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G. C. WALLACE, INC.
Engineers I Planners I Surveyors

398.631

November 30, 2000

Dear Ms. Simpson:

Response: A copy of the improvement plans are attached.

"1. Clark County Regional Flood Control District (CCRFCD)
concurrence is required because the project is bordered by
a master planned drainage facility and lies within a FEMA
Zone A. It is the responsibility of the applicant to submit a
copy of the drainage study and any addenda to the
CCRFCD."

"2. Please submit a copy of the improvement plans for the
proposed bridge. II

tl3. The FIRM map with a panel number 32003C2200 D has
been reissued based on a LOMR dated March 21, 2000.
Resubmit Figure 3 based on the effective FIRM."

The attached Figure 3 has been revised to reflect the LOMR
dated March 21,2000.

Subject: Response to Comments for the
Desert Rose Golf Course Pedestrian Bridge
Hydraulic Analysis - (HTE #00-33700)

Phu Simpson
Associate Engineer
Clark County Department of Public Works
Community Development Division
500 South Grand Central Parkway
Las Vegas, Nevada 89155-4000

This letter responds to comments made in a letter from the Louis Berger Group
dated November 14,2000. Our responses are as follows:

Comment:

Response: A copy of the approved hydraUlic analysis will be sent to the
CCRFCD for concurrence.

Comment:

Comment:

Response:

I G. C. WALLACE, PElSE, PLS
JAMES A. OUDDLESTEN, PE

MICH~EL O. ROSS. PE
CHRl 3TOPHER VV. ANDERSON,

I CALVIN L. BLACK. PE, PLS
BENJI.\MIN C. SMITH, PE
SCOlT R, PLUMMER, PE
E. ReBERT PETERSON

I
PAUL BURN, PLS, WRS
MICHA.EL J. CSIZMADIA, PE
C. Rl'SSELL DAVIS, PEISE
DOUGLAS M. HANKEL
DONJ,LD A. HASELHOFF, PE. CEM

I
RICKEY D. HUNSAKER, PE
NOEL C. LAUGHLIN, PE
MARVIN W. MAIZE
GREGORY J. PATCH, PE
JOHf\' R. TOBIN, PE

I HOW.A.RD K VANDER MEER. PE
EUGENE W. WRIGHT, PE

JOSEPH A. BODROG, PLS

I THO~IAS P. DYSON. PE
KENI\ ETH M. HANIFAN, PE
DONhLD L. HOTCHKISS JR., PE
BERT A. HUGHES, PE
JERRY D. JOHNSTON

I TIMOrHYA. McCOY, PE, PTOE
DANNY S. McFADDEN, PE
THO~IASR. NICHOLS, PE
JERRY E. PRUITT, PE

I
BRIAI~ L. SCHMIDT, PE
JEFF W. STAYTON, PE
RICH.\RD W. STEUBING, PLS, WRS
SAUr-ORA L. VANCE, CCS, CCCA
JOHl\ M, WALKER, PE

I
G. IRA WALLACE, PE

JIM B. BAKKEDAHL. PE
THO~'AS S. BARNES. PLS

I
DENf\IIS R. BRDWN, PE
ROY O. CLARK, PE
RICH.\RD G. CLARKE
TOD(t G. CORMIER, FE

JOH'" L ElTSCHLAGER, PE

I
ALLA!>J P. FAJARDO. PE
ERIC G. GILES, PE
RAN['AlL K. GREMLlCH, PE
PASCAL HAYES, PE
J. P. HIGGINS, PLS, WRS

I DANfW E. HILL, PLS
GERJ.LD L HOLTON, PLS
KAYANNJONGSMA.PE
FARnAD KHANBOLOUKI, PE
WILLIAM METCALF

I RANDY W. MROWICKI, PLS
RIMA'.; I. NAZZAL, PE
D.G.NEEl,PLS

JOHI\NIE R. PATE JR., PE
BRIAIJ K. REED, PE

I LUOV/IG I. SMEETS, PE

DENNIS W. SOLANO, PlS
RICH.\RO A. E. STRUTZ

ROBERT J. WOODSON, PE
KENI\ETH T, YAMADA

I CHRlHOPHER R. ZRINYI, PE

AFF ILiATE OFFICE IN

I
S~CRAMENTO.CA

I 1555 SOUTH RAINBOW BLVD. j LAS VEGAS, NEVADA 89146 j TELEPHONE: (702) 804-2000 j FAX; (702) 804-2299
SUMMERLIN OFFICE FAX: (702) 804--2295



