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1 INTRODUCTION

During the fall of 2009, hydraulic performance tegtwas conducted by Colorado State
University (CSU) on one ScourStop Transition MatStdqurStop TM) erosion control system
with Kentucky Bluegrass, manufactured by Erosiorchlelnc. A total of seven tests were
conducted under the test program. Figure 1-1 desva photograph of the vegetated ScourStop
Transition Mat™ system prior to installation andstieg. Testing was performed at the
Hydraulics Laboratory at the Engineering Researemt€. Information presented with this
report documents the testing processes, as welloasdes data from hydraulic testing of a full-
scale turf reinforcement mat (TRM) system undertidied laboratory conditions for purposes
of identifying stability threshold conditions. Doeptions of the test program, test matrix,

database, and hydraulic analysis are presentéiisineport.

Figure 1-1: Photograph of ScourStop TM with Kentu&ky Bluegrass



2 TEST PROGRAM

Laboratory testing was performed at the Hydraulicgboratory located at the
Engineering Research Center (ERC) at CSU. Colo&tdte University’'s ERC is comprised of
laboratories and offices encompassing virtuallyealjineering disciplines. Within the ERC, the
Hydraulics Division (a subdivision of the Civil arfinvironmental Engineering Department)
operates the Hydraulics Laboratory and a varietyubfloor facilities.

Water supply to both outdoor and indoor researcilitias is furnished by Horsetooth
Reservoir, which is adjacent to the ERC (Figurg.2Rlow is conveyed through an existing pipe
network to each facility. Outdoor facilities areagity fed from Horsetooth Reservoir with a
capacity of approximately 170,000 acre-feet of wadad a maximum, static pressure of
approximately 110 pounds per square inch (psih@tERC pipe network. Each outdoor facility

has its own independent water delivery system.

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



For this testing program, the Steep Gradient Oppitw Facility (SGOF) was utilized,
which is 4-ft wide by 100-ft long on a fixed 2:1:§§ slope. To efficiently test the hydraulic
performance of vegetated rolled erosion controtipots (RECPs), CSU has pioneered the use of
Planter box Technology. Using mobile boxes to kousgetated plots allows multiple plots to
be grown and tested in a single growing seasoactfely reducing the cost and time involved
in testing vegetation and vegetation reinforcensgatems.

2.1 TEST FACILITY

For this test program, a 40-foot long by 4-foot @vmlanter box was utilized. The planter
box was filled with two inches of 1/4-inch pea gehvfollowed by a woven geotextile.
Subsequently, 10 inches of soil were placed abbgeyeotextile and compacted to between 90
and 95 percent of optimum dry unit weight, whichswdetermined by performing a standard
compaction test (ASTM 1557-78). The soil used wasoderately erodible mixture of sand, silt,
and clay (SM (silty-sand) classification by the figd Soil Classification System (USCS)). The
compaction was verified by a standard sand cone (E&STM D1556-82). The grain size
distribution for the soil is presented in Appendix Installation of the sod and ScourStop TM
system was conducted under the observation of &@rdsech.

Rather than growing the vegetation from seed, KekytBluegrass sod was installed on
the prepared soil bed. Seven days after the sadingsalled, the ScourStop TM system was
installed. The ScourStop mats were placed endwibeser the entire surface of the planter box.
Metal ScourStop anchors were installed to a depthOoinches rather than the prescribed 18
inches to avoid compromising the drainage layethat bottom of the box. Anchors were
installed in an even pattern producing an anchasithe of approximately one anchor per square
foot. After inserting each anchor, a plastic washas installed and the nylon ties were
sufficiently tightened to set the anchors. All aylties were then trimmed to remove excess
length. Once the ScourStop TM system was instatladthe planter box, the Kentucky
Bluegrass underwent a growing period of 54 weeks.

Prior to the planter box installation in the SG@#&me walls were secured to the planter
box. The edges of the TRM were protected with stieshing, which were then secured and
sealed to the flume walls. Installation of thesHmg prevents the flow from rapidly



deteriorating the unprotected edge of the vegef@RM. The planter box and flume walls were
then placed by crane into the facility. Figure Pr2sents a photograph of the Erosion Tech
planter box installation into the overtopping fagil A transition section consisting of wing
walls and a vertical ramp were constructed to chbfiow from the head-box into the test reach.

To eliminate flow separation, a flow straightenerswnstalled at the entrance of the test section.

Figure 2-2: Erosion Tech Planter Box Installation

The head-box configuration in this flume allowed & maximum 5 ft of overtopping
depth. Perforated sheet steel was installed dneetrainsition plate between the approach and test
sections to approximate the roughness of the erazatrol system. At the downstream end of
the test section, a perforated steel toe platesitianed flow out of the planter box, preventing
potential drawdown effects from compromising theyetated system. Figure 2-3 presents a
profile drawing of the SGOF utilized for the tegtiprogram.
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Figure 2-3: Profile View of the Test Facility andPlanter box

2.2 TEST PROCEDURE

Prior to all testing scenarios, a seasoning flows waed to acclimate the system and

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

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

the revetment system at a uniform discharge, v¢hetxception of Test 7. Test 7 was conducted

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

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

exceeding one-half inch occurred, with soil losmgeuantified by the Clopper Soil Loss Index

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

guantified scour or loss of contact between roatsrend soil) was also evaluated. Provided that

the erosion control system successfully endured3®eminute flow without exceeding the

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

Typically, target discharges corresponded to ptedicshear stress tolerances, although

performance during individual tests dictated thegpession.



Upon stabilization of total discharge to the fdgjlimeasurements of water-surface
elevations were made at 2 ft intervals (statiomshigthe centerline of the embankment during
each test. Bed elevations were established pri@nd after the termination of each test at the
same measurement stations as the water-surfadagsadnd were also recorded at locations left
and right of the centerline to provide more dethilesolution for soil loss analysis. Pre-test and
post-test vegetal characteristics were monitoredbigining blade counts within three separate,
predetermined 3 inch by 3 inch areas. The locatifox vegetal counts were selected to
encompass an opening in the ScourStop mats. Tée apea in each count location was a
circular region measuring 4 square inches. Thal test section area was 160 square feet, of
which approximately 86 square feet or 53.5% wasnopeea. Flow depth and elevation
measurements were made to the nearest 0.01 ft agpognt gage and survey level. In addition
to physical data collection, non-professional videa photographs were taken to document
testing and associated visible water surface g®fibr each testing sequence.

