.87 73.68 74.72 1.04 0.93 25.51 84.63 0.21 11.73 10.76 
22.37 73.44 74.47 1.03 0.92 25.70 84.53 0.21 11.93 10.95 
22.87 73.19 74.21 1.03 0.92 25.88 84.42 0.22 12.12 11.14 
23.37 72.94 73.96 1.02 0.91 26.06 84.31 0.22 12.31 11.32 
23.87 72.69 73.70 1.01 0.91 26.23 84.19 0.23 12.49 11.50 
24.37 72.44 73.44 1.00 0.90 26.40 84.08 0.23 12.67 11.68 
24.87 72.19 73.19 1.00 0.89 26.57 83.96 0.24 12.84 11.85 
25.37 71.94 72.93 0.99 0.89 26.73 83.84 0.24 13.02 12.02 
25.87 71.69 72.68 0.99 0.88 26.89 83.72 0.25 13.18 12.19 
26.37 71.44 72.42 0.98 0.88 27.04 83.59 0.25 13.35 12.35 
26.87 71.19 72.17 0.98 0.87 27.19 83.46 0.26 13.51 12.51 
27.37 70.94 71.92 0.97 0.87 27.33 83.33 0.26 13.67 12.67 
27.87 70.70 71.66 0.97 0.86 27.47 83.20 0.27 13.82 12.83 
28.37 70.45 71.41 0.96 0.86 27.61 83.07 0.27 13.97 12.98 
28.87 70.20 71.15 0.96 0.86 27.75 82.93 0.27 14.12 13.13 
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Station  
along  
Slope 
(ft) 

Bed  
Elevation 

 
(ft) 

Water  
Surface 

Elevation 
(ft) 

Vertical  
Depth 

 
(ft) 

Flow  
Depth 

 
(ft) 

Flow  
Velocity 

 
(ft/s) 

EGL  
Elevation 

 
(ft) 

EGL  
Slope 

 
(ft/ft) 

Shear  
Stress 
�� y�Sf 
(psf) 

Shear  
Stress 

Momentum 
(psf) 

29.37 69.95 70.90 0.95 0.85 27.88 82.79 0.28 14.26 13.28 
29.87 69.70 70.65 0.95 0.85 28.01 82.65 0.28 14.40 13.43 
30.37 69.45 70.39 0.94 0.84 28.13 82.50 0.29 14.54 13.57 
30.87 69.20 70.14 0.94 0.84 28.25 82.36 0.29 14.67 13.71 
31.37 68.95 69.89 0.94 0.84 28.37 82.21 0.30 14.80 13.84 
31.87 68.70 69.63 0.93 0.83 28.49 82.06 0.30 14.93 13.98 
32.37 68.45 69.38 0.93 0.83 28.60 81.91 0.30 15.05 14.11 
32.87 68.21 69.13 0.92 0.83 28.71 81.76 0.31 15.18 14.24 
33.37 67.96 68.88 0.92 0.82 28.82 81.60 0.31 15.30 14.36 
33.87 67.71 68.62 0.92 0.82 28.92 81.44 0.32 15.41 14.49 
34.37 67.46 68.37 0.91 0.82 29.02 81.28 0.32 15.52 14.61 
34.87 67.21 68.12 0.91 0.82 29.12 81.12 0.32 15.63 14.73 
35.37 66.96 67.87 0.91 0.81 29.22 80.96 0.33 15.74 14.85 
35.87 66.71 67.62 0.91 0.81 29.32 80.79 0.33 15.85 14.96 
36.37 66.46 67.36 0.90 0.81 29.41 80.63 0.33 15.95 15.07 
36.87 66.21 67.11 0.90 0.81 29.50 80.46 0.34 16.05 15.18 
37.37 65.96 66.86 0.90 0.80 29.59 80.29 0.34 16.15 15.29 
37.87 65.71 66.61 0.89 0.80 29.67 80.12 0.34 16.24 15.40 
38.37 65.47 66.36 0.89 0.80 29.76 79.94 0.35 16.34 15.50 
38.87 65.22 66.11 0.89 0.80 29.84 79.77 0.35 16.43 15.60 
39.37 64.97 65.85 0.89 0.79 29.92 79.59 0.35 16.51 15.70 
39.87 64.72 65.60 0.88 0.79 30.00 79.41 0.36 16.60 15.80 
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Table C-7:  Test 7 Model Data 