Please do not hesitate to contact us at 804-2000 if you have any questions or require
additional information.

398.631

G. C. WALLACE, INe.
Engineers/Planners/Surveyors

\\Gcw2\data\398-631\admin\ltr\ccpw-cdd-RTC-DesertRoseGolfCrse-mjl.wpd

Clark County Department of Public Works
Community Development Division
November 30,2000
Page 2

Very truly yours,

Please note that a few minor additions have been made to the grading plan to ensure proper
installation of the reinforcement mat. The grading plan is attached.

G. C. WALLACE, INC.

Michael J. Ludwig, E.I.
Designer

Calvin L. Black, P.E.
Executive Vice President
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Dear Mr. Black:

lwo copies of the supplemental information must be submitted directly to The Louis Berger
Group, Inc. The items listed herein must be thoroughly addressed and submitted for review
wjthi~,,5 days of the above date.

Re: TECHNICAL DRAINAGE STUDY FOR DESERT ROSE GOLF COURSE
PEDESTRIAN BRIDGE
Study Dated: October S~ 2000
Location: Crossing the Las Vegas Wash within the Desert Rose GolfCourse
Section 09, T. 21 S.; R. 62 E.
NFM-0178-99
HTE# OQ..33700

PAGE 2FAX:

~ Louis Berger Gr?up, INC.

500 Amigo Court, Svi~ 100, las Vegas, Nevada 89119
Tel 702 736 6632 Fox 702 736 0704 www.lotrisberger.com

November 14,2000

Calvin L. Black, P.E.
G. C. Wallace. Inc.
1555 South Rainbow Boulevard
Las Vegas~ NV 89102

This facsimile is being fOrw't.1rded in lieu of a typical mailed comment letter in order to expedite
the review process. The following items are required in order to produce an approval letter for
the above referenced Technical Drainage Study:

1. Clark County Regional Flood Control District (CCRFCD) concurrence is required
because the project is bordered by a master planned drainage facility and lies 'Within a
FEMA Zone A. It is the responsibility of tho applicant to submit a copy of the drainage
study and any addenda to the CCRl;CD.

2. Please submit a copy ofthe improvement plans for the proposed bridge.

3. The FIRM map with a panel number 32003C2200 D has been reissued based on e.
LOMR dated March 21) 2000. Resubmit Figure 3·based on the effective FIRM.

Additional items may be required by Clark County Public Works at a later date.
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If you have any questions concerning the comments, please contact The Louis Berger GroUP.
Inc. to schedule a study 'review meeting.

Sincerely,

cc: Clark County Public W(lrks Department

PAGE 3

c-_ ..;:; ...; y
.dc-.~-~J. Dudley, Ph.D., P.E..

Director of Water Resources .

FJV.. :

HT1L100H700

Calvin L. Black, P.E.
Desert Rose GolfCourse Pedestrian Bridge
November 14,2000
Page 2 of2

THE LOUIS BERGER GROUP, INC.