Discharge was determined independently of the rmeasents made within the test
section. An in-line sonic flow meter, located upam of the SGOF, was used to accurately
determine the discharge to within £3% of the desuaue.



3 TEST MATRIX AND DATABASE

A test matrix was developed to summarize the detdithe testing program. Table 3-1
presents the test matrix which includes seven mstducted during the test program. A table
containing data such as stationing, elevation, ftpth, and continuity velocities for each test
are reported in the respective sections of thiontep Each test was conducted on a 2H:1V
embankment slope. Test 1 through Test 6 was peedrfor a length of 30 minutes, in lieu of
the ASTM standard hour-long test, at the reque&rosion Tech.

After completion of the tests outlined in Table 3#ie collected data were entered into a
database for analysis. The following sectionsflyridescribe conditions during testing with
photographic documentation and provide the supppdatabase.

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 7-0Oct-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 8-0ct-2009 2:1 80.0 No
6 9-Oct-2009 2:1 95.0 No
7 9-Oct-2009 2:1 110.7 No




3.1 TEST 1: 28.0 cfs

Testing of the ScourStop TM system with Kentuckydjrass initiated on Octobef,7
2009. Figure 3-1 presents a photograph of thealiest planter box prior to testing. The bed
elevation data along with vegetal riser counts weperded prior to testing. The vegetal counts

were obtained at three equal intervals of 10 fed¢té test section.

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

Testing commenced with a discharge intended tosts®athe embankment by allowing
the system to become acclimated to flow. The @isgd was subsequently increased to the
target discharge of 28.0 cfs. Figure 3-2 is a pipatph of Test 1 in progress. Upon stabilization
of the total discharge, water surface elevatioma @are collected at each established station over
the test section. Table 3-2 presents hydraulia @@t Test 1. The test was allowed to proceed
for the prescribed 30 minutes. Aerated water weseved beginning 16 feet from the crest and
therefore, depth measurements beyond this pointldhoe considered approximate. At the
conclusion of the test, the discharge was terméhatel post-test bed elevation readings along
with vegetal riser counts were recorded. Figui® @esents a photograph of the test section

following Test 1. Table 3-3 presents the soil [dat& collected during Test 1.



Figure 3-2: Test 1 in Progress

Figure 3-3: ScourStop TM with Kentucky Bluegrass ftlowing Test 1



Table 3-2: Hydraulic Data, Test 1

Statg)kr;paeiong Horizontal Station Bed Elevation Flow Depth Vggt;ﬁl C\(;Qr(')r::lijt';y
(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 observallzeedence of the performance
threshold. Test 2 initiated on Octobdt 2009. The system was once again seasoned @t a lo
flow and subsequently, flow was increased to thgetadischarge of 40.1 cfs; Figure 3-4
presents a photograph of Test 2 in progress. dpailization of the total discharge, data were
collected at each established station over thesesion; a summary of this data is shown in
Table 3-4. The test was allowed to proceed fom@@utes. Aerated water was observed 24 ft
beyond the crest and therefore, depth measurenberytsnd this point should be considered
approximate. At the conclusion of the test, thecharge was terminated and post-test bed
elevation readings along with vegetal riser countye recorded. Figure 3-5 presents a
photograph of the test section following Test 2.sudnmary 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 ftlowing Test 2

Table 3-4: Hydraulic Data, Test 2

Statg)lgpaelong Horizontal Station Bed Elevation Flow Depth Vgét;ﬁl C\(;Qr(')r::lijt';y
(ft) (ft) (f) (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

12




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 0.04 0.48
12.00 0.00 0.04 0.00
14.00 0.00 0.12 0.00
16.00 0.00 0.04 0.00
18.00 0.00 0.12 0.00
20.00 0.00 0.04 0.00
22.00 0.12 0.04 0.00
24.00 0.00 0.04 0.00
26.00 0.00 0.04 0.00
28.00 0.00 0.04 0.00
30.00 0.00 0.04 0.00
32.00 0.00 0.12 0.00
34.00 0.00 0.04 0.00
36.00 0.00 0.04 0.00
38.00 0.00 0.04 0.00
40.00 0.24 0.04 0.12
42.00 0.12 0.04 0.00
44.00 0.00 0.04 0.00

3.3 TEST 3:50.0 cfs

Upon conclusion of Test 2, there was no observalileeedence of the performance
threshold. Test 3 initiated on Octobdt 2009. The system was once again seasoned @t a lo
flow and subsequently, flow was increased to thgetadischarge of 50.0 cfs. Figure 3-6 presents
a photograph of Test 3 in progress. Upon stalitineof the total discharge, data were collected
at each established station over the test sechosummary of the hydraulic data collected can
be seen in Table 3-6. Aerated water was obserQeftl Beyond the crest and therefore, depth
measurements beyond this point should be considgmebximate. At the conclusion of the 30
minute test, the discharge was terminated andtpetsbed elevation readings along with vegetal
riser counts were recorded. Figure 3-7 presenphaiograph of the test section following

shutdown. Table 3-7 presents the soil loss ddtaated from Test 3.

13



Figure 3-6: Test 3 in Progress

Figure 3-7: ScourStop TM with Kentucky Bluegrass ftlowing Test 3

14



Table 3-6: Hydraulic Data, Test 3

Statg)lgpaelong Horizontal Station Bed Elevation Flow Depth Vgét;ﬁl C\(;Qr(')r::lijt';y
(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 observallseedence of the performance
threshold. At the request of Erosion Tech, sevesadhers were replaced in the test section
before continuing to Test 4. Prior to testingwa#ishers and ties were sufficiently tight. The
washers removed had loosened during the testingepso All of the newly installed washers
were tightened to the degree of the initial instigh. Test 4 initiated on Octobéef,®009. The
system was once again seasoned at a low flow ds®gquently, flow was increased to the target
discharge of 65.0 cfs. Figure 3-9 presents a gnafih of Test 4 in progress. Upon stabilization
of the total discharge, data were collected at emtablished station over the test section; Table
3-8 presents the hydraulic data collected duringt #e Aerated water was observed 36 ft
beyond the crest and therefore, depth measurenbeytsnd this point should be considered
approximate. At the conclusion of the 30 minutd,tthe discharge was terminated and post-test
bed elevation readings along with vegetal risemte®were recorded. Figure 3-10 presents a
photograph of the test section following shutdowrSoil loss data collected from Test 4 is

presented in Table 3-9.