Station  
along  
Slope 
(ft) 

Bed  
Elevation 

 
(ft) 

Water  
Surface 

Elevation 
(ft) 

Vertical  
Depth 

 
(ft) 

Flow  
Depth 

 
(ft) 

Flow  
Velocity 

 
(ft/s) 

EGL  
Elevation 

 
(ft) 

EGL  
Slope 

 
(ft/ft) 

Shear  
Stress 
�� y�Sf 
(psf) 

Shear  
Stress 

Momentum 
(psf) 

5.37 81.91 84.05 2.13 1.92 14.45 86.88 n/a n/a n/a 
5.87 81.67 83.70 2.04 1.83 15.13 86.87 n/a n/a n/a 
6.37 81.42 83.38 1.96 1.76 15.75 86.85 0.02 2.62 2.41 
6.87 81.17 83.06 1.89 1.69 16.33 86.84 0.03 2.86 2.63 
7.37 80.93 82.76 1.83 1.64 16.87 86.83 0.03 3.11 2.84 
7.87 80.68 82.46 1.77 1.59 17.39 86.81 0.03 3.35 3.05 
8.37 80.44 82.16 1.73 1.55 17.87 86.79 0.04 3.58 3.26 
8.87 80.19 81.87 1.68 1.51 18.34 86.77 0.04 3.81 3.47 
9.37 79.94 81.59 1.64 1.47 18.78 86.75 0.04 4.04 3.67 
9.87 79.70 81.30 1.61 1.44 19.21 86.72 0.05 4.27 3.88 
10.37 79.45 81.02 1.57 1.41 19.62 86.70 0.05 4.49 4.08 
10.87 79.21 80.75 1.54 1.38 20.01 86.67 0.05 4.72 4.28 
11.37 78.96 80.47 1.51 1.36 20.39 86.64 0.06 4.94 4.48 
11.87 78.71 80.20 1.49 1.33 20.76 86.61 0.06 5.15 4.67 
12.37 78.47 79.93 1.46 1.31 21.12 86.58 0.07 5.37 4.87 
12.87 78.22 79.66 1.44 1.29 21.47 86.54 0.07 5.58 5.06 
13.37 77.98 79.39 1.41 1.27 21.81 86.51 0.07 5.80 5.25 
13.87 77.73 79.12 1.39 1.25 22.14 86.47 0.08 6.01 5.44 
14.37 77.48 78.86 1.37 1.23 22.46 86.43 0.08 6.22 5.63 
14.87 77.24 78.59 1.35 1.22 22.77 86.38 0.08 6.42 5.82 
15.37 76.99 78.33 1.34 1.20 23.07 86.34 0.09 6.63 6.01 
15.87 76.75 78.07 1.32 1.18 23.37 86.29 0.09 6.83 6.19 
16.37 76.50 77.80 1.30 1.17 23.65 86.25 0.10 7.03 6.37 
16.87 76.25 77.54 1.29 1.16 23.93 86.19 0.10 7.23 6.56 
17.37 76.01 77.28 1.27 1.14 24.21 86.14 0.10 7.43 6.74 
17.87 75.76 77.02 1.26 1.13 24.48 86.09 0.11 7.62 6.91 
18.37 75.52 76.76 1.25 1.12 24.74 86.03 0.11 7.82 7.09 
18.87 75.27 76.50 1.23 1.11 25.00 85.97 0.12 8.01 7.27 
19.37 75.02 76.24 1.22 1.10 25.25 85.91 0.12 8.20 7.44 
19.87 74.78 75.99 1.21 1.09 25.49 85.85 0.12 8.38 7.61 
20.37 74.53 75.73 1.20 1.08 25.73 85.79 0.13 8.57 7.78 
20.87 74.29 75.47 1.19 1.07 25.97 85.72 0.13 8.75 7.95 
21.37 74.04 75.22 1.18 1.06 26.19 85.65 0.14 8.93 8.12 
21.87 73.79 74.96 1.17 1.05 26.42 85.58 0.14 9.11 8.29 
22.37 73.55 74.70 1.16 1.04 26.64 85.51 0.14 9.29 8.45 
22.87 73.30 74.45 1.15 1.03 26.85 85.43 0.15 9.46 8.61 
23.37 73.05 74.19 1.14 1.02 27.07 85.36 0.15 9.63 8.78 
23.87 72.81 73.94 1.13 1.01 27.27 85.28 0.16 9.80 8.93 
24.37 72.56 73.69 1.12 1.01 27.48 85.20 0.16 9.97 9.09 
24.87 72.32 73.43 1.11 1.00 27.67 85.12 0.16 10.14 9.25 
25.37 72.07 73.18 1.11 0.99 27.87 85.03 0.17 10.30 9.40 
25.87 71.82 72.92 1.10 0.99 28.06 84.95 0.17 10.46 9.56 
26.37 71.58 72.67 1.09 0.98 28.25 84.86 0.18 10.62 9.71 
26.87 71.33 72.42 1.08 0.97 28.43 84.77 0.18 10.78 9.86 
27.37 71.09 72.16 1.08 0.97 28.61 84.68 0.18 10.94 10.01 
27.87 70.84 71.91 1.07 0.96 28.79 84.58 0.19 11.09 10.15 
28.37 70.59 71.66 1.07 0.96 28.96 84.49 0.19 11.24 10.30 
28.87 70.35 71.41 1.06 0.95 29.13 84.39 0.20 11.39 10.44 
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Station  
along  
Slope 
(ft) 