D~1Jp~
Danny D. Barrows, E.I.
Hydrologist

,NOV~28-00 TUE 01:40 PMI
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# { PEIL"O:SSIBLE. SHEAR STREs~f IN 'G~SS iINEn 'C:HANmis .
, 1 2

By David B. Parkinson, William H. Longenecker, Jr., ,

3 4Sheng T. Hsu, and ~illiam Schrick

INTRODUCTION

During the 1970 1
S ~ flash floods becaI:l.e a very' significant disaster

problem within the United States with annual damages from all types of

flooding exceeding $1 billion (11). The arid desert sout~est is one of the

areas within the United States which is experiencing ever-increasing

problems due to flash floods. Flash floods in 1976, 1977, and 1979 caused

millions of dollars in property damage, disruptiot: of maj or transportation

and communication corridors, and death within the Coachella Valley of

Soutnern California, Figure 1.

Generally, floed control facilities within a flash-flood-prone region

!ii convey water only during a storm. In Coachella Valley, golf courses have

been built within flood control channels and maintained by golf course

personnel., thus fulfilling the dual purpose of both flood control and

recreation. The same design concept ~as adopted for Deep Canyon Stormwater

Channel through the development of. Vintage Country Club in the City of

lAssociate Civil Engineer, City of Seattle Yater Department, Seattle,

Washington, formerly, StormYater Engineer, Coachella Valley Water District,

Coachella, California.

2Deputy Chief Engineer, Coachella Valley Water District, Coachel1a~

California

3Chief Hydraulics Engineer, Bechtel Civil and Minerals, Inc., San

Engineer,

Francisco, Californi~

4p .
rOJect

British Columbia, Canada

Western Canada Hydraulic Laboratory t Vancouver,
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Indian Wells. The Bermuda Grass channe.f consists of two' reaches 7 the upper

reach~ a composite section yith a channel slope of 1.7%, typical base ~idth

of 100 ft (30. sm), side slope of 1: 8 extending for 40 ft (12. 2m) measured

horizon tally, side s .Lope. of I: 50 extending to l:he freeboaTd elev 2. t io'!1 and

the lower rea~h, a trapezoidal section with a channel slope of 1.1%, typical

base ~dth of 80 ft (24.4m), side slope of 1:5 extending to the freeboard

elevation. I The channel was designed for a Standard Proj ect Flood (SPF).

Figure 2 depicts the expected hydrograph which is short in duration and has

a markedly spiked peak. The maximum discharge of 25,000 cfs (708 m3 /s) will

result in a flow velocity of approximately 23 ft/s (7 m/s) in the composite

channel and 20 ft/s (6.1 m/s) in the trapezoidal channel.

The pioneer experimental work on hydraulic characteristics of vegetated

channels was perforoed by United States Soil Conservation Service

(SCS).Seve~al types of grass-lined channels with varying grass lengths ~ere

tested. Soil CO!lservation Service recommended that velo'cities should be

limited to 8 and 6 fps (2.4 and 1.8 m/s) for erosion resistant soils and

easily eroded soils respectively. These data were reported by Cox (3), Cox

and P~lmer (4,), Ree (12), and Ree and Palmer (13), and were summarized in a

design manual prepared by SCS (7).

The work by SCS has been expanded by various researchers, including

Chen (1), Fenzl and Davis (4), Gourlay (6), Kao and Barfield (8), Eastgate

(4), Kouwen and TInny (9 and 10), and Temple (15). None of the above
. .

researchers, however, yielded ne~ design data and the 6~8 ft/s (1.8-2.4 m/s)

design guidelines established by SCS remained the only available criterion

for Bermuda Grass.

The above design velocities are quite low in comparison with those

experienced by Coachella Valley Water District (C~~) during the 1976, 1977,

and 1979 storms. From data gathered following the 1976 Kathleen storm, peak

flow velocity in a lower reach of Deep Canyon Stormwater Channel, which was

2



· .
lined with Be!"l1;lUda·Grass, was estiinat'ed to be at least" 15 ftls '(4.5 m/s)

~itb a corresponding shear stress of about 4.2 psf (0.2 KPa). The channel

did not experience any significant d2mage. Seve~al factors C2y be

rc.spoTIsib Ie for the d iscrepaTIcy be tween the CvWD expcri<2nce 2na the SCS

recommendation. First, the SCS data may be quite conservative. Second, the

tests ~ere for vegetated channels in their natural state and the

condi tion of the grass would not be as good as for a well maintained

channel. Third, the SCS tests were of long flow duration rather than

relatively short duration flash flood events. Finally, the 1976 flood

carried a large amount of sediment. The bed-load may act as a buffer and

recuce the exposure of the grass to flow shear and turbulence even at high

velocities.