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

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

Statg)lgpaelong Horizontal Station Bed Elevation Flow Depth Vgét;ﬁl C\(;Qr(')r::lijt';y
(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 0.04 0.00
12.00 0.00 0.04 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 0.04 0.00
28.00 0.00 0.12 0.00
30.00 0.00 0.04 0.12
32.00 0.00 0.12 0.00
34.00 0.00 0.0G 0.00
36.00 0.00 0.04 0.00
38.00 0.12 0.04 0.00
40.00 0.36 0.04 0.00
42.00 0.12 0.04 0.00
44.00 0.00 0.04 0.00
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3.5 TEST 5: 80.0 cfs

Upon conclusion of Test 4, there was no observerkerlence of the performance
threshold. Test 5 initiated on Octobdt 009. The system was once again seasoned at a lo
flow and subsequently, flow was increased to thigetadischarge of 80.0 cfs. Figure 3-11
presents a photograph of Test 5 in progress. dpaiilization of the total discharge, data were
collected at each established station over thestagion. Table 3-10 presents the hydraulic data
collected during Test 5. Aerated water was obseA@ft beyond the crest and therefore, depth
measurements beyond this point should be considgmebximate. At the conclusion of the 30
minute test, the discharge was terminated andtpssted elevation readings along with vegetal
riser counts were recorded. Figure 3-12 presepisotograph of the test section following the

test. The soil loss data collected from the testisn 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 éllowing Test 5

Table 3-10: Hydraulic Data, Test 5

Statg)ln along Horizontal Station Bed Elevation Flow Depth Vertical Contlnglty
ope Depth Velocity
(ft) (ft) (f) (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 0.04 0.00
12.00 0.12 0.04 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 0.04 0.00
22.00 0.12 0.12 0.00
24.00 0.12 0.24 0.00
26.00 0.00 0.04 0.00
28.00 0.00 0.04 0.00
30.00 0.00 0.04 0.00
32.00 0.00 0.12 0.00
34.00 0.00 0.04 0.00
36.00 0.00 0.04 0.00
38.00 0.00 0.04 0.00
40.00 0.24 0.04 0.24
42.00 0.12 0.04 0.00
44.00 0.00 0.04 0.00

3.6 TEST 6:95.0 CFS

Upon conclusion of Test 5, there was no observerkezlence of the performance
threshold. Test 6 initiated on Octobdt 2009. The system was once again seasoned @t a lo
flow and subsequently, flow was increased to thgetadischarge of 95.0 cfs. Figure 3-13
presents a photograph of Test 6 in progress. Jpabilization of the total discharge, data were
collected at each established station over thesezgion. Table 3-12 presents the hydraulic data
collected during Test 6. Aerated water was notepled within the test section. At the
conclusion of the 30 minute test, the discharge teasinated and post-test bed elevation
readings along with vegetal riser counts were @@tbr Figure 3-14 presents a photograph of the
test section following the test. Table 3-13 présdahe 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 éllowing Test 6
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Table 3-12: Hydraulic Data, Test 6

Statg)lgpaelong Horizontal Station Bed Elevation Flow Depth Vggt;ﬁl C\(;Qr(')r::lijt';y
(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 0.0Q 0.00
10.00 0.00 0.0G 0.48
12.00 0.00 0.0G 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 0.0G 0.00
28.00 0.00 0.0G 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 0.04 0.00
38.00 0.00 0.04 0.12
40.00 0.24 0.04 0.12
42.00 0.12 0.12 0.00
44.00 0.00 0.04 0.00
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3.7 TEST 7:110.7 CFS

Upon conclusion of Test 6, there was no observerkezlence of the performance
threshold. Test 7 initiated on Octobdt 2009. The system was once again seasoned at a lo
flow and subsequently, flow was increased to thigetadischarge of 110.7 cfs. Figure 3-15
presents a photograph of Test 7 in progress. $pailization of the total discharge, data were
collected at each established station over thestagion. Table 3-14 presents the hydraulic data
collected during Test 7Data beyond 24 ft could lbetacquired due to mechanical difficulties
with the data acquisition equipment. Aerated watas not observed within the test section. At
the conclusion of the hour-long test, the dischamgs terminated and post-test bed elevation
readings along with vegetal riser counts were i@@tbr Figure 3-16 presents a photograph of the
test section following the test. Table 3-15 présdhe 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 éllowing Test 7

Table 3-14: Hydraulic Data, Test 7

Statg)ln along Horizontal Station Bed Elevation Flow Depth Vertical Contlnglty

ope Depth Velocity
(ft) (ft) (f) (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 2251
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 0.0
10.00 0.00 0.00 0.1
12.00 0.00 0.00 0.0
14.00 0.00 0.00 0.0
16.00 0.00 0.00 0.0
18.00 0.00 0.00 0.0
20.00 0.00 0.00 0.0
22.00 0.00 0.00 0.0
24.00 0.00 0.00 0.0
26.00 0.00 0.00 0.0
28.00 0.00 0.00 0.0
30.00 0.00 0.00 0.0
32.00 0.00 0.00 0.0
34.00 0.00 0.00 0.0
36.00 0.00 0.00 0.0
38.00 0.00 0.00 0.0
40.00 0.00 0.00 0.0
42.00 0.00 0.00 0.0
44.00 0.00 0.00 0.0

L W W, W W A w  we B we A we A we Ap e A i s  w a w a w aa wE EA

26



4 ANALYSIS

4.1 SYSTEM PERFORMANCE

Following the completion of testing, the dataseswaaalyzed to determine the overall
performance of the product. Shear stress values @etermined from a standard step hydraulic
model and are presented in Table 4-1. Table 44 ptesents the average vegetal counts and
soil loss values obtained from testing. The smklwas determined using the Clopper Soil Loss
Index, which is detailed in Appendix B. The systams not compromised nor was soil loss
greater than one-half inch experienced during asy t The soil loss during the tests was minor
enough that expected measurement error preventdiable correlation to shear stress or
velocity. All hydraulic model data can be seeppendix C.