Bed  
Elevation 

 
(ft) 

Water  
Surface 

Elevation 
(ft) 

Vertical  
Depth 

 
(ft) 

Flow  
Depth 

 
(ft) 

Flow  
Velocity 

 
(ft/s) 

EGL  
Elevation 

 
(ft) 

EGL  
Slope 

 
(ft/ft) 

Shear  
Stress 
�� y�Sf 
(psf) 

Shear  
Stress 

Momentum 
(psf) 

29.37 70.10 71.16 1.05 0.94 29.29 84.29 0.20 11.54 10.58 
29.87 69.86 70.90 1.05 0.94 29.46 84.19 0.20 11.68 10.72 
30.37 69.61 70.65 1.04 0.93 29.62 84.08 0.21 11.82 10.86 
30.87 69.36 70.40 1.04 0.93 29.78 83.98 0.21 11.96 11.00 
31.37 69.12 70.15 1.03 0.92 29.93 83.87 0.21 12.10 11.13 
31.87 68.87 69.90 1.03 0.92 30.08 83.76 0.22 12.24 11.26 
32.37 68.63 69.65 1.02 0.92 30.23 83.65 0.22 12.37 11.40 
32.87 68.38 69.40 1.02 0.91 30.38 83.54 0.23 12.50 11.53 
33.37 68.13 69.14 1.01 0.91 30.52 83.42 0.23 12.63 11.66 
33.87 67.89 68.89 1.01 0.90 30.66 83.31 0.23 12.76 11.78 
34.37 67.64 68.64 1.00 0.90 30.80 83.19 0.24 12.89 11.91 
34.87 67.40 68.39 1.00 0.89 30.93 83.07 0.24 13.01 12.03 
35.37 67.15 68.14 0.99 0.89 31.06 82.95 0.24 13.14 12.15 
35.87 66.90 67.89 0.99 0.89 31.19 82.82 0.25 13.26 12.27 
36.37 66.66 67.64 0.98 0.88 31.32 82.70 0.25 13.38 12.39 
36.87 66.41 67.39 0.98 0.88 31.45 82.57 0.25 13.49 12.51 
37.37 66.17 67.14 0.98 0.88 31.57 82.44 0.26 13.61 12.63 
37.87 65.92 66.89 0.97 0.87 31.69 82.31 0.26 13.72 12.74 
38.37 65.67 66.64 0.97 0.87 31.81 82.18 0.26 13.83 12.85 
38.87 65.43 66.39 0.97 0.87 31.93 82.05 0.27 13.94 12.97 
39.37 65.18 66.14 0.96 0.86 32.04 81.91 0.27 14.05 13.08 
39.87 64.94 65.89 0.96 0.86 32.15 81.78 0.27 14.15 13.19 

 