The purpose of the testing was to define the abili~y of a well

maintained Bermuda Grass channel to withstand a short duration storm above

..~? and bEyond the criteria established by SCS. The obj ective was to obtain

data which could result in the most cost- effective design of the dual

purpose Deep Canyon Sto~ater Channel through Vintage Country Club.

This paper presents an excerpt of the tests to determine the maximum

permissible shear stresses on Bermuda sods with and without the

reinforcement of an underlayer plastic mat (ENKAMAT Type 7020). The

application of the test data to the design of the storm channel is also

described.

A more detailed description of the testing program can be found in a

report by Schriek and Ray (14).

TEST APPROACH

3
During a Standard Project Flood of 25,000 cfs (708 m Is), the flow in

the channel will be supercritical. The flow velocity in the composite

section was established tQ be approximately 23 ft/s (7 m/s) with a

3



corr.esponding maximum shear stress of approximately 8.7 'psf (0.42 'KPa). At

this high velocity and stress level, it 'Was impractical to .test Bermuda

Grass under open ch2nnel conditions. Since shear stress and the associated

turbulence level at the grass surface characterize the overall effects of

flo~ on the grass, it ~as decided that testing be done in a closed conduit

lined on the bottom 'With sad samples and that measurements be made to

correlate the sod condition with shear stress.

Prior to the testing, it was thought that the critical shear stress

could depend upon the flow duration. In vie'\.J of the duration of the SPF

hydrograph, it was decided that a sod sample would be classified as having

failed 'Whenever it experienced erosion depth in excess of 3 inches (7.6 em)

within a flow duration of 2 hours. Three inch (7.6 em) depth vas considered

to represent appreciable erosion. Two hour duration represents the typical

period of· significant flow during the design storm.

TESTING FACILITY AND SOD SAMPLES

Figure 3 depicts plan and elevation views of the testing facility and

Figure 4, shows the details of the test section. The flow was provided by

two 12-inch (30 em) diameter lines connected to a 54-inch (1.37 m) diameter

main of Greater Vancouver Water District. The two l2-inch (30 em) diameter

pipes merged into a single 24-inch (60 em) diameter pipe. An orifice ~as

located near the dcrwnstream end of the 24-inch (30 em) diameter pipe for

metering the flow discharge. A 4 ft (1.2 m) long transition section was

provided between the 24-inch (60 em) diameter pipe and a 24-inch (60 em)

vide x 20-inch (51 em) high rectangular conduit. The rectangular conduit

consisted of a 28 ft (8.5 m) long approach section, a 15 it (4.6 m) long

test section, and a 10 ft (3 m) long exit section. The bottom of the

approach section required roughness similar to the sod sample; otherwise,

the flow could not be properly developed at the upstream end of the test

section. Approach flo~ conditions were therefore adjusted by vaIJ-ing the

4



size and density of nails in a pl~ood bottom. The required r~ughness ~s

obtaitied by analyzing the recorded velocity profile at the do~stream end of

the a pp roach sec t ion 2.nd c.omp 2. ring it \.."i th tha t 0·0 ta ined a t thE. aO-;"'l1s t rear:;.

end of the test section ~he~ a sod s3nple \.las in place. The exit section

'¥las inclined up¥lard in order to maintain positive pressures in the test

section. The flow \.las discharged into Vancouver's Burrard Inlet via a 75 ft

(22.8 m) long timber chute.