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

Non- Max Avg. Avg. Post Soil

Test Aerated Shear | Shear Max Avg. Manning Blade Loss
Number | Discharge Length Stress | Stress | Velocity | Velocity | Roughness Count CSLI |Condition

(cfs) (ft) (psf) (psf) (ft/s) (ft/s) () blade/ft 2 (in)
1 28.0 14.32 105 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 thetest section.

Vegetal blade densities counted during the testquhores are presented in Table 4-2.
Each count was conducted using a 3-inch by 3-irwh brable 4-2 presents both the counts per
9 square inch box and the extrapolated values & sguare foot. During testing, a steady
reduction in blade densities was observed; howéwerclassification of the vegetative stand
remained excellent according to guidelines preskehteTempleet al (1987). The relationship
between the shear stress, occurring at the vegetsit location, and the blade count reduction
can be seen in Figure 4-2. Figure 4-4 shows tlatioaship between the blade count reduction
and average cross-sectional velocity.
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Blades

Blade

_ Station Blades Local Shear Local
Location per 9 2 Loss Stress Velocit
(ft) Y per ft y
in (%) (psf) (ft/s)
Upstream 8.50 435 6960 0.0 - -
Initial Central 17.25 368 5888 15.4 - -
Downstream 26.00 402 6432 7.6 - -
Avg - 402 6427 7.7 - -
Upstream 8.50 409 6544 6.0 8.8 14.3
Post-test Central 17.25 379 6064 12.9 115 16.0
1 Downstream 26.00 396 6336 9.0 11.9 16.2
Avg - 395 6315 9.3 10.7 15.5
Upstream 8.50 358 5728 17.7 8.5 15.0
Post-test Central 17.25 319 5104 26.7 12.9 18.0
2 Downstream 26.00 321 5136 26.2 14.2 18.7
Avg - 333 5323 235 11.9 17.3
Upstream 8.50 314 5024 27.8 5.0 14.6
Post-test Central 17.25 296 4736 32.0 10.3 19.8
3 Downstream 26.00 255 4080 41.4 13.0 21.8
Avg - 288 4613 33.7 9.4 18.7
Upstream 8.50 305 4880 29.9 7.1 16.9
Post-test Central 17.25 248 3968 43.0 12.3 21.4
4 Downstream 26.00 226 3616 48.0 15.2 23.4
Avg - 260 4155 40.3 11.5 20.6
Upstream 8.50 293 4688 32.6 4.3 17.2
Post-test Central 17.25 222 3552 49.0 8.4 22.9
5 Downstream 26.00 210 3360 51.7 11.5 26.2
Avg - 242 3867 44.4 8.1 22.1
Upstream 8.50 305 4880 29.9 4.6 17.8
Post-test Central 17.25 273 4368 37.2 9.0 23.5
6 Downstream 26.00 337 5392 22.5 12.3 27.0
Avg - 305 4880 29.9 8.6 22.7
Upstream 8.50 250 4000 42.5 34 18.0
Post-test Central 17.25 236 3776 45.7 6.8 24.2
7 Downstream | 26.00 214 3424 50.8 9.7 28.1
Avg - 233 3733 46.4 6.6 23.4

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

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

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

To qualify the vegetative system with respect t® ditcepted methodologies present in
the current body of literature, roughness valuesevpéotted versus the quantity VR. The value
of VR was computed by multiplying the average regeel or model velocity with the average
regressed or model flow depth. The n-VR graph wgesl to classify the vegetative system using
Agriculture Handbook Number 667 (Temméal. 1987). Data from the 2009 testing protocol
was superimposed onto a classification graph fraemfgle et al. (1987), to determine the
retardance class of the vegetative element. Figdubsepresents the classification graph and
superimposed data collected from the 2009 testingram. Inspection of Figure 4-5 shows the

retardance of the vegetative system of the 20@B e be characterized Class B and Class C.

Retardance Classes Shown Reprinted from Teptmé (1987)

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

Following the analysis, plots of shear stress v8.less and velocity vs. soil loss were
created. These plots are presented as Figurend-Eigure 4-7. The maximum shear stress and
velocity experienced over stable test sections vdetermined to be 16.3 psf and 32.1 ft/s,
respectively. The soil loss experienced by theéesysvas negligible as the soil loss values were

within measurement error.
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Figure 4-6: Average Shear Stress vs. CSLI, Scour§id’ M with Kentucky Bluegrass

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

During the fall of 2009, hydraulic performance tegtof the ScourStop Transition Mat
erosion control system with Kentucky Bluegrass wasducted at Colorado State University.
Testing was performed at the Hydraulics Laboratocated at the Engineering Research Center.
This report provides data from the hydraulic tegtiof a vegetated transition mat under
controlled laboratory conditions for purposes aoénitifying stability threshold conditions. A
description of the test facility, test program,ttesatrix, and resulting database is presented in
this report. For the testing program, the ScoyrStmansition Mat erosion control system with
Kentucky Bluegrass was determined to be stablenfaximum 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 Proactr 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 ete$t by computing the difference
between the initial and final elevations. A cuntivia soil loss was obtained by summing the
previous test's soil loss with the current testu&egpns B-1 and B-2 demonstrate the soil-loss
calculations:

Soil Loss; = (Z,piria —zfm:) ¥ 12 Equation B -1
where:

Soil Loss;, = Incremental seil loss (inches)

=z = Initial bed elevation or point — gage reading (feet)

initial

Zfingy — Final bed elevation or point — gage reading (feet)

Cumulative Soil Loss = Z Soil Loss, Equation B—2
r

where:
Cumulative Soil Loss = Total Soil Loss (inches)
Soil Loss, = Incremental soil loss (inches)

i = Number of discharges conveyed for test

The method for estimating soil loss used a proaediased on the Clopper Soil Loss
Index (CSLI) (as outlined in the ASTM (2000) D646@andard). The CSLI assigns a value of
zero to any point in the control volume demonstigata soil gain. The zero value is then
averaged in with all other points in the controlwoe. This procedure is a compromise between
including the increase in elevation as a gain ascedarding the point entirely.