The test section \l7as provided with: six viewing ports for flow

observations (4 on one side and 2 on the other side); a velocity measuring

station near the downstream end; and six small ports along the top of the

conduit for measuring the depth of erosion. Velocities '¥lere measured by a

pitot cyli':lder. Care was taken to prevent local erosion which could be

caused by the ?resence of the cylinder at the sod surface. The amount of

erosion in each sample was determined through the small ports by means of a

rod which located the sod surface prior to and following a test.

A 3 ft (0 .. 9 m) wide x 11 ft-2 inch (3.4 m) long steel chamber was

constructed beneath the rectangular conduit in the test section, as sho~ in

Figure 4. The chamber had a removable side section prOViding access for the

sample box, which was jacked against the conduit so that the sod surface was

nearly flush with the conduit floor.. The chamber was completely pressurized

and filled with water during testing.

A total of 12 Bermuda Grass samples ~ere tested, six unreinforced

samples from the lower reach of existing Deep Canyon Stormwater Channel and

six ENKAMAT reinforced samples supplied by Turf-Fiber Products, from

Florida. The mat was placed approximately 1- inch (2 .. 5 cm) benea~f1 the sod

surface. The unreinforced samples ~ere 10 ft (3 m) long, 28 inch (0. 7m)

wide and 12 inch (30 em) deep.. The dimensions of the reinforced samples

were the same except that the depth 'Qas 4 inches (10 em) rather than 12

inches (30 cm) .. The samples were maintained in good condition and the grass

5



't.1'as cq.t to about. 1.5 to 2.0 inches (3.8 ~o 5 'em) prior to 'testing. 'They are':~~~"""'" ,.:,¢.;'.;:~j

identified as IU-6U for the unreinforced samples and lR-6R for the

reinforced samples.

TEST PROCEDU?\.ES

Preliminary testing ~as completed to establish proper artificial

roughness in the approach section. As indicated earlier. such testing was

necessary in order to provide a properly established flo~ entering the grass

test section. For this purpose, vertical velocity traverses were taken in

the test section and at the downstream end of the approach section. At a

selected discharge, the velocity patterns at the two locations were compared

and analyzed to determine the friction factor. If found necessary, the

artificial roughness was adjusted prior to further testing.

Once the proper upstream roughness 'Was a.chieved, the critical shear

testing 't.1'as conducted in accordance 't.1'ith the follOWing procedures:

1. Load the sample box into the test conduit and measure

the sod surface at six locations 't.1'ith a rod.

2. Establisa the flow rate gradually. The flow rate was

measured by the orifice.

3. Take velocity traverses in the approach section and

the test section with the pitot cylinder.

4. Record visual observations made through the observation ports.

5. Shutdown the flow gradually after the sample has been

subjected to the flO'Q for about 2 hours.

6. Measure and record the sod surface at the six locations

with a rod. Compare the data 't.1'ith the original levels

for determining the depth of erosion.

7. Increase the flow and repeat Steps 2 to 6 if erosion was

less than approximately 3 inches (7.5 em) at any location.

6



8. Remove the s2mple from the ~esting facility and make thorough

inspection of the sample, to determine and record the nature

and extent of the erosion.

T~e. above procedures 2.11o'Wed 'for a determination of 2. crittc.al shear

stress beyond ~hich substantial erosion to the s~ple occurred.

~e hydrograph simulation testing ~as undertaken to evaluate the

performance of the sad samples u~der a simulated hydrograph representing the

SPF, Figure 2, in the channel. One each of the reinforced and unreinforced

samples were used and :he tests were conducted at the conclusion of the

,critical shear testing. Prior to these tests, computations were performed ~o

determine water depth vs. discharge relationship for the prototype channel.

The computed water depth, Y t was then used in conjunction with the channel
o

slope, s, to estimate the shear stress along the centerline of the channel,

as follows:

T - t y so 0

where Xis the specific weight of the water.

.. .. . .. .. . .. .. . .. . . ( 1)

The computations were made for both the upstream composite channel and

downstream trapezoidal channel for a Manning's n ~ 0.028. The results showed

that the composite channel would be subjected to a maximum shear stress of

approximately 8.7' psf (0.42 KPa) which is approximately 2 .. 0 psf (96 Pa)

higher than that in the trapezoidal section. The same type of

discharge-shear stress relationship was determined experimentally t for the

sod samples in the course of defining the critical shear stress. These two

relationships permitted the determination of a discharge in the ~est facility

producing the same shear stress as the simulat'ed prototype flow in the

composite channel. Table 1 shows the step-wise hydrograph that was used to

simulate the ability of the proposed composite sections of the grass channel

to withstand the SPF.
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In
0," • . '

tests, 'the velocity profile was' measured during each time

increment. The amount of erosion was determined only at the end of each test

because the sensing of the gr2ss surface could not be done during a tes~.

DATA ANALYSES AND TEST RESULTS

The shear stress experienced by the grass surface was determined from

the foll~ing flow-velocity distribution-shear stress relationship for fully

developed turbulent flo~.

U-V' c 5.75 log Y +
Yo B.. . • . . • . • • . . . • • • . . . . . . • (2)

where u is the velocity at depth y

y is the distance above the grass boundary

Yo is the distance from the boundary to the point of

maximum conduit velocity

v is the average velocity from y .. a to y
0

1"0
is the shear stress on the grass

p is the density of water

B is a constant

Figure 5 sho~s the velocity profile measured for sample 6U at a

3
discharge of 39.9 cfs (1.1 rn Is) at the test section. Note that the point of

maximum velocity is shifted upward due to the presence of the sad along the

-1 floor. Figure 6 shows that the corresponding plot of u-v vs log!.- . The

data folloys the relationship given by Equation (2) reasonably well. The

shear stress was determined to be 6 psf (0.29 KPa).

Similar analyses Yere also made for other test data, including those

~J fr<re1 the hydrograph si!ilUlation tests.

Tables 2 and 3 sunnnarize the results of testing for unreinforced a~d

plastic mat reinforced sods, respectively. The results are plotted on

Figures 7 and 8. These figures show correlations of discharges in the

conduit with the measured shear stress and identify the discharge at which

8



'~~~::"-:<:~>'-,~' :ra~.!.ur·e.J,I;·o·cctirred.· .Froin these results it vas detel;lDined that the maximum

permissible shear stresses for the unreinforced and reinforced Bermuda Grass

samples are 7 psf (0.34 kPa) and 8.5 psf (0.41 kPa), respectively. The

behavior of the grass ~as observed during the tests. At 10\.7 flows,

approximately 15 to 25 cfs (0.43
3

to 0.71 m/s), the grass blades were

partially deflected by the current, ~aving and whipping back and forth. At a

larger discharge, approximately 35 to 40 cfs (1 to 1.13 m3/s), the blades

were substantially bent over and formed an apparent protective layer over the

surfa~e of the subsoil. At flows higher than approximately 45 cfs (1.28

3 .
m /s) soil erosion began to occur. The erosion process was signified by an

increase in the length of the blade, resulting from plucking of subsoil due

to shear stress and associated turbulence generated by the flow. The

process, however. was slow in comparison with typical sedimentation erosion

at a streambed and the loss of subsoil was only partially visible. Though

the rate of erosion was not determined, it was evide~t tha: the same degree

of erosion can occur from a high flow of short duration or from a lower flow

of longer duration. As indicated earlier, the critical shear stresses

presented herein are for 2-hour flows producing an erosion depth of 3 inches

(7.5 em). For shorter duration flo~s the shear stress would be increased and

for longer duration flo~s the shear stress ~ould be decreased.
.

It should be noted that even Yhen the subsoil yas eroded substantially

the root structure in the grass remained interwoven, forming a carpet-like

grass mat for both types of samples tested.

A comparison of Figures 7 and 8 reveals that at a given discharge the

shear stress of the unreinforced samples, was somewhat larger than that of

the reinforced sc.mples. This is probably because the samples were from

different sources and the grass was slightly different. In addition, the

plastic-mat reinforced sods yere more erosion resistant and the data 'W'ere

9



..• ~.v·,.r;- more cons1.stent.. It is interpreted that the mat reinforced sod had a more

uniform quality and also that the mat retarded the rate of subsoil erosion ..