Once the soil loss and hydraulic conditions werenmated, a preferred method of
calculating shear stress and soil loss was detedninmThe CSLI was used in conjunction with
Equation B-2, using regressed values for flow depid cross-section average velocity. The
CSLI was chosen as a more conservative alternativecluding 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 Bed Water Vertical Flow Flow EGL EGL Shear Shear
along | Elevation | Surface | Depth Depth | Velocity | Elevation | Slope | Stress Stress
Slope Elevation y S | Momentum

(ft) (ft) (ft) (ft) (ft) (ft/s) (ft) (ft/ft) (psf) (psf)
3.58 82.79 83.55 0.76 0.68 10.29 85.0% 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 0.1 5|45 07 5.
5.08 82.05 82.69 0.65 0.58 12.07 84.83 0.17 6/08 65 5.
5.58 81.80 82.42 0.62 0.56 12.51 84.73 0.19 6/66 19 6.
6.08 81.55 82.15 0.61 0.54 12.91 84.62 0.2P 7119 69 6.
6.58 81.30 81.89 0.59 0.53 13.26 84.50 0.24 7167 157.
7.08 81.05 81.63 0.58 0.52 13.57 84.37 0.26 8/10 587.
7.58 80.80 81.37 0.56 0.51 13.8% 84.23 0.28 8/49 97 7.
8.08 80.55 81.11 0.55 0.50 14.10 84.09 0.30 8|84 33 8.
8.58 80.30 80.85 0.55 0.49 14.32 83.93 0.31 9|16 66 8.
9.08 80.06 80.59 0.54 0.48 14.52 83.76 0.33 9|44 97 8.
9.58 79.81 80.34 0.53 0.48 14.70 83.59 0.36 9|70 24 9.
10.08 79.56 80.08 0.53 0.47 14.86 83.41 0.36 993 509
10.58 79.31 79.83 0.52 0.47 15.00 83.28 0.37 10.14 9.73
11.08 79.06 79.58 0.52 0.46 15.13 83.08 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 0.411 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 11.3311.14
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 79.78 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 78.58 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 11.8311.79
24.08 72.59 73.07 0.48 0.43 16.23 77.0Y 0.49 11.84 11.80
24.58 72.34 72.82 0.48 0.43 16.24 76.82 0.49 11.8511.82
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 76.38 0.409 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 Bed Water Vertical Flow Flow EGL EGL Shear Shear
along | Elevation | Surface | Depth Depth | Velocity | Elevation | Slope | Stress Stress
Slope Elevation y S | Momentum

(ft) (ft) (ft) (ft) (ft) (ft/s) (ft) (ft/ft) (psf) (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 4142 15 4.
5.08 82.05 82.98 0.93 0.83 12.0% 85.0% 0.10 5|15 78 4.
5.58 81.80 82.69 0.89 0.79 12.63 84.99 0.12 5|82 39 5.
6.08 81.55 82.40 0.85 0.76 13.1% 84.92 0.14 6|45 96 5.
6.58 81.30 82.12 0.82 0.74 13.62 84.84 0.16 7104 50 6.
7.08 81.05 81.85 0.80 0.71 14.04 84.76 0.17 7160 01 7.
7.58 80.80 81.58 0.78 0.69 14.43 84.66 0.19 8|11 507.
8.08 80.55 81.31 0.76 0.68 14.78 84.56 0.21 8|60 96 7.
8.58 80.31 81.05 0.74 0.66 15.10 84.4% 0.2P 9|05 39 8.
9.08 80.06 80.78 0.73 0.65 15.40 84.33 0.24 9|47 80 8.
9.58 79.81 80.52 0.71 0.64 15.67 84.20 0.26 9|86 19 09.
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 11.4310.80
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 12.3111.77
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 0.411 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 81.1Y 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 79.68 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 79.1Y 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 77.58 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 Bed Water Vertical Flow Flow EGL EGL Shear Shear
along | Elevation | Surface Depth Depth | Velocity | Elevation | Slope | Stress Stress
Slope Elevation y S | Momentum

(ft) (1) (ft) (ft) (ft) (ft/s) (ft) (ft/ft) | (psf) (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 18.8Y 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 Bed Water Vertical Flow Flow EGL EGL Shear Shear
along | Elevation | Surface | Depth Depth | Velocity | Elevation | Slope | Stress Stress
Slope Elevation y S | Momentum

(ft) (ft) (ft) (ft) (ft) (ft/s) (ft) (ft/ft) (psf) (psf)
7.16 81.01 82.07 1.06 0.95 13.1% 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 81 4.
8.66 80.26 81.21 0.95 0.85 14.7% 84.41 0.11 5/70 22 5.
9.16 80.02 80.93 0.92 0.82 15.21 84.3% 0.12 6|14 62 5.
9.66 79.77 80.66 0.89 0.80 15.63 84.28 0.13 6/57 01 6.
10.16 79.52 80.39 0.87 0.78 16.02 84.21 0.14 6/98 .39 6
10.66 79.27 80.12 0.85 0.76 16.39 84.13 0.16 7137 .75 6
11.16 79.02 79.85 0.83 0.75 16.74 84.04 0.17 775 117
11.66 78.77 79.59 0.82 0.73 17.07 83.95 0.18 8/11 457
12.16 78.52 79.33 0.80 0.72 17.38 83.86 0.19 8/46 .78 7
12.66 78.27 79.06 0.79 0.71 17.67 83.76 0.20 8/79 .108
13.16 78.02 78.80 0.78 0.70 17.94 83.65 0.21 911 .408
13.66 77.78 78.54 0.77 0.69 18.20 83.54 0.23 941 .70 8
14.16 77.53 78.28 0.76 0.68 18.44 83.42 0.24 970 .98 8
14.66 77.28 78.03 0.75 0.67 18.67 83.30 0.25 998 .26 9
15.16 77.03 77.77 0.74 0.66 18.89 83.1Y 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 11.9511.29
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 0.411 13.64 13.22
26.66 71.30 71.95 0.64 0.58 21.72 79.15 0.411 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 78.78 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 77.8Y 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 77.48 0.44 14.22 13.93
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Station Bed Water Vertical Flow Flow EGL EGL Shear Shear
along | Elevation | Surface Depth Depth | Velocity | Elevation | Slope | Stress Stress
Slope Elevation y S | Momentum