Res~lts of hydrcgraph cesting of Samples SD and 2R~ Tables 2 and 3, show

that erosion may have begun to occur at or near the peak discharge. The same

phenomena can be expected to occur in an actual grass lined channel.

Test results of S~les 3U, 3R, and 4R are not included in this report.

Sample 3D was used to establish-the experimental procedures and measurement

techniques. Samples 3R and 4R 't."ere tested prior to the samples having

The results 't."ere not consideredreached their full mature growth.

characteristic of a typical sod sample.

DATA APPLICATION

For the purpose of ~he design, the maximum permissible shear stresses

obtained through the testing were decreased by 25%, as a safety factor to

account for possible 10'W'er grass quality in the field·. The shear stresses

used for design were then 5 .. 25 psf (0.25 KPa) and 6.38 psf (0.31 KPa) for the

unreinforced and reinforced samples respectively.. These values -w-ere less

than the expected stresses of 8.7 psf (0.42 KPa) and 6 .. 7 psf (0.32 KPa)

during a SPF for the composite and the trapezoidal sections of the channel,

respectively. The hydrograph simulation tests also revealed that during 2

SPF event, erosion of the grass channel can be expected. Therefore, it was

concluded that the channel must have further protection in addition to lining

j Yith Bermuda Grass because of an unknown rate of erosion once failure occurs.

After considering several alternatives, a 4-inch (10 em) thick buried slab

formed by air-blovn.mortar was selected to provide the protection.

The design shear stress of unreinforced sod was used to determine the

extent of the channel which should be protected by the buried slab. In

general t the slab, ~ith 1:1 slope, was constructed along the channel

embankments and was buried from an elevation 3 to 5 ft. (0.92 to 1.53 m)

beneath the channel bottom to an elevation ~here the expected shear stress is

10
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less than 5.25 psf (0.25 KPa) and at selected locations ~ere flo~

obstruction will cause high levels of turbulence.

The ENKAMAT reinforcement vas also used, but only at a~eas ~here

discontinuities existed, e.g., where roads crossed the channel. the Eh~~~T

~as installed both upstream and downstream from the road. The material was

not used more ~xtensively because of the unavailability of data on its useful

life.

SUMMARY AND CONCLUSIONS

The testing sho~ed that well maintained Bermuda Grass lining can

10rlthstand a shear stress of 7 psf (0.34 KPa). If the grass lining is

prOVided ~ith an underlayer plastic mat (ENKAMAT Type 7020), the maximum

permissible shear stress can increase to 8.S psf (0.41 KPa) as the plastic

mat yields a more uniform quality of grass surface and reduces the rate of

subsoil erosion. These shear stresses correspond to a flow velocity in most

channels in excess of 20 ft/s (6.1 m/s).

For the design of the Vintage Country Club sections of Deep Canyon

Stormwate~ Channel, only 75% of the permissible shear stress determined from

the tests was used, to allow for the fact that overall, the grass condition

of a large channel probably Yill not be as good as the-test samples. The

design shear stresses were then 5.25 psf (0.25 KPa) and 6.38 psf (0.31 KPa),

respectively, for unreinforced and reinforced Bermuda Grass.. In addition,

hydrograph simulation testing showed t~at'erosion of the grass lined channel

can' be expected during the occurrence of a SPF. Buried concrete slab was

used to provide addition protection to the channel where needed.
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i

The. following symbols are used in this paper:

B - a constant

D a Manning 1 s coefficient

R a hydraulic, radius

s ~ Sl~pe of the channel

u - local velocity at yin the test conduit

V a mean velocity in the test conduit

v x mean channel velocity

y - distance from the floor in the test conduit

Yo D depth of ~ater in the channel or distance from the fluor

to the point of maximum velocity in the test conduit

y. specific ~eight of fluid

p. mass density of fluid

l - bed shear stress
o
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Table 1 - 5tep-wise Hydrograph for Standard Project Flood

Discharge in cubic feet
per sec.o!l;d

(1)

8000
10 000
15 000
21 000
25 000
21 000
15 000
10 000

8000

Test duration in hours
(2)

1.0
1.0
0.75
0.75
0.75
0.75
0.75
1.0
1.0

NOTE: 3
1 cfs - 0.028 m /s

.i/I'" ,' ••~. -..;..
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tTABLE 2 - Grass Test Results, Unreinforced Samples

Sample
Disc.harge Test Shear St:-ess Condition

Type of in Cubic Feet Duration in Pounds Per Afte.r
Sample Testing* Per Sec.ond in Hours Ssuare. Foot Testing

(1) (2) (3) (4) (5) (6)

1U E 34.6 2.0 6.1- No erosion

44.5 2.0 7.6 No. erosion

49.5 2.0 7.8 No erosion
soil surface
firm.

61. ~ 1.0 10.2 A 4 in deep
hole 2.5 ft
from the.
U/S end.

2U E 33.0 1.5 4.3 No erosion

49 .. 5 1.0 6.2 Some erosion

61.0 0.5 - Failure at
~" Dis end of·;i·l

sample.
Grass and
soil washed
out over 2.5
ft length

4U E 51.5 4.0 7.5 General
- failure

,

5U H 32.0 1.0 4.8 Erosion at
37.0 1.0 5.1 U/S end
43.0 0.75 7.0 follo'W'ing--!

50.2 0.75 9.5 the series ofI

54.8 0.75 10.2 testing.
," 51.8 0.75 8.5 Erosion may

45.5 0.75 6.0 h?-ye begun
i 40.6 1.0 5.7 at the maximum-..:

31.9 1.0 3.0 floy of 54.8
cfs.

6U E 39 .. 9 2.0 6.0 Small holes
along length
of sample •

....:J

44.7 2.0 - Holes grew
with
time but less
than 3 in
deep •

. 3
NOTE: 1 cfs ~ 0.028 m Is; 1 psf c 47.9 Pa

*: E - Erosion Test



TABLE 3 - Grass Test Results, Reinforced Samples r

Sacple
Discharge Test Shear Stress \'andition

l')rpe of in Cubic FeeL ~uration ~n pounds per After
Sample Testing* Per Second in Hours Square Foot Testing

(1 ) (2) (3) (4) (5) (6)

lR E 40.8 2.0 4.3 No erosion.

48.5 2.0 6.6 No erosion.

55.2 2.0 - Erosion at DiS
end of samp'e.

2R E 30.2 3.0 5.1 No erosion

39.3 1.0 7. 1 No erosion.

2R R 39.3 1.0 5.1 Erosion 3 in
45.3 1.0 6.1 at both u/s
52.7 0.75 7.0 a~d Dis of
54.8 0.75 9.4 the sample at
58.8 0.75 11.6 end of the
54.8 0.75 8.4 test. Erosion
50.0 0.75 :.0 may have.
45.,3 1.0 occurred- at or
39.5 1.0 - ir.umediately

after the peak
flo~.

5R E 37.0 2.0 - No erosion.
48.3 2.0 6.3 Some minor-

erosion.
55.3 2.0 8.9 Erosion about

1 in depth.
62.8 2.0 9.6 Erosion

exceeded 3 in
at u/s end.

6R E 34.9 2.0 3.5 No erosion.
40.7 2 .. 0 4.4 No erosion.
48.0 2.0 6.4 No erosion.
55.2 2.0 8.2 Minimal

erosion.
61.1 2.0 10.4 Hardly any

subsoil under
the mat.

- 0.028
3

1 47.9NOTE: 1 cfs m Is; psf II:: Pa

*: E = Erosion Test
: H - Bydrcgraph Simulation Test
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