(ft) (1) (ft) (ft) (ft) (ft/s) (ft) (ft/ft) | (psf) (psf)
31.16 69.06 69.69 0.63 0.56 22.1Y 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 14.6114.42
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 Bed Water Vertical Flow Flow EGL EGL Shear Shear
along | Elevation | Surface | Depth Depth | Velocity | Elevation | Slope | Stress Stress
Slope Elevation y S | Momentum

(ft) (ft) (ft) (ft) (ft) (ft/s) (ft) (ft/ft) (psf) (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 0.0b 3|89 62 3.
5.08 82.04 83.37 1.33 1.19 13.64 86.00 0.06 4142 Q9 4.
5.58 81.79 83.07 1.28 1.14 14.24 85.97 0.0[7 4194 54 4,
6.08 81.55 82.77 1.23 1.10 14.78 85.93 0.08 5|43 98 4.
6.58 81.30 82.48 1.19 1.06 15.29 85.88 0.09 5|91 41 5.
7.08 81.05 82.20 1.15 1.03 15.76 85.83 0.10 6|37 825.
7.58 80.80 81.92 1.12 1.00 16.20 85.78 0.11 6|82 23 6.
8.08 80.55 81.64 1.09 0.98 16.62 85.72 0.12 7|25 62 6.
8.58 80.30 81.37 1.07 0.96 17.01 85.6% 0.13 7167 00 7.
9.08 80.05 81.10 1.04 0.94 17.38 85.58 0.14 8|07 387.
9.58 79.80 80.83 1.02 0.92 17.73 85.51 0.1 8|47 74 17.
10.08 79.55 80.56 1.01 0.90 18.06 85.43 0.16 8/85 .09 8
10.58 79.31 80.29 0.99 0.88 18.37 85.34 0.17 9|22 .44 8
11.08 79.06 80.03 0.97 0.87 18.67 85.25 0.18 957 .77 8
11.58 78.81 79.77 0.96 0.86 18.95 85.16 0.19 991 .109
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 19.738 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 83.538 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 83.28 0.31 13.7512.94
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 Bed Water Vertical Flow Flow EGL EGL Shear Shear
along | Elevation | Surface Depth Depth | Velocity | Elevation | Slope | Stress Stress
Slope Elevation y S | Momentum

(ft) (1) (ft) (ft) (ft) (ft/s) (1) (ft/ft) | (psf) (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 24.1Y 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 Bed Water Vertical Flow Flow EGL EGL Shear Shear
along | Elevation | Surface | Depth Depth | Velocity | Elevation | Slope | Stress Stress
Slope Elevation y S | Momentum

(ft) (ft) (ft) (ft) (ft) (ft/s) (ft) (ft/ft) (psf) (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 00 3.
6.87 81.15 82.59 1.44 1.29 15.5% 86.06 0.04 3|58 28 3.
7.37 80.90 82.29 1.39 1.24 16.08 86.04 0.0b 3|90 56 3.
7.87 80.66 82.00 1.35 1.21 16.58 86.01 0.06 421 83 3.
8.37 80.41 81.72 1.31 1.17 17.06 85.98 0.06 4/51 10 4.
8.87 80.16 81.43 1.28 1.14 17.51 85.94 0.0[7 4181 37 4.
9.37 79.91 81.15 1.25 1.11 17.94 85.91 0.0[7 5/10 63 4.
9.87 79.66 80.88 1.22 1.09 18.3% 85.87 0.08 5|39 89 4.
10.37 79.41 80.60 1.19 1.07 18.74 85.83 0.09 5(67 .155
10.87 79.16 80.33 1.17 1.05 19.12 85.78 0.09 595 405
11.37 78.91 80.06 1.15 1.03 19.48 85.738 0.1 6/22 655
11.87 78.66 79.79 1.13 1.01 19.83 85.68 0.1 6/49 .905
12.37 78.42 79.52 1.11 0.99 20.17 85.62 0.11 6/76 .14 6
12.87 78.17 79.26 1.09 0.98 20.49 85.57 0.12 7,02 .38 6
13.37 77.92 78.99 1.07 0.96 20.80 85.50 0.12 728 .61 6
13.87 77.67 78.73 1.06 0.95 21.11 85.44 0.13 7,53 .84 6
14.37 77.42 78.46 1.04 0.93 21.40 85.37 0.13 778 .07 7
14.87 77.17 78.20 1.03 0.92 21.68 85.30 0.14 802 .307
15.37 76.92 77.94 1.02 0.91 21.96 85.238 0.15 8/26 527
15.87 76.67 77.68 1.01 0.90 22.22 85.15 0.15 850 .74 7
16.37 76.42 77.42 0.99 0.89 22.48 85.07 0.16 8/73 957
16.87 76.18 77.16 0.98 0.88 22.738 84.99 0.17 895 .17 8
17.37 75.93 76.90 0.97 0.87 22.97 84.91 0.17 9/17 .37 8
17.87 75.68 76.64 0.96 0.86 23.20 84.82 0.18 9/39 .588
18.37 75.43 76.38 0.95 0.85 23.48 84.72 0.18 9/60 .78 8
18.87 75.18 76.12 0.94 0.85 23.65 84.63 0.19 9/81 .98 8
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 84.38 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 25.08 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 83.538 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 12.7011.84
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 Bed Water Vertical Flow Flow EGL EGL Shear Shear
along | Elevation | Surface Depth Depth | Velocity | Elevation | Slope | Stress Stress
Slope Elevation y S | Momentum

(ft) (1) (ft) (ft) (ft) (ft/s) (1) (ft/ft) | (psf) (psf)
29.37 69.95 70.78 0.83 0.74 27.08 82.01 .30 13.2212.38
29.87 69.70 70.53 0.82 0.74 27.20 81.86 .30 13.3412.51
30.37 69.46 70.27 0.82 0.73 27.31 81.70 31 13.46 12.64
30.87 69.21 70.02 0.81 0.73 27.42 81.55 31 13.58 12.76
31.37 68.96 69.77 0.81 0.73 27.53 81.39 .32 13.69 12.88
31.87 68.71 69.52 0.81 0.72 27.64 81.23 .32 13.80 13.00
32.37 68.46 69.26 0.81 0.72 27.74 81.07 .33 13.9113.11
32.87 68.21 69.01 0.80 0.72 27.84 80.90 .33 14.01 13.23
33.37 67.96 68.76 0.80 0.72 27.94 80.74 .33 14.11 13.34
33.87 67.71 68.51 0.80 0.71 28.04 80.57 .34 14.21 13.45
34.37 67.46 68.26 0.79 0.71 28.13 80.40 .34 14.31 13.55
34.87 67.21 68.01 0.79 0.71 28.22 80.22 .34 14.40 13.65
35.37 66.97 67.76 0.79 0.71 28.31 80.05 .35 14.49 13.75
35.87 66.72 67.50 0.79 0.70 28.39 79.88 .35 14.58 13.85
36.37 66.47 67.25 0.78 0.70 28.47 79.70 .35 14.66 13.95
36.87 66.22 67.00 0.78 0.70 28.55 79.52 .36 14.75 14.04
37.37 65.97 66.75 0.78 0.70 28.63 79.34 .36 14.83 14.13
37.87 65.72 66.50 0.78 0.70 28.71 79.15 37 14.91 14.22
38.37 65.47 66.25 0.78 0.69 28.78 78.97 37 14.98 14.31
38.87 65.22 66.00 0.77 0.69 28.86 78.79 37 15.06 14.40
39.37 64.97 65.75 0.77 0.69 28.93 78.60 37 15.13 14.48
39.87 64.73 65.50 0.77 0.69 28.99 78.41 .38 15.20 14.56
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Table C-6: Test 6 Model Data

Station Bed Water Vertical Flow Flow EGL EGL Shear Shear
along | Elevation | Surface | Depth Depth | Velocity | Elevation | Slope | Stress Stress
Slope Elevation y S | Momentum

(ft) (ft) (ft) (ft) (ft) (ft/s) (ft) (ft/ft) (psf) (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 33 3.
6.87 81.16 82.79 1.64 1.47 16.19 86.54 0.04 3|96 62 3.
7.37 80.91 82.49 1.59 1.42 16.71 86.52 0.0b 429 91 3.
7.87 80.66 82.20 1.54 1.38 17.20 86.49 0.0b 4160 19 4.
8.37 80.41 81.91 1.50 1.34 17.66 86.46 0.06 4192 47 4.
8.87 80.16 81.62 1.47 1.31 18.11 86.43 0.06 5|22 74 4.
9.37 79.91 81.34 1.43 1.28 18.53 86.39 0.0[7 5|53 02 5.
9.87 79.66 81.06 1.40 1.25 18.93 86.36 0.0[7 5|82 28 5.
10.37 79.41 80.79 1.37 1.23 19.32 86.32 0.08 6/12 555
10.87 79.16 80.51 1.35 1.21 19.70 86.27 0.09 6/41 .815
11.37 78.91 80.24 1.32 1.18 20.06 86.23 0.09 669 .07 6
11.87 78.66 79.97 1.30 1.16 20.41 86.18 0.1 6/97 .32 6
12.37 78.42 79.69 1.28 1.14 20.74 86.13 0.1 725 57 6
12.87 78.17 79.43 1.26 1.13 21.07 86.07 0.11 752 .82 6
13.37 77.92 79.16 1.24 1.11 21.38 86.02 0.11 779 .07 7
13.87 77.67 78.89 1.22 1.10 21.69 85.96 0.12 806 .317
14.37 77.42 78.63 1.21 1.08 21.98 85.90 0.12 8/32 557
14.87 77.17 78.36 1.19 1.07 22.27 85.838 0.13 8/57 797
15.37 76.92 78.10 1.18 1.05 22.54 85.76 0.14 8/83 .028
15.87 76.67 77.84 1.16 1.04 22.81 85.69 0.14 9,08 .258
16.37 76.42 77.57 1.15 1.03 23.07 85.62 0.15 9/32 .48 8
16.87 76.17 77.31 1.14 1.02 23.38 85.54 0.15 956 .70 8
17.37 75.93 77.05 1.13 1.01 23.57 85.47 0.16 9,80 .92 8
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 85.08 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 84.538 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 12.3111.32
23.87 72.69 73.70 1.01 0.91 26.238 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 27.38 83.38 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 27.7% 82.938 0.27 14.12 13.13
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Station Bed Water Vertical Flow Flow EGL EGL Shear Shear
along | Elevation | Surface Depth Depth | Velocity | Elevation | Slope | Stress Stress
Slope Elevation y S | Momentum

(ft) (1) (ft) (ft) (ft) (ft/s) (1) (ft/ft) | (psf) (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 15.0514.11
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 29.6Y 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 Bed Water Vertical Flow Flow EGL EGL Shear Shear
along | Elevation | Surface | Depth Depth | Velocity | Elevation | Slope | Stress Stress
Slope Elevation y S | Momentum

(ft) (ft) (ft) (ft) (ft) (ft/s) (ft) (ft/f) | (psf) (psf)
5.37 81.91 84.05 2.13 1.92 14.4% 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 15.7% 86.8% 0.0p 2|62 41 2.
6.87 81.17 83.06 1.89 1.69 16.33 86.84 0.08 2|86 63 2.
7.37 80.93 82.76 1.83 1.64 16.87 86.838 0.08 3|11 84 2.
7.87 80.68 82.46 1.77 1.59 17.39 86.81 0.08 3|35 053.
8.37 80.44 82.16 1.73 1.55 17.87 86.79 0.04 3|58 26 3.
8.87 80.19 81.87 1.68 151 18.34 86.77 0.04 3|81 47 3.
9.37 79.94 81.59 1.64 1.47 18.78 86.7% 0.04 4|04 67 3.
9.87 79.70 81.30 1.61 1.44 19.21 86.72 0.06 4|27 88 3.
10.37 79.45 81.02 1.57 141 19.62 86.70 0.05 449 .08 4
10.87 79.21 80.75 1.54 1.38 20.01 86.67 0.05 472 284
11.37 78.96 80.47 151 1.36 20.39 86.64 0.06 494 484
11.87 78.71 80.20 1.49 1.33 20.76 86.61 0.06 5|15 .67 4
12.37 78.47 79.93 1.46 131 21.12 86.58 0.07 537 874
12.87 78.22 79.66 1.44 1.29 21.4Y 86.54 0.07 5,58 .06 5
13.37 77.98 79.39 141 1.27 21.81 86.51 0.07 580 .255
13.87 77.73 79.12 1.39 1.25 22.14 86.47 0.08 601 445
14.37 77.48 78.86 1.37 1.23 22.46 86.43 0.08 6122 .63 5
14.87 77.24 78.59 1.35 1.22 22.7Y 86.38 0.08 6142 .825
15.37 76.99 78.33 1.34 1.20 23.0Y 86.34 0.09 6,63 .016
15.87 76.75 78.07 1.32 1.18 23.3Y 86.29 0.09 6183 .196
16.37 76.50 77.80 1.30 1.17 23.65 86.25 0.10 7103 376
16.87 76.25 77.54 1.29 1.16 23.98 86.19 0.10 7123 .56 6
17.37 76.01 77.28 1.27 1.14 24.21 86.14 0.10 7143 74 6
17.87 75.76 77.02 1.26 1.13 24.48 86.09 0.12 7162 916
18.37 75.52 76.76 1.25 1.12 24.74 86.03 0.12 7182 .097
18.87 75.27 76.50 1.23 1.11 25.00 85.97 0.12 801 277
19.37 75.02 76.24 1.22 1.10 25.25 85.91 0.12 8120 447
19.87 74.78 75.99 121 1.09 25.49 85.85 0.12 8138 617
20.37 74.53 75.73 1.20 1.08 25.78 85.79 0.13 857 .78 7
20.87 74.29 75.47 1.19 1.07 25.9Y 85.72 0.13 875 957
21.37 74.04 75.22 1.18 1.06 26.19 85.65 0.14 893 .128
21.87 73.79 74.96 1.17 1.05 26.42 85.58 0.14 9111 .298
22.37 73.55 74.70 1.16 1.04 26.64 85.51 0.14 9129 458
22.87 73.30 74.45 1.15 1.03 26.85 85.43 0.15 946 .61 8
23.37 73.05 74.19 1.14 1.02 27.0Y 85.36 0.15 963 .78 8
23.87 72.81 73.94 1.13 1.01 27.2Y 85.28 0.16 980 .938
24.37 72.56 73.69 1.12 1.01 27.48 85.20 0.16 9197 .099
24.87 72.32 73.43 111 1.00 27.6Y 85.12 0.16 10.14 9.25
25.37 72.07 73.18 111 0.99 27.8Y 85.03 0.7 10.30 9.40
25.87 71.82 72.92 1.10 0.99 28.06 84.95 0.7 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 29.18 84.39 0.20 11.39 10.44
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Station Bed Water Vertical Flow Flow EGL EGL Shear Shear
along | Elevation | Surface Depth Depth | Velocity | Elevation | Slope | Stress Stress
Slope Elevation y S | Momentum

(ft) (1) (ft) (ft) (ft) (ft/s) (1) (ft/ft) | (psf) (psf)
29.37 70.10 71.16 1.05 0.94 29.29 84.29 .20 11.54 10.58
29.87 69.86 70.90 1.05 0.94 29.46 84.19 .20 11.68 10.72
30.37 69.61 70.65 1.04 0.93 29.62 84.08 21 11.82 10.86
30.87 69.36 70.40 1.04 0.93 29.78 83.98 21 11.96 11.00
31.37 69.12 70.15 1.03 0.92 29.93 83.87 21 12.1011.13
31.87 68.87 69.90 1.03 0.92 30.08 83.76 22 12.24 11.26
32.37 68.63 69.65 1.02 0.92 30.23 83.65 22 12.37 11.40
32.87 68.38 69.40 1.02 0.91 30.38 83.54 .23 12.50 11.53
33.37 68.13 69.14 1.01 0.91 30.52 83.42 .23 12.63 11.66
33.87 67.89 68.89 1.01 0.90 30.66 83.31 .23 12.76 11.78
34.37 67.64 68.64 1.00 0.90 30.80 83.19 24 12.8911.91
34.87 67.40 68.39 1.00 0.89 30.93 83.07 24 13.0112.03
35.37 67.15 68.14 0.99 0.89 31.06 82.95 24 13.14 12.15
35.87 66.90 67.89 0.99 0.89 31.19 82.82 .25 13.26 12.27
36.37 66.66 67.64 0.98 0.88 31.32 82.70 .25 13.38 12.39
36.87 66.41 67.39 0.98 0.88 31.45 82.57 .25 13.49 12,51
37.37 66.17 67.14 0.98 0.88 31.5Y 82.44 .26 13.6112.63
37.87 65.92 66.89 0.97 0.87 31.69 82.31 .26 13.7212.74
38.37 65.67 66.64 0.97 0.87 31.81 82.18 .26 13.8312.85
38.87 65.43 66.39 0.97 0.87 31.93 82.05 27 13.94 12.97
39.37 65.18 66.14 0.96 0.86 32.04 81.91 27 14.05 13.08
39.87 64.94 65.89 0.96 0.86 32.15 81.78 27 14.1513.19
